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THAPAR UNIVERSITY, PATIALA – 147004

Technical Program

Venue: C-Hall, Thapar University
Timings: 08:30 to 17:00
8:30 to 9:00

Registration

9:00 to 9:15
9:15 to 10.15

Welcome Address and Introduction to Tutorial
Dr. K P Chaudhary
Chief Scientist and Head
Dimension Metrology, NPL, New Delhi
Topic: Dimensions and Length Metrology
Sh. A C Gupta
Former Scientist and Ex-Quality Manager, CSIR-NPL , New Delhi
Consultant, NABL, New Delhi
Topic: MSTQ Infrastructure of the Country
Tea Break

10:15 to11:15

11:15 to11:30
11:30 to 12:30

12:30 to 13:30

13:30:14:00
14:00 to 15:00

15:00 to 16:00

16:00 to 16:30

16:30 to 16:45
16:45:17:00

Mr. Tripurari Lal
Former CSIR-NPL, New Delhi
Topic: Metrology, National Measurement System & Economy of the
Country
Dr. S K Dubey
Scientist, CSIR-NPL, New Delhi
Topic: Electrical Standards
Lunch Break
Mr. Alok Jain
Technical Manager, NABL, New Delhi
Topic: NABL Accreditation
Mr. Ashutosh Agarwal
Assistant Director, Legal Metrology, New Delhi
Topic: Legal Metrology Act 2009 and Rules
Mr. Shailendra
Technical Manager
Mitutoyo South Asia Pvt. Ltd. New Delhi
Topic: Basic Concepts & Rules of Metrology
Feed back Session
Valedictory
ix

3rdNational Conference on Advances in Metrology (AdMet – 2014)
Sensors for Metrological, Environment, Health and Safety Applications
February 19-21, 2014

Technical Program
Day 1: WEDNESDAY, February 19, 2014
8:00 – 9:30
Registration
9:30 – 10:30
Inauguration
• Welcome by Dr. Smarajit Ghosh, Chairman AdMet – 2014
• Lighting of Lamp & Saraswati Vandana
• Briefing about Metrology Society of India(NR) by Susheel Mittal, President, AdMet - 2014
• Introduction to the Conference by Dr. Ravinder Agarwal, Convener AdMet - 2014
• Keynote Address by Chief Guest, Dr. R. C. Budhani, Director CSIR-NPLI, New Delhi
• Release of Conference Proceedings
• Release of MAPAN Journal (Vol. 28, No. 4, 2013)
• Address by Guest of Honour, Dr. Chandra Shekhar, Director CSIR-CEERI, Pilani
• Remarks by Dr. Prakash Gopalan, Director, Thapar University, Patiala
• Vote of Thanks by Dr. Manmohan Chibber, Joint Secretary, MSI(NR)
10:30 – 10:45
Exhibition Starts
10:45 – 11:15
Inaugural Tea / Coffee
11:15 – 12:00
Plenary – I:
MEMS-based Microsensors and Associated Metrological Challenges: An Indian
Perspective
Speaker: Dr. Chandra Shekhar, CSIR – Central Electronics Engineering Research
Institute, Pilani
12:00 – 12:45
Plenary – II:
NABL Accreditation &International Prospective
Speaker: Mr. Anil Relia, NABL, New Delhi
12:45 – 13:00
Company Presentation – I:
Mitutoyo’s Company Profile
Speaker: Mr.Harrish Bajaj, Mitutoyo South AsiaPvt. Ltd., New Delhi
13:00 – 13:30

Invited Talk - I:

Generation and Dissemination of Indian Standard Time at CSIR-NPL, India
Speaker: Dr. Amitava Sen Gupta, CSIR-National Physical Laboratory, New Delhi

13:30 – 14.15
14:15 – 14:45
14:45 – 15:15
15:15 – 15:30

Lunch Break
Invited Talk - II:

Legal Metrology in India
Speaker: Mr. B. N. Dixit, Legal Metrology Department, New Delhi
Invited Talk - III: Measurement Science Present and Future
Speaker: Dr. A. K.Bandhopadhay, CSIR – National Physical Laboratory, New Delhi
Company Presentation – II: Digital Deadweight Tester and the Way to Automate It
Speaker: Mr. Matthias Bundschuh, WIKA Alexander WiegandSE & Co. KG, Germany

15:30 – 15:45
15:45 – 17:30

Tea / Coffee Break
Technical Session – I: Estimation of Uncertainty

Venue: Auditorium

Invited Talk – IV: Timeline of the Realization of Unit 'Volt' at NPL, India
Speaker: Dr. V. N. Ojha, CSIR – National Physical Laboratory, New Delhi
Invited Talk – V: Development of a priori logic based formulas for Random Number Generation for
Triangular & U- shaped distribution for Monte Carlo Simulation for evaluating
Measurement Uncertainty using Microsoft Excel Platform
Speaker: Dr. Das Gupta, CSIR – National Physical Laboratory, New Delhi
OP – 1: Estimation of Uncertainty in Particle Size Measurement Using Differential Mobility Analyzer
BighnarajSarangi, Shankar G. Aggarwal & Prabhat K. Gupta, CSIR – National Physical Laboratory,
New Delhi
OP – 2: Evaluating Mismatch Uncertainty in Microwave Power Calibration
ArchanaSahu, Bijendra Pal, Saood Ahmad, P. S. Negi& A. K. Bandyopadhyay, CSIR – National Physical
Laboratory, New Delhi, India

x

OP – 3: Comparison of Uncertainty Estimation of Dial Gauge by Gum and Monte Carlo Methods
Khushboo, H. K. Mallappa, P.V. Shashi Kumar & A. Dasgupta, Central Manufacturing Technology
Institute, Bangalore
OP – 4: Monte Carlo Method in Uncertainty Evaluation
Anil Kumar, Harish Kumar & Naveen Garg, CSIR – National Physical Laboratory, New Delhi
OP – 5: Comparative Study of Estimated Uncertainty Values by Conventional GUM and Monte Carlo
Simulation Method for Vickers Hardness Calibration
S. S. Avadhani, Ch. Srinivasa Rao & A. Dasgupta,Central Manufacturing Technology Institute,
Bangalore
15:45 – 17:30

Technical Session – II: Health & EnvironmentMetrology
Hall

Venue: C-

Invited Talk – VI:

20:00 onwards

Nano-Bio-enviro Sensors for Ubiquitous Health Care
Speaker: Dr. V. R. Singh, PDM College of Engineering, Bahadurgarh
Invited Talk – VII: An Overview of the Activities of Radio and Atmospheric Sciences Division in Relation
to Measurement Science
Speaker: Dr. M. V. S. N. Prasad, CSIR – National Physical Laboratory, New Delhi
OP – 6: Development of Statistical Model for the Prediction of Air Pollutants Over an Industrial Area of Delhi
Kirti Soni, Kulwinder Singh Parmar & Sanjeev Agrawal, CSIR – National Physical Laboratory, New
Delhi
OP – 7: Uncertainty in Arsenic Determination in Particulate Matter Using ICP-HRMS
Sudhanshu Kumar, Shankar G. Aggarwal, DayaSoni&Prabhat K. Gupta, CSIR – National Physical
Laboratory, New Delhi
OP – 8: Metrology in Chemistry: Effects of Sterilization, organic and Inorganic Components in Estimation of
Cadmium
Akanksha Rai, Rita S. Dhodapkar, V. M. Shinde& N. N. Rao, CSIR – National Environmental
Engineering Research Institute, Nagpur
OP – 9: An Iris Recognition Based Health Examination System
Atul Bansal, 1Ravinder Agarwal &1R.K.Sharma, GLA University, Mathura; 1Thapar University, Patiala
Dinner

Day 2: THURSDAY, February 20, 2014
8:15 – 9:00
Breakfast
9:00 – 9:45
9:45 – 10:00

Plenary – III:

Field Assisted Electron Emitters enabled Vacuum Nanoelectronics Sensors for
Metrological, Environmental, Health and Safety Applications
Speaker: Dr. B.S. Satyanarayan, R. V. College of Engineering, Bangalore
Company Presentation – III: Temperature Range
Speaker: Mr. Peter Andrews, ASL WIKA Instruments calibration Technology,
U.K.
Induced Stress Characterization and Measurement Test Structures for MicroMechanical Systems
Speaker: Dr. K. J.Rangra, CSIR – Central Electronics Engineering Research
Institute, Pilani
Topic: Nanowire Sensors for Bio-Chemical Analysis
Speaker: Dr. Ajay Agarwal, CSIR – Central Electronics Engineering Research
Institute, Pilani

10:00 – 10:30

Invited Talk – VIII:

10:30 – 11:00

Invited Talk – IX:

11:00 – 11:15

Tea/Coffee & Poster Session – I

11:15 – 11:45

Invited Talk – X:

11:45 – 12:15

Invited Talk – XI:

Standards and Measurement Traceability for LEDs and SSLs
Speaker: Dr. H. C. Khandpal, CSIR – National Physical Laboratory, New Delhi
Precision Metrology using Automation in Industry and Research
Speaker: Dr. T. K.Saxena, CSIR – National Physical Laboratory, New Delhi

Technical Session – III: Sensors &Nano Technology Venue: Auditorium

12:15 – 13:30
OP – 10:

Non-Contact Optical Measurement Techniques for the Alignment of Attitude Sensors Utilized in
Spacecraft Systems
Pravesh Mathur, Swapnil Pathak, RudraGowda, T. Ravi, C. K. Rao, N. S. Sundaram & K. V. Govinda,
ISRO Satellite Centre, Bengaluru

xi

OP – 11:
OP – 12:
OP – 13:
OP – 14:
OP – 15:

OP – 16:
OP – 54:
12:15 – 13:30

Robot Navigation in Dynamic Environment of Random Shaped Obstacles
Avneesh Mittal, Vijay Sharma, Avinashi Kapoor & T. K. Saxena, CSIR – National Physical Laboratory,
New Delhi
Development of Nano Particle Based Relative Humidity Sensor with Signal Conditioning Circuit
Shailesh Kumar,Amrita Sinha & Santosh Sonar, Thapar University, Patiala
Measurement of Critical Current Densities of A High Tc Superconductor with Nano-Size Dopants
Suchi Sharma1, Swati Kumari& P. L. Upadhyay, CSIR- National Physical Laboratory, New Delhi;
1Centre for Nanotechnology Research, SENSE, VIT University, Vellore
Design and Development of Micro-Capacitive Pressure Sensor for Aerospace Applications
Megha Agrawal, N. Kusuma, S. Usha& P. V. Shashikumar, Central Manufacturing Technology
Institute, Bangalore
Development of A Prototype of Automatic Water Flow Measurement System
Shiv Kumar Jaiswal, I. S. Taak, Chatar Singh, Sanjay Yadav, A. K. Bandyopadhyay, 1Sanjay Sharma
& 2Ravinder Agarwal, CSIR – National Physical Laboratory, 1Bharti Automation Pvt. Ltd., New
Delhi, 2Thapar University, Patiala
Uniform Temperature Distribution of MEMS Micro-heater for Efficient MEMS Based Gas Sensors
Palak Bhatt, Manish Deshwal, H. Monga1& Anil Arora, Thapar University, Patiala; 1Baddi
University, HP
Comparison of various Nanocarbon electron emitters for compact, low power X-ray sources
B.S.Satyanarayan, R. V. College of Engineering, Bangalore

Technical Session – IV: Force, Torque, Frequency Standards
OP – 17:
OP – 18:
OP – 19:
OP – 20:
OP – 21:
OP – 22:
OP – 23:

Venue: C-Hall

Optical Frequency Metrology at CSIR-NPL, India
S. De, N. Batra, A. Rastogi, S. Panja, & A. Sen Gupta, CSIR – National Physical Laboratory, New Delhi
Generation of Isotopic Rubidium for Rubidium Atomic Frequency Standard
Ashish Agarwal & A Sen Gupta, CSIR – National Physical Laboratory, New Delhi
Measurement of Split Tensile Strength, Compressive Strength and Workability of Concrete
Harpal Singh &Mandeep Kaur, Guru Nanak Dev Engineering College, Ludhiana
A Comparative Study on the 20 NM Torque Measuring System with the Torque Primary Standard
Machine
S. S. K. Titus, Rakesh Khanna &Vikram, CSIR – National Physical Laboratory, New Delhi
Set up for Producing 6.0 Tesla Pulsed Magnetic Field at Room Temperature
Priyanka Jain, PoonamSethiBist, 1Avneesh Mittal, Naveen Garg and T. K. Saxena, CSIR–NPL, New
Delhi; 1Bhaskaracharya College of Applied Sciences, Delhi University, New Delhi
Determine the reference delay of IRNWT GPS Receiver w.r.t. UTC (NPLI), New Delhi.
Mahavir P. Olaniya, Preeti Kandpal, Arundhati Chatterjee & A. Sen Gupta, CSIR – National
Physical Laboratory, New Delhi
To Study the Stability &Behaviour of Internal Delay of Two Co-Located GPS Receivers Over A
Long Period Using Precise Point Positioning Technique
Preeti Kandpal, Mahavir P. Olaniya, Aishik Acharya & A. Sen Gupta, CSIR – National Physical
Laboratory, New Delhi

Lunch Break

13:30 – 14:30
14:30 – 15:00

Invited Talk – XII:

Proficiency Testing, Root Cause Analysis and its Significance for Traceability
and Quality Improvement
Speaker: Dr. K. P. Chaudhary, CSIR – National Physical Laboratory, New Delhi
Effect of Buoyancy in Mass Determination
Speaker: Dr. Anil Kumar, CSIR – National Physical Laboratory, New Delhi
Metrology in Chemistry for Life, Our Future
Speaker: Dr. Prabhat Gupta, CSIR – National Physical Laboratory, New Delhi

15:00 – 15:30

Invited Talk – XIII:

15:30 – 16:00

Invited Talk – XIV:

16:00 – 16:30
16:30 – 17:30

Tea/Coffee & Poster Session – II
Technical Session – V: Temperature Metrology Venue: Auditorium
Invited Talk – XV:
OP – 24:
OP – 25:

Recent Trends in Temperature Standards and Precision Metrology
Speaker: Dr. Y. P. Singh, CSIR – National Physical Laboratory, New Delhi
Firefly Algorithm Based PID Temperature Controller
HimaniGoyal, PoonamSethiBist, Avneesh Mittal, O. P. Sharma, Puneet Verma &T. K. Saxena, CSIR –
National Physical Laboratory, New Delhi
Realization of Zn Freezing Point Using SPRT

xii

OP – 26:
OP – 27:

16:30 – 17:30

D. D. Shivagan, H. R. Meena, Monika Kiroriwal & Y. P. Singh, CSIR – National Physical Laboratory,
New Delhi
Stability and Uniformity Evaluation of Clinical Temperature BAT
R. B. Sibal, Jagannath Prasad, D. D. Shivaganand & Y. P. Singh, CSIR – NPL, New Delhi
PID Temperature Controller Tuning Using ANT Colony Optimization
1Pooja Antil, 2Avneesh Mittal, 1Pooja Malik, 3O. P. Sharma & T. K. Saxena, 1Hindu College of
Engineering, Sonepat; 2Bhaskaracharya College of Applied Sciences, Delhi University; 3Kirorimal
College, University of Delhi; CSIR – National Physical Laboratory, New Delhi

Technical Session – VI: Health & Environment

Venue: C-Hall

Invited Talk – XVI:
OP – 28:
OP – 29:

OP – 30:
OP – 31:

OP – 32:

20:00

PAHs as criteria pollutants generated during crop residue burning episodes
in ambient air of Patiala
Speaker: Prof. Susheel Mittal, Thapar University, Patiala
EMG Feature Evaluation of Knee Movements AlongwithVarious Daily Life Activities
Ravinder Agarwal & Inderjeet Singh Dhindsa, Thapar University, Patiala
A Combined Statistical and Time-Frequency Approach to the Analysis of Electromyography
Signals
Amanpreet Kaur, Ravinder Agarwal &1Amod Kumar, 1Thapar university, Patiala; 1CSIR – Central
Scientific Instruments Organization, Chandigarh
Characterization of Leaf Litter Biomass for Effective Renewable Fuel
Nadeem Akhtar & Dinesh Goyal, Thapar University, Patiala
Monitoring of Suspended Particulate Matter and Trace Gases Using High Volume Sampling
Technique at Different Locations in Patiala (NW-India)
Nirankar Singh, Susheel K. Mittal, 1Ravinder Agarwal, 2Prabhat K. Gupta & Amit Awasthi, Chitkara
University (H.P.), 1Thapar University, Patiala; 2CSIR – National Physical Laboratory, New Delhi
Voltammetric Study of Imine Based Compound for the Trace Level Detection of Al3+
Rashmi Sharma, Susheel K. Mittal, Narinder Singh1, Navneet Kaur2, Jasminder
Singh1&ManmohanChhibber, Thapar University, Patiala; 1Indian Institute of Technology, Ropar;
2Panjab University, Chandigarh

Dinner

Day 3: FRIDAY, February 21, 2014
8:00 – 9:00
Breakfast
9:00 – 11:00

Invited Talk – XVII:

Cognitive and Emotional Health
Speaker: Mr. Susheel Chandra, INMAS-DRDO
Invited Talk – XVIII: Embedded Systems for Sensors
Speaker: Dr. Jyotinder Singh Sahambi, Indian Institute of Technology, Ropar
Invited Talk – XIX:
Scientific Support to Improve Sports Performance
Speaker: Ms. Rajdeep Kaur, NIS
Invited Talk – XX:
Quality Issues in Calibration
Speaker: Ms. RavinderSahi, STQC

11:00 – 11:15
11:15 – 13:30

Tea/Coffee & Poster Session – III
Technical Session – VII: Optical & Ultrasonics

Venue: Auditorium

Invited Talk – XXI: Guidelines for Measurement of Mass in Pharmaceutical Laboratories
Speaker: Mr. TripuriLal, CSIR-National Physical Laboratory, New Delhi
OP – 33: Ultrasonic and Scanning Electron Microscope Study of Wood in Longitudinal & Transverse
Direction
Ravinder Agarwal, Deepti Mittal, Rakesh Sharma, Kamaljeet Rangra1 & S. K. Sharma2, Thapar
University, Patiala; 1CSIR – CEERI, Pilani; 2IWST, Bangalore
OP – 34: Design consideration of PVDF for Ultrasound applications
B.S.Satyanarayan, R. V. College of Engineering, Bangalore
OP – 35: Ultrasonic Power Measurement of NPL Developed Power Ultrasonic Transducer
Yudhisther K. Yadav, P. K. Dubey, Anshul Jain &ChanderShekhar, CSIR – National Physical
Laboratory, New Delhi
OP – 36: Basic Factors Affecting Sound Transmission through Single and Double Walls
Mahavir Singh, CSIR – National Physical Laboratory, New Delhi

xiii

OP – 37: Development of General Fiber Optics Sensor Platform for RI Measurement
P. B. Patel, 1S. T. Hamde, Rahul Gehlot, Vibha Shukla, &Dr. D. Y. Patil, Institute of Engineering and
Technology, Pimpri, Pune; 1.Sant Guru Gobind Singh ji Institute of Engineering and Technology,
Nanded
OP – 38: Automation of Large Size Oedometer and Permeability Equipment
Vijay Sharma, 1Avneesh Mittal, 2Sanjeev Bajaj & T. K. Saxena, CSIR – National Physical Laboratory,
New Delhi; 1Bhaskaracharya College of Applied Sciences, University of Delhi, New Delhi; 2Central Soil
and Materials Research Station, (Ministry of Water Resources), New Delhi
11:15 – 13:30

Technical Session – VIII: General Metrology Practices

Venue: C-Hall

Invited Talk – XXII:

Recent Advances in Sensor Technology
Speaker: Dr. Amod Kumar, CSIR – Central Scientific Instruments Organization,
Chandigarh
Invited Talk – XXIII:
Development of Electrostatically Deposited Gas Sensors
Speaker: Dr. C. Ghanshyam, CSIR – Central Scientific Instruments
Organization, Chandigarh
OP – 39: A Quality Process Validation in Pharmaceutical Industries and Wellness Centres: A Must Practice
in view of Critical & Technical Issues
S. K. Sinha &Lakshay Mishra, National Institute for Industrial Research & Technology, Panchkula
OP – 40: Performance Evaluation of Accredited Laboratories in India Through Proficiency Testing in the
Range 0 to 100 kPa (g)
D. Arun, Vijayakumar, Om Prakash & Rakesh Kumar Sharma, CSIR – National Physical Laboratory,
New Delhi
OP – 41: Sensors for Safety Applications
Dharamveer Singh &Jagdish Kumar, Electronics Test and Development Center, Mohali
13:30 – 14:15
14:15 – 16:00

Lunch Break
Technical Session – IX: Pressure Metrology

Venue: Auditorium

Invited Talk - XXIV:
OP – 42:
OP – 43:

OP – 44:

OP – 45:

OP – 46:

OP – 47:
14:15 – 16:00

Indian National Pressure Standards, their Traceability and Global
Metrological Equivalence
Speaker: Dr. Sanjay Yadav, CSIR – National Physical Laboratory, New Delhi
FEM Based Design and Simulation of A Highly Linear Pressure Microsensor
S. Santosh Kumar, Ramprasad Nambisan & B D Pant, CSIR - CEERI, Pilani, & ACSIR, New Delhi
Comparison of National and Industrial Hydraulic Pressure Standards in the Pressure Range up to
500 MPA
Sanjay Yadav, V. K. Gupta, Lalit Kumar, Raman Sharma & A. K. Bandyopadhyay, CSIR – National
Physical Laboratory, New Delhi
Characterization and Consistency of High Pressure Transducersupto1.0 GPA Using CCPG Type
Primary Oil Pressure Standard
Sanjay Yadav, V. K. Gupta, Lalit Kumar & A. K. Bandyopadhyay, CSIR – National Physical Laboratory,
New Delhi
Studies on Quartz Based Digital Pressure Transducers/Calibrators in the Pressure Range up to 200
MPA
Sanjay Yadav, Raman Kumar Sharma, Lalit Kumar, S.P.S. Bajaj & A.K. Bandyopadhyay, CSIR –
National Physical Laboratory, New Delhi
Proficiency Testing in the Absolute Pressure Range of 0 to 200 kPa Performed Among Accredited
Laboratories in India
D. Arun, VijayaKumar, Om Prakash & Rakesh Kumar Sharma, CSIR – National Physical Laboratory,
New Delhi
Establishment of Reliability of Negative Gauge Pressure Measurements Through Proficiency
Testing Among Accredited Laboratories in India
D. Arun, Vijayakumar, Om Prakash & Rakesh Kumar Sharma, CSIR – NPL, New Delhi

Technical Session – X: Modeling & Simulation
OP – 48: Modeling Errors in Pipelined ADC Using MATLAB
Anil Singh & Alpana Agarwal, Thapar University, Patiala, India
OP – 49: Process Variability in Sub-Threshold VLSI Interconnects
Rohit Dhiman & Rajeevan Chandel, National Institute of Technology, Hamirpur

xiv

Venue: C-Hall

OP – 50: Assessment of Automatic Generation Control in Two Area System under Deregulated Environment
using Linear Quadratic Regulator
Manbir Kaur1 & Aprajita Salgotra, Bipin Tripathi Kumaon Institute of Technology, Dwarahat,
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MEMS-based Microsensors and Associated Metrological Challenges:
An Indian Perspective
Chandra Shekhar
CSIR-Central Electronics Engineering Research Institute, Pilani
email: chandra@ceeri.ernet.in
Abstract
begin collaborating strongly for the metrological
standards and the calibration facilities for MEMSbased microsensors. The types of microsensorsin
respect of which the metrology R&D community
needs to develop calibration support systems include:
pressure sensors (range : micro-bar to 300 bar),
accelerometers (range: 10 micro g to 100 g) rate
gyros, acoustic sensors, gas sensors, chemical
sensors, bio-sensors, micro-hot plates, RF MEMS
switches and phase shifters. The above list is quite
generic and a detailed list would be rather large. The
idea of this presentation would be to describe to the
metrological
community
the
MEMS-based
Microsensor
device
structures,
packaging,
technologies
and
measurement
ranges
to
communicate to them the requirements from the
MEMS and Microsensors community in respect of
standards and calibration facilities and services
specifically tuned for these tiny devices which are
going to play a major role in our lives in the current
decade and the decades to come. Throughout the
presentation, examples would be taken from the
R&D work carried out/being carried out at CSIRCEERI under a range of CSIR projects and projects
funded by the various funding agencies. It is hoped
that the presentation would trigger the kind of
collaboration mentioned above between the MEMS
and Microsensor community and the Metrology
community in the country which is now necessary.

During the last ten years design and development of
MEMS-based microsensors has seen major
developments in the R&D institutions and academia
in the country. This has resulted from the recognition
of importance of this area among the scientific
departments and the strategic sector end-users.
Accordingly, concerted efforts were put jointly by
scientific departments in working out programs such
as "National Program on Micro and Smart Systems
(NPMASS)" being coordinated by ADA, Bangalore,
and its predecessor program "National Program on
Smart Materials (NPSM)". DST has also funded a
Sensor Hub project being coordinated by CSIRCGCRI, Kolkata. CSIR had, during the tenth fiveyear plan, funded a CSIR-Network project in the area
of MEMS and Microsensors involving nine CSIR
laboratories with CSIR-CEERI as the coordinating
laboratory. Once again in the twelfth five year plan
CSIR-CEERI is implementing a major CSIR project
"Advanced Microsensors and Microsystems : Design,
Development and Applications" in the area of
MEMS-based microsensors – together with the
associated packaging, signal conditioning and
temperature compensation circuitry (including singlechip versions) and development of applications.
Besides the above mentioned projects the two major
Nano Science and Technology Centres established at
IIT-Bombay and IISC, Banglore under funding
support from Deptt. of Electronics and IT (DeitY)
have also carried out their own R&D programs as
well as have supported other academic, R&D and
industrial research projects through the support of
DeitY under the Indian Nano Users Program (INUP).
The community of researchers and the body of R&D
work being carried out in the country in the area of
MEMS and Microsensors is therefore now
substantial.
However, the testing and characterization of the
range of MEMS-basedmicrosensors being designed
and developed is still limited. And metrological
standards and facilities for primary and secondary
calibrations of these devices are apparently still not in
place. Besides, the metrological R&D community
and the MEMS and Microsensors community need to
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NABL Accreditation and International Perspective
Anil Relia
National Accreditation Board for Testing and Calibration Laboratories, New Delhi

accreditation, out of which
Government laboratories.

1. INTRODUCTION
National Accreditation Board for Testing and
Calibration Laboratories (NABL) is an
autonomous body under the aegis of
Department of Science & Technology,
Government of India.
2. INTERNATIONAL
OF NABL

20%

are

NABL officers have widely participated in
APLAC, ILAC, EURACHEM, SAARC
Expert Group, ISO/CASCO, WADA,
meetings/
conferences
and
APLAC
Evaluations.

RECOGNITION
NABL has emerged as the sixth largest
Laboratory Accreditation Body in the World.

NABL is a signatory member to Asia Pacific
Laboratory
Accreditation
Cooperation
(APLAC) Mutual Recognition Arrangement
(MRA)
and
International
Laboratory
Accreditation
Cooperation
(ILAC)
Arrangement based on a peer evaluation by
APLAC in 2000. This was a major step
towards mutual acceptance of test results and
measurement data across Indian borders.
NABL went through the peer APLAC
evaluation in 2004, 2008 and 2012 and
reaffirmed its APLAC / ILAC signatory
status.
Today, the test results and
measurement data produced by Indian
accredited laboratories are acceptable
amongst 69 economies. NABL accredited
laboratories have therefore emerged members
of global family of more than 40,000
accredited laboratories.

4. BENEFITS OF ACCREDITATION
Formal recognition of competence of a
laboratory by an Accreditation body in
accordance with international criteria has
many advantages:
Increased confidence in Testing/ Calibration
Reports issued by the laboratory.
Better control of laboratory operations and
feedback to laboratories as to whether they
have sound Quality Assurance System and
are technically competent.
Potential increase in business due to enhanced
customer confidence and satisfaction.
Customers can search and identify the
laboratories accredited by NABL for their
specific requirements from the NABL Website or Directory of Accredited Laboratories.

3. NABL ACTIVITIES
NABL provides accreditation in all major
fields of Science and Engineering such as
Biological, Chemical, Electrical, Electronics,
Mechanical, Fluid-Flow, Non-Destructive,
Photometry, Radiological, Thermal &
Forensics under testing facilities and ElectroTechnical, Mechanical, Fluid Flow, Thermal,
Optical & Radiological under Calibration
facilities (as per ISO/IEC 17025:2005).
NABL also offers accreditation for medical
testing laboratories (as per ISO 15189:2007)
and accreditation of Proficiency Testing
Providers (as per ISO/IEC 17043:2010).

Users of accredited laboratories enjoy greater
access for their products, in both domestic
and international markets.
Savings in terms of time and money due to
reduction or elimination of the need for retesting of products.
5. RECOGNITION BY GOVERNMENT
& REGULATORS
I.

The major sectors in which NABL has
granted
accreditation
are
Textiles,
Automobiles, Power, Telecom, Petroleum,
Food, Health and Environment. As on date,
more than 2000 laboratories have NABL

II.
III.
IV.
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CGHS and Government Hospital
Laboratories
Bureau of Energy Efficiency
Food Safety and Standards Authority
of India
State Electricity Boards
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V.
VI.
VII.
VIII.

IX.

Agricultural & Processed Food
Products Export Dev. Authority
Telecom Engineering Centre
Central Pollution Control Boards
Export Inspection Agency

X.
XI.

2

Tea Board, Coffee Board, Spices
Board
Judiciary also relies on accredited
forensic laboratories
Insurance companies can rely on
reports of medical labs
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Generation and Dissemination of Indian Standard Time at CSIR-NPL, India
Amitava Sen Gupta
CSIR-National Physical Laboratory, New Delhi
Email: sengupta@nplindia.org
Abstract: Time & Frequency division at CSIR-NPL is responsible for the highest level of time
and frequency measurements in India, maintenance of IST (Indian Standard Time), its
dissemination and keeping it traceable to the International Bureau of Weights and Measures
(BIPM) using ultra-precise satellite links. The division also provides calibration services for
atomic clocks and frequency sources. The main focus of the division is on the state-of-the-art
R&D activities on atomic frequency standards namely Rubidium atomic clocks for space
applications, Cesium atomic fountains and Single trapped Ytterbium ion clock. In this paper,
atomic clock development and time-scale architecture of IST are discussed in detail.

1.

been connected in parallel. Time transfer using
ultra stable time links is being done by NPL to
contribute to TAI and maintain the National
Time Scale.

INTRODUCTION

National Physical Laboratory is the Time
Keeper of the Country and is responsible for
highest level of time and frequency
measurements in India at par with the
international standards. The major activities of
the division are time generation and
dissemination (IST is generated, synchronized
with Universal Time Coordinated and is
disseminated to users), R & D on time standards
(namely Cs fountain clocks, Rubidium clocks
for space and optical clock based on single
trapped Ytterbium ion) and calibration services.
In the first part, IST is maintained with the help
of a five Cesium (Cs) atomic clocks and a
Hydrogen Maser (shown in Fig. 1) with
stringent environment control and clean
uninterrupted power. The IST is inter-compared
with international time scale using precise time
transfer links with BIPM. All 5 Cs clocks and
the H-Maser are contributing to International
Atomic Time (TAI) through precise, regulated,
automated inter comparison of clocks, precise
satellite links and automated daily upload of
data to BIPM.

A Two Way Satellite Time & Frequency
Transfer System (TWSTFT) is one of the most
precise links to compare time and frequency of
two remotely located clocks. Regular time and
frequency transfer sessions are being conducted
with 7 timing laboratories participating in EuAsia network using Russian satellite AM-2 at
different frequencies & time slots which
includes the measurement of clock difference of
the two labs at a time.The uncertainty uaof time
transfer link has been reduced to 0.5ns by
introducing dual frequency GPS receivers,
which are capable of phase tracking a GPS
carrier and processing the data by the precise
point positioning technique. Precise Point
Positioning (PPP) is generally used for
determination of precise position of a GPS
receiver. This technique also allows comparison
of atomic clocks with precision at the level of a
hundred picosecond.
We have recently established a PPP technique
for upgrading our precise time transfer links
using some of the internationally available
software for this purpose.With the time scale
and time links in place, R & D on time and
frequency standards is the most important
activity.The uncertainty uaof time transfer link
has been reduced to 0.5ns by introducing dual
frequency GPS receivers, which are capable of
phase tracking a GPS carrier and processing the
data by the precise point positioning technique.

Dissemination of Time and frequency to users is
being done using two techniques: Teleclock
service and Network Time Protocol (NTP)
service. With teleclock service, the digital time
data is transmitted to the user via telephone line
within ± 1 s accuracy. With the recently
launched NTP service, any computer worldwide can be synchronized to UTC (NPLI)
within 10 ms accuracy. The URL for this
service istime.nplindia.org.To make the system
redundant, two Stratum 1 NTP servers have

4
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Fig. 1. Generation of Indian Standard Time UTC (NPLI).
The first cesium atomic fountain (India-CsF1)
frequency standard has a (0, 0, 1) geometry of
the magneto-optical trap (MOT) for cooling and
launching operations. In this geometry, four out
of the six cooling beams are in horizontal plane
and other are going up and down, respectively.
The atoms are first loaded and cooled in MOT
followed by further cooling in optical molasses
(OM). They are launched using moving
molasses (frequency detuning of vertical beams)
and cooled further with polarization gradient
cooling. It is possible to trap about 107 Cs
atoms, cool them to about 7 µK by both
magneto-optical trap (MOT) and polarization
gradient cooling (PGC) and launch them up by
moving molasses method. The atoms are tossed
up to 75 cm above the trap center and the return
signals are detected in the detection zone. At
present, the fountain is fully operational and we
have got the preliminary results viz. Ramsey
fringes, C-field mapping, frequency locking,
stability analysis and estimation of systematic
shits.

Precise Point Positioning (PPP) is generally
used for determination of precise position of a
GPS receiver. This technique also allows
comparison of atomic clocks with precision at
the level of a hundred picosecond. We have
recently established a PPP technique for
upgrading our precise time transfer links using
some of the internationally available software
for this purpose.With the time scale and time
links in place, R & D on time and frequency
standards is the most important activity.
The primary standard of time and frequency is a
Cs fountain clock. Most of the developed
countries have developed such clocks which are
already operating as primary standards. T & F
division at CSIR-NPL started efforts to realize
India’s first fountain clock only few years back.
The first cesium atomic fountain (India-CsF1)
frequency standard, as shown in Fig. 2, is now
completely assembled and operational. In 2011,
NPLI has started a project to design and build
a second Cs fountain with special design
features that enable us to carefully
investigate the systematic errors in order to
enhance the accuracy of our frequency standard
to a few parts in 1016 – which would be at the
level of the best in the world. The fountain
(shown in Fig. 3) is currently under
developmental stage.

Another R & D activity is developing Rubidium
clocks for India’s space applications. NPL is
Contributing to India's strategic space
programme by developing navigational space
clocks. It has developed and transferred the
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critical technology of Rubidium atomic clock to
ISRO. Initial model has been developed at NPL
and is undergoing further developments at
Satellite Applications Center before being
integrated in the payload of the Indian Regional
Navigation Satellite system. Further critical
process for development of glass technology of
Rubidium bulbs and cells is under development
at NPL for making the indigenization of space
clocks complete. For this process, a rare, highly
enriched, isotope of Rubidium has been
extracted in the lab. This has been achieved by a
chemical reaction under ultra-high vacuum at
700o C. A modified ultra-high vacuum system is
being developed for making the quantum
devices required for making a stable atomic
clock.
We have recently started research and
development on a secondary frequency standard
at optical wavelength as a project in the 12th five
year plan. Conceptually, this frequency standard
consists of probing frequency of an ultra-narrow
transition driven by atom-photon interaction.
The variance of the measurement, Allan
deviation, is inversely proportional to the
energy carried by each photons and proportional
to the linewidth of the interrogated transition.
An optical transition operates at few hundred
THz, which is four orders of magnitude higher
than the operational frequency of the Cesium
frequency standard, i.e., 9192631770 Hz
between two energy levels of 133Cs atom. This
makes the optical clocks 100-1000 times better
than the microwave clocks.

Fig. 3. Layout of the second Cs fountain under
development at CSIR-NPL.
There are some atoms e.g., 199Hg, 171Yb and 87Sr
having narrow 1S0 à3P0 hyperfine induced
transitions are potential candidates for optical
clocks with trapped atoms in an optical lattice.
These clocks are very accurate (fractional
accuracy ~ 10-18) due to large signal coming
from ensemble of atoms; however they have
relatively poor long term stability dominated by
collisional shifts. On the other hand optical
transitions of 199Hg+ (quadrupole transition at
282 nm),171Yb+ (quadrupole and octupole
transitions at 435.5 nm and 467 nm), 88Sr+
(quadrupole transition at 674 nm), 43Ca+
(quadrupole transition at 729 nm) and 27Al+
(hyperfine induced transition at 267 nm) provide
much better long term stability with a fractional
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frequency uncertainty < 10-17. In this case single
trapped ions are free from Coulomb interaction
and also collisions with their chemical homolog
vanish. At NPLI work is in progress towards
trapping of single 171Yb+ in a Paul trap (Fig. 4)
and aiming to interrogate its qudrupole
transition at 435.5 nm (corresponds to 688 358
979 309 307.5 Hz). Currently we are engaged in
designing the ion trap, the ultra-high vacuum

vessel, optical setup for all the lasers, ultra
stable clock laser and the detection system.
We are theoretically optimizing the trap
potentials that will minimize the unwanted
energy shifts of the atomic energy levels. We
are also developing many electronics in house
which will be associated in the experiment.

Fig. 4. Paul trap with end cap geometry for trapping single 171Yb+ ion at CSIR-NPL. Electrodes along the zaxis carry radio-frequency and the concentric ring along with the two pairs of electrodes in the x-y plane
pushes the ion at the geometric center of the trap. Five laser beams of diameter ~ 50 µm need to be
overlapped on the single ion for laser cooling and driving the clock transition. The weak florescence
from that ion will be collected by a high numerical aperture lens for detection.
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Legal Metrology in India
B. N. Dixit
Legal Metrology Department, New Delhi

Consumer protection has always been one of
the main thrust areas of policy formulation.
Use of proper, accurate and standard weight
and measure is very important for effective
functioning of any economy, as it plays an
indispensable role in promoting welfare of
consumers. Through this, consumers are
protected from malpractice of underweight
or under measure. They get right and exact
amount of product for the money spent by
them.

c. The Legal Metrology (Numeration)
Rules, 2011
d. The Legal Metrology (General) Rules,
2011
e. The Legal Metrology (National
Standards) Rules, 2011
f. The Indian Institute of Legal
Metrology Rules, 2011
g. The Legal Metrology (Government
Approved Test Centre) Rules, 2013

The establishment of the Standards of
Weights
and
Measures
and
their
specification is the responsibility of the
Union Government and the enforcement of
the Weights and Measures is done by the
State Governments. The provisions for the
establishment of Standards of Weights and
Measures and their specification have been
defined in the Legal Metrology Act, 2009
and Rules made there under. In the
Constitution of India the provisions related
with weights and measures are given in
seventh schedule, under Union List, Entry
50, Establishment of Standards of weights
and measures and under Concurrent List,
Entry 33-A, Weights and Measures except
establishment of standards.
The Legal Metrology Act, 2009 was
implemented w.e.f. 1st April, 2011 after
repealing two Acts namely the Standards of
Weights and Measures Act, 1976 and the
Standards of Weights and Measures
(Enforcement) Act, 1985. The following
seven Rules are framed under the Act:
a. The Legal Metrology (Packaged
Commodities) Rules, 2011
b. The Legal Metrology (Approval of
Models) Rules, 2011

The end results of the weighing and
measuring is directly related with common
people.
Therefore these weighing and
measuring instruments are periodically
verified using the Standard Weights and
Measures. There is need to improve the
infrastructure to meet the latest challenges
with well equipped standard weights and
measures and human resources, so that
verification and calibration work in an
efficient manner may be ensured.
The Department of Consumer Affairs,
Government of India is implementing two
Schemes during XII Plan, namely
‘Strengthening
Legal
Metrology
Infrastructure
of
States/UTs’
and
‘Strengthening of Regional Reference
Standards Laboratories (RRSLs) and Indian
Institute of Legal Metrology (IILM),
Ranchi’. The total outlay of these schemes
is Rs.270 crore and Rs.30 crore,
respectively.
The objective of XII Five year plan scheme
‘Strengthening
Legal
Metrology
Infrastructure
of
States/UTs’
is
augmentation
of
legal
metrology
infrastructure of States and UTs in holistic
manner so that consumer interest may well
8
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Edible Oils Vanaspati, ghee, butter oil, Milk
Powder, Non-soapy detergents (powder),
Rice (powdered), flour, atta, rawa, and suji,
Salt, Soaps (Laundry Soap, Non-soapy
detergent cakes/ bars, Toilet Soap including
all kinds of bath soap, cakes), Aerated soft
drinks, non-alcoholic beverages, Mineral
water and drinking water, Cement in bags,
Paint varnish etc. [Paint (other than paste
paint or solid paint) varnish, varnish stains,
enamels, Paste paint and solid paint, Base
paint].

served by providing Working standards/
Secondary standards equipments, Mobile
Kits for testing weighbridge, Mobile van for
inspection and verification of weights and
measures at different market locations with
pre-package checking kit, and by set up new
testing facilities for States/UTs, and by
providing Grant for construction of
Laboratory buildings to the State
Governments. Under the scheme training
will be provided to the enforcement officers
of States/ U.T., at reputed institutions in the
country and abroad in order to meet the
challenges.
Under the scheme ‘Strengthening of
Regional Reference Standards Laboratories
(RRSLs) and Indian Institute of Legal
Metrology (IILM), Ranchi’ two new RRSLs
one at Varanasi, U.P. and another at Nagpur,
Maharashtra proposed to be established in
the XII five year plan to cater the need of the
industries and State Governments of these
regions in the field of Legal Metrology by
way of providing the facility of verification
and calibration of Legal Standards, high
accuracy weights and measures and other
technical work like seminar, awareness etc.
Indian Institute of Legal Metrology (IILM),
Ranchi is a unique institute of its type which
provides training in the field of Legal
Metrology in the country. Government has
taken the steps to make it a centre of
excellence.
Government has made it mandatory to pack
the 19 commodities in the prescribed sizes
from 1st November, 2012 as per the
recommendation of the Committee on
Subordinate Legislation and with the
consent of the State Governments, in the
interest of common consumer.
These
commodities are viz. Baby food, Weaning
food, Biscuits, Bread including brown bread
but excluding bun, Un-canned packages of
butter and margarine, Cereals and Pulses,
Coffee, Tea, Materials which may be
constituted or reconstituted as beverages,
9
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Measurement Science Present and Future
A.K. Bandyopadhyay
CSIR-National Physical Laboratory, New Delhi
email:-akband@nplindia.org
Abstract :Ibriefly report here the developments of the standard activities from 2007 and also envasiged
plan for the coming years as a part of the summary of achievements of CSIR-NPL under the financial
support of the 11th Five year plan project “Advances in Metrology” NWP-45project (2007-14) and the
12th Five year plan project of CSIR “Measurement Innovation in Science & Technology (MIST) – PSC0111 (2012-17).

1.

international body (BIPM) under the consultative
committees of the International Committee of
Weights and Measures (CIPM) has taken an
initiative to redefine the base units in the current
SI units. In the new SI system, the units would be
linked to the Planck constant, elementary charge,
Boltzmann constant, Avogadro constant and the
new wording used expresses the definitions in a
simple and unambiguous manner without the need
for any further distinction. The importance of
relations among the fundamental constants to the
definitions and the importance of establishing a
system for the realization of each definition form
the basis for this pioneering activity. The National
Physical Laboratory, India (NPLI) is the custodian
of National Prototype Kilogram (NPK) No. 57,
which was provided by the International Bureau
of Weights and Measures (BIPM) in 1958 after its
first calibration in 1955 against IPK. The NPK has
been recalibrated in 1985, 1992, 2002 and 2012
at the BIPM [Fig. 1 shows the artifact and
calibration at BIPM]. As the stability of this
international prototype is changed with time,
BIPM/ CIPM declared that the definition of mass
has to be established from the fundamental
constants. There is a worldwide effort on this
concern and this proposed approach is expected to
pave the way for the replacement of the artifact
with quantum standard.

INTRODUCTION

Deviation of mass from 1 kg in µ g

The precision of measurement made during
manufacturing / process will have a significant
impact on the advancement of technology. As the
precise or accurate measurements are getting
sophisticated, the measurement capability of
National Metrological Institutes(NMIs), from
where the industries establish their traceability,
will determine the state of the art of the industrial
development. It is for these reasons there is a
rapid growth in demand for reliable, reproducible,
and sustainable components and NMIs are placed
in a strategically position where the measurement
capability are essential for the overall growth of
the country. A simple example of accurate
measurements of small mass or dimension have
become an acute need in the rapid scientific
advancement; mass or dimension
of
nanostructure materials is a challenge of
nanotechnology related pharmaceutical industries
where the conventional measurement are ineffective. The International Bureau of Weights
and Measures (BIPM), France which is mandated
to provide the basis for a single, coherent system
of measurements throughout the world, traceable
to the International System of Units (SI),
organizes and facilitates the international
comparison of standards in order to ensure
international consistency. SIR-National Physical
Laboratory (CSIR-NPL), New Delhi, the
designated custodian of the National Standards as
per the act of parliament from 1957, is fully
responsible and committed to initiate and take up
pioneering R&D activities in the field of frontier
metrology at par with the best in the world.
In this brief presentation, it is not possible to
describe the details of activities in the present and
future but we will take up two base units mass and
temperature.
It is now known, out of seven SI base units, only
“kilogram” is still an artifact based. The
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0.1
0.05
0
-0.05
-0.1
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1972
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2012
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Fig. 1. National Prototype Kilogram (NPK) No.
57. Calibration NPK at BIPM(Paris)
Out of various methods, the Watt Balance is one
of the most discussed methods for the
determination of e-Mass. It is linked between
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electrical and mechanical units of power. An
electromechanical weight measuring instrument
that measures the weight of a test object very
precisely by the strength of an electric current and
a voltage will be established. It will provide a
definition of the kilogram unit of mass based on
electronic units, a so-called "electronic kilogram".
Figure 2 shows the NIST watt balance (1) and a
very preliminary model developed under MST
project by the Mass Standard Group. The
designed and fabrication project is under progress.

same way as with other units: to relate the unit to
a fundamental constant and fix its value. For the
kelvin, the corresponding constant is the
Boltzmann constant kB, because temperature
always appears as thermal energy kT in
fundamental laws of physics. For fixing the value,
‘kB’ must first be determined with appropriate
uncertainty compared to uncertainty of TPW in
ITS-90, 3x10-7. The 2006 CODATA value of
Boltzmann constant, 1.380651 x 10-23 J/K with
uncertainty of 1.7 x 106 was taken from NISTUSA and NPL-UK results on acoustic gas
thermometry.
To determine the value of
Boltzmann Constant (kB) with uncertainty better
than 1 ppm by Acoustic Gas Thermometry has
been proposed under the same MIST program by
the Temperature Standards Group. Figure 3 shows
the schematic view of the resonator. Facilities for
Acoustic, Microwave, Pressure and Temperature
measurements are being planned to establish.

Fig. 2. Schematic view of the NIST(USA) Watt
Balance and a model developed byMass
Standard, CSIR-NPL

.
Fig. 4. Schematic view of the Quantum Hall
Effect based Primary Standard of
Resistance at CSIR-NPL (developed in
collaboration with PTB)
Similarly, under the NWP-45 project funds 10 V
Josephson Voltage standard for realization of
unit“Volt” and Quantum Hall Resistance for
realization of unit “Ohm” [Fig.4] have been
completed. Source based primary standard of
spectral radiance in the form of a variable
temperature blackbody and Iodine frequency
stabilized He-Ne laser operating 633nm, used to
realize metre have also been established.
Metrology in Chemistry (MiC) – CSIR-NPL
being the National Metrology Institute (NMI)
realizing SI units at apex level for India, CSIRNPL would be a facilitator for SI-traceability to
partner expert CSIR institutes, who may provide
measurement services in their respective chemical
metrology areas as an apex designated institution
(DI). This is to develop Certified Reference
Materials (CRM) and strengthen the metrology
activities pertaining to certain specific areas of
requirements with other CSIR sister laboratories.

Fig. 3. Design of resonator being fabricated at
NPL Workshop using 3 axis CNC machine
Similarly, according to the present International
Temperature Scale of 1990 (ITS-90) the unit of
temperature T, the kelvin, is defined as the
fraction 1/273.16 of thermodynamic temperature
of the triple point of water (TPW). Thus, the
kelvin is linked to a material property. Instead, it
would be advantageous to re-define kelvin in the
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To extend of the range according to the need
of customers;
ii. To improve the uncertainties of measurements
and bring them at par with International level,
if not better.
iii. To replace the old equipment with the
equipment using upgraded technology.

The up-gradation of base units: The up-gradation
of the Base Units should get proper importance so
that NPL, one of signatories of MRA, can play a
significant role in the metrology sector in the
world. This is a continuing process with the
application of newer technology with improved
uncertainties. Traceability of Primary standards
with BIPM has to be continued to maintain terms
of reference of MRA.
i. Improvement of the Apex calibration
capabilities: Apex calibration capabilities
should be enhanced keeping in mind the issues
like
the
following
three
issues:

2.
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Timeline of the Realization of Unit 'Volt' at NPL, India
V. N. Ojha
CSIR-National Physical Laboratory, New Delhi
email: vnojha@nplindia.org

Abstract: The present invited paper highlights the ‘Timeline of the realization of unit 'volt' at NPL, India (NPL-I). We
will discuss the advent of use of Weston cells (artefact) to the use of state of the art new programmable Josephson
voltage standard (PJVS, quantum voltage metrology) for the realization of unit ‘volt’ and its dissemination in the
country for the traceability of the dc voltage parameter. Furthermore, we will also discuss in brief about the
traceability chain of the voltage at NPL, India and the potential application of PJVS to watt balance and ac Josephson
voltage standard.

I = I0 sin φ

National Physical Laboratory, India is also the
‘National Measurement Institute’ and is the
custodian of National Standards of SI units as per
the act of parliament. It has the statutory
obligation to establish, maintain and update, by
continuous research, the national standards of
measurements and calibration facilities for
different parameters. In the field of electrical and
electronics, ampere (A) is one of the base units in
the 'International Systems' (S.I) of units and
defined as that constant current which, if
maintained in two straight parallel conductors of
infinite length of negligible circular cross section
and placed 1 meter apart in vacuum, would
produce between these conductors a force equal to
2x10-7 Newton per meter of length. Also by
definition, an absolute measurement of current can
be made in terms of mechanical units. But there
are practical difficulties involved in its realization
as the experiment involves infinite long and
negligible thin conductors. Measurements based
on Kelvin's current balance using coils of finite
dimensions are more traceable. However, it is a
difficult and tedious process to achieve parts per
million uncertainty in absolute determination of
ampere. It is, therefore, a general practice (also
internationally accepted) that in standard
laboratories all over the world ampere is derived
through two quantum phenomena based primary
standards namely Josephson voltage standard for
unit ‘volt’ and quantum Hall effect for unit ‘ohm’.
The quantum metrology triangle, in Fig. 1 shows
the established primary standard at NPL-I. Prior to
the prediction of Brian Josephson's new effects in
the superconductivity in 1962 [1], NPL, India, like
other national laboratories of the world were using
high-stability Weston cadmium cells for the
maintenance of physical units of unit ‘volt’.
However, these cells tend to drift and so caused
inconsistencies between standards in different
laboratories. Brian’s discovery that in the absence
of the both external magnetic field and a potential
difference across the junction, we get

(1)

The supercurrent, I0, known 'critical current', will
flow through the junction till the pair phase,

adjusts, until I0 sin φ is equal to the total current
flow. This is called the 'dc Josephson effect'.
Experimental proof of this came in 1963 by
Anderson and Powel [2]. In another case, when a
dc potential is applied across the junction, an ac
oscillating supercurrent with a frequency fJ
directly related to the dc voltage V0, appearing at
the barrier
f J = 2e/h V0

(2)

This effect is termed as 'ac Josephson effect'.
Based on this effect many NMI’s all over the
world started R & D of making junctions, from
single junctions to large numbers of junctions for
the development of new voltage standards based
on them.
At NPL-I, in 1987 [3], a voltage standard at 1 mV
level, based on Nb-Nb point contact was
established with the support PTB, Germany for the
dissemination of unit ‘volt’ in the country.
Further, in this paper we will also discuss in brief
about the design and fabrication (the author has
some experience in making 1 volt and 10 volt
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chips at PTB, Germany [4] under DAAD
fellowship and these chips are being used at NPL
to generate constant voltage steps for precision
calibration) of the superconducting tunnel
junctions (SIS) namely the Nb/Al2O3/Nb
integrated into microstrip line antenna to generate
constant voltage step to be used in the precision
measurement of the Zener reference standard.
Based on this JVS standard [5-6], NPL-I
disseminates its unit ‘volt’ in India at par to
international level as shown in Fig. 2. With the
financial support of Department of Electronics and
Information Technology (DEITY), India, the
traceability has been further extended to nanovolt
level in voltage and to sub-micro ohm in
resistance, nanoapmere range and low level charge
parameter.
Since in the SIS arrays, it is very difficult to set
the step number of the array to a desired value as
required by some applications such as a direct JVS
comparison. The development of a programmable
Josephson voltage standard (PJVS) based on
current-biased voltage steps was further studied to
find a solution for this problem [7].
In the end, we will also discuss in the brief about
the PJVS system, recently established in the
collaboration of NIST, USA for the generation of
1 and 10 V standards [8].
Also, this system has a potential to support future
applications for stable references for the electronic
kilogram experiment, synthesis of low frequency
voltage waveforms for electrical power standards.
Acknowledgement: Author wish to thank Prof.
R.C. Budhani, Director, NPL- India for his keen
interest and support for this work. He would like
also like to thank Department of Electronics and
Information Technology (DEITY), India for their
financial support.

Fig. 3 Photograph shows, in the left, automated 10V
Josephson series array voltage standard system and
in the right, automated 10V programmable
Josephson voltage standard system at NPL-I.
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Development of a Priori Logic Based Formulas for Random Number
Generation for Triangular & U- Shaped Distribution for Monte Carlo
Simulation for Evaluating Measurement Uncertainty using Microsoft
Excel Platform
Das Gupta
Former Sci., CMTI Bangalore,
email:-dg.hiten@gmail.com
Abstract
conventional Gum method of evaluation of MU
There are several limitations of using
by law of Propagation found to either inadequate
conventional
GUM
of
evaluation
of
or results are not dependable. The Monte Carlo
Measurement
Uncertainty
by
Law
of
Simulation is widely used in financial
Propagation. As an alternate, ISO/IEC Guide
management, production management, and
98-3:2008/Suppl 1:2008 has recommended the
medical science, supply chain management for
detail step by step technique to use Monte
optimisation & risk management. However, its
Carlo Simulation to overcome such situation.
application in MU is though simple but
It has also given clear criteria as to
elaborates, primarily due to necessity of
validate the conventional GUM after carrying
generation random number in large numbers.
out Evaluation of MU by both the methods.
Though the technique is simple, but it is time
If conventional GUM fails to get validated,
consuming since it can be performed only with
because of failure of several statistical assumpcomputer application and a laptop / desktop take
tions in real situations, it would be very
a considerable time in generating Random
reasonable
to
adopt
MCS
in such
Numbers. The clarity given in said document
circumstances
to
get
more
accurate
helps us to adopt a step by step methodology
estimations of MU. However, there is a
with unambiguous decisions and outputs. In near
stumbling block of universal utilisation of
future, it is very likely to get widespread
Microsoft excel platform for MCS, because of
application, where Law of propagation of
non availability of in-built generating Random
evaluation of MU will become obsolete.
Number facility for Triangular & U-shaped
Limitation of MU by Law of propagation- There
distribution.. In order to overcome this, author
are several short comings when MU is arrived
has developed the priori logic based equations to
through law of propagation. The GUM proposed
use in Microsoft Excel. With these equations,
methods are based on certain assumptions which
without any additional cost of procuring
are always not valid. The primary assumption
specialized software, the author propagated use
that the value calculated of the measurand is
of excel spreadsheet for MCS to Scientists and
from an insignificantly non-linear variables.
Engineering Academicians from different
When the uncertainty model presents strong
première Organizations, who have applied the
elements of non-linearity, the approximation
same to evaluate MU in diverse areas of
made by eliminating of the 2ndterm in the Taylor
application. In this paper, several practical
series used by the GUM approach, it is not likely
aspects of adopting MCS technique, equipped
to correctly estimate the uncertainty output.
with capability of generating Random numbers
for various established distributions in evaluation
MU for different applications and the way an
N
N-1 N
interpolation equation help the QA decision of
uy2=∑ (∂f/∂xi)2 (uxi) 2 +2 ∑ ∑(∂f/∂xi)(∂f/∂xj)
product acceptance, have been discussed. Monte
cov(xi,xj)
Carlo Simulation technique is becoming well
i=1
i=1 j=i+
known for evaluation of measurement
uncertainty
calculation
associated
with
The Gum method of combining different
calibration of measuring Instrument/ equipments,
probability distribution, while arriving at
after the publication of JCGM 101 2008-“Guide
combined ( standard) uncertainty is based on
to the
expression
of
uncertainty of
the central limit theorem, which roughly states
measurement”- propagation of distributions using
that the distribution of the sum (or average) of a
a Monte Carlo method. This methodology
large number of independent, identically
primarily based on numerical treatment by
distributed variables will be approximately
Random Number Generation. This is particularly
finds promise in such of those evaluations where
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deal of study in statistical formulations of
distributions, author of this paper could
successfully developed priori logic based
formula to be utilised in Microsoft Excel
platform. The distribution plots obtained utilising
this formula for RNG (Random Number
Generation) are given below

normal, regardless of the underlying distribution.
Hence, it is assumed that the probability
distribution of the output is approximately
normal and can be represented by a t-distribution.
In some real scenarios, the resulting distribution
may have an asymmetric pattern or does not tend
to a normal distribution, invalidating the
approach of the central limit theorem.
Monte Carlo Simulation -Though several
statistical methods are available to overcome
existing Gum method. The GUM Supplement 1
(or JCGM 101:2008) provides basic guidelines
for using the Monte Carlo simulation for the
propagation of distributions in metrology. The
systematic method presented found to be fast and
robust alternative method for cases where the
conventional GUM approach fails. This
Technique provides reliable results for a wider
range of measurement models as compared to the
conventional GUM approach. One greatest
stumbling block to adopt MCS in all applications
was non- availability of in built random number
generation facility for Triangular and U-shaped
distribution. Microsoft excel provides the
application for Gaussian & Rectangular Till date
we find the publication for evaluating MU by
MCS are only limited to Gaussian (Normal) &
Rectangular (Uniform) distributions. After great

After running the adequate trials of MCS, the
values of lower & upper limit to be compared
with uncertainty limit as obtained by
conventional GUM as followsd low = | y - u(y) - ylow|
d high = | y+ u(y) – yhigh|,
These d low & d high values, if exceeds (δ) = 0.5x
10-l, then Conventional GUM is not validated and
MCS should be adopted in arriving at lower &
upper limits of uncertainty for given coverage
(95%).
This paper deals with technique of using MCS in
deriving practical expression of MU to be given
in calibration certificate by using fusing formulae
developed, whenever required.
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Nano-Bio-enviro Sensors for Ubiquitous Health Care
V.R.Singh
National Physical Laboratory, New Delhi
Email: vrsingh@ieee.org
Abstract-The growth of nanotechnology, the emergence of 'nanobiotechnology', and the
incorporation of living organisms in biomicroelectronic devices are revolutionizing the
interdisciplinary research for microbiologists to participate in understanding, developing and
exploiting microbial processes in and from the environment.Nano-bio-enviro sensors are
developed for ubiquitous healthcare applications. Design and development of piezo-resistive
semiconductor type, piezoelectric ceramic type, piezo-composite-based and biochip based
sensor systems are discussed here.

1.

biomedical diagnostics and personalized therapy,
as well as bio-sensing in the environment.
Biotechnology provides new bio-molecules with
novel properties that can be applied to obtain
new performance in sensing techniques. These
advancements in Nano- and Bio- technologies
will lead to new concepts and applications for
nano-bio-sensing systems. Nano-electronics and
bio-technology,
provide
multidisciplinary
systems from nano-structures fabrication to biosensing applications.

INTRODUCTION

These days, nanotechnology is used in many
nano-enviro applications. Human cells have
diameters of about 10,000 to 20,000 nm, whereas
macromolecules such as proteins are in the tenths
of nanometres range. In comparing these
dimensions it is clear that nanoscale materials are
well suited to enabling the study of biological
elements. Nanomaterials such as carbon
nanotubes or nanoparticles are small enough to
cross mucosal barriers and vascular pores, and to
penetrate the lipid bilayer of cell membranes.
Thus, nanomaterials can be designed to interact
with biomolecules located both on the cell
surface and inside the cell while maintaining
unaltered biological function of suchmolecules.
Clearly, nanomaterials could be useful tools for
executing accurate operation at the cellular and
macromolecular levels.

Nano-Bio-Sensors are developed by using
nanomaterials such as carbon nanotubes and
indium oxide nanowires. Several nanobiosensors
have been fabricated using nanocantilevers,
nanoparticles, or quantum dots but these need to
be couple to an optical detection method. The
most promising nanobiosensors are those based
on the electrocnic detection of the target
molecule such as field effect transistor
nanosensors (FET), as shown in Fig 1.Each
single nanobiosensor is capable of identifying the
specific biomarker for which it is designed.
Large arrays entailing hundreds of FET
nanobiosensorsare constructed to fit on the tip of
a needle for a very broad screening of
biomarkers and other medically useful
biomolecules.

New types of sensor systems have been
developed recently for various industrial,
biomedical and engineering applications.
Technological advances in nan0-bio-e sensors
are given here for ubiquitous healthcare,
particularly for old age patients living in remote
areas. Ubiquitous technology is the convergence
between the technological fields as well as their
implications for the economic, political and
social aspects of the society having modalities
like radio frequency identification (RFID) chips,
mobile phones and computers.
2.

NANO-BIO-SENSING AND NANO-BIOSENSORS

The application of engineering principles to
problems in medicine has led to the emergence
of biomedical circuits and systems as an exciting
and rapidly growing area of research.
Nanotechnology provides new structured
materials with amazing properties, which can be
applied to develop advanced instrumentation for

Fig. 1. FET nano-biosensors

17

3rd National Conference on Advances in Metrology (AdMet – 2014)
operation of manipulation is assisted by an
augmented reality interface that includes both
force and visual feedback in real time. The force
feedback is realized through the haptic device.
The real-time visual feedback is achieved by
locally updating the AFM image based on
physical models and real-time force information
as well as local scan information. During
manipulation, an operator can control the tip
motion and feel the real-time 3-D interaction
forces and simultaneously observe the real-time
changes of the nano-environment at video frame
rate via the augmented reality interface. The
AFM based nano-robotic system enhanced by
augmented reality enables us to simultaneously
image, sense, and manipulatesnano-objects in
situ. The nano-robotic system becomes an
effective nano-assembly machine that can
fabricate nano-devices and nano-sensors. The
ability of AFM to work under liquid condition
enables this nano-robotic system to operate
surgery of single cell and manipulate biomolecules on nanometer scale under living
condition. This research also investigates the
sensing ability of the AFM based nano-robotic
system.

The "sensing element" of a Field Effect
Transistor (FET) nanobiosensor is the
semiconductor channel (nanowire) of the
transistor. This channel is fabricated using
nanosized materials such as carbon nanotubes,
metal oxide nanowires (ex: In2O3), or Si
nanowires. A unique property of these materials
is the very high surface to volume ratio: a very
large portion of the atoms are located on the
surface for the nanowires whereas all the atoms
are surface atoms in the case of carbon
nanotubes.
Because
of
this,
the
nanowire/nanotube becomes extremely sensitive
to the environment and to everything coming in
close contact to itssurface.A specific recognition
group can be used to coat the surface of the
nanowire/nanotube,
making
the
device
specifically sensitive only to a particular target.
This recognition group can be a single stranded
DNA (capable of recognizing its complementary
strand), an antibody (that recognize a particular
antigene), an aptamer that shows affinity for a
unique target, or a protein that specifically
interact with another biological molecule see Fig
2). The presence of this recognition group on the
nanowire surface gives to the device high
specificity and exclusivity toward its target.Once
the nanowire based transistor has been coated
with a specific recognition group, the device is
ready to function as a nanobiosensor.
3.

4.

U-HEALTH CARE SENSORS

U-health care technologies include e-health,
telehealth, biotelemetry, biomedical sensors and
networking, by using super highways, internet
and RF-ID technology, etc. New RFID chips,
nano-scale or sensor-enabled radio technologies
and better sensor networks are developed to take
care of unexplored diseases, as well as quality
control of medicines, drugs, equipment and for
monitoring of physiological parameters for better
diagnosis and therapeutic treatment. Wireless
sensor networks are used in environment and
habitat monitoring, healthcare applications and
traffic control. In medical field, wireless sensor
technology is specially useful in pre-hospital
care, in-hospital emergency care, disaster
response and stroke patient rehabilitation. Design
and
development
of
piezo-resistive
semiconductor type, piezoelectric ceramic type,
piezo-composite-based and biochip based
sensors and complete instrumentation systems
are discussed. New ultrasonic and other sensors
have been developed with newly developed
piezo-composite materials for ubiquitous health
care applications.Ultrasonic sensors with
different frequencies and configurations are used
in transmitting and receiving modes, in single
element or in array forms. Nano- PZT (Lead
Zirconium Titanate), quartz and other such
piezoelectric materials are used for the
development of nano-ultrasonic sensors with
these new materials that give improved

NANO-ENVIRO SENSING AND
MEASUREMENTS

Nanotechnologies offer the ability to control
matter at the nanoscale level to create materials
with specific properties that can serve specific
functions. This is particularly important in
environmental issues where pollution often arises
from the presence of a specific contaminant
within a mixture of materials, being either in a
solid, liquid or gas form. The small size of
nanomaterials, together with their high surface to
volume ratio, can lead to very sensitive detection.
Nanotechnology offers some really exciting
breakthroughs in environmentally friendly
technologies. Examples range from extracting
renewable energy from the sun to the prevention
of pollution. Geoffrey Sacks, the American
Economist, in his 2007 BBC Reith lectures
entitled 'Bursting at the Seams', commented:
"The fate of the planet is not a spectator sport.
We live in an interconnected world, where all
parts of the world are affected by what happens
in all other parts".
As an example, by linking a haptic device to the
AFM(Atomic Force Microscope) tip, an atomic
force microscope is modified into a nano-robot
that can manipulate objects on nanoscale. The
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resolution, better sensitivity, directivity and
stability, etc.The ultrasonic sensors have also
been used in sensor networking in U-health care
systems.
5.

CONCLUSION

Nano-bio-sensors have been developed for
ubiquitous healthcare applications. It has been
found that by new sensor material by combining
a piezoelectric ceramic and a passive polymer to
forming piezo-composite, allows the transducer
to have many advantages over the conventional
piezoelectric ceramics and polymers, with
enhanced electromechanical coupling and
acoustic impedance close to that of the tissue.
Thus, many new medical applications are
possible.
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An Overview of the Activities of Radio and Atmospheric Sciences Division
in Relation to Measurement Science
M V S N Prasad
CSIR-National Physical Laboratory, New Delhi
email: mvsnprasad@gmail.com
Abstract: Recent experimental activities involving measurement and monitoring of various
parameters used in the field of radio and atmospheric sciences area and the accuracy and reliability
of the data sets generated and their application in various areas have been presented. The data sets
can with stand international scrutiny when they are accurate and generated taking international
norms into consideration.

1.

etc. on GSM bands of 900 & 1800 MHz. All these
experiments were done with the help of user
agencies like cellular operators, and consultant to
cellular industries, All India radio research dept etc.
In these scenarios if one uses field strength meters
then some of them have internal calibration
facilities, if one uses receivers, they need frequent
calibration to check the data issues. Nowdays
spectrum analyzers are getting used vastly to
measure field strength and interfering signals and
data accuracy has gone up by many folds. Recent
activities demonstrate that the expertise acquired
through various research studies in cellular
radio/microwave propagation and consultancy
services rendered to various organizations is being
utilized to help the setting of standard to measure
radation flux density in the electrical standards
division of our laboratory. This project has been
initiated to measure accurate radiation flux density
emanating from cellular towers in near and far field
zones.

INTRODUCTION

All the activities under our division require
measurement of various parameters over long
periods of time to provide statistically significant
samples of data sets over different regions of India
which will be analyzed and compared with
theoretical models for design of future
communication systems, performance assessment
of existing systems, models for climate prediction
and other related studies. Since measurement and
generation of data is very important component of
activity, reliability, accuracy of the data is very
important which will be achieved through frequent
calibrations and traceability of the instruments used
to various NMI’s in the world.
2.

RADIO SCIENCE ACTIVITIES

These consists of radio channel measurements and
modelling for fixed and mobile communications,
generating new data sets in various frequency
bands around 150, 320, 440, 900,1800,2100 MHz,
testing of models and development of models over
various regions of India and interaction with
various user agencies. In this monitoring of field
strength from ground based microwave/cellular
transmitters in urban, suburban and rural
environments is an important activity. Since most
of the monitoring takes place in field the signal
strength becomes random and highly variable. To
account this randomness data over longer periods
of time will be generated. Although data collected
on one radio path during one time period may be
very different from data collected over an
apparently similar path over a similar time interval,
data collected over periods of years give statistical
generalisations that enable radio engineers to
design services with a reliability factor close to 100
% and a near to zero vulnerability to interference.
Over the years our division developed expertise in
the area of coverage prediction of cellular radio
wave propagation and successfully generated new
data sets of signal strength as a function of distance
to investigate the effect of terrain, buildings, trees

Monitoring and modeling related to ionospheric /
tropospheric parameters using satellites and ground
based systems including GPS, Tomographic
Receivers, Ionosonde, etc., is also being carried out.
We also provide ionospheric forecasting/
nowcasting to users worldwide through our space
weather Regional Warning center (RWC, NPLIndia) .We have acquired recently Digisonde a
portable sounder for probing ionosphere. The
above instruments have also been used in various
Antarctica expeditions.
Measurement of atmospheric pressure, temperature
and humidity from the ground up to tropospheric
heights (10 to 15 km depending on the latitude) is
important for generation of refractivity profiles and
to find its effect on microwave communication
systems. There is a general feeling that exists in the
atmospheric science community that since many
atmospheric parameters are highly variable and for
modelling purposes one needs an average value.
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3.

NO/NO2/NH3, SO2, O3 and BC housed in an
appropriate shelter with control climate and
equipped with Automatic weather Station, gas
calibration system, power backup and system for
data acquisition and transmission to central server
at CSIR-NPL. Also a Raman Lidar to study cloud
aerosol interactions will also be set up.

ATMOSPHERIC SCIENCE ACTIVITIES

3.1Primary Ozone Calibration Facility
In order to raise quality ozone data and cater the
needs of calibration of surface ozone concentration
measurements in India and South Asian region,
a ”Standard Reference Photometer (SRP)” has
recently been established in the division. In 1980s,
National Institute of Standards and Technology
(NIST) in collaboration with United States
Environment
Protection
Agency (USEPA)
developed ozone reference standard (NIST SRP) to
ensure traceability in the ozone measurements.
NIST SRP is the primary standard for all the
national and international ozone monitoring
networks. In RASD, the SRP No. 43 has now
become operational for providing apex level
calibration services to India and other South Asian
countries. It works on the principle of absorption of
253.7 nm UV-light by ozone molecules. BIPM
QM-K1 key comparison of the SRPs is given in
Fig.1 where NPLI values are shown

3.2. Experimental setup and standardization of a
continuous
flow
stable
isotope
mass
spectrometer for measuring stable isotopes of
Carbon, Nitrogen and Sulfur in Environmental
samples
The experimental setup and standardization of a
newly acquired stable isotope ratio massspectrometer (Isoprime 100, Isoprime® UK)
coupled with elemental analyzer (Pyrocube,
Elementar®-Germany) in a continuous flow mode
(CF-IRMS), for the measurements of C, N and S
isotopes in a variety of natural as well as synthetic
organics and sulfur containing solid samples has
been completed. It has been calibrated using a suite
of certified international standards supplied by
International Atomic Energy Agency Vienna
(IAEA) and cross-checked against several in-house
laboratory standards used by other institutions of
international repute.
3.3. Open Path- Fourier Transform Infrared
Spectrometer (OP-FTIR)
The Open Path- Fourier Transform Infrared
Spectrometer (OP-FTIR) is a potential tool for
measuring the vertical distribution of trace and
GHGs gases in atmospheric column (by passive
sensing; using Sun as a source) region
4.

CONCLUSIONS

This paper describes the importance of accurate
measurement of various radio and atmospheric
parameters, standardization and calibration issues
for generating reliable and accurate data sets and
their applications in modeling activity, design of
future communication systems, probing of
ionosphere for satellite communications, green
house gas measurements, physical, chemical and
isotopic characterization of atmospheric aerosolsetc.

Fig. 1. Key comparison of the SRPs
2.2 Establishment of Continuous Ambient Air
Monitoring Station (CAAMS) and Raman Lidar in
Western Himalayan region under the CSIR XII
Five Year Project entitled “Probing the Changing
Atmosphere and its Impacts in Indo-Gangetic
Plains (IGP) and Himalayan Regions(AIM –
IGPHim)”
Under this programme, we are in the process of
establishing a `Continuous Ambient Air
Monitoring Station (CAAMS)` for measurements
of greenhouse gases and air pollution in western
Himalayan area (in Uttrakhand state) which will
have provision for continuous measurements of
ambient concentrations of CO2, CH4, CO,
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Induced Stress Characterization and Measurement Test Structures for
Micro-Mechanical Systems
K J Rangra
CSIR-Central Electronics Engineering Research Institute, Pilani
email: kjrangra@gmail.com

Abstract: Multilayer metallic MEMS based sensors and actuators fabricated using surface
micromachining techniques are known to have in-built stress or residual stress. The consequent
deformation and warping of structural members severely undermine functionality and reliability of
devices. The presented work highlights the test structure development, characterization, and
measurements in the surface and bulk micro-machined MEMS transducers. Buckling type structures
e.g. arrays of Guckel rings, F-F beams, rotational type structures and symmetric & asymmetric
lancets developed for the residual stress characterization encountered in electroplated gold MEMS
devices are discussed. The residual stress measured in case studies related to RF and optical MEMS
fabrication lies between 110 -126 MPa (for a set of wafers) which shows a good agreement with
reported values. A relative comparison of test structures for stress characterization is also presented.

1.

Stress including residual or inbuilt stress) is an
intensive and intrinsic property and is generally
not directly measurable. It is deduced with the
help of a specific mechanical model and data
from other measurable properties such as
deformation or strain in response to a specific
load. Therefore, the accuracy and precision of
the measured variables and appropriateness of
the mechanical model are important to map the
measured data into final residual stress values
Both the issues contribute to uncertainties in
inferred mechanical properties. A few selected
structures developed in our lab discussed in
following section.

INTRODUCTION

In view of the role of stress in MEMS (microelectro-mechanical systems)device design,
functioning and reliability, the identification
and characterization of induced or residual
stress in MEMS structures is of paramount
importance. From the device perspective, the
existence of residual stresses essentially
changes the performance and reduces the
structural integrity and lifetime of MEMS
devices[1]. Therefore, in the MEMS device
design one must predetermine and control the
residual stress levels to obtain functional
tolerances or to prevent total structural failure of
a mechanical design. The existence of stress in
thin film metallic structures used in most of the
MEMS structures, leads to a change in effective
stiffness, warping, local deformation or
cracking of films in extreme cases. This
severely undermines the device reliability and
precision in terms of device parameters such as
actuation voltage,
s-parameters, natural
mechanical frequency, and quality factor. On
the other hand MEMS based techniques and
devices provide a new tool for studying the
mechanical properties of materials such as
Young’s modulus, hardness, and state of
stresses[2].As a result, MEMS test structures
have a very significant role in characterization
of the mechanical properties(residual stress in
particular)of MEMS devices and materials[3].
The following sections describe some of test
structures e.g. Guckel rings [3], rotational type
structures and symmetric & asymmetric lancets
developed in our laboratory as part of RF and
optical MEMS [4].

2.

STRUCTURES

2.1. Buckling type Structures
Guckel rings and fixed-fixed beams are well
known test structures used for residual stress
characterization in MEMS[5]. The structures

Fig. 2. (a) SEM micrograph of critically buckled
Guckel ring (b) 3D Optical profile Au array [5].

buckle as the internal residual stresses exceeds
the critical value for the structure. As shown in
Figure 2, tensile stress tends to stretch the ring
towards the anchors, inducing compressive
moment on the central part. Stress for the
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structures. SEM micrographs of the fabricated
asymmetric and symmetric lancet structures are
shown in Figure 4. The pointer displacement of
20µm is measured using SEM and optical
profiler (Fig. 4(a)); indicating tensile stress of
200 MPa and10MPa/µm resolution for the
asymmetric lancet. The observed pointer
displacement in asymmetric structures varied
between 20-78µm whereas for symmetric
structures this was 10-50µm, indicating spatial
stress variation resulting from the electroplating
across the wafers and within a single wafer.

structural layeris calculated from the ring with
maximum buckling of the central beam. The
closest buckled set in the array are rings with
110-120 µm inner diameter (Figure 2 (b)).
Accordingly, calculated stress for rings is 126.8
& 106.5 MPa respectively; it is in good
agreement with the tensile stress (117 MPa)
measured using wafer curvature technique.

3.

CONCLUSION

Simulations and in-situ stress measurements of
electroplated gold test structures are reported.
The symmetric pointer structure emerges as
better choice due to maximum pointer
displacement and superior tolerance to
inevitable process variations. With a typical
pointer measured deflection of 50 µm and using
analytical expression, residual stress is 226
MPa, which indicates the resolution of
5MPa/µm. The measurements are used to
characterizestress in RFMEMS [6] & DMD
structures and process optimization.

Fig. 3. (a) Fabricated pointer structures showing
2 µm thick electroplated Au beams under
tensilestress (b) magnified view of the
vernier [5].
2.2. Rotational type Pointer Structures
The fixed-fixed beams and ring-and-beam
structures are implemented in the form of
arrays. In contrast, only one ‘rotational type
pointer structure’ (Figure 3) [5] is sufficient to
determine tensile or compressive stress using
optical or scanning electron microscope (SEM)
and independently of deposited thin film
thickness.

4.
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2.3. Lancet type test structure
Lancet type structure consists of a pair of tilted
beams with an apex cantilever (driving bar) at
mid point and a rotational pointer [4, 5]. The
structure has the advantage; itmagnifies the
pointer rotation by 10x, compared to pointer test

6.
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Nanowire Sensors for Bio-Chemical Analysis
Ajay Agarwal
CSIR-Central Electronics Engineering Research Institute, Pilani
email: dr.ajay123@gmail.com

Abstract: The paper presents CMOS compatible silicon process technology to realize silicon
nanowires in array format. The device work on the principal of Field Effect Transistor where
charges associated with the chemical/ biological species are attached on the nanowire surface
and acts as chemical or bio-gate. The sensors have been successfully tested for the detection of
various ions, molecules, DNA mutations, proteins and bio-cell activities.

under investigations.

1. INTRODUCTION
Novel nano-dimensional materials and
structures leading to nano-devices are being
created on-chip with the advent of
nanotechnologies which find numerous
applications in the fields like medicine, food
industry, electronics, energy production, etc.
With the increasing awareness, healthcare is
particularly in focus that includes early
diagnosis, drugs discovery, etc. For biomedical applications, specific and sensitive
detection of biological and chemical species
becomes extremely crucial. Among the
various nano-materials realized, Nano-Gap
and Nanowire based bio-chemical sensors are
most exploited for the purpose. Nanowire
sensors work on the principle of ‘Field Effect
Transistor’ (FET) where charges associated
with the chemical/ biological species are
attached on the nanowire surface and acts as
chemical or bio-gate; the devices are hence
termed as CHEM-FET or BIOFET.

Fig. 1. (a) SEM image of the sensor chip
showing silicon nano wires in an array
spaced at 2μm and with individual
metal contacts (b) TEM image
suggesting rectangular cross-section of
the nano wire (c) Magnified angular
SEM

2. DEVICE DETAILS
This paper presents CMOS compatible silicon
process technology to realize silicon
nanowires in array format, with crosssectional dimensions ≤ 50nm and length in
tens to hundreds of microns. The devices
have thin silicon oxide cover on nanowires as
the gate dielectric. The two ends of Si NW
are integrated with silicon pads which are
connected to metallic inter-connects and pads
that allow interface to macroscopic
instruments. The chips can be built with
integrated fluidic channels or open reservoirs
for the easy dispensing of analytes. A typical
SEM image of a nanowire chip is depicted in
Fig 1. The sensitivity of such devices depends
on various facts like cross-sectional
dimensions of the nanowires, conductivity/
doping of the NW, dielectric thickness and
surface modification to attach the analyses

3. PROCESS TECHNOLOGY
The process technologies used to realize mass
reproducible nanowire sensors platform
capable of multiplexed detection will be
presented along with their bio-medical
diagnostic applications like DNA sensing for
Single Nucleotide Polymorphisms (SNP) and
Heterozygous SNPs detection; analysis of
various ions like H+ (pH), alkali metal ions
(Ca2+, Mg2+, Na+, K+); Cu2+, Zn2+; ultra-low
concentration analysis of biomarkers like
troponin-T, adipocytokines, etc.; bioelectricity detection from cells and organs;
and others.
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Standards and Measurement Traceability for LEDs and SSLs
H.C. Kandpal and B.K. Yadav, Sudama
CSIR-National Physical Laboratory, New Delhi
email: hckandpal@nplindia.org

Abstract: Light emitting diodes (LEDs) are being regarded as future of lighting. The
performance of LEDs, including efficiency, flux level, life time, and variation of colors, is
advancing at a remarkable pace. In last few years, LEDs are increasingly used for many
applications including automotive, aviation, display, transportation, and special lighting
applications. The standardization of these light sources becomes the prime requirement of the
light industries and the society. This paper reviews photometric, radiometric, and colorimetric
quantities used for LEDs. It also includes the current state of measurements of LEDs,
standardization efforts in international arenas and measurement facility at NPL, India.

1.

efforts and traceability for LEDs and SSLs
and measurement facility at CSIR-NPL,
India.

INTRODUCTION

In last few years, there have been significant
advancements in light-emitting diodes
(LEDs) and related technologies. High
brightness LEDs are now available in many
colors and their efficiency has recently been
greatly improved [1]. Single-color LEDs are
being utilized in many potential applications
such as traffic lights, emergency lights,
automotive lights, aviation lights, outdoor
color displays, and niche lighting applications
are the main demanding areas.
White LEDs produced by mixture of multicolor LEDs (e.g., RGB combination), by use
of a phosphor excited by blue LED emission,
or by multiple phosphors excited by UV LED
emission are accepted for general lighting
applications (solid state lighting or SSL) in
the near future. Improved performance of
white LEDs are are highly expected for use in
general lightings. Solid state lighting (SSL) is
promising because it has theoretically a very
high luminous efficacy (theoretical limit of
white LED light ≈ 400 lm/W). Commercially
available white LEDs currently have a
luminous efficacy of ≈ 30 lm/W, already
higher than incandescent lamps. laboratory
prototypes have already achieved nearly100
lm/W which is the level of the current highefficiency fluorescent lamps. The goal of SSL
industry in a shorter term is to achieve 150
lm/W white LED lamps by 2012
[1].Although, the “blue light hazard [2]” is a
considerable constraint with such sources but
soon the standardization process will
eliminate it reasonably.

2.

PARAMETERS FOR LEDS

There are number of measureable parameters
for LEDs. Photometric parameters are
luminous intensity (cd), average LED
luminous intensity (cd), total luminous flux
(lm), luminous efficacy (lm/W), luminance
(lm/W) and spatial intensity distribution. The
correspondingradiometric parameters are
radiant intensity (W/sr), average LED radiant
intensity (W/sr), total radiant flux, optical
power (W), radiant efficiency, radiance
(W/sr/m2), spatial intensity distribution and
spectral power distribution. In addition, one
may also measure the colorimetric parameters
namely chromaticity coordinates (x,y), (u’,
v’), correlated color temperature (K), color
rendering index, dominant wavelength (nm)
and peak wavelength (nm). These quantities
and units are officially defined in
international standards [3-5].
3.

MEASUREMENT OF LEDS

LEDs have very different spectral and spatial
characteristics from traditional incandescent
and discharge lamps for illumination. The
photometry of traditional lamps has been well
established, but measurements of LEDs are
not as uniform as they should be, and large
discrepancies (as much as 50%) of
measurement results are often reported [1].
The variations are primarily caused by
differences in measurement methods and
conditions, and errors in instruments. CIE 127
[6] prescribed the standard measurement
geometry for average luminous intensity (Fig
1) and total luminous flux (Fig 2)

In this paper, we summarize the photometric,
radiometric, and colorimetric quantities used
for LEDs. We discuss the current state of
measurements of LEDs, standardization
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measurements and these methods are
followed at CSIR-NPL for average luminous
intensity and luminous flux measurements.

Fig. 3. Luminous flux measurement facility at
NPLI.
4.

CURRENT MEASUREMENT STATE

The LEDs are comparatively new for the
general lighting industries but are having
tremendous scope. All over the world the
standard organizations e.g., CIE, NIST, PTB
etc are working hard to establish standards
and industries for developing state-of-are
products. The traceability chart is shown in
Fig. 4.

Fig. 1. Average luminous intensity
measurements.

Fig. 2. Total luminous flux measurements.
These methods have served well to improve
the efficiency of LED measurements for these
important parameters.
LED Measurement facilities at CSIR-NPLI
Absolute luminous flux measurement is
carried out by using Gonio-photometer (see
Fig. 3(a)). This automatic system is used to
prepare working standards for various light
sources. Using these working standards, the
luminous flux calibration is performed for
lamp and lighting industries. For luminous
flux measurements we use 3.0 m (Fig. 3(b))
and 1.0 m (Fig. 3(c)) diameter integrating
spheres. These facilities are being used for
total luminous flux measurements for LEDs.
For average intensity and other measurements
for LEDs, there are separate facilities.

Fig. 4. Traceability chart for LEDs.
5.
1.

2.

3.

4.
5.
6.
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Precision Metrology using Automation in Industry and Research
T.K. Saxena
CSIR-National Physical Laboratory, New Delhi
email: tksaxena@nplindia.org
Abstract: Growth in the industrial automation is tremendous in the recent years to achieve
better quality goods with tighter tolerances and all the goods produced are of the same quality.
In research areas, test and measuring instruments are more and more becoming automated. The
desire to obtain precise and accurate observations, of the physical phenomenon in the desired
time interval are being investigated, by the researchers is only possible through automation.
Some times very large number of observations is to be taken in a controlled environment, where
one or more parameters are to be controlled very precisely. This demands the automation of the
systems. Without automation one can not think of such type of observations. The recent space
missions of the world leading countries have become possible because of the automation.
Automation of experimental systems on one hand increases the accuracy and also increases the
life of the system on the other hand. In the present talk I will be discussing some of the issues
and areas related to automation in industry and research for the precision metrology.

VII. Development fast and accurate BOD
Analyzer
VIII. Automatic control of multiple parameters
and
precision
large
number
of
measurements and display of the
calculated results in the graphical form
IX. Design and development of the custom
built systems as per user requirement
X. Working Demonstration models for the
students
XI. And many more

1. MAJOR ISSUES IN METROLOGY
AND IN INDUSTRY:
I. Precision in metrology Standards with
better uncertainties
II. Economic Aspects in metrology Standards
III. Precision measurements for quality
control
IV. Life and stability of the metrology
systems and setups
V. Remote handling of the metrology
systems and setups
VI. Continuous remote Surveillance of
industrial
measurements
by
the
management
VII. Fast and Accurate data or test report
generation
VIII. Automatic inspection of the components
moving on the conveyor belt
IX. Automatic soaking of developed systems
X. Use of distributed control system (DCS)
in simultaneous precision measurements
XI. Modification of the imported systems to
suit Indian environmental conditions
XII. User friendly interface

With the developed automatic systems,
industries as well as researchers have been
benefitted a lot. Researchers are relieved from
managing large number of measurements
manually. In industry workers have been
relieved from working in hazardous
environment. Industries are getting better
quality goods with tighter tolerances. This
way they are able to reduce their
manufacturing cost as well as able to achieve
very less rejection rate. For the undergraduate
as well as postgraduate students working
demonstration models give hands on
experience and knowledge how the system
work practically. Developed BOD analyzer
system is the only system of its kind in the
whole world which gives BOD level in the
polluted water just in half an hour as
compared to the conventional methods which
take 3 to 5 days. It has been commercialized
and will help the water polluting industries to
treat the out going polluted water properly.

2. SOME RESEARCH PROJECTS
I. Automation of heavy and spacious field
projects
II. Development of Pulse Magnet
III. Micron order Displacement measurement
and control
IV. Complete automatic measurements in
Hazardous Environment
V. Robotic Navigation
VI. Development of Bionic organs or
instruments
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Proficiency Testing, Root Cause Analysis and its Significance for
Traceability and Quality Improvement
K P Chaudhary
CSIR - National Physical Laboratory, New Delhi
email:kpc@nplindia.org
Abstract: Inter-laboratory Comparisons are a fundamental task in metrology, to check and
maintain the compatibility between the various National Standards. In interlaboratory
comparisons, the organization’s performance of calibration/tests results for the same or similar
item by two or more laboratories is evaluated in accordance with predetermined conditions.

1.

The practice of RCA is predicated on the belief
that problems are best solved by attempting to
address, correct or eliminate root causes, as
opposed to merely addressing the immediately
obvious symptoms. By directing corrective
measures at root causes, it is more probable that
problem recurrence will be prevented. However,
it is recognized that complete prevention of
recurrence by one corrective action is not always
possible.

INTRODUCTION

As per protocol program is involved by
circulation of one or more common sample/
artefact for testing/calibration for participating
laboratories. A convenient and worldwide
accepted statistical method for analysing test
results is to calculate a z-score or En value for
each laboratory's result. A z-score is normalised
value which gives a "score" to each result,
relative to the other numbers in the data set.

2.
A corrective action, if required, is the
responsibility of the laboratory and their
accreditation body and should be undertaken as
soon as possible. The corrective action may vary
from a discussion with the laboratory to
withdrawal of the accreditation for the tests
involved. As a general rule, any laboratory
whose z-score is outside the range |z| >= 3 or En
value is more than one for any test would
normally require corrective action. Calculations
for Evaluating the Results of Proficiency Testing
using En value or Z score approach as per ISO
Guide 43-1 [2] have some merits and demerits
which are also discussed in details in this paper.
Each accredited laboratory is expected to
participate in a minimum of one proficiency
test/inter-laboratory comparison for each major
sub-discipline of major disciplines of the
laboratory’s scope of accreditation at least every
four years.

GENERAL PRINCIPLES OF ROOT
CAUSE ANALYSIS

To be effective, RCA must be performed
systematically, usually as part of an
investigation, with conclusions and root causes
identified backed up by documented evidence.
Usually a team effort is required.
The purpose of identifying all solutions to a
problem is to prevent recurrence at lowest cost in
the simplest way. If there are alternatives that are
equally effective, then the simplest or lowest cost
approach is preferred.
Root causes identified depend on the way in
which the problem or event is defined. Effective
problem statements and event descriptions (as
failures, for example) are helpful, or even
required.
To be effective, the analysis should establish a
sequence of events or timeline to understand the
relationships between contributory (causal)
factors, root cause(s) and the defined problem or
event to prevent in the future.

Root Cause Analysis (RCA) is the structured
approach to identify the factors that resulted in
the nature, the magnitude, the location, and the
timing of the harmful outcomes (consequences)
of one or more past events in order to identify
what behaviours, actions, inactions, or conditions
need to be changed to prevent recurrence of
similar harmful outcomes and to identify the
lessons to be learned to promote the achievement
of better consequences.

Root cause analysis can help to transform a
reactive culture (that reacts to problems) into a
forward-looking culture that solves problems
before they occur or escalate. More importantly,
it reduces the frequency of problems occurring
over time within the environment where the RCA
process is used.
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3.

Barrier analysis - a technique often used in
process industries, Bayesian, Current Reality
Tree, Failure mode and effects analysis, Project
Management Approaches.

EVALUATING ROOT CAUSE
ANALYSIS

Root Cause Analysis Reports, like other
'deliverables' can vary in quality. Each
stakeholder can have their own qualitative and
quantitative acceptance criteria. There are some
general possibilities for evaluating root cause
analysis outputs.

A major issue with common cause analysis is
that it often depends on previously completed
weak, ineffective, and erroneous root cause
analyses on individual events.

First Is it readable? If it is readable it will be
grammatically correct, the sentences will make
sense, it will be free on internal inconsistencies,
terms will be defined, it will contain appropriate
graphics, and the like.

Basic elements of root cause using Management
Oversight Risk Tree (MORT) Approach
Classification are Materials, Man Power
,Machine
/
Equipment
,Environment
,Management ,Methods ,Management system

Second: Does it contain a complete set of all of
the causal relationships? If it did contain a
"complete set of all of the causal relationships"
one could (at least): 1. Trace the causal
relationships from the harmful outcomes to the
deepest conditions, behaviours, actions, and
inactions. 2. Show that the important attributes of
the harmful outcomes were completely explained
by the deepest conditions, behaviours, actions,
and inactions.

5.

4.

CONCLUSION

In this paper, information on conducting of
Interlaboratory comparison and its significance is
discussed in detail. Interlaboratory comparisons
maintain mutual confidence between national
calibration and testing services in order to reach a
state of mutual agreement on the equivalence of
the operation of the accreditation bodies. This
supports the removal of technical barriers to
trade related to calibration and testing activities
which underpin all testing and measurement
activities. They also provide confidence among
accredited
laboratories.
Also,
accredited
laboratories can take the appropriate corrective
actions where an Interlaboratory comparison
reveals
testing
deficiencies.

ROOT CAUSE ANALYSIS
TECHNIQUES

There are many RCA techniques; some of them
are discussed in this paper which includes Reenactment using a computer or a simulator,
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Effect of Buoyancy in Mass Determination
Anil Kumar
CSIR – National Physical Laboratory, New Delhi
email: kumarak1@nplindia.org
Abstract: Air buoyancy plays a critical role in mass determination, in other words, we can say
precise mass determination. Air buoyancy contributes maximum towards the uncertainty in
mass measurement in the tune of 10 to 12 µg, when transfer standard of stainless steel is
calibrated against the national prototype of kilogram (NPK 57), which is made of platinum and
iridium. It has been essential to measure molar mass of air than assuming it to be constant due
to ever changing carbon monoxide and carbon dioxide contents in the atmosphere for precision
mass measurement.

1.

precision. Environmental conditions play a
critical role in mass measurement at every stage.
The table 1 clearly brings out the effect on mass
measurement due to influencing factors related to
the atmospheric conditions.

INTRODUCTION

Out of the seven base units in SI system, only
mass remains still defined in terms of artifact. It
is defined as the international prototype of
kilogram (IPK), which is made of 90% platinum
and 10 % iridium, in form of a cylinder with
height (39 mm) approximately equal to diameter.
This IPK is kept at BIPM, Paris. It is not
practical to have reference standard and transfer
standard made of platinum and iridium only, due
to cost factor, transfer standards should be
stainless steel. NPLI has two stainless steel
transfer standard and two nickel chromium
transfer standard. At this stage, a serious problem
of buoyancy correction arises which continues
throughout the process of mass determination.
Dependence of buoyancy effect on composition
of the gases in the atmosphere etc. demands very
high precision in the measurement of these
parameters.
Precision balances and weights are not only the
requirement for mass determination with high

Fig. 1. National Prototype Kilogram (NPK-57)

Table. 1. Different factors and their effect
Sl. No.

2.

Effect On

Effect

1

Influence Quantity / Distribution
Factor
Temperature variation with time

Balance

2

Temperature difference and gradient

Balance / Weights

3
4
5

Temperature ≠ 20oC
Air pressure variations
Relative humidity variation

Weights
Balance
Balance / Weights

6

Surface conditions and contamination

Drift of the indication of the balance,
change of sensitivity
Systematic error and increase in the
standard deviation
Change in volume
Variation of the indication of balance
Systematic errors, change in absorption
layer
Absorbing layers and long term stability

Weights

objects. This buoyancy force is equal to the
weight of air displaced by the object and thus it
is related to the volume of the object and the
desired surrounding it.

AIR BUOYANCY

Air is a fluid and exerts a buoyancy force against
the attraction of the gravity on all object weighed
on it. Air is always exerting a lifting effect on all
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The mass of the test weight (Tw) in air may be,
TW = TR + (VTW - VTR) (ρa–ρo)

3.
TRACEABILITY
OF
LABORATORY STANDARD

TRANSFER

Where,
TW = mass of the test weight
TR = mass of the reference weight
VTW = volume of the test weight.
VTR = volume of the reference weight
ρa= density of air
ρo = reference density of air
The term, (VTW – VRW) (ρa–ρo) in the equation is
buoyancy correction. Mass determination is used
in the scientific metrology as well as legal
metrology. In legal metrology (OIML standard)
deviation of 10 %, from the specified air density
(1.2 kg/3) is allowed unless, does not produce an
error exceeding one-quarter of the absolute value
of the minimum permissible error given in the
OIML standard.

At fourth stage, comparison is made from NPK –
57 made of platinum - iridium with laboratory
reference standard (1 kg) made of stainless steel.
Taking the density of the platinum – iridium and
stainless steel as 21500 kg/m3 and 8000
kg/m3respectively, the difference in the value of
their volume comes out to be 78 cc, which results
into buoyancy correction of 94 mg, taking air
density 1.2 kg/m3. This calculation demands that
air density must be precisely known.

2.1 Uncertainty due to Buoyancy Correction
This can be calculated by using the following
equations,
ub= (VTW - VTR)2 x u2ρa + (u2VTW + u2VRW) x (ρa–
ρo)

4.

CONCLUSION

For precise mass determination, you must be
aware of the magnitude of air buoyancy effect
and always take into account in your uncertainty
budget. Air buoyancy is most significant when
doing, calibration of higher class weights (OIML
class E2 or better), for weights where density is
not close to 8000 kg/m3, for measurement of
other materials and liquids for measurements in
environment other than normal air.

Where,
ub = standard uncertainty due to buoyancy
correction
uρa = uncertainty due to air density
uVTW = uncertainty due to volume of test weight
uVRW = uncertainty due to volume of reference
weight

5.
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Metrology in Chemistry for Life, Our Future
Prabhat K. Gupta
CSIR-National Physical Laboratory, New Delhi
email: prabhat@nplindia.org

inorganic/ organic/ electrochemical/ surface &
bio analysis, with the help of some of its CSIR
network partners like National Environmental &
Engineering Research Institute (CSIR-NEERI)
Nagpur, Indian Institute of Toxicological
Research (CSIR-IITR) Lucknow, Central Food
and Technological Research Institute (CSIRCFTRI) Mysore, Central Drug Research Institute
(CSIR-CDRI) Lucknow, National Metallurgical
Laboratory (CSIR-NML) Jamshedpur etc.

Abstract:
Metrology
i.e.
science
of
measurements reflect the importance of accurate
measurements for quality of life, safety, whether
at work or at leisure and trade. National and
regional metrological regulations are based on
internationally agreed technicalrequirements;
their aim, among others is to, eliminate technical
barriers to trade,ensure fair trade practice, care
for the environment, maintain a satisfactory
healthcaresystem, and ultimately to ensure best
practice in metrology. Indeed accurate, reliable
andinternationally accepted measurements are
essential in the modern world to deal withtoday’s
grand challenges in all areas impacting on our
daily lives and future. Metrology encompasses a
wide range of topics and yet many people
areunaware of the vital role the worldwide
metrology community plays. National Physical
Laboratory (NPL) in India plays an unique role
for providing SI traceability to the national
stakeholders as an National Measurement
Institute (NMi) and provides international
equivalence in measurement standards.In 11th
FYP, NPL envisaged to establish and realize
seventh SI base unit: the amount of substance
‘mole’, through Metrology in Chemistry (MiC)
at apex level and establish a nation-wide network
in different sectors, for national traceability and
improving upon the uncertainty for various
parameters and having its linkages with Certified
Reference Materials (CRM) programme.

Confidence in people at large especially in
environment sector of the advantages & benefits
of accurate & quality service in measurements at
various levels of hierarchy of traceability chain
in different areas, for better quality of life &
trade are the intended socio-economic impacts.
The key environmental related issues for India
are drinking water, food & food safety, health
(bio, drugs and pharmaceuticles, clinical),
environment (air-soil-water), trade (petroleum
and natural gas, Agri-products and textiles,
industrial process), and societal (earth ecosystem,
climate change), where the good measurement
and testing facilities play a very important role.
The technical competence of labs in various
environmental fields is being underpinned by
encouraging them to go for NABL accreditation.
In most chemical measurements, traceability is a
major barrier and non-conformance.Spreading
awareness about MiC & its benefits, by NPL to
its partners/ stakeholders in various sectors of
economy, helping in standardization (with BIS)
and accreditation process (with NABL) for
chemical testing/ PT/ CRM producers etc.
programs for dissemination of traceability &
improving quality are crucial and very important
for providing apex level services by NPL &
potential designated labs, and production of
primary standard materials.

As described above the roles and responsibilities
of NPL is envisaged as a coordinating nodal
institute as apex facilitator for providing
traceability in chemical measurements along with
its designated network partners in the new
project through CRM programme and MiC by
improving upon the uncertainty for various
measurement parameters. NPL may be able to do
MiC/ CRM activities in areas viz. Gas/
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Recent Trends in Temperature Standards and Precision Metrology
Y.P. Singh
CSIR - National Physical Laboratory, New Delhi
Eeail: ypsingh@nplindia.org
Abstract: This paper presents the review of the current aspects of temperature
metrology with the historical developments made in the area of thermodynamic
temperature and related absolute temperature scales. The formulation and importance
of international temperature scale and its revision from time to time due to increase in
the accuracy, development of new technologies, availability of materials, easier
methods of realization of temperature fixed points (equilibrium states) and
enhancement of temperature ranges according to the need of the time are presented.
Based on the studies available, some of the important deficiencies in the current
temperature scale, known as the International Temperature Scale of 1990 (ITS-90) is
also discussed. The current work going-on in the area of fundamental thermometry
for re-defining the absolute temperature unit, kelvin, in terms of fundamental constant
k, called the Boltzmann constant, is one of the important and new developments in the
modern thermometry leading to the highest degree of accuracy (low uncertainty) and
independency of temperature of the properties of materials.

1.

responsible for the flow of current in the
electronic/electrical circuit. It is also
equivalent to the difference in levels when a
liquid flows from one pot to the other at two
different positions. Temperature is thus,
regarded as the thermal potential due to which
transfer of thermal energy takes place, as
defined in the Zeroth law of thermodynamics.

INTRODUCTION

The thermodynamic temperature is a
fundamental physical quantity and is one of
the seven base quantities with their units in
the SI system like length, mass and time. It is
a very important quantity, which governs the
behavior of materials as well as the chemical
reactions. The temperature of a body is
defined as its thermal state considered with
reference to its ability to communicate heat to
other bodies. It is also defined as the measure
of the average kinetic energy of matter due to
vibration of its constituent particles called
translational motions around their average
positions in the crystalline states. The
thermodynamic temperature scale has a zero
point – that is the temperature, at which all
movements of the atoms in the bulk matter
become zero. This temperature is called the
absolute zero, and is equal to 0 K or -273.15
°C.

By the application of Gay-Lussac’s gas law,
the unit of thermodynamic temperature,
symbol T, is
the Kelvin symbol K, and is defined as the
fraction 1/273.16 of the thermodynamic
temperature of the triple point of water. The
lowest temperature in the thermodynamic
scale is called the absolute zero of
temperature (0K,-273.15C). The freezing
point of water (ice point) was defined as
0C, 273.15K and the triple point of water as
0.01C, 273.16K. Fig.1 shows the triple
point of water cell and their safely placement
holder in the vertical position.
2.

INTERNATIONAL TEMPERATURE
SCALE OF 1990 (ITS-90)

The current scale of temperature is the
International Temperature Scale of 1990
(ITS-90) which was adopted by 18th General
Conference of CIPM in its meeting in
1989[1,8,9]. This scale supercedes all the
previous scales. The scale was officially
recognized International Temperature Scale
1990 on January 1, 1990. It extends from
0.65K to the highest practicably measurable
in terms of the Planck’s radiation law using

Fig. 1. SPRT and Triple point of water (TPW)
Temperature is understood to be a parameter
equivalent to the electrical potential
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Table-1. Defining Fixed Points on
International Temperature Scale of
1990 (ITS-90)

monochromatic radiation. The scale has 17
fixed-points (called thermal equilibrium states
between the different phases of a pure
substance) including three vapor pressure
points (VP), six triple points (TP), one
melting point (MP) and seven freezing points
(FP). Table 1 shows the fixed points used in
the ITS-90. Between the triple point of
equilibrium hydrogen (13.8033K) and
freezing point of silver (1234K), T90 is
defined by means of SPRTs in the range from
13.8K to 1234K. Above 1234K using one of
the three fixed-point black bodies of Ag, Au
or Cu uses a standard Photoelectric Linear
Pyrometer PEP, to
realize the scale. The thermocouple and
optical pyrometers, which were the defined
instruments in the earlier scales, are no longer
the primary standards in the ITS-90 but they
are still being used as secondary instruments
of laboratories and industries for many useful
industrial applications. The mercury or
alcohol filled glass thermometers, RTDs,
digital thermometers, thermocouples TC
based indicators, optical pyrometers and
tungsten strip lamps are other most useful
instruments
for
accurate
temperature
measurement. The fixed points are the
equilibrium states of different phases of pure
materials provide the reliable temperature
sources of high stability. Table 1 shows the
defined fixed points with there state of
equilibrium and the assigned values of
temperature both in Celsius (ºC) and Kelvin

No

Fixed Points

State

1

Helium

VP

2.
3.
4.
5.
6.
7.
8.

e-Hydrogen
e-Hydrogen
e-Hydrogen
Neon (Ne)
Oxygen (O2)
Argon (Ar)
Mercury
(Hg)
Water
Gallium
(Ga)
Indium (In)
Tin (Sn)
Zinc (Zn)
Aluminium
(Al)
Silver (Ag)
Gold (Au)
Copper (Cu)

TP
VP
VP
TP
TP
TP
TP

Assigned Values
Celsius
Kelvin
Scale
[t90 Scale
(C)]
[T90K]
-270.15 to – 3 to 5
268.15
-259.3467
13.8033
-256.15
17
-252.15
20.3
-248.5939
24.5561
-218.7916
54.3584
-189.3442
83.8058
-38.8344
234.3156

TP
MP

0.01
29.7646

273.16
302.9146

FP
FP
FP
FP

156.5985
231.928
419.527
660.323

429.7485
505.078
692.677
933.473

FP
FP
FP

961.78
1064.18
1084.62

1234.93
1337.33.
1357.77

9.
10.
11.
12.
13.
14.
15.
16.
17.
3.

CONCLUSION

In this paper it an effort was made to
understand the basic concepts of temperature
standards and their realization in practice to
the best accuracy achieved by the defined
interpolation instruments. The primary and
secondary standards of temperature were
discussed. Various devices based on different
principles have described.

(K) absolute scale.

4.
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Fig. 3. Fixed Points realized by Spectral
Radiation Pyrometer
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PAHs as Criteria Pollutants Generated During Crop Residue Burning
Episodes in Ambient Air of Patiala
Susheel Mittal
Thapar University, Patiala
email: smittal@thapar.edu

Abstract: Particulate samples collected during
episodic rice and wheat crop residue burning
(CRB) events from September 2006 to December
2007 in Patiala were analysed to find the
contribution of these activities on the ambient air
levels of particulate associated PAH and metals
like K, Cu, Ni and Zn considering K as a marker
element for crop residue burning practices. Pyrene
(Py) and Benzo(k)fluoranthene (B(k)F) were
found in samples collected during CRB events.
The average concentration of pyrene ranged
between 0.25 ppm - 0.58 ppm while that of B(k)F
ranged between 4 ppm – 41 ppm. Monthly
average concentration of SPM varied between 100
- 593 µgm-3. Levels of K in SPM varied between
4.5 µgm-3 - 20.2 µgm-3 and those of Cu, Ni and Zn
varied between 0.05 µgm-3 - 1.45 µgm-3. Positive
.

correlation was found between the levels of K and
SPM without any relation with levels of Cu, Zn
and Ni. Increase in the levels of K and PAH due
to burning of wheat and rice crop residues clearly
indicated the impact of these practices on their
respective concentration levels. The levels of
heavy metals were negligibly small due to
absence of any point source in the near vicinity.
Wheat and rice CRBs were identified as the
pyrolysis processes responsible for the formation
of PAHs from natural product precursors in the
source organic matter or process of recombination
of molecular fragments in the smoke. Episodic
CRB and the exhaust from the diesel driven crop
harvesters were the likely chief sources of PAH in
ambient air of Patiala during this course of the
study
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Cognitive and Emotional health
Sushil Chandra
Bio Medical Engineering Department, INMAS, DRDO Delhi.
E-mail: sushil.inmas@gmail.com
Abstract: People World –Wide are embarking on a major new initiative to understand the
issues related to cognitive and emotional health particularly how cognitive and
emotional/mental health can be maintained and enhanced. It assess the state of epidemiological
research on demographic, social, and biologic determinants of cognitive and emotional health in
people, and the pathways by which cognitive and emotional health may reciprocally influence
each other. Different interventions like video game, meditation, virtual Reality have been used
to enhance various cognitive and emotional factors.

1.

individuals regulate and negotiate their
environment in an adaptive way. Emotional
health may equate to emotion regulation
and/or emotional intelligence. Emotion
regulation is defined as individuals
influencing which emotions they have, when
they have them, and how much they
experience and express those emotions.
Emotional intelligence is the ability to
perceive and express emotions, understand
affect-laden information, use emotional
knowledge, and regulate conditions to foster
intellectual growth and well-being (Goleman,
D, 1995). Bringing together perspectives from
different areas often leads to new and exciting
results. It will seek to answer questions such
as: Can individuals optimize their cognitive
function and emotional health? How do
psychosocial variables influence cognitive
outcomes? And, can new technology (e.g.
imaging) be used to identify those with the
“healthiest”
brains?
How
different
intervention has diverse impact on the
cognition and emotional health? Do
established methods strong enough to answer
these questions or do we need to seek further
new technology or paradigm for the benefits
of common good?

INTRODUCTION

Cognitive function refers to an individual’s
perceptions, memory, thinking, reasoning and
awareness. Adequate cognitive functioning is
required to perform simple activities of daily
living such as dressing and bathing and more
complex tasks such as managing money,
paying bills and taking medications.
Cognitive function also affects an individual’s
ability to work and plays a role in retirement
planning and decisions around pensions and
savings. Recent research has shown a
concerted effort to identify the basic cognitive
functions underlying the various cognitive
abilities.
Emotional health is not simply the lack of
emotional deregulation, anxiety, depression,
anger, hostility; type A behavior, or
psychiatric disorders, although in general
these factors are negatively correlated with
emotional health. Also, emotional health is
not just the absence of negative emotions some negative emotions can be constructive
(for example, fear can motivate people to get
out of dangerous situations), and low levels of
anxiety/other problems don’t necessarily
mean
happiness.
Under
normal
circumstances, emotions are functionally
appropriate
processes
that
motivate
individuals to respond to the environment,
communicate social information, and allow
adaptive flexibility. However, emotions may
have dysfunctional consequences when the
system is taxed or if they are chronically
evoked. Some people may try to cope with
emotion by smoking, drinking, or other
negative behaviors. Many people believe
emotions run on a continuum from normal to
pathological. Any emotion, positive or
negative, in the extreme is probably
detrimental. This suggests that a definition of
emotional health should say something about
the ability of the emotional system to help

2.

METHODOLOGY
ASSESSMENT
COGNITIVE FACTORS

EMOTIONAL FACTORS

INTERVENTIONS
CONVENTIONAL

TECHNICAL

OUTCOME
ENHANCEMENT
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3.

RESULT

Although we are not restricted to one of the
domain of interventions but few examples can
be set as a standard tools for cognitive and
emotional control.
For example Meditation has shown cognitive
enhancement and emotional assessment.

Fig. 1. It depicts how different emotion is
processed in brain
Fig. 2. It depicts pre and post effect in
attention of meditation.
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Embedded Systems for Sensors
J. S. Sahambi
Indian Institute of Technology, Ropar
email: jsahambi@iitrpr.ac.in
Abstract: Now a day’s number of applications involves sensors to measure a variety of parameters like,
temperature, pressure, air speed, acceleration, orientation and many more. For a sensor to work it has to be
interfaced to an embedded system.

1.

Major difference between microcontroller and
microprocessor is that the former has many onboard
components like program memory, data memory,
timers, ADCs, DACs, I/O ports, USB ports,
communication links and other peripherals. This make
it possible to have a single-chip solution. Each
application design has specific needs and the
microcontroller is chosen based on specifications. The
design also depends on the type of communication link
that are used for communicating to the outside world.

INTRODUCTION

An embedded system is a programmable system
embedded in a bigger system. An embedded system
uses a microprocessor (or microcontroller or digital
signal processor with memory) to do one task and one
task only. The system is designed for a single task and
is not a general purpose computer like a desktop PC.
Kitchen appliances, telephones, security systems,
garage door openers, answering machines, TVs, STB,
remote controls, video games, cellular phones, lighting
control, camera, toys, etc. Automotive Anti-lock
braking system (ABS), Engine control unit (ECU), air
bag, instrumentation, security system, transmission
control, climate control, key-less entry and many more.
The list is endless!

Another important aspect is the development
environment used in the project. These include
compiler, assembler, linker, IDE, in-circuit debugger,
in-circuit emulator and related software. These help to
debug the software and hardware in the target board.
Embedded systems are event oriented systems. They
respond to events from outside world and take action.
This type of systems need a modular software. The best
way to design such a system is to make use of finite
state machine. With FSM one can design systems, add
more modules and debugging is also very easy.

2. TECHNIQUES
Embedded systems are characterized by many
parameters like sophisticated functionality, Real time
operation and low manufacturing cost. Application
dependent processor, restricted memory, Low power.
Power consumption is critical in battery operated
systems.

3.

CONCLUSION

Design of embedded systems for sensors is a
challenging area. It needs expertise in digital logic,
computer architecture, systems programming, and
software design.

In design of embedded systems a number of things are
be designed like hardware, processing element,
peripherals, input and output devices, interfacing
sensor & actuators, interfacing protocols, memory, bus,
software and system software applications. Embedded
system has to deal with several inputs and outputs. One
has to separate tasks in order to simplify the system. In
this way multi-tasking can also be applied. Sometimes
concurrency is used so that tasks can appear to execute
simultaneously.
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Scientific Support to Improve Sports Performance
RajdeepKaur Talwar
NetajiSubhash National Institute of Sports, Patiala.
email: drrajdeepkaur@yahoo.com
Abstract
Hence after collection of scientific test reports from
various sports science disciplines,a proper training
programme is prepared by the National Coaches. A
feedback which is given to the Coaches act as the
basis on each the testing of next camp is being
held.In the next evaluation, more stress to the
feedback which was given earlier for improvement
of the programme is taken care and attempts are
made for all out efforts to find out the deficiency in
the National Players.

For efficient well-coordinated sports science
support to the National level players preparing for
Commonwealth Games, Asian Games and Olympic
Games, Faculty of Sports Sciences at Sports
Authority of India, Netaji Subhash National
Institute of Sports Patiala is providing regular back
up for betterment of sports performance.Since
Sports Science is a multi disciplinary subject,
reports including the individual variables of the
tests conducted on each National player
areanalyzed and evaluated and further feedback is
provided to the concerned coach.

This way National level players are being benefited
with the backup programme of Sports Science and
in the present talk what are measurements,
parameters, tests and variables will be presented for
providing scientific back up to the National level
players would be discussed.

Sports Science is a combination of various subjects
like
Sports,
Physiology,Sports
Anthropometry,Sports
Biochemistry,Sports
Nutrition,Sports Biomechanics,Sports Psychology,
and Sports Medicine and so on.All these Sports
Science subjects are somehow inter co-related for
example morphology is co-related with the
nutritional status and thus manipulation,physical
variables like speed and endurance are co-related
with anaerobic and aerobic component,even
training load has relation with recovery in sports
medical point of view. In other terms, the training
methodology or preparation of a training
programme is based almost all the above subjects
and the variables of each sports science.
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Quality Issues in Calibration
Ravinder Sahi
Electronics Test and Development Center, Mohali
email: rsahi@stqc.nic.in

1.

INTRODUCTION

Quality Issues related to calibration span the full
range of calibration cycle – from customer indent
to reporting of results. It starts with
indenter’srequirement to calibration setup to
correctness
of
adopted
procedure
to
understanding and skill of the operators to
measurement of datato transportation of data to
reporting of results. Every stage is critical and
requires
attentiveness
and
clarity.
Equallyimportant is handling of Standards and
devices lest they lose their ability to produce
authentic results and require recalibration before
put to use.

instruments of better accuracy i.e. standards. All
management systems e.g. ISO9001:2008(Cl 7.6:
Control of Monitoring & Measuring Equipment)
have made this an integral part.
1.1 Indenter’s Requirement
This is extremely important that specifications
given by the indenter are clearly defined which
include range, accuracy, least count and any
other coefficients. The selection of reference
standard to be used for calibration depends on
correct definition of requirement. The uncertainty
ratios have to be thus kept in mind.
1.2 Translation and Setups

Indenter's
Requirment

The requirements of calibration are to be
understood and translated objectively into
calibration setup details. This encompasses the
standard calibrator, interface and accessories,
climatic conditions, special precautions and
reference to statistical charts. The statistical
charts give a fair idea regarding stability of the
calibrator selected and hence put more
confidence
in
the
calibration
process.
Traceability of the calibrator is also to be ensured
through unbroken chain of calibration hierarchy
to national standards.

Translation &
Setup

Reporting of
Results

Feedback
Improvement

Procedure &
Methodology

Skilled
Manpower

1.3 Skilled Manpower

Fig. 1. Measurement Assurance Program
Calibration is the best indicator of operational
integrity of test & measuring instruments. The
term ‘calibration’ has been derived from the
word ‘caliber’ which is a degree of quality or
excellence of someone/something. Calibration is
the process of determining and/or adjusting the
caliber which is normally termed as accuracy of
an instrument. Accurate measurement plays a
vital role at every stage in the life cycle of a
product. All quality control measures can only be
effective if confidence is bestowed in the
measurement results of test and measuring
instruments. Through calibration, periodical
check of all the test and measuring instruments is
possible by comparing them with other
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Manpower should be qualified, adequately
trained and skilled to take up the job.Experience
in the relevant field of calibration is essential else
the data is to be cross checked by experienced
supervisory channel.
2.

PROCEDURE & METHODOLOGY

Approved procedureof calibration need to be
followed and relevant records generated e.g. data
recording sheets, uncertainty budgets, choice of
number of readings for each measurements,
validated software if any etc. Common causes of
calibration related problems:

3rd National Conference on Advances in Metrology (AdMet – 2014)
The major components of test instruments (e.g.,
voltage references, input dividers, current shunts
etc.) can simply shift over time. This shifting is
minor and usually harmless, if good calibration
schedule is kept and this shifting is typically what
calibration finds and corrects.

In view of above, following correct methods and
procedures along with handling precautions
assumes great significance in assuring quality in
measurements.

Handling of instruments has to be done with due
care e.g., clamp side of clamp meter if dropped at
hard surface, accuracy of measurement cannot be
ensuredbecause its coil may get deformed leading
to incorrect current reading.

Due care needs to be exercised while transporting
data from data recording sheets to the final
report. The resulting data should be recorded in a
way that trends are detectable and, where
practicable, statistical techniques may be applied
to reviewing of the results. To further strengthen
the system inter laboratory comparison are to be
done periodically and close watch is to be kept
on Enscore. Participation in proficiency testing
programs should be a regular feature; alternate
methods for verification of results may be
applied, wherever necessary. Retained items can
be recalibratedto further enhance the confidence
on measurements.

Similarly exposing a DMM to an overload can
throw it off. We think this has little effect,
because the inputs are fuse or breaker protected.
But, those protection devices may not trip on a
transient. Also, a sufficiently large voltage input
can jump across the input protection device
completely. Only in high-end expensive
DMM’ssuch protections are available. Therefore
overloading at all cost needs to be avoided.
Sensitivity and accuracy of thermocouple may be
effected due to heavy thermal shocks e.g.
changing temperature source from 600°C to
ambient suddenly by operator during temperature
calibration of thermocouple, whether due to
shortage of time or lack of process knowledge,
will inevitably lead to calibration errors.
Precaution of annealing should be takencareof.
During transportation of RTD sensors prevention
from hitting is a must, though these are protected
by stainless steel body. The actual sensor which
has dimension approx. 5mm may lose the
sensitivity and non linear error may be created in
its full operating range.
There should be no parallax errors while taking
readings on analog meters, thermo metersetc. The
parallax error may be compensated with
increased number of observations, keeping eye at
perpendicular to the scale. Observation may be
taken using magnifier lens x10 or x20, for better
judgment
in
such
cases.
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3.

REPORTING OF RESULTS

Hence it can easily be seen that right approach
and precautions at right steps can only lead to
right measurement results and calibration data.
Strong feedback system further leads to continual
improvement. In this way quality can be inbuilt
into the calibration process of any laboratory and
becomes an integral part of overall quality
management system.
4.
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Guidelines for Measurement of Mass in Pharmaceutical Laboratories
Tripurari Lal
Ex. Scientist, CSIR - National Physical Laboratory, New Delhi

1.

Table 1. Requirements for Standard weights

INTRODUCTION

The measurement of mass, either directly or
indirectly have always been affecting every
activities of our everyday life. In addition to the
direct impact on trade andcommerce, mass
measurementsimpact the scientific community as
well as a broad range of manufacturing
industries, including pharmaceutical. In the
various operationsin pharmaceutical industry a
large number of weighingsare performed using
standard weights of highest accuracy class and a
wide range of balances and scales. Based on
available national/international guides, the
metrological requirementsfor the calibration of
measuring devices (weights & balances) used to
determine the mass within thescope of
pharmaceutical/medical reference measurement
laboratories, specified method for determination
of the relative expanded uncertainty of the
estimated mass of any product weighed, and
suitable measures to reduce contributions to the
uncertainties resulting from the properties of the
product weighed such as hygroscopicity,
evaporation, electrostatic charging and others,
have been given in this paper.
2.

Nominal
valuem0
≤ 5 mg
10 mg, 20 mg
≤ 50 mg

Accuracy class as per
OIML R 111
E1
E2
F1

The relative standard uncertainty urels must be
calculated
from
the
uncertainty
of
measurement,USgiven
in
thecalibration
certificate of the standard weight, using the
coverage factor k and the nominal value m0.using
relation:
urels = Us/(k.mo)
(1)
3.

REQUIRED WEIGHING
INSTRUMENT

The relative standard uncertainty urel,wof the
mass value indicated by the weighing instrument
contributes the greatest uncertainty to the
determination of the mass within the scope of
reference
measurement
procedures
in
Pharmaceutical/Medical laboratories. According
to the United States Pharmacopoeia (USP 41) it
must be smaller than half the relative expanded
uncertainty of 0.1 %,.
The relative standard uncertainty urel,w is given
by the formula :
urel,w = [(1/m0)2 (sw2 +d2/12) + urels2)]
(2)
Here sw isthe repeatability of the weighing
instrument and should be determined in
compliance with the measurement sequence
followed in practical application

REQUIRED STANDARDS WEIGHTS

The standard weights required for determination
of
mass
in
various
operations
inPharmaceutical/Medical Laboratories must be
to ensure traceability to the national standard
which realizes the unit of mass in compliance
with the International System of Units (SI), and
must be accompanied by a calibration certificate
issued by an accredited calibration laboratory or
a national metrology institute stating the
conventional masses and the uncertainties of
measurement. The relative standard uncertainty
urel,s assigned to the conventional mass of the
standards is to be equal to or smaller than one
sixth of the required relative expanded
uncertainty U/m, i.e. ≤ 0.015 % ( Ref. Section 3).
This requirement is met for the accuracy classes
of the weights shown in the following Table.

4.

ENVIRONMENTAL CONDITIONS

The measurement should be carried out in the
environmental conditions given in the Table 2
and the requirements of the weighing instrument
manufacturer should be met.
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the standard is ρs= 8000 kg/m3; the density ρ of
the product to be weighed must be known or
assumed as per criteria given in the paper.
The relative standard uncertainty (urel) of the
mass of the product weighed is given by:
urel = √[urelw2 + {(ρa/ρ).urel,ρ}2]
(4)
The relative expanded uncertainty U/m of the
mass of the object weighed is U/m = k.urel.

Table 2
Environmental condition
Air temperature
Maximum change of the air
temperature per hour
Maximum change of the air
temperature during twelve
hours
Relative humidity of the air
Maximum change of the
relative humidity of the air
during four hours
5.

Required
Limits
18 °C to 25
°C
   K 
 
1.0 K

35 % to 65 %
 
10 %

6.
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2.

DETERMINATION OF MASS
3.

The mass of the object is determined using well
defined steps given in this paper and is calculated
according to equation (3) below:
m = mw[1 +

{

−

}]

(3)

4.

Where mw is the indication of the weighing
instrument for the weighed-in quantity. The
conventional reference value of the air density is
ρ0 = 1,2 kg/m3 and the density of the material of

5.

.
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Recent Advances in Sensor Technology
Amod Kumar
CSIR-Central Scientific Instruments Organisation, Chandigarh
email: csioamod@yahoo.com
Abstract:The recent advances of sensor technologies may be attributed tolow-cost and high-speed
electronic circuits, state-of-the-artsignal processing methods and novel manufacturingtechnologies.
The synergetic interaction of these developments has resulted in entirely new approaches
increasingthe performance of technical outcomes and outputs. Innovative sensor structureshave been
designed permitting self-monitoring and self-calibration.The rapid progress of sensor manufacturing
technologiesallows the production of systems and components with a lowcost-to-performance ratio.
For sensors based on micro-manufacturingtechnologies, surface and bulk micromachining are
increasinglywinning recognition. New technological solutions in the field of digital signalprocessing
have made the improvement of sensorproperties possible. Multi-sensor systems have significantly
contributed to theenhancement of the quality and availability of information. Forthis purpose,
sophisticated signal processing methods based ondata fusion techniques are proving more effective
for an accurate computationof measurement values or a decision than usually usedthreshold based
algorithms.
In this paper, overview of the recentadvances and future development trends in the field of
sensortechnologyhave
beenhighlighted.
Focus
is
on
novel
sensor
structures,
manufacturingtechnologies and signal processing methods in individual andmulti-sensor systems.
The predominantly observed future developmenttrends in a nutshell are: The miniaturization of
sensors and components,the widespread use of multi-sensor systems and the increasingrelevance of
radio wireless and autonomous sensors.

1.

during the design process. The realized high
efficiency of the design cycle thereby can lead
to a successfulsystem design on the first
fabrication attempt, such that the totalresulting
costs are significantly reduced. Statistical
characteristics describing thebehavior of the
sensor system can be easily calculated for such
systems.

INTRODUCTION

The competition in markets today requires the
high quality and reliability of products. The
rising demandfor automation, security and
comfort leads to intelligent sensor applications
in the applicationfields and mass markets like
automobiles or smart homes. The number of
sensor systems requiredand the diversity of
their application is permanently increasing.
Besides, the sensor design is required to provide
novelapproaches and solutions. An exhaustive
consideration of thenewest developments in the
wide spectrum of sensor technologyis very
important to promote synergy effects in this
field.For new applications, even well-known
solutions should, in general, be adapted to
specific requirements.Since sensorsand sensor
systems achieve their function through
aninterlocked interaction of sensor structure,
manufacturingtechnology and signal processing
algorithms, it is necessary to consider progress
and advancement in all the three areas.
2.

3.

SENSOR STRUCTURE

In recent research, functions such as online selftest orself-calibration, are being embedded in
the sensor structureduring the design process.
That way designed sensor systemshave many
advantages
especially
considering
the
systemreliability and the cost reduction of
installation and maintenance.
4.

SENSOR TECHNOLOGY

Many recent advances in the sensor technology
have become possible mainly by progress in
microtechnologies. These new technologies
offer low-cost systems with smaller size, lower
power consumption and higher reliability.
Among
microtechnologies,
silicon
micromachining is one of the most significant
microtechnologies [1]. The eminent properties

SENSOR DESIGN

Simulation techniques are usually used in order
to considerably shorten the sensor time-tomarket and to improve the sensor properties
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in each case under consideration of the special
circumstancesin the target application, in order
to ensure the rightcalculation of the required
measurement values or decisions. Typical
approaches
thereby
are:
Statistical
decisions,average value methods, Kalman-filter
for the fusion ofsensor rough data, fuzzy logic
for qualitative formulatedproblems and neural
networks
for
problems,
where
the
expectedbehavior could be trained using a set of
characterizingexamples.

of the silicon material, such as the freedom
ofhysteresis errors and many advances in the
field of micro electronics have permitted this
important technical evolution.
In case of bulk micromachining, the substrate is
structured by means of wet and dry etching
processes. In case of surface micromachining,
three-dimensional mechanicalstructures are
developed throughsuccessive separation and
structuring of sacrifice layers,which is mainly a
SiO2-layer.
Examples
for
successfully
developed micromachined sensorsare pressure,
rotary rate and acceleration. These sensors are
generally
used
in
automotive,
medical,consumer
and
industry
applications.The manufactured devices with
bulk micromachining technology have a
highaspect ratio.
5.

6.

FUTURE TRENDS IN SENSORS

The main development trends in sensor
technology go towardsminiaturization and an
increasing use of multi-sensorand wireless
systems. The development trends for
miniaturization
go
on
within
the
nanotechnologies [2].The use of multi-sensor
systems is becoming more importantin
widespread application fields [3]. New sensors
provide promising technical solutionswhich can
significantly contribute to an improvement of
quality,reliability and economic efficiency of
technical products.For the development of new
sensors, an interdisciplinarywork of key
competence from university and industry is
indispensable.In future sensor systems would be
designedby
integrated
design
processesincluding the technologicalaspects and
the design of the specific manufacturingsteps
[4].

SIGNAL PROCESSING

Because of the fluctuation of several factors
duringthe productionprocess, sensor devices
show a certainmanufacturing variance. The
signal processing has the task to determine the
measuredquantity from the measured data in
spite of all these effects,which are in some cases
unavoidable and represent a systematic source
of measurements errors.
Through the increasing use of distributed
systemswith bus based networking, the signal
digitization isbecoming more and more
necessary.Current practice is the local
digitization of thesensor signal. By means of
low-cost analog-digital converters, signal
processingis increasingly shifted from the
higher system level to the sensor level. Also, by
shifting of signal processing from hardware to
software,the measurement precision can be
improved manifold.
In general, single sensor systems can only
provide partialinformation on the state of the
environment while multisensorsystems combine
related data from multiple similarand/or
different sensors. The goal by using multisensor systemsis to provide synergetic effects
that enhance the qualityand availability of
information about the state of the
measurementenvironment. A sophisticated
signal processing based on data fusion
techniquescan
generally
improve
the
measurement accuracymore than usually
usedsimple
threshold
based
algorithm.
Theprocess of multi-sensor data fusion should
be specially designed

7.
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Development of Electrostatically Deposited Gas Sensors
C Ghanshyam and Sudeshna Bagchi
CSIR-Central Scientific Instruments Organisation, Chandigarh
email: dcghan@gmail.com
Abstract: Gas Sensor plays a crucial role in detection of wide range of gases for industrial,
environmental, security, domestic and medical applications.It is normally considered that chemical
composition of the sensing material is the governing factor for enhanced sensing activity. Different
techniques of thin film deposition, such as, sol-gel method, sputtering, vacuum evaporation,
chemical vapor deposition have found wide spread use, but it is only in the past few years that thin
film preparation using electrostatic spray deposition has raised considerable amount of interest.
Electrostatic spray deposition bears the advantage of high deposition efficiency (upto 80%) as the
droplets or transported by electric forces and do not need carrier as in conventional sprays. It is a
technique for preparing films of various compositions. The main advantage of this process is that
by controlling the spray parameters, the micro-structural features, such as, surface morphology,
grain size, etc. can be controlled. Based on the specific application either porous surfaces or smooth
layers are deposited. Porous exhibits highest sensitivity for gas sensing applications.

1.

disperse size distribution and simplicity in
structure.
In an electrostatic vapour deposition process, the
liquid is atomized by an electrostatic field. The
precursor solution to be atomized is fed to the
capillary nozzle by a peristaltic pump. The spray
generated is attracted towards the earthed and
heated substrate, where the constituents react to
form a chemical compound. Owing to pyrolytic
decomposition of the solution, well adherent films
are deposited. Although electrosprays are known
for a long time, research has virtually exploded
recently due to the new applications found
especially in the field of electrospray ion
production. Especially in the field of deposition
techniques there is still room for innovation. This
requires further studies to understand the
mechanisms of electrospraying in its different
forms. In general, the final film structure depends
on the droplet transport, or precursor concentration
in the droplet, solvent evaporation rate, and
preferential deposition on the substrate, spreading
and discharge of the liquid, chemical
decomposition and reaction.
The paper also discusses the in-house work,
optimization of spray parameters, design aspects;
practical issues addressed etc.in the development
of electrostatic spray deposition system and
fabricated gas sensors.

INTRODUCTION

Gas sensor material is made by a chain of
crystallite, which are connected mostly be necks,
but also by grain-boundary contacts.
The
resistance of the film is a function of crystal size
diameter and the space charge layer thickness. To
improve and control ESD performance its key
parameters, the final film structure, depends on the
different physical processes involved in
electrostatic deposition.
These are droplet
transport, pre-curser concentration in the droplet,
solvent evaporation rate, pre-curser concentration
in the droplet, preferential deposition on the
substrate, spreading and discharge of the liquid and
chemical decomposition and reaction.
These
properties can be controlled by operating in
specific electro-spray modes.
The process
parameters like droplet diameter, substrate
temperature, salt concentration, distance between
nozzle and substrate, liquid flow rate, applied
voltage and liquid properties, like conductivity,
viscosity and surface tension affect these physical
processes. Therefore, these parameters have to be
controlled carefully for best film deposition. The
mode of an electrospray defines droplet size
distribution, spray shape, droplet production rates,
droplet velocity and droplet charge distribution.
Conjet mode is commonly used due to its mono-
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Fig. 1 shows the deposition of nanostructured tin
oxide film on patterned substrate for alcohol
vapour sensing. From the SEM micrographs and
BET data, it has been observed that with optimized

spray parameters, high surface area with a grain
size of 20nm has been obtained which exhibits
high sensitivity at low operating temperature.

Fig. 1. Flow diagram of sensor design and testing
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Indian National Pressure Standards, their Traceability and
Global Metrological Equivalence
Sanjay Yadav
CSIR -National Physical Laboratory, New Delhi
email: syadav@nplindia.org
Abstract: Recently, NPL has established and characterized controlled clearance piston gauge
(CCPG) type primary hydraulic pressure standards in the pressure ranges of 10 to 100 MPa and 20 –
200 MPa. The present paper reports the characterisation results of one of CCPGs i.e. CCPG100 in
the pressure range 10 – 100 MPa. The current status of Indian national pressure standards
established at NPLI, their measurement capabilities with associated uncertainties, the CMCs
registered in Appendix ‘C’ of BIPM and recent results of the key comparisons are also reported to
exhibit global metrological equivalence of national pressure standards.

1.

INTRODUCTION

The Pressure and Vacuum Group of National
Physical Laboratory (NPL) is responsible for
realizing, maintaining, and disseminating the
derived SI unit of thermodynamic pressure, the
pascal (Pa). Pressure, a key thermodynamic
quantity and an intrinsic property, is defined as
the amount of force applied on a unit of area
and is used to determine the state and property
of a substance. Presently, there is no intrinsic
method or technique available at NPL for
determining pressure, i.e., pressure is not
established through fixed points. As a result,
being derived SI unit, the practical realization
of pressure is carried out through measuring
other fundamental units such as mass, length
and time. The device which realizes an SI unit
is often referred to as a standard.
Most of the hydraulic pressure standards
(HPSs) established at NPLI are piston gauge
type. Piston gauge is a device that realizes
pressure directly from the fundamental
definition of the pressure and is often used as a
primary / secondary pressure standard. Its main
components are a piston-cylinder assembly and
a weight. The force generated under the weight
whose mass has been measured precisely is
exerted on the piston. When the pressure is
applied to float the piston up to the equilibrium
level, this pressure is defined by P = W / A,
where W is the force and A is the effective area,
which depends on the piston and cylinder. The
method for evaluating the effective area
depends on the structure of the piston and
cylinder. Comparative calibration (the crossfloat method) using two piston gauges is widely
used to calibrate a pressure balance and
evaluate its characteristics.

The results obtained on the characterization of a
PHS in the pressure range10 MPa to 100 MPa
are discussed.The current status of the hydraulic
pressure standards, their traceability, calibration
services and CMCs, participation in recent key
comparison exercises and important future
developments are also presented.
2.

NPL PRIMARY AND SECONDARY
HPSs

The NPL primary HPSsare controlled clearance
piston gauges (CCPG) type while its secondary
standards are simple and reentrant type. In a
CCPG, a pressure independent of the system
pressure is applied to the outside of the cylinder
called jacket pressure, pj, which minimizes the
elastic distortion of the cylinder and controls the
annular gap between the piston and cylinder.
The ability to control the width of the gap
(clearance) allows one to obtain the best
operating conditions of the piston gauge, such
as reduced fall rate and high mass sensitivity.
However, the main advantage of the CCPG is
that it can be characterized as a primary.
Currently, NPL is actively working on to
establish CCPGs in the pressure ranges up to
100 MPa (CCPG100), 200 MPa (CCPG200)
and 500 MPa (CCPG500). The two compact
size CCPGs, CCPG100 and CCPG200 have
already been integrated, commissioned and are
well characterised. The establishment of CCPG
in the 500 MPa range is under plan stage. A
1.0 GPa CCPG i.e. CCPG1000 was also
established few years back1.
In one of the experiments, CCPG100 was
characterized using the Heydemann and Welch2
model (HW model) and pressure dependence of
the Aeand associated uncertainty were evaluated
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{(Fi.1 (a) and (b)}. In other experiment, the
pressure
dependence
of
the
Aefor
NPL100MPNwas determined by cross floating
it against CCPG100.

has successfully been completed as per ISO
17025. In the future, the NPLI plans to continue
technical development in order to be able to
provide the pressure standards required by the
markets which can support advanced industrial
technology. The details on the efforts being
made in this direction would be discussed for
the establishment of new CCPG500 in the
pressure range 50 to 500 MPa and a new and
only differential hydraulic pressure standard up
to 50 MPa or more.

Fig. 1. (a): Effective area, Ae of CCPG100 from
cross-float against NPL100MPN

Fig. 2(a). Traceability chart
−6

Fig. 1 (b):Estimated Measurement Uncertainty
Contributions of various Parameters of
CCPG100

3.

GLOBAL METROLOGICAL
EQUIVALENCE

Relative deviations
fromthe pilot's results

The results obtained on relative change in Aeof
CCPG100 are shown in Figs. 1(a). TheAe is
found almost unchanged at pj = 0.2 pm, which
further reveals that distortion coefficient
decreases with increase in pjand it is
almostnegligible at pj = 0.2 pm. Different
uncertainty contributions estimated are shown
in Fig. 1(b). The overall relative uncertainty
associated with measurements is found to be
better than 23 x 10-6 at a coverage factor k = 1
with the scope of further improvements,
specially dimensional measurements of the
piston cylinder assembly.
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Fig. 2(b). Recent key comparison Results
(2013) APMP. M.P. K13. NPLI is
shown by Code No.2.
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5.

The NPLI has also participated in many
bilateral, regional and international key
comparisons in the past. The current status of
HPS established at NPLI, their measurement
capabilities with associated uncertainties, the
CMCs registered in Appendix ‘C’ of BIPM and
recent results of the key comparisons will be
discussed and some of them are shown in Fig. 2
(a) and (b). NPLI, India has also implemented
the quality system in the laboratory and the peer
review of 5 CMCs, in hydraulic pressure region,

1.

2.
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Estimation of Uncertainty in Particle Size Measurement Using
Differential Mobility Analyzer
Bighnaraj Sarangi, Shankar G. Aggarwal, Prabhat K. Gupta
CSIR-National Physical Laboratory, New Delhi
email: aggarwalsg@nplindia.org
Abstract: In this study calibration of differential mobility analyzer (DMA) was performed
using standard polystyrene latex (PSL) particles, which are traceable to SI through National
Institute of Standards and Technology (NIST), USA. DMA is one of the most commonly used
devices for classifying and measuring particle size < 1 μm. Standard PSL particle of size 60 nm
was aerosolized and dried using atomizer and diffusion dryers, respectively. These particles
were introduced to a DMA, where size segregation was done, and then particle number
concentration was measured by condensation particle counter (CPC). The details of the
measurement uncertainty analysis with respect to PSL-60 nm are discussed in this paper.

geometric standard deviation (GSD), average
mode diameter (MD), repeatability and
reproducibility) of particle size obtained from
size distribution were performed. Uncertainty
components due to instrumental calibration
(impact or flow, sheath flow, bypass flow,
CPC inlet flow), instrumental measurement
(diffusion correction, charge correction, CMD
correction, repeatability, reproducibility) and
calibration standard (certificate value of
particle standard used, calibration uncertainty
at the manufacturer site) were included in the
budget estimation of the particle size
measurement.

1. INTRODUCTION
In aerosol research, particle size distribution
measurement is important because of its
health and climate effects. A largely
employed technique for particle size
measurement is differential mobility analyzer
(DMA), which segregates particles based on
their electrical mobility. Whereas, particle
number concentration is generally measured
using condensation particle counter (CPC),
which works on particle growth followed by
detection by optical principle [1]. Therefore,
for precise and accurate measurement it is
important that both DMA and CPC should be
well calibrated.
In a previous work, we have reported a new
approach for calibration of CPC [2]. This
paper focuses on the calibration of DMA
using particle size standards, i.e., PSL-60 nm
traceable to SI. The measurement uncertainty
involved in the analysis is discussed here.

3. RESULTS
Based on the observed particle size
distribution of PSL-60 nm, the CMD, GMD,
GSD and MD were calculated. The average
mode peak diameter observed for PSL-60 nm
was 55.37±0.47 nm. The total uncertainty
budget is presented in Table 1. The mode
peak diameters of PSL standard particles
obtained including the expanded uncertainty
(k = 2) in three different measurement days
with respect to PSL-60 nm standard (number
median diameter) are 54.82±1.50, 55.62±1.53
and 55.66±2.35 nm, respectively as shown in
Fig. 2.

2. METHOD
We used scanning mobility particle sizer,
SMPS (TSI 3080) consists of a DMA (TSI
3081) and condensation particle counter, CPC
(TSI 3788). The experimental setup used for
the purpose is shown in Figure 1. Dried
standard PSL-60 nm particles were
introduced to SMPS with a sample flow rate
of 0.6 lpm and sheath flow rate of 6 lpm.
Particle of sizes between 9 - 414 nm was
segregated
by
DMA,
and
number
concentration was measured by CPC, which
was operated with a flow rate of 0.6 lpm.
Based on the particle size distribution
obtained from SMPS, the observed mode
peak is represented the size peak of standard
PSL particles. The experiment was repeated
five times each in three different days. The
statistical analyses (count mean diameter
(CMD), geometric mean diameter (GMD),

Fig.1. Experimental setup for differential
mobility analyzer (DMA) calibration.
4. CONCLUSION
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technique apart from other components, e.g.,
repeatability, etc.

The observed mode peak diameter of PSL
particles should be comparable to the
reference value, i.e. number median diameter,
because in this study the observed mode peak
within a constant size range (between 41.4
nm to 79.1 nm) is equivalent to its median
diameter of the same range. The reference
number median diameter of particle standard,
PSL-60 nm is 57.5 nm (calibration certificate,
NIST, USA (SRM 1964)) and the combined
uncertainty is 0.63 nm.
In an inter-comparison study under VAMAS
project (TWA 34: Project 3 "techniques for
characterizing the morphology of airborne
nanoparticles"), we performed standard
particle size measurements (PSL-80 nm,
supplied by the coordinated laboratory) in a
similar way. Based on the particle size
distribution
mode
peaks
(total
10
distributions), an average size is calculated to
be 78.02±1.40 nm. This experiment was
performed (in February 2011) when the DMA
rod was clean. The calibration results shown
in Figure 2 suggest that the DMA rod needs
to be cleaned now. However, the uncertainty
calculation suggests that the considered
uncertainty components are capable enough
to represent the measurement results in
acceptable form within their uncertainties
(expect day1 result). As discussed in Table 1,
the spread of the uncertainty bar of day3 for
the observed value (refer to Figure 2) is quite
satisfactory because of the contribution of
uncertainty components, such as diffusion
correction, CMD correction and charge
correction. This study suggests that these are
the important uncertainty components which
make difference between measurement to
measurement in size distribution using DMA

Fig.2. Observed mode peak with respect
to PSL-60 nm standard.
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Table 1. The uncertainty budget in the measurement of PSL-60 nm standard particles.
Source of uncertainty (nm)
Mode peak (Repeatability)
CMD correction
Diffusion correction
Charge correction
Impactor flow
Sheath flow
Bypass flow
Certificate value of SRM
1964
Uncertainty at the
manufacturer site
Reproducibility
Combined uncertainty
Expanded uncertainty (k =
2)

Probability
distribution
Normal-TypeA
Normal-TypeA
Rectangular-TypeB
Rectangular-TypeB
Rectangular-TypeB
Rectangular-TypeB
Rectangular-TypeB

Standard uncertainty (nm)
Sensitivity
October 3, 2013 October 4, 2013 October 8, 2013 coefficient
0.380
0.420
0.754
1
0.199
0.140
0.159
1
0.161
0.118
0.162
1
0.109
0.119
0.145
1
0.016
0.016
0.016
1
4.431E-05
4.496E-05
4.499E-05
1
0.057
0.058
0.058
1

Degree of
freedom
4
4
∞
∞
∞
∞
∞

Normal-TypeB

0.310

0.310

0.310

1

∞

Normal-TypeB

0.551

0.559

0.559

1

∞

1

Normal-TypeA
-

0.750

0.274
0.763

1.174

2
∞

1.500

1.525

2.349

∞
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Evaluating Mismatch Uncertainty in Microwave Power Calibration
Archana Sahu, Bijendra Pal, Saood Ahmad, P.S. Negi and A. K. Bandyopadhyay
CSIR-National Physical Laboratory, New Delhi
email: archana@nplindia.org
Abstract: National Physical Laboratory (NPL) India is the premier research & development
center and the National Metrology Institute (NMI), which provides traceability in measurements
by calibration throughout the country. Radio frequency (RF) power is one of the important
parameter in electrical metrology. In microwave power calibration there are various sources of
measurement uncertainty, in which mismatch uncertainty is the dominant in all. The mismatch
uncertainty has been calculated by measuring the reflection coefficient of the power sensor
using vector network analyzer (VNA). All the calculations have been done using ISO guide to
the expression uncertainty in measurement.

measured and y denotes the DUC output port
stimulated by the incident RF signal as shown
in Fig.1. We are interested in measuring the
S11, the input reflection coefficient for
calculating the mismatch uncertainty as per
ISO guide to the expression uncertainty in
measurement [2, 3].

1. INTRODUCTION
Coaxial microcalorimeter and an associated
reference standard are being used as the
primary standard of RF power in various
national metrology institutes (NMIs) of the
world. This is the key technique for the
realization of RF power primary standard and
its traceability is obtained through the
determination of the effective efficiency of
the thermistor mounts as a function of
frequency. This paper presents how to
evaluate the mismatch uncertainty after the
microwave power measurements.
The direct comparison technique is applicable
for the calibration of power sensors. The
reference standard (STD) and device under
calibration (DUC) are used in conjunction
with self-balancing bridges (SBB) for the
measurement of RF power [1]. Using this
technique calibration is done in the required
frequency range. VSWR/reflection coefficient
of the DUC is measured at all the desired
frequencies with the help of a VNA. The
calibration factor Kb of the DUC is calculated
using equation (1).
Kb(DUC)

= (Pm / PSTD) x Kb(STD)

Fig.1. Block Diagram for Scattering
Parameters
The measurement of reflection coefficient/
Sxy at microwave frequencies is traceable to
the Dimensional metrology and DC
Resistance standards through type-N 50 ohm
coaxial airline, and Calibration cal kit
components.

…. (1)

2. MEASUREMENT PROCEDURE
Where, Kb(DUC) is the calibration factor of the
DUC and Kb(STD) is the known calibration
factor of the standard thermistor mount. Pm is
the power measured by the DUC.
VNA is a modern tool to analyze the network.
This network analysis expands on this idea
with scattering parameters, or S-parameters.
S-parameters are complex vector quantities
that represent the ratio of two RF signals.
S-parameters have a magnitude and phase, or
in Cartesian form, real and imaginary terms.
S-parameters are expressed as Sxy where, x
represents the DUC input port being

The warm up time for stabilizing VNA
measurements is minimum one hour. The
desired start & stop frequencies are selected.
To measure the reflection coefficient of the
power sensor, one port calibration of the
vector network analyzer has been done as per
the operation manual using open-short-load
(OSL) technique. Accuracy of the VNA
system is verified for reflection measurement
using Precision airline of verification kit [4].
Inserting any component during calibration
and not using it in the post calibration
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measurement results in a measurement error.
Reflection Coefficient measurement are
directly done as per the set up given in Fig. 2.
The mismatch factor and mismatch
uncertainty of DUC (power sensor) has been
calculated using the following equation (3) &
(4).

0.100
0.500
1.000
1.500
2.000

The reflection coefficient of the power sensor
under calibration has been measured using
VNA. The mismatch uncertainty between the
DUC and the RF source has been evaluated as
per ISO/IEC 17025. The measurement data is
statistically analysed and it has been found
that the mismatch uncertainty is also a
dominant factor. The mismatch uncertainty
between DUC power sensor and RF source
has been evaluated successfully from 10 MHz
to 2 GHz. This work has been supported by
MIST project of CSIR-NPL.

Mismatch Factor = ±2 ΓGΓs for the STD sensor ….(2)
Mismatch Factor = ±2 ΓGΓx for the DUC sensor ….(3)
Where, ΓG, Γs and Γx are the reflection coefficients for
source, the standard and the unknown, respectively.
Mismatch Unc., u(Mx) = Mismatch Factor/√2 ….(4)
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where, ‘√2’ has been taken due to probabilty
distribution of mismatch factor i.e. U-shape.
To measure input and output reflection
parameters s11 and s22, the two port device is
connected between test port 1 and 2 of the
VNA [5]. The value of s11 and s22 is the ratio
of reference and reflected signals for the two
settings of the input switch and the amplitude
and phase information of the s11 and s22
parameters can be read from the display. The
observations are repeated at least five times to
compute the type A uncertainty [6].
3. MEASUREMENT RESULTS
Reflection coefficient measurements of the
DUC and the mismatch uncertainty have been
shown in the Table. 1 from 10 MHz to 2
GHz.
Mismatch Uncertainty at 2 GHz:
Mismatch Factor = ± 2*(0.013)*(0.024) = ±
0.00056
Mismatch Uncertainty = ± 0.00056/√2 = ±
0.0004
Table1. Observations for Reflection
Coefficient

0.10
0.050

Ref. Coeff.
(Γ) of DUC
Sensor
0.062
0.013

± 0.0002
± 0.0001
± 0.0003
± 0.0003
± 0.0004

4. CONCLUSION

Fig.2. Reflection Coefficient Measurement
set up

Frequency
( GHz)

0.006
0.003
0.008
0.012
0.013

Mismatch
Uncertainty
± 0.0022
± 0.0005
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Comparison of Uncertainty Estimation of Dial Gauge by Gum and Monte
Carlo Methods
Khushboo, H. K. Mallappa, P. V. Shashi Kumar and A. Dasgupta
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email: metrologylab@cmti-india.net
Abstract: Uncertainty estimation is an important aspect in any measurement process and its analysis
should be understood and interpreted comprehensively enough to provide practical guidance. Monte
Carlo method is a computational algorithm that relies on repeated random sampling to compute its
results. Because of their reliance on repeated computation and random or pseudo-random numbers,
Monte Carlo method is most suited method. Monte Carlo method is used when it is difficult to
compute an exact result with a deterministic algorithm. The Monte Carlo Simulation (MCS) Method
is an alternative to resolve many of the problems associated to the GUM uncertainty framework,
including non-symmetrical measurement uncertainty distributions, non-linearity within the
measurement system, input dependency and systematic bias. This paper presents the comparison of
the method of estimation of uncertainty for Dial gauge using two different methods namely “Guide to
the Expression of Uncertainty in Measurement (GUM)” and the “Monte Carlo Simulation Method
(MCS)”.

2. METHOD OF UNCERTAINTY
ESTIMATION FOR DIAL GAUGE

1. INTRODUCTION
The Monte Carlo Method (MCM) is recognized
as a practical alternative by the Joint Committee
for Guides in Metrology (JCGM) of the Bureau
International des Poids et Mesureson (BIPM)
and it has been included in the GUM [2] as a
supplement, since 2008 and it has been widely
used within many scientific disciplines [1].This
approach is implemented numerically as a
Monte Carlo Simulation (MCS) method. The
method is simple in principle and easy to use.
The Monte Carlo Method has many advantages
over conventional methods in the estimation of
uncertainty especially that of complex
measurement systems outputs. The method,
superficially though appears very elaborate, is
relatively simple to implement. A very little has
been published on how the method works. This
paper demonstrates that the Monte Carlo
simulation method is fully compatible with the
conventional uncertainty estimation methods for
measurement of Dial Gauge. Monte Carlo
simulation has the ability to take account of
partial
correlated
measurement
input
uncertainties.

2.1 Experimentation
The uncertainty has to be calculated by two
known methods i.e. GUM Method and MCS
Method for Dial Gauge plunger type having 10
mm range and 10 µm resolution of device.
Gauge measuring centre (GMC) having
resolution 0.1µm is used as master equipment
for measurement of Dial Gauge.
2.2 GUM Method
The approach for determining uncertainty
presented in this method considers only those
uncertainties associated with the overall
measurement of Dial gauge using gauge
measuring center. These uncertainties reflect the
combined effect of the separate uncertainties
associated with equipment. Therefore, the
uncertainties associated with the individual
parameters are not included in the calculations.

Fig. 1. Sources of uncertainties for measurement
of Dial gauge
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For Y High
Y = -5E-07x2 + 0.004x + 10.77515

Uncertainty as determined by GUM method for
1mm reading of Dial Gauge = 11.55µm
2.3 Monte Carlo Simulation Method
The GUM Supplement 1 provides a sequence of
steps to be followed similarly as to what is done
in the GUM: Definition of the measured and
input quantities; modelling; Estimation of the
probability density functions (PDFs) for the
input quantities; Setup and run the Monte Carlo
simulation; Summarizing and expression of the
results.
Data Obtained through MCS for 1mm reading:
Y low: 0.83 µm
Y high: 10.33 µm
Y Mean: 5.58 µm
D low = |Y mean - UGUM – Y high|= 6.80µm
D high =|Y mean + UGUM - Y high|= 6.80 µm

Chart 1. For Y Low

Where, Y high, Y low and Y mean– The end
points and mean of a coverage interval Y
corresponding to a stipulated coverage
probability are obtained by selecting percentile
option from the function.
GUM uncertainty in the form of C x 10l= 11 x
100
Delta = ½ x 10 0 = 0.5
Since delta is less than either of D high & D
low, the GUM method is not valid.

Chart 2. For Y High
The histogram showing
distribution function, i.e.
distribution is shown below:

the probability
almost uniform

Table 1. Comparison of uncertainties calculated
using GUM and MCS
Method
uncertainty
Y values

D-Values
Delta
Remarks

GUM
11.55

MCS

low
high

0.83
10.33

mean
low
high

5.58
6.80
6.80
0.5
dl & dh> δ

Fig. 2. Histogram of Probability distribution
function
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3. RESULT AND CONCLUSION
In the case of dial gauge uncertainty calculation
by MCS method the D low and the D high
values are coming more than delta value
calculated from GUM uncertainty, which proves
MCS method is better than GUM. The best
conservative fit equations for Y Low and Y
High are logarithmic and Polynomial equations
respectively. The best conservative fit equation
obtained after plotting the graphs are:
For Y Low
y = 4.594ln(x) - 28.0661
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Monte Carlo Method in Uncertainty Evaluation
Anil Kumar, Harish Kumar and Naveen Garg
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Abstract: Uncertainty of measurement has been widely computed on the basis of law of propagation
method as discussed in Guide for Uncertainty of measurement (GUM). With the time, a number of other
techniques have been evolved for the evaluation of uncertainty of measurement. Among those
techniques, Monte Carlo Method, now has been given most emphasis and has been recommended by
JCGM wide its supplement for uncertainty of measurement. The paper is an attempt to discuss briefly,
the procedure and role of Monte Carlo Method technique in uncertainty of measurement.

1. INTRODUCTION
The LPU, however do not represent the most
complete methodology for the estimation of
uncertainties in all cases and measurements systems,
though it has been adopted for several years for
various measurement processes. This is because LPU
contains some approximations and then propagates
only the main parameters of the probability
distributions of influence. Such limitations include
for example the linearization of the measurement
model and the approximation of the probability
distribution of the resulting quantity by a Student’s tdistribution using calculated effective degrees of
freedom.Due to these limitations of the JCGM
100:2008, the use of Monte Carlo method for the
propagation of the full probability distributions has
been addressed in the supplement JCGM 101:2008.
In this way, it is possible to cover a broader range of
measurement problems that could not be covered by
using the LPU. The JCGM 101:2008 provides well
organized guidelines on the application of Monte
Carlo methods to metrological applications, when
estimating uncertainties in metrology [2].

In measurement, uncertainty is a parameter
characterizing the dispersion of the values attributed
to a measured quantity, say measurand. All
measurements are subject to have some uncertainty
depending upon the measurement procedure and
measured value is accompanied by the associated
uncertainty. The uncertainty depends upon various
factors
like
measurement
procedureadopted,
equipments employed, skill of operator etc. The
dispersion of the measured values would relate to
how well the measurement is made.
The uncertainty is widely evaluated on the basis of
Law of Propagation of Uncertainty (LPU) according
to guidelines as per ISO GUM (Guide to the
Expression of Uncertainty in Measurement)
document. GUM has been able to provide the
systematic procedure for evaluation of uncertainty.If
the uncertainty to be computed for some
measurement of measurand, there have to be some
input quantities and a model for uncertainty. The
input quantities are put in the model and uncertainty
is obtained by taking into relative uncertainty
component of each input quantity into consideration
(Figure 1). If the X1, X2, ….Xn are the input
quantities and output, Y is a function of X, then the
uncertainty of measurands, Y is also dependent on
the input quantities, method adopted and procedure
adopted. The relative uncertainty components of the
different factors will lead to the overall uncertainty of
Y [1].

2. MONTE CARLO METHOD
The Monte Carlo method as discussed by the GUM
Supplement 1 involves the propagation of the
distributions of the input sources of uncertainty by
using the model to provide the distribution of the
output, whereas according to GUM, the uncertainties
are to be propagated according to their distributions.

Fig. 1. Output as a function of input variables
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Fig. 2. Law of Propagation of Uncertainty (LPU) and Monte Carlo Method (MCM)
According to (a) propagation of uncertainties, where
x1, x2 and x3 are input quantities for any of
parameter, which are input components for an output,
u(x1), u(x2) and u(x3) are their respective
uncertainties (which, may be relative or in some unit)
and y and u(y) are the measurands or output quantity
(output as a function of the input quantities) and its
respective uncertainty, and According to (b)
propagation of distributions, where g(x1), g(x2) and
g(x3) are the distribution functions of the input
quantities or parameters, and g(y) is the distribution
function of the measurands or the output quantity [3].

Where, 100p% is the selected coverage probability.
The results of interest in Monte Carlo method is the
mean, the standard deviation of the output quantity
and the endpoints of the chosen interval. The
numerical tolerance of an uncertainty, or standard
deviation, can be obtained by expressing the standard
uncertainty as c×10l, where c is an integer with a
number of digits equal to the number of significant
digits of the standard uncertainty and l is an integer.
Then the numerical tolerance,δ is expressed as:
=

The procedure adopted consists of following steps:
I.

IV.
V.

I.
II.
III.
IV.

The steps (a) and (b) are same as done in the
conventional method or LPU as discussed in GUM.
Step (c) involves the selection of the most
appropriate probability density functions (PDFs)like
rectangular, triangular, uniform etc. for each of the
input quantities, which contributes to the output
quantity. After all the input PDFs have been defined
depending upon the nature and relative contribution
of the input quantity, the n umber of trails of Monte
Carlo simulation should be selected. Greater number
of trials is helpful to have better the convergence of
the results. The GUM Supplement 1 recommends the
selection of a number,M of trials, according to the
following general rule:
>

(2)

Now, the Monte Carlo simulation is run for the
defined number of trials.
In last, the results are summarized as follow:

definition of the measurand (output) and input
quantities;
modeling;
estimation of the probability density functions
for the input quantities;
setup and run the Monte Carlo simulation;
summarizing and expression of the results.

II.
III.

10

an estimate of the output quantity
the standard uncertainty
the chosen coverage probability
the endpoints
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Comparative study of Estimated Uncertainty Values by Conventional
GUM and Monte Carlo Simulation Method for Vickers Hardness
Calibration
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CMTI, Bangalore, 1Former scientist of CMTI
Email: srinivasaraoc@cmti-india.net
Abstract: Estimation of measurement uncertainty is very important in deciding the utilisability
of equipment for a particular application. The conventional method (GUM) need not always
produce realistic value due to certain limiting factor associated with this method. Monte Carlo
Simulation (MCS) method is quite useful in establishing measurement uncertainty as it
overcomes limitations of GUM method. In this paper comparison of both the methods of
estimation are made. Results indicate that in the case of hardness calibration by indirect method
the estimated measurement uncertainty by Monte Carlo Simulation (MCS) method is more
suitable than GUM method

the mean value and standard deviation are
calculated.

1. INTRODUCTION
1.1 Review

2. EXPERIMENTATION
Working group 1 (WG1) of the Joint
Committee for Guides in Metrology (JCGM)
published in 2008 a Supplement (GS1) to the
GUM [1] describes a general approach
termed as “the propagation of distributions”
for the evaluation of uncertainty of
measurement. This approach is implemented
numerically as a Monte Carlo Simulation
(MCS) method. The method is simple in
principle and easy to use through MS excel.
It has been noticed that the Monte Carlo
Method has many advantages over
conventional methods in the estimation of
uncertainty, especially that of complex
measurement system outputs [2-5].

The approach for determining the uncertainty
presented in this work considers only those
uncertainties associated with the overall
measurement performance of the Vickers
hardness testing machine with respect to
reference standards. These performance
uncertainties reflect the combined effect of
the separate uncertainties associated with the
numerous individual components of the
machine, such as the force application
system and indentation depth measuring
system.
Therefore,
the
uncertainties
associated with the individual components of
the machine are not included in the
calculations.

1.2 Principle
Monte Carlo Simulation (MCS) requires a
measurement model that describes the
measurement process in terms of all the
individual factors affecting the result. In
addition, probability distributions (called the
probability density functions or PDFs) for the
input quantities, suchas the normal, triangular
or rectangular distributions are required.

Fig. 1. Sources of uncertainties for Vickers
Hardness measurement

Monte Carlo Simulation calculates the result
corresponding to one value of each input
quantity drawn at random from its PDF, and
repeats this calculation a large number of
times (trials),typically 105 to106. This process
produces a set of simulated results which,
under certain assumptions, forms an
approximation to the PDF for the value of the
measurand. From this set of simulated results,

2.1 GUM Method
The universal hardness testing equipment,
Qness – 250, Austria, is calibrated as per IS
1754 – 2002/Part-II for Vickers 10kg load
scale. The measured values are tabulated in
below table-1
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Table 1. Hardness measured in HV10
Parameter
Test results
Mean
St deviation
Std
Uncertainty

Values in HV10
192, 193, 192, 194, 193
192.8
0.748331
0.334664

Uncertainty as determined by GUM method
= 2.34

Fig. 2. Normal distribution of final
uncertaintyof Vickers Hardness using
MCS method

2.2 MCS Method
Procedure for estimating uncertainty by MCS
method involves generating random numbers
using sources of uncertainties as shown in
Fig.01 as input. The number of random
numbers to be generated is equal to104/(1-p)
where p is confidence limit.

4. CONCLUSION
In the case of calibration of Vickers hardness
tester adopting indirect method as per IS
1754 – 2002/Part-II, the values of
measurement uncertainty obtained from MCS
method are 190.71(Ylow) & 194.88 (Yhigh).
Also the delta value is less than the dhigh &
dlow hence the GUM method is not validated
and as such MCS is more suitable.

The values of y (low, high& mean) are
obtained from MCSand d (low, high),data are
calculated using the following equations.
d (low)
d (high)
delta – δ

= |ymean- Ugum - yl|
= |ymean + Ugum - yh|
= C x 10l(Ugumto be expressed)
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since the d-values are above the delta value.
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Abstract: Long-term observations from 1993 to 2012 (nearly two decades) and forecast of air
pollutants SO2, NO2 and SPM over an industrial area Shahzada Bagh in Delhi is presented in
this study. The forecasts are generated by integrating the air pollutants data using Box–Jenkins
popular ARIMA (Auto Regressive Integrated Moving Average) model. The forecast is done by
the monthly-mean air pollutants SO2, NO2 and SPM concentrations over industrial site
(Shahzada Bagh) in the Delhi region covering a period of about 20 years (Jan 1993 – Dec 2012).
It is observed that the modelled values show good fit with the air pollutants data. This long-term
statistical dependence shows that an air pollutants concentration over Delhi region reveals a
long memory. The forecast of next 5 years were done at a 95% confidence level. The present
paper confirms that using time series ARIMA model, prediction of air pollutants is possible and
the result obtained using ARIMA model suggest that this model offers a simple and efficient
method for determining the future values.

prediction of different pollutant in the
industrial area over Delhi.

1.INTRODUCTION
Air pollution, both indoors and outdoors,
poses health risks to billions of peoples day by
day, contributing to asthma, emphysema, heart
disease, and other potentially disastrous
conditions. Delhi is amongst the top ten for
cities with the most awful air quality. Delhi's
air pollution is a combination of factors
including industries, power plants, domestic
combustion of coal and biomass, and transport
(direct vehicle exhaust and indirect road dust)
that contribute to air pollution. The major air
pollutant, which could cause potential harm to
human health has been included are SO2, NO2
and particulate matter (SPM and RSPM) etc.
The largest sources of these pollutants are
fossil fuel combustion at power plants and
other industrial facilities. NO2 forms quickly
from emissions from cars, trucks and buses,
power plants, and off-road equipment. In
addition to contributing to the formation of
ground-level ozone, and fine particle pollution
NO2 is also linked with a number of adverse
effects on the respiratory system. Particulate
matters (PM) are also known as particle
pollution or PM is a complex mixture of
extremely small particles and liquid droplets.
These particles can affect the heart and lungs
and cause serious health effects.
The main objective of this study is to construct
a forecasting model for future pollution
prediction based on previous long term (19932012) pollutant concentration data for air
pollutant management. In the present study,
ARIMA (Auto Regressive Integrated Moving
Average) statistical model was used for

2. DATA AND METHODOLOGY
The ambient air quality long term data used in
the present study covers the period 1993 –
2012 and was obtained from the Central
Pollution Control Board (CPCB). CPCB is
monitoring different criterion pollutants such
as SO2, NO2 and SPM at different sites from
which one industrial site i.e., Shahazada Bagh,
is used for the present study. ARIMA is a
popular linear model in time series forecasting
during the past years. The trend and prediction
of the air pollutants time series are computed
via ARIMA model by the SPSS 17 software.
ARIMA method [1] is an iterative and
exploratory process intending to best-fit longterm observations by using three stepsidentification, estimation, and diagnostic
checking-in the process of building an
adequate model for a time series. From the
original signal, ARIMA makes a new signal
using the previous one and RSME (Root Mean
Square Error) gives us the error between the
original and ARIMA signal. This produces a
new time series based on the original (actual)
series and can predict the unknown future
values using the predicted ARIMA model
series signal. Firstly, for the identification of
the suitable model, it is necessary to determine
whether the time series is stationary or not.
The time series is stationary if the probable
values of the series and the autocorrelation
function (ACF) are independent of time [2, 3,
4].
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3.RESULTS AND DISCUSSION
Fig. 1 represents the long-term (1993 to 2012)
SO2, NO2 and SPM concentration variation
and trends as estimated from the
corresponding monthly mean values. The
increasing trend has been observed for NO2
and SPM while decreasing trend has been
found for SO2. The average value of SO2, NO2
and SPM over Shahzada Bagh are respectively
(12.98 ± 8.6), (41.36 ± 11) and (388.3 ±
133.3). As a result, the mean concentration of
SO2 decreased whereas NO2 increased but is
under the National Ambient Air Quality
Standards (NAAQS) prescribed limits for the
industrial (Shahzada Bagh) area.
Fig. 2, represent the plots of observed versus
predicted concentrations for SO2, NO2 and
SPM along-with their 95% forecast confidence
intervals. It is clearly seen from Figs.2 that
predicted concentrations also very well
capture the variability from the mean value
and the model fits reasonably well with the
observed data.

Fig. 2. Observed and model predicted values
of air pollutants namely SO2, NO2 and
SPM over Shahzada Bagh in Delhi.
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Fig. 1 Long term monthly variation of air
pollutants namely SO2, NO2 and SPM over
Shazada Bagh in Delhi.
4. CONCLUSION
This long term statistical dependence shows
that an air pollutant concentration over the
Delhi region reveals a long memory. The
forecast for the next 5 years was done at a
95% confidence level. The present paper
confirms that using a time series ARIMA
model, prediction of air pollutants is possible
and the result obtained using ARIMA model
suggest that this model offers a simple and
efficient method for determining the future
values.
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Uncertainty in Arsenic Determination in Particulate Matter Using ICPHRMS
Sudhanshu Kumar, Shankar G. Aggarwal, Daya Soni and Prabhat K. Gupta
CSIR-National Physical Laboratory, New Delhi
email: aggarwalsg@nplindia.org
Abstract: Determination of arsenic (As) in particulate matter (PM) samples is an important task
as in PM is one of the criteria pollutants in national ambient air quality standards (NAAQS).
The regulation limit of as given in most of the NAAQS of different countries is very low, e.g.,
in NAAQS - India it is regulated to be 6 ng/m3. Therefore to assess the air quality in context of
As pollution, precise and accurate measurement of As is very important. The reference
analytical techniques for As determination are atomic absorption spectrometry (AAS) and
inductively coupled plasma spectrometry (ICP). ICP- high resolution mass spectrometry
(HRMS) is a very sensitive instrumental technique, and can detect trace elements at very low
concentration in a given matrix with comparatively lower uncertainty. Analysis of as using ICPHRMS also does not require hydride generation as it is needed in AAS, which may add further
to the uncertainty. Here we present the uncertainty involved in As determination using ICPHRMS. The objective of this work is to evaluate whether low concentration of As in PM matrix
can be determined precisely using ICP-HRMS. Ambient aerosol particles collected on quartz
filters were acid digested and analysed in triplicates. Average As concentration in winter
samples in New Delhi is determined to be 13.9±7.8 ng/m3 (ranged 6 - 33 ng/m3). Expanded
uncertainties (at k = 2) associated with arsenic determination varies between 10.4 - 11.2%. This
study suggests that major uncertainty components in as measurements are related to sample
digestion apart from filter sampling and instrumental determination.

be achieved and uncertainty involved can be
minimized. We have used the ES method to
determine the as in the PM samples (n = 11)
collected in New Delhi in December 2011.

1. INTRODUCTION
There are several methods for analysis of
elements using ICP-MS, i.e., standard
addition, isotope dilution (ID), internal
standard (IS), and external standard (ES)
calibration method. Standard addition and
isotope dilution methods are very tedious and
involve several steps and not suitable for
routine analysis purposes. Although, ID is an
accurate and precise determination technique
but it is not applicable for elements having
one isotope only, e.g., As. IS and ES methods
are most commonly used methods for routine
analysis. However, analysis of a sample
having complex matrix like aerosol, whose
source is not consistent, and sample-tosample variation in its constituents is very
high, the use of IS method becomes difficult
as we require ascertaining that the particular
element (IS) is negligible in the sample. An
IS which may be suitable for one sample may
show significant presence in the other sample,
which makes it very unlikely to be used as IS.

2. METHODOLOGY
Aerosol particles were collected on quartz
filter (pre-baked at 450ºC for ~6 hours) using
high-volume sampler (Vayubodhan Upkaran
Pvt. Ltd., India) with a flow rate of 1.1
m3/min at CSIR-NPL rooftop and Okhla
landfill site [1]. Sample analysis was done in
accordance with British standards [2].
Aerosol samples were acid digested (with 5
ml HNO3 (Merck, suprapur) and 2 ml H2O2
(Merck, ultra-pure)) using microwave assisted
digestion
system
(MWS-3,
Berghof,
Germany) in closed Teflon vessels at 200˚C
for 20 min at 20 bar and 80 W [3]. Digested
samples were transferred to polythene bottles,
which
were
subsequently
diluted
gravimetrically. All the standards were
prepared gravimetrically. The samples were
analysed for as using ICP-HRMS (Attom, Nu
Instruments Ltd., UK). Concentration of as
was determined by external calibration
method. Signal drift was accounted using the
reference standard after every three sample
runs. Blank was run between every sample to
avoid memory effect. Matrix effect was
negligible as we obtained a recovery of

ES method has limitations like not being able
to monitor the instrumental drift and sample
introduction related issues, however if the
standards are run regularly between the
samples, these can be corrected partially. If
all the precautions are taken and standard
protocol is followed, good measurements can
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Table 1 shows the relative standard
uncertainties due to various sources involved
in the measurement process. Apart from the
uncertainties arising due to instrumental
analysis, other components, e.g., sample
digestion and sampling air volume contribute
largely to the total uncertainty in the
measurement of as in the PM samples.

95±3% for NIST SRM 1648a (urban aerosol
dust). This was also digested using the same
digestion protocol as the real samples.
Standard solution traceable to SI was used for
the calibration purpose. Each sample was
analysed in triplicate.
We followed the British standards (EN
14902:2005) guidelines for the calculation of
uncertainty of an analyte [2]. Uncertainty
sources involved in the measurement can
broadly be classified into two major
components: firstly related to aerosol
sampling, which includes volume of air
sampled, filter efficiency and storage
(evaporation losses), and secondly the
analysis part, which involves sample
digestion, dilution, standard, instrumental
calibration, repeatability and reproducibility.
In this study we have considered all the
components except filter efficiency, storage,
and reproducibility uncertainties.
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3. RESULTS
Here we present the as concentration in Table
1. Average concentration of As in PM
samples (n =11) is determined to be 13.9±7.8
ng/m3. No statistical difference between
daytime (15.0±10 ng/m3) and night time
(13.6±4.5 ng/m3) average concentration is
observed, suggesting not much contribution
of traffic activities to As ambient
concentration, and some other sources, e.g.,
open-waste burning, etc. may be influencing
more in New Delhi [1].
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4. CONCLUSIONS
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Table 2 Uncertainty budget for the arsenic determination in aerosol samples
Source of
uncertainty

Distribution,
Type A or B

Relative standard uncertainty
HVS- HVS- HVS- HVS118
119
120
121
Calibration
Normal, Type 0.003
solution
B
Instrumental Normal, Type 0.029
calibration
A
(linearity)
Repeatability Normal, Type 0.005 0.005 0.021 0.015
A
Air volume Rectangular, 0.029
Type B
Sample
Rectangular, 0.032
digestion
Type A
(ng/m3)
Combined uncertainty
0.963 0.481 0.350 0.808
As concentration
18.44 9.201 6.252 14.93
Expanded uncertainty
1.926 0.961 0.699 1.617

HVS122

0.001

0.429
8.237
0.857

SC = Sensitivity coefficient, DOF= Degrees of freedom
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IND232

0.005

0.690
13.21
1.379

IND233

0.008

0.939
17.83
1.878

IND234

0.002

1.738
33.41
3.477

IND235

0.007

0.773
14.74
1.545

IND236

0.003

0.548
10.52
1.096

SC

DOF

1

∞

1

2

1

2

1

∞

1

2

HS52

0.000

0.374
7.193
0.748
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Metrology in Chemistry: Effects of Sterilization, Organic and Inorganic
Components in Estimation of Cadmium.
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Abstract: Application of metrology in chemical analysis of waste water is important to ensure
reliability in the results.Analyses of heavy metals in environmental samples are challenging to the
level of traceability since the matrix influences the results.Through estimation of uncertainty using
bottom up approach we can understand the mathematically error contribution due to sampling,
instruments and methodology employed. We calculated uncertainty in the recovery of spiked Cd in
sewage water in varying conditions such as, effect of organic component, inorganic component, and
effect of sterilization step in recovery of Cd.For our experiments sewage water was collected froma
nallah near NEERI. The matrix of the sample is not a very complex one as its average value of
COD was 28±2.29mg/L, average TDS is 0.8±0.10mg/L and pH approximately)=7.9

September& October. 10 L of the sample were
taken fixed with 69% conc. HNO3 (GR grade,
Merck) at PH =2 [3].It was homogenized with a
homogenizer (REMI) at 4000 rpm for 20 hrs.
From this 5 L of sample were left as it is and
rest 5L was allowed to autoclaved which is our
sterilization step for the sample and for
studying effect of sterilization. In one set we
took 20ml of the sample spiked with 0.4, 0.6
and 0.8 ppm Cd, in varying concentrations of
potassium hydrogen phthalate (KHP)(50,
120,200 ppm) . In second set same volume of
sample spiked with different concentrations (as
above) of Cd in varying concentrations of Cl(25, 40 and 100 ppm). For calibration graph we
prepared standards of concentrations 0.1 to 1.0
ppm from ICP standard Cd (1000mg/L,). All
the samples were digested after spiking with
microwave open digestionsystem (Milestone).

1.INTRODUCTION
Certain permissible level of Cd is always
present in natural water bodies & when it
increases above a certain limit then this
becomes a pollutant andis lethal to our
ecosystem. Therefore regular examinationof
water bodies arenecessary. But while reporting
results of analysis the data should be
accompanied with uncertainties only then the
results are reliable. According to VIM
definition of uncertainty is “Parameter,
associated with the result of measurement that
characterizes the dispersion of values that could
reasonably be attributed to the measured [1].”
In our studies we have chosen sewage water
which is spiked with Cd and this is analyzed in
different conditions such as varying organic
(KHP) &inorganic (Cl-) concentrations. By
taking autoclaved and non autoclaved samples
for checking stability at various concentrations
of Cd. A statistical analysis of measurement is
done- LOD,
LOQ, MDL,
Linearity,
repeatability, recovery being calculated.

3. RESULTS AND DISCUSSION
The analytical instruments used for estimating
Cd was ICP-OES (Perkin Elmer, Optima 8300
ICP-OES Spectrometer). Various statistical
parameters obtained are discussed as following.

2. EXPERIMENTAL DETAILS
(SAMPLING)

Various statistical parameters from calibration
graph obtained Linearity, LOD, LOQ. From
reagent blank MDL was obtained summarized
in the table- 1.Typical instrument detection).

Sewage samples were collected from nallah
near our lab (NEERI) in months of
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SD(y intercept
of
the
regression line)
from
calibration
graph

LOD(LO
D=3.3*S
D)

LOQ
(LOQ=1
0*SD)

Number of
replicates of
reagentblank

Standard
deviation(s) of
all the replicates
of reagent blank

Degree of
freedom

0.0689

0.22737

0.689

16

0.0011

15

t-value at
99%
confidence

MDL

LCL

UCL

(mg/L)

(mg/L)

(mg/L)

2.002

0.0022

0.0016

0.0037

Data

0.0024

Table1: Various statistical parameters fromcalibration graph.
Certified concentration of
Cadmium
Concentration
blank
Purity
Temperature

Final volume

Sampling
Dilution

Temperature

Homogenisation
Calibration

Sterilization

Calibration

Dilution
Digestion

Temperature
Wastewater
matrix

Concentration of
Cadmium in wastewater
matrix

Calibration

Repeatability
Volume of
sample

Concentration of
standard addition

Fig. 1. What leads to uncertainty in recovery of Cd could be represented diagramatically as ‘Cause and effect’
diagram.
limit of ICP-OES in ppb for Cd at wavelength
214.438 nm .is 0.07 ppb (Perkin Elmer, Optima
8300 ICP-OES Spectrometer manual

AAS so that we can have a better accuracy of
both instrument and method..3) To extend this
methodology for estimation of Pb in the same
waste water.

Uncertainty in recovery was estimated (at 95%
confidence at K=2) using ISO method [1] as
given below:
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The preliminary outcome of the experiments
were that the matrix gets more stabilized with
autoclave. KHP has a negative interference as
it decreases the recovery but presently we are
unable to make a correlation between
increasing concentratio of KHP on recoveries.
Where as chloride has a positive interference.
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4. CONCLUSION
Through this paper we have found that
sterilization step, organic & inorganic
compounds have an effect on therecovery of
Cd, but to what extant & in what manner is still
to be found.
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Our future work will comprise of - 1) To
stabilize the matrix, 2) To make a comparison
of analytical instrument such as ICP-OES &
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An Iris Recognition Based Health Examination System
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Abstract: Iris recognition system is one of the prominent biometric authentication systems.
Such systems identify the user as an authentic or a imposter. Iris recognition system along with
iridology can also be used to determine the status of health of different organs of body. In this
paper, a health examination system to predict the weakness of pancreas is proposed and
implemented. Pancreas function is of insulin secretion and is associated with the problem of
diabetes. An iris image dataset of 40 people having diabetes and 40 healthy people has been
created. Significant features from iris images of these peoples have been extracted using 2D
Gabor filter. A Support Vector Machine (SVM) based classifier has been used to classify the
subjects into healthy or one having weak pancreas i.e. suffering from diabetes. An accuracy of
82.12% achieved for the proposed system reasonably demonstrates the effectiveness of the
system.

Section 3 presents the results and their
discussions and brief conclusion is presented
in section 4.

1. INTRODUCTION
In this paper, a health examination system,
combining iridology and iris recognition
technique,to predict the weakness of pancreas
has been proposed and implemented.
Weakness of the pancreas is associated with
diabetes. Iridology [1-2] is a science that
correlates the markings of an iris with the
weakness of tissues of different organs of the
body. Iridology does not diagnose any disease
but merely determines the weakness of organs
much before the actual symptoms of the
disease.Different organs of human body are
reflected at different locations of iris. Left iris
corresponds to organs in the left part of the
body while right iris to that in right part of the
body. Iridology charts [3] divides iris into
number of regions where each region
corresponds to specific part of body.
Iridology practitioner usesthese charts to
compare the markings, at specific location of
iris, of a subject with that of a healthy human.
Any discrepancy indicateswhich organ of
human body is weak and may suffer from
disease much before actual symptoms.
Among biometric authentication systems, iris
recognition system has always been an
interesting area of research. Iris recognition
system can also be used for some medical
application. Researchers [4-5] have combined
iris recognition system with iridology to
determine the status of health of an
individual.In this work 2D Gabor filter for
feature extraction and SVM as a classifier
based iris recognition system has been
proposed for a health examination system.
The paper is organized into four sections.
Section 1 presents the brief introduction, In
section 2 the material and methodology used
for the implementation has been discussed.

2. MATERIAL AND METHODOLOGY
An iris recognition based automated health
examination system involves five stages as
illustrated in figure 1.
Iris Image
Capture

Preprocessing

Separating
ROI

Disease
classification

Feature
Extraction

Fig.1. Stages of health examination system
For the proposed health examination system
the iris images of 40 healthy people and 40
people suffering from diabetes have been
captured using I-SCANTM-2 dual iris scanner.
The dataset is of subjects ranging from age 21
years to 80 years and is free from gender
bias.Pre-processing is the process of
obtaining suitable form of iris images from
which significant features can be extracted.
This process further involves three stagessegmentation, normalization and image
enhancement. In this paper, Circular Hough
Transform (CHT) is implemented to carry out
iris segmentation and Daughman’s rubber
sheet model for normalization. While iris
image enhancement has been done using local
histogram analysis and thresholding. In
iridology charts [3] head of pancreas is
located in right eye between 7 and 8 o’clock
and body of pancreas in left eye between 7
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and 8 o’clock and tail between 4 and 5
o’clock. The iris region corresponding to
these regions from left iris of subjects is
separated from normalized iris image.For an
automated health examination system the
most important stage is the extraction of
significant
features.
Various
feature
extraction algorithms for iris recognition
systems have been proposed by large number
of researchers. In this work, iris texture
features have been extracted using 2D Gabor
filters. The Gabor filter may be expressed as:
( , )=

( , )=

( , ). exp( 2

4.

,

)=

(1)

1.

( ) (2)

2.

3.

3. RESULTS AND DISCUSSION

4.

In this work, experiments have been carried
out on Intel Core2 Duo 1.80GHz processor
image processing toolbox of MatLAB 7.1.
The maximum overall accuracy of 82.12% is
achieved for RBF kernel function based
SVM. Table 1 illustrates the comparison of
proposed health examination system with
existing irido-diagnosis systems.

5.

Table 1. Comparison of accuracy of
different iris diagnosis systems

Disease

1

Hearing Loss
[1]
Nerve System

2.

No. of
samples

Accuracy

53

70.00%

44

84.90%

80

82.12%

5. REFERENCES

where, is the image in frequency domain
obtained after convolving normalized iris
image with Gabor filter.
Classification of subjects into healthy or one
suffering from diabetes is done by using
SVM. SVM is a structural risk minimization
based binary classifier.

S. N.

94.00%

An iris recognition based health examination
system has been proposed and implemented
in this work. Iris recognition technique and
iridology has been combined to detect the
weakness of pancreas indicating the symptom
of diabetes much prior to actual symptoms.
The proposed system does not diagnose the
disease but can be an aid to the doctor to
diagnose the disease. The overall accuracy of
82.12% with higher sample size indicates the
effectiveness of the system. The system
accuracy can be improved further with more
features and improved/cascaded classifiers.

. sin

( ) +

34

4. CONCLUSION

where, ( , ) is coordinates of spatial region,
is the standard deviation
represnts
frequency component and
is direction
parameter of filter.
Iris feature vector is obtained by
combining 12 energy features computed
along four different directions and with three
different frequencies.The energy for each
channel is computed as:
(

[5]
Broken
tissues in
pancreas [4]
Proposed
Model

The overall accuracy of 82.12% with higher
sample size demonstrates the effectiveness of
the system.

)

exp −
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Abstract: Metrology associated during the assembly and integration of the attitude sensors,
typically an earth sensor, to the Spacecraft. Specifically, this paper will outline the non contact
measurement techniques used in the alignment of the spacecraft, bringing out the advantage of
one over the other, along with the individual limitations.When using the theodolitefor autocollimation as a non contact measurement technique, ISRO Satellite Centre (ISAC) has
developed a C’ language based program to calculate the averages of the readings of the
theodolite faces.The auto-collimated images from the mirrored faces of the sensor cubes are
measured relative to the reference cubes.They then define unit vectors that point in the direction
perpendicular to the cube face. With the help of these tilts the direction cosines of the unit
vectors that define the directional pointing rotations around coordinate axes are calculated.
These direction cosines are subsequently compared with the required DC’s generated at the
time of subsystem cube measurement. If the difference is found more than the specified
tolerance for a particular rotation then that is quantified and rectified using mechanical
assembly procedures. This paper gives the detailsof alignment of earth sensor as an illustration
for the methodology adopted, wherein it will cover the alignment technique used, calculation of
direction cosines of cube normal and the rectification process in detail.

1.

required tilts and the actual measured tilts of
the cubes on the earth sensor. Here a synergy
of the auto collimation technique with the
close range photogrammetric technique is
utilized to compute the matrix using
Spacecraft coordinate system. Both the
techniques will be elaborated in the sections
to follow.

INTRODUCTION:

The alignment of the earth sensor in a
spacecraft is carried out using auto
collimation technique. The instrumentation
used for these measurements is an auto
collimating theodolite. There are two major
nuances in this method of alignment. The first
being that here the optical cube mounted on
the sensor body is being measured by a
theodolite with respect to another master
reference cube located at a convenient place
on the body of the spacecraft. It is a variation
in terms of the application of theodolite used
for auto collimation. Although the procedure
adopted here has been implemented by other
space agencies in reflector (more than 2 m in
size) alignment. But here, the technique is
being utilized for a much smaller
subsystem(around 200mm) for example an
earth sensor.Moreover reflector alignment
needs deployment of the reflector on a leveled
surface plate with the S/c also in leveled
condition.Whereas in the case of sensor
alignment any orientation of the s/c on the
satellite assembly fixture is ok to carry the
alignment as it is being done with respectto a
reference cube whose biases shall also be
added while calculating the final tilts of the
cube normal’s of the sensors. The second
nuance is the mathematical approach used for
calculating the error matrix of the earth
sensor. This error matrix is the generated by
calculating the difference between the

1.1 Importance of Earth Sensors in the S/c
Earth Sensors work by sensing radiation in
the infra red region of 14-16 microns. They
are required to work 24 /7.They is mounted
on the satellite along the yaw axis and they
look at earth for sensing. They detect the
temperature difference between warm earth
and cold space. This heat difference is
converted to an electrical signal by a Ge
immersed thermostat bolometer detector.
These electrical signals are processed to
provide attitude errors for roll and pitch
directions. These sensors provide attitude
errors with and accuracy of 0.1 degree.
2.

NON CONTACT OPTICAL
MEASUREMENT TECHNIQUES

Auto-collimation: It is the process of sighting
with a telescope focused at infinity to an
optically flat mirror.
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Fig.3.Direction Cosines Computed using the
tilts of the cube.

Fig.1: Auto Collimation
3.

Table 2.Transformation Matrix (Sequence of
rotation Roll-Yaw-Pitch)

CLOSE RANGE
PHOTOGRAMMETRY(CRP)

Photogrammetry is a non contact multiple
point measuring tool that is capable of high
accuracy measurement of 10 to more than
1000 points simultaneously. Photogrammetry
utilizes the principle measurement using an
intelligent camera and photographs. It utilizes
the images of an object taken from a variety
of directions. The 3-D location of each point
is further computed using principle of
triangulation.

5.

The techniques used for the alignment of the
earth sensor at spacecraft level were
explained in detail in this paper .The
generation of the error matrix along with the
correction of the sensor using mechanical
shimming process was also explained.
6.
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Fig.2:Photogrammetry Principle
4.

2.

EARTH SENSOR ALIGNMENT
Table 1.Tolerance provided to the earth
sensors
Yaw
Roll
pitch

CONCLUSION

±1'12"
±0'36"
±1'12"

3.

If the errors are not with-in the tolerance as
shown above then the required correction
should be done in order to correct the
misalignment of the sensor. This is usually
carried out by shimming at the interface of
the sensor with the Spacecraft.

4.
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Robot Navigation in Dynamic Environment of Random Shaped Obstacles
Avneesh Mittal, Vijay Sharma, Avinashi Kapoor and T. K. Saxena
CSIR-National Physical Laboratory, New Delhi
Email: tushyaks@gmail.com
Abstract:-Autonomous robot application includes unmanned navigation in a hazardous
environment or loading and unloading of heavy materials in an industry. Robot navigation for a
collision free path in a dynamic environment, having randomly shaped stationary obstacles has been
simulated in the work presented here.

sensors. A cost effective prototype robot has
been designed around 89C51 microcontroller as
shown in Fig 1. The developed hardware is cost
effective as the total cost was less then ` 500.
The developed system finds applications in
unmanned vehicles in a hazardous environment.

1. INTRODUCTION
Robot navigation for a collision free path in a
dynamic environment, having randomly shaped
stationary obstacles has been simulated in the
work presented here. Several methods or
techniques have been used by different
researchers [1-4] for the path planning by an
autonomous robot during navigation in an
uncertain terrain has been one of the major
areas of research these days. Typical application
includes unmanned navigation in a hazardous
environment or loading and unloading of heavy
materials in an industry. A similar application
has been taken by NASA for its Mars mission.

2. SOFTWARE
The software has been developed in Visual
BASIC 5.0 language which allows navigation of
a robot in two dimensional domains. The aim is
to obtain a collision free, time optimal
navigation from a start point to a target point
among random shaped static obstacles. When
the program is started it considers the grid as
domain. The obstacles were assumed to be
centered on the grid node only. Moreover, if
dynamic in nature. Randomly chosen
environment form at the start of the program is

In the present work, robot navigation has been
done on a prototype developed using IR
need arises the obstacles can be created on run
time during navigation to make the environment

Fig.1: Developed prototype robot for navigation in an hazardous
shown in Fig. 1. The robot is allowed to move
one step in one of the possible directions of
equal length after sensing the possibility.
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Which can also be incorporated in the designed
software. Also the static obstacles, considered
here, can be assumed to be moving one. The
dynamics of the robot and the obstacles should
then be incorporated. The glass obstacles may
be intercepted using ultrasonic sensors. Authors
are presently working on some of the issues
discussed here.
5. REFERENCES
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Fig. 2. Creation of some more obstacles after the
navigation has started.
3. SIMULATION RESULTS
Fig. 3 shows successful simulation result of the
above environment. It was observed that if no
obstacle, was created during navigation the path
taken was of minimum length. If the obstacles
were created after navigation starts the aim left
was to avoid the obstacle and reach to the goal.
The path is also the least from the point we
created the last obstacle in the path of the robot.

Fig. 3. Successful Navigation of the path
4. CONCLUSION
Unmanned vehicle is used in these days for
various industrial applications, e.g. in a
hazardous environment or loading and
unloading heavy loads. Several attempts [5-8]
have been made to analyze the problem by soft
computing methods like fuzzy, neural network
and genetic algorithm control.
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Development of Nano Particle Based Relative Humidity Sensor with
Signal Conditioning Circuit
Shailesh Kumar, Amrita Sinha and Santosh Sonar
Thapar University, Patiala
email: shailesh@thapar.edu
Abstract: A Relative humidity sensor was fabricated based on porous thin film of γ-Al2O3
formed between the interdigitaded gold electrodes working on capacitive technique. The film
was fabricated by dip coating of sol solution obtained from the sol-gel method. The electrical
parameters of the sensor have been determined by Agilent 4294A impedance analyzer. The
sensor so obtained is found to be sensitive in 10 to 98% RH. The response time of the sensor is
very low around 20 seconds, and recovery time 10 seconds. A suitable signal conditioning
circuit has been developed to convert the capacitance change into a voltage signal. The
prototype instrument has the potential for measuring humidity in different application.

1.

developed to convert the capacitance change
into voltage signal.

INTRODUCTION
To fulfill the industrial needs of humidity
measurement, low cost humidity sensors are
usually fabricated using electrolyte, organic
polymer and porous ceramic materials [1-2].
Unlike resistive humidity sensors, capacitive
sensors are characterized by low temperature
coefficient, ability to function at high
temperatures,
full
recovery
from
condensation and linear response. The
response time ranges from 30 to 60s for a
relative humidity (RH) change of 10 to 98 %
[3]. Ceramic material which can be made
both thick film and thin film offers excellent
physical and chemical stability for RH
sensing applications [4]. The porous ceramic
in thin film form offers very large surface to
volume ratio which is suitable to enhance the
sensitivity of the sensor for measuring traces
of humidity in certain crucial application like
transformer oil. Among different methods of
porous metal oxide, the sol-gel process is
found to be industrially promising technique
to prepare thin film on large as well as small
area substrate, speedy deposition and low
material consumption rate .Present paper
describes the fabrication of a porous alumina
based capacitive humidity sensor and
development of signal conditioning circuit.
The sol-gel method was used to prepare
nonporous structure of humidity sensor. The
sensor was fabricated by preparing coating
sol having pure porous aluminum hydroxide.
A thin film of γ-Al2O3 was then deposited on
inter digital electrode by dip coating method.
The film was used as moisture absorbing
dielectric layer for a capacitive humidity
sensor. Experiments have been conducted to
measure humidity in the range of 10 to 98%.
Signal conditioning circuit has been

2. FABRICATION OF THE SENSOR
Alumina sol was prepared by the Yoldas
process [4]. 0.125gm of polyethylene glycol
were added to the sol for making a thin film
of sensing layer. Gold printed interdigitated
electrode on an alumina substrate was made
by screen printing technique and then kept in
furnace at 900◦C for annealing. The dielectric
film was then dip coated by dipping the
electrode substrate in the prepared sol at a
speed of 10 cm/min and then pulling out at a
speed of 1 cm/min. The process was repeated
six times. This was followed by drying and
then sintering the films at 450◦C for 1h. Thus,
a dielectric layer on gold electrode forms a
capacitive sensor as shown in Fig.1 (a) & (b).

Fig. 1. (a) Schematic diagram of the sensor,
(b) Photograph of the sensor.

Fig. 2. Transient response of the sensor.
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3. RESULT AND DISCUSSION
The sensor is placed inside the desiccator
where different percentage relative humidity
in the range of 10 to 98 % was created using
saturated salt solutions and the terminals are
connected to an Agilent 4294 A Impedance
Analyzer through shielded cable. The sensor
was tested at signal frequency of 1 kHz. The
low signal frequency has been selected
because most of the humidity sensors show
maximum sensitivity at low signal frequency.
Experiments have been performed to
determine the response and recovery times,
sensitivity, repeatability of the sensor. Fig.2
shows the transient response of the sensor for
10-95% change in RH showing the response
time of 20 Sec. and recovery time of 10 Sec
respectively. The capacitive response curve is
shown in Fig. 3. It is observed in the figure
that below 50% RH, capacitance change is
small and above 50%, capacitance changes
significantly. The behavior is suitable for
making humidity controlled switch. The
sensor output response is almost identical for
the similar humidity level for both increase
and decrease in humidity. When the sensor
was refreshed with dry silica gel, the
capacitance value reaches its initial reference.
The circuit shown in the Fig, 4 utilizes the
phase detection principle to convert the
capacitance into the voltage signal. Humidity
is converted into the voltage signal through
the low pass filter.Voltage out put of the
signal conditioning circuit with the variation
of the humidity of the humidity sensor is
shown in Figure-5.

.Fig.5. The voltage output of the timer circuit
with humidity.
4. CONCLUSIONS
An interdigitated capacitive humidity sensor
has been fabricated by sol-gel method.
Response characteristics have been studied
by impedance analyzer. A suitable signal
conditioning circuit has been developed to
convert the capacitance change into voltage
signal.The prototype instrument has the
potential for measuring humidity in different
application.
5. ACKNOWLEDGEMENT
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Fig. 3. Capacitive response of the sensor.

Fig. 4. Capacitance to voltage converter
circuit
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Measurement of Critical Current Densities of a High Tc Superconductor
with Nano-Size Dopants.
Suchi Sharma1, Swati Kumari and P. L.Upadhyay
CSIR- National Physical Laboratory, New Delhi; 1VIT University, Vellore
email: pushpa@mail.nplindia.org
Abstract: Production of high magnetic fields using superconducting materials depends crucially on
the current carrying capacity of the superconductor. Determination of this critical current parameter
(Ic) involves measurement of very small voltages (micro-volts) and choosing a suitable criteria for
defining Ic. This paper reports measurement of Ic on different samples of high Tc superconductors
and discusses the choice of criteria to be used or defining the Ic of these materials.

the detectable voltage when a current is passed
through the sample should be zero.( Details of
measurement method and the difficulties
associated with measurement of extremely small
voltages are discussed in another paper, [1] ).
For detecting the transition to the normal state
for determining the maximum allowable current
in the sample, the current –voltage
characteristics (I-V) are plotted and a specific
value of voltage generated defines Ic, the
critical current.
The standard criteria for
determination of Ic is generation of 1 µV per cm
of the sample which defines Ic but depending
upon:
i. the experimental set-up,
ii. sensitivity of the instruments used,
iii. the design of the conductor consisting of the
superconducting material,
iv. the application in which the conductor is to
be employed, this criteria can be modified.
For short-sample testing of the conductor
which is employed in the fabrication of the
superconducting solenoids in MRI type of
applications more sensitive criteria of 0.1
µV is generally used. For our studies on
ceramic superconductors, which are
granular in nature a less sensitive criteria of
1 µV /cm ( or even 5 µV/cm for some
samples) has been used, the justification
for which is evident from the results
presented below.

1. INTRODUCTION
The most widespread use of superconducting
materials in our day-to-day life is for the
superconducting magnets employed in the
Magnetic Resonance Imaging (MRI) units in
hospitals. High magnetic fields required in the
MRI systems are very conveniently produced
using solenoids made of superconducting wires
which offer the ease of compactness and
portability - not available with the conventional
copper wire solenoids. It is for this reason that
MRI units have become a common place
instrument even in small cities of India,
facilitating the diagnosis of complicated brain
and spinal diseases. Production of high magnetic
fields using superconducting materials depends
on the current carrying capacity of the wire, as
with the normal good conducting wire like
copper, but the current flow mechanism in a
superconductor is very different from that of the
normal metal current flow. It is because of this
difference there are many difficulties associated
not only with the measurement of the critical
current (Ic) but there are many ambiguities in
defining the criteria for defining Ic, the
maximum
allowed
current
in
the
superconducting state. The aim of this paper is
to report measurements on critical current
densities of high temperature superconducting
materials as bulk ceramic pellets of YBa2Cu3O7x with nano-sized dopants with the above issues
in mind.

3. RESULTS AND DISCUSSION
Fig 1 shows the I-V plots of a sample of Agsheathed
conductor
of
BiPbSrCaCuO
superconductor and Fig. 2a shows the same plot
for a pellet sample of YBCO (pure). We notice
from the figures that the rise in voltage upon
increasing the current is slower for the pellet

2. CRITERIA FOR DEFINING IC AND
SAMPLE QUALITY.
In the superconducting state the material is
supposed to show a true zero resistance; which,
when translated into experimental terms means
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sample than for the Ag-sheathed tape conductor.
The reason for this behaviour is that the current
flow in pellets is limited by the weak-links at the
grain-boundaries whereas these weak-links get
partially eliminated due to rolling in the tape
conductors.
Fig(1) I-V curves for BSCCO tapes

0.007
0.006

Rolling+sintering-once
Rolling+sintering-twice
Rolling+sintering-thrice

Fig.2. I-V characteristics of a) Pure YBCO b)
Nano Mo-doped YBCO

Voltage(mV)

0.005
0.004
0.003

4. CONCLUSION

0.002
0.001

The standard 1 µV/cm criteria for defining Ic,
the critical current can be safely used for the
ceramic samples with bad grain coupling but
must be suitably modified (to a more sensitive
one) when sharper transitions are observed in
the I-V plots, as in the case of samples doped
with nano-sized dopants. This is particularly
important while testing the conductor made
from
superconducting
material
and
recommending it suitable for fabrication of
solenoids.

0.000
-0.001
0 2 4 6 8 10 12 14 16 18 20 22 24
Current(A)

Fig. 1. Curve b/w Voltage and current
The sharper curve of Fig. 1 necessitates defining
Ic at a smaller voltage criteria than the standard
1 µV/ cm criteria. A similar effect is observed
in the YBCO superconductor when doped with
nano-size elements. Fig.2 (b) Here the graincoupling improves as a result of doping with
nano-particles of Mo (details of sample
preparation in ref.2) resulting in an increase of
critical current and a sharper I-V curve.
It is clear that the rate of increase of voltage as
the transition takes place from the
superconducting to normal state varies with the
sample quality and the criteria for defining Ic
should accordingly be selected.
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Design and Development of Micro-Capacitive Pressure Sensor for
Aerospace Applications
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Abstract: The work presented in this paper involves design, fabrication and
characterization of a micro capacitive pressure sensor for aerospace application. The design
and analysis of this micro sensor have been carried out using Coventorware software
through Poly MUMPs (Polysilicon Multi User MEMS Process).This presented MEMS
pressure sensor is capable of measuring pressure between 1 bar to 17 bar (upto 4.5 mN) and
sensitivity is 0.6aF/mbar which is useful for barometric altimeter. The paper also describes
the mechanical characterization using Nanoindentor to meet the designed specification.The
SEM images of these fabricated Micro Capacitive Pressure Sensors have been captured
using for ensuring the releasing of the structures.

1. INTRODUCTION

y=

A barometric altimeter computes the air
pressure identical to a meteorological
barometer and then converts that
measurement into an amount of altitude
[1]. Accuracy and size are the major
concern in altimetry. MEMS technology is
suitable for this application because it
provides the advantage of small size with
improved sensor performance. Capacitive
pressure sensors have higher sensitivity,
low power consumption, less temperature
sensitivity and better stability compared
with other types of pressure sensors. In the
presented work, Micro Capacitive Pressure
Sensor has been implemented for aerospace
application which operates on the principle
of pressure induced deflection of a flexible
membrane and subsequent measurement of
capacitance [2].
2. SENSOR DESIGN
The fixed-fixed beam structure of the
MEMS pressure sensor as shown in Figure1 is equivalent to a two-parallel plate
capacitor model. Poly0 layer is used as a
bottom plate of the capacitor and it is fixed.
Beam works as the top plate of capacitor
and it moves down according to applied
pressure. Both Poly1 and Poly2 layers are
combined for getting thicker beam, i.e.
3.5μm [2]. As the pressure load is applied
on the top of the beam, it will be pulled
down and capacitance between ground
plate and fixed beam will be changed. This
deflection ‘y’ can be given by:
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(1)

Fig.1. Fixed- fixed beam.
Where L = length between fixed points of
the beam (in μm), E = modulus of elasticity
(in MPa), T is the thickness of beam (in
μm) and P is the applied load (in MPa). It is
clear from Equation-1 that the deflection of
beam is independent of the width. The pullin voltage of the beam also depends on the
dimensions of the beam [3]. The expression
for pull-in voltage is

V pi =

8 KT 3
27ε 0 ε a A

(2)

Here, εa is the relative dielectric constant of
vacuum i.e. 1. A is the area of beam. K is
the spring constant.

3. RESULTS AND DISCUSSION
The designed MEMS Pressure sensors have
been fabricated in MEMSCAP foundry
using PolyMUMPs process. All technical
specifications of the designed pressure
sensor are summarized in Table1.
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Table 1. Technical Specifications of the
designed pressure sensor
Beam Length
Beam Width

110 μm
24 μm

Beam Thickness
ap between two
electrodes
Pressure Range

3.5 μm
2 μm
1 bar to 17 bar
(upto 4.5 mN)
644 Volts
15 fF to 25 Ff
0.6aF/ mbar
562 KHz

Pull-in Voltage
Capacitance Range
Sensitivity
Resonant frequency

Fig. 4. LDV response of a Presser sensor
showing the resonant frequency of 562
KHz.

4. CONCLUSION
MEMS capacitive pressure sensor designed
and analyzed using Coventorware Software
through
PolyMUMPs
has
been
mechanically
characterized
using
nanoindentor which shows a linear relation
between the displacement of the beam and
applied load on the top of beam. This
deflection can be captured in terms of
change in capacitance or change in voltage
by connecting suitable read-out circuit to
the sensor. SEM images have been
captured for ensuring the releasing of the
structures. The future focus will be on
packaging of fabricated MEMS pressure
sensor.

The gap between bottom plate and beam,
as captured by SEM image (refer Figure-2)
reveals that the devices are released.

Fig. 2. Confocal Microscope image and
SEM image of fabricated sensor
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Fig. 3. Mechanical Characterization using
NanoIndentor
A Laser Doppler Velocitymetry (LDV)
system has been used to map the spatial
motion of the elements in response to
electrostatic excitation as shown in Fig. 4.
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Development of a Prototype of Automatic Water Flow Measurement
System
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Abstract:- The present paper reports the design and developmental aspects of a prototype of an
automatic primary water flow standard. The system is based on a unique design of dual
weighing pan technique basically reducing diverter error (the main uncertainty contribution) and
consequently improving measurement uncertainty of the system. The system thus developed is
capable of measuring water flow in the flow range from 300 to 100000 litre per hour (l/h) using
different types of flow meters from 15 mm to 100 mm. The details of various uncertainty
contributions estimated for a single pan are also reported. The estimated relative expanded
uncertainties of the system for collected water mass of 2000 kg and 1000 kg as 0.03% and
0.05% (at k=2), respectively is considered to be excellent in this flow range. The prototype
system is certainly a low-cost solution to Indian users and industries.

1. INTRODUCTION
The Fluid Flow Metrology Group of NPLI is
actively engaged in the development of fluid
flow (gas and liquid) primary and secondary
standards. As a follow up, upgrading the
existing water flow calibration facility
(WFCF) is the current agenda of the activity.
Recently, the group has completed the
development of a prototype automatic water
flow standard of DN100 size (mid size facility
between existing DN200 and DN50). The
design, fabrication, testing, performance
evaluation and uncertainty estimation are
described in brief here in this paper and will
be presented in details in the conference
presentation.

Fig.1. Schematic diagram of Prototype Water
Flow Calibration System developed
The WFCF is a closed-loop system. It has a
sump tank of size (30 × 3 × 3) m3 and having
capacity of storing 270 m3 of water. Three
constant speed pumps (each of 37 kW i.e. 50
hp and having a flow capacity of 240 m3) is
used to pump out the water to CLOT which
has a capacity of 21 m3. The different parts of
the system like weighing tanks, load cells,
pressure indicator, temperature sensor (with
indicator), flow control valve, electromagnetic
flow meter, drain valves, diverter, flow nozzle,
fishtail, etc. was integrated and necessary
software was developed in LabVIEW for data
acquisition, automatic operation and controls.
3. RESULTS AND DISCUSSION

2. EXPERIMENTAL SET-UP
The design of prototype water flow calibration
system developed is based on gravimetric /
weighing method following specifications of
all design components as per ISO 4185 [1].
This method is also considered as a primary
method in flow metrology as flow is realized
in terms of fundamental units of mass and
time. Water collected in a predetermined time
is simultaneously weighed. The flow rate is
then determined from the specified volume of
the collected water in predetermined time
using Eqs. (1) and (2). Figure 1 shows the
schematic diagram of the prototype system.

All the instrument used in this system (tanks,
load cells, load cell indicators, universal
counter, digital multimeter, barometric
pressure indicator, temperature and humidity
indicator, PT-100 sensor & indicator) was
calibrated against appropriate national
standards of respective parameters. Fig. 2
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shows the photograph of calibration of
weighing system using dead weights.

Table 1 shows uncertainty budget of the new
Prototype Water Flow Calibration System.
Table1. Uncertainty Budget of New Water
Flow Calibration System of size DN100
Sources of
Uncertainty

Collected
water
mass in weighing
tank
Collection
time
(including diverter
timing error)
Water density

Fig. 2 Calibration of weighing system using
dead weights
In the static-gravimetric systems, the mass
flow rate, qm, and the volumetric flow, qv, are
determined as follows;

M
qm =
∆t
qm
M
qv =
=
ρ ∆t.ρ

Combined
uncertainty (uc)
Expanded
uncertainty (U) at k
=2

(1)
(2)

Where,

uM + uΔt + uρ
2

uq v is

2

2

the

0.01%

0.005%

0.005
%
0.023
%
0.05%

0.015%
0.03%

The design, fabrication, development and
performance evaluation of a new Water Flow
Primary Standard of size DN100 based on
gravimetric method have been described. The
relative expanded measurement uncertainty
estimated for a single weighing pan are found
to be 0.03 % and 0.05 % at 2000 kg and 1000
kg, respectively, which are excellent
uncertainties achieved in this type of a primary
standard. Further work on the software
development and performance evaluation
based on double weighing pan is in progress
which would further improve the measurement
results. A bilateral comparison with some fluid
flow laboratory is

(3)
combined

0.01%

4. CONCLUSION

where M is the mass of the collected water
during time interval ∆t and ρ is the density of
water. The combined uncertainty associated
with a volumetric flow rate is then estimated
as follows;

uq v =

Standard uncertainty
At 2000
At
kg
1000
kg
0.01%
0.02%

standard

uncertainty of the volumetric flow rate; uM,
u∆t, and uρ are the standard uncertainties of the
collected water mass, collection time and
liquid density, respectively. The diverter error
was evaluated following the procedure
described in ISO 4185. The uncertainty of the
system was estimated using ISO 4185, ISO
‘GUM’ and ISO 5168 standards [2].
While determining the system’s uncertainty,
only uncertainties of the instruments used in
the system are used. The Type A uncertainty
of Device Under Calibration (DUC) is not
included. Accordingly, the overall system
uncertainties at 2000 kg and 1000 kg collected
water mass are estimated as 0.03 % and 0.05%
(at k=2) respectively. For a typical calibration
of electromagnetic flowmeter at 12000 l/h, the
expanded uncertainty of the measurement was
estimated as 0.1% at k=2 for 95% confidence
level (Type A uncertainty of DUC included).
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Uniform Temperature Distribution of MEMS Micro-heater for Efficient
MEMS Based Gas Sensors
Palak Bhatt, Manish Deshwal, H. Monga1 and Anil Arora
Thapar University, Patiala; 1Baddi University, H.P.
email: anil.arora@thapar.edu
Abstract: In this study, the design of micro-heater was carried out by achieving temperature
uniformity of micro-heater for detection of gases efficiently. The micro-heaters are designed by
using SiO2 as base material and Polysilicon for micro-heater. By changing only micro-heater’s
dimensions for constant surface area and constant supply voltage, overall surface temperature
uniformity has been achieved which is helpful to improve the detection capabilities of gas
sensors. COMSOL Multiphysics tool has been used for design and simulation process of microheater’s geometries.

Q α │J│2
(4)
The coefficient of proportionality is the electric
resistivity ρ = 1/σ, which is also the reciprocal of
the temperature-dependent electric conductivity σ
= σ(T). By combining all,
σ = σ (T)
(5)
Q = ρ*│J│2
= (1/σ)*│σ E│2
= σ│∇V│2
(6)
Over a range of temperatures the electric
conductivity σ is a function of temperature T
according to:
σ = σ0 / [1+α (T-T0)]
(7)
Where σ0 is the conductivity at the reference
temperature T0, α is the temperature coefficient of
resistivity, which describes how the resistivity
varies with temperature. From the above discussion,
we can say that temperature is dependent on voltage
gradient and micro-heater dimensions. The derived
equations have been solved under Dirichlet,
Neumann, and mixed boundary conditions
numerically.

1. INTRODUCTION
MEMS based gas sensors are widely used in
detection of hazardous gases like CO2, CO, NO2,
NO, N2O, H2S, NH3, CH4 and SO2. In gas sensor,
absorption of oxygen occurs on sensing surface
when surface is heated [1]. The adsorption process
which occurs on the chemiresistive surface of gas
sensor generates O2-, O- and O2- ions which have
acquired electrons from conduction band. These
ions are stable at high temperature. So it is
necessary to make uniform high temperature on the
sensing surface for proper detection of these gases.
For improving temperature uniformity on sensing
surface, two types of geometries for micro-heater
are designed, compared and analyzed. Design and
simulation are carried out by Electro-Thermal FEM
(Finite Element Method) with COMSOL
Multiphysics tool.
2. MATHEMATICAL MODELING
ELECTRO-THERMAL ANALYSIS

FOR

The heating power (P) of a micro heater can be
calculated by applying a voltage (V) across the two
ends of a resister with a resistance (R).
P = V2/R
(1)
A resistance of micro-heater can be found
by equation,
R = ρl/ wt
(2)
Where ρ is the resistivity of material, l is
the length; w and t are the width and the thickness,
respectively. From equation (1) and (2), we have
P = V2wt / ρl
(3)
Therefore, by varying the dimensions l, w and t of
geometry, overall power can be controlled.

3.
ANALYSIS
GEOMETRIES

OF

MICRO-HEATER

Two meander geometries covering area 110µm X
110µm having base materials of SiO2 (to avoid
direct damage on resistive surface) of height 2µm
and micro-heater material as Poly-Si of height 2µm
have been designed. The geometries are analyzed
by applying a voltage potential of 2V. The end
where potential is applied is maintained at 323K.
Fig.1 and Fig.2 are 3D view of meander geometries
having equal stripe and spacing of 10µm and 20µm
respectively.

Also in joule heating or ohmic heating, the change
in voltage causes change in resistive heating. The
generated resistive heat Q is directly proportional
to square of the magnitude of the electric current
density J. Also the electric field equals the negative
of gradient of the potential V. and current density
also proportional to electric field E [2].

4. ANALYSIS
GEOMETRIES

OF

MICRO

HEATER

For simulation in COMSOL Multiphysics, constant
voltage potential is applied at one end of meander
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Simulation result shown in Fig.4, meander
geometry having equal stripe and spacing of 10µm,
is having improved temperature uniformity
(68.18%) as compare with (Fig.3) meander
geometry having equal stripe and spacing of 20µm
(around 50. 0%) .

geometry and ground to the other end. Further
simulation results are shown in Fig.3 and Fig.4

6. CONCLUSION
A thermal model of micro- heaters are designed and
simulated using COMSOL Multiphysics. The result
shows the variation of temperature across the same
type of geometry for the applied voltage. It was
found that as micro-heater geometry cover larger
areas, results in more uniform temperature on the
surface. There was found many effective
improvements in the temperature upgrade path
while learning new features of the COMSOL
Multiphysics. That will be future work to improve
the geometry for fabrication of a micro- heater with
these results.

Fig.1 3D view of Meander geometry having
equal stripe and spacing of 20µm

7. Table
Property
Co efficient of thermal
expansion
Heat capacity at constant
pressure

Fig.2 3D view of Meander geometry having
equal stripe and spacing of 10µm

Value
2.6e6[1/K]
678[J/(kg*K)]

Relative permittivity

4.5

Density

2320[kg/m^3]

Thermal Conductivity

34[W/(m*K)]

Young’s modulus

160e9[Pa]

Poisson’s ratio
0.22
Table 1: Properties of the heater material
(Polysilicon- Poly-Si) [3].
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Fig.3 simulation result of Meander geometry
having equal stripe and spacing of 20µm

Fig.4 simulation result of Meander geometry
having equal stripe and spacing of 10µm
5. RESULTS AND DISCUSSION
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Optical Frequency Metrology at CSIR-NPL, India
S. De, N. Batra, A. Rastogi, S. Panja and A. Sen Gupta.
CSIR-National Physical Laboratory, New Delhi.
email: sde.subhadeep@gmail.com
Abstract: We are developing an optical frequency standard with a single trapped Ytterbiumion(171Yb+). The clock will operate at the ultra-narrow electric octupole (E3) transition at the
wavelength 467 nm. The energy levels associated to theclock transition are sensitive for
measuring the violation of the temporal constancy of the fine structure constant α and electronto-proton mass ratio. The ion will be confined in a Paul trap and laser cooling will be employed
for cooling the ion at MK. We shall report design of the ion trap and optical setup associated to
laser cooling.

1.

INTRODUCTION

The primary frequency standard in the SI unit
relies on the microwave excitation
ofCesium(133Cs) atoms between its doubly
splitted hyperfine ground states, which has
achieved the fractional accuracy Δν/ν = 2.1 ×
10-16 in a133Cs-fountain [1].An optical clock
operates at 1014 Hz,provides two orders of
magnitude more accuracy than a 133Cs
fountain clock. Optical frequency standards
can be realized by probinga ultra-narrow
transition either of a single ion confined in a
Paul trap or neutral atoms stored in an optical
lattice. A single trapped and laser cooled ion
provides better long term stability since they
are free from Coulomb and intra-atomic
interactions. Ytterbium ionhas three potential
transitions for the frequency standards: two
electric quadruple (E2) transitions at 435.5
nm and 411 nm and oneE3-transition at 467
nm of linewidths 3 Hz, 22 Hz and ~nHz
respectively (Fig. 1). We are aiming to probe
2
the
S1/ 2 ; F = 0, mF = 0 − 2 F7 / 2 ; F = 3, mF = 0

Fig. 1. Lowest lying energy levels of 171Yb+.
A Paul trap requires combination of a
static,U, and oscillating,V cosΩt, electric
fields,Vt = U + V cosΩt, to alter the local
minima of the confining potential Φ(x,y,z,t)
along the radial and axial directions. A
harmonic potential is desired since the
restoring force increases linearly along all the
directions from the trap centre. A nearly
harmonic potential can be achieved by
choosing appropriate geometry of the trap
electrodes.The
numerically
simulated
potential (Fig. 2) of our trap has
fractionalanharmonicities 0.017 and 0.092
along
the
axial
and
radial
directionsrespectively. We have chosenthe
end-cap geometry[4] due to its most optimal
optical access which will be requiredfor five
lasers and the Yb-atomic beam, all impinging
on the single ion. The end cap trap consists of
a pair of electrodes facing each other. Figure
3 shows CAD drawing of our trap mounted
on a UHVfeedthrough. Each of the electrodes
consist atantalum rod of diameter 1 mm and a
tantalum tube concentric to that rod of inner
and outer diameters 1.4 mm and 2 mm
respectively. Faces of therod and tubes are
machined at particular angles for minimizing
the anharmonicity in the trap potential.

transition at wavelength 467 nm for the first
optical frequency standard in India. The
magnetic field insensitive mF = 0 sublevels
associated to the clock transition are free from
the first order Zeeman shift. Single trapped
ion stored in an ultra high vacuum (UHV)
will be free from the Coulomb and intraatomic interactions. These reduce systematics
uncertainties of the precision frequency
measurement. The energy levels associated to
the clock transition are sensitive to test the
temporal constancy of α [2, 3].
Fig. 1. Transitions for frequency standards
(dashed lines) and for laser cooling (solid
lines) are indicated. Branching from the
excited states is shown in dotted lines.
Wavelengths and hyperfinesplitting are given
in nm and GHz respectively.
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required for confining them within sub
wavelength spatial extension (Lamb Dicke
regime).The ions are then free from the first
order Doppler shift, which is particularly
necessary for precision measurements. The
fluorescence from the trapped ions at the
369.5 nm will be detected using a
photomultiplier tube. Three orthogonal pairs
of combined laser beams at wavelengths
369.5 nm and 467 nm are required for
measuring micro-motions of the ion along the
three directions.
Fig. 2. Normalized potential profiles for our
trap geometry along the radial (r) and
axial (z) directions.

Design of the ion trap and UHV chamber is
ready for fabrication. We are engaged in
designing the optical setup associated to
photoionization, laser cooling of the ions,
frequency stabilization of all the lasers and
setting up very high resolution imaging optics
for detection of the small signal coming from
a single ion.

Fig. 3. CSIR-NPL design of the end cap trap
mounted on an 8-pin CF35
feedthrough.
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2.

Ytterbium atoms coming out ofa resistively
heated oven which will be photo ionized
using a pair of laser beams at wavelengths
399 nm and 369.5 nm. The laser cooling
incorporates a laser which drives the
2
transition
at
S1 / 2 ; F = 1 − 2 P1 / 2 ; F = 0

3.

wavelength 369.5 nm (Fig.1). An effective
closed transition requires depopulating the
2
2
and
states.
D3 / 2
F7 / 2 hyperfine

4.

Additional pair of lasers at wavelengths 935
nm and 760 nm are required for re-pumping
atoms from these states. Cold ions are
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Generation of Isotopic Rubidium for Rubidium Atomic Frequency Standard
Ashish Agarwal and A Sen Gupta
CSIR-National Physical Laboratory, New Delhi
email: ashish@nplindia.org
Abstract: Naturally occurring Rubidium (Rb) is composed of two isotopes; Rb85 (72.2%) and the
radioactive Rb87 (27.8%). Specified hyperfine transition of electrons in Rb87 atoms is used to control the
output frequency of the Rubidium Atomic Frequency Standard. The Rb87 isotope is extracted in the
laboratory by a chemical reaction under vacuum at very high temperature. The isotopic Rubidium along
with natural rubidium and buffer gas is then filled in glass bulbs to produce lamps which create the
transition in Rubidium absorption cell. The technology of producing the glass resonance cell with
optically flat windows is further developed. The amount of light from the Rubidium electrode less bulb
that reaches the photodetector through the Rubidium resonance cell drops by about 0.1% when the
Rubidium-87 atoms in the resonance cell are exposed to resonant microwaves having frequency of 6834
682 610.904 324 Hz.

1.

INTRODUCTION
Rubidium is an extremely reactive metal. It reacts
vigorously with oxygen when exposed to air. This
means that Rubidium has to be kept either in
vacuum or in inert environment all the time. We
decided to use the chemical reaction under
vacuum between Rubidium chloride (Rb87Cl) and
Calcium hydride (CaH2) to obtain Rb-87:

There are 29 known isotopes of rubidium. Natural
rubidium consists of two isotopes, rubidium-85
(stable with 72.15% abundance) and rubidium-87
(27.85% abundance, a beta emitter with a half-life
of 4.9 x 1010 years). Rubidium-87 (Rb-87) isotope
is used as a timing standard on which precise
atomic clocks are developed. These atomic clocks
form the Global Navigation Satellite System
(GNSS). GNSS transmit timing signals from these
space clocks for use in navigation and positioning
applications, anywhere on the surface of the earth
and have many strategic and civil applications.

2Rb87Cl(s) + CaH2(s) à2Rb87(l) + CaCl2(s) +
H2(g).
A quartz glass manifold was designed containing
a glass to metal adapter for coupling with the
vacuum system as shown in Fig 1(a). The reaction
was controlled by a temperature controlled
furnace shown in Fig 1(b), whose temperature
was gradually raised to 700ºC. The Rb-87
obtained was distilled into a small glass ampoule
shown in Fig 1(c).

Keeping this application in mind, we started
developing a Rubidium Atomic Clock in NPL. As
Rb-87 was hard to get, we developed a technique
to produce the isotope in laboratory. While
different chemical elements can be purified
through chemical processes, isotopes of the same
element have nearly identical chemical properties,
which make this type of separation impractical.
Normally, this is attempted through the process of
concentrating specific isotopes of a chemical
element by removing other isotopes, for example
separating natural uranium into enriched uranium
and depleted uranium.
The paper gives the complete process by
which we produce the enriched Rb-87
isotope. Further we also develop the process
of filling a glass bulb or cell with this isotope
along with one or mixture of buffer gases.
2.

CHEMICAL REACTION SYSTEM
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Fig. 1. (a) Glass manifold containing Rb87Cl and
CaH2 under ultra-high vacuum; (b)
Initiation of chemical reaction at 700ºC (c)
Extracted Rb-87 ampoule.
3.

FABRICATION
GLASS BULBS

OF

Rb-87

FILLED

The Rb-87 was released from the glass ampoule
under vacuum and transferred to the glass bulb by
creating a temperature gradient between the two
places. The vacuum system was kept at 200ºC and
a cold spot at 10ºC was created on the glass bulb
using a heat pipe cooled by chilled water. The Rb87 along with natural rubidiumand buffer gas
(Xenon) was gradually filled and the glass bulb
extracted by glass blowing.
Rubidium absorption cells were also produced by
filling them with natural Rubidium along with
buffer gas (Nitrogen) and extracting them by glass
blowing.
4.

SUMMARY

A Rubidium atomic clock is a frequency standard
in which a specified hyperfine transition of
electrons in Rubidium-87 atoms is used to control
the output frequency. The rubidium clocks operate
by disciplining a crystal oscillator to the rubidium
hyperfine transition of 6834 682 610.904 324 Hz.
The Rb87 isotope is extracted by a chemical
reaction under vacuum at very high temperature.
Atomic Clock glassware, has been developed at
NPL, and consists of Rb electrode less bulb and
absorption cell. The Rb bulb is housed in a lamp
consisting of 80-100 MHz, 3-4 watt exciter. The
bulb is excited through this lamp exciter. The light
from Rb lamp passes through the Rb absorption
cell inside which Rb hyperfine transition takes
place and is detected by a photo- detector. The
light intensity transmitted by this cell is used to
lock the frequency of an RF signal to an atomic
transition. The RF signal can be converted to
generate a train of one-second pulses for
timekeeping.
5.
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Measurement of Split Tensile Strength, Compressive Strength and
Workability of Concrete
Harpal Singh and Mandeep Kaur
Guru Nanak Dev Engineering College, Ludhiana
Abstract
The measurement of split tensile strength, compressive strength and workability of concrete is important for the
prediction of strength of members in reinforced concrete structures. These measurements are carried out in the
laboratory for the successfully. Experimental studies are carried out to predict the split tensile strength of the concrete
in terms of compressive strength and a mathematical relation has also been established.
and 1.5 % of cement were used. For Split Tensile Strength
(Fig. 1), for Workability and Compressive Strength were
carried out.

Introduction
Kocak (2010), Nanda et.al (2010), Demirel (2010) and
Kater (2011) investigated the properties of concrete in
laboratory. Such investigations in the field are difficult.
The compressive strength measurements and workability
investigations can be conveniently performed in the field.
In present study the relationship of split strength has been
established through laboratory tests so that split strength in
the field can be predicted from compressive strength.

Table: 2 Sieve Analysis and Physical Properties of Fine
Aggregate
IS sieve
No.
(mm)
4.75
2.36
1.18
0.60
0.30
0.15

Table: 1 Physical Properties of Cement
S.No Characteristics
1.

Standard Consistency

2.

Fineness of cement by
sieving through IS-90
micron standard sieve(%)
Setting times
Initial
Final
Specific gravity

3.

4.
5.

Compressive strength
(MPa) of 1:3 cement, sand
mortar using standard sand
after
7 days
14 days
28 days

Value obtained Value specified
experimentally by IS:1489-1987
30
7

<10

55minutes
510 minutes
3.15

>30min
<600min
3-3.15

30.50
45.00
53.00

>27
>37
-

Actual %age of
% age Wt.
Wt.
Wt. Cumulative %age of Passing as
retained retaine
%age
Wt.
per
(gm)
d
retained Passing IS-383100
95-100
25
0.25
0.25
99.75
95-100
60
0.60
0.85
99.15
90-100
145
14.5
15.35
84.65
80-100
550
55.0
70.35
29.65
15-50
285
28.5
98.85
1.15
0-15

Fineness Modulus = 1.85, Specific gravity = 2.64 and Zone
= IV
Observations:
The split test has been carried out as shown in Fig. 1. The
failed (splitted) cylinders are shown in Fig. 4. Compressive
strength of m1 concrete with different dosages of super
plasticizer has been shown in Fig. 2. Compressive strength
of m2 concrete with different dosages of super plasticizer
has been shown in Fig. 3. Relation between slump and
%age of super plasticizer has been shown in Table 4. It has
been also established as Y1 = 8.434 Y2- 8. 0476. The
Slump test has been carried out to find workability with
different % ages of slump. Relationship between Slump
and %age of Plasticizer has been shown in Table 4.

Measurement of Properties of Concrete
The properties of the concrete and its constituent materials
were investigated in the laboratory. The constituent
materials fine aggregate, coarse aggregate, cement and
super plasticizer are studied in the laboratory to meet the
Indian Standard requirements. The fresh concrete was
tested for the required workability. The hardened concrete
was tested for compressive strength and split tensile test at
the age of 7, 14, 28 days. The properties of the cement are
shown in Table 1. The sieve analysis properties of fine and
coarse aggregates are shown in Tables 2&3. The concrete
mix was designed as per IS Code Method. Concrete Mixes
are: M20 (1: 1.44: 3.29), with 0.5, 1.0 and 1.5 % of cement
Plasticizer (Sikament 600N )

Table: 3 Sieve analysis and Physical properties of coarse
aggregate
Mass of
Soil
IS sieve no. retained
80
0
40
0
20
0
10
2445
4.75
2060
Pan
495

Cumulative
mass
retained
0
0
0
2445
4505
---

Cumulative
%retained %finer
0
100
0
100
0
100
24.45
75.75
45.05
54.95
------

Fineness Modulus = 6.95, MAS = 20mm (Table A),
Specific gravity = 2.62 and Particle shape = Angular

Experimental Procedure:
The concrete mixes of M20 (1: 1.44: 3.29) characteristic
strength with w/c ratio: 0.52 (M1) and w/c ratio: 0.45(M2)
were prepared. Plasticizer Sikament 600N with 0.5, 1.0

Table 4: Relation between Slump and %age of Plasticizer
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%age of
plasticizer
0.5%
1.0%
1.5%

Slump for M1 mix Slump for M2 mix
(w/c ratio = 0.52) (w/c ratio = 0.45)
100
70
155
160
200
210

Fig. 5. Split Tensile Strength of M2 Concrete with
Different Dosages of Platicizer

Fig. 1.

Testing Cylinder

Fig. 6. Relationship between Slump and Dose of
Plastcizer.
Conclusions:
From the measurements and study the following
conclusions can be drawn:
• Workability increases with increase in dosage of
super plasticizer.
• Compressive Strength decreases with the increase
in dosage of super plasticizer.
• Split Tensile strength decreases with increase in
dosage of super plasticizer.
• Strength of M1 mix is more as compared to M2
mix.
• Relation between Split Tensile strength &
Compressive Strength has been established.

Fig. 2. Compressive Strength of M1 Concrete with
Different Dosages of Super Plasticizer

Fig. 3. Compressive Strength of M2 Concrete with
Different Dosages of Super Plasticizer
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Fig. 4. Splitting of Cylinder
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A comparative study on the 20 Nm torque measuring system with the
torque primary standard machine
S.S.K. Titus, Rakesh Khanna and Vikram
CSIR - National Physical Laboratory, New Delhi.
email:-titus@nplinida.org
Abstract: Precision measurement of torque is important for maintaining quality and efficiency
in several mechanical industries. In CSIR-NPL(National Physical Laboratory), we have
established a torque primary standard machine up to 2000 Nm having measurement
capabilitywithin ± 0.01% and the degree of equivalence of this machine is established through
the participation in the inter-comparison. In the present paper we report evaluation of
measurement uncertainty of a torque calibration system in the range of 1-20Nm using a simple
circular pulley having peripherally supportedstring carrying calibrated masses to generate the
required torque steps up to 20Nm. The overall measurement uncertainty including the
repeatability, reproducibility and the mean deviation of the average realized torque values from
the standard values obtained in the primary standard machineis determined to be ± 0.05%.

1.

INTRODUCTION
We have developed a system for generating
torque in the range of 1Nm to 20Nm using a
simple circular pulley as schematically
illustrated in fig.1. A fine metallic strip is
properly attached atthe periphery of the
circular section as shown in the figure to
support a loading hanger. The circular disc is
separately calibrated from the NPL dimension
standard for its diameter (radial arm) and at
the center of the disc a provision is made for
fixing suitable adaptor cum drivers for
coupling to a torque transducer to be
calibrated. Torque transducers which need to
be calibrated are firmly mounted on a proper
fixture and the circular disc with the torque
driver is appropriately engaged to the torque
transducer which is under calibration as
depicted in the fig.1.

Precision measurement of torque is very
much essential for several industries like
automobile, aviation, heavy engineering,
pharmaceutical, food processing industries
etc. Precision application of torque is highly
desirable for improving the efficiency and
durability of components and machines. To
name some applicationsof torque in industries
are tightening of bolts, testing of materials
and components, performance monitoring of
motors, generators,engines, etc. which are
diverse in nature [1,2].
We have established two torque standard
machines in CSIR- National physical
Laboratory (NPL) for the realization and the
dissemination of the unit of torque having a
best measurement capability of ±0.01% and
±0.05%.We have also participated in the
CCM.TK-1.1 key comparison using the
supported beam torque primary machine and
the result of thiscomparison is available in the
BIPM website [3]. Also, we have developed a
comparator torque machine to generate torque
up to 1000 Nm, using flexible coupling, at
CSIR-NPL for providing the national
traceability of torque scale to the users
without much degradation in the accuracy of
measurement. The detailed description about
these machines and the determination of the
uncertainty associated with these machines
are described elsewhere. In the following
section the description about the 20Nm torque
generating system and the measurement
results obtained using the system are
discussed [4,5].
2.

EXPERIMENTAL
RESULTS

SET-UP

Fig 1 Schematic illustration of the torque
calibration system up to 20 Nm
The calibration and measurement capability
(CMC) of this system was theoretically
estimated by considering the uncertainty
associated with the calibrated radial arm
length of the disc and the calibrated masses
used for generating the torque. The value of
‘g’ is also measured at the place of calibration
and the uncertainty associated with ‘g’ and
the air buoyancy are also takeninto account
for estimating the CMC of the torque

AND
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torque standard machine having a lower
uncertainty in the applied torque.

generating system, which is found to be
±0.05%.
A precision flange type torque transducer of
capacity 20Nmwas used as torque transfer
standard to reaffirm the calibration and
measurement capability of this system. This
torque transfer standard was calibrated on the
primary torque standard machine by applying
four series of calibration torque in different
rotational positions following a standard
procedure to determine its average values and
the uncertainty associated with it. After
performing this calibration the same torque
transducer was calibrated using the circular
disc and the masses by applying four series of
calibration torque. Two series of torque was
applied without disturbing the transducer and
further calibration series were applied to the
torque transducer by physically removing and
remounting it in its position. Since many of
the torque transducers available in the market
in this range do not have the provision for
rotation, we examined the torque generated
by the system in a single fixed position only
by disturbing the transducer between the
series.
The repeatability and the reproducibility
deviations are found to be less than ± 0.02%
in the whole range, which is very much
within the desirable limits. The deviation in
the average values measured by this system
with that of the primary standard machine is
found to be within ±0.1%. The CMC of the
torque generating system was determined
considering the above deviations including
the uncertainty associated with the mean
values obtained from the primary machine
using the standard procedure are shown in
Table1. The slightly higher uncertainty
observed at the lower range of the system
may be associated with the behavior of the
torque transducer as it is well known that
such transducers are more precise from the
40% of its maximum capacity. However, the
En ratio determined between the average
values obtained from the primary machine
and the circular pulley system is found to be
less than unity which is also depicted in the
Table1.This gives us confidence that
performance of the machine is adequate for
performing the calibration of industrial type
torque wrench testers with the stated
measurement capability.
3.

Table 1: Various deviations observed in the
measurement data including the
CMC and En ratio.
Torque
Nm
2
4
6
8
10
12
14
16
18
20

W%
0.074
0.076
0.062
0.051
0.051
0.045
0.046
0.045
0.042
0.042

1.

Brüge, D. Peschel and D. Röske, The
influence of misalignment on torque
transducers, In proceedings of the 16th
Imeko World Congress, (2000) 13–17.
Barry Pratt and Andy Robinson, A
comparison between supported and
unsupported beams for use in static
torque calibrations, Proc. XVIII IMEKO
World Congress, (2006).
D. Röske, Final report on the torque key
comparison CCM.T-K1.1: Measurand
torque: 0 N m, 500 N m, 1000 N
m, Metrologia, Tech.
Suppl.,47
(2010) 07006.
S. S. K Titus and S.K. Jain,
Establishment and development of
torque metrology in CSIR- NPL for
providing the traceability in torque
measurements to user industries, 28
(2012) 11-16.
S.S.K.Titus, S.K.Jain, Development and
metrological characterization of a 1000
Nm torque comparator machine for
calibrating torque wrench testers, XX
IMEKO world Congress, Metrology for
green growth, Sep. (2012).
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Repr.
%
0.005
0.002
0.005
0.001
0.001
0.001
0.002
0.001
0.001
0.001

REFERENCES

3.

The calibration and measurement capability
of a simple calibration system using a
calibrated circular pulley and masses are
reaffirmed by comparison with the primary

Rep.
%
0.010
0.003
0.021
0.009
0.005
0.006
0.003
0.003
0.003
0.002

4.

2.

CONCLUSION

Dev.%
0.059
-0.116
-0.082
-0.078
-0.099
-0.099
-0.084
-0.099
-0.070
-0.090

En
-0.2
-0.5
-0.3
-0.3
-0.4
-0.4
-0.3
-0.4
-0.3
-0.4
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Set up for Producing 6.0 Tesla Pulsed Magnetic Field at Room
Temperature
Priyanka Jain, Poonam Sethi Bist, 1Avneesh Mittal, Naveen Garg and T.K. Saxena
1

CSIR-National Physical Laboratory, New Delhi
Bhaskaracharya College of Applied Sciences, Delhi University, New Delhi
email: tksaxena@nplindia.org

Abstract: A pulse magnetic field of 6.0T for 1.5millisec has been generated at National
Physical Laboratory, India to observe material characteristics and many more physical
phenomenons. A Copper based magnet coil was used with a pump in current of 10.0kA and
energy of the order of 1kJ. The experimental setup produce 6.0T pulse magnet along with data
acquisition and display.

capacitors starts charging from DC voltage
supply and are disconnected when fully
charged. The energy stored in the capacitors
is discharged into the magnet coil when
switch S2 is ON.

1. INTRODUCTION
Physicists have a keen interest in
measurement under the presence of high
magnetic fields to study the phenomenon like
quantum hall effect, magnetization or
magnetic phase transition etc. Exploration of
electronic structure of solids is also an
emerging area of research in these days.
These development along with the growth of
nuclear and biomedical equipments in the
health industry demands measurement of
many physical properties in the presence of
high magnetic field [1]. Observation of
integer and fractional quantum Hall effects in
the presence of high field has given a boost to
the
researchers.
Many
more
such
phenomenon is likely to be in the pipeline, if
higher magnetic fields are further increased.
Development of high field and measurement
thus is an emerging area for researchers to
study electron systems e.g. heavy fermions,
high TC superconductors, and organic metals
[2-6].

Fig.2 Block diagram of experimental setup
The physical properties of the material must
be investigated within this small duration of
time. For this the electronic circuitry should
have very high sampling rate so that no
information is lost. For acquiring data at such
a rate, a fast readout electronic circuitry was
also developed

2. DESIGN SETUP OF PULSE MAGNET
Pulsed power supply mainly consists of DC
supply, energy storage unit: it may be battery,
capacitor bank or generator, control unit for
charging, discharging, protection etc, and
Magnet coil and cryogenics system with data
acquisition unit [7, 8, 11, 12, and 13]. The
duration of the current pulse can be controlled
by designing the pulse power supply in such a
way that energy fed to the coil should
approximately be equal to the thermal
capacity of the material of the coil for
duration of the pulse [1, 9, and 10]. Block
diagram of the setup is shown in Fig.1. The
capacitor bank of 1kJ energy is charged by
350V DC power supply and the energy
storage can be controlled and monitored by
computer. When switch S1 is ON the

3. EXPERIMENTAL SETUP
Experimental setup of pulsed magnet
including all circuit elements for room
temperature experiment is shown in Fig. 2.
Before working on experimental setup,
magnet coil modeling has been done and coil
was designed for optimized maximum field of
10 Tesla. Magnet coil having inner diameter
of 20mm, outer diameter of 21mm and height
of
36mm.
High
power
thyristor
MDT1200/16E and diode DSF 912SG26 were
used to withstand 20kA current pulse.
Thyristor gate drive circuit of 50A current
pulse was developed to drive high current
thyristor. The charging and discharging of
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pulsed magnet was remotely controlled by PC
via RS-232C serial communication interface.
Magnetic field measurement is done by pick
up coil, using the principle of induced emf.

4. http://www.magnet.fsu.edu/mediacenter/p
ublications/flux/vol1issue2/magnetmilest
ones.html.
5. http://www.magnet.fsu.edu/mediacenter/f
actsheets/records.htmlUlf P. Trociewitz,
Matthieu
Dalban-Canassy,
Muriel
Hannion, David K. Hilton and Jan
Jaroszynski, 35.4T field generated using
a layer-wound superconducting coil
made of (RE)Ba2Cu3O7−x (RE=rare
earth) coated conductor, Appl. phys.
letters 99 (2011) 202-506.
6. Robert Katz and Peter Wyder, Principles
of pulsed magnet design, Springer, 2002.
7. Tao Peng, Liang Li, Johan Vanacken and
Fritz Herlach, Efficient design of
advanced pulsed magnet, IEEE Trans. on
applied superconductivity, 18 (2008)
1509-1512.
8. F. Herlach, L. Li, N. Harrison, and L. Van
Bockstal, “Approaching 100T with wire
wound coils”, IEEE Trans. on
Magnetics, 32(1996)2507-2510.
9. S. Bartkevicius, and J. Novickij, “The
influene of pulsed magnet heating on
maximum value of generated magnetic
field”, Measurement Science Review,
8(2008) 94-97.
10. F. Herlach, K. Rosseel, and J. Vanacken,
Frontiers of pulsed magnet design, IEEE
Trans. on applied superconductivity, 14
(2004) 1229-1232.
11. Geun-Hie Rim, Chu-Hyun Cho, YoungWook Choi, Youn-Sik Jin and E. P.
Pavlov, Protection scheme of a charging
and discharging system for a 500 kJ
capacitor bank, IEEE transactions on
magnetics, 37(2001) 389-393.
12. Tonghai Ding, Hongfa Ding, Tao Peng,
Xiaotao Han, Jianfeng Xie and Liang Li,
Design of multipulse power supply for
small pulsed high magnetic field device,
IEEE
trans.
on
applied
superconductivity, 20 (2010) 1689-1692.

Fig.2 Experimental setup for pulsed magnet
4. RESULTS & CONCLUSION
Fig. 3 shows the results of 6.0T pulse magnet
at room temperature. Maximum achieved
field of 6.0T with high pulsed current of
10.0kA at room temperature. The observed
pulse width is of the order of 1.5 milli
seconds. The energy pumped in to the coil
was of the order of 1kJ.The capacitors were
charged upto 200V as beyond 10kA there is a
possibility of burning of the insulation of the
wire. at room temperature. By cooling the
magnetic coil at liquid nitrogen one can easily
pump in higher current beyond 10kA by
charging the capacitor bank upto 350V. This
way one can get pulsed magnetic field ≥10.0T

Fig. 3 Experimental setup for 6T at room
5. REFERENCES
1. Fritz Herlach and Noboru Miura, High
Magnetic Fields Science and Technology
World Scientific , Bangaluru, 2003.
2. Fritz Herlach, Innovations and trends in
magnet laboratories and techniques, 294295 (2001) 500-504.
3. Fritz Herlach, Pulsed magnets rep. prog.
phys., 62 (1999) 859–920.
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Determine the Reference Delay of IRNWT GPS Receiver w.r.t UTC
(NPLI), New Delhi.
Mahavir P Olaniya, PreetiKandpal, Arundhati Chatterjee and A. Sen Gupta
CSIR - National Physical Laboratory, New Delhi
email: kandpalp@mail.nplindia.org
Abstract: The study based on the determining the reference delay of IRNWT GPS receiver
TTS3 (GPS1) from Piktime w.r.t NPLI GPS receiver PolaRx3e-PRO (GPS2) from Septentrio
at NPL, New Delhi. It is basically a comparison of the two dual frequency GPS receivers GPS1
& GPS2 and determining the ref delay of the GPS1 w.r.t GPS2, as both the receivers are placed
at the same location so that the view of the satellites for both the GPS antenna will be identical
or more similar and then these two GPS Rx’s are fed by the same source reference (1pps and
10 MHz) which is UTC(NPLI) in this case. All the delays for both of the receivers are taken
into consideration and fed as input delay parameters at the time of the installation before
starting measurements. These delays are the cable delays (which is calculating from the source
reference to the input of the GPS Rx’s) and antenna cable delays (which depends on the length
and the type of the cable) etc. By comparing these output measurements some offset value
calculated, as all the parameters and conditions for GPS Rx’s kept same intentionally so this
offset value considered as an estimated reference delay for GPS1 w.r.t GPS2 and then this
delay is adjusted as ref delay for GPS1 in such a way that the two outputs from GPS1 and
GPS2 came out identical or in other words, that output offset value will be adjusted in the
GPS1 to get the resultant difference zero between the output of both the receivers using
common view.

1.

method are available to use at the server a file
on daily basis. So that the calibration setup
will not be disturbed in any way.

INTRODUCTION

NPLI as a NMI conducted various
calibrations such as different frequency
standards, GPS and many more. In this paper
we will discuss the results obtained from the
calibration of GPS receiver IRNWT which is
traceable to National Standard of Time and
Frequency, UTC (NPLI) maintained at
National Physical Laboratory, India. Here, we
calibrated and determined the internal delay
of the IRNWT GPS receiver (GPS1) and then
it is been compared with the NPLI GPS
receiver (GPS2).As, these two GPS receivers
are co-located at NPLI so, the common view
results will make them easy to get accurate
adjustment of internal delay for GPS1 w.r.t
GPS2.
2.

BLOCK
DIAGRAM
CALIBRATION SETUP

Fig. 1. Block diagram of calibration setup
In this case we used common view mode,
with accurate position co ordinates as an input
to GPS1 by using precise point positioning
PPP technique from NRC an process and as
the precisely calibrated co-ordinates for GPS2
are already fed. The data in CGGTTS format
is recorded at two receivers GPS1 and GPS2
separately. After that by common view
method as due to co-located receivers both
are tracking same satellites, so receiving
conditions are almost same and hence
completely cancels the measurement errors
occurring at two sites.The accuracy increases
as precisely adjusted the position co ordinates
of the Rx antenna.
The detailed setup along with the delays
mentioned which are involved in the path of
reference input of the GPS1 as well as GPS2
are shown in the Fig. 2. The output of micro
phase stepper is UTC(NPLI) 1pps and 10

OF

Both the GPS Rx’sare fed by 10MHz and
1pps from the reference UTC (NPLI) as
shown in Fig.1.The output measurements i.e
CGGTTS and Rinex format are generated in
both of the receivers GPS1 and GPS2 and
then it is automatically backing up into the
main server at a specified time which is
scheduled in both the receivers after the
completion of measurements on daily basis.
Now for analyzing these CGGTTS data from
both the GPS receivers using common view
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MHz, it is then distributed through a
distribution amplifier to both of the GPS
receivers as a input reference.

Fig. 3. Plot of GPS1-GPS2 for MJD5687356884
4. RESULTS VERIFICATION
Common view for two days is again plotted
to verify our offset value (after the gap of
few days),it is for MJD 56892 -56893 and
which is again identically matching with the
results done for MJD 56873-56884 earlier as
22.6 ns, it verifies the calibration once again
before dismantling IRNWT TTS3 from the
NPLI.

Fig. 2. Detailed setup along with the delays.
3. DELAY CALCULATION

Plot for IRNWT TTS3(GPS1) Variation

Clock in ns

A new cable is connected with the UTC
(NPLI) for the calibration purpose whose
delay is separatelymeasured by using 20psec
counter is Z’= 15.8 ns Ref. Fig 2.
The total reference delay for NPLI GPS2
receiver Septentriois:
=X+Y+Z
= [(67.71 +5.0) + 32.8 + 4.291] = 109.8 ns
The total reference delay for IRNWT GPS1
receiver TTS3 is:
= X + Y + Z = [(67.71 +5.0) + 32.8 + 15.8
= 121.31 ns
Average Mean offset
= Ref[GPS2)–Ref[GPS1] = [201.033-178.4 ] ns
Average value of mean = 22.633 ns

MJD- Modifcaition Julian Date

Fig. 4. Plot shows the verified results.

Table 1. Detailed delays for GPS1 & GPS2
DELAY
Internal delay
Antenna Cable
delay

For GPS1
-27.22 ns
206.60 ns
121.31 ns

Ref delay

5. CONCLUSION

For GPS2
-125.0 ns (P1),
-113.0 ns (P2)

Results shows that the difference between
UTC(NPLI) and IRNWT GPS receiver is
nearly 22.6 nanoseconds. So, to verify this
results we add this delay value to the existing
reference delay for GPS1 and run it for
another few days.

150.0 ns
109.8 ns

Table 1. shows all the delays in the GPS
which is to be taken into consideration while
calculating reference delay of GPS1. Here in
Fig.3. shows a plot of GPS2-GPS1 for a
period of MJD 56873 to 56884.
NPLI(GPS2)-IRNWT(GPS1)

60
nano seconds

50
40
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0
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56277.5

-175
-180
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To Study the Stability & Behaviour of Internal Delay of Two Co-located
GPS Receivers Over a Long Period Using Precise Point Positioning
Technique
Preeti Kandpal, Mahavir P. Olaniya, Aishik Acharya and A. Sen Gupta
CSIR - National Physical Laboratory, New Delhi
email: kandpalp@nplindia.org
Abstract: To study the stability and behavior of the internal delays of two Global Positioning
System receivers over a long period of time, both the GPS receivers are co-located and have
same input reference. Both GPS receivers are dual-frequency, as shown in Fig. 1. one is GPS
Rx2Polarx3eTR pro, from Septentrio navigation system, Belgium& other is GPS Rx3 TTS4
from Piktime System, Poland. These two receivers are fed by the same clock asthe reference
which is UTC (NPLI) i.e. Coordinated Universal Time(National Physical laboratory India) in
this case. Each GPS Rx generates data in CGGTTS &Rinex format. Earlier we wereusing the
technique which isbased on Ionosphere free code called P3-code for GPS common-view
method using CGGTTS file format as an input but as results of this technique we were getting
high noise and jitter. For reducing the level of jitter and noise we used a technique called PPPPrecise Point Positioning which generates high precision results for the GPS. PPP comparison
study has been done in NPLI for studying the internal delay of both receivers using two
different software solutions packages– NRCan from Natural Resources of Canada and
Atomiumfrom Royal Observatory of Belgium . In PPP technique we post process raw data file
in Rinex format which generates at the epoch interval of every 30 seconds. In this paper we
elaborate PPP techniques as well as analyze the output results from two different software
solutions. The PPP gives very encouraging results. It shows the difference of the PPP output
for both the GPS receivers using the above two solutions to be within 1 ±0.5 ns.

1.

UTC (NPLI) in the form of 1pps and 10 MHz
is fed as a reference for GPS receiver’s TwoWay systeminstalled in the lab. So we are
interested in considering these GPS Rx2 and
GPS Rx3.

INTRODUCTION

As GPS time and frequency transfer can be
done by using two methods (i) P3-code also
called Ionosphere free code technique and (ii)
PPP technique. In this paper we compared
the two software solution packages used for
PPP- Precise Point Positioning, NRCan from
Natural Resources, Canada and Atomium
from Royal Observatory Laboratory. This
PPP is the post processing method of data
processing and it requires more data
information as an input file such as precise
satellite and clock information provided by
the International GNSS Service IGS. As in
P3-code method, the level of noise and jitter
were more. So, to reduce the noise and jitter
level we used two different PPP techniques
and finally compared their results.
2.

Fig. 1. Block diagram of set-up
3.

BRIEF DESCRIPTION OF DATA
POST PROCESSING

The data for post processing are the output of
the two co-located GPS receivers GPS Rx2
and GPS Rx3which are dual frequency
receivers and are capable to track the phase
and carrier frequency along with the code
measurements and all these are recorded in
the output files of the GPS in Rinex data
format. This Rinex file is further used with a
precise clock and satellite data using IGS
services. They are combined and estimated a
very high accuracy position and time offset of

BLOCK DIAGRAM OF SETUP

As a timing laboratory NPLI, has its own
independent setup by which it is maintaining
IST or UTC (NPLI). The block diagram
shown here in Fig. 1explains the primary
frequency standard as a reference which is an
Active hydrogen maser and a bank of Cesium
clocks. The steered output from the HROG
High resolution output generator is the UTC
(NPLI), which is traceable to BIPM. This
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receivers GPS Rx2 and GPS Rx3 refer Fig. 1.
Ideally it should be same because the source
reference is same and also these two receivers
are identically co-located. But there is a
difference of 1±0.5 ns. Similarly the results
are shown in Fig. 4 for NrC an software PPP
solution and the results are also showing the
difference of 1±0.5 ns. So, the output from
both the solution is similar.

the using post processing method called PPP
technique.
Here, by using two PPP solutions packages
techniques which are shown in Fig 2.

Fig. 2. PPP Techniques.
4.

PLOTS FOR COMPARISION

The comparison of the PPP for two co-located
GPS receivers which are fed by the same
reference are shown in the form of graphs Fig.
3 and Fig 4.

Fig. 4. Results of NrCan for GPS Rx2-GPS
Rx3 for MJD 56200-56554
5.

CONCLUSION

The results of the post processing by using
both the techniques i.e. Atomium and NrCan
solutions are used for determining the
stability and the internal delay behaviorfor the
two co-located GPS receiversfor such a long
duration of approximately a year from MJD
56200 to MJD 56554as are shown in the plots
Fig. 3 & 4.By referring the above results for
two different PPP solutions, it is also
clearboth the solutions aremaintaining
identical clock difference for GPS Rx2- GPS
Rx3 which is 1±0.5 ns and following the
same pattern.

Fig. 3. The Results of Atomium PPP Solution
Which are basically a comparison of two
software solutions for a long duration from
MJD 56200 to MJD 56554. In Fig. 3. The
results of Atomium PPP solution, which
shows the difference between both the GPS
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Firefly Algorithm Based PID Temperature Controller
Himani Goyal,Poonam Sethi Bist, Avneesh Mittal, O. P. Sharma,
Puneet Verma and T.K. Saxena
CSIR-National Physical Laboratory, New Delhi
email: tksaxena@nplindia.org
Abstract:-In the present study PID parameters are tuned using a heuristic approach of firefly
algorithm (FA) in such a way that PID based temperature controller gives minimum settling
time, rise time, overshoot and integral absolute error. The results achieved shows a stability of
±0.1°C with a maximum overshoot of 0.5°C.

is affected or determined by the landscape of
the objective function. For a maximization
problem, the brightness can simply be
proportional to the value of the objective
function.”
Fig. 1. Schematic of PID controller using FA

1. INTRODUCTION:
Industrial plants widely use PID controllers,
Åström et al. (1989), Johnson et al (2005),
because of their simple and robust nature. PID
controller consists of Proportional Action,
Integral Action and Derivative Action. These
PID parameters Kp, Ki, Kd are chosen to meet
prescribed performance criteria, classically
specified in terms of rise and settling times,
overshoot, and steady state error, O' Dwyer
(2006).

C (s) = K

p

+

Fig. 1 shows the schematic where PID
controller gains Kp, Ki and Kd of are generated
by the FA algorithm for a given plant.

Ki
+ Kds
s

In the present work PID coefficients (Kp, Ki,
Kd) are tuned online for the desired set of
response parameters using a Firefly algorithm
(FA). The results obtained from the FA have
been compared with the conventional Ziegler
Nichols tuning method, Åström et al. (1989).
2. EXPERIMENTAL SETUP
1.1 Firefly Optimization Technique
MATLAB based simulation is used for the
experimental setup. An electronic setup for
PID control was developed around 89C51
microcontroller, designed using 14 bit ADC,
7135, DAC 0800, 74393 counter, PRT- Pt100
and 1kW heater in 10 Lit capacity water bath.
The setup costs us less than `1000. A
knowledge base is obtained for 150 sets of
PID parameters from the experimental setup.
FA is then tuned by searching the knowledge
base for the optimum set of parameters for a
given set point. Integral of time multiplied
absolute error (ITAE) is used for the cost
addition of pheromone

Now a days bio inspired algorithms are
getting popular due to their self learning
capability and quickly searching the best
solution. Firefly based Optimization based
algorithm (FA) uses a heuristic approach
inspired by the behavior of real fireflies, XinShe Yang (2008, 2009, 2010). The algorithms
are inspired by the behavior of natural
fireflies. Bramer et al (2010) has stated that
“for simplicity in describing our Firefly
Algorithm (FA), we now use the following
three idealized rules: 1) all fireflies are unisex
so that one firefly will be attracted to other
fireflies regardless of their sex; 2)
Attractiveness is proportional to their
brightness, thus for any two flashing fireflies,
the less brighter one will move towards the
brighter
one.
The
attractiveness
is
proportional to the brightness and they both
decrease as their distance increases. If there is
no brighter one than a particular firefly, it will
move randomly; 3) The brightness of a firefly

3. RESULTS AND DISCUSSION
The developed controller setup was tested at
various set point temperatures under varying
environment. The PID parameters of the
controller have been automatically tuned to
give the satisfactory results by Firefly
optimization technique (FA). From this

97

3rd National Conference on Advances in Metrology (AdMet – 2014)
simulation it is clear that the FA-PID
controller can be used in place of the
conventional PID controller after proper
tuning. The screen shots for online data
acquisition and online graph plotting are
shown in Figs. 2 & 3. The results achieved
shows a stability of ±0.1°C with a maximum
overshoot of 0.5°C.

3. Johnson, A.Michael, Moradi and H.
Mohammad,
PID
ontrol
new
identification and design methods,
(2005).
4. O'Dwyer and Aidan, An approach to
teaching
PID
controller
tuning,
http://arrow.dit.ie
/ engscheleart/15.
(2006).
5. Xin- She Yang, Nature inspired
metaheuristic algorithm, Luniver Press.
(2008).
6. Xin- She Yang Firefly, Algorithms for
multimodal optimization, In Watanabe
LNCS, 5792 (2009) 169–178.
7. Xin- She Yang, Engineering optimization
Wiley. J and Sons (2010).
8. J.G.Ziegler and N.B.Nichols Optimum
settings for automatic controllers,
Transactions of the ASME, 64 (1942)
759-768.

Fig.2 on line graph plotting of PID

Fig.3 on line data of PID
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Realization of Zn Freezing Point Using SPRT
D. D. Shivagan, H. R. Meena, Monika Kiroriwal and Y. P. Singh
CSIR-National Physical Laboratory, New Delhi.
email:shivagand@nplindia.org
Abstract: The Zinc freezing point is one of the important defining temperature fixed points
given in International Temperature Scale of 1990 (ITS-90). Using the state-of-the-art facility,we
have realized the freezing point of Zinc [419.527oC] with uncertainty of ±1.15 moC for the
calibration of standard platinum resistance thermometer (SPRT). The realization involved the
measurement of three zinc freezing plateaus, heat flux immersion profile of freezing cell, drift
during measurement and self heating of thermometer. The details of experimental findings,
source of uncertainty and uncertainty evaluation are presented in this paper.

1.

points and evaluation of the associated
uncertainty has been presented in this paper.

INTRODUCTION

As per the present international temperature
scale of 1990 (ITS-90) [1],between triple
point of equilibrium hydrogen (13.8033 K)
and freezing point of silver (961.78 oC) T90 is
defined by means of platinum resistance
thermometers calibrated at specified sets of
defining fixed points and using specified
interpolation procedures. These defining fixed
points on ITS-90 are either triple point (T.P.),
melting point (M.P.) or freezing point (F.P.)
of gases and metals where the latent heat
energy required forthe phase change is
absorbed/or released and the temperature
remains constant until the complete phase
change occurs. The quality and accuracy of
such measurement plateaus depend on the
chemical composition of the fixed point cell,
pressure inside the cell, etc. The calibration
measurement capability (CMC) of primary
temperature standards on ITS-90 scale
depends on three factors: fixed point cells as
source,
standard
platinum
resistance
thermometer (SPRT) as sensor and resistance
bridge with standard resistors as measurement
unit. NPL India has established the ITS-90
fixed points from T.P. of Ar [-189.3442 oC] to
F.P. of Ag [961.78 oC] with uncertainty of±
0.17 to ± 6.05 moC for the calibration of
SPRTs. In recent years, with the advent of
portable sealed fixed point cells and high
precision resistance/temperature measuring
devices,few calibration and reference
laboratories in India haveestablished the fixed
point SPRT calibration facility. To strengthen
this move, it is imperative that the NPL India
should have highly accurate fixed point
uncertainty values comparable to other NMIs
to help Indian R&D and Industries to be
globally competitive.
In view of this, we present here our recent
results on realization of the freezing point of
Zn, where the CMC has been improved from
± 2.81moC to ± 1.15 moC. The systematic
methodology for the realization of fixed

2.

EXPERIMENTAL SETUP

As shown in Fig. 1, the Zn realization set-up
includes: the 99.9999 % pure Zn cell
(ISOTECH,17671) sealed in quartz with ≈1
atm.Ar and kept in
metrology furnace
(ISOTECH, ITL-17701), the 25.5ΩSPRT
(Fluke,5681) with W(Ga)=R(Ga)/R(TPW)≥
1.11807, AC thermometer bridge (ASL,
F900) with accuracy of 20 µK and Wilkinson
type 100 Ω standard resistor (Tinsley, 5685A)
with 3 ppm/oC accuracy calibrated on
quantum hall resistance standard.

Fig. 1. Show the experimental arrangement
for the realization of Zn freezing point
using SPRT.
3. RESULTS
As shown in Fig. 2, during melting (at
solidus/liquids boundary) furnace temperature
was kept 5 oC up, where it absorbs latent heat
until complete melting, and overshoots. For
freezing (at liquids/solidus boundary) furnace
was kept 5 oC below F.P., it undergoes
supercooling and starts increasing. Then the
nucleation was performed by removing SPRT
and putting quartz rod in inner well for 1 min.
and SPRT was placed again, and it attains
freezing plateau by giving out latent heat.
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0.651520

Complete
Melt

from difference of W(Zn)=R(Zn)/R(TPW) for
3 Zn freezes.The choice of fixed point value
was estimated for one run by eliminating 20%
of start and end data of the plateau.

o

F.P. Zn [419.527 C]

o

425 C

0.651515

o

422 C

Nucleation
performed

0.651510 Melting Plateau

Freezing Plateau

o

5mC

o

416 C

0.651505
Supercooling

0.651500

Furnace Settings (a.u.)

SPRT Resistance (Ω) / 100 Ω
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0

Complete
Freeze

o

414 C

Table. 1. The uncertainty budget for the
realization of Zn freezing point
using SPRT

Time (min)

st

SPRT Resistance (Ω) / 100 Ω

0.651508

o

4mC
0.651504

0.6 5150 91

0.651500
0.65 150 86

0.651496

15 0

2 00

0.651492

200

400

o

0.5 m C

250
Tim e (m in)

600

30 0

800

Temperature difference, t-t bottom (m C)

xi (mK)

u(xi) (mK) ci

ui (y)(µK)

Due to measurement scatter

0.10984 Type-A/√3

0.063414 1

63.414

2

Type-B/2

0.05

1

50

∞

Due to chemical impurities,
isotopes

0.7

Type-B/√3

0.4041

1

404.145

∞

Due to hydrostatic head corre.

0.027

Type-B/√3

0.0155

1

15.588

∞

Due to error in gas pressure
(4 mbar)

0.0172

Type-B/√3

0.0099

1

9.930

∞

Due to effect of bath of std
resistor

0.206

Type-B/√3

0.119

1

119

∞

Due to bridge measurement
(F900)

0.02

Type-B/√3

0.0115

1

11.55

∞

Due to propagation of TPW

0.514

Type-B/√3

0.297

1

297

∞

Due to self heating error

0.11

Type-B/√3

0.0635

1

63.510

∞

Due to heat flux immersion error

0.182

Type-B/√3

0.1051

1

105.1

∞

Due to choice of fixed point value 0.317

Type-B/√3

0.1830

1

183.025

∞

Combined Uncertainty uc ( oC)

0.577 mK

νeff.

13695

∞

1.15mK

CONCLUSION

The critical assessment of the uncertainty by
taking account of all contributing factors was
made and the uncertainty at Zn freezing point
is obtained to be ± 1.15 moC at coverage
factor of k = 2 and confidence level of 95 %.
This value of uncertainty is better than
previous CMC generated about six years back
at NPLI, ± 2.81 moC. The major contribution
in this improvement is due to the F900 AC
resistance bridge with accuracy of ± 0.01
moC. It can be found from the CIPM KCDB
database [3] that the uncertainty achieved in
the present investigation is at par with the
International leading National Metrology
Institutes (NMIs).

T h e o re tic a l, d t/d l = 2 .7 m C /m
M e a s u re d

0 .1
0 .0
-0 .1
o

0 .1 8 2 m C /c m

-0 .4
-0 .5
0
1
2
3
4
5
D is ta n c e fr o m th e b o tto m (c m )

Deg.
Of
Free.

Due to standard resistor (100Ω ), 0.1
from Cal. report

4.

o

o

Xi

Expanded Uncertainty U = k x uc (k=2 at 95% CL)

Fig. 3. Three successive repetitions of Zn
freezes to estimate the measurement
scatter as shown in the inset, first half
of 3 runs is within 0.5 moC scale.

-0 .6

Standard Sens. Uncert.
UncerCoeff. Contri.
tainty

35 0

Time (min)

-0 .3

Prob.
Distrib.
Type-A ,B

o

I freeze (FP-2 C)
nd
o
II freeze (FP-5 C)
rd
o
III freeze (FP-5 C)

0.651512

-0 .2

Estimate

100 200 300 400 500 600 700

Fig. 2. The furnace setting strategies and the
measurement of complete meltingfreezing profile for zinc point.

0 .2

Source of Uncertainty

6

Fig. 4. Heat flux immersion profile measured
for Zn freezing point using SPRT,
compared with ITS-90 values,
depictingthe positional dependence of
freezing cell and SPRT used.
The corrections due to self-heating of SPRT
by measuring current, hydrostatic head
correction exerted by metal column were
applied. The chemical impurity and isotopic
composition
is
major
uncertainty
contribution, although Zn cell is 6 N pure, the
higher budget from CCT report [2] was
applied, 0.7 moC. The Standard resistor is oil
filled but kept in ± 0.5 oC air bath; hence
budget of 0.206 moC was applied. There was
a considerable drift in SPRT at TPW before
and after 3 Zn freezes, it was propagated to
W(Zn = 2.56) as 0.514 moC. F900 AC
Resistance Bridge is one of the high accuracy
bridges available today with accuracy of 0.02
moC. The measurement scatter was estimated

5.
1.

2.

100
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Stability and Uniformity Evaluation of Clinical Temperature Bath
R. B. Sibal, Jagannath Prasad, D. D. Shivaganand and Y. P. Singh
CSIR-National Physical Laboratory, New Delhi
email:shivagand@nplindia.org
Abstract: The stability and uniformity evaluation of clinical temperature bath in the range 35oC
to 43 oC with the set-point resolution of 0.01 oC has been performed using a standard platinum
resistance thermometer (SPRT) as ITS-90 calibrated standard. The stability and uniformity was
estimated to be ± 0.04 oC and ± 0.05 oC, respectively, and the bath is quite suitable for the
calibration of clinical thermometers where the least count is 0.1 oC and acceptable limits are ±
0.1 oC for mercury thermometers and ± 0.2 oC for electrical thermometers. The details of
experimental findings and uncertainty evaluation are presented in this paper.

Table1. Existing standards on medical
thermometers at OIML and various nations

1. INTRODUCTION
Human body temperature is a vitally
important and frequently measured parameter
in clinical diagnosis. Until some years ago the
only measurement instrument for body
temperature was the mercury-in-glass
thermometer with maximum device. Recently
several new types of medical thermometers
have been developed and are now in use in
medical applications, most prominent among
them are compact electrical thermometers and
infra-red (IR) ear thermometers. These
electrical and IR thermometers are becoming
popular considering their advantageous over
non-toxic mercury free applications. IR
thermometers work in a non contact mode
and are very useful in an outbreak of
contagious diseases such as swine flu, SARS,
chicken guniya, etc. The international
standards organization (ISO) and IEC, the
international organization for legal metrology
(OIML) and Indian standards (IS) has laid
down standards and acceptable limits for
several clinical thermometers and are given in
Table 1.
The least count of these thermometers is 0.1
o
C or better, and therefore the temperature
bath with 5 to 10 times higher precision in
stability and uniformity is required for their
calibration.Recently, we have demonstrated
the critical assessment of stability and
uniformity of heat pipe modified bath for the
calibration of industrial liquid-in-glass
thermometers [1]. In the present investigation,
we have performed the stability and
uniformity evaluation of the clinical
temperature bath in the temperature range of
35 oC to 43 oC designed for calibration of
contact type clinical thermometers.

Typeofthermometer OIML
Liquid-in-glass

IS(Indian)

European US Japanese
EN
ASTM JIS

R7(1979) IS3055(1):1994 12470-1:99 E667.98 T4206.89
[+0.1,-0.15oC] IS3055(2):2004
[±0.1oC]

Electricalthermometer R115(1995) IS15113:2002 1247-3:99 E879:01 T1140.98
withmaximumdevice [±0.15,±0.2oC] [±0.15,±0.2oC]
Electricalthermometer R114(1995)
for
continuous[±0.2oC]
measurements

12470-4:00 E1112:00T1306:89

IRearthermometers [±0.2oC]

12470-5:03 E1965:98T4207:04

Phase change-type
thermometers

12470-2:99 E825:98
E1299.02

Probe covers and
sheaths

E1104:98

[Permissibleerrors] [ClinicalTemperaturerange36to42oC]
2. EXPERIMENTAL
SPRT for
measurement

Pt-100 for
bath control
T1

T3
T2

B1

Measurement
positions

B3
B2

Bath with spit type
water jacket

Fig. 1. Scheme for the measurement of
stability and uniformity of clinical
temperature bath.
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The clinical thermometer calibrator (Water
Bath) of M/s Kudale Calibration Laboratory,
Pvt. Ltd, Pune (KIPL) Model: KIPL/CTC-100
in the temperature range of 35 – 43 oC and
display resolution of 0.01 oC was used in the
present investigation. The temperature bath
well was 6 cm dia and 24 cm deep with the
provision of mounting of 3 thermometers.
The temperature was controlled using Pt-100
sensor, and spit type water jacket.The
evaluation was performed using SPRT
(Rosemount, 4940) with Agilent 7 ½ digit
indicator calibrated on ITS-90 fixed points at
NPLI with uncertainty of± 4.5 moC.

can be monitored as the bath has resolution of
0.01 oC in control and measurement of the
temperature. Therefore, this bath is suitable
for the calibration of contact type clinical
thermometers with the acceptance criterion of
± 0.1 oC, ± 0.15oCand ± 0.2 oC. The stability
at top, as shown in P1T of Fig 2, suggests that
the electrical clinical thermometers with small
stem lengths can also be calibrated accurately.
Table 2. The uncertainty budget for the
calibration of clinical bath at 35 oC
Source of Uncertainty

Esti-mate
(Xi)

Due to Standard SPRT

3. RESULTS

0.0079 Ω

Due to SPRT with
0.0045 oC
Indicator from Certificate

The bath was evaluated in the temperature
range of 35 oC to 43 oC with the interval of 2
o
C. The typical measurement at 35 oC for six
locations is shown in the figure 2.
29.090

Probability
distributio
n Type A or
B

Standard
Uncertainty
(oC)

Type A

0.00064

10

0.0064

9

Type B/2

0.00225

1

0.00225

∞

Due to Stabilityof Bath

0.040 oC

Type B/v3

0.02309

1

0.02309

∞

Due to Drift in SPRT

0.0009 oC

Type B/v3

0.00052

1

0.00052

∞

Due to DUC Display
Temperature

0.09 oC

Type A

0.00952

1

0.00952

9

Due to Rounding off to
Significant Digits

0.007 oC

Type B/v3

0.00404

1

0.00404

∞

Due to resolution of the
DUC

0.01 (Limit
0.005) oC

Type B/v3

0.005773

1

SPRT Resistance (Ω)

Combined Uncertainty, Uc (oC)

29.085
29.080

0.00577

∞

0.02607

∞

νeff

505

Expanded Uncertainty, U (oC) U= k x Uc (for k=2 at 95% CL)

0.052

∞

o

50 m C

29.075

Table. 3. The uncertainty report for the
clinical bath calibrated in the
temperature range 35 oC to 43 oC.

29.070
P1B
P2B
P3B
P1T
P2T
P3T

29.065
29.060
29.055
29.050

Sensi Uncertain Deg.
of
tivity ty
Coeff. Contribut freedom
ion (oC)

o

Set Temp. 35 C

0

5

10

15

20

Sr.
Set
Display
Actual Uniformity Stability Expanded
No. Temperature Temperatur Temperatu
(ºC)
Uncertainty
(ºC)
e (ºC)
re (ºC)
(ºC)
(ºC)

25

Time (min)

Fig. 2. The stability measurements at six
locations in the bath at 35 oC.
The average stability of the individual
location was well within ± 0.041oC. The
uniformity evaluation between six locations
was performed by considering the horizontal
and vertical components as given below;
H1 = P1B-P2B; H2= P2B-P3B, H3=P3BP1B.Similarly at the top, and taking the
average of six, horizontal (H) uniformity was
deducted. The vertical uniformity (V) was
deduced by taking average of; V1=P1B-P1T,
V2=P2B-P2T, V3=P3B-P3T

1.

35.00

35.09

34.66

±0.03

±0.041

±0.05

2.

37.00

37.07

37.08

±0.04

±0.043

±0.06
±0.07

3.

39.00

39.08

39.12

±0.05

±0.042

4.

41.00

41.12

41.13

±0.05

±0.043

±0.08

5.

43.00

43.17

43.14

±0.05

±0.046

±0.08

4. CONCLUSION
The clinical thermometer calibrator (Bath)
has been calibrated in the temperature range
from 35 oC to 43 oC with the uncertainty in
the measurement of ± 0.08 oC. The bath has
stability and uniformity of ± 0.046 oC and ±
0.05 oC, respectively, and is suitable for the
calibration of clinical thermometers.

Uniformity = (V 2 + H 2 )

5. REFERENCES
o

In this way, uniformity calculated at 35 C
was ± 0.03 oC. Similarly uncertainty
evaluated for the clinical bath at 35 oC is
shown in Table 1.
The design and development of the clinical
thermometer calibrator (Bath) is such that it
has high stability of ± 0.046 oC and the
uniformity of ± 0.05 oC, in the overall range.
The deviations from the correct temperature
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PID Temperature Controller Tuning Using Ant Colony Optimization
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Abstract: The paper proposes the design of PID based temperature controller responses in such
a way that it minimizes the sum of settling time, rise time, maximum overshoot and integral
absolute error using a heuristic approach of Ant Colony Algorithm. PID coefficients (Kp, Ki,
Kd) are tuned for the desired set of response parameters using ACO. The simulated results
achieved shows a stability of ±0.05°C with a maximum overshoot of 0.15°C.

1. INTRODUCTION:
PID controller is the most common control
algorithm in use today. According to an
estimate nearly 90% of the controllers used in
industries are PID controllers. The popularity
of PID controllers is due to their functional
simplicity, reliability and cost effectiveness.
The present paper proposes the design of PID
based temperature controller responses in
such a way that it minimizes the sum of
settling time, rise time, maximum overshoot
and integral absolute error using a heuristic
approach of Ant Colony Algorithm Dorigo
(1996). PID coefficients (Kp, Ki, Kd) are
tuned for the desired set of response
parameters using ACO. The results obtained
from the ACO have been compared with the
conventional Ziegler Nichols tuning method
Åström et al. (1989).

Fig.1. Schematic of PID controller using
ACO
As shown in Fig. 1, the gains Kp, Ki and Kd of
the PID controller are generated by the ACO
algorithm for a given plant.
2. EXPERIMENTAL SETUP
MATLAB based simulation is used for the
experimental setup. An electronic setup for
PID control was developed around 89C51
microcontroller, designed using 14 bit ADC
7135, DAC 0800, 74393 counter, PRT- Pt100
and 1kW heater in 10 Lit capacity water bath.
The setup costs us less than `1000. ACO is
used for the tuning of its parameters, i.e. Kp,
Ki, Kd. A knowledge base is obtained for 150
sets of PID parameters from the experimental
setup. ACO is then tuned by searching the
knowledge base for the optimum set of
parameters for a given set point. Integral of
time multiplied absolute error (ITAE) is used
for the cost addition of pheromone

1.1 .Ant Colony Optimization Technique
Ant Colony Optimization (ACO) based
algorithm uses a heuristic approach inspired
by the behavior of real ants, Dorigo (1996,
99) and is a member of Swarm intelligence
technique. The algorithms are inspired by the
trail laying and following behavior of natural
ants. When ants move from point A (source)
to point B (destination), ants leave a
chemical, pheromone, to mark these paths.
This helps the following ants to find the way
of their team members as they detect
pheromone and choose, in probability, paths
having a greater concentration of pheromone.
The algorithm is based on adaptively
adjusting the pheromone on routes at each
node. Choice of this node is guided by a
probability based selection approach Varol et
al. (2004).

3. RESULTS AND DISCUSSION
The developed controller setup was tested at
various set point temperatures under varying
environment. The PID parameters of the
controller have been automatically tuned to
give the satisfactory results of an Ant colony
optimization technique (ACO). From this
simulation it is clear that the ACO-PID
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the system attains worst stability of ±0.06°C
with a maximum overshoot of 0.15°C.

controller can be used in place of the
conventional PID controller after proper
tuning. A typical optimized graph obtained
from MATLAB using ACO optimization for
200 iterations is shown in Fig.2. The results
of the ACO based PID controller have been
compared with the PID controller tuned by
Ziegler Nichols (ZN). Values of the PID
parameters i.e. Kp, Ki, Kd obtained from these
methods have been shown in Table I given
below:
Table 1. PID Parameter
Parameter
Kp
Ki
Kd
Overshoot
Rise
time(s)
Settling
Time(s)

ZN
3.14
12.08
2.10
4.49
67

ACO
0.44
23.55
6.58
0.05
104

1094

420

Fig. 2: Results obtained from ZN and ACO
4. REFERENCES
1. K. J. Åström and B. Wittenmark,
Adaptive Control, Addison-Wesley,
(1989).
2. M. Dorigo,V. Maniezzo and A. Colorni,
Ant system optimization by a colony of
cooperating agents. IEEE transactions on
systems, (1996).
3. M. Dorigo, Ant algorithms for discrete
optimization, Artif life, 5 (1999) 137.
4. Huseyin Atakan Varol, Zafer Bingul A
new PID tuning technique using ant
algorithm, Proceeding of the American
control conference. (2004)
5. J. G. Ziegler and N. B. Nichols, Optimum
settings for automatic controllers,
Transactions of the ASME, 64 (1942)
759-768.

From the table it is clear that ACO smaller
overshoot as well as settling time. Where as
ZN gives quite high overshoot, but has less
rise time. The higher rise time was
compensated by smaller settling time. In the
industries where higher overshoots are not
tolerated there it cannot be used at all. In the
present case the system considered has got the
dead time of 6 Mins. and a response time of
30 Mins. has been considered. These are the
practical parameters obtained from the
experiment conducted on a water bath. After
doing simulations on several set points along
with the disturbances, it has been found that
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EMG Feature Evaluation of Knee Movements Along with
Various Daily Life Activities
Ravinder Agarwal and Inderjeet Singh Dhindsa
Thapar University, Patiala
email: ravinder_eeed@thapar.edu
Abstract: SEMG signals from seven leg muscle while carrying out daily life
activities were recorded and analysed using MATLAB. Four time domain and three
frequency domain features were extracted from the sEMG signal. The relationship
between different activities and features were observed by plotting Scatter plots. The
result obtained can be used for clinical and engineering application.
1.

medial (GAME) and Gastrocnemius lateral
(GALA) were recorded using BioTrace+
software for NeXus-10 biofeedback system.
The electrode position on these muscles is
shown in Fig 1. A reference electrode was
placed on the tibia bone and SEMG signals
were recorded. A resistance based goniometer
was used to measure the knee angle. Subjects
performed ten trials for each activity. The
data collected was then analysed using
MATLAB.

INTRODUCTION

The human movement is the result of
contraction or relaxation of muscles
associated with a particular joint. The surface
electromyograph (sEMG) signal represents
the amount of electric potential generated
when a muscle is contracted or relaxed [1].
These signals contain important information
which describe the human motion intent and
can be used to control exoskeleton system and
prosthetic devices [2, 3].
Raw sEMG signal is a complex signal and is
corrupted by electrode noise, electrode and
cable motion artefact, alternating current
power line interference and other noise
sources such as a broad band noise from
electronic instruments. Feature extraction is
employed to obtain the useful information
from it [1, 3]. EMG features can be computed
in several domains, such as time domain,
frequency domain, time-frequency and timescale. This paper is aimed at selecting the best
feature among the time domain and frequency
domain features. The result of this evaluation
can be useful in applications such as
myoelectric control of exoskeletons, robotic
manipulators, sports physiology and medical
diagnosis of muscular disorders.
2.

Fig 1: Electrode Position on Leg Muscles
2.2 Time Domain Features
The time domain features examined in this
paper are Integrated EMG (IEMG), Average
Absolute Value (AAV), Root Mean Square
(RMS) and Variance of EMG (VAR).

MATERIAL AND METHOD

2.3 Frequency domain Features

2.1 Experimental Setup

The frequency domain features represent
spectrum related information. Power spectral
density (PSD) is the main analysis in
frequency domain. The frequency domain
features examined in this paper are Peak
Frequency (PK), Mean Frequency (MNF) and
Median Frequency (MDF).

Five male subjects of mean age 32 years and
average weight 76 Kg, were selected to
perform daily life activities like standing up
from a chair (SUC), sitting down on a chair
(SDC), squatting (SQ) and standing up from a
squatting (SUSQ). SEMG signals from the
seven leg muscles mainly Vastus lateralis
(VALA), Vastus medialis (VAME), Rectus
femoris (REFE), Biceps femoris (BIFE),
Semitendinosus (SETE), Gastrocnemius

3.

RESULT

The sEMG signals from seven lower leg
muscles while carrying out daily life activities
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were recorded. Fig 2 shows the recorded
sEMG signal from VAME and VALA
muscles while carrying out SUC, SDC and
SQ activities. A data set was formed by
performing ten trials of each activity. Four
time domain features and three frequency
domain feature: IEMG, AAV, RMS, VAR,
PK, MNF and MDF were extracted using
MATLAB.
Fig 4:Normalized time domain feature for
Vastus Lateralis and Vastus Medialis muscles
for Standing up from chair.

Fig.2: SEMG signal for Vast us Lateralise and
Vastus Medial is for three daily life activities
standing up, sitting down and squatting.

Fig 5: Normalized RMS for different
activities VastusLateralis and VastusMedialis
muscles

For each activity scatter plots depicting the
normalized features for two different muscles
were plotted. The minimum-maximum
normalization used was

4.
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where feat is the original feature and normf is
its normalized value. Fig 3 and Fig. 4 shows
the plot of normalized time domain features
while carrying out different daily life
activities. The plot indicates the redundancy
in the time domain features. Fig 5 shows the
plot of normalized RMS for different
activities indicating that the features can be
used for classification of knee movements.

3.

Fig 3: Normalized time domain feature
for Vastus Lateralis and Vastus Medialis
muscles for Standing up from Chair.
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Abstract: Various statistical and time - frequency representations are used to analyze the non-stationary
physiological signal. The variance is one of several descriptors of a probability distribution. It forms part of a
systematic approach to distinguishing between probability distributions. The Short-Time Fourier Transform
(STFT) takes a linear approach for a time-frequency representation. Spectrogram is the result of calculating the
frequency spectrum of windowed frames of a compound signal. In the present study, probability distribution
parameters together with the STFT spectrograms are proposed to evaluate the best movement of arm position.
The analyzed data is useful for the researcher to design of a prosthetic arm for near shoulder prosthetic users in
simplest approach.

1.

1.

INTRODUCTION

Worldwide, about 56% of the amputees are
upper limb amputees. Out of these, rehabilitation
of near-shoulder amputees using their natural
surface electromyogram (SEMG) signal that is
most difficult due to the lack of proper location
for placement of electrodes[1, 4]. This paper
shows how the data can be analyzed from the
three position point combinations (p1, p2 and
p3); infraspanious muscle at the back (B), scalini
at the shoulder (S) and pectorals major at the
position on the chest(C) respectively from
around shoulder data with the different four
movements; the clockwise direction (m2), anticlockwise (m3), upper position (m4) and the rest
position (m1) of shoulder. Our results, obtained
from the analysis of SEMG signals collected
from six subjects, In first, we employ the feature
extraction of the SEMG signal by analyzed the
most important factors like amplitude, RMS
value, mean, variance, mode and Short-time
Fourier transform (STFT), a method which
applies a window to the signal and performs a
series of Fourier transforms and form a timefrequency representation of the signal [1, 2].
During the second application we show that how
the variance a probability distribution parameter
and STFT spectrogram are proposed to analyze
the signal for the detection of best movement of
arm from four movements and the best
combination of different specified location of the
electrodes.

The Root Mean Square for the EMG signal
is
()

∫

N= No. of values in data set
2. The equation used for average deviation is:
1
∑| − ̅ |
̅ =Mean value of all the value
N= no. of values in data set

3. The Variance is a measure of how far a set of
numbers is spread out.
4. The variation form the Mean value is specified
by the standard deviation
=

1

(

− ̅)

= each value in data set ,
̅ = Mean value of all the value in data set,
N= no. of values in data set
5. STFT is evaluated by applying some suitable
windowing function to the original signal .The
spectrogram of a signal x (t) is defined as the
squared magnitude of linear STFT by
SPECx(t,f) = | x( , )|2

( ) ( − )
Where | x( , )| = ∫
d
is the STFT of x(t) , w( ) is a window( e.g
Hanning , rectangular , hamming) t time and f
frequency.

2. MATHEMATICAL EQUATION:
The SEMG signal analysis for calculating
various parameters:
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3. RESULTS AND DISCUSSION:
The six bipolar electrodes for the detection of
different arm movements increase the circuit
complexity. To reduce the number of electrodes
to perform the four movements, the results were
analyzed statistically for finding the best
combination of different locations shown.

Variance..........

Variance.........

0.03

0.02

Sub2 90

0.01

0.02

Sub2 UP

0
BCa0
SCa0
BSa0
BCa1
SCa1
BSa1

Variance..........

Fig. 1 shows the comparison of the value of
variance with different rotation of arm at
specified location. The value of variance
described the best movement of arm as the UP
position under two-channel approach for three
subjects.

Series1
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Sub2 CLK

0

Sub2 ANT
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Fig. 3. The best combination of the electrodes
for specified movements.
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Fig. 1. Value of the variance of different
movements of arm.

2.

Figure2 shows the maximum muscles
contraction in the STFT spectrogram help to find
the best movement by applying hanning
windowing function with length is 64 and
frequency bins are 512[4].

3.

4.

Fig. 2. STFT Spectogram for specified
movements.
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Abstract: Leaf litter biomass from populous deltoids was characterized for renewable fuel production.
Native pulverized biomass (0.5 mm) had cellulose, hemicelluloses and lignin content of 37, 21 and 11%,
respectively. Proximate analysis of the biomass showed 3.7% ash, 76% volatile matter, 12% fixed carbon
and 8% moisture. Ultimate analysis of pulverized biomass showed 44% total carbon 6.2% hydrogen,
1.4% nitrogen and 0.5% sulfur. The onset temperature of devolatilization of biomass was in the range of
200-250 (C as judged by thermal gravimetric analysis (TGA). X-ray diffraction (XRD) analysis showed
an intense crystalline and amorphous peak at 2θ angle of 22.5 and 18.5°, respectively. Fourier transform
Infrared Spectroscopy (FTIR) showed most prominent peaks in the spectrum originate from –OH
stretching, vibration at 3370-3420 cm-1 and CH2 and CH3 asymmetric and symmetric stretching
vibrations at 2935–2915 cm-1 which are expected from hemicelluloses, cellulose and lignin. Very intense
peaks in the region 1742-1620 cm-1 originated from the stretching mode of carbonyls showed the
presence of ketones and esters. 13C Nuclear Magnetic Resonance (NMR) spectroscopy showed sharp
signal at 105.4 ppm, 89.1 ppm and 65.2 ppm, corresponded to ordered cellulose. Reducing sugar in native
pulverized biomass was 4.43 mg g-1 biomass, which has potential for renewable fuel production such as
bio ethanol.

located at 29°48′00″ N, 76°22′59″ E and 219 m
above the sea level. Biomass were washed to
remove adhered debris, dried, grounded and
sieved to particle size of 0.5 mm. Sieved samples
were stored in an air tight container at room
temperature for further use. Characterization was
performed for compositional analysis of native
and pre-treated leaf litter by two stage acid
hydrolysis for production of renewable fuel.
Native pulverized biomass (0.5 mm) was
characterized by two stage acid hydrolysis
protocol developed by National Renewable
Energy Laboratory [6]. XRD, FTIR and 13C NMR
was done to characterize biomass ap per protocol
mentioned by Naik [1].

1. INTRODUCTION
Leaf litter a major component of the uppermost
layer of soil and can be used as a favorable
alternative to fossil fuels. Alternative and
renewable energy resources have recently become
a high priority for many countries and will play a
major role in the chemical industry in the near
future [1]. To solve global warming problems and
ensure sustainable development of the economy it
is necessary to increase the use of renewable
biomass resources [2]. These renewable energy
resources have become quickly popularized due to
their lack of environmental risks, capital
investment and pollution [1]. The increasing
development of agro-industrial activity has led to
the production of a large quantity of
lignocelluloses residues from wood, herbaceous,
agricultural, forestry, municipal solid wastes and
various industrial wastes all over the world [3].
Lignocelluloses materials, such as agro-industrial
and forestry wastes, are natural complex
composites primarily consists of 30-50%
cellulose, 20-35% hemicelluloses and 10-25%
lignin [4]. The accessibility of the cellulose,
embedded in the plant cell wall with
hemicelluloses and lignin, and the highly
crystalline nature of the cellulose are two main
factors that increase the cost associated with
processing lignocelluloses biomass [5].

Fig 1.TGA analysis of biomass
3. RESULTS & DISCUSSION
Native pulverized biomass (0.5 mm) had
cellulose, hemicelluloses and lignin content of 37,
21 and 11%, respectively. Proximate analysis of
the biomass showed 3.7% ash, 76% volatile

2. METHODOLOGY
Leaf litter biomass from Populism deltoids was
collected from Sensor forest, Haryana (India),
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matter, 12% fixed carbon and 8% moisture.
Ultimate analysis of pulverized biomass showed
44% total carbon 6.2% hydrogen, 1.4% nitrogen
and 0.5% sulfur. The behavior of biomass
materials during devolatilization was related to
the presence of chemical constituents such as
cellulose, hemicelluloses and lignin. The onset
temperature of devolatilization of biomass was in
the range of 200-250 (C as judged by thermal
gravimetric analysis (TGA). The main weight loss
ends at 310-350°C followed by a slow and
continuous weight loss. The former step was due
to the primary devolatilization, where as the later
was attributed to the degradation of heavier
chemical structures in the solid matrix (Fig 1). Xray diffraction (XRD) analysis showed an intense
crystalline and amorphous peak at 2θ angle of
22.5 and 18.5°, respectively (Fig. 2). The
crystalline of the surface is mainly related to the
wax content i.e. high molecular mass hydrocarbons and fatty components in the biomass.
However, the overall crystalline of biomass
depends on wax, cellulose content and also
depends on the complex nature of bonding
between cellulose, hemicelluloses and lignin.
Fourier transform Infrared Spectroscopy (FTIR)
showed most prominent peaks in the spectrum
originate from –OH stretching vibration at 33703420 cm-1 and CH2 and CH3 asymmetric and
symmetric stretching vibrations at 2935-2915 cm-1
which are expected from hemicelluloses, cellulose
and lignin (Fig. 3). Very intense peaks in the
region 1742-1620 cm-1 originated from the
stretching mode of carbonyls showed the presence
of ketones and esters. C Nuclear Magnetic
Resonance (NMR) spectroscopy showed sharp
signal at 105.4 ppm, 89.1 ppm and 65.2 ppm,
corresponded to ordered cellulose. Reducing
sugar in native pulverized biomass was 4.43 mg g1
biomass which has potential for renewable fuel
production such as bio-ethanol. The study of the
biomass in the light of bio-fuel production
ensured that this biomass can be utilized for
gasification, bio-oil and bio-alcohol production
and may meet the demand of the second
generation bio-fuel in near future.

Fig. 2. XRD analysis of biomass

Fig.. 3. FT-IR spectra of biomass
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Abstract: A continuous air quality monitoring study was conducted in Patiala, India (29⁰49'–
30⁰47' N Lat., 75⁰58'–76⁰54' E Long.) during 2007 to 2008. The concentration of suspended
particulate matter (SPM) was monitored using high volume samplers and gaseous sampling
systems. Standard procedures recommended for ambient air sampling were followed during the
study. The paper presented here focuses on the precision and errors during the sampling and
analysis of ambient air pollutants. Points of improvements have been suggested here for better
performance of the sampling systems.

1.

INTRODUCTION
3.

RESULTS AND DISCUSSION

Increased incidences of respiratory problems
and other related diseases have been linked
with the high levels of gases and particulate
matter in ambient air [1].Particulate matter
suspended in the atmosphere also degrades
the visibility of the area. The vehicular,
industrial and agricultural activities are the
significant sources of suspended particulate
matter and trace gases [2]. Meteorological
conditions also affect the seasonal levels of
air pollutants [3]. Monitoring of air quality is
essential to check the levels of particulate
matter, gases and other compounds so that the
sources can be identified and emissions can
be controlled at source.
Ambient air quality can be checked by
monitoring the levels of selected air
pollutants. High volume sampling technique
is used for the monitoring of suspended
particulate matter and gases in ambient air
[4].

During the study period, the average aerosol
concentration during different months varied
between 93±33µgm-3 to 560±128µgm-3. The
lowest concentration level (93±33µgm-3) was
observed in August 2008 at semi-urban site
while
peak
concentration
level
(560±128µgm-3) was obtained in November
at the commercial site in the same year. High
levels were observed during the four specific
months: April, May, October and November
being wheat and rice crop residue burning
months. The high concentration levels were
observed exceeding the permissible limit of
NAAQS, India for residential areas and WHO
standards. The effect of wind direction was
also clearly visible and the results showed
significant increase in aerosol levels at
different sites during crop residue burning
periods indicating the impact of these
practices on the air quality.

2. METHODOLOGY

4.

The concentration of suspended particulate
matter (SPM) was monitored using high
volume samplers. Gaseous sampling systems
were also attached individually with the outlet
pipe of each high volume sampler for the
simultaneous monitoring of nitrogen dioxide
(NO2) and sulphur dioxide (SO2) [5, 6]. All
the samplers were operated for 24-hour to
collect particulate and gaseous samples from
five different locations in and around Patiala
city covering agricultural, commercial, urban
and residential areas. All the sampling
instruments were standardized, serviced and
calibrated periodically to get accurate results.

It was observed that standardization and
calibration must be done to maximize the
precision and minimize the deviations in
findings. Flow meters should also be cleaned
periodically and the water level should be
maintained to minimize the errors in taking
air flow rate readings. It was also observed
that the machine should be mounted properly
to avoid any damage during the sampling
time. Placement of blank filters in the
machine, removal of sample, storage and
weighing also need great care for precise
findings.
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Voltammetric Study of Imine Based Compound for the Trace Level Detection of Al 3 +
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Abstract: Electrochemical behaviour of a chemo sensor functionalized with imine linkage (T4)
is inspected using cyclic voltammeter in semi- aqueous solvent system. The catholic peak at 1.1V diminishes with increasing scan rate beyond 20mVs-1. T4 shows greater shift in
acetonitrile (ACN) than in DMSO medium because of more basic character of lone pair on
nitrogen atom than that of oxygen in DMSO. A decrease in cathode peak currents observed with
the addition of aluminum ions, and a new peak at -0.65V develops which increases in peak
current on further addition of aluminum ions. Based on binding constant values, the proposed
chemo sensor is found selective for aluminum ions. Presence of metal ions like Co2+, Ni2+,
Cu2+, Zn2+, Cd2+, Hg2+, Pb2+show no interference in the detection of Al3+ in. The results are
supported with similar observations in differential pulse voltammetric methods.

1.

INTRODUCTION

Aluminum is the most abundant metal
element in the earth’s crust and is a common
metal frequently used in our daily life.
However, the toxicity of aluminum ion
(Al3+) is not recognized very well and has
not been paid much attention [1]. Al3+can
cause damage such as Parkinson’s disease.
There lation ship between these diseases and
abnormal accumulation of aluminum is an
important public health issue. Thus the
determination of aluminum in environmental
and biological system is of current interest
and the development of a simple, reliable, and
accurate method to determine trace aluminum
is in great demand. Recently, the reported
methods
include
atomic
absorption
spectrometry (AAS) [6] inductively coupled
plasma atomic emission spectrometry (ICPAES) [7] and ICP mass spectrometry (ICPMS) [8] and flours cent analysis [9]. It is
necessary to develop a simple, selective and
highly sensitive method for the detection of
Al3+. The electrochemical method is simple
and reliable techniques for detecting metal
ions. Furthermore, electro analytical methods
have some merits such as low detection
limits,
simple
operation,
portable
equipment’s, low cost, and short time over
spectrometries. In this paper, ZnO coated
imine linkage based chemo sensor has been
resynthesized using literature method [10]
(T4 compound, Fig. 1) and then used for the
determination of aluminum ion.

Fig.1.

Optimized geometry of
B3LYP/6-31G
level
Gaussian 03W software

T4 at
using

T4 compound was studied extensively by
voltammetric methods and studies were
recorded with a three-electrode system
immersed in a solution of the analyte species
and the supporting electrolyte on an Auto lab
Potentiostat / Galvanostat. Glassy carbon
(GC) electrode was used as working electrode
and platinum wire was used as a counter
electrode.
For
non-aqueous
medium,
reference electrode used was Ag/Ag+
electrode containing an internal

Fig.2. Cyclic voltammograms of T4 at
different scan rates 10, 30, 50, 100
mVs1 using 0.1M TBAP as
supporting electrolyte and GC as
working electrode
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Differential Pulse voltammetry was also
studied for this compound by using the
modulation amplitude at 50 mVs-1 at different
scan rates and concentrations, which also
show the same results.
To study the solvent effect, T4 was also
studied in different solvents (DCM, DMSO
and ACN) based on the difference in their
electron donating tendency. As expected,
ACN influenced reduction of imine bond in
T4 molecule more than DMSO because of
more basic character of lone pair on nitrogen
atom of ACN as compared to that of oxygen
in DMSO. This is indicated from greater peak
potential (-1.2V) in ACN as compared to
peak potential (-0.9V) in DMSO as a solvent,
while DCM did not give good curves, as
shown in Fig 4.For cation interaction studies,
perchlorate salts of different metals (Co, Ni,
Cu, Zn, Hgand Pb) were used by preparing
stock solution of concentration 10-1 M in
HDMSO: H20: 8:2.
Electro analytical study of T4 compound
was done to check the selectivity for cations.
Aluminum ion showed the quenching of
cathodic peaks at -1.1V and -0.9 V and shift
of 0.25 V can be seen in cathodic peak
potential of T4 on interaction with 1
equivalent of aluminum
Fig.4. Cyclic voltammo grams of T4 (10-3 M)
in different solvents using 0.1 M TBAP as
supporting electrolyte

Fig.3. Cyclic voltammograms of T4 with
different concentrations (0.5 mM,
0.3 mM, 0.1 mM, 0.05mM, 0.03
mM and 0.01 mM) using 0.1 M
TBAP as supporting electrolyte
With
decrease
in
concentration
of
compoundT4 there is corresponding decrease
in cathodic peaks currents from 15 µA to 6.9
µA. At 0.1 mm, cathodic peak at -1.1V
vanishes, while second cathodic peak at -0.9V
diminishes with further dilutions from 0.1
mm to 0.01 mm. Further, calibration plot
shows the linear response of cathodic peak
current with the concentration of compound.
Differential Pulse voltammetry was also
studied for this compound by using the
modulation amplitude at 50 mVs-1 at different
scan rates and concentrations, which also
show the same results.
To study the solvent effect, T4 was also
studied in different solvents (DCM, DMSO
and ACN) based on the difference in their
electron donating tendency. As solution of
0.01M AgNO3 and 0.1M TBAP in DMSO:
H20.
Stock solution of T4 having concentration
5*10-3 M was prepared in H2O: DMSO (8:2
v/v). Potential range for T4 was 1 to -1.7V.
Cyclic voltammo grams of the compound
were studied using different scan rates (10
mVs-1 to 100 mVs-1).With increase in scan
rate from 10 to 100 mV s-1, there is
corresponding increase in cathodic peak
current from 6.4 µA to 20.3 µA.
Peak currents of cathodic wave were plotted
against square root of scan rates in order to
understand the nature of electrode process
taking place at the surface. A linear relation
between peak current and square root of the
scan rate shows that Fick’s law of diffusion is
obeyed and the charge transport is diffusion
based process.
With
decrease
in
concentration
of
compoundT4 there is corresponding decrease
in cathodic peaks currents from 15 µA to 6.9
µA. At 0.1 mm, cathodic peak at -1.1V
vanishes, while second cathodic peak at -0.9V
diminishes with further dilutions from 0.1
mm to 0.01 mm. Further, calibration plot
shows the linear response of cathodic peak
current with the concentration of compound.

Fig. 4. Cyclic voltammo grams of T4 (10-3 M)
in different solvents using 0.1 M
TBAP as supporting electrolyte

Fig. 5. Cyclic voltammograms of T4 (10-3 M)
with 1 equivalents of different cations
using 0.1 M TBAP as supporting
electrolyte)
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Fig. 6. Cyclic voltammograms of T4 (10-3
M) with 0, 0.5, 1, 2, 3, 4, 5 and 6
equivalents of Al3+ using 0.1 M
TBAP as supporting electrolyte
Electro analytical study of T4 compound
was done to check the selectivity for captions.
Aluminum ion showed the quenching of
cathodic peaks at -1.1V and -0.9V and shift of
0.25V can be seen in cathodic peak potential
of T4 on interaction with 1 equivalent of
aluminum ion.
Cathodic peak at -0.6V increases in peak
current with subsequent addition of aluminum
ions from 1 equivalent to 6 equivalents as
shown in Figure 6. Also, Calibration plot for
concentration of aluminum ion added and
corresponding peak current shows linear
relationship. Thus, T4 molecule was found
selective for aluminum ion based on the
above results.
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Abstract: Ultrasonic and Scanning Electron Microscopy (SEM) was employed to study the
surface of wood in longitudinal and transverse direction. Wood samples of Acacia
auriculaeformis (Bengaljali), Eucalyptus tereticornis (Eucalypts), Meliacomposita (Malabar
neem) and Shorearobusta (Sal) were taken to compute ultrasonic velocity, acoustic impedance
and modulus of elasticity.In the present study SEM analysis were used to study the wood
fibrous structure in different patternsranging from 20 - 120 μm, pores size (vessel element) 50 400 μm, and fiber size 5 to 30 μm. The results of ultrasonic physical parameters like ultrasonic
velocity, acoustic impedance and elasticity along the grain were found varying between 3466
m/s - 4929 m/s, 0.699 x 10-6 to 2.92 x 10-6 N-s/m2, 2.89 x 10-9 to 12.58 x 10-9 Pa in longitudinal
direction and 1733.33 m/s to 2571.42 m/s, 0.292 x 10-6 to 1.209 x 10-6 N-s/m2, 0.507 x 10-9 to
2.99 x 10-9 Pa in transverse direction respectively.The results of studies will be useful in
characterizing differentwood species.

1.

DSO, which gave direct measurement of
velocity and attenuation.

INTRODUCTION

Wood is a biological material integrating a
very large variability inphysical and
mechanical properties. The anatomical
structure of wood affects strength properties
and appearance of wood(1,2).Ultrasonic
research on wood and wood materials was
spurred in the United States.The variation in
ultrasonic parameters of different wood
samples depends on their fibrous structure. In
the present study, ultrasonic parameters in
different direction are correlated with SEM
study.
2.

METHODOLOGY

2.1 Materials
Fig. 1. Set up for ultrasonic parameters

Wood samples ofAcacia auriculaeformis
(Bengaljali),
Eucalyptus
tereticornis
(Eucalypts),
Meliacomposita
(Malabar
neem)andShorearobusta (Sal) were used to
compute the ultrasonic parameters and
surface structure analysis.

2.3. Surface Structure
Dry wood sampleswere examined withSEM
to characterize surface structure after shaping
and coating with a thin conducting layer of
gold to avoid any charging effect. The
acquired images were used for the analysis of
correlation with ultrasonic parameters.

2.2 Ultrasonic Technique
In this method, the pulse-echo technique was
used. Here, the pulse transit time for a known
propagation distance gives a direct
measurement of velocity.In the present study,
double-probe-through transmission technique
was used for the transmission and receiving
ultrasonic signals as shown in Fig. 1. Pulse
transit time for the known propagation
distance was measured from the calibrated

3.

RESULTS AND DISCUSSION

The variation in ultrasonic parameters of
different wood samples depends on their
fibrous structure and shown in table 1.
Table 1: Acoustical parameters of five
different wood species
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micrograph (A) shows thickness of the
radially fibrous pattern structure is small
approximately 2-5μm with diameter 1215μm. In Fig. 2(B),fibres are comparatively
larger (18-20μm).Fig.2(C&D) show pore size
of the vessel elements 175-180μm and
distance between two vessel elements are
approximately 200μm. Similarly, for other
wood samples images were taken and
correlated.

Ultrasonic velocity in longitudinal direction
depends on the size of fiber. Highly dense
fibrestructure wood like Sal has maximum
ultrasonic velocity because denser structure of
Wood requires less reflection of ultrasonic
wave. In transverse direction, vessel elements
and different patterns of fibre structure affect
the ultrasonic parameters.It is found that
ultrasonic parameter in longitudinal direction
is two times faster than transverse direction.
The size of vessel elements of Acacia, Teak
and Sal are almost same but vessels of Acacia
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Fig.2: SEM micrographs of acacia wood,
A,B,C,D show the structure of fiber
and vessel elements
On comparing structural parameters with
acoustical parameters, it is concluded
thatsome more parameters like standard
deviation and variance are to be taken into
consideration.
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6. REFERENCES

wood are slightly more than Sal and Teak.
Therefore, the variation occurs in the
transverse ultrasonic velocity. Fibrous pattern
difference in the wood structure also affects
the ultrasonic wave in both the directions. It is
observed that ultrasonic velocity of different
wood samples increases with increase in
density and elasticity. In Fig. 2, SEM
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Abstract: An ultrasonic transducer is designed and developed with LiNbO3 piezoelectric material.It
is an air backed, 20 mm in diameter, 60 mm in length, gold plated, half wave resonator. The lithium
niobate crystal is taken due to its higher sensitivity, long term stability and linearity of power, good
responseat higher harmonics for measuring the performance at higher frequencies in the range of 1 to
15 MHz Ultrasonic power is an important parameter in medical diagnostic and therapeutic
applications in higher frequency range i.e. 1 to 15 MHz The ultrasonic transducer is designed and
fabricated for quality check of radiation force balance (RFB) usingthe digital microbalance system.
In present paper ultrasonic total power output from the transducer is measured by radiation force
balance (RFB). Power measured at fundamental frequencyand 2 MHz for higher ultrasonic power
output with constant input rf voltages. Ultrasonic transducer works well for highultrasonic power of
the order of 5 watts at fundamental frequency in megahertz range.

1.

to low internal losses, the transducer can be
used for higher harmonics. The lithiumniobate
piezoelectric crystal with 20 mm in diameter,
gold plated is used to fabricate the ultrasonic
transducer as an half wave resonator. The
Schematic construction of the transducer is
given in the Fig. 1.

INTRODUCTION

Ultrasonic applications are in various measuring
techniques
like
acoustic
microscopy,
piezoelectric sensors, ultrasonic imaging, in
medical for diagnostics and therapeutics.
Ultrasonic power is an important parameter in
medical diagnostic and therapeutic applications.
Knowledge of exposure of ultrasonic power to
the patient gives sufficient information to the
doctor
for
better
prediction.
NPL
maintainsradiation force balance as a primary
standard for ultrasonic power measurement in
the range of few mili watts to 10 watt in the
frequency range of 1 MHz to 15 MHz For
regular quality check of the balance a standard
source with long term stability, highly sensitive
and linear in power is required for the setup. For
that purpose an ultrasonic transducer is
designed and fabricated and its output power is
measured.
2.

Fig. 1. Schematic of ultrasonic transducer

RANSDUCER DESIGN

3.

It can be seen that acoustic power density per
cubic meter is given bythe relation [1-3]

RADIATION FORCE BALANCE AND
MEASUREMENT PROCEDURE

The measurement of ultrasonic power is based
on radiation pressure exerted by ultrasonic
waves on an interface of two dissimilar media.
The basic principle is that transducer whose
output power is to be measured is fixed at the
bottom of a tank radiating waves vertically
upwards. The ultrasonic waves are incident on a
specially designed 100 % absorbing target.
Ultrasonic radiation pressure acts exactly
opposite to gravitational force and hence
effectively reduces the weight of the target. The
reduction in the weight of the target is directly
linked to evaluate the ultrasonic power Fig.2
The target is suspended under the microbalance
by a thin metallic wire.

P = 2 π f E2k2 €33 T
Where k is coupling factor, E the MSec electric
field, €33 T the dielectric constant, Qm
mechanical quality factor and f the resonant
frequency. For higher power output the relation
shows we must take the material with high
coupling coefficient, higher mechanical quality
factor and material to withstand with higher
excitation voltage. The lithium niobate crystal
material has high coupling coefficient and low
dielectric constant [2, 3]. It has linearity of
power with voltage and long term stability. Due
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Fig. 2. Measurement of total ultrasonic power by
Radiation Force Balance (RFB)
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Fig. 3. Ultrasonic power with varying input voltageat
1.235 MHz (X - Input voltage in Vpp, Y Output ultrasonic Power in Mili Volts

The mass of target is measured with and
without the ultrasonic wave incident on target.
The difference in mass is used to calculate the
ultrasonic power, as given below.

5.

CONCLUSION

Transducer gives ultrasonic output power of
order few mili watt to 5 watts and more.It
shows that the radiation force balance can be
adjudged for its quality check for power
measurement in the range of 1 mili Watt to5
watt by the developed transducer. The
transducer can be further modified for its better
presentation and commercial availability for
other applications.

P = mgc
Where P is Power in Watts, m, difference in
mass in kilogram, g, acceleration due to gravity
and c, ultrasonic velocity in water.
4.

50

RESULTS AND DISCUSSION

The transducer developed and fabricated is
characterized by measuring the ultrasonic
output power at varying frequencies and voltage
using the radiation force balance set up. Results
are presented for output power with varying
voltage at 1.235 MHz Fig.3.
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Basic Factors Affecting Sound Transmission through
Single and Double Walls
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Abstract: This paper begins with a discussion of the basic factors that control sound transmission
through any building elements. An understanding of the basic principles can lead to design
economies and the avoidance of error. Small changes in the arrangement of materials [1-6] can yield
large changes in noise reduction with little or no increase in cost. The sound transmission losses of
single and double layer walls are determined by the physical properties of the building wall elements
and the methods of assembly. Example of specific wall design arrangements using these factors is
discussed in this paper.

1. INTRODUCTION
The sound transmission losses (TL) of single
and double layer walls are determined by the
physical properties of the building wall elements
and the methods of assembly. Example of
specific wall design using these factors is
discussed in this paper.
2. BASIC FACTORS AFFECTING SOUND
TRANSMISSION
2.1 Mass Law
An increase in TL is expected with increasing
mass, because the heavier the panel, the less it
vibrates in response to sound waves, hence the
less sound energy it radiates on the other side.
The mass law is a theoretical expression that
applies to thin panels of most common building
materials within a limited frequency range. The
mass law predicts that TL will increase by about
6 dB for each doubling of the surface mass or
the frequency is shown in Fig. 1.
The mass per unit area is very important in
determining the STC and STC can analyzed and
calculated from Fig. 1,

Fig. 1. TL showing mass law for various surface
mass
(2)
Where, TL is transmission loss (dB), m is surface
mass (kg/m2), and f is frequency (Hz).
Table 1. Surface mass for 1 mm thickness and
constant A for some common building materials
Material

(1)
An increase in mass can be achieved either by
increasing the material's thickness or by
selecting denser material. The unit surface mass
for 1 mm thicknesses of some common building
materials is given in Table 1. These values
should be multiplied by the total thickness of the
material to get its overall surface mass. The TL
at a given frequency can then be found from Fig.
1 or by using the following equation:
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Aluminum
Concrete,
dense poured
Hollow
concrete block
Timber
Glass
Lead
Steel
Gypsum board
Plywood

Surface
Mass
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2.2 Coincidence Dip
TL measured in practice often differs from that
determined theoretically from the mass law. The
typical TL for some common materials is
illustrated in Fig. 2. As one would expect from
its greater mass, the concrete slab exhibits much
higher TL than a sheet of gypsum board or
plywood. However, significant deviations from
the mass law are evident for all three materials.

Concrete and plywood in common thicknesses
are strongly affected by coincidence because the
fc tends to fall in the range important for building
acoustics (80 to 4000 Hz). For a flexible panel
such as thin sheet metal, the steady increase in
TL continues throughout the frequency range,
because the coincidence dip is far above 4000
Hz.
2.3 Mass-Air-Mass Resonance
In general, the larger the space between the two
layers, the higher the TL. This is illustrated by
the data in Fig. 3 for two layers of glass with
different spacings. The larger spacing gives
higher TL throughout the frequency range. Very
similar TL would be observed for other
materials such as gypsum board with the same
spacings. Because increasing the space between
the two surfaces gives higher TL, it is preferable
to use as large spacing as possible.

Fig.2. TL for some common materials.
The coincidence or critical frequency, fc, for a
given material may be calculated from:
(3)
Where, A is a constant for each material under
consideration and t is the material thickness,
mm.
The curves for gypsum board and plywood (both
about 10 kg/m2) have very similar TL at low
frequencies, increasing steadily, in good
agreement with the mass law. At higher
frequencies, each exhibits an appreciable dip,
called the coincidence dip. This dip is centered
at the fc, which depends on the material's
stiffness and its thickness. The coincidence dip
of the plywood occurs at a lower frequency than
that for gypsum because the plywood is stiffer.
Even though the plywood and gypsum board
weigh the same, the plywood has a lower STC
because of this dip.
The fc for building materials listed in Table 1 can
be calculated by dividing the appropriate value
of the constant A by the thickness in mm. For
example, concrete has A = 18,700, so a layer of
concrete 100 mm thick would have the fc near
190 Hz. The TL data is shown in Fig. 2 fall
below the mass law for all frequencies above the
fc.
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Fig. 3. TL showing spacing (mass-air-mass
resonance)
There is a practical basis for setting a minimum
spacing between the layers. The lower curve in
Fig. 3 (for 6 mm spacing) has a sharp dip at
frequencies just below 500 Hz. This is due to the
mass-air-mass resonance. The air trapped in the
cavity between the layers acts as a spring
transferring vibrational energy from one layer to
the other. This energy transfer is significant only
in a small frequency range, where it causes a
sharp lowering of the TL.
The effect of this resonance is illustrated in Fig.
4, which compares the TL of a single layer of 3
mm glass with the TL given in Fig. 3 for double
glass with 6 mm air space. Near the resonance
frequency (250 to 500 Hz) the TL of the double
glass is actually less than that for a single layer
of the same glass. At lower frequencies, the
double glass has higher TL; this is due to
doubling the mass of glass, and is essentially the
same result that would be obtained if the two
layers of glass were glued together. The dips that
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occur at about 4000 Hz are due to coincidence,
not the mass-air-mass resonance.

faces of the studs) has little effect because it
does not alter the dominant vibration
transmission path through the studs. Fig. 5
compares the TL of a conventional wood stud
wall with that when both layers of gypsum board
are attached to the same side of the studs,
eliminating the airspace. Because of the
vibration transmission through the studs, the
airspace between the two layers of gypsum
board gives little improvement. At low
frequencies the cavity actually gives a lower TL
because of the fmam.

Fig. 4. TL comparison between 1-layer of 3 mm
glass & 2- glass with 6 mm air space
The frequency of the mass-air-mass resonance
(fmam) depends on the mass of the layers and the
distance between them. The larger the air space
or the heavier the materials, the lower the
frequency at which the resonance occurs. The
fmam can be calculated from the equation:
(4)
Where, fmam is the mass-air-mass resonance
frequency, m1 is the surface mass of the first
layer (kg/m2), m2 is the surface mass of the
second layer (kg/m2), and d is their separation
(mm).
To maximize the improvement due to the
airspace, partitions should be designed so that
the fmam is at as low a frequency as possible. As a
general guideline, designing for a fmam of 80 Hz
makes optimum use of wall or floor materials.
Many common partition designs do not meet this
criterion.
Filling the cavity with absorptive material can
increase the TL substantially, especially when
the cavity is large. This is obviously impractical
for windows because the absorptive batts are not
transparent, but it is a common way to reduce
sound transmission through walls or floors. The
density of the sound-absorbing material is not
very important and using batts thicker than twothirds of the cavity depth provides little
additional increase in STC.
Adding absorptive material to the cavity is
beneficial only if structural connections between
the surfaces do not transmit much vibrational
energy. For example, adding glass fibre between
the studs of a common wall (wood stud wall
with gypsum board attached directly to both
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Fig. 5. TL comparison between conventional
wall (wood stud wall with both layers of
gypsum board attached to the same side
of the studs, eliminating the airspace) and
common wall (wood stud wall with
gypsum board attached directly to both
faces of the studs)
3. SPECIFIC WALL DESIGN
ARRANGEMENTS
For gypsum wallboard construction [1-6], there
are several practical ways of reducing
mechanical connections between partition
layers; these include staggered wood studs,
separate rows of wood or steel studs or, with a
single row of wood studs, resilient metal
channels to support the wallboard layers
independency of each other. Non-load-bearing
steel studs are usually resilient enough to
provide adequate mechanical decoupling
between layers of gypsum board applied to both
sides. For load-bearing steel studs, good results
have also been obtained through the use of
resilient channels. Some of these constructions
are illustrated in Fig. 6.
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Fig. 6. TL comparison among one 16 mm
gypsum with 100 mm cavity, two 16 mm
gypsum with 100 mm cavity, two 16 mm
gypsum with 160 mm cavity through the
use of resilient channels
4. CONCLUDING REMARKS
In designing to prevent sound transmission, all
leaks must first be eliminated. The next factor
usually considered is the mass of the partition;
an increase in weight generally increases the TL.
However, this improvement is limited by the
coincidence dip, which depends on the material's
stiffness and thickness.
Cavity constructions are a practical alternative to
massive solid constructions. Reducing structural
connections by which vibrational energy can be
transferred across the cavity is the first priority.
Once this is accomplished, increasing the depth
of the cavity and adding absorptive material
inside it improve the TL. At low frequencies, the
mass-air-mass resonance limits the TL. If this
resonance is below 80 Hz, it is not a significant
problem for airborne noise. The resonance
frequency can be lowered by increasing the mass
of the surface layers or by increasing their
separation.
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Development of General Fiber Optics Sensor Platform for RI
Measurement
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Abstract: Optical fibre is attractive for applications in communication, sensing, control and
instrumentation. Till now optical fibre has undergone much development in its structure. The
optical fiber sensing system basically contains a light source, Optical fiber; a sensing element or
transducer and a detector. Contamination detection is conducted mostly by using optical fibre
sensor. Adulteration is common malpractice such as adulteration in petrol, kerosene, and other
sample. There are number of adulterant detected by this method like Diesel, Kerosene, mixture
of these both or mixture of kerosene and aviation gasoline. Effects like increased pollution
decrease in engine performance, reduced life time etc is resulted from such adulteration. Fiber
optical sensor using hollow prism as a sampler holder is used to check the adulteration level in
samples like diesel, milk, edible oil, petrol etc. The basic idea is based on a variation of
reflected light intensity due to changes in the refractive index (refractive index is basically the
change of speed of light in air with respect to the change of speed of light in a medium used) of
adulterated sample. Here laser (He-Ne) beam is passed through air straight into the adulterated
sample using hollow prism. Based on the changes in the refractive indices, a detector detects the
light variation. Output of the detector is used for detection of adulteration. The sensor is simple
to construct and operate & safe to use with inflammable fuels which makes it compact and
portable.

1.

INTRODUCTION

Fibre optics sensor (FOS) has become a field
of research because of their environment high
sensitivity,
inherent
immunity
to
electromagnetic interference, long distance
removed measurements & safe in hazardous
& explosive environment. FOS makes the
system ideal for application in various
engineering areas in food, chemical,
beverages or medical analysis and monitoring
systems. The newly proposed hollow prism
based fiber optical sensor has been used to
determine the adulteration level in various
samples of petrol, diesel, milk, edible oils
etc.Basic construction of optical fibre consists
of light source, optical fibre sensing element
or transducer and a detector.
Principle of operation: The basic idea is based
on variation of reflected light intensity due to
change in the refractive index (RI is basically
the change of speed of light in air with respect
to the change of speed of light in a medium
used) of adulterated sample. Here laser (HeNe) beam is passed through air straight into
the adulterated sample. Based on the changes
in the refractive indices, a suitable detector is
used for detection of adulteration.

ii.

iii.

hallow prism containing different
samples, both the light and prism being
fixed.
\The light reflected falls on screen.
Measure the distance of the reflected
light through different samples on
screen from the light reflected directly
through air. The graph between distance
measured and RI of different sample is
plotted.
To increase the sensitivity distance need
to be increased. So electronic
measurement are carried out.

ExperimentSteps involved are as follows:

Fig. 2. Hollow prism (sample holder).

i.

Circuit description: The signal conditioning
circuit is an amplifier circuit for a

Initially an arrangement is prepared in
which a laser light is passed through a
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phototransistor.
The
outputs
of
2
phototransistors are amplified separately.
Then both the phototransistors are connected
together and the separate amplified output of
both the transistors are connected to the
subtractor circuit. The laser light is passed
through
the
joined
phototransistors.
According to the light intensity which falls on
the output of the subtractor vary. Then a
travelling microscope or distance measuring
moving scale is placed such that the output of
subtractor varies with respect to distanced
moved on the scale. The graph between the
voltage(output of subtractor) and distance is
plotted.
2.

3.

CONCLUSION

The development of optical fiber sensor is
basically used for the adulterant detection in
various samples. The measurement change in
refractive index of light passing through
sample, this principle is used here. As shown
in the table, readings of graph between RI and
distance moved accordingto light intensity
which fall on phototransistor is plotted. The
measurement is made electronically. The
output is coming from phototransistor in
terms of voltage which is used as signal in
various processes.
4.
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RESULTS

As shown in table:
SAMP
LES
Air

DISTANCE
0

RI
1

INCREASED
DISTANCE
0

Water

3.5

1.33

28.7

Acetic
acid
Alcoho
l
Petrol
Kerose
ne

3.7

1.34

28.5

4.1

1.36

24.2

4.9
5.3

1.38
1.44

20
19.5

2.

3.

4.

5.

6.

7.
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Automation of Large Size Oedometer and Permeability Equipment
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Abstract: The semi automated “Large Size Oedometer and Permeability Equipment” has been
automated. In semi automatic equipment it was difficult to keep the axial load constant at the
desired value. The automated setup not only maintains the desired load it also saves the data in
the computer. The automated system has been successfully used to study the deformability
characteristics of rockfill materials proposed to be used in the construction of river valley
projects in India and neighboring countries.

switches on the hydraulic compressor motor
in star mode and waits for 15 seconds and
then switches the same into delta mode.

1. INTRODUCTION
World is increasingly moving towards rockfill
dams because they are economical as well as
resistant to seismicity. Based on experience
rockfill dams can now be designed and
constructed over 300 meters. Rockfill
material consists of coarse gravel, cobbles
and boulders obtained either by blasting the
parent rock quarry or from the natural river
bed.
For knowing the properties and behavior of
materials to arrive at safe and economic
design parameters for hydraulic and other
structures. The rocks to be used in the rockfill
dams must be sound and neither should it be
liable to disintegration by weathering nor
should it split or crush under the loads under
which it will be subjected. For testing the
suitability of the rockfill material the large
size oedometer equipment is utilized.
2. DEVELOPED SETUP
The block diagram of the developed setup has
been shown in the Fig.1. The Fig 1(a) shows
the block diagram of fully computer
controlled Dynamic servo compactor (the
sample preparation unit). The compactor unit
is used for packing the material in the sample
cell in different specified homogeneous
layers. The PC contains the I/O card which
gives the command to the developed
electronic circuitry which in turn switches
ON/ OFF the compactor, moves the RAM
UP, RAM DOWN as well as switches ON/
OFF the vibrator accordingly with the
command given by the computer. The
homogeneous sample of 5-6 layers is thus
prepared and is ready to shift to the large size
oedometer unit. When the START command
is given on the PC, than the electronic circuit

Fig. 1(a). Block diagram of the oedometer
setup
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Table 1. Various Computed results using the
developed software
The program calculates the Vertical Stress,
Modulus number, Modulus exponent,
Deformation modulus, Elastic modulus,
Coefficient of earth pressure (K0) and
Poisson’s ratio. These parameters are used for
design purposes. [1-3]

Fig. 1(b). Block diagram of the compaction
unit
The oedometer unit of Fig. 1(b) starts by
asking the user to enter the initialization
parameters. Then it loads the sample as per
the user specification in the predefined input
file by moving the RAM UP. The RAM
DOWN is then executed to exert the testing
force through hydraulic power pack. The
signals from 15 sensors (3 LVDT or
displacement, 3 Load Cell and 9 Strain
Gauges) are conditioned by the electronic
circuitry and the conditioned signal is then
fed to the 16 Channel 12 bit ADC. The
digitized signal through ADC is then stored in
the predefined output file by the PC program
at a pre defined interval (the cycle is repeated
after predefined retarding rate from 30 sec to
5 min). The output file thus generated is
useful for the analysis purpose.
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3. RESULTS
The calculated results from the observed data
are shown in the Table1
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A Quality Process Validation in Pharmaceutical Industries and Wellness
Centres: A Must Practice in View of Critical and Technical Issues
S. K. Sinha and Lakshay Mishra
National Institute for Industrial Research & Technology, Panchkula
email: sujitksinha@gmail.com
Abstract: A sophisticated measurement technique must be considered as a very crucial
requirement for the production of industrial goods of controlled and optimized quality. The
pharmaceutical industries do use a lot of process equipment, which lead to the quality products
only when they are practiced in with certified process validation. While in dealing with
validation of those instruments, due to the lack of knowledge of industries as well as owing to
the casual approaches of the industries, the authentication of true validation in most of the cases
is found in stake. The need of the hour is to correct the system of validation of those critical and
sophisticated instruments and process in order to provide the certification of validation under
the scope of accreditation as per the ISO/IEC 17025: 2005. It has therefore become imperative
that the Accreditation Agency of the country should take up this issue and encourage the
accredited laboratories for specializing the validation of such sophisticated instruments and
processes apart from single parameter calibration only.

1.

drug should be produced that is fit for its
intended use. This principle incorporates the
understanding that the following conditions
exist:
Quality, safety, and efficacy are designed or
built into the product.
Quality cannot be adequately assured merely
by
in-process
and
finished-product
inspection or testing.
Each step of a manufacturing process is
controlled to assure that the finished product
meets all quality attributes including
specifications.

INTRODUCTION

The true Validation [1] of a Process System
orthat of an Instruments/ Equipmentis not
considered only as an important desirable
option, but, is an extremely necessary
process or tool in lots of industries and
laboratories, where even a small alter in
parameters like temperature, pressure, flow,
etc. can significantly affect the outcome of
the processes.
There are several
sophisticated instruments as well as process
equipment in different sectors of industries,
such as Autoclave, DHS, HVAC, LAF,
Clean
Room,
Lypholizer,
etc.in
pharmaceutical units, whereas Rheometer,
Densimeter,
Mooney
Viscometer,
Plasimeter, Microhardness tester, etc. in
rubber industries and so on several other
sophisticated instruments in other specific
industries. The art and science of validation
of equipment are not that simple considering
the sophisticated nature of instruments and
so this complexity demands that the
industries should get their instruments
validated by outsourcing to third party,
specialized in
validation. This ensures
accuracy in results of outcome of product
and help companies to save on their precious
resources.
2.

3.

APPROACH TO PROCESS
VALIDATION

Process validation involves a series of
activities taking place over the lifecycle of
the product and process. This guidance
describes process validation activities in
three stages.
A successful validation program depends
upon information and knowledge from
product and process development. This
knowledge and understanding is the basis for
establishing an approach to control of the
manufacturing process that results in
products with the desired quality attributes.
Manufacturers should:
Understand the sources of variation Detect
the presence and degree of variation
Understand the impact of variation on the
process and ultimately on product attributes
Control the variation in a manner
commensurate with the risk it represents to
the process and product

VALIDATION IN
PHARMACEUTICAL UNITS AND
DRUG QUALITY

Effective process validation contributes
significantly to assuring drug quality. The
basic principle of quality assurance is that a
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4.

depend upon the nature of instruments and the
frequency of uses.

VALIDATION BY THIRD PARTY

The process of validation has to be
addressed in their true meanings and not to
be led to any confusionby the industries and
for the industries. The third party providing
the services of validation should address the
importance of the process quality and in that
case the tolerance of the system has to be
genuinely taken in to consideration. The
unawareness of the technicality of the
validation lead to improper validation
result.For example, the validation of DHS
(Dry Heat Sterilizer) or an autoclave demand
the calibration of the temperature measuring
device attached with the system but at the
same time it requires necessarily the
temperature profile maintenance of the
working space by measuring temperature of
the 8 to 16 points of the DHS within the
tolerance of the system, often confused in
industries.

5.

REQUIREMENT
17025: 2005

OF

ISO/IEC

As per the guidelines (Clause 5.4) of the
ISO/IEC 17025: 2005, the laboratories and
the industries should use appropriate
methods and procedures for all calibrations
and/or validations within their scopes of
accreditation[2]. The validation is the
confirmation by examination and the
provisions of objective evidence that the
particular requirements for a specific
intended use are fulfilled. The laboratory/
industry should validate the non-standard
methods, their own designed and developed
methods and modification of standard
methods to confirm that the methods are fit
for the intended use. The range and accuracy
of the values obtainable from the validated
methods(e.g. the uncertainty of the results,
detection limit, selectivity of the method,
linearity, limit of repeatability and/or
reproducibility, robustness against external
influences and/or cross-sensitivity against
interference from the matrix of the sample/
test object), as assessed for the intended use
should be relevant to the customer’s needs.

4.1. Validation of Critical instruments
There are large nos. of critical instruments
with essential precision and accuracy used in
hospitals and healthcare units, require
periodical calibration and/or validation to
bring to the expectation of quality
outcome.The blood pressure measuring
instrument, digital clinical thermometer,
oxygen flow meter, automated infusion
pump (generally used for cancer treatment),
etc. are a few instruments require calibration,
while sterilizers, incubators, refrigerators,
oven and environmental chambers, AHU,
HVAC, and Lyophilizer etc. do require
validation.

6.

CONCLUSIONS

There is need of accredited laboratories for
validation also in the similar line of
calibration, which will enhance the
authenticity of the third party validation. The
quality system authority of the country must
create and nurture the apt
validation
agencies inaccordance to the ISO/IEC
17025: 2005.

4.2. Procedures for Periodic validation

7.

The procedures for validation of instruments
or systems are essential documents in lab/
industries and the lab has to work out the
SOP.The document should provide the format
required for eachparticular validation
document IQ, OQ and PQ (Installation
Qualification, Operational Qualificationand
Performance Qualification) for equipment
and
systems;
Process
Validation;
AnalyticalAssay Validation), and indicate
what information is to be contained within
eachdocument.A protocol describes the
details of a comprehensive planned study to
investigatethe consistent operation of new
system/equipment, a new procedure, or
theacceptability of a new process before it is
implemented.There
should
be
clear
mentioning of the methodology and the
interval of validation. The validation intervals
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Performance evaluation of accredited laboratories in India through
Proficiency Testing in the range 0 to 100 kPa (g)
D. Arun Vijayakumar, Om Prakash and Rakesh Kumar Sharma
CSIR-National Physical LaboratoryNew Delhi
email: arun@nplindia.org
Abstract: NABL, the recognized accreditation body of India, in collaboration with NPL, the
NMI of India is organizing several PT programs for the benefit of Indian Industries,
Institutions and Laboratories that acquired accreditation based on ISO/IEC 17025. One such
PT program that is organized among 14 NABL accredited laboratories, in the positive gauge
pressure range 0 to 100.0 kPa is reported in this paper in detail. An artifact that can cover the
range of interest is procured, characterized and calibrated at NPL, India thus establishing
reference values at pre-identified 6 nominal pressure points (10, 30, 50, 70, 90 and 100 kPa)
and circulated among the participants along with a Technical Protocol to ensure uniformity in
the measurement procedures and methods. As per the Protocol, one set of pressure
measurement constitutes those pre-defined pressure points collected in increasing and
decreasing pressure cycles and the participants are advised to collect 5 sets of data with in a
fixed time frame. Since the purpose of proficiency testing is to identify reliable results, it is
unreasonable to make a priori assumptions about the reliability of the participants’ results. ISO
Guide 43-1 gives two basic approaches for evaluating the results of proficiency testing, the Envalue and the z-score. The En-value approach, the most suitable method for inter-laboratory
comparisons, requires each laboratory to report the expanded uncertainty associated with their
measurements along the measurement data collected. The normalized error value of all the
participating laboratories indicated encouraging results, while uncertainty budgets of some of
the participating laboratories require drastic refinement as their claim of uncertainty are at very
high level, just to keep their En score with in ±1 level. The analysis, results and shortcomings
along with methods for rectification are discussed in detail in this paper.

1.

INTRODUCTION

Linearization through 14 Point Calibration
1.002

Before Linearization
After Linearization

A PT Program in “Barometric Pressure
regions: Differential and Absolute Pressures
covering the range upto ± 1000 hPa”, under
NPL-NABL collaborative project CLP
003732 (NABL) is initiated during March
2011. In response to the preliminary enquiry
conducted, 24 NABL accredited laboratories
have consented to be participants in this PT
Program. Among the 22 successful
participants, 14 of them opted for positive
gauge pressure ranges and the results of which
are reported in this paper.
2.

Calibration Factor (DPI/STD)
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3.

ARTIFACT AND ITS
CHARACTERISTICS

EXPERIMENTAL SETUP

Participants are advised to strictly adhere to
the technical protocol prepared based on
National/International
guidelines
[1,2],exclusively for this PT. As per this
Protocol, the experimental setup used for
gauge pressure measurements is shown in the
figure 1 below.Also participants are also
advised to follow the measurement sequence
as depicted in the figure 2 below.

DPI 145, a Multifunction Pressure Indicator
with built in gauge pressure sensor is used for
this Proficiency Testing Program. The range
covered by this sensor is -100 kPa to 0 to
+100 kPa (g). After commissioning this
sensor is thoroughly studied for its
characteristics (repeatability, hysteresis) and
the same is plotted in the graph below.
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Reference values to the TS are assigned to be
the mean of values {(i) beginning of I loop,
(ii) beginning of II loop and (iii) end of
program} of aprimary Pressure Standard of
NPL (Gas Operated Piston Gauge: Make:
Ruska; Model: 2465A; Range: 10 kPa to
360.0 kPa) collected against the TS around
certain fixed nominal pressure values.
The Laboratory’s/Participant’s values are
those values that are collected from their
reference standard against the TS at the same
fixed pressure values realized at the reference
laboratory (NPL). Practically this fixation of
pressure for the TS couldn’t be possible at the
same values that are realized at the reference
laboratory,
especially
for
pressure
measurements using Piston Gauges as
reference standards.
To overcome this practical difficulty, the
modified EN value equation proposed by S.
Zuñiga-Gonzalez et al [3] is used for our data
analysis. The modified equation is given as

Fig. 1. Experimental Setup

Fig. 2. Measurement sequence
4.

DATA CIMPILATION AND
ANALYSIS

RESULTS AND DISCUSSION

The performance of each laboratory was
assessed on the basis of EN (Normalized
Error) number of each measurement result.
The EN numbers are to be calculated using a
statistical technique for comparing values and
used in other PT experiments which is given
as follows
=

+

This is because the numerator of RHS of the
above equation, gives nothing but the
participant laboratory’s bias and same could
also be arrived at through the estimated errors
of the TS, ELab and ERef, at the participant and
the reference laboratories respectively. The
uncertainty in measurements was calculated
using Type A and Type B methods of
evaluation of uncertainty, as per the ISO
guide on measurement uncertainty estimation
[4].
The uncertainty budget is prepared for the
uniformity in arriving at the expanded
uncertainty values of the Laboratory’s and
reference laboratory’s results of the TS.
Total expanded uncertainty is given by the
equation

For data compilation, MS Excel package is
used. Specific functions with macros are
designed with proper linkage to cells/sheets,
so that the mean error, standard deviation of
mean error, its uncertainty contribution etc
could be computed at the time of compilation
itself. This software package is properly
secured with password protection. Only those
cells are accessible to the data entry operator,
where the required data need to be filled up.
5.

−

=

/

=

/

+

+

+

Wherek is the coverage factor at 95.4 % of
confidence level.
6.

−

EN VALUES AND ERROR PLOTS

14 participants among the 22 opted for
positive gauge pressure PT. Results of all
these 14 laboratories as EN plot along with
error plot (at +100 kPa), are depicted in
figuresbelow.

+

where
is participant's reference standard
values,
is the reference laboratory’s
reference standard values
is the
expanded uncertainty of the participant's
results and
is the expanded uncertainty
of the reference laboratory's assigned value at
k=2 and 95.4% confidence level.
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4

WhereUmin is the uncertainty that would
have resulted in an absolute EN value of 1,
−
is the laboratory’s bias
andURefis the uncertainty of the reference
value. The above equation could also be of
utility for the participants in getting rid of
unnecessary uncertainty components, like
accuracy of ref standard etc.
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Fig. 3. EN Plot
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Fig. 4. Error Plot at 200 kPa (abs)
From the plots above, it is observed that Lab#
02, 03&05 are out layered only at few
pressure points in respect of En values.

1.

7.

2.

CONCLUSION

From the results it is observed that a few of
the participants have reported their reference
standard values (pLab) as indicated without any
correction, thus unnecessarily increasing their
bias in measurement. As per OIML document
OIML V 2-200:2012 [5], all standards other
than Primary standards have their quantity
valuesassigned by a ratio in comparison with
the true values arrived at through standard
procedures. For those results, where the cause
could not be attributed to measurement error
alone, the minimum uncertainty that would
have yielded a satisfactory result could be
calculated using the equation
=

−
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Sensors for Safety Applications
Dharamveer Singh and Jagdish Kumar
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Abstract:The objective of this article is to increase awareness about sensors used in
safety applications.It briefly includes the general information, technologies& its
importance, applications for safety, major parameters of sensors and future trends in
technological development.

1.

with machinery and equipment. Together with
the appropriate safety control units, active
photoelectric protective devices such as safety
thru-beam sensors, safety light grids, etc.
ensurethat a stop is applied on detection of
unauthorized access or if someone reaches into a
danger zone. Some of applications in safety
systems are as follows:

INTRODUCTION

Evaluation of semiconductor devices and their
huge applications force scientists to think and
work on technology which helps to reduce the
size of all technical products, low power
consumption, lighter in weight, low effective
cost and smarter. The same trend is applicable on
sensors. In industrial applications, the wireless
sensor technology is widely used specially in
safety applications like monitoring of mining
equipment and other safety hazards (radiation,
fire, chemicals, heat, electrical etc,).
A sensor is a device which converts one form of
energy
into
another
form
In
other
words,a sensor is
a converter that
measures
a physical quantity and converts it into a signal
which can be read by an observer or by
electronic equipment.
Sensors need to be designed to have a small
effect on what is measured and making the
sensor smaller and smaller. Technological
progress allows more and more sensors to be
manufactured on a microscopic scale as micro
sensors using MEMS technology. In most cases,
a micro sensor reaches a significantly higher
speed
and
sensitivity
compared
with macroscopicapproaches.
2.

2.1 Safety Control Units
Safety control units allow the connection and
control of machine safety components. Due to its
modular design, the system can be flexibly
configured and, depending on requirements, it is
possible to connect several components to one
control interface. This is suitable for connecting
and
controllingphotoelectric
safety
sensors,mechanical protective devices, and safety
switches.

SENSORS ROLE IN SAFETY
APPLICATION
Fig. 1. Safety control unit

The most common technologies are inductive,
capacitive,
magnetic,
photoelectric
and
ultrasonic. Each technology has strengths and
weaknesses. Based on the requirements of the
application, technology will be selected. Sensors
are designed and built to global standards for
high quality, reliability, and stability.
Personnel protection is becoming increasingly
important in automated processes. Wherever
machines perform high-risk movements, the
relevant health and safety regulations must be
observed. Even if the operator is momentarily
distracted, shearing, crushing, and impact injuries
must be prevented. An extensive range of
active photoelectric protective devices are
available that reduce the typical risks associated

2.2 Safety Thru-Beam Sensors
Single thru-beam photoelectric sensors are a
simple and cost-effective way of securing
hazardous areas. Together with a safety control
unit, secure single thru-beam photoelectric
sensors create a photoelectric protective device,
such as Type 2 or Type 4 in accordance with
EN ISO IEC 61496.
2.3 Safety Light Grids
Multi-beam photoelectric sensors define a
protection field of a certain height and width.
They are based on the principle of the thru-beam
sensor. The protection field, which is created
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from red or infrared modulated light beams, is
evaluated by a receiver unit or external control
interface unit. These photoelectric safety sensors
are often characterized by a high number of
beams with a low beam gap, which can lie
between 500 mm for dual-beam protection and
14 mm for finger protection.

as smoke alarms, generally issue a local audible
or visual alarm from the detector itself.
Most smoke detectors work either by optical
detection (photoelectric) or by physical process
(ionization), while others use both detection
methods to increase sensitivity to smoke.
A photoelectric sensor, or photo eye, is a device
used to detect the distance, absence, or presence
of an object by using a light transmitter, often
infrared, and a photoelectric receiver.

2.4 Safety Light Curtains
Safety Light Curtains are opto-electronic
presence sensing safety devices that detect the
presence of an object in the light curtain’s
sensing field. Most commonly used in machine
guarding applications to detect the presence of a
person’s finger, hand, limb or whole body. Also
known as AOPDs (Active Opto-electronic
Protective Devices), light curtains offer optimal
safety. They are ideally suited for applications
where personnel need frequent and easy access to
a point of operation hazard.
2.5 Safety Laser Scanners

Fig. 3. Smoke Detector

Safety Laser Scanners are opto-electronic
devices that protect personnel or equipment by
detecting them in its sensing field. Operating on
the 'time of flight' principle, the scanners emit
pulses of eye-safe infrared laser light over a 190or 270-degree arc, then receive and process the
light reflected off of intrusions in the sensing
field to determine the position and distance to the
object. When
an object is detected, the scanners send a stop
signal to the protected machine.

2.8 Flame Detector
The optical flame detector is a detector that
uses optical sensors to detect flames. There are
also ionization flame detectors, which use current
flow in the flame to detect flame presence,
and thermocouple flame detectors.
3.

DESIGN CONSIDRATION

Major parameters need to be addressed by the
sensor designer and manufacturers for safety
applications; dimension, weight, response time,
sensing current, power consumption, noise
immunity, sensitivity and temperature and other
climatic tests.

2.6 Metal Detector
A metal detector is a portable electronic
instrument which detects the presence of metal
nearby. Metal detectors are useful for finding
metal inclusions hidden within objects, or metal
objects buried underground. Metal detector uses
inductive sensors for detecting metals.
An inductive sensor is an electronicproximity
sensor, which detects metallic objects without
touching them.

4.

CONCLUSION

In present scenario, sensors plays vital role in all
walks of civilisation. Their enumerable
application in medical, car, machine, aerospace,
manufacturing and robotics etc. cannot be
overemphasised and is ever evolving.
5.
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Fig. 2. Elements of a simple inductive sensor.
1. Field
sensor
2. Oscillator
3. Demodulator 4. Flip-flop 5. Output
2.7 Smoke Detector
A smoke detector also called a smoke alarm is a
device that detects smoke, typically as an
indicator of fire. Commercial, industrial, and
mass residential devices issue a signal to a fire
alarm system, while household detectors, known
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FEM Based Design and Simulation of a Highly Linear Pressure
Microsensor
S. Santosh Kumar, Ramprasad Nambisan and B D Pant
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Abstract: Simulation and analysis of a Microelectromechanical system (MEMS) based
piezoresistive pressure sensor with high linearity has been done. The structural design is
analyzed by taking into account the shape of the diaphragm and the properties of silicon. The
design and simulation is performed by FEM (Finite Element Method) using software tool
ANSYS®Metaphysics. The sensor is designed to work in range of 0 to 3 MPa. The sensor output
analysis shows excellent linearity in the desired range of operation. The sensitivity and nonlinearity of the sensor obtained through simulation are 3.213 mV/MPa.V and 0.00658 %
respectively.

piezoresistors are oriented along [110]
direction on (100) wafer in order to maximize
the piezoresistive effect.

1. INTRODUCTION
Generally, the diaphragm of a pressure sensor
is considered as a plate, fixed at the edgesand
the analysis of the diaphragm is carried out
using the plate equation [1]. In that case, the
piezoresistors cannot be placed beyond the
edges. But the stress regions can extend
beyond the edges of the diaphragm, especially
for high pressure, as is the case in our design.
Therefore, in our design, we use FEM tool
ANSYS for obtaining better accuracy of the
actual sensor output than those obtained by
using analytical modelling. In this work, we
report the design, simulation and analysis of a
highly
linear
piezoresistive
pressure
microsensor, which operates in the pressure
range of 0 to 3 MPa.

Fig.1. Schematic of the top view of a
piezoresistive pressure sensor

2.SILICON PIEZORESISTIVE
PRESSURE SENSOR

3.DESIGN PRINCIPLES AND
SIMULATIONS

MEMS-based sensors are a crucial component
in aerospace, automotive electronics, medical
equipment and smart portable electronic
devices. MEMS technology provides precise
measurement of pressure in compact packages.
Silicon piezoresistive sensors have excellent
electrical and mechanical stability and can be
fabricated in a very small size. A
piezoresistive pressure sensor typically
consists of a silicon chip with a square or
circular diaphragm formed by etching bulk
silicon. Four resistors are located close to the
edges of the silicon diaphragm and connected
in Wheatstone bridge as shown in Fig. 1.
When a pressure is applied, the diaphragm
deflects and the piezoresistive effect causes
change in resistance of the piezoresistors and
the output of the sensor varies according to
pressure applied.In the present design, the

In a pressure sensor, there is always a tradeoff
between sensitivity and linearity. The loss of
sensitivity can be compensated by using
amplification circuits but it is more difficult to
compensate for non-linearity. Therefore,
achieving high linearity is kept as the primary
target of this design.
31..Diaphragm Dimensions

A square diaphragm with straight sidewalls is
chosen for the sensor. It would be fabricated
using deep reactive ion-etching (DRIE).The
diaphragm size is1.4 mm × 1.4 mm.
Thin diaphragms have a better sensitivity but
poor linearity whereas the reverse is true for
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thick diaphragms. Keeping in mind the theory
of thin plates, the thickness of 50 µm was
found to be most appropriate for pressure
range of 3 MPa.
3.2.Piezoresistors Placement
The arrangement of piezoresistors on the
diaphragm is shown in fig. 2. This
arrangement is chosen to place the
piezoresistors in high stress regions, worked
out using ANSYS. Two piezoresistors are
placed slightly outside the diaphragm for
maximum sensitivity and linearity. This
configuration, also gives the advantage while
fabricating the device, as the metallic
connections can be bought out easily from the
ends of piezoresistors, which face towards the
edges of the diaphragm. The two arms of
piezoresistors 2 and 4 are joined by heavily
doped regions.

Fig. 3.Sensitivity curve
4.2.Non-Linearity
The non-linearity of a pressure sensor can be
defined as the maximum deviation of the
curve corresponding to the actual response of
the sensor from the calibration curve of the
sensor [3]. The maximum deviation occurs at a
pressure of 1.25 MPa shown in fig. 4 and thus
non-linearity of the sensor is 0.00658 %. The
designed sensor shows highly linear
performance.

Fig. 2. Top view of sensor depicting the
placement of piezoresistors on
diaphragm
4.SIMULATION RESULTS AND
OBSERVATIONS
Fig. 4. Plot depicting the non-linearity of the
pressure sensor at different pressures

The sensor model is simulated for different
values of pressure from 0 to 3MPa in steps of
0.25 MPa and the voltage drop across the
Wheatstone bridge is measured.
.
4.1. Sensitivity

5.CONCLUSION
In this work, a pressure sensor is designed for
the range of 0 to 3 MPa. The sensitivity of
sensor is found to be 3.213 mV/MPa.V and
non-linearity is found to be 0.00658 %. The
response is found to be highly linear.

Sensitivity is defined as the relative change in
the output voltage per unit of applied pressure
[2].Observed plot is given in fig.3and the
sensitivity is found to be 3.182 mV/MPa.V.
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Comparison of National and Industrial Hydraulic Pressure
Standards in the Pressure Range up to 500 MPa
Sanjay Yadav, V. K. Gupta, Lalit Kumar, Raman Sharma and A. K. Bandyopadhyay
CSIR-National Physical Laboratory New Delhi
email: syadav@nplindia.org
Abstract :We report here the results of an in-house comparison of several pressure standards
maintained by NPL and some other Indian pressure measurement laboratories using a transfer
standard (TS), designated as NPL500MPN, in the pressure range 50-500 MPa having nominal
effective [A’p] as 1.96 mm2. The objective of the comparison is to determine the values of the
A’ of TS and their uncertainties at specified pressures. The comparison was carried out at
pressure points of 50, 100, 150, 200, 250, 300, 350, 400, 450 and 500 MPa. The TS was crossfloated against the NPL secondary and primary pressure standards, (NPL500MPA and NPLH1)and 2 industrial pressure standards (CMERI and YANTRIKA). The comparison data thus
obtained are analyzed in terms of A’p(mm2) as a function pressure p(MPa). The values of the
A’p and thus obtained are also compared with the values of the TS deduced from recently
completed CCM intercomparison comparison exercise. Finally, the consistency of the results in
the whole pressure range (50 to500) MPa is compared with median of A’p(mm2) values against
all laboratory standards (LSs)and found that the results are compatible, uniform and traceable to
each other. The degree of equivalence has also been estimated and it is observed that all the
standards agree well within the standard measurement uncertainty of the respective LS.

1.

Similarly, the two industrial LSs of Central
Mechanical Research Institute, Durgapur
(make DH-Budenberg, model 5306) and
Yantrika Instruments Pvt. Ltd., Delhi (make
DHI, USA, model 7302) were used and are
referred as CMERI and YANTRIKA herein
thereafter.
Following international guidelines as in case
of CCM/RMO sponsored key comparisons in
pressure metrology, the effective area
[A’p’(mm2)] of the TS as a function of
pressure is determined using cross-float
method of pressure balances, cross-floating
TS against the NPL secondary and primary
LSs (NPL500MPA and NPL-H) and two
industrial LSs (CMERI and YANTRIKA).
Since, the TS i.e. NPL500MPN has also
participated in the recently concluded key
comparison exercise (CCM.P-K13), (50
to500) MPa, the values of A’p(mm2) of TS
deduced from CCM.P-K13 (shown as CCM
herein thereafter) are also compared with all
other values of A’p (mm2) obtained against
other LSs.
All the LSs were provided with appropriate
base unit sand well-calibrated masses. When
LS and TS are pressurized to a constant
arbitrarily chosen pressure, the ratio of their
A’p is equal to the ratio of the total downward
forces acting on each piston gauge at
equilibrium. At equilibrium there is no net
fluid flow through the common pressure line,
which is usually obtained by adjusting the
fractional masses on the LS to reproduce their
fall rates when isolated from the TS. The
isolation valve was then opened to the LS and

INTRODUCTION

In order to ensure worldwide compatibility,
acceptability and uniformity of the
measurements and their traceability to the
International System of Units (SI), the
participation in in-house, interlaboratory,
proficiency testing, bilateral and international
comparisons is very important. Recently, a
major key comparison designated as CCM.PK13 in the hydraulic pressure region 50 – 500
MPa is completed [1]. It is worth to mention
that the pressure region 50 – 500 MPa is very
important industrially because many of the
industrial applications are within this pressure
region. The present work is an attempt to
carry out an in-house intercomparison
exercise with the objective to establish degree
of equivalence among several existing
national and industrial standards in this
important pressure range of 50 to 500 MPa.
2.

APPRATUS AND MEASUREMENT
PROCEDURE

The TS used in this comparison is NPL
secondary pressure standard, designated as
NPL500MPN (in service at NPL since 1999),
capable of measuring the pressure over the
range (50 to 500) MPa. NPL500MPN was
also used as the NPL LS duringCCM.P-K13
(50 to 500) MPa [1] and APMP-SIM.M.P-K7
(40 to 200) MPa [2].The NPL LS used for the
present comparison i.e. NPL500MPA (in
service at NPL since 1982) and NPL-H1(in
service at NPL since 1999) are well
characterized
and
documented
[2-3].
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values is shown in Fig. 3. All the results from
the participating laboratories are equivalent
with the reference values as the En values are
all well within the range of+1.0.

the fractional weight on the LS was adjusted
until the fall rate of the TS matched. The
pressure was changed in steps to values of
(50, 100, 150, 200, 250, 300, 350, 400, 450
and 500) MPa. Three identical cycles were
carried out; hence each pressure had 6 data
points.
3. RESULT AND DISCUSSION
Fig. 1 shows the effective area Ap of the TS
from 50 MPa to 500 MPa as measured against
all the LSs, CCM and median values. The
relative deviation of Ap of TS obtained against
all LSs with median values considered as
reference values is shown in Fig.2. The
relative difference is found to be 0 to 26.5x106
, 18.0x10-6, 39.1x10-6, 52.0x10-6 and 26.4x106
, against NPL500MPA, NPL-H1, CMERI,
YANTRIKA and CCM, respectively which
are well within the estimated relative standard
measurement uncertainty of the respective LS.
The relative difference between the maximum
and minimum A0valuesobtained from linear
square fitting of Ap with applied pressure
against various LSs, is 52 x10-6while the
difference is 0.22 x10-6MPa-1 in case of λ
values (Table 1).

Fig. 3. Summary of normalized errors En in
the range 50 MPa to 500 MPa
Table 1. Summary of A0 and λvalues
obtained from linear square fitting
Sl.
No.
1
2
3
4
5
6

Against LS

A0 (mm2)

NPL500MPA
NPL-H1
CMERI
YANTRIKA
CCM
Median

1.960787
1.960832
1.960807
1.960888
1.960829
1.960816

λ (/ MPa)
x 10-6
8.21
7.22
8.67
6.04
7.58
7.76

4. CONCLUSION
An extensive in-house intercomparison
exercise has been performed in the pressure
range (50 to 500) MPa using a piston gauge as
TS. It is observed that when TS is compared
with several LSs, the agreement in Ap values
is well within 5.2 x10-5, which is substantially
lesser than the uncertainty of the difference.
The results demonstrate that there is an
excellent agreement among all the standards.
Fig. 1. Ap (mm2) of the TS as a function of
(MPa) against 4 LSs, CCM values and
median
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Fig. 2. Relative deviation of Ap from median
values
The degree of equivalence is often expressed
as normalized error En where the difference of
the two values is divided by the square root of
the sum of the squared expanded
uncertainties. A summary of the results as En
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Characterization and Consistency of High Pressure Transducers upto
1.0 GPausing CCPG type Primary Oil Pressure Standard
Sanjay Yadav, V. K. Gupta, Lalit Kumar and A. K. Bandyopadhyay
CSIR- National Physical Laboratory, New Delhi
email: syadav@nplindia.org
Abstract: A number of high pressure transducers, based on strain gauge, are commercially
available and are being used for sensing and producing an electrical output proportional to
applied pressure. These transducers are now well established devices for accurate and precise
measurement of pressure up to 1000 MPa or some time up to 1400 MPa within measurement
uncertainty up to 0.1 % of full scale or better. However, the calibration and traceability of such
transducers is a very difficult task. The NPLI has established a primary pressure standard for the
characterization of such transducers upto 1000 MPa. Some of such pressure transducers are quite
frequently received at NPLI from defense which they use to measure the pressure of gun barrels
upto 800 MPa and also form other customers. The present paper describes the results of the
studies carried out on the characterization of such transducers, the consistency of the calibration
data over the years and associated measurement uncertainties. The details of the experimental
setup and calibration procedure are also described for the dissemination to other users.

1.

In the present study, several pressure gauges
including strain-gauge and Managing type
pressure transducers are calibrated and
characterized in the pressure range up to 1.0
GPa. The detailed method and results are
presented. This has helped us to improve the
quality in pressure measurements and to
achieve objective evidences of the technical
competence.

INTRODUCTION

Measurement of precise and accurate high
pressures up to 1.0 GPa is needed in highpressure technologies such as autofrottage,
hydro forming and isocratic pressingin
automotive, diesel engineering, defence,
vessel production for the petrochemical and
pharmaceutical industry, manufacturing water
cutting machines, new material fabrication
andfood sterilisation as a process controlling
parameter. Different type of pressure gauges,
for example strain gauge, capacitance
Managing type pressure transducers (in the
pressure range up to 1.0 GPa or more) and
also Bourdon type pressure dial gauges (up to
0.7 GPa) are commercially available and used
to measure pressures. As there is no good
transfer standard exists at present in this
pressure range, the traceability of such a high
pressure transducers needprimary pressure
standards (PPSs)for quality assurance and
safety requirements.
Currently, worldwide only few countries
maintain primary pressure standards up to 1
GPa or more and NPLI, India is one of these
privileged countries [1]. The NPLI has
developed and characterized controlled
clearance piston gauge (CCPG1000) type PPS
for generating and measuring high hydrostatic
pressure up to 1.0 GPa. The use of
CCPG1000 is considered the most accurate,
precise and PPS to generate the pressure with
relatively smaller uncertainty in such a high
pressure range.
The
operation
and
maintenance of CCPG1000 is also slightly
complicated and it requires high skills and
detailed characterization to estimate the
associated uncertainties with pressure.

2.

EXPERIMENTAL SET UP

The PPS established and characterized at
NPL, New Delhi is CCPG1000, model DWT
500MD, Type - D, make Harwood
Engineering Co., USA [2]. The CCPG1000 is
consisting of piston cylinder assemblies
(PCAs), a loading frame to load and unload
the weight set of 500 Mega dyne which is
controlled through a pneumatic jack system
and a control panel for controlling measured
and jacket pressures. There are 3 PCAs, two
for hydrostatic pressure measurements up to
1.0 GPa and another one for up to 500 MPa.
The mass set is made of non-magnetic, noncorrosive, authentic stainless steel. The
control panel is equipped with two pressure
intensifiers, one to apply measured pressure
while another for applying jacket pressure for
controlling clearance around the piston.
For the calibration of a strain gauge type
pressure transducer, the schematic diagram of
the experimental set up is shown in Fig. 1.
The calibration procedure starts with leak
testing, zero setting and selection of reference
or datum plane. Before starting observations,
the whole setup is pressurized to the full-scale
pressure of the instrument under calibration
for few minutes to check the leakage in the
system and then released slowly to zero. This
138

3rd National Conference on Advances in Metrology (AdMet – 2014)

process is repeated thrice to ensure that there
is no leakage in the system. The reference
planes for both the instruments were properly
measured. The entire pressure range is
divided into 10 equally spaced pressure
points.

Fig. 2(a). Characteristics of the PT1

Fig. 1. The schematic diagram of the pressure
transmitting circuit of the CCPG
The CCPG1000 is then pressurized up to the
pressure point to be calibrated and brought to
the floating position at the datum plane and
the corresponding output in mV was
recorded. Observations were repeated in a
similar way to reach the full-scale pressure.
Measurements were repeated at least 6 times
at each pressure point, thus making total at
least 60 observations. Sufficient time of
approximately 10 min. was given between
two observations to allow the system to reach
thermally equilibrium state. The display
system and power supply may be selected and
changed as per requirement of the particular
transducer under calibration.
3.

Fig. 2(b). Characteristics of the PT2

Fig. 2(C). Calibration factor of PT2 over the
years
4. CONCLUSIONS
Several commercially available pressure
gauges are calibrated in the gauge mode up to
1.0 GPa. The calibration and characterization
methods and results are reported which also
include repeatability and hysteresis of the
gauges.
5. ACKNOWLEDGEMENT
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RESULTS AND DISCUSSION

The pressure measured by CCPG1000 is
computed using well established piston gauge
theory. The corresponding output voltage of
the transducer is then least square fitted for 2
or higher order as a function of measured
pressure to determine the coefficients of the
fitted line along with their standard deviations
and co-relation coefficients. Finally, the
uncertainty uc(p) associated with pressure
measurements is computed. The behaviors of
the fitted curves of two such pressure
transducers (PT1 and PT2) are depicted in
Figs. 2(a) and (b).
Both the transducers, PT1 and PT2 are found
to be working well within 1.0 % and 0.8 % of
reading, respectively against the manufacturer
specifications of 1.0 % of reading. The
consistency of the data obtained as a
calibration factor for PT2 calibrated several
times over the years is shown in Fig. 2 (c).
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Studies on Quartz Based Digital Pressure Transducers / Calibrators
in the Pressure Range up to 200 MPa
Sanjay Yadav, Raman Kumar Sharma, Lalit Kumar, S. P. S. Bajaj and A. K.
Bandyopadhyay
CSIR- National Physical Laboratory, New Delhi
email: syadav@nplindia.org
Abstract: The extensive studies on the stability of several national and industrial quartz based
digital pressure transducers / calibrators / monitors industrial digital pressure gauges in the
pressure range up to 200 MPa. Now a days, suchquartz based digital pressure gauges are most
commonlyused as precise and highly accurate pressure calibrator, controller and as transfer
standard (TS) in interlaboratory comparisons and proficiency testing programmes. We have
characterized several such gauges in different environmental conditions like controlled, semicontrolled and uncontrolled ambient conditions to know the stability and behavior of the
gauges. The processing and analysis of lot of data thus collected reveal very interesting trend.
This experiment was carried out in a 5 months period during 2013. The details of the
experimental setup and results obtained are described.

1.

RPM200MPAand RPM100MPA are the two
Reference Pressure Monitors being used at
NPLI, DPC200MPA is a Digital Pressure
Controller being used in one of the Indian
defense research laboratory and DPG70MPA1 and DPG70MPA-2 are the two Digital
Pressure Gauges being used in the NPLI
coordinated and NABL sponsored proficiency
testing programme for Indian pressure
measuring laboratories.

INTRODUCTION

Different types of pressure transducers (PTs)
are commercially available in the market. The
limited sensitivity, poor linearity and long
term stability, zero shifts with time and high
hysteresis of the PTs limit their use as a highly
precise TS or a pressure measuring device for
scientific and industrial applications. Recent
developments in the field of pressure
instrumentation techniques utilize transducers
and sensors, based on the principle of
detecting pressure induced stress by means of
changes in the oscillating frequency of
crystalline Quartz resonators. Such pressure
transducers (PTs) effectively address the
problems faced by use of others type of
commercial PTs based on mechanical dial
gauges, strain gauges and capacitance types,
and are found to be more reliable with a
promising future for accurate and precise
pressure measurements. We have attempted to
study behavior of several of such PTs
commercially available in the high pressure
range up to 200 MPa in different
environmental conditions and results are
presented in this paper.

Fig. 1. Experimental set up used for the studies
The manufacturer specified accuracies of all
these PTs are well within 200 x 10-6 x p. The
standards used for the pressure measurement
were simple type national hydraulic pressure
balances, designated as NPL200MPA and
NPL100MPA. The relative uncertainty
associated with pressure measurement using
these standards is better than 25 x 10-6 x p at a
coverage factor k = 1.The full-scale pressure
of the transducer was divided into 11 equally
spaced pressure points and repeated 6 times,
thrice each in increasing and decreasing
orders of pressures, totaling66 observations as
a whole.After reaching full-scale pressure in
increasing order of pressure, 5 minutes were
allowed to pass before repeating the
observations in decreasing order of pressure.
The first experiment was performed in
controlled
laboratory
environmental

2. EXPERIMENTAL SETUP
The experimental setup used for the present
studies is shown in Fig. 1. Several digital PTs,
namely RPM200MPA, DPC200MPA (in the
pressure range up to 200 MPa), RPM100MPA
(in the pressure range up to 100 MPa),
DPG70MPA-1 and DPG70MPA-2 (in the
pressure range up to 70 MPa) were studied in
the
present
investigation.
The
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conditions, having room temperature 23+1 0C,
relative humidity 50+10% and prevailing
barometric pressure. The second experiment
was carried out switching off theA. C.
controller but fans were operating. The
temperature recorded in such conditions was
found in the range(24.0to 27.5)0C.The
prevailing temperature, relative humidity and
barometric pressure in the calibration
roomwere then considered as semi-controlled
conditions. In the third and final experiment,
the observations were made by switching off
the environmental condition controllers, fans
and recording the prevailing environmental
conditions.
3.

RESULTS AND DISCUSSION

The calibration factor (Cf) determined as ratio
of the gauge reading (pg) with standard (ps) for
RPM200MPA, RPM100MPA, DPG70MPA1and DPG70MPA-2 are shown in Figs. 2(a),
(b), (c) and (d), top to bottom, respectively. It
is clear from the plots that all the gauges
remain well within the manufactured specified
measurement uncertainties in all the
controlled, semi-controlled and uncontrolled
conditions. The accuracy of the gauge
depends upon the value of Cfand gauge is
considered accurate if Cf is found as much as
close to unity. It is was very interesting to
note that for almost all the pressure points for
all the gauges studied, the value Cfimproves
from controlled to semi-controlled and further
in case of uncontrolled conditions. Though, it
seems unrealistic but it is observed for all the
gauges and in repeated experiments. The
detailed environmental conditions for the
experiments thus carried out for one of the
gauges studied, i.e. DPG70MPA-1 are shown
in Fig. 3. These conditions were similar more
or less for other gauges also. Admittedly, the
reasons for such improvements in values of Cf
are not known to authorsat present. One of the
reasons which we anticipate is that the
provisions of temperature compensation made
in the electronics of the gauges are of high
quality and such changes in the environmental
conditions do not affect the functioning and
behavior of the gauge.Further, such studies
would certainly help the users to utilize such
quartz based gauges even in uncontrolled or
semi-controlled environment. However, we
further propose to repeat the experiments after
a gap of one year to see the behavior or drift
in the values.

Fig. 2. Cf versus pressure for different gauges

Fig. 3. Environmental conditions during
experiments
carried
out
on
DPG70MPA-1
4.

CONCLUSION

The extensive studies on the stability and
behavior of the several quartz sensors based
pressure digital gauges have been carried out
in the pressure range up to 200 MPa in
controlled, semi-controlled and uncontrolled
ambient conditions.
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Proficiency Testing in the absolute pressure range of 0 to 200 kPa
performed among accredited laboratories in India
D. Arun, Vijayakumar, Om Prakash and Rakesh Kumar Sharma
CSIR-National Physical Laboratory, New Delhi
email: arun@nplindia.org
Abstract:This paper reports the results of a recently concluded ILC performed among 6 accredited
laboratories in India under a PT program organized by NPL, the NMI of India in collaboration with
NABL, the accreditation body of India. The guidelines of international standards such as ISO/IEC
17025-2005 and ISO/IEC 43 were followed, while the scope of the PT focused on absolute pressure
measurements, especially in the range 0 to 200 kPa. A Digital Pressure Indicator (DPI 145) is
specifically selected, procured, characterized and calibrated at NPL India to fix reference values for
the pre-defined nominal values, namely 10,30,50,70,100,130,150,170 and 200 kPa. The Statistical
normalized error technique (En value method) has been adopted to assess individual performances
of the participant laboratories. In order to use this method, each participating laboratory is advised
to evaluate the expanded uncertainty of their ref standards used for this PT in accordance with the
ISO guide to the expression of uncertainty in measurement. The normalized error value of all the
participating laboratories indicated encouraging results. The measurement method adopted, data
analysis, results and shortcomings along with methods for rectification are discussed in detail in this
paper.

1.

INTRODUCTION

PT Program: Absolute Pressure Range
1.0025

A PT Program in “Barometric Pressure regions:
Differential and Absolute Pressures covering the
range upto± 1000 hPa”, under NPL-NABL
collaborative project CLP 003732 (NABL) is
initiated during March 2011 and attainted
culmination by August 2012. This exercise
covered three different pressure regions, (i) 10.0
kPa to 260.0 kPa (abs), (ii) 10 kPa to 100.0 kPa
(gauge) and (iii) -90.0 kPa to -10 kPa (gauge).In
response to the preliminary enquiry conducted
among 243 NABL certified (in Mechanical
Discipline)
Institutions/Industries/Calibration
Laboratories, 24 have consented to be
participants in this PT Program. Among the 22
successful participants, 6 of them opted for
absolute pressure ranges and the results of
which are reported in this paper.
2.
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3.

EXPERIMENTAL SETUP

Participants are advised to strictly adhere to the
technical protocol prepared based on
National/International
guidelines
[1,2],exclusively for this PT. As per this
Protocol, the experimental setup used for
absolute pressure measurements is shown in the
fig. 1 below.Also participants are also advised to
follow the measurement sequence as depicted in
the fig. 2 below.

ARTIFACT AND ITS
CHARACTERISTICS

DPI 145, a Multifunction Pressure Indicator
with built in absolute pressure sensor is used for
this Proficiency Testing Program. The range
covered by this sensor is 0 to 200 kPa (abs).
After commissioning this sensor is thoroughly
studied for its characteristics (repeatability,
hysteresis) and the same is plotted in the graph
below.
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is the expanded uncertainty of the reference
laboratory's assigned value at k=2 and 95.4%
confidence level.
Reference values to the TS are assigned to be
the mean of values {(i) beginning of I loop
(March 2011), (ii) beginning of II loop
(December 2011) and (iii) end of program
(September 2012)} of the National Pressure
Standard of NPL (Gas Operated Piston Gauge:
Make: Ruska; Model: 2465A; Range: 10 kPa to
360.0 kPa) collected against the TS around
certain fixed nominal pressure values.
The Laboratory’s/Participant’s values are those
values that are collected from their reference
standard against the TS at the same fixed
pressure values realized at the reference
laboratory (NPL). Practically this couldn’t be
possible, especially for absolute and negative
gauge pressure measurements while using
Piston Gauges as reference standards.To
overcome this difficulty, the modified EN value
equation proposed by S. Zuñiga-Gonzalez et al
[3] is used for our data analysis. The modified
equation is given as

Fig. 1. Experimental Setup

Fig. 2. Measurement sequence
4.

DATA
CIMPILATION
ANALYSIS

E =

AND

−E

U

+U

This is because (p
− p ), gives nothing
but the participant laboratory’s bias and same
could also be arrived at through the estimated
errors of the TS, ELab and ERef, at the participant
and the reference laboratories respectively. The
uncertainty in measurements was calculated
using Type A and Type B methods of evaluation
of uncertainty, as per the ISO guide on
measurement uncertainty estimation [4].

For data compilation, MS Excel package is
used. Specific functions with macros are
designed with proper linkage to cells/sheets, so
that the mean error, standard deviation of mean
error, its uncertainty contribution etc could be
computed at the time of compilation itself. This
software package is properly secured with
password protection.
5.

E

RESULTS AND DISCUSSION
6.

The performance of each laboratory was
assessed on the basis of EN (Normalized Error)
number of each measurement result. The EN
numbers are to be calculated using a statistical
technique for comparing values which is given
as follows
E =

p

U

The uncertainty budget is prepared for the
uniformity in arriving at the expanded
uncertainty values of the Laboratory’s and
reference laboratory’s results of the TS.Total
expanded uncertainty is given by the equation

−p

+U

where p
is participant's reference standard
values, p
is the reference laboratory’s
reference standard values, U is the expanded
uncertainty of the participant's results and U

EXPANDED UNCERTAINTY
EVALUATION

=k

u

/

+u

U

+u

/

+u

+u

Wherek is the coverage factor at 95.4 % of
confidence level.
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7.

EN VALUES AND ERROR PLOTS
Where Umin is the uncertainty that would have
resulted in an absolute EN value of 1,(E
−
E ) is the laboratory’s bias andURefis the
uncertainty of the reference value. The above
equation could also be of utility for the
participants in getting rid of unnecessary
uncertainty components, like accuracy of ref
standard etc.

Results of all six laboratories as EN plot along
with error plot (at 200 kPa), are depicted in
figuresbelow.
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Fig. 4. Error Plot within unc band at 200 kPa
From the above plots it is observed that all the 6
participants’ results are within acceptable En
band of ± 1.
8.

2.

3.

CONCLUSION

From the results it is observed that a few of the
participants have reported their reference
standard values (pLab) as indicated without any
correction, thus unnecessarily increasing their
bias in measurement compared to the reference
value. As per OIML document OIML V 2200:2012 [5], all standards other than Primary
standards have their quantity valuesassigned by
a ratio in comparison with the true values. For
those results, where the cause could not be
attributed to measurement error alone, the
minimum uncertainty that would have yielded a
satisfactory result could be calculated using the
equation
U

=

{(E

−E

) −U

}

4.

5.
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Establishment of reliability of negative gauge pressure measurements
through Proficiency Testing among accredited laboratories, in India
D. Arun Vijayakumar, Om Prakash and Rakesh Kumar Sharma
CSIR-National Physical Laboratory, New Delhi
email: arun@nplindia.org

Abstract: As per international standards ISO/IEC 17025 and ISO/IEC 43, all
accreditation Bodies worldwide need to ensure every accredited laboratory in their country
to be a participant in proficiency testing that is to be organized, covering the scope that
they have applied for. The purpose of proficiency testing (PT) is to ensure that the
participating laboratories can make reliable measurements. The quality of a PT is how
well it can distinguish between reliable and unreliable measurements. It requires a
reference value that is reliable and has a low uncertainty which can easily be provided by
the NMI of every country. NPL, the NMI of India in collaboration with NABL, the
recognized accreditation body of India is organizing several PT programs for the benefit
of Indian Industries. One such PT program that is organized among 22 NABL accredited
Laboratories, in the negative gauge pressure range -90 kPa to 0 kPa is reported in this
paper in detail. An artefact (DPI 145) that can cover the range of interest is procured,
characterized and calibrated at NPL, India thus establishing reference values at preidentified 5 nominal pressure points (-10, -30, -50, -70 and -90 kPa) and circulated among
the participants along with a Technical Protocol to ensure uniformity in the measurement
procedures and methods. As per the Protocol, one set of pressure measurement constitutes
those pre-defined pressure points collected in increasing and decreasing pressure cycles
and the participants are advised to collect 5 sets of data within a fixed time frame. ISO
Guide 43-1 gives z-score and En-value, two basic approaches for evaluating the results of
proficiency testing. The En-value approach, the most suitable method for inter-laboratory
comparisons, requires each laboratory to report the expanded uncertainty associated with
their measurements along the measurement data collected. The reliability of each
participant’s measurements based on the En value evaluated for the identified pressure
points, is discussed in detail in this paper.

1.

thoroughly studied for its characteristics
(repeatability, hysteresis) and the same is
plotted in the graph below.

INTRODUCTION

A PT Program in “Barometric Pressure regions:
Differential and Absolute Pressures covering
the range upto ± 1000 hPa”, under NPL-NABL
collaborative project CLP 003732 (NABL) is
initiated during March 2011. In response to the
preliminary enquiry conducted, 24 NABL
accredited laboratories have consented to be
participants in this PT Program. Among the 22
successful participants, 21of them opted for
positive gauge pressure ranges and the results of
which are reported in this paper.

Linearization through 14 Point Calibration
1.002

Before Linearization
After Linearization

Calibration Factor (DPI/STD)

1.0015

1.001

1.0005

1

0.9995

2.

ARTIFACT AND ITS
CHARACTERISTICS

0.999
-1100

-600

-100

400

900

Measured Pressure in hPa

DPI 145, a Multifunction Pressure Indicator
with built in gauge pressure sensor is used for
this Proficiency Testing Program. The range
covered by this sensor is -100 kPa to 0 to +100
kPa (g). After commissioning this sensor is

3.

EXPERIMENTAL SETUP

Participants are advised to strictly adhere to the
technical protocol prepared based on
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National/International
guidelines
[1,2],exclusively for this PT. As per this
Protocol, the experimental setup used for gauge
pressure measurements is shown in the figure 1
below. Also participants are also advised to
follow the measurement sequence as depicted in
the figure 2 below.

=

Fig. 2. Measurement sequence
DATA CIMPILATION AND
ANALYSIS

=

For data compilation, MS Excel package is
used. Specific functions with macros are
designed with proper linkage to cells/sheets, so
that the mean error, standard deviation of mean
error, its uncertainty contribution etc could be
computed at the time of compilation itself. This
software package is properly secured with
password protection. Only those cells are
accessible to the data entry operator, where the
required data need to be filled up.
5.

+

where
is participant's reference standard
values (Lab values),
is the reference
laboratory’s reference standard values (assigned
values),
is the expanded uncertainty of the
participant's results and
is the expanded
uncertainty of the reference laboratory's
assigned value at k=2 and 95.4% confidence
level.
Reference values to the TS are assigned to be
the mean of values {(i) beginning of I loop
(March 2011), (ii) beginning of II loop
(December 2011) and (iii) end of program
(September 2012)} of aprimary Pressure
Standard of NPL (Gas Operated Piston Gauge:
Make: Ruska; Model: 2465A; Range: 10 kPa to
360.0 kPa) collected against the TS around
certain fixed nominal pressure values.
The Laboratory’s/Participant’s values are those
values that are collected from their reference
standard against the TS at the same fixed
pressure values realized at the reference
laboratory (NPL). Practically this fixation of
pressure for the TS couldn’t be possible at the
same values that are realized at the reference
laboratory, especially for negative gauge
pressure measurements while using Piston
Gauges as reference standards.
To overcome this practical difficulty, the
modified EN value equation proposed by S.
Zuñiga-Gonzalez et al [3] is used for our data
analysis. The modified equation is given as

Fig. 1. Experimental Setup

4.

−

−

+

This is because the numerator of RHS of the
above equation gives nothing but the participant
laboratory’s bias and same could also be arrived
at through the estimated errors of the TS, ELab
and ERef, at the participant and the reference
laboratories respectively. The uncertainty in
measurements was calculated using Type A and
Type B methods of evaluation of uncertainty, as
per the ISO guide on measurement uncertainty
estimation [4].The uncertainty budget is
prepared for the uniformity in arriving at the
expanded uncertainty values of the Laboratory’s
and reference laboratory’s results of the TS
.Total expanded uncertainty is given as

RESULTS AND DISCUSSION

The performance of each laboratory was
assessed on the basis of EN (Normalized Error)
number of each measurement result. The EN
numbers are to be calculated using a statistical
technique for comparing values and used in
other PT experiments which is given as follows
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=

/

+

+

/

have yielded a satisfactory result could be
calculated using the equation

+

=

Where k is the coverage factor at 95.4 % of
confidence level.
6.

21 participants among the 22 opted for negative
gauge pressure PT. Results of all these 22 labs
as EN plot along with error plot (at -100 kPa),
are depicted in figures below.
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Fig. 3. EN Plot
1.5000

−

Where Umin is the uncertainty that would have
resulted in an absolute EN value of 1,
−
is the laboratory’s bias andURefis the
uncertainty of the reference value. The above
equation could also be of utility for the
participants in getting rid of unnecessary
uncertainty components, like accuracy of ref
standard etc.
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From the plots above, it is observed that Lab#09
is totally out layered whereas Lab# 06, 14 & 21
are out layered only at few pressure points in
respect of En values.
7.

CONCLUSION

From the results it is observed that a few of the
participants have reported their reference
standard values (pLab) as indicated without any
correction, thus unnecessarily increasing their
bias in measurement. As per OIML document
OIML V 2-200:2012 [5], all standards other
than Primary standards have their quantity
values assigned by a ratio in comparison with
the true values arrived at through standard
procedures. For those results, where the cause
could not be attributed to measurement error
alone, the minimum uncertainty that would
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Modeling Errors in Pipelined ADC using Matlab
Anil Singh and Alpana Agarwal
Thapar University Patiala
email:-anils.rawat@gmail.com
Abstract:-This paper describes the various errors in single pipelined ADC stage and their
impact on overall characteristics of Pipelined ADC. Both 1-bit/stage and 1.5-bit/stage
architectures have been modeled for comparison. A 10-bit 100 MS/s Pipelined ADC is chosen
as target ADC with ±1V as full scale voltage and Matlab is used to model the various nonidealities existing in a stage for both the architectures

1.

)
(1)
Where Vdac is output of sub-DAC which is –
Vref/+Vref for 1-bit and –Vref/0/+Vref for
1.5-bit/stage
architectures.
It’s
SC
implementation is based on charge transfer
technique and Output voltage, called residue,
is given by (assuming ideal OPAMP here)

INTRODUCTION

Pipelined ADC is a popular choice for
applications
requiring
high
sampling
frequencies of the range of hundred of MHz
and resolution of up to 12 bits which can be
extended
using
different
calibration
techniques [1]. Resolution is mainly limited
by various non-idealities existing in a
switched capacitor (SC) implementation of
Pipelined ADC stage such offset, capacitor
mismatch, finite amplifier gain, amplifier
non-linearity etc. So it is very important to
understand the various errors, their sources
and their impact on total ADC output.
MATLAB is industry standard mathematical
tool which is used in this paper to model the
various Pipelined ADC errors and their
impact on overall ADC characteristics.
This paper is divided in four sections. Section
II briefly explains the Pipelined ADC
architecture. Section III describes the various
sources of errors in an ADC. Conclusion of
the paper is in section IV.
2.

V

= 2V − (V

V

= 1+

V −

(V

)

(2)
Choosing Cs=Cf, (1) can be obtained from (2)
with a typical gain of 2. S1 and S2 are the
switches that work on two non-overlapping
clocks Φ1 and Φ2.
Various Errors and Their impact on ADC
Performance
A Pipelined ADC can be implemented using
1-bit/stage or 1.5-bit/stage architecture. Since
the impact of errors, due to first stage, on
overall ADC characteristics is sever so only
impact of errors due to first stage are shown
in this paper assuming all the remaining
stages to be ideal.

ADC ARCHITECTURE

2.1 Error due to Comparator offset

A Pipelined ADC can be implemented using
1-bit/stage or 1.5-bit/stage architecture [2],
[3]. Former offers simplest implementation
while later is widely used in practical ADCs.
Fig. 1 shows a general block diagram of a
pipelined ADC stage except last stage which
is simple a flash type converter. Each stage
consists of a Sample-hold circuit (SH), a SubADC, a Sub-DAC, a subtractor and an
amplifier. This functionality is implemented
by SC in present CMOS technologies and
also shown in Fig. 1(b), 1(c).InSC
implemented pipelined ADC stage, main
sources of linearity errors are comparator
offset, Sub-DAC and amplifier offset whereas
non-linearity errors are mainly due to
amplifier gain non-linearity. Ideally transfer
function of a Pipelined ADC stage is given by

Comparator used in sub-ADC and OPAMP
used in MDAC can have unavoidable offset
due to variation in process which although
can be minimized by careful layout. Due to
comparator offset, residue voltage exceeds
the ±Vref at code transition points causing
missing decision levels in 1-bit/stage
architecture. Using 1.5-bit/stage, residue
voltage never exceeds ± Vref at code transition
points so missing decision levels do not occur
[3] because of Digital Error Correcting logic
(DEC) used in 1.5-bit/stage architecture. Fig.
2 shows the comparator offset voltage Vos’
referred to input and Vos is the OPAMP
offset voltage referred to OPAMP input.
Effect of Vos’ on 1-bit/stage and 1.5-bit/stage
architectures assuming all the remaining
stages to be ideal is shown in Fig. 3. Another
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cause of offset is due to OPAMP used in
MDAC that is discussed in section C.

Another cause of error due to OPAMP is the
non-linear relation of its output voltage and
gain at ±Vref which introduces non-linear
errors in the ADC stage. It can be modeled by
including odd order terms in residue as given
in (6) [7].
C
C
V
= 1+
V −
(V )
C
C
V =V
+ V
+ V
(6)
Where a3 and a5 are distortion parameters.
All the individual errors defined in (3)-(6) can
be combined together to know their impact on
the individual stage transfer characteristics
and overall ADC characteristics of Pipelined
ADC and given included in (7) and shown in
Fig. 4.

Fig. 2. 1-bit/stage with input referred Offset

V
V

Fig. 3. Impact with comparator offset of
+0.25V (a) 1-bit/stage (b) 1.5-bit/stage

=V

≈ 1−
+

1

C +Δ
(V )
C
C +Δ
V
(V ) +
−
C
β
V
+ V
(7)
1+

Where a3 and a5 are distortion parameters.
.

2.2 Error due to capacitor mismatch
Due to variations in process there can be a
mismatch in capacitor values. Let Cs changes
by Δ and becomes Cs+Δ, so (2) is modified to
toinclude the effect of capacitor mismatch [4].
(V )
V = 1+
V −

(3)
Error due to OPAMP:
In (2), OPAMP is assumed to be ideal. In
reality OPAMP will have finite gain, offset,
finite GBW product, a non-linear voltage
transfer characteristic.
Due to finite gain of OPAMP, its virtual node
property gets vanished and to include its
effect [2] is modified to [4] where β is
feedback factor and is given by
Cf/(Cs+Cf+Cp)[5].
V

(V

≈ 1−
)

(4)

1+

Fig. 4. Impact of all the errors on
(a) 1-bit/stage
(b) 1.5-bit/stage withcomparator
offset=+0.15V, OPAMP
offset=+0.1V, finiteOPAMP gain,
Δ=0.1 and non-linearity
3.

V −

Both
1-bit/stage
and
1.5-bit/stage
architectures have been modeled for
comparison using Matlab in this paper. It is
evident that impact of errors in 1.5bit/stage
Pipelined ADC architecture is less severe
than that in 1-bit/stage based architecture.

Another cause of offset is due to OPAMP
used in MDAC, modeled by Vos shown in
Fig 2.To incorporate the offset due to
OPAMP, (2) is modified to (5) [6]
V

≈ 1−
(V

)+

β

1+
(5)

CONCLUSION

V −

4.
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Process Variability in Sub-threshold VLSI Interconnects
Rohit Dhiman and Rajeevan Chandel
National Institute of Technology, Hamirpur
email: rohitdhiman.nitham@gmail.com
Abstract: The principal device and interconnect parameters and their variation impact on circuit delay has
been investigated. The essential parameters to account for variations are threshold voltage, oxide thickness
and effective channel length. The variability analysis has been carried out using Monte Carlo technique.
Variations of the parameters are given with a sigma-sweep using Monte-Carlo analysis.

However, intra-die variations have become just as
important and their impact on frequency and power
is becoming more and more pronounced. These
variations are further classified into three
categories which include device, interconnect and
dynamic variations. It is therefore prudent tolook at
their variability impact on the performance
constraints.

1. INTRODUCTION
As technology advances towards the nanometer
regime, process variability has emerged as a
serious concern in the design of very large scale
integration (VLSI) circuits including interconnects.
The process variations result in performance
fluctuations in the circuit design and pose
challenges as technology scales down [1].
According to International Technology Roadmap
of
Semiconductors,
scaled
down
technologytogether with novel process steps add to
the improvement and performance of deep
submicron devices. However, fabrication process
tolerances have not scaled proportionally with
device dimensions.This has significantly increased
the variation susceptibility in several key process
parameters during the device fabrication.The
increase in variability affectsthe design of low
power circuits in the nanometer regime. This
causes fluctuations in the integrated circuit
performance. Therefore, the relative impact of
process variations on power and timing has become
more significant with each technology generation.

3. VARIABILITY ANALYSIS
In order to analyze the effects of variability, Monte
Carlo method is used. The technique is based on
iteratively evaluating the response of the
deterministic model using sets of random numbers
as inputs within certain specified ranges.The
typical-typical device model is used. Monte Carlo
simulations have been performed for 1000 runs at a
temperature of 25oC. Interconnect length of 5mm
has been taken. The Monte-Carlo delay histogram
for threshold voltage variations with opposite
phase switching is shown in Fig. 1.
50

2. PROCESS VARIABILITY

2-line

40

Variability is a deviation from the projected or
designated value of the circuit parameter [2-4].
Process variability can be classified as inter-die
(die-to-die) and intra-die (within-die). Inter-die or
global variation refers to the variation from wafer
to wafer or die to die on a same wafer.
Traditionally, inter-die variations have become the
main concern in digital circuit design. The inter-die
variations constitute parameter deviations from the
nominal value and originate from factors such as
the processing temperature and equipment
properties. The intra-die variations are random in
nature and occur due to the semiconductor
manufacturing process such as the random
placement of dopant atoms in the channel region
and channel length variations within a die.
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50

Table 1 Delay in 5-Line Coupled Structure using
Monte Carlo Simulations for Various Process
Parameters
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s
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VT
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0
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Standard
Deviation
(ns)

Deviation
from
Nominal

Deviation per
unit Nominal

3.80
8.71
2.41

67.8
85.6
271

121.94%
153.96%
487.41%

28.93

403

724.82%
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Fig. 1.Histogram of delay in center line with
threshold voltage variations for (a) 2-line
interconnects,(b) 3-line interconnects and (c)
5-line interconnects with 1000 Monte Carlo
Runs.

4.

It may be seen that delay for 5mm line is normally
distributed with peak at 37ns, 41ns and 44ns for 2line, 3-line and 5-line coupled lines respectively.
Thus, greater delay variability is observed for 5line coupled interconnects.
Table 1 compares the delay distribution parameters
among effective gate length (Ln), oxide thickness
(tox) and threshold voltage (VT). The greater
sensitivity of delay against threshold voltage
variations is 487.41%. This is because of the
exponential dependence of sub-threshold bias
current on the threshold voltage. Ln has the least
effect and quantitatively it is 121.94% and
153.96% for tox variations. Simultaneous variability
in all the process variables shows a very large
variation of 724.82%.
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Assessment of Automatic Generation Control in Two Area System
under Deregulated Environment using Linear Quadratic Regulator
Manbir Kaur and Aprajita Salgotra
Thapar University, Patiala
email: mkaur@thapar.edu
Abstract: Automatic generation control is a significant control process that is responsible for
frequency control, power interchange and economic dispatch in an interconnected system. This
paper investigates the control area concept in power systems under deregulated environment.
The concept of DISCO participation matrix is implemented in the two-area system. The
modification by superimposition of information flow on the conventional AGC two-area system
is done to take into account the effect of bilateral contracts on the dynamics. Optimization of
linear controller gain setting is done using linear quadratic controller (LQR). To validate the
effectiveness of LQR as robust controller, the simulation has been performed using proposed
controller and results have been compared with conventional integral type controller.

1.

under deregulation based on the bilateral
AGC scheme. In this paper, the
implementation of the linear quadratic
regulator (LQR) with integral action is
presented and has been tested in two area
system.

INTRODUCTION

Large scale power systems are normally
managed as being made up of control areas
with interconnections between them. Any
mismatch between the generation and load
can be observed by means of a deviation in
frequency [1]. This balancing between load
and generation can be achieved by using
Automatic Generation Control (AGC).To
improve the efficiency in the operation of the
power system electric utilities have been
introduced with deregulation of the industry
and opening it up to private competition. In
the
deregulated
structure,
GENCO
(Generation
Companies),
TRANSCOs
(Transmission Companies) and DISCOs
(Distribution Companies) can have bilateral
transactions within the area and with
neighbouring areas. The significance of AGC
in deregulated environment is three-fold;
I.
to achieve zero static frequency;
II.
to distribute generation among areas so
that interconnected tie line flows match a
prescribed schedule; and
III.
to balance the total generation against the
total load and tie line power exchanges.
The reported literature has provided
detailed design of automatic generation
control and proved by the methods of
conventional optimum control justifying
the importance of gain parameter and
frequency bias in consideration with
sensitivities [1-7]. Integral of ACE is
used to find the "best" value of
parameters KI, gain of area control error
(ACE) integrator and frequency bias
based on parameters, such as linear and
non-linear power system models,
classical, optimal control, centralized,
decentralized, multilevel control and

2.

PROBLEM FORMULATION

Consider a two-area system in which each
area has

Fig. 1. Two Area system
Two GENCOs and two DISCOs as shown in
Fig. 1. The block diagram of two area system
with primary loop control and tie bias
supplementary loop control is as shown in fig.
2.

Fig. 2. Block Diagram Simulation of a Two
Area Control System
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Participation Factor (cpf’s) and the total
demand of DISCOs as
∆P = ∑ cpf ∆P
(8)

Area control error of tie-line power and
frequency errors and can be expressed as
shown
ACE1 = ΔP1-2 + B1Δf1
(1)
ACE2 = ΔP2-1 + B2Δf2
(2)
The signals to the respective speed changers
will be
ΔPref1= -KI1∫(ΔP1-2 + B1Δf1 ) dt
(3)
ΔPref1= -KI2∫( ΔP2-1+ B2Δf2 ) dt
(4)
where B1 and B2 represent tie line bias
parameters; and KI1 and KI2 are integrator
gains.
The scheduled steady state power flow over
tie line is
ΔPtie1-2,sch= (demand of DISCOs in area II
from GENCOs in area I) - (demand of
DISCOs in area I from GENCOs in area II)
At any given time, the tie line power error,
ΔPtie1-2,error is defined as
∆P
= ∆P
−
,
,
∆P
,
. (5)
The area control error in respective areas will
be
ACE = B ∆f + ∆P
,
ACE = B ∆f + ∆P
,
∆P
= − ∆P
(6)
,
,

Where ΔPLj is the total demand of DISCO j
and cpfs are given by DPM. In two area
system, An =2.
The design of Linear Quadratic Regulator
Rickety Equations (ARE) are conventionally
used to calculate the state feedback gains for
a chosen set of weighting
3.

These weighting matrices regulate the
penalties on the deviation in the trajectories of
the state variables (x) and control signal (u).
LQR formulates the quadratic cost function
(J) as:
∝
J = ∫ x (t)Q(x(t) + u ( ) Ru(t) dt(9)

Where Q and R are static and control
weighting constants.
4.

Pr1 = Pr2 =2000 MW, H1 = H2 =5 seconds
D1=D2 =8.33 * 10-3 pu MW/Hz
TT1=TT2 =0.3 seconds, TG1=TG2= 0.08
seconds
R1 =2.4 Hz/ pu MW, Ptie max = 200 MW,
T12 =0.545 pu MW/Hz, ∆δ=300, ∆PL =
0.01/MW
Case 1:GENCOs in each area participate
equally in AGC i.e. ACE participation factors
are 0.5. The frequency, GENCO1 and
GENCO 2 output and tie line power are
shown in fig. 3.
Case 2:When DISCOS are in contract with
GENCOs with DPM and tie line power as
shown in fig.4.
Case 3: Contract Violation i.e. DISCOs
demand 10% power in excess. Fig. 5 depicts
frequency curve, GENCO powers and tie line
power.

The state space model in deregulated
environment is summarised as: (ẋ = Ax +
Bu)
Where x is state vector, u is vector of
demands from DISCOs and A, B are
summarised as:
∆w , ∆w , ∆P
∆P , ∆P

, ∆P

, ∆P

ACE , ∆P

, ∆P

, ∆P ,
,

, ∆P

ACE ,

,

SIMULATION AND RESULTS

Two area systems are considered as identical.
The system data is given as:

Pr1& Pr2 are rated powers of areas I & II,
respectively.
DPM is a matrix with the number of rows
equal to the number of GENCOs and the
number of columns equal to the number of
DISCOs in the system.

⎡
⎢
x=⎢
⎢
⎣

MATRICES

⎤
⎥
⎥
⎥
⎦

5.

CONCLUSIONS

Feedback gain setting of all blocks in two
area system is determined using Riccati
equation with the objective of minimization
of performance index and the output response
shows improvement. The stability of complex
system under deregulated environment is
based on optimal control.

u = ∆P , ∆P , ∆P , ∆P
(7)
Constants A and B are obtained from system
data.
This desired generation ofa GENCO in pu
MW can be expressed in terms of Contract
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Fig. 3. Simulated Output in Case 1

Fig. 4. Simulated Output in Case 2
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Grading of Made Black TeaBased on Statistical Textural Features
byComputer Vision
G.S. Gill, Amod Kumar and 1Ravinder Agarwal
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Abstract: Tea is a high valued cash crop and its quality plays a momentous role in its marketability.
Presently, inspection by human experts is being used as the quality evaluationtools in the tea
industry. This method issubjective, lengthy, costlyand sometimes imprecise. To overcome these
limitations, computer visionbased approaches been explored as an alternative to conventional
method. The current research work describes a procedure to distinguish among four diverse grades
of made black tea using statistical textural features. The multi-layer perception (MLP) technique has
been used for data classification and80% classification accuracy was achieved.

1.

excessive moisture removal at preliminary
stagefollowed byrolling, cutting and optimized
fermentation [1-3]. After fermentation, tea is
dried and sorted as per the granule sizes into the
following major categories, namely, leaf,
broken;fanning’s and dust [4].
This classification is generally done by passing
the tea granules through a series of vibrating
sieves of different mesh sizes that separate them
according to their sizes. This grading of tea
based
upon
the
particle
size
hasbeenstandardized
by
the
International
Organization for Standardization (ISO) as ISO
11286:2004. Quality grading of tea has been
carried out, till date, by tea tasters who taste and
smell the flavor and aroma of the fermented tea
liquor along with the visual inspection of the
fermented tea liquor color, along with shape and
size of the granules which in turn define the
texture.

INTRODUCTION

The ever-increasing consumer base along with
competitive marketing has dictated the need for
an accurate and objective quality determination
of food products. Tea is commonly consumed
beverage worldwide with anincreasingmarket.
Color, grain shape and size are the major
physical attributes of tea that define its quality
and
hence
it’s
commercial
value.
Conventionally, human experts have been
evaluating tea quality on the basis of color
variation during fermentation by visual
inspection. Such evaluation is highly subjective
and potentially suffers from inconsistency thus
highlightingthe need for an objective quality
evaluation mechanism. Tea manufacturers have
been analyzing the color formation during
fermentation using colorimeter. For sorting the
tea into different grades on the basis of grain
size and shape, sieves of different pore sizes are
used.However, such methods do not quantify
these attributes and hence, it is difficult to
correlate various attributes of tea for the
evaluation and control often quality, which has a
large influence on commercial tea marketability.
This paper presents a technique to discriminate
between various grades of black made tea on the
basis of statistical textural features using
computer vision. This method is advantageous
as it is simple, fast and non-subjective in nature.
2.FACTORS DETERMINING TEA
QUALITY

3.METHODOLOGY
3.1.Materials
Tea is graded according to the granule sizes of
made tea. Four diverse samples were procured
from tea processing industries during the sorting
process and were duly graded by human experts
according to their cost index and were used for
experiment. These samples having dissimilar
grain size and shapes we reassigned the classes
A, B, C and D on the basis of their quality and
cost index.

The various processesduring teamanufacture,
viz.,
and
withering,
rolling,
cutting,
fermentation, drying and, finally, sorting affect
the final quality of tea. Withering is done for

3.2.Experimental Setup
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layer. The classification efficiency of 80% was
obtained using this method.

A computer vision system usually comprises of
following vital elements: an illumination
system, CCD camera (JAI-CV-M9-CL),
animate capture board (National Instruments,
PCI 1430e), computer hardware and software
[5]. Shape, size and physical appearance often
granules
are
important
features
for
discriminatingthem into different grades.

5. RESULT AND CONCLUSION
The focus of this work is to make an attempt to
discriminate among various tea grades on the
basis of textural features. The grading efficiency
of 80% has been achieved. Further, if research
efforts can be oriented towards the directional
dependence and sensitivity of textural attributes,
it could yield improved results.

3.3.Image Processing
The acquired images were used for feature
extraction and further these features were
classified using an artificial neural network
approach. The images of different grades of tea
of having various granule sizes are dissimilar by
texture. In such cases, texture analysis method
can serve as a useful tool in estimation of tea
granule size by classifying the texture into
apposite classes. For each representative tea
grade 10 images each were taken and used for
computation of statistical features, viz,

6. REFERENCES
1.

2.

3.

4.

5.
Fig. 1 The statistical textural feature plots for
various grades of tea images
Energy,
entropy,
contrast,
mean
and
homogeneity. These images were designated as
A1-A10, B1-B10,C1-C10 and D1-D10. It is
evident from the plots in Figure 1 that the
features have been successful in clearly
discriminating between the four classes.
4. DATA CLASSIFICATION
An artificial neural network, a multi-layer
perception (MLP) classifier been used for
training and classification of the textural
features. The neural network architecture
comprised of an input layer of 6 neurons,
followed by one hidden layer, and an output
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Even Odd Algorithm in Image Steganography for Text Data Hiding
Ajay Kumar and Manu Bansal
Thapar University, Patiala
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Abstract: With the advancement of technology, the threats dealt by user have increased
exponentially. Hence, security of data is required during storage and transmission of data. Now
a day the best technique being used for security data and image is ImageSteganography. The
data hiding in color image gives us a choice to hide large amounts of data, because color
contain RGB planes and in each plane the data can hide. In this paper, even odd algorithm has
been implemented for data by using the existing data security algorithm in Image
Steganography.

1.

IV. Modify LSB algorithm.
V. Reconstruct the original image after
hiding the data.

INTRODUCTION

The word Steganography is resulting from the
Greek Words “stegos” meaning “cover” and
“grafia” meaning “writing” defining it as
“Cover writing”. For Steganography the
media will be image, audio, video [1].
In the paper we are using Image as a media
to hide information. There are lots of
advantages to choose image as a media.
Large information can hide.
Only little bit pixel values of image changes
depending upon the on which part of the
pixels we hide information like in LSB,
Intermediate or MSB part of pixel values.
In the image the pixels have some integer
value, based upon the brightness. An image at
each pixel value we can hide information.
Depend upon the image size, we have large
no. pixel value available for data hiding. So in
the image steganography large amount of
information hides as compared to we take
other media. Even hiding the data in different
planes of image, extraction of original data
for unauthorized person is difficult because
it’s difficult forunauthorized people in which
plane in which part hide information.
2.

3.

SIMULATION RESLUTS

In this paper, even odd algorithm is usingthe
existing
Steganography
algorithm
in
MATLAB 2013.
MATLAB, which stands for MATrix
LABoratory, is a state-of-the-art mathematical software package, which is used
extensively in both academia and industry.
The results of this algorithm as follows:

PROPOSED WORK

Fig. 1. Cover Image

In this paper the following algorithm for data
hiding
using
an
existing
Image
Steganography algorithm are proposed.
I. Even odd Algorithm
a) Obtain the pixel values of cover
image.
b) Text Message to hide: “image
steganography”
c) Break data into even odd part.
II. Hide the even part of data in one plane
and odd part of the data in another plane
using existing Image Steganography
algorithm [2]. Like
III. LSB algorithm

Fig. 2. Stego Image Using LSB Algorithm in
Even Odd Algorithm
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4.

CONCLUSION

In this paper, along with an existing algorithm
of image Steganography, the even odd
algorithm is discussed and implemented in
MATLAB. We will also see from the table 1
if using pixel bits from LSB to MSB side for
data hiding the variation in image pixels value
increases. On the hand, even odd algorithm
implemented using XORing of information
bits with pixelvalues, then little brightness
variation, even if using pixel bits from LSB to
MSB side with high security.
Fig. 3. Stego Image Using Modified LSB
Algorithm in Even Odd Algorithm

5.
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Table 1: Comparision Of Different
Steganography Algorithm
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Analysis and Design of 6-Bit DAC Implementation of SAR-ADC for
Biomedical Applications
Atul Thakur and Alpana Agarwal
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Abstract: A 6-bit DAC has been designed and analyzed using charge scaling technique. DAC is
operating as subtracting node as well as sample and hold circuit sampling at 100kS/s. Clocked
comparator using V2T converters has been implemented having offset 40mV thus sensitive to first 4
MSB’s and SAR-Cell has been implemented working on ‘Binary Search’ algorithm.
Implementations are focused on small power consumption for Bio-Medical applications.
Technology used is 180nm with supply voltage of 1.8V.

1. INTRODUCTION

2. CIRCUIT IMPLEMENTATIONS
2.1 Digital to Analog Converter

SAR-ADC which uses the redundant circuitry
and is operated at lower clock rates consumes
less power than other ADC architectures. It
provides a resolution less than the parallel
ADC architectures like Flash ADC but
utilizes less on-chip area and consumes less
power [1] which makes it suitable for the BioMedical applications.
Charge
scaling
technique has been used to implement 6-bit
DAC operating on clock with 0.8MHz clock
speed. DAC is being utilized as a subtracting
node and as a sample and hold circuit thus
saving extra circuitry requirement and thus
reduces power requirement.
Voltage to Time converter (V2T) cell and D
flip- flop is used for implementing clocked
comparator which meets the low power
requirement. V2T cell converts amplitude of
signal to corresponding time delays and D
flip-flop compares two delays and gives the
corresponding
digital
output.
Last
implementation is of SAR cell also called as
Logic Cell is the heart of SAR-ADC. It works
on the principle of binary search algorithm
and its function is to read comparator output
and write onto the DAC input bits after each
bit comparison with sampled input. After
LSB comparison EOC signal is generated on
last clock cycle i.e. 8th clock pulse and digital
bits are transferred to Parallel In Parallel Out
register (PIPO) from where it could be used
before 8.75µs after End of Conversion (EOC)
signal ends.

Charge scaling DAC has been implemented
that works as subtracting node and samplehold circuit. Six 1-bit capacitive cells are used
to implement 6-bit charge scaling DAC as
shown in Fig.1. This cell charges the
capacitor to (VIN -VBIAS) during sampling
period through first transmission gate and
then SAR-Cell forces the logic one through
MSB of DAC to add 0.5VREF.through the
second transmission gate and DAC performs
the subtraction. Then for consecutive 5 clock
pulses SAR-Cell imposes the logic and set the
DAC bits to “1” or “0” after reading the
comparator output for respective bit.
The design of capacitive DAC cell has
thermal noise limiting the use of minimum
capacitance and large capacitance dissipates
more power so the minimum capacitance is
calculated for Bio-Medical application taking
unit capacitance into account.
Total capacitance of 6-bit DAC at node OUT
(refer fig. 1) is calculated (in parallel) as:
CTOT= C + 2C + 4C + 8C + 16C + 32C + C = 64C
(1)

The output capacitance CTOT is also limited
by the thermally induced noise, which should
be less than quantization noise and is given
by:
∆
kT
1 V
kT
<
;
<
∙
12 C
12
2
C
For VRange = 1V and N is number of bits (6
here), gives
CTOT≥ 0.25122fF
Comparingequations
capacitance,
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that include Phase generator, Logic cell and
PIPO registers [3].

The obtained, Unit capacitance is less than
the minimum capacitance(30fF)possible in
the technology hence 50fF is unit capacitance
value just for safety margins to avoid
operation at verge.

3. INTEGRATION TO SAR-ADC
During the integration of SAR-ADC it
becomes necessary to utilize the buffers
before providing digital signals (from SAR
cell) to DAC and also when digital word is
transferred to PIPO registers because if not
the signal transferred has not that much
strength (i.e. drive capability) so that it could
drive an analog circuit.

2.2 Comparator
Comparator is a component that compares
two analog signals and provides the digital
output. Time domain comparator is
implemented instead of voltage domain
operation by using two voltages to time
converter and a logic which compares the
time delays [2]. This scheme is adopted for
very low power requirements. V2T cell has
been implemented as shown in Fig. 2 which is
used to convert amplitude of signal to time
delays and in next stage negative edge
triggered D flip-flop is utilized to compare
timed delays and give digital output. Clocked
comparator is implemented so that each bit is
compared and re-written corresponding to
each clock period

4. MEASUREMENTS
For sinusoidal input of 0.9V peak value with
0V offset sampled at 0.35V, 0.5Vand 0.75V.
VBIAS, VPOSITIVE of 1V each is applied. Output
of ADC clocked at 0.8MHz (Table 1).
Table 1. Digital Output corresponding to
sampled analog input.
S.
N
o.

VSample
(Volts)

1.
2.
3.

Digital Output
Expected
D5 – D0

0.35

Digital
Output
Obtained
D5 – D0
001100

0.5
0.75

100001
110011

100000
110000

001100

5. CONCLUSION
Designed SAR-ADC is sensitive for first four
bits due to comparator offset of 40mV. Table
1 shows digital output code corresponding to
some of the sampled inputs. Right it gives an
error of utmost one LSB. To improve
resolution and accuracy new approach like
minimum offset comparator, fully-differential
DACcan be used which reduces the nonlinearity of DAC thus improving SAR-ADC
operation by increasing input voltage swing
and dynamic range by 6dB.

Fig.1. One-bit Capacitive Cell

6. REFERENCES
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Fig.2. Schematic of Voltage to Time
Converter (V2T)
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2.3 SAR-Cell
SAR Cell is the heart of the SAR-ADC. The
main functions of digital logic is to memorize
the sequence of bit output from comparator
and realize the successive approximation
algorithm for proponing the right sequence of
data to DAC. It is implemented in three steps
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Reducing node count and computational time using different Crossover
Operators in Memetic Algorithm
Anamika and Manu Bansal
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Abstract: Binary Decision Diagram (BDD) is an important data structure which finds wide
applications specially, in the area of Boolean logic Manipulation, logic synthesis, formal verification
and testing. Ordering of BDDs play a major role in reduction of nodes and hence the area. In this paper,
Memetic algorithm with different crossover operators namely order, cycle and partially mapped has
been proposed for minimization of shared ordered BDDs .The results have been compared using these
three operators for LGSynth93 Benchmark Circuits.

1.

Three versions of the crossover operator have
been used for BDD minimization: Order
Crossover, Partially Mapped Crossover and
Cycle Crossover. The performance of these
operators has been compared.
The steps followed in MA based approach used
for BDD Variable Ordering are:
i.
Input Boolean function
ii.
Get Variable Order from Memetic
Algorithm
iii.
Provide generated variable order to
Buddy-2.4
iv.
Generate BDD
v.
Calculate Fitness Function
vi.
Sort and Rank solutions
If the solution is consistent then terminate the
process otherwise follow the process from step
(iii).

INTRODUCTION

Binary decision diagrams (BDDs) are the stateof-the-art data structures in VLSI CAD and they
are widely used in many applications, like
verification and logic synthesis [1].Evolutionary
algorithms (EAs) are powerful search
algorithms based on the mechanism of natural
selection [2]. In the past decade, EAs have been
successfully applied to many complex
continuous optimization problems such as
highly nonlinear, non-differentiable and multimodal optimization problems [2-3].The local
search methods are used to perform the local
refinement procedures [4]. Therefore, they can
be regarded as the integration between
populationsbasedEAs and local search methods.
With global exploration and local exploitation
in search space, As are capable of obtaining
more high-quality solutions [4].
2.

3.

SIMULATION RESULTS

The MA algorithm using three types of
crossover operators are being implemented with
C++ codes and simulated using BUDDY 2.4
package on Ubuntu 11.04. The proposed
approaches give minimal nodes for every
function when compared with all other
approaches. The simulation results for various
LGSynth93 benchmark (MIMO) circuits have
been displayed in Table 1.

BDD MINIMIZATION BASED ON
MEMETIC ALGORITHM

Memetic Algorithms (MAs) are a class of
stochastic global search heuristics in which
Evolutionary algorithms-based approaches are
combined with problem-specific solvers.
Memetic algorithms (MA) are inspired by
Dawkins’ notion of a meme [7], [8].MA is
similar to GA, but the elements forming a
chromosome are memes, and not genes. Various
approaches have been proposed [9] to perform
the local search that includes pair-wise swap
operations among the memes of the
chromosome or adding a constant number to
each meme. The change is retained if the
performance improves else it is reversed [9].

4.

CONCLUSIONS

The different crossover operators namely,
ordered crossover operator, cyclic crossover
operator and partially mapped crossover
operator are being implemented in the proposed
design for Memetic Algorithm as one of the
variable reordering algorithms for reducing the
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node count in shared BDDs. The result of
Memetic algorithm using the three crossover
operators on the benchmark circuits are
presented and these results demonstrate that MA
algorithm implemented using partially mapped
crossover operators result with less computation
time whereas MA algorithm implemented using
ordered crossover operator uses less node count.

5.

6.

5.
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Ordering and Reduction of BDDs Using Various Crossover Operators in GA
Rupinder Kaur and Manu Bansal
Thapar University, Patiala
email:rupindersaini68@gmail.com
Abstract: Binary Decision Diagram (BDD) is a data structure to implement any Boolean function. On a
more abstract level, BDDs can be considered as a compressed representation of sets or relations. BDDs
are extensively used in CAD software to synthesize circuits (logic synthesis) and in formal verification.
Ordering of BDDs play a major role in reduction of nodes and hence the area. In this paper, genetic
algorithm with three crossover operators namely order, cycle and partially mapped has been proposed for
minimization of shared ordered BDDs .The results have been compared using these three operators for
LGSynth93 and Multi-input Adder Benchmark Circuits.

1.

INTRODUCTION
3.

Binary Decision Diagrams (BDDs) [1-2-3]
represent data structures which are extensively
used for compact representation of Boolean
functions. The need of the time is that we need to
optimize chip area usage in order to be able to fit
more functionality into a given chip size. A good
variable order is needed that minimizes the size.
In this paper, genetic algorithm with three
versions of the crossover operator has been used
for BDD minimization: Order Crossover, Partially
Mapped Crossover and Cycle Crossover.
2.

FOR

BDD

Genetic Algorithms GA, [8] are a family of
excellent optimization techniques based on
principle of natural selection and human genetics.
GAs work by evolving a population of individuals
over a number of generations .A fitness value is
assigned to each individual depending on the
application. For each generation, individuals are
selected
from
existing
population
for
reproduction, the individuals are crossed to
generate new individuals, and the new individuals
are mutated to introduce new characteristics. The
solution with best fitness value will be the most
optimum solution. Crossover is the primary
method of optimization in the genetic algorithm.
The performance of the genetic algorithm
depends, to a great extent, on the performance of
the crossover operator used. Three versions of the
crossover operator have been used for BDD
minimization: Order Crossover, Partially Mapped
Crossover and Cycle Crossover.

BINARY DECISION DIAGRAMS

BDD is a finite directed acyclic graph (DAG)
with an unique initial node as shown in figure 1.
All non-terminal nodes are labeled with a Boolean
variable. Each non-terminal node has exactly two
edges from that node to others, labeled 0 and 1.
Shannon decomposition is carried out in each
node thus, node F is represented as
F = xiG+ xi’H

GENETIC ALGORITHM
REDUCTION

(1)
4.

Where G is the positive cofactor of F with respect
to xi (G = Fxi), and
H is the negative cofactor of F with respect to xi
(H = Fxi’,).

SIMULATION RESULTS

In this section, the result of simulation for
LGSynth93 and Multi-input Adders benchmark
circuits has been presented in table 6.1. The GA
technique, using three types of crossover
operators, is implemented with C++ codes and
simulated using BUDDY 2.4 package on Ubuntu
12.04.
Table 1 Comparison of GA results using various
crossover operators for LGSynth93 and multiinput adder benchmark circuits.

Fig. 1. Binary Decision Diagram for the
function F=x1x2+x3x4

5.
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5.
It has been observed that this technique gives
minimal number of nodes when compared with
other existing algorithms. Also, when the
operators are compared, Partially Mapped
Crossover gives minimum nodes, while the Cycle
Crossover gives minimum computation time for
most of the circuits. The order crossover also
gives optimum results. So, GA is best suited for
VLSI circuits.

6.

6.

7.

1.

2.

3.

4.
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Fully Computer Controlled System for Room Cooler
Himani Goyal, Poonam Sethi Bist, Avneesh Mittal, Puneet Verma, T.K. Saxena
Hindu College of Engineering, Sonepat
email: tksaxena@nplindia.org
Abstract: A cost effective and power efficient simultaneous temperature and humidity
controller is designed and developed around 89C51 microcontroller.

1. INTRODUCTION
2. SETUP DETAILS
The room cooler has become an essential
item for the people of India, especially of the
states like Delhi, Haryana, Uttar Pradesh,
Rajasthan, Madhya Pradesh etc. But the
major disadvantage of a typical room cooler
is that it increases the humidity in an
uncontrolled way. To control the temperature
and humidity one has to switch on or off the
water circulation motor control and speed of
the fan manually. A microcontroller based
control system for air cooler is the possible
solution which can control temperature and
humidity simultaneously. This system
completely automates the machine and keeps
the user free from adjusting the controls of
the cooler.

The block diagram of the setup is shown in
Fig. 1. The system works on the principle of a
feedback control loop.
An LM-35
temperature
sensor
from
National
Semiconductors is used to measure the
temperature and a developed humidity sensor
is used to measure the relative humidity in
the atmosphere. The data from both the
sensors is acquired by the 89C51
microcontroller after digitizing their data
through 14 bit 7135 ADC sequentially
selecting them with the help of an analog
multiplexer. After comparing the observed
data of temperature and humidity with the
user defined set points the 89C51 switches on
or off the water pumps motor and/ or change
the speed of the fan with the help of relays.
The set points as well as the observed data
are displayed by the program in PC. The
system has got the provision of the water
level monitoring in the cooler. In case the
water level goes below the lowest level it
raises the alarm and also switches off the
water pump.
3. WORKING
As soon as the system is switched on it
initializes itself and after initializing it
displays the observed values of the
temperature and relative humidity Thereafter
it waits for the set points to be entered by the
user.
When the user enters the set points and gives
the command to operate, the system switches
on the fan and water pump as per the
requirement. It continuously checks the
observed data with the set points and acts
accordingly by switching on/ off the relays of
the fan and water pump. The system also
continuously monitors the water level in the
cooler.
In case the water level goes below the lowest
level it raises the alarm and also switches off

Fig.1.Block diagram of MIC 89C51 based
room cooler
The user adjusts the set point temperature and
humidity of the system in a PC program. The
system then generates and analyzes the error
in the measured parameters with respect to
the set reference values and accordingly
switches on the pump and the cooler fan,
until the set value is achieved. The developed
system is a cost effective and power efficient
with the easily available components in the
Indian market. The software for 89C51 has
been written in 8051 assembly language.
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the
water
pump
and
aborts
the
temperature/relative humidity control cycle.
4. RESULT AND DISCUSSION
Functionality of the system has been tested at
various temperatures, humidity levels as well
as water levels and it gave fairly good results.
But in the rainy season when the relative
humidity is high it is unable to control the
temperature as well as relative humidity as
there is no provision for lowering the relative
humidity so it just switches on the fan only
and keeps the water pump off continuously.
So the provision for the manual control has
also been incorporated so that in such cases
the user can switch on or off the fan as well
as water pump motor as per his/ her
requirement.
5. REFERENCES
1. 89C51 data manual, Atmel Corporation
2000 http://www.atmel.com/.
2. TTL and COMS data manual, National
Semiconductor Corporation
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Computerization of Single Walled Carbon Nano Tubes System
S. K. Gupta, B.P. Singh, Poonam Sethi Bist, 1Avneesh Mittal,
R. B. Mathur and T. K. Saxena
1

CSIR-National Physical Laboratory, New Delhi
Bhaskaracharya College of Applied Sciences, Delhi University, Delhi
email: tksaxena@nplindia.org

Abstract: The present paper describes the details of the electronic setup used to maintain the
constant current as well as constant power in the single walled carbon nanotube fabrication
system.

1.

INTRODUCTION
2.

Carbon nano-tubes (CNT) are finding its
applications in various fields due to its
strength and electrical properties like Textile,
Sports, springs, body armor, electrical motor
brushes etc.[1]. Fabrication of good quality of
CNTs depends on the quality of the carbon
material as well as arcing of the electrodes at
a constant current as well as constant voltage.
The present paper describes the details of the

EXPERIMENTAL SETUP

The electronic circuit for controlling the
current and voltage fed to the electrodes of
single walled carbon nanotubes (SWCNT)
has been developed around the Atmel-89C51
[2-4] microcontroller. Block diagram of the
complete system is shown in Fig. 1. The
circuit maintains the dc current and voltages
at electrodes of the SWCNT system. When

PC
RS232C
89C51

I

MUX

V

50V, 200 A
DC Power Supply
-

ADC
Stepper
Motor Driver

+

Arc

Stepper
Motor

C Rod

C Rod

Vacuum System
Rotary & Diffusion

Fig. 1. Block diagram of the complete system
electronic setup used to maintain the constant
current as well as constant power.
instructed to run the setup then firstly it
brings the voltage of dc power supply to the

the

electronic

circuit

is

desired voltage, set by the user in PC. There
after microcontroller pushes the positive
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The acquired data is also sent to the PC
program through RS232C interface. The PC
program saves this data in the user defined
file as well as plots the same on the screen in
graphical form as well as digital form.
When the user presses “Stop” button on the
screen the program closes the output file and
instructs the microcontroller to properly
shutdown the system. The microcontroller
then firstly brings back the electrode to initial
position. Then microcontroller brings the
voltage of the dc supply to zero volts. After
doing all this work microcontroller sends the
completion message to the PC program. Then
the PC displays the system halting message
on the screen.

electrode towards the negative electrode with
the help of stepper motor till the arc is
produced. The voltage across the electrodes
and current passing through them are
continuously measured by the microcontroller
after digitization by ADC and analog
multiplexer. The zero position of the dc
voltage supply is also sensed by the
microcontroller.
3.

SOFTWARE

The program for microcontroller 89C51 has
been written in 8051 assembly language [2, 4]
and the program in PC is written in Visual
BASIC 5.0 language. At the time of power
ON the PC program firstly initializes all the
parameters and interfaces. There after it asks
the values of voltage, current and output file
name, where all the acquired data is saved,
from the user. When the user presses the
‘Start’ button then the program transfers the
current
and
voltage
data
to
the
microcontroller. There after it instructs the
microcontroller to start the controlling
process. After getting the required data,
microcontroller first brings the dc voltage to
the value sent by the program in PC. After
setting
the
required
voltage
the
microcontroller starts moving the positive
electrode towards the negative electrode with
the help of stepper motor. As soon as
discharge
starts
the
microcontroller
continuously acquires the current and voltage
data and by moving electrode forward or back
word it controls the current and maintains it,
thereby keeping arc intensity constant.

4.

RESULTS AND DISCUSSION

The system has been tested successfully. It is
able to control the current within ±1.0Amps
at 200Amps and voltage within ±0.1Volt in
the entire range 0-50Volts.
5.
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Abstract: To save time and give more comfort to the human being an 89C51 Microcontroller Based
Mobile Phone Operated Home Appliances Control system has been designed and developed which
controls the home appliances with the help of mobile phone.

1. INTRODUCTION
Today’s life is so busy that nobody finds time,
even for himself. Therefore, everybody wants to
have more comfort when he reaches home.
Here in this paper a mobile phone operated
control system to control home appliances is
presented [1-5]. The system has been
experimentally verified also.
2. EXPERIMENTAL SETUP
Block diagram of the developed system has
been shown in Fig. 1. In this system one DTMF
decoder has been used for receiving the signal
coming from the mobile phone.
3. SOFTWARE
The complete program of 89C51 has been
written in 8051 assembly language. When the
number of the mobile phone is dialed, it gets off
hooked after a preset time and wait for the next
number (code for the device) to be dialed.
When a number is dialed the DTMF voice code
related to that number is transferred to the
DTMF decoder through headphone wires. The
program waits for the “Early steering output”
(ESt) to go high. It immediately goes high when
the DTMF decoder receives a valid DTMF tone
and thereafter it places the 4bit code on the
output port. When the program detects the ESt
high

Fig.1 Block diagram of the complete system
the program reads the 4bit code from the DTMF
decoder. After analyzing the code it switches
on/ off the relays accordingly. Relays are
switched on through odd keys and off through
even keys.

4. RESULTS AND DISCUSSION

5. REFERENCES

The system has been tested and found to
working satisfactorily for different appliances.
Different codes were also assigned and verified.

1.

171

Meenakshi Gautam et.al., Design and
development of 89C51 microcontroller
based IR control system for home
appliances, National Conference on

3rd National Conference on Advances in Metrology (AdMet – 2014)
Electronics
Computers
and
Communications (NCECC-2010).
2. Atmel Corporation, 89C51 data manual,
(2000), http://www.atmel.com/.
3. Vishay Semiconductor GmbH, D- 74025
Heilbronn,
Germany.
http://www.vishay.com.

4. National Semiconductor Corporation, TTL
and
CMOS
data
manual,
http://www.national.com/.
5. Muhammad Ali Mazidi et.al., The 8051
Microcontroller and Embedded Systems,
Pearson Education Inc. Second Edition
(2006).

172

3rd National Conference on Advances in Metrology (AdMet – 2014)

Monitoring a Water Efficient Irrigation System Through SCADA
Nitin Jain, Aniruddh Mathur and Divanshu Jain
Institute of Engineering & Technology, JK Lakshmipat University, Jaipur
email: nitin13293@gmail.com
Abstract: There is the acute shortage of fresh water; cost of available water for irrigation
is too high both for economic and environmental point of view as digging tube wells
depletes the available ground water. We are also wasting water by over irrigation, which in
turns reduces the soil fertility. Availability of trained and skill man power for proper
irrigation system operation is a major problem. In this growing economy time is a major
factor which is being wasted in the age old irrigation system. For all the above problems
the vital solution is to provide efficient instrumentation, control and automation package
with a SCADA which can also reduce the irrigation water wastage in different farms. So
we are presenting a water efficient irrigation system monitored and controlled through
PLC and SCADA.

1.

be supplied to required farm will be opened
and then the entry gate of the farm will
open and the farm will start receiving water.

INTORDUCTION

We are providing a system for irrigation in
which there is no requirement of man
power to monitor the irrigation system and
there would be minimum wastage of water
as the farmer in each farm is required to dig
1 meter deep drain hole and sloping it
towards the exit of farm back to the canal.
We will be putting level sensors at that exit.
So, when there will be some extra water
supplied to the farm then at that point of
time water will rise to some level and after
crossing a set point of 1 meter mark at the
exit the supply gates coming from canal
will be closed and pump will start which
will throw the excess water present in the
drain back to the canal. Here farmer just
need to press a button to indicate that he
requires water in his farm and rest of the
work will be done automatically by the
person seating in the control room with the
help of PLCs (Programmable Logic
Controllers) and SCADA (Supervisory
Control And Data Acquisition).
2.

Fig. 1
The entry of water could be stop in two
ways firstly, if the farmer presses the Send
to the control room and controller will stop
the process. Else when farm has got
sufficient water required for irrigation than
the excess water will flow into the side
drains and when that level has reached a
specific value than (here 1 meter), then
entry gate of water in the farm will be
closed and pump in the drain will get start
and throws the excess water back in the
canal.

PROCESS DESIGN AND
DESCRIPTION

Each farm will have a proper drain dig till 1
meter deep and proper entry and exit
system for water from canal as shown in
SCADA screen. Farms will have button and
on pressing it a signal will be send to the
control room and controller will identify
which farm needs water as signal from
button will be unique and then he will start
the process of supplying the water to the
farm if the river doesn’t have water above
specific level than gate of reservoir will be
opened to fill the river and then after that
the gate of that canal from which water is to

Fig. 2
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3. TABLE
For entry of water

PLCs (programmable logic controllers) are
the control hubs for a wide variety of
automated systems and processes. They
contain multiple inputs and outputs that use
transistors and other circuitry to simulate
switches and relays to control equipment.
They are programmable via software
interfaced via standard computer interfaces
and proprietary languages and network
options.

GATE
S
FAR
M1
FAR
M2

A

B

C

D

E

F

ON

ON

ON

OFF

OFF

OFF

ON

ON

OFF

OFF

ON

OFF

A

B

C

D

E

F

OFF

OFF

OFF

ON

OFF

OFF

OFF

OFF

OFF

OFF

OFF

ON

For exit of water
GATE
S
FAR
M1
FAR
M2

Available inputs for programmable logic
controllers include DC, AC, analog,
thermocouple, RTD, frequency or pulse,
transistor, and interrupt inputs. Outputs for
PLCs include DC, AC, relay, analog,
frequency or pulse, transistor, and triac.

4.
Programming options for PLCs include
front panel, hand held, and computer. PLCs
can also be specified with a number of
computer interface options, network
specifications and features. In addition to
controlling output functions, programmable
logic controllers are good for compiling
data from many sources and uploading this
data into a computer network. PLCs are
generally more durable, and less expensive,
than computer systems and as a result can
be placed in remote or rugged industrial
locations, and perform at a high level for
many years.
SCADA stands for Supervisory Control and
Data Acquisition. As the name indicates, it
is not a full control system, but rather
focuses on the supervisory level. As such, it
is a purely software package that is
positioned on top of hardware to which it is
interfaced, in general via Programmable
Logic Controllers (PLCs), or other
commercial hardware modules.
Advantages offered by PLCs:
I.
Cost effective for controlling
complex systems.
II.
Flexible and can be reapplied to
control other systems quickly and
easily.
III.
Computational abilities allow more
sophisticated control.
IV.
Trouble
shooting
aids
make
programming easier and reduce
downtime.
V.
Reliable components make these
likely to operate for years before
failure.

CONCLUSION

We have designed water efficient irrigation
system through SCADA which has reduced
man power and increased efficiency.
Further, we can have sensors installed in the
farms for measuring the moisture content in
soil and then accordingly water could be
supplied to the farms as per moisture
content required for proper irrigation.
5.
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Microcontroller Based Photo Sedimentation Type Particle Size System
P. R. Sen, Poonam Sethi Bist, Avneesh Mittal, Vijay Sharma,
O. P. Sharma and T. K. Saxena
CSIR-National Physical Laboratory, New Delhi
email:-tksaxena@nplindia.org
Abstract: In the present paper a cost effective setup is described which is able to determine
particle sizes in the range 1µm to 100 µm. This setup is very useful for the Carbon Physics and
Engineering section of the CSIR-NPL, New Delhi.

gives it to the program in PC to set as base
line.

1. INTRODUCTION
Photo sedimentation method for determining
particle size is a common method to
determine the average particle size present in
a given sample. It can easily determine the
sizes of the particle in the range 1µm to 100
µm. This setup has given the boost to their
research.
2. EXPERIMENTAL SETUP
The electronic circuit for controlling the
constant current supply of the white light
lamp, programmable gain amplifier, 4½
ADC, RS232C interface, etc has been
developed around the Atmel-89C51 [2-4]
microcontroller. Block diagram of the
complete system is shown in figure 1. The
circuit keeps the dc current fed to the white
light lamp highly constant. Signal received
from the detector is amplified suitably by
programmable gain amplifier (PGA). The
gain of PGA is adjusted by the
microcontroller 89C51. The digital data
received by the microcontroller is sent to the
program in PC through RS232C interface.
3. SOFTWARE

Fig. 1. Block diagram of complete system
The program for microcontroller 89C51 has
been written in 8051 assembly language [2, 4]
and the program in PC is written in Visual
BASIC 5.0 language. The program developed
in VB5.0. At the time of power ON the PC
program firstly initializes all the parameters
and interfaces. Thereafter it asks the various
parameters required by the program and
output file name, where all the acquired data
is saved, from the user. When the user presses
the ‘Start” button then the program instructs
the microcontroller to start the controlling and
data acquisition process. After getting the
required data, microcontroller first acquires
the reference data of transparent medium and

After acquiring reference data program asks
the user to put the sample in the sample
chamber after vigorous shaking. Than
program again instructs the microcontroller to
acquire data. The data is acquired by the
microcontroller continuously and the same is
transferred to the PC through RS232C
interface. This acquired data is plotted on the
screen on the semi log scale. It is also saved
in the user defined file for future use. The
microcontroller also continuously checks the
current fed to the lamp for stability.
4. RESULTS AND DISCUSSION
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The system has been tested successfully. The
results were compared with the results
obtained from other instruments and found
very satisfactory.
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Segmentation of Liver Tumor from Abdominal CT Scan Image
Suchit Kumar and Deepti Mittal
Thapar University, Patiala
email: deepti.mittal@thapar.edu
Abstract: In this paper segmentation of liver tumor from abdominal CT scan is achieved. The
algorithm used is a combination of two region growing techniques. First recursive region
growing is applied to the images which produce a boundary for the region to be segmented,
secondly region growing from seed point using intensity mean measure is used to extract tumor
region from the image. Both of the techniques require input of initial seed points. The
experimental results demonstrate the effectiveness of the method.

points as input with the image. Seeds
should have some similar feature with
respect to their neighbours.

1. INTRODUCTION
The liver is a common site for the
occurrence of tumors. Liver tumor
segmentation from scans of the abdominal
area is an important step in several
diagnostic processes. CT scans of the
abdominal area contain several organs in
close proximity exhibiting similar image
characteristics.
Image
segmentation
partitions an image into a set of disjoint
regions that are visually different,
homogeneous and meaningful with respect
to some characteristics such as grey level,
texture or colour to enable easy image
analysis.

2.3. Recursive region growing
This is the counterpart of the edge linking
mechanism which is based on local
comparison of pixel properties without
reference to more global viewpoints.
Regions (or pixels) should be merged if
they are homogeneous. In a segmented
image:
H(Ri) = true i=1,2,3.....S
(1)
H(Ri

The main objective of this paper is to
demonstrate the application of two different
region growing algorithms on same CT
scan image and produce an output
segmented liver tumor which is accurate in
terms of shape, size and easy recognition.
To check the accuracy of segmentation we
superimpose the segmented region back to
the input image.

Rj) = false i j and Ri adjacent to Rj (2)

Where S is the number of regions in the
image, and H(Ri) is a Boolean homogeneity
evaluation of region i, based normally on a
statistical measure such as the standard
deviation of the grey levels about the mean
pixel intensity. In the segmented image,
regions
must
be
homogeneous and maximal, by which we
mean that the homogeneity criteria would
cease to be true if adjacent regions were
merged. Let us consider a recursive
algorithm based on a 4-connected model of
image connectivity.

2. METHODOLOGY
2.1. Pre-processing
First the image is converted to gray scale to
reduce processing time. Pre-processing also
aims to reduce noise and smooth the image.
A Gaussian filter is used to smooth the
intensities of the image .The filter moves
pixel intensities toward the average of the
surrounding region.

Where x0 denotes the current pixel, and x1,
x2, x3 and x4 denote the upper, left, lower
(down) and right pixels respectively in a 4connected image matrix. (In an 8-connected
matrix the central pixel would also be
connected to the diagonal pixels). The
object is to compare the current pixel to
each of the adjacent pixels to see if it can be

2.2. Initialization
Selection of initial seeds plays a prominent
role in the process of image segmentation.
Both the algorithms recursive as well as
intensity mean measure require initial seed
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added to an existing region. The algorithm
is expressed with reference to a gray scale
image. When the recursive function
terminates, there will, in general, be a group
of pixels conjoined to form a labelled
region with equation 1.

Fig. 1. Output of recursive region growing
algorithm

Algorithm for recursive region growing (4connected version) Start from point (x, y)
with equation 1.
recursive_label(x, y);
f(x, y) := label;
x := x - 1; { recurse left }
If f(x, y) = I and pixel not labelled then
recursive_label(x, y);
x := x + 2; { recurse right }
if f(x, y) = I and pixel not labelled then
recursive_label(x, y);
x := x - 1; y := y - 1; { recurse up }
If f(x, y) = I and pixel not labelled then
recursive_label(x, y);
y := y + 2; { recurse down }
If f(x, y) = I and pixel not labelled then
recursive_label(x, y);
End;

Fig. 2. (a) output of intensity mean
measure. (b) final output of proposed
method.
4. CONCLUSION
Region growing segmentation is a simple
method which extracts the tumour exactly.
The proposed method is an interactive
method which requires minor interventions
of human interaction in identifying an
initial seed point. By exploring the
segmentation we can conclude that the
algorithm provides reasonable results for
most of the lesions, even when the intensity
difference between tumor and normal liver
is not large. On the other hand, the region
growing process is not easy to control when
the boundaries are unclear. It has a very
high probability to leak. The method solves
this problem by defining the boundaries of
the region to be segmented.

2.4. Region growing using intensity mean
measure
Region growing can be achieved by two
way, One is to look at the max-min
difference and combine adjacent regions
whose max-min difference is within a
tolerance of the seed block's. The new
region is now the seed. The process
examines adjacent regions, comparing maxmin differences, and adding blocks that are
within the tolerance specified by the user..
Alternatively, [3] the mean values of the
blocks can be used to determine which
blocks should be merged. The region is
iteratively grown by comparing all
unallocated neighbouring pixels to the
region. The difference between a pixel's
intensity value and the region's mean is
used as a measure of similarity. The pixel
with the smallest difference measured this
way is allocated to the respective region.
This process stops when the intensity
difference between region and new pixel
become larger than a certain threshold.
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Neuro-Fuzzy Based Transformer Fault Detection
Tapsi Nagpal and 1Yadwinder Singh Brar
Thapar University, Patiala; 1Guru Nanak Dev Engineering College, Ludhiana
email: tapsi.nagpal@thapar.edu
Abstract: The most common diagnosis method for power transformer faults is the
dissolved gas analysis (DGA) of transformer oil. Various methods have been
developed to interpret DGA results such as key gas method and ratio methods. The
present approach utilizes IEC 60599 ratio method to discriminate fault in
transformers, which is having the advantage of usage of three gas ratios instead of
four gas ratios used in other ratio methods. In case of multiple fault diagnosis by
DGA, the mixing of different characteristic gases results in a ratio code, which cannot
be matched by the existing ratio codes, defined by various ratio methods. To
overcome this, the authorshaveproposed different neural network architectures and
fuzzy logic technique, as a diagnostic tool for the fault detection of transformer, using
dissolved gas analysis method.

1.

INTRODUCTION

In this paper, expert system has been used
for transformer fault diagnosis, which
optimizes the parameters of the neuro-fuzzy
inference system by applying a learning
algorithm using input-output datasets.
Parameter optimization is done in such a
way that the error measure between the
target and the actual output is minimized [18] .
2.

Fig. 1. MSE v/s epochs (N1)

DISCUSSIONS

In this paper, two artificial neural network
structures have been proposed:
1. 5 Input nodes and 2 output nodes
(classes),say N1.
2. 5 Input nodes and 6 output nodes
(classes),say N2.
N1 accepts the ratio of the concentration
(ppm) of the gases (C2H2, C2H4, C2H6, H2
and CH4) i.e. R1(C2H2/C2H4),R2(CH4/H2)
and R3 (C2H4/C2H6) as input and predicts
the condition of the transformer as healthy
or faulty as output while N2 accepts the
same gas ratios as N1 as input and predicts
all the fault types in IEC 60599 ratio
method as output.

Fig. 2. MSE reduced to minimal value at
143 epochs (N2)

The graph between mean square
error(MSE) and epoch of N1 and N2is
shown in Figure 1 and 2 respectively.

Table 1. Neural Network Structures:
Comparison
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Fig. 3. Triangular membership functions
R1=input variable = C2H2/C2H4; R2
= input variable = CH4/H2; R3 =
input variable = C2H4/C2H6; fault =
output variable

4.

The fuzzy fault diagnosis (FFD) system is
tested with triangular membership function
as shown in Fig. 4.
5.

6.

Fig. 4. Test result of FFD with triangular
membership function
7.
The centroid method has been used for
defuzzification.
3.

CONCLUSION

In this paper, expert system based schemes
have been proposed to diagnose the faults in
transformers through the analysis of
dissolved gases in oil. Such schemes are
advantageous
when
compared
to
conventional DGA methods, since in case
of multiple fault diagnosis by DGA, the
gases from different faults get mixed up
resulting in such gas ratio, which cannot be
matched by the existing codes thereby
reducing the accuracy. The additional
advantages of neural network fault
diagnosis scheme include speed, robustness,
knowledge acquisition and the general

8.
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Detection of Diabetic Retinopathy Exudates from Retinal Images
Kritika Saluja and Deepti Mittal
Thapar University, Patiala
email: deepti.mittal@thapar.edu
Abstract: Diabetic Retinopathy is a complication of diabetes that is caused by the changes in the
blood vessels of the retina .The symptoms can blur or distort the patient’s vision and are a main
cause of blindness. Exudates are one of the primary signs of diabetic retinopathy. The performance
of the proposed algorithm is evaluated using the test images of STARE and DRIVE databases. This
paper investigates and proposes a set of morphological operators to be used for detection of diabetic
retinopathy exudates from retinal images. It is shown that the proposed method yield successful
results as compared to those obtained by the known methods.

vessel elimination method.
In this
application, images are first converted into 8bit greyscale images.

1. INTRODUCTION
1.1 General Introduction
Diabetes is the most common cause of
blindness in the working age group in the
developed world. Patient’s sight can be
affected by diabetes which causes cataract,
glaucoma, and most importantly damage to
blood vessels inside the eye – a condition
known as “Diabetic Retinopathy”. Diabetic
Retinopathy is a critical eye disease which
can be regarded as manifestation of diabetes
on the retina.
Diabetic Retinopathy is characterized by the
development of retinal micro-aneurysms,
haemorrhages and exudates. Exudates occur
when lipid or fat leaks from abnormal blood
vessels, or aneurysms.

As the green channel contains good contrast
between the bright and background retinal
components, it is reliable to work on the
green channel of the RGB colour space in
order to localise the optic disc and exudates.
The image is then enhanced to make the
bright object features more distinguishable
with the help of CLAHE. Contrast Limited
Adaptive Histogram Equalization (CLAHE)
operates on small regions in the image. The
contrast of each small region is enhanced
with Histogram equalization.

2. METHODS

2.2 Optic Disc Elimination

2.1 Pre-processing
Several pre-processing and utility techniques
are employed for automatic segmentation of
exudates. These are called background image
extraction method, OD detection method, and
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Exudates detection is our main purpose,
however we have to remove the optic disc
prior to the process because it appears with
similar intensity, colour, and contrast to other
features off the retinal image. The optic disc
is characterized by the largest high contrast
among circular shape areas. As the shape of
optic disc is round, therefore the optic disc
region selection process needs to be specific.
The selected region was dilated with the
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binary dilation operator to ensure that all the
pixels in the optic disc are covered. A flat
disc shaped structuring element with a fixed
radius was used.
se=strel(‘disk’,1);
v=imdilate(b,se);

3. DISCUSSION
In this work, we have investigated and
proposed a set of morphological steps to
automatically detect optic disc and exudates
from diabetic retinopathy digital images. The
optic disc was detected and removed prior to
exudates detection because the intensity
features of both the areas are similar.
4. CONCLUSION
2.3 Blood Vessel Segmentation

The proposed techniques works efficiently
even on a poor computing system. The retinal
vessel detection could also be added in order
to facilitate ophthalmologists decisions on
LASER treatment. The result of this work can
be developed to produce an automated system
to detect exudates.

Many methods have been employed for
detecting and segmenting vessels and retinal
images. These methods may also be used in
segmentation of DR lesions. Retinal fundus
images consist of wide range of vessel
structures such as capillary, short, and long
vessels. If these structures are not eliminated
correctly, they could be accounted as DR.
The vessels around healthy regions mostly
have relatively lower intensities than the
pixels around them, and these low intensity
parts should also be segmented as healthy
textures, not to be considered unhealthy. In
this application, these areas should be
separated from segmented vessel structures.
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Performance Enhancement using Neurofeedback in Sports
Abhishek Yadav and Ravinder Agarwal
Thapar University, Patiala
email: yadavabhishek27@gmail.com
Abstract: Neurofeedback (EEG biofeedback) holds potential for retraining brainwave activity to
enhance optimal performance of athletes in various sports. Neurofeedback has been shown to have
potential for quieting the mind to improve concentration and focus, to improve cognitive function
and emotional control. In the present study human brain was seen as an electrochemical machine
capable of receiving stimuli and adapt accordingly. Only relevant EEG activity was fed back to
the trainee by a Brain Computer Interface (BCI) in an intelligible way, allowing the
identification of phasic changes in the EEG and what cognitive state caused it. The results from
this study showed that it is possible to learn to change some rhythmical activity in the EEG, after a
few feedback sessions.

1.

INTRODUCTION

Information travels through nerve cells in the
nervous system in the form of electrical
impulses. When measuring the electric field on
the scalp, it is possible to observe the influence
of these electrical impulses that occur in the
nerve cells in the neocortex. The resulting
signal is known as the electroencephalogram
(EEG). Training generally consists of placing a
couple of electrodes on the scalp and one or two
electrodes on the ear lobes. Then the EEG
equipment provides real-time, instantaneous
audio and visual feedback to the subject about
his or her brainwave activity. No electrical
current is put into the brain. The brain’s
electrical activity is simply relayed to the
computer. At first, the changes are short-lived,
but the changes gradually become more
enduring, and with continuing feedback,
coaching, and practice, improved brain
functioning can usually be trained in most
people and the changes are enduring.
Neurofeedback provides us with opportunities
for both enhancing intellectual and sports
performance without the use of performance
enhancing drugs. There are several areas in
which neurofeedback holds particular promise
in
sports,
including
enhancement
of
concentration and attention, reduction of
anxiety, improving control over emotions
(e.g., anger), and for improving physical
balance. Different sports place different
demands
on
the
brain.
Increasingly
sophisticated research has begun delineating
brainwave patterns associated with various
types of peak performance. In such cases this
provides us with important data that may guide
the use of neurofeedback training to promote
peak performance.

Fig. 1. Brain waves
2.

METHODOLOGY

2.1 Subject Selection
Cognitive abilities of 30 sports person will be
done as per ethical norms and with the approval
of Institutional ethics committee Informed
consent will be taken from all the participants.
Objective evaluation will be done with stress
questionnaire,
personality
questionnaire.
Demographic information (age, gender and
medical
records)
and
anthropometric
measurement, including height, weight and BMI
etc. will be kept as a record.
2.2 Groups are defined as follows
a.
b.
c.
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Control group (Not a sportsperson): 10
person
Control group (sportsperson without
training): 10
Experimental group (sportsperson with
training): 10
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(referred to as sources) will generate unrelated
signals. It should be borne in mind that different
ICA algorithms (popular ones include In fomax,
SOBI, Fast ICA and JADE) are likely to best
detect specific types of artifacts. The JADE
algorithm, for example, may be particularly
effective for tackling muscle artifact. Complete
artifact elimination may therefore require
selection of one or more ICA algorithms.

2.3 Inclusion Criteria
a.
b.
c.

Subjects with normal physiological
condition,
Players regularly performing in sports
events
Normal, healthy subjects with age 18-40
yrs

2.4 Exclusion Criteria
5.
a.

b.

Associated with any endocrine disorders or
circulatory disorders e.g. Diabetes,
Hypertension etc.
A recent physical injuries or surgery.

3.

EXPERIMENTAL SETUP

a.

Nexus-10, the instrument is in use, for
acquiring ECG signals and also a
biofeedback device.
Laptops, one to give training to the player
and other to show feedback signal to the
trainer.
Disposable electrodes to take signals.
Sound proof and well ventilated room to
avoid external interference and suffocation.

b.

c.
d.

4.

CONCLUSION

EEG represents a useful methodological tool in
under standingcortical processes that underlie
performance in sports and non-sports domains.
Although, EEG lacks the spatial resolution of
more expensive methods such as MEG or fMRI,
it offers excellent temporal resolution and with
advances in wireless hardware and equipment
portability, allows a freedom of movement
almost impossible to achieve with other
neuroimaging technologies. Recording EEG
during motion does present a number of
problems with respect to obtaining ‘clean’
cerebral data. However, careful attention to
proper
methodological
practices
and
developments in hardware and computational
processing models offer a promising means of
minimizing, if perhaps not entirely eradicating,
these problems.

ARTIFACT REDUCTION

4.1 Practical and Technical Approaches
A substantial problem in EEG is obtaining
‘clean’ data on cerebral activity, i.e.
uncontaminated by non-cerebral artifacts.
Physiologic artifacts (e.g. muscular activity and
eye blinks) are generated from the body, while
extraphysiologic artifacts (e.g. environmental
electrical noise) originates from sources outside
the body. Physiologic artifacts tend to be a
particular problem when recording EEG from a
subject who is in motion. This may account
EEG in sports have generally been confined to
disciplines involving relatively minimal head
movement, such as golf, stationary bike cycling
and rifle shooting. Nevertheless, two
complementary approaches exist substantially
to reduce or eliminate artifacts. The first is to
minimize movement artifacts during the
recording itself and the second requires
subsequent signal processing of the data via
computational methods to remove artifacts.
Artifact removal (computational methods)
nevertheless, modern advance in signal
processing has occurred with the advent of
independent component analysis or ICA. ICA is
a higher order statistical method developed to
extract individual signals (referred to as
components) from mixtures of signals, based on
the assumption that different physical processes
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Low Cost Setup for Charging Mobile Phone from the Surrounding Heat
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Abstract: A low cost prototype mobile charger using sterling engine was designed and
fabricated to convert the surrounding heat energy into electrical energy.Insterling engine air has
been used as a working fluid which decreases the cost.

1.

wheel which inturn rotates the generator
thereby producing electricity which is
sufficient to charge the mobile phone.

INTRODUCTION

A low cost photovoltaic element and
technology development is an emerging
research field. Here a different concept of
using a surrounding/ solar energy is used. The
heat energy is converted into mechanical
energy and then the electrical energy as
shown in Fig 1 [1, 2]. The present system is
based on the principle of a Stirling engine.
The Stirling engine was invented by Robert
Stirling in 1816. It operates on the principle
of compression and expansion cycles with air
or gas as the working fluid (Fig.1). Heat
energy from the sun or any other source is
utilized to run the Stirling engine which in
turn rotates the generator.The beauty of the
system is that it can be operated just by the
temperature difference of a few degrees.
2.

For fabrication of stirling engine scrap from
the home as well as purchased low cost
material has been utilized. A 12volt
generator, which is fitted in the bicycle,
which rotates with the rotation of the wheel of
the bicycle and genetrates 12volt dc, for
lighting the small bulb in the front, has been
utilized for charging the mobile phone.Since
for charging of the mobile phone a 6volt DC
voltage is required so specially designed 6
volt voltage regulator is utilized for this
purpose. This voltage reguralor gives the
regulated voltage output of 6 volts to the
mobile phone. This setup is very useful where
there is no electric supply is available.

EXPERIMENTAL SETUP:

3.

Block diagram of developed experimental
setup is shown in Fig.2.

RESULT AND DISCUSSION

The setup has successfully tested and the
12volt dc has been obtained from the bicycle
rotatory dc generator. The voltage regulator
circuit is giving 6volt dc and inturn successful
charging of the mobile has been done.
Heat
Source

Stirling
Engine

Generato
-r

Mobile
Phone

Fig. 1. Principle of the sterling engine.

Fig. 2. Block diagram of the Setup
This setup absorps the heat from the
surroundings and give it to the air (working
fluid) inside the engine which inturn expands
and moves the piston. After full expansion the
compression cycle moves the piston back.
Movement of piston back and forth rotates the
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A Study of Development of an Iris Based Personal Authentication
System Using LABVIEW
Shah Arpita Nayankumar and Gagandeep Kaur
Thapar University, Patiala, Punjab
email: eicmasteras20@gmail.com
Abstract: Nowadays one of the leading identity recognition methods is Iris recognition method.
It is very useful for national as well as international security system. Because of the iris’ unique
features and the protection of the iris from the environment and aging Iris recognition is very
effective for person identification. Person’s pupil may vary in from 10% to 80% of the iris
diameter, but fundamental rods & cons structure for an individual remains unique till the life
time. In this paper an algorithm using a system based on Local Binary Pattern and histogram
approaches for feature extraction, and Linear Vector Quantization classifier for classification
for iris recognition is used Here a LABVIEW uses database for storing the information of the
users including Iris of the respective person for carrying out the recognition process.

1.

INTRODUCTION

Biometric recognition offers a promising
approach for security applications, with some
advantages over the classical methods.
Biometric based personal authentication
systems use physiological i.e. fingerprint,
face, hand geometry or behavioural i.e.
speech, handwriting traits of a person. Among
the biometric technologies, iris recognition is
the best measures for person identification
and security. Iris recognition is the process of
automatically differentiating people on the
basis of individuality information from their
iris images. The technique can be used to
verify the identity of a person when accessing
security oriented confidential system.[1]
2.

Image pre-processing
Template Matching
Authentication
Fig. 1. Block diagram of complete system
5.

There are three steps which are Localisation,
Segmentation & Normalisation. The first step
in the localization process is pupil
segmentation based on analysis of the
histogram. It is assumed, like in that a pupil is
the darkest area in the image and standard
deviation of luminance in this area is
relatively & comparatively low. It has to be
emphasized that unwanted elements like
reflections, eyelashes; etc may appear in the
threshold image

IRIS-BASED VERIFICATION

Iris scans analyze the features in the collared
tissue surrounding the pupil which has more
than 200 points that can be used for
comparison, including rings, furrows and
freckles [2] Iris technology combines
computer
vision,
pattern recognition,
statistical inference and optics . The four
main stages of a biometric recognition system
are image acquisition, image pre-processing,
template matching and authentication.
3.

IMAGE ACQUISITION

It is a major challenge to obtain a high quality
image of eye with sufficient details while
retaining the system to be non-invasive. The
image is then changed from RGB to gray
scale for further processing.
4.

PRE-PROCESSING

Fig. 2. Front view of eye
Segmentation has unique importance in preprocessing as it separates the input iris image
into several components while making it
feasible to extract features more easily. The
technique used in this step is canny edge

BLOCK DIAGRAM

Image Acquisition
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An LVQ network has a first competitive layer
and then a second linear layer.

detection, using image management tool in
LABVIEW. The vision assistant is
performing in canny edge detection is as
following steps: Getting the input eye image
in Vision Assistant. Locating the circular
edge in the region of interest. Direction,
polarity, looks for first or best edge is
selected. [2]

7.

AUTHENTICATION

For matching of a new feature vector with the
one existing in database, the least distance
method is applied. In this method the distance
is computed between the new feature vector.
Minimum of all the computed distances is
found out. If this distance is less than a pre
defined value then the iris is said to match
with that particular feature vector and hence
the corresponding person is recognized.[3]

Fig. 3. Cross-section if eye

8.

The Segmentation process is defined as
separating the input iris image into several
Components, The best method to separate the
pupil from the whole eye is circular Hough
transformation in order to find the circle of
the pupil.
The final step of pre-processing is
normalization which transforms the iris
region so that it has fixed dimensions which
allow comparisons. Daugman’s Rubber Sheet
Model ramps each point within the iris region
to a pair of polar coordinates r.
After applying the various steps of preprocessing detection the next process is
template matching The localized image
obtained from the previous step is segmented
in many parts and for each part an average is
calculated in all the three domains of primary
colour viz. red, blue and green. These
segments belong to specific part of the image
where iris can get occluded by the eye-lashes
also at the centre where pupil is present. The
final set of average value forms the feature
vector of the image which can be stored in the
system database [2]

In this paper, input eye images are uploaded
from database and region of interest
segmentation and localization of iris using
canny edge detection is performed. Canny
edge detection provides good localization and
detection of user. It also required less time to
conclude. Normalization of iris is performed
using the Gabor filter and feature vectors are
extracted using Local Binary Pattern (LBP)
and classification is performed using
Learning Vector Quantization (LVQ). The
process of matching is done by hamming
distance which in then helps to detect to
protect the identity of the user. It also helps to
make the system very secure.

6.

9.
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3.

In this paper a Learning Vector quantization
has trained to detect Intrusions. A prototypebased supervised classification algorithm is
Learning Vector Quantization (LVQ). It is
precursor to self-organizing maps (SOM) it is
related to neural gas, and to the k-Nearest
Neighbour algorithm (k-NN). The classes
found by the competitive layer dependents
only on the distance between input vectors. If
two input vectors are very similar, the
competitive layer will put them in the same
class. LVQ networks learn to classify input
vectors into target classes chosen by the user.
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Fuzzy SEMG Signal Classifier for Prosthesis Control
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Abstract: his paper deals with the classification stage of an electromyogram (EMG)
based control system for prosthetic hand application. Integrated EMG (IEMG), Zero
Crossing Rate (ZCR) and Mean Absolute Value (MAV) features extracted from the
single channel of surface EMG (SEMG) signal. SEMG signal acquired at Flexor
carpum ulnaris (below elbow) position for grip the different weights. A fuzzy logic
system is used to classify the extracted information about the final grip posture with
the help of LabVIEW. The results demonstrate the ability of the system to classify the
information related to grip different weights.

1.

INTRODUCTION

Prosthetic is a branch of biomedical
engineering that deals with missing human
body parts with artificial one [1]. That work
broadly consists of two parts namely:
detection and classification of EMG signals
and replacement of missing body parts.
Further, the work carried out is related to
feature extraction and classification of EMG
signals obtained from bicep and below elbow
position. The EMG signals are obtained for
different cases: Grasping and Lifting, with
different weight combinations. The features
are extracted from the conditioned EMG
signal such as: root mean square value,
integrated EMG value [2], mean absolute
value and zero crossing rate. The signals are
usually non-repeatable and contradictory in
nature. Therefore, to classify such kind of
signal, a classifier able to takecare of
uncertainties in data is required. Fuzzy theory
is well known for its capability to deal with
imprecise environment. So, in this work a
fuzzy classifier is designed and implemented
using LabVIEW software. The classifier
system is tested using 30 subjects. The
simulation results have authenticated the
capability of implemented system.
2.

The mean absolute value of EMG signal is
used to find the contraction level of the
muscles. From Fig. (1).

Fig. 1. Mean absolute values for grasp
movement using
Zero crossing rate of EMG signal shows at
which rate signal crosses the x-axis. From
Fig. 2.

METHODOLOGY

SEMG signal is obtained from the surface of
the body by using disposable electrodes. For
the acquisition of SEMG signal BIOKIT Data
scope system is used. The analysis and
feature extraction of SEMG signals is done by
using LabVIEW platform based software.
The developed software accepts EMG signal
recorded by BIOKIT system and calculates
time domain features of EMG signal like
Vrms, Integrated EMG (IEMG), zero crossing
rate (ZCR) and mean absolute value (MAV).

Fig. 2. Zero crossing rate for grasp movement
using different weights
Integral of surface electromyographic (EMG)
signals detected during fatiguing sub maximal
contraction are often related to changes in
neural drive. There is graph showing changes
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implemented using LabVIEW. The program
acquires the EMG signal and extracts the
feature (MAV, ZCR, IEMG). These extracted
values are input to the fuzzy classifier.
Corresponding to given inputs, classifier
provides the quantitative information about
the weight handled by the subject. Front panel
of program that classified the EMG signal is
shown in Fig. (5).

in the EMG integral due to contraction in the
muscle during grasp and lift the different
weights.

Fig. 3. Integral value of EMG for grasp
movement using different weights
The various approaches to classify the EMG
signals are: Neural Network, Neuro-Fuzzy
and PSO etc. In this work, a rule-based
approach is applied for EMG signal
classification. For this purpose, a fuzzy logic
approach based inference engine (classifier) is
developed and used to classify the signal. The
output of classifier is designed with the help
of this toolkit.
The input variables to fuzzy classifier are
three features of EMG signal. These features
are mean absolute value (MAV), zero
crossing rate and integrated EMG (IEMG).
Output variable are without weight (ww), 1
Kg and 2 Kg. The main window of fuzzy
system designer is as shown in Fig. (4)

Fig. 5. Front Panel of Program
3.

RESULTS

The success rate of the classifier for
individual movements is shown in Fig. (6)
And calculated using eq. (1).
Success rate=

No. of Successfull Trials
∗ 100 (1)
Total No. of Trials

Fig. 6. Classification of grasp movement with
different weights
Fig. 4. Input and Output Variables of Fuzzy
Classifier

Classification
Rate of Grasp
Movement
Success Rate

The fuzzy sets used for input variables are
Small, Med and Large. The rules are arranged
in IF-THEN form and are listed in Table I
Rules of grasp movement for different weights
Rule

MA
V

1

Sma
ll

2

Med

3

Larg
e

IEM
G

ZCR
A
N
D
A
N
D
A
N
D

Large

Med

Small

A
N
D
A
N
D
A
N
D

TH
EN

WW

Med

TH
EN

1 Kg

Large

TH
EN

2Kg
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2 Kg.

73.33 %

60 %

90 %
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Abstract: Tool wear occurred in micro electric discharge machining (micro EDM) adversely
affects the micro features due to the stochastic behaviorof discharge processes. It is difficult to
study the geometry, form and surface texture of high aspect ratio blind micro holes without
destructing due to their miniature size. A coordinate measuring machine (CMM) with a suitably
small contact probe is generally used to measure the micro features. But various geometric
errors are greatly magnified during measurement. Misalignment and non-orthogonality of the
probe axes of CMM, probe tip compensation and presence of debris in the micro feature
generate the sources of errors. The clearance between the probe and the micro hole is nearly as
small as other characteristic lengths like probe deflection or form errors. In this communication,
an innovative technique was introduced to study the geometry; form and surface quality of high
aspect ratio blind micro hole die sinked in micro EDM by opening the hole axially through wire
EDM (WEDM). Deformation of the tool and its profile on workpiece were also studied.

During this investigation, high aspect ratio
(≅10) blind micro hole of programmed depth
3.0 mm was machined in die sinking by a
high precision, integrated multi-process
machine tool (model: DT-110 of M/s.
Mikrotools Pte. Ltd., Singapore)on wear
resistant high grade steel (block gauge
material) of 8 mm thickness with cylindrical
tungsten tool of diameter 300µm.The
machining parameters chosen for micro hole
were gap voltage (120V), discharge
capacitance (0.4 µF), threshold (60%), feed
rate (4
µm/s in Z axis) and direct
polarity(workpiece (+)).The dielectric used
was commercially available “EDM Oil
3”.The hole was opened along the axis by
WEDM(make:
Electronica,
India)
compensating wire diameter and overcut for
WEDM to study the geometry, form and
surface quality by using Aubert, SA make
optical microscope (model: MA-705-Z1),
Olympus, Japan make image analyzermodel:
BX51M, camera: Olympus-E330), Hitachi,
Japan make Scanning Electron Microscope
(model: S-3000N) and Taylor-Hobson, UK
make Talysurf CCI-Lite 3D optical profiler
(resolution 0.1⊕).

1. INTRODUCTION
1.1 General Information
Form measurement of a blind micro hole is an
important quality control tool which bridges
the product designing and manufacturing. But
it is very difficult to measure the form
accurately in spite of using high precision
equipment and techniques in non-destructive
methoddue to its small diameter. Evaluation
of micro hole by destructive method, takinga
number of cross sections by cutting holes
transversely or by using plastic molding to
generate a replica of micro hole were
attempted for form measurement. But both
the methods have limited information on the
dimension and form accuracy. To measure the
form accuracy of micro hole, vibroscanning
method in which vibration of a thin probe was
utilized to detect the contact with the surface
of micro hole and a combination of contact
and non-contact (optical) sensors using a
CMM were used. But in CMM, errors
associated with misalignment and nonorthogonality of the probe axes of fiber probe
system play major role in measurement of
features of a micro hole. Probe radius
compensation, mechanical filtering and probe
misalignment have large impact on
measurements through CMM under low
clearance conditions. The sensitivity of these
measurements depends on the misalignment
between machine axes and the measurement
axes of an analog probe. Also the micro probe
deflection was not parallel to the surface
normal for measurement of micro holes [1].

2. RESULTS AND DISCUSSIONS
It was found that the hole had burrs at the rim
due to recast layer formed after machining,
deteriorating the surface quality of the holes
as observed in optical microscope and 3D
optical profiler shown in Fig. 1. The hole took
tapered shape instead of cylindrical onewith
hemispherical shape at the bottom shown in
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Fig. 2. The worn out potion of the tool
became tapered and the tip region was almost
hemispherical as observed in image analyzer
and scanning electron microscope shown in
Fig. 3. Depth of hole was much smaller than
the programmed tool movement due to
erosion of tool electrode during electrical
discharge. The diameter at top of the hole,
depth, amplitude parameter Ra (ISO 4287)
and height parameter Sa (ISO 25178) on the
surface of opened hole measured in 3D
optical profiler by scanning the surface using
online software CCI Lite weregiven in Table
1. For Ra, profiles were extracted parallel to
the axis of the hole and for Sa, form removal
of the area was taken care off by the offline
softwareTallymanPlatinum. For 3D shape of
the micro hole, the profiles normal to the axis
of the hole were extracted at 0.025 mm
spacing from starting of hole upto the depth
of 1.86 mm from where hemisphere started.
The sectional view of the hole and direction
of profiles taken were represented by the
Fig.4. Fig.5 represented the extracted profile
at 1.250 mm depth of hole with diameter
0.396 mm.Diameter of hole at respective
depth was measured as the mean of two
circles of the profileusing maximum inscribed
circle principle as shown in Fig.5. The lofted
view of the circles taken at respective depth
and the realistic view of the micro hole drawn
in AutoCAD were shown in Fig.6(a) and
Fig.6(b) respectively. The 3D shape of micro
hole plotted in Autodesk Inventor was shown
in Fig. 6(c). For surface generation, material
thickness of 5 µm was given outside of the
plotted circles.Software generated the surface
at bottom of the hole from the measured
depth of the hole.

(b)
Fig.3. (a) Image taken in Image analyzer and
(b) SEM micrograph of used tool electode
Table 1.Measured mean value of diameter at
top of the hole, depth of hole, Ra and Sa
Diameter
at tool
entry side
(mm)
0.426 mm

Depth of
hole
(mm)

Ra
µm

in

2.102

1.6286

Sa in µm

5.2515

Fig.4. Sectional view of opened micro hole

Fig.5. Diameter measurement from profile

Fig.1. Burrs formed at the rim of hole

(a)

(b)

(c)

Fig.6. (a) The lofted view of the circles taken
at respective depth, (b) the realistic
view of the micro hole and (c) 3D
shape of micro hole.

(a)

(b)
Fig.2. (a) microscopic image and (b) 3D view
taken in 3D profiler of opened micro hole
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Delivering Narrow Bandwidth Radio Frequency to a Paul Trap for
Trapping Single Ion
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capacitance of the trap as well as the
connecting wires will also play major role on
the resonant frequency. We have constructed
an electro-magnetically shielded helical coil
resonator which inductively couples the RF
source to the ion trap. The resonator is
constructed out of a copper tube which is
winded in helical shape (secondary coil) and
placed inside a larger diameter copper tube
for RF shielding. The farthest end of the
secondary coil is grounded through the
surface of the shielding tube and the other end
couples RF to the trap. An antenna coil
(primary) is positioned coaxially farther away
from the grounded end of the secondary coil.
The coupling efficiency to the secondary coil
depends on the construction parameters. We
have adopted ratio of the secondary coil
diameter d to the shielding tube diameter D is
d/D ~0.55; length of the secondary coil is
larger than d and outer diameter of the
construction tube of the secondary coil is
approximately half of its pitch.

1. INTRODUCTION
Microwave atomic clocks are being used as
primary standard for time and frequency
metrology over more than five decades [1].
However, an optical clock based on optically
allowed transition can be used with higher
stability as it operates in much higher
frequency region compared to the microwave
atomic clocks. In NPL India, we are
developing an optical frequency standard
based on an ultra-narrow optical transition in
single trapped Ytterbium (171Yb+) ion. For
171
Yb+ ion the lowest lying excited state is
2
( D3/2) state and it decays to (2S1/2) ground
state via an electric quadruple transition at
436 nm. The excited (2D3/2) state is extremely
long lived with lifetime of several years,
which leads to an extremely narrow natural
line width (3.1 Hz) of that transition. A Paul
trap will be used to trap a single ytterbium ion
and an oscillatory voltage at radio-frequency
(~MHz) will be applied to produce a
harmonic-oscillator with frequencies of 1–2
MHz [2-3].
In order to trap a single
Ytterbium ion (171Yb+) within a Paul trap,
narrow bandwidth at large amplitude ~1 kV
peak-to-peak radio frequency (RF) voltage is
applied to the electrodes. Wide frequency
bandwidth results to unstable trapping and
unwanted heating of the ions and direct
delivery of high voltage RF to a trap damages
the source due to impedance mismatch
between source and the trap electrodes. A
helical resonator allows impedance matching
between a RF source and an ion trap, enabling
high voltages while reducing the noise
injected into the system.

Delivering the high voltage RF with a
resonator will filter the noise, reducing the
contribution to ion heating. In order to
maximise the filtering of this noise, the
resonator must have a high Q factor, and
hence a narrow bandwidth. In this work, we
have studied the dependence of Q factors with
the f primary coil’s parameters and tried to
optimize the Q factor of the resonator without
changing its resonant frequency.

Macalpine and Schildknecht performed [4] an
empirical study on shielded helical coil
resonators where they considered isolated
operation of the resonators at a self-resonant
frequency due to the coil inductance and
shield capacitance. In our experiment the
resonator will be connected to the ion trap
and the resonant frequency not only depends
on the parameters of the resonator but the
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Impedance mismatch between the RF source
and the ion trap will reduce the efficiency of
delivering RF Voltage to the trap as the signal
will be reflected back form the trap and the
power will be dissipated over the output
impedance of source. Impedance mismatch
between the RF source and the trap can be
optimized by changing number of turns and
pitch of the primary coil [5]. In our study we
have observed that the impedance matching
can also be achieved by adjusting the position
of the primary coil with respect to secondary
helical coil of the resonator and in that way
highest Q factor for the resonator can also be
achieved.
2. REFERENCES
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2. Chr. Tamm, D. Engelke and V. Buhner,
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3. Chr. Tamm, S. Weyers, B. Lipphardt, and
E. Peik , Phy. Rev. A, 80, 043403
(2009)
4. W. W. Macalpine and R. O. Schildknecht,
Proc. IRE , 47 (1959) 2099.
5. J. D. Siverns, L. R. Simkins, S. Weidt,
and W. K. Hensinger, Appl. Phys. B,
107 (2012) 921.

Fig: Helical Resonator (top), inner view of
the helical coil (middle) and the primary
coil to fed the RF signal into the
resonator (bottom)
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Comparison of Model Order Reduction Techniques for Higher Order
Oscillatory System
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Abstract: In this paper reduced model is achieved and this reduced model is based on thirdorder modelling and selection of coefficients through the use of time responses. Comparison of
reduced third-order model the procedure seems to be simple and effective. The improved
performance of the overall system can be achieved. Five simulation examples and various
methods of model order reduction and their step responses are include demonstrating the
effectiveness of the reduced models.

1.

selection of coefficients through the use of
time response.
Model reduction (also called dimensional
model reduction, or model order reduction
(MOR)) is a technique to simplify the
simulation of dynamical systems described by
differential equations. The idea is to project
the original, high-dimensional, state-space
onto a properly chosen low-dimensional
subspace to arrive at a (much) smaller system
having properties similar to the original
system (see Figure 1). Complex systems can
thus be approximated by simpler systems
involving fewer equations and unknown
variables, which can be solved much more
quickly than the original problem. Some
methods of model order reduction is hakel,
Malwatkar, balance, schur, bst.and it has long
history in engineering and applied
mathematics.Model reduction has been used
extensively in the fields of control theory,
electrical
circuits,
and
simulations
computational electromagnetic and MEMS
systems. Most model reduction techniques in
these fields however aim at linear system and
linear time invariant system in particular.The
so-called Hankel optimal model reduction
algorithm is based on ﬁnding a stable m-th ˆ
order LTI approximation GP(S) of a given
stable LTI system GPR(S) which minimizes the
so called Hankel norm (GP(S)-G^PR(S)) model
reduction error Hankel optimal model
reduction appears to be one of the best model
reduction options available. However, this
approach also has some weak spots. One
problem is the cubic (with respect to the order
of the original system GP(S)) growth of
complexity of the model reduction algorithm,
which makes it impractical to apply it to
systems of order 103 and larger. Another
(perhaps related) weakness lies in the
difficulty of adapting the algorithm to a
situation when G is not perfectly known, and,

INTRODUCTION

There are several definitions of model order
reduction and it depends on the context which
one is preferred. Originally, MOR was
developed in the area of systems and control
theory, which studies properties of dynamical
systems in application for reducing their
complexity, while preserving their inputoutput behaviour as much as possible. The
field has also been taken up by numerical
mathematicians,
especially
after
the
publication of methods such as PVL.
Nowadays, model order reduction is a
flourishing field of research, both in systems
and control theory and in numerical analysis.
This has a very healthy effect on MOR as a
whole, bringing together different techniques
and different points of view, pushing the field
forward rapidly.
We need to deal with the simplification of
dynamical models that may contain many
equations and/or variables (104– 109). Such
simplification is needed in order to perform
simulations within an acceptable amount of
time and limited storage capacity, but with
reliable outcome. In some cases, we would
even like to have on-line predictions of the
behaviour with acceptable computational
speed, in order to be able to perform
optimizations of processes and products.
Model Order Reduction tries to quickly
capture the essential features of a structure.
This means that in an early stage of the
process, the most basic properties of the
original model must already be present in the
smaller approximation. At a certain moment
the process of reduction is stopped. At that
point all necessary properties of the original
model must be captured with sufficient
precision. All of this has to be done
automatically. In this paper all the simulation
is done with the help of Matlab software and
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alternatively, samples of its time or frequency
response are available.
2.

Fig. 3. Step response of original and balance

EXAMPLE

A fourth order slightly open-loop oscillatory
system. Consider a system with open-loop
transfer function:
Gp(s) =
I.

1
+ + 1)( + 2)

(

Malwatkar reduced model:(

. 3233
+ .9766 + .9812)( + 1.312)

(

. 0012 − .0027 + .1860
+ 1.1571 + 1.7155 + .6241)

(

. 0059 − .0552 + .2760
+ 2.0078 + 2.0184 + 1.0985)

(

. 0059 − .0553 + .2758
+ 2.0073 + 2.0177 + 1.0951)

Gpr(s) =
II.

( )=

III.

( )=

IV.

( )=

3.

.

Fig. 4. step response of original and schur
.

4.

BST Reduced Model:-

PERFORMANCES

Methods
Orignal
model
Schur
method
MalWatk
ar
Bst
Balance

BALANCE Reduced Model:-

SCHUR Reduced model:-

5.

Oversho
ot ( % )
11.8

Rise time
( sec )
2.09

Settling
time (sec)

25

1.91

11.9

11.6

2.08

6.91

.0365
11.1

2.8
2.08

8.7
8.87

6.9

CONCLUSION

GRAPS

Model order reduction constructs a simplified
system to approximate the original system
with reasonable accuracy. In this paper we
analyze step response of the reduced models
with the original model .some methods are
accurate thus we use this reduced models in
PID controller tuning procedure for higher
order oscillatory system.

Fig. 1. Step response of original and
Malwatkar model

6.
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Abstract: Present paper describes the prototype experimental setup to demonstrate to the
students how intelligently and smartly electrical power can be managed in a colony (small area)
by optimizing the generated power and how an area drawing excessive power can be isolated
without disturbing the electrical power of the rest of the area.

decisions as well as they are also
communicating with the Master PC. An
appropriate decision will be taken by the
Master PC in case of complex problems and

1. INTRODUCTION
Today everybody is talking about saving the
electrical power and also protection against
short circuit or drawing unnecessary excessive
electrical power. It also becomes very
important when locally generated power is
supplied to the society or the area in case of
power failure. The locally generated power by
several generators, solar cell banks or other
non conventional energy sources viz. Wind
power, water, tides etc. is utilized properly by
the colony as an alternative to the AC mains
supplied by the major Grids, in case of power
failure, are called Virtual Power Plants (VPP)
[1].

other controllers will act accordingly. The
block diagram of the system is shown in Fig.
1.
3. SOFTWARE
PC

In the present paper a prototype experimental
setup has been developed to demonstrate to
the students how intelligently and smartly
electrical power can be managed in a colony
(small area) by optimizing the generated
power and an area drawing excessive power
can be isolated without disturbing the
electrical power of rest of the area.
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Figure. 1. Block diagram
The programs for the 89C51 microcontrollers
have been written in 8051 assembly language
[4] and the program in PC has been written
Visual BASIC5.0 language. Initially at the
time of power ON the master program in PC
initializes all the required parameters and
reads the critical values from the user defined
critical data files. Thereafter, it sends all the
required critical parameters to respective
controllers and instructs them to function
accordingly. Time to time it asks the various
parameters as well as status from all the
microcontrollers and stores them in the pre
defined data files for the record of the
engineers. In case of any mishap and action
taken against that the program also saves the
type of fault detected, action taken against
that, date and time of detection of the fault
etc. in the fault file for future use by the

2. EXPERIMENTAL SETUP
The experimental setup has been designed and
developed around 89C51 microcontrollers [24] working in distributed control system
(DCS) mode. Several microcontrollers are
working independently intelligently and
simultaneously talking to each other as well to
the master computer. For example, some
controllers are continuously monitoring the
power consumed by the sub portions of the
colony. Some of the controllers are looking
after the utilization of the locally generated
power, in case of power failure. Some are
engaged in isolation of the sub areas in case of
the excessive power drawn by them or in a
short circuit case. The controllers are working
independently as master of own and also
talking to each other to take appropriate
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engineers. Each microcontroller does its job
assigned to it and also shares its data and
findings with other related microcontrollers.

4. RESULT AND DISCUSSION
The system has been tested in the laboratory
by creating an artificial environment and
working satisfactorily.
5. CONCLUSION
The heart of intelligent selection of the power
source and protection etc. has been achieved
by the precise measurement of current,
voltage, frequency with time using the
developed precision electronics.
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Fig. 2. Screen shot of the VB based software
As per the findings as well as data received,
other microcontrollers will act accordingly.
All the data shared by the microcontrollers is
also sent to the master PC. The program in PC
also displays the critical parameters on the
screen graphically as well as digitally as
shown in Fig. 2.
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Abstract: A novel architecture of comparator is proposed for bio-medical
applications. Area and power are most important parameters which are the critical the
bio-medical applications, thus instead of using CMOS logic style latch a CVSL
(cascade voltage switch logic) is used, which effectively decreases the number of
transistors required. The proposed comparator roots from reference 1. The proposed
comparator uses a less number of transistors and also reduces the glitch height when
compared with the reference comparator. The proposed comparator is designed using
0.18um technology. Cadence Virtuoso® Analog Design Environment, Virtuoso® XL
Layout Editing Software is used for analyzing the circuits.

1.

Instead of using a cross coupled inverter pair
in latch as used in reference [3], a pair of
cross coupled NMOS transistors is used to
provide the positive feedback to get rail to rail
output. NMOS cross coupled transistor pair is
preferred over the PMOS cross coupled
transistor pair because the NMOS cross
coupled pair is faster than the PMOS pair
because of higher on resistance. The proposed
comparator is shown in figure1. As the
number of transistors which are connected
directly to clock increase, the power
consumption increases. So the proposed latch
is made to work without directly applying a
clock signal to it, which greatly reduces the
power consumption.
It consists of an input stage, which has a
diode connected load which is inserted
between the clocking transistor and the input
transistors. Due to the presence of diode
connected load the glitch produced at the
nodes Di+ and Di-, due to clock feed-through,
reduces by 0.272V, which makes the design
more robust. The diode connected load
minimizes the output swing from Vdd to 0 to
(Vdd–Vds)to 0, thus reducing the dynamic
power dissipation . . .

INTRODUCTION

The energy constraints dominate architectural
and implementation decisions throughout the
design of biomedical systems. High
performance multistage comparators, like the
latched comparators, are more suited for
biomedical applications which require a good
speed and precision. Various types of latched
comparator are given in literature[1]. They
can be broadly classified as a Static latched
comparator; Class AB latched comparator and
Dynamic latched comparator. out of these
three dynamic latched comparator are very
attractive for bio-medical application due to
thefast-speed, low-power consumption, highinput impedance and full-swing output.
Conventional dynamic latched comparator
usesa positive feedback mechanism with one
pair of back-to-back cross coupled inverters
(latch) to convert a small inputvoltagedifference to a full-scale digital level
in a short time. A dynamic comparator
withoutpre-amplifier is highly desirable for
the high-speed, low powerapplications as preamplifier based comparator suffers from large
static power consumption as proposed by
Kobayashi [2].

3. COMPARATOR OPERATION
2.

PROPOSED COMPARATOR
ARCHITECTURE

The operation of the comparator can be
divided into two phases, pre-charge and
evaluation phase. The node voltages are precharged/pre-discharged
to
Vdd/ground
potential and during the evaluation phase the
comparator operation starts and output is
produced based on which input is greater.

The proposed comparator roots from the work
of Jeon[3]. The proposed architecture uses
CVSL(cascade voltage switch logic logic) to
implement the latch and also uses diode
connected transistors in the input stage to
reduce the power consumption. The CVSL
logic gives the advantage of higher speed and
less number of transistors as compared to
CMOS logic.

During the pre-charge phase, when the clock
is low the M1 pre-charges the nodes D+ and
D- to Vdd – Vgs This voltage drives the two
inverters connected to it discharging the
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the circuits. The supply voltage of this
comparator is 1.8 V. The pulse voltage source
is used as an input voltage source and a
reference voltage source is a DC voltage
source having magnitude 0.9V.Pulse voltage
source is also used as a clock signal. When
the clock is low, reset phase, both the OUT+
and OUT- nodes are pre-discharged to ground
potential. When the clock goes high,
evaluation phase, OUT+ and OUT- go
high/low depending upon the input voltage. If
the input voltage is less than the reference
voltage, 0.9v, OUT+ goes high and OUTgoes low. The transient response of the
proposed comparator is shown in fig. 2.

OUT+
and
OUTto
ground
potential.Evaluation phase starts when the
clock goes high, transistor M6 becomes on
and the transistors M4 and M5 starts
discharging the nodes D+ and D- proportional
to the applied input voltage IN+ and IN-.
When this voltage falls below Vthof M7 and
M9, these transistors start switching ON at a
rate proportional to the rate at which the input
voltage discharges the nodes Di+ and Di-.

Fig. 1. Proposed Comparator
Thus a input dependent differential voltage is
produced between nodes Di+ and Di-. This
input dependent differential voltage is first
passed through an inverter pair to amplify the
weak signals and also to separate input and
output b nodes which help to reduce input
referred offset voltage.

Fig. 2. Transient Response

With the increasing input voltage difference
M7 and M9 turn on one after the other and
the cross-coupled NMOS pair made by M11
and M12 starts regenerating the small voltage
difference transmitted from Di nodes into a
full scale digital level. Instead of applying
clock directly to the latch, the latches
regeneration phase and reset phase were set
by the node voltages Di+ and Di-.

2.

4. SIMULATION RESULTS

3.

5. REFERENCES
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Figure Perception: Brain and Behavior Conflict with Eye Tracking
Study
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Abstract: Brain has different perception for the color, shape and size, but in combination of
these three separate physical quantities brain percept differently. We are trying to cover in this
research paper how brain behave in the combination of these three entities and it has been done
by using eye tracker as a physiological measures and subjective feedback for their choices. We
used 10 subjects (age 20-25 years), among them 5 were male and 5 were female for our
experiment. In methodology we used 112 objects in seven colors (VIBGYOR) and four sizes (
small,medium,large and largest) and four shapes (circle, triangle,square and rectangle) with each
object appeared for 5 seconds and in between there was blank of 3 second. After the
presentation subject were asked “Which color, shape and size you feel full immersion or
attention”. Along with the subjective scoring, pupil width was taken as a physical parameter that
provided the result of brain response. Result shows, most disliked color was red and shape were
circle with medium size while most liked shape was square with small size of red color. In
subjective response there was biased in statement so no concrete conclusion was drawn for the
color and shape but in size medium was most disliked. Female were more sure about the result
and there were less difference in their brain output and subjective response.

1.

INTRODUCTION

2.

Eye tracking is used more widely now in the
research of the cognition and perception.
There are at least three important reasons to
understand eye movements in cognitive study.
First, eye movements are critical for the
efficient and timely acquisition of visual
information during complex visual-cognitive
tasks and the manner in which eye movements
are controlled to service information
acquisition is a critical question. Second, how
we acquire, represent, and store information
about the visual environment is a critical
question in the study of perception and
cognition. The study of eye movement
patterns during scene viewing contributes to
an understanding of how information in the
visual environment is dynamically acquired
and of visual and cognitive information
processing. Third, eye movement data provide
an unobtrusive, online measure of visual and
cognitive information processing. Eye
movement data provide an unobtrusive, online
measure of visual and cognitive information
processing.In defense, one’s attention level is
very important because it describes his/her
capability to handle situation effectively. This
paper aims to formulate a function whose
value is one’s attention level. Variables of this
function are size, orientation, color of objects.
The objective of this experiment is to derive a
co-relation which describes which color draws
a maximum attention for a particular size and
orientation.

METHODOLOGY

For preparing study free of gender biasing us
selected 5 subjects of male gender and 5
subjects of female gender which are visually
correct and have no color defects. They filled
mood questionnaire before the experiment,
then in the experiment presentation of
Variables size objects in various geometric
shapes appear in front of subjects. These
objects appear in Violet, Indigo, Blue, Green,
Yellow, Orange, Red colors and various
geometric shapes are circle, rectangle, triangle,
square where orientation of objects is kept
constant. During experiment eye tracking data
was collected and after the experiment
subjective feedback were filled.
3.

RESULTS

In eye tracking data we chose pupil size as a
major factor for the analysis as it was
accounted for the attention detection.
Subjective feedback was taken as a major
approach to study conflicts between brain
processing and the behavior outcome in form
of some decision.
Result showed
1. Most disliked color was red and shape
were circle with medium size while most
liked shape was square with small size of
red color.
2. In subjective response there was biased in
statement so no concrete conclusion was
drawn for the color and shape but in size
medium was most disliked figure.
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3.

Female were more sure about the result
and there were less difference in their
brain output and subjective response.

4.

CONCLUSION

Result is pointing out some conclusive
outcomes but since our sample size is small,
we cannot use this result as a foundation for
cognitive studies. We need to increase sample
size to validate our result and it can be used
for understanding underlying brain mechanism
for our decision.
5.
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Experimental Set-up and Probe Design for Measurement of Critical
Currents of Super Conducting Materials
Swati Kumari and P. L. Upadhyay
CSIR- National Physical Laboratory, New Delhi
email: kumaris1@mail.nplindia.org
Abstract: This paper describes an experimental setup and details of probe design for the
measurement of critical current (Ic) of superconducting materials at 4.2 K and at 77 K.
Constraints on sample geometry and dimensions for an accurate determination of Ic are also
discussed.
.

The setup for critical current measurement
and the probe used for mounting of samples is
shown in the figure. Four probe method is
used and the pair of leads used for passing
currents are twisted wires of 18 s.w.g. copper
hanging down the length of the probe. These
leads have been tested for carrying currents ~
100 Amps. Voltage leads consist of very thin
Cu-wires (36 s.w.g) which are twisted as
shown (Fig. 1. Schematic to form a noninductive winding generally used for
elimination of spurious voltages. Instruments
used are Keithley 2182 A nano voltmeter and
a Keithley 228 A voltage/current source. The
228 A current source is used for passing
currents up to 10 A (sufficient for work at 77
K) and for samples capable of carrying higher
currents a Superconducting Magnet Power
supply was used .

1. INTRODUCTION
Critical current (Ic) property is the most
important property of superconductors as far
as their applications are concerned. It is
important to characterize a superconductor for
this property which involves measurement of
very small voltages at low temperatures of 77
K and 4.2 K while high current is passed in
the sample. It further involves choosing
suitable criteria for defining Ic, the maximum
current allowed to flow in the sample in the
superconducting state. This paper describes
the experimental set-up
and the probes
designed and fabricated by us for the
measurement of critical currents of
superconductors at both liquid nitrogen (77 K)
and liquid helium temperature of 4.2 K. The
measurements are meant for a bath type
cryostat where the sample is kept dipped in
the cryogen so that the heat generated by the
heating of current-contacts while high current
is passed gets dissipated in the cryogen and
the temperature of the sample does not rise.

Fig. 2. Probe details and sample mounting
2.2. Sample mounting and current contacts
For measurement on ceramic samples of high
Tc superconductors the sample was prepared
as rectangular pellet about 40 mm in length,
so that suitable high-current contacts could be
made at the two ends without any interference
of heating with the voltage taps. Fig 2 shows
the actual sample of YBCO mounted on the
probe ready for testing in liquid helium, while
the schematic diagram of Fig. 1 shows the
details of voltage taps attached to the voltage
leads in the probe.

Fig. 1. Illustration of sample and lead
configuration for zero and finite
resistance tests
2. EXPERIMENTAL SET-UP FOR
MEASUREMENT OF IC AT 77 K &
4.2 K.
2.1 Description of probe
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3. DISCUSSION
The set-up and probe described above is being
successfully used for measurement of critical
currents of superconductors at 4.2 K and at 77
K. While measurements at 77 K do not pose
much problem difficulties are encountered at
liquid helium temperature. There are several
interfering voltages appearing even when the
current passed is quite low, i.e. when the
material is in the superconducting state.
While thermal voltages could be easily
identified there are voltages from other
unknown sources. Attempt is being made to
eliminate these, following the work of
Goodrich and Bray [1] where the authors
attribute the stray voltages arising due to the
ceramic nature of the material. Some of the
measurements done at 77 K on tapeconductors of Ag-sheathed BiPbSrCaCuO and
pellets of nano-doped and pure YBa2Cu3O7-x
are presented in a different paper at this
conference [2].
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4. CONCLUSION
A probe designed and constructed by us is
being successfully used for measurement of
critical currents of high Tc superconductors at
77 K and 4.2 K. Some problems are
encountered in accurate determination of Ic
at 4.2 K which is probably due to the nature of
the sample. Methods for eliminating these are
being envisaged.
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Playing 3D Video Game Reduces Gender Difference in a
Cognitive Task
Sushil Chandra, Kanishka Sharma, Greeshma Sharma, Neelam Sharma
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email: sharma21neelam@gmail.com

Abstract: Experience of action video game is invariably growing in our day today life. This
experiment reviews about the gender base performanceof a cognitive skillamong regular video
game players and non-regular video game players on the basis of psycho-physiological test.
Regular and continuous video game players often outperform non-players on measure of basic
cognitive ability such as Motor Speed. Such differences might result from exposure to 3D video
games between those people who do or do not play video games. There is a casual relationship
between playing action video games and improvements in a cognitive skill.In this experiment,
EEG was recorded before and after psychological testing of video game players. Thereby
improving their ability to cope with the daily-life situations. The results suggest that Action 3D
video game alter the performance in task of cognitive ability and reduces gander difference.

1.

VGP were selected such that they played
video games one hour a week or less. The
whole experiment procedure is divided in two
parts- (a) EEG recording (Pre and Post) and
(b) Psychological test monitoring (Pre and
Post). The Experimental Group went through
a Pre Testing and then through Post Testing
after a span of 2 months in which they played
3D video games (Tom Clancy's Rainbow Six:
Vegas 2) while the Control Group went
through the Pre Testing and then through
Post Testing after a span of 1 month. Subjects
were performed finger tapping task in PEBL
(Psychology Experiment Building Language)
software.The psychological testing was done
along with EEG recording through EMOTIV
EPOC. The duration of psychological testing
was about ½ hours.

INTRODUCTION

Cognition can be defined as the processes an
organism uses to organize information. This
includes acquiring information (perception),
selecting
(attention),
representing
(understanding) and retaining (memory)
information, and using it to guide behavior
(reasoning and coordination of motor
outputs). Cognitive enhancement may be
defined as the amplification or extension of
core capacities of the mind through
improvement or augmentation of internal or
external information processing systems.
Studies suggests that playing video games,
even for a relatively short period of time,
improves performance on a number of tasks
that measure cognitive abilities such as
attentiveness, determination, memorizing the
things, reaction time and motor speed etc.
Participants play action video games for as 10
hours can improve performance on laboratory
tasks.
2.

3.

EEG SIGNAL PROCESSING

Pre-processing of EEG raw signal was done
by applying digital Filters and independent
component analysis (ICA) using EEGLAB
toolbox And Wavelet toolbox of matlab
software was used for feature extraction and
calculation of power spectral density of EEG
signal bands. Theta (4-8 Hz), Alpha (8-13Hz)
and Beta (13-25 Hz) bands were extracted.
SPSS statistics, toolbox used for statistical
analysis of the results. The results will be
“significant” on the basis of value of P (Sig.
(2-tailed)). The ideal value of P occurs
P=0.05. If value is less than 0.05, it is
significant.

METHODOLOGY

Total 20 subjects, 10 male and 10 female (1824 ages) were selected from INMAS-DRDO,
Delhi for experiment and divided into two
equal groups,Experimental group (Regular
VGP) and Control (Non regular VGP) group.
All subjects were signed the consent form and
no subjects had any medical illness, brain
injury, psychiatric or cardiac history or were
taking prescription drugs. The objective of the
experiment was explained to all the subjects.
Participants were considered experts if they
played seven or more hours of video games
per week for the past two years. Non regular
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4.

RESULTS

Fig. 4. Variation in graph of FT task for
Experimental group RT during Pre
and Post testing

Fig. 1. Variation in graph of finger tapping
task for Control group alpha and beta
during Pre and Post testing.

5.

For finger tapping task 4 channels (FC5, T7,
T8 and FC6) of the sub bands are selected out
of 14 channels. A wide range of sensory,
motor, and cognitive tasks have been
demonstrated to induce responses in EEG or
magneto-encephalography (MEG) as local
decreases of alpha (8–13 Hz) and beta (13–30
Hz) band power (Babiloni et al., 1999). In
control group- female shows decrease in alpha
and beta power. While male shows slightly
increase in alpha and decrease in beta power.

DISCUSSION

All subjects perform better and sincerely
during gaming and testing period. All young
male and young female appear to be equally
motivated by desire for inclusion, affection
and control during gaming. But, performances
of female were unexpectedly better than male.
From the above experiment it can be
concluded that video game players showed
smaller switching costs i.e. greater cognitive
flexibility
than
non-video
game
players.Findings support the idea that playing
first person shooter games promotes positive
effects on cognitive health with better
psychomotor performance. And cognitive gap
between male and female can be reducing by
greater gaming experience.For future studies,
Specific benefits of video game play are
improved hand-eye coordination in surgeons
to vision changes that boost night driving
ability. Although gaming is a good mental
exercise, but sitting in front of the computer
does not serve for better nutrition and
physical health. Also excessive playing of
game causes negative effect.

Fig.2. Variation in graph of finger tapping
task for Experimental group alpha and
beta during Pre and Post testing.
In experimental group, female shows decrease
in alpha and match with value of male.
Similarly beta decrease and match with male
beta value. While male also shows decrease in
alpha and beta power. This test is significant
by t-test.
According to psychological testing result RT
must be reduce in post testing. In the control
group, both male and female has reduced RT
and there is more difference between them. In
the control grouptal group, female RT is red
reduced and boost value found near to male
post value. While in male slightly increase in
RT found.

6.
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Cognitive ability Enhancement using Virtual Reality Training (HMD)
for Sport Training
Jayesh Rawat and Ravinder Agarwal
Thapar University, Patiala
email: jayeshrwt@gmail.com
Abstract: Virtual Reality (VR) has been successfully applied in various fields of practical
training. VR technology with the help of computer hardware and software resources is used to
create and experience the virtual world. This integrated technology can realize the dynamic
simulation of the real world and the dynamic environment to the user’s attitude which can make
a real-time response by making the user and the simulation environment to build up a real-time
interactive relationship. In this work feasibility and usefulness of using VR for sub domain
sport psychology has been carried out.

1.

ability to concentrate. VR technology can
hold a person’s attention for a longer period
than other methods can, because VR is
immersive, interactive and imaginal. In this
study, we have investigated the feasibility and
usefulness using VR to support sport training.

INTRODUCTION

VR technologies have been applied to many
fields of science and technology, including
phobia therapy, military training, surgical
training, entertainment, education, civil
engineering, and architecture. Research has
demonstrated. VR technology can reduce
anxiety (Rothbaum, Hodges et al. 1995),
train, motor and cognitive skills (Torkington,
Smith et al. 2001), increase enjoyment
(Plante, Aldridge et al. 2003), improve spatial
understanding (Raja, Bowman et al. 2004),
and benefit the learning (Pan, Cheok et al.
2006).

2.

VIRTUAL REALITY TRAINING

VR has been defined as a 3D computergenerated world seen from a first-person
point of view, where the viewpoint is under
the real-time control of the user. This
definition encompasses a broad range of
systems, from desktop 3D games to highly
immersive head-mounted displays and
surround-screen systems. In many VR
systems, 3D tracking of the user’s head,
hands, and/or other parts of the body plays a
major role.

Burdea proposed three “I”s of Virtual Reality:
Immersion, Interaction and Imagination.
Virtual Reality is both interactive and
immersive. The extent to which a VR
application is able to solve a particular
problem depends very much on the human
imagination, which means VR is imaginal. As
well as those three “I”s, there is one more “I”,
i.e., interest. Manipulating some virtual
objects, talking with avatars and walking
through the virtual space, people take an
interest in the Virtual Environment (VE). This
is not confined to only novices of VR. Interest
is one of the major advantages of VR and it is
the source of creating a new technology.
Consequently, VR can be defined as an
integrated quartet of “Immersion-InteractionImagination-Interest”. Virtual reality could be
an alternative: the environment is under
control and enables to tune parameters and
measure their influence on the subject’s
behavior.

In terms of high-stress training, VR could be
used to simulate large crowds, specific
environments, and recreate key situations for
athletes. Using VR as a platform to
administer such training would also allow
precise control of the flow and administration
of the training. Tasks could be repeated
multiple times, and replays of the simulation
could be viewed to enhance learning.
The virtual environment is built and immerse
subject in it, so that they can interact with it to
facilitate communication and understanding
through visualization of the interaction. If we
could completely predict and pre-analyze the
interactions
of
humans
within
an
environment, there would be no need for
visualization.
Indeed,
anthropometric
databases are used in occupant packaging to
compute lines of sight, clearances, and reach
curves (to determine accessibility of
instruments) but there are often still surprises
when final prototypes are made. Factory

Virtual Reality technology provides specific
stimuli that can be used in removing
distractions and providing environments that
get the subjects attention and increasing their
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created. The psycho-physiological signals
obtained before and after the training
intervention will be processed by soft
computing technique. This study supports the
idea that VR training, revives as well as
enhancing the reaction time, motor speed and
selective attention functions of a player to get
peak performance in sport.

environments
are
less
predictable.
Engineering simulations contain myriad
unexplored connections.

4.

The VR system possesses the ability to
improve the cognitive abilities span of sport
person and help them learn to focus on
gaming. Sports cognitive training is a group
of techniques directed to preserve and
improve one’s visual function with the goal of
enhancing sports performance by improving
visual ability, which is required for different
sporting activities. Sports vision training
involves the abilities of peripheral vision,
visual concentration, hand-eye coordination,
reaction time and anticipation.

Fig. 1. Virtual Reality Training with HMD
Apart from desktop displays, head-mounted
displays (HMDs) are perhaps the most widely
used visualization systems (Fig. 1). HMDs
are displays semi-rigidly attached to the user's
head. As the user rotates the head to the right,
the visuals on the display should rotate to the
left so that the scene appears to be stable in
space, as in the real world. HMD’s consist of
two small displays that can be worn in a way
that presents a visual image to each eye (Fig.
2). The two images can present two slightly
different images of the same visual scene,
resulting in a stereoscopic display.
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Fig. 2. Head Mounted Device
3.

CONCLUSION

OUR APPROACH

The aim of this work is to present a psychophysiological training approach derived from
VR training to improve skills (reaction time,
motor speed and selective attention) in
players. An assessment will be done on the
basis of psycho-physiological measurement
using valid psychological test batteries
(PEBL) and physiological measurement
(EEG) will be done by instruments. Virtual
reality training will be done by Head mounted
device in which suitable environment is
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Characterization of Carrier Materials for Microbial Inoculants
Rajinder Kaur and Dinesh Goyal
Thapar University, Patiala
email: dgoyal@thapar.edu
Abstract: Four carrier materials viz soil, charcoal, montmorillonite and fly ash were studied for
their microstructural and mineralogical characteristics by X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR) and scanning electron micrograph (SEM). XRD studies
showed that major crystalline phases observed in flash were of quartz (SiO2) and aluminium
silicon oxide (Al4.52Si1.48) whereas charcoal was comprised of carbon and graphite. Soil and
montmorillonite showed similar results comprising of abundant quartz (SiO2) and magnesium.
FTIR results showed that in flyash, spectra of Si-O and Al- O stretch vibrations was observed at
band near 1080-1090 cm-1 whereas in charcoal, spectra showed O-H and C-H stretching at
bands near 2890-3300 cm-1. A sharp band of Si–O was recognised at1031 cm-1 in soil and a
typical band responsible for stretching vibrations of O–H near 3440–3620 cm−1 and Si–O
(1100–1035 cm−1) bonds were observed in montmorillonite. SEM graphs showed that fly ash
consisted of smooth spherical surfaces i.e cenospheres and plenospheres of particle size 2-50
µm whereas charcoal showed a packed fibrous structure showing uniform wood parenchyma
and SEM micrographs of soil and montmorillonite supported the particles have size in the range
of 10 to 500 µm and clearly defined porosity with silica as a major constituent. Among all the
four carrier materials, mineralogical composition of flyash supports its effective utilization as a
carrier material for microbial inoculants.

1.

macro and micronutrients (Jala and Goyal,
2006). The basic objective of this paper is to
provide the comprehensive characterization
of four carrier materials viz., soil charcoal,
montmorillonite and flyash for the utilisation
as a suitable carrier material for microbial
inoculants

INTRODUCTION

Electrostatic precipitator (ESP) fly ash (FA)
was collected from Guru Gobind Singh Super
Thermal Power Plant, Ropar, Punjab and was
directly analyzed for its physiochemical
properties after air-drying. Elemental
charactercoalrisation
of
driedpowdered
samples of flyash, soil, cha and
montmorillonite was done by using
PANalytical X’Pert PRO system with Nifilter to identify the formed phases. FTIR
spectra were obtained at room temperature by
using
Perkin
Elmer
model
RZX
spectrometer in the region 400-2000 cm-1.
The spectrum of each sample was normalized
to the spectrum of blank KBr. The
microstructural study was carried out by a
scanning electron microscope (JSM-6510LV,
JEOL).
Flyash, as a waste material of coal bycombustion is of major concern for utilization
in agriculture. Several investigations have
reported that montmorillonite and charcoal
act as a good carrier material for microbial
inoculants but are costly for utilization in in
pilot scale production of biofertilizers
whereas fly ash is generated in huge quantity
as a major solid by product of thermal power
plants which is nearly more than 220 million
tons per year in India (Jawahar and
Vaiyapuri, 2010). Fly ash acts as a useful
ameliorant that improve the physical,
chemical and biological properties of problem
soils and as a source of readily available plant

2.

METHODOLOGY

Electrostatic precipitator (ESP) fly ash (FA)
was collected from Guru Gobind Singh Super
Thermal Power Plant, Ropar, Punjab and was
directly analyzed for its physiochemical
properties after air-drying. Elemental
characterisation of driedpowdered samples of
flyash, soil, charcoal and montmorillonite was
done by using PANalytical X’Pert PRO
system with Ni-filter to identify the formed
phases. FTIR spectra were obtained at room
temperature by using Perkin Elmer model
RZX spectrometer in the region 400-2000 cm1
. The spectrum of each sample was
normalized to the spectrum of blank KBr. The
microstructural study was carried out by a
scanning electron microscope (JSM-6510LV,
JEOL)
3.

RESULTS & DISCUSSION

X- ray diffraction pattern of four carrier
material showed that major crystalline phases
in fly ash were of quartz (SiO2), mullite
(Al4.56Si1.44O9.72) and minor constituents
comprised of oxides of magnesium and
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calcium whereas charcoal showed the
presence of different forms of amorphous
carbon. Soil and montmorillonite showed the
presence of kaolin, quartz and feldspate.
FTIR spectra of fly ash showed Si-O and AlO stretch vibrations at bands near 1090-1200
cm-1 and in charcoal spectra was observed for
C-O and O-H stretching at 2890-3300cm-1.
FTIR spectra of soil showed Si–O–Si
stretching in the range of 900–1180cm−1and
in montmorillonite O-H stretching followed
by Si-O-Si was observed in between 1035cm1
-3620cm-1 respectively. Scanning electron
micrograph showed that flyash consisted of
spherical structures known as cenospheres
and plenospheres with particle size ranging
from 2-50 µm. also, presence of calcite, iron,
magnesium, carbon was detected. Charcoal
showed thick fibrous packed structures of
wood parenchyma whereas soil and
montmorillonite micrographs showed the
presence of silica and aluminium spheres with
the particles size in the range of 10 to 500 µm
respectively.
4.

SEM graph of FLY ASH
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CONCLUSION

Among the entire four carrier materials flyash
was observed to have more mineral content
both macro and micro element (Fe, Cu, Ca,
Mg, Si, Al) that act as plant nutrient. SEM
graph supports that flyash has more surface
area as compared to the other carrier
materials. Fly ash is easily available in huge
quantities from TPP’s and hence could be
effectively utilized as a carrier material for
microbial inoculants in agricultural fields.
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Analysis of EMG Signal using Matlab Sptool
Piyush Samant and Ravinder Agarwal
Thapar University, Patiala
email: piyushsamant88@gmail.com
Abstract: SEMG signals of the arm are very useful in the design and development of
prosthetic arms. In this paper frequency domain behavior of EMG signal was investigated and
in this scenario Fast Fourier Transformation and digital filter playing very important role.

Once sampled, the signal is defined by a sequence
of numbers representing the voltage amplitude at
specific instances in time. A window of “n” input
“taps” is created, each tap consecutively holding
one value of the sampled data (Xn to Xi).
Individual taps values are then multiplied by a
specific weighting factor.
The current filter output, yi, is then calculated by
summing all the weighted input tap values:

1. INTRODUCTION
Electromyography (EMG) electrical activity of
human muscle, as well as the various mechanical
parameters related to human motion can be used
in a wide array of research studies. For instance,
Electromyogram (EMG) signals are currently
being utilized in the development of artificial
limbs. A workstation can be used to acquire,
analyze and display of EMG, which is later on
analyzed. .
2. FAST FOURIER TRANSFORM (FFT)

where k is the summation index, i is sample value
index, n is the number filter taps, x is the filter
input value, h is tap weight and y is the filter
output value.

In order to extract the desired components and
parameters from frequency domain behaviour, a
qualified FFT process should be applied to the
EMG signal. In complex notation, the time and
frequency domains, each contain one signal made
up of N complex points. Each of these complex
points is composed of two numbers, the real part
and the imaginary part. Assuming that N is an
even integer, x(n) array can be divided into two
arrays have N/2 length.

4. ANALYSIS OF EMG SIGNALS WITH IN
FREQUENCY DOMAIN
Analysis of EMG signals in the frequency domain
is done with measuring and computing the
parameters which define the characteristics of
these signals. In order to determine the power
spectrum densities of the signals often fast Fourier
transform is used. The relation between median
and average frequency is:

For n = 2r and n = 2r+1 separation process can be
realized.
FFT operates by decomposing an N point time
domain signal into N time domain signals each
composed of a single point. The second step is to
calculate the N frequency spectra corresponding
to these N time domain signals. Lastly, the N
spectra are synthesized into a single frequency
spectrum.

where Sm(f) is power spectrum density of signal.
Median and average frequency is most reliable
parameters in EMG analysis. Median frequency is
less sensitive to noise compared to average
frequency. This condition occurs in low-leveled
contraction with low valued signal to noise ratio.
Bandwidth characterizes the spectrum and defines

3. DIGITAL FILTERS
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time and variation with force. Also, it gives
important information about filtering processes on
EMG signals. It’s not useful for real-time
trainings because it can be only computed with
power spectrum. Mod frequency is the frequency
of spectrum’s peak point. It has some variation
behaviour as median and average frequencies.

Fig. 3. Spectrum of filtered signal (dB)

6. CONCLUSIONS
According to the determined power density
spectrums, it is shown that the filtering process
eliminated noise successfully as shown both
power spectrum densities of pre-filtering and after
filtering. By using the most important parameters
that EMG signals, it is possible to extract lot of
information about behaviour of muscle fibers

5. ANALYSIS OF EMG SIGNALS WITH
SPTOLL
Matlab Signal Processing Tool (sptool) enables to
view waveforms and spectrums of several signals
and make a qualified filter design (Fig. 1-3).
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Fig. 1. Spectrum of EMG signal (dB)

Fig. 2. Filter Design,
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Inter Plane Layer Coupling Method to Achieve Better EMC in
Biomedical System
Surender Singh, Ravinder Agarwal and 1V.R. Singh
Thapar University, Patiala; 1PDM Group of Institution, Bahadurgarh
email: ravinder_eeed@thapar.edu
Abstract: Electromagnetic compatibility (EMC) is an important parameter in medical systems.
Electromagnetic interference (EMI) causes problems in the medical systems due to use of
power cord or any high speed data cable which is connected to the instrument. In addition,
common mode (CM) current and leakage current also cause problems in design of medical
electronic devices.In this work better EMC is achieved by using power and ground plane as a
plane capacitor in a multilayer printed circuit board (PCB) of medical devices. Suppression of
EMI effect at the component and printed circuit board level is very difficult for most of the
medical applications, but using the power bus coupling method at the front end of the design
cycle it eliminates many EMC problems. The inbuilt interplane capacitance between the plane
layers reduces the harmonics in PCB at the rate of +5db to +28 dB.

1.

advantage of the interplane capacitance
between the power and ground planes of a
PCB, EMC of the system is found to improve.
The increase in interplane capacitance is
achieved either by reducing the layer spacing
or by increasing the dielectric constant of the
PCB material [4]. The value of PCB
capacitance is estimated by = , where is
the dielectric constant, S is the spacing of the
planes and A the effective area of the planes.

INTRODUCTION

The designing technology of today’s
biomedical systems for both EMC
compliance and functionality has advanced to
a state where current design techniques are
becoming less effective. Medical equipments
such as Electrosurgery units and short-wave
diathermy applicators, which are known to
produce high levels of EMI and
Electrocardiography
(ECG)
and
Electroencephalography (EEG), which are
very
sensitive
to
electromagnetic
disturbances. All EMC problems begin and
end with electronic circuitry. Suppression of
EMI at the component and printed circuit
board level is nearly impossible for most of
the applications. In complex equipment, it
may not be possible to protect the entire
system. Analog circuit performance is often
affected adversely by high frequency signals
from nearby electrical activity[1,2]. Medical
devices are affected by EMI for many
reasons, including electrostatic discharge,
power line disturbances and other medical
devices.
In the present study it is observed that the
plane layers of a PCB exhibit a parasitic
capacitance due to the positive voltage plane
and ground plane layers, which are parallel to
one another, forming an unintended capacitor.
It utilize during the design of an electronic
circuit.
2.

Fig. 1. Interlayer plane capacitance varies
with respect to dielectric thickness
between two plane layers.
The capacitance is proportional to the
effective area which is determined by the
velocity of propagation and the rise/fall time
of the IC. Fig. 1 shows that by decreasing the
layer spacing between power layers results in
an increased effective interplane capacitance.
If the dielectric constant of the PCB material
is increased, it results in an increase in the
interplane capacitance. Power and ground
planes have very small inductance which is
utilized during return current path [5].

POWER BUS COUPLING THEORY

EMC in biomedical instrument has improved
by using a large number of equal value
capacitors, instead of using discrete
capacitors on the PCB [3]. By taking the
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3.

METHODOLOGY

In the present study, two cases of two
different 4 layer stack up has been analyzed
for EMC performance in the PCB. In first
case, Figure 2 shows standard 4 layer stack
up, 1.5 inch x 1 inch FR4 PCB with 62 mil
board thickness which is used in most of the
medical products

Fig. 3. Non standard 4 layer stack up with 32
mil board finishing.
4.

RESULTS AND DISCUSSION

Figure 4 (a) and 4 (b) shows the simulation
results of the standard and non standard 4
layer stack up. In Figure 4 (a) harmonic at
500 MHz, 750 MHz and 1 GHz frequency are
+ 50 dB. When the dielectric thickness
between power and ground plane is 47 mil,
the interplane capacitance is small across
plane layers. This layer stack up is less
effective for EMC product. Figure 4 (b)
shows that when dielectric core thickness is 3
mil between plane layers, the harmonic is
reduced at the rate of + 15 dB to + 25 dB.
Plane capacitor is directly proportional to
dielectric core thickness between power plane
layers.

Fig. 2. Standard 4 layer stack up with 63 mil
board finishing.
Top and bottom layers core thickness is 3.46
mil and the inner two planes are separated by
a 47 mil by dielectric core. In this case, the
power and ground plane coupling is very
weak due to thick dielectric core layer
between these two power plane layers.
Effectively the plane capacitance value is
very small between power plane layers. This
inbuilt plane capacitor is not capable to
eliminate AC harmonic. In second case (non
standard), to increase, the inter layer
capacitance in 4 layer standard stack up is
modified by changing the PCB thickness 62
mil to 30.5 mil and to decrease the dielectric
core thickness between power plane layers by
3 mil. Here, embedded capacitance is created
in the PCB as shown in Figure 3.
Discrete decaps are very effective up to 300
MHz. Above 300 MHz discrete capacitors do
not provide any benefit for decoupling.
Discrete capacitors are becoming ineffective
for the high speed medical systems due to
number of decaps required, which are
proportional to the number of switching
devices in the design [6].

Fig. 4 (a) EMC simulation for standard 4
layer PCB
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improve the EMC on the PCB. At higher
frequencies, the interplane capacitance is
more effective due to the inductance of the
track to the discrete capacitor which limits the
amount of charge supply of very short time.
The results also demonstrate a correlation
between power-bus impedance and powerbus capacitance. Use of power planes as a
decoupling capacitor helps in reducing the RF
energy in high frequency signals. By
minimizing the board resonances using
decoupling capacitors and the proper power
and ground plane design reduce radiated
emissions that cause EMI in PCB. EMC of
any medical system has further improved by
using two sets of power and ground plane
layers in multilayer PCB.

Fig. 4(b) EMC simulation for non standard
4layer PCB

6. REFERENCES
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Review on Various Techniques for Overhead Conductor Sag Measurement
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Abstract: The paper presents various methods to measure overhead conductor sag in power system.
Commercially there are various methods available for overhead conductor sag measurement. Conductor
sag can be determined using the indirect and direct methods. The paper presents direct and indirect
methods to measure overhead conductor sag. The advantages and disadvantages of various direct and
indirect methods for overhead conductor sag measurement are also given in paper. The real time
overhead conductor sag may also give an indication of the possible increase in load without exceeding
the mandated minimum clearance above ground.

B) Direct Measurement Methods
Some of the direct methods to measure conductor
sag are given below:
1) Video Sagometer
Video Sagometer is one of the technologies that
may increase the ability to utilize dynamic line
ratings. The system uses an imaging system to
monitor the location of the conductor, or a target
attached to it. The change in vertical position of
the conductor in the image is directly related to
the change in ground clearance/sag. Further the
use of advanced image processing techniques
makes the system more complex.
2) Smart Sensor “Ampacimon”
Ampacimon is a smart sensor which is attached
directly to an overhead power line. It can evaluate
a span’s real-time sag without the need for any
supplementary data such as load, sagging data,
topological data, conductor data and weather
data.
3) Method based on GPS Technology
Nationwide many electric power companies have
begun to use GPS timing and frequency services
for its secure and reliable operation. More
accurate methods to directly measure the
conductor sag has been developed based on the
Global Positioning System (GPS). Measurement
of conductor sag uses DGPS technology. The
main drawback of the DGPS technology is the
requirement of a second GPS receiver and
corresponding
communication
equipment
between the base and rover instruments. GPS
system showed that cost effective for overhead
conductor sag measurement in power
transmission lines.
In reference, the altitude of conductor has been
measured using GPS at mid span and at pole of

1. OVERHEAD CONDUCTOR SAG
MEASUREMENT METHODS
Overhead Conductor Sag can be measured using
Indirect and Direct methods.
A) Indirect Measurement Methods
Overhead Conductor Sag can be measured using
measurement of:
1) Conductor Surface Temperature
The temperature of a conductor is measured by a
device directly placed on phase conductor such as
a power donut with surface temperature monitor.
This data is transmitted to a ground-based station
by means of an internal radio transmitter, and is
then transmitted to a control through spread
spectrum radio or the equivalent. The conductor
sag is calculated from the conductor temperature.
One drawback is that
the temperature is measured only at one point
along the length of conductor and this may not
represent the average temperature of the line. It is
known that the temperature of a conductor can
vary significantly along its length, even within a
single span.
2) Conductor Tension
This method consists of a line tension monitor
that is installed in series with a dead-end insulator
on power line conductor to measure tension. The
tension is used to calculate the ground clearance
down line of the dead-end. This requires the use
of ruling span assumptions, and is not a direct
measurement of ground clearance. Also, because
the load cell is placed in series with the
conductor, the line must be taken out of service
for installation, or live-line installation
techniques must be used. While this method
works well, it is expensive to purchase and install.
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Interface has been used to display Dynamic
Thermal Line Raing (DTLR) and overhead
conductor sag of line so that power system
operator can take immediate decision to keep the
power line within thermal and vertical clearance
constraints.

power transmission line for evaluation of sag.
The main concentration for overhead conductor
sag measurement is to measure altitude of
conductor.
It was difficult to receive accurate data with the
help of GPS receiver because of various inherent
sources of error .The table1 gives brief
description of GPS inherent error sources.
Therefore for error reduction of data, three signal
processing
techniques
e.g.
Bad
Data
Identification/Modification
(BDIM),
Least
Square Parameter Estimation (LSPE) and Haar
Wavelet Transform (HWT) have been used.
These techniques are discussed in detail in
reference [1].
Table1. Brief Description of GPS Inherent
Error Sources
Error
Comments

3. CONCLUSIONS
It can be concluded that overhead power line
conductor sag may be measured using direct and
indirect methods. The GPS based overhead
conductor sag measuring system involves more
direct measurement technique in some ways as
compared to the tension based, temperature based
and other alternative methods. This is concluded
that direct measurement of conductor position
involves no intermediate models, assumptions or
calculations. The real time direct measurement of
conductor position is however, a clear advantage.
It may be concluded that the real time sag
measurement may be translated into real time
DTLR and this is expected to have importance in
the sale of transmission capacity.

Source
Ephemeris
data
Satellite
clock
Ionosphere

Troposphere

Multipath

Receiver

Errors in the calculated
satellite location
Error in the satellite clock,
including SA
Error in the pseudorange
corrections due to ionospheric
effects
Error in the pseudorange
corrections caused by
tropospheric effects
Error because of reflected
signals entering the receiver’s
antenna
Errors in the receiver’s
measurement of range caused
by thermal noise, software
accuracy and interchannel
biases

4. REFERENCES
1. S. Kamboj, “Measurement and Estimation of
Overhead Conductor Sag using Global
Positioning System”, PhD Dissertation; NIT
Kurukshetra, Jan. 2014.

2. USE OF OVERHEAD CONDUCTOR
SAG FOR DTLR
It is also possible to integrate this overhead
conductor sag measurement of power
transmission lines with the existing energy
management system module (EMS) module of
power companies. A literature survey and actual
utility data reveal that dynamic thermal ratings of
overhead conductors are typically 5 to 15% above
conventional static ratings. A Graphical User
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Development of Lf Current Calibration Technique for Ac Measurement
Standard with Ac-Dc Current Shunts Using Thermal Devices
Bijendra Pal,SunidhiLuthra, Saood Ahmad and P.S. Negi
CSIR- National Physical Laboratory, New Delhi
email:bijendra@nplindia.org

Abstract:Thermal devices like thermal current converters or thermal transfer standard with
AC-DC current shunts are reference standards for LF current in the frequency range from 40 Hz
to 10 kHz. These standards provide accurate and precision measurement for the above said
parameter. The new calibration technique has been developed to calibrate an AC measurement
standard (Fluke 5790A) with AC-DC current shunts (Fluke A40B) for LF current using thermal
devices. AC-DC current transfer difference (δ) can be assigned to AC measurement standard
along with AC-DC current shunts. The δ assigned to this combination in ppm or percent can be
used to measure or calibrate LF current parameter in terms of absolute value (i.e. ampere). The
technique of assigning AC-DC transfer difference to AC measurement standard with AC-DC
current shunts have been explained in this paper. The method of converting δ in to ampere has
also been provided here. In this paper the results of calibration have been presented.

1. INTRODUCTION
The AC measurement standard (Fluke
5790A) along with AC-DC current shunt
(Fluke A40B) has been procured by few
precision calibration laboratories. The
calibration of these current shunts was only
possible in Fluke calibration laboratories. It
has been noticed that the user laboratories do
not know even the LF current measurement
technique using this system. NPLI, being an
NMI took the initiative to find out the
solution and successfully calibrated the
combined system.
The present paper reports the calibration
technique for AC measurement standard
along with AC-DC current shunts,
measurement or calibration of next level
standards for LF current in terms of amperes.

Where,
S ac is the mean emf output of the STD TCC
when ACI1and ACI2 is applied.
X ac is the output voltage measured by AC
measurement STD under calibration when
ACI1and ACI2 is applied.
S dc is the mean emf output of the STD TCC
when DCI+and DCI- is applied.
X dc is the output voltage measured by AC
measurement STD under calibration when
DCI+and DCI- is applied.
ns is the exponent of the STD TCC.

2. CALIBRATION TECHNIQUE

n x is the exponent of the AC measurement

The calibration setup used to calibrate AC
measurement standard with AC-DC current
shunts is shown in Fig. 1. The sequence of
application of AC-DC current is; ACI1, DCI+,
DCI-, ACI2. The value of LF current is
supplied to both the STD TCC and DUC (AC
measurement STD along with current shunt)
from AC-DC calibrator using a current TEE.
The DC emf output of STD TCC is measured
using a nano-voltmeter. The output of AC-DC
Current shunt that goes to an AC
measurement STD is measured. Then by
using these outputs fromnano-voltmeter and
AC measurement standard, the AC-DC
current transfer difference [1, 2] can be
assigned which can be calculated using
equation (1):

STD with current shunt under calibration.
3. SETUP FOR CALIBRATION

Fig.1. Block diagram
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range of LF voltage and current parameters.
AC and DC voltages can be directly measured
by AC measurement STD in terms of Volt,
but AC and DC current cannot be directly
measured in terms of Ampere That is why
users need to know how to use this system for
AC current measurement. This calibration
technique can be used to calibrate all the
current shunts from 1 mA to 100A.

4. HOW TO USE CALIBRATED
SYSTEM
When we want to measure LF current using
the AC-DC current shunt with AC
measurement standard (which was assigned)
has to be supplied AC currentand voltage
displayed on AC measurement standard is
noted. Then calibrated DC current replaces
AC current and its value is adjusted to repeat
the last displayed voltage value when AC
current was applied. Then the adjusted DC
current value in ampere is also noted as ids.
Using equation [2] the value of LF
current(Iac) can be calculated [3].
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A 500 mA AC-DC current shunt with AC
measurement standard has been calibrated
against a 500 mA AC-DC current shunt
HOLT HCS-1B. The calibration results have
been shown in Fig. 2.

2.

3.

Fig.2. Calibration results of AC-DC current
shunt HOLT HCS-1B
The center points of the error bars represent
AC-DC current transfer difference in ppm
and length of the error barsrepresents
expanded uncertainty in Fig. 2. The
uncertainty evaluation [3] of LF current
calibration has been performed as per
standard practice.
6. CONCLUSION
The calibration of the above said system was
possible because of the unique feature of AC
measurement standard 5790A i.e. it receives
both AC and DC current signals. This single
calibrated system can serve as AC voltage
and current standard in the entire frequency
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Standards and Measurement Traceability for LEDs and SSLs
H.C. Kandpal,B.K. Yadav, Sudama
CSIR-National Physical Laboratory, New Delhi
email: hckandpal@nplindia.org

Abstract: Light emitting diodes (LEDs) are being regarded as future of lighting. The performance
of LEDs, including efficiency, flux level, life time, and variation of colors, is advancing at a
remarkable pace. In last few years, LEDs are increasingly used for many applications including
automotive, aviation, display, transportation, and special lighting applications. The standardization
of these light sources becomes the prime requirement of the light industries and the society. This
paper reviews photometric, radiometric, and colorimetric quantities used for LEDs. It also includes
the current state of measurements of LEDs, standardization efforts in international arenas and
measurement facility at NPL, India.

1.

measurements of LEDs, standardization efforts
and traceability for LEDs and SSLs and
measurement facility at CSIR-NPL, India.

INTRODUCTION

In last few years, there have been significant
advancements in light-emitting diodes (LEDs)
and related technologies. High brightness LEDs
are now available in many colors and their
efficiency has recently been greatly improved
[1]. Single-color LEDs are being utilized in
many potential applications such as traffic
lights, emergency lights, automotive lights,
aviation lights, outdoor color displays, and
niche lighting applications are the main
demanding areas.
White LEDs produced by mixture of multicolor LEDs (e.g., RGB combination), by use of
a phosphor excited by blue LED emission, or by
multiple phosphors excited by UV LED
emission are accepted for general lighting
applications (solid state lighting or SSL) in the
near future. Improved performance of white
LEDs are highly expected for use in general
lightings. Solid state lighting (SSL) is
promising because it has theoretically a very
high luminous efficacy (theoretical limit of
white LED light ≈ 400 lm/W). Commercially
available white LEDs currently have a luminous
efficacy of ≈ 30 lm/W, already higher than
incandescent lamps. Laboratory prototypes have
already achieved nearly100 lm/W which is the
level of the current high-efficiency fluorescent
lamps. The goal of SSL industry in a shorter
term is to achieve 150 lm/W white LED lamps
by 2012 [1]. Although, the “blue light hazard
[2]” is a considerable constraint with such
sources but soon the standardization process
will eliminate it reasonably.
In this paper, we summarize the photometric,
radiometric, and colorimetric quantities used for
LEDs. We discuss the current state of

2. PARAMETERS FOR LEDS
There are number of measureable parameters
for LEDs. Photometric parameters are luminous
intensity (cd), average LED luminous intensity
(cd), total luminous flux (lm), luminous
efficacy (lm/W), luminance (lm/W) and spatial
intensity distribution. The corresponding
radiometric parameters are radiant intensity
(W/sr), average LED radiant intensity (W/sr),
total radiant flux, optical power (W), radiant
efficiency, radiance (W/sr/m2), spatial intensity
distribution and spectral power distribution. In
addition, one may also measure the colorimetric
parameters namely chromaticity coordinates
(x,y), (u’, v’), correlated color temperature (K),
color rendering index, dominant wavelength
(nm) and peak wavelength (nm). These
quantities and units are officially defined in
international standards [3-5].
3.

MEASUREMENT OF LEDS

LEDs have very different spectral and spatial
characteristics from traditional incandescent
and discharge lamps for illumination. The
photometry of traditional lamps has been well
established, but measurements of LEDs are not
as uniform as they should be, and large
discrepancies (as much as 50%) of
measurement results are often reported [1]. The
variations are primarily caused by differences in
measurement methods, conditions, and errors in
instruments. CIE 127 [6] prescribed the
standard measurement geometry for average
luminous intensity (Fig 1) and total luminous
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Absolute luminous flux measurement is carried
out by using Gonio-photometer (see Fig. 3(a)).
This automatic system is used to prepare
working standards for various light sources.
Using these working standards, the luminous
flux calibration is performed for lamp and
lighting industries. For luminous flux
measurements we use 3.0 m (Fig. 3(b)) and 1.0
m (Fig. 3(c)) diameter integrating spheres.
These facilities are being used for total
luminous flux measurements for LEDs. For
average intensity and other measurements for
LEDs, there are separate facilities.

flux (Fig 2) measurements and these methods
are followed at CSIR-NPL for average
luminous intensity and luminous flux
measurements.

4.

CURRENT MEASUREMENT STATE

The LEDs are comparatively new for the
general lighting industries but are having
tremendous scope. All over the world the
standard organizations e.g., CIE, NIST, PTB etc
are working hard to establish standards and
industries for developing state-of-art products.
The traceability chart is shown in Fig. 4.

Fig.1. Average luminous intensity
measurements.

Fig. 2. Total luminous flux measurements.
These methods have served well to improve the
efficiency of LED measurements for these
important parameters.

Fig. 4.Traceability chart for LEDs.
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Challenges Ahead in Vibration Metrology: National and International
Perspectives
Naveen Garg and T. K. Saxena
CSIR-National Physical Laboratory, New Delhi.
email: ngarg@mail.nplindia.ernet.in
Abstract: The paper discusses the challenges ahead in primary vibration calibration by a laser
interferometer method in frequency ranges from 0.1 Hz to 20 kHz. NPL, India realizes the
primary vibration calibration standard both by homodyne and heterodyne laser interferometers.
The work discusses about the various contributing factors that affect the measurement
uncertainty in sensitivity and phase calibrations and challenges ahead for achieving the highest
levels of accuracy and precision in vibration metrology

of transducer and traceability status in field of
vibration metrology.

1. INTRODUCTION
The national primary vibration calibration
standard [1, 2] is traceable to the national
voltage standard in calibration of gains of the
two channels of Pulse analyzer (B&K 3560
D) using a precision voltmeter. The
calibration the analyzer measuring the voltage
or charge sensitivity synchronously with the
displacement measurements is very crucial
not only from traceability perspectives, but
also to ascertain the deviations in voltage
w.r.t standard source in the entire
measurement frequency rnage. Fig. 1 shows
the results of calibration for gains of the two
channels i.e the reference and secondary
channel used in primary vibration standard
calibrated with a precision voltmeter. The
Pulse analyzer calculates the frequency
response function and is calibrated using an
precision voltmeter. In case of primary
vibration standard (TMS 9155D) realized in
extended frequency range, the single channel
flatness of the NI 4461 data acquisition board
is inherently verified against the Agilent
3458A voltmeter in both narrow and
broadband sense as a result of a 9155 channel
calibration execution.
The conditioning amplifier used (B&K Nexus
2692, Dual mode charge amplifier PCB
443B101) are calibrated using a 1nF precision
capacitor, which is traceable to national
capacitance standard. The stability of the
reference standard accelerometer, B&K 8305
is periodically reviewed every year. The
deviation in charge sensitivity at 5 kHz is
observed as 0.45 % in past years , which not
only inculcates a confidence level in the
Measurement system, but also on the stability

Fig. 1. Calibration of Gains of two channels
of Pulse analyzer (Model 3560D) of National
Primary vibration calibration standard
2. CHALLENGES AHEAD
i.

ii.
iii.

iv.

v.

vi.
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The major challenges faced by
metrologists in the field of vibration
metrology are:
Calibration of voltage gains of NI card
particularly in ultra-low frequency region
Charge amplifier gain compensation at
low frequencies & arresting transverse
motion characteristics
Deviations in sensitivity results attributed
to contact stiffness of beryllium and
ceramic armatures
Deviations from calculated uncertainties
in secondary calibrations (> 5 kHz) for
heavy transducers ( > 250g) due to
contact stiffness between primary and
secondary transducers
Validation of ultra-low frequency
sensitivity calibrations.
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an opportunity to participate in low frequency
vibration key comparisons with other NMIs
shall be instrumental to validate the CMCs
realized by NPLI in entire measurement
frequency range. The uncertainty realized in
primary standard ranges from 0.3 % to 1.5 %
as shown in Fig. 2.

The recent key comparison with NIM China
has validated NPL, India Calibration and
Measurement Capabilities (CMCs) for the
mid frequency range (40 Hz to 5 kHz) and as
a result the vibration CMCs are included in
key comparison data base in the year 2012.
CSIR-NPL, India has been focused to
overcome these issues for strengthening the
measurement traceability chain throughout
the country and to include the vibration
CMCs in entire frequency range in Key
comparison data base, KCDB website. The
calibration of NI card and gain compensation
of charge amplifier have been realized with
an traceable automated precision voltmeter
for ensuring high measurement accuracy
associated with low frequency calibrations.
The deviations from the calculated
uncertainties in secondary calibrations (> 5
kHz) for heavy transducers (> 250 g)
attributed to the contact stiffness between the
primary and secondary transducers is issue
for calibration of the heavy weight
measurement accelerometers and even the
reference standard accelerometers like PCB
301A10 model. In such cases, calibration
results are compared with measurements for
two reference standards viz., Dytran 3120B
and PCB 301A10, both calibrated by laser
interferometer methodology. The vibration
control unit used in the secondary system is
also calibrated using a precision voltmeter to
analyze the gain of the two channels involved
in back-to-back calibrations. The low
frequency range is a major challenge ahead
particularly for conducting seismic and
ground vibrations studies. It is envisaged that

Measurement Uncertainty (%)

2.8

Primary System (B&K)
Primary System (TMS)

2.4
2

Secondary System

1.6
1.2
0.8
0.4
0
1

10

100

1,000

10,000

Frequency (Hz)

Fig. 2. Uncertainty in calibration by primary
standard (B&K 3629, TMS 9155 D) and
secondary standard.
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Implications of Extended Frequency Range (50 Hz to 5 kHz) in
Airborne Sound Insulation Measurements
Naveen Garg, T. K. Saxena, A. Kumar, 1S. Maji
CSIR-National Physical Laboratory, New Delhi
1
Delhi Technological University, Delhi
email: ngarg@mail.nplindia.ernet.in
Abstract: The paper presents the implications of extended frequency range (50 Hz to 5 kHz)
and single-number quantities (SNQ) proposed by Scholl et al., 2011 calculated from sound
transmission loss measurements conducted in frequency range 50 Hz to 5 kHz. The extension of
frequency range in 50 Hz to 80 Hz bands in sound insulation measurements implies an increase
in measurement uncertainty in sound transmission loss measurements owing to poor diffusivity
and room modes; increased uncertainty in measurement of single-number quantities and
repeatability and reproducibility issues, which may have logistic and economic constraints for
manufacturers.

expanded measurement uncertainly (k=2,
95% confidence level) for spectrum
adaptation term for traffic noise in two
frequency range, 100 Hz to 3.15 kHz and 50
Hz to 5 kHz as 2.4 dB.

1. INTRODUCTION
The paper presents the implications of
extended frequency range (50 Hz to 5 kHz)
and single-number quantities (SNQ) proposed
by Scholl et al., 2011 calculated from sound
transmission loss measurements conducted in
frequency range 50 Hz to 5 kHz. Although
the proposed system of single-number
quantities for rating airborne sound insulation
in buildings and of building elements is
simpler than the existing one, yet it invites
further discussions amongst manufacturers,
laboratories and even acousticians to accept it
completely with all pros and cons and finding
a suitable solution to the high uncertainties
associated with Rtraffic and Rliving. The draft
proposal of ISO 16717 is still under
discussion as to consider the status of SNQ
proposed in extended frequency range (50 Hz
to 5 kHz). Mahn et al., 2012 observations
reveal that uncertainties (u) calculated
considering correlated frequency bands
(r=+1) in proposed single number quantities
could be ranked as:
u(Rspeech)r=+1 ≤ u(R717)r=+1 ≤ u(Rliving)r=+1 ≤
u(Rtraffic)r=+1
(1)
wherein R717 is single-number quantity
calculated using reference spectrum of Rliving
in frequency range 100 Hz to 3.15 kHz. The
analysis of difference u(Rliving)-u(Rw+C) for
120 sandwich gypsum constructions shows
that 66 % constructions show an uncertainty
difference (k=1) less than or equal to 1 dB
(Fig. 1). Only 5 % constructions show an
uncertainty difference (k=1) greater than or
equal to 2 dB. The analysis of sound
transmission loss characteristics of sandwich
gypsum constructions tested by Halliwell et
al., 1998 reveals an average difference in

Fig. 1. Histogram of number of sandwich
gypsum constructions versus uncertainty
difference (k=1) in Rliving & Rw+C.
The average difference in expanded
measurement
uncertainly
(k=2,
95%
confidence level) for spectrum adaptation
term for pink noise in two
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of the measurand is undertaken in future.
However, the sound intensity approach
suffers from various limitations particularly at
low frequency in compensating the deviations
in phase- mismatch of the two microphones.
Another important aspect to be considered is
to ascertain the significance of correlation
effects on uncertainty calculation of SNQ and
comparison w.r.t round robin exercise. It may
be noted that within this transition period, the
spectrum adaptation terms serves as a good
substitute not only in measuring sound
insulation characteristics, but also in legal
sound regulation requirements.

Fig.2. Uncertainty difference in two
frequency ranges (k=1) versus corresponding
Rw value
Frequency range, 100 Hz to 3.15 kHz and 50
Hz to 5 kHz is calculated as 1.5 dB for
sandwich gypsum constructions (Fig. 2).
The extension of frequency range in 50 Hz to
80 Hz bands in sound insulation
measurements implies:
I.

II.
III.

IV.

An
increase
in
measurement
uncertainty in sound transmission loss
measurements
owing to
poor
diffusivity and room modes.
Increased uncertainty in measurement
of single-number quantities.
Repeatability and reproducibility
issues, which may have logistic and
economic
constraints
for
the
manufacturers.
Emphasize the need of development
of a new methodology for achieving
highest levels of accuracy and
precision in low frequency (50 to 100
Hz) reverberation time measurements
and sound transmission loss.
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Thus, a harmonized approach in measurement
of low frequency sound insulation focused on
reducing the measurement uncertainty has
also to be developed and implemented Garg
et al. 2013. Laboratory investigations utilizing
sound intensity approach appears to the best
available solutions unless a new approach for
low
frequency
sound
insulation
measurements is discovered or re-definition
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Understanding the Concept for the Transfers of Calibration Accuracy
Ratio
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email: npadmini@stqc.nic
ABSTRACT: Measurement is the process of measuring unknown value or physical quantity with
known value or quantity. A calibration is comparison of measuring instrument against a Standard
instrument of higher accuracy. It involves the comparison of the accuracy of known standard with
accuracy of unit under calibration (UUC). All the measuring Instruments must be calibrated
periodically withhighest accuracy level standards to ensure its performance complies within its
specifications. The measuring Instruments are the most important part of the calibration process. So
the selection of the standard instrument has to be done carefully. The ratio of accuracy of unit under
calibration (UUC) and the accuracy of standard instrument is called calibration accuracy ratio
(CAR). Metrological traceability requires an established calibration hierarchy. Transfer of calibration
accuracy of higher level reference standard to UUC is called the calibration hierarchy. This
calibration hierarchy starts from highest level standards and transfers to different stages such as
National standards, primary reference standard, secondary measurement standard, working standard,
travelling/transfer measuring instruments, etc. This paper describes about the different stage of
transfers of calibration accuracy from reference instrument to UUC. Also, the acceptable limit of
transfers and effect in calibration accuracy due to increase number of transfers are described.

1.

ppm. So, maximum possible calibration system
accuracy (CA) is 56 ppm.
CA = Accuracy(Std)+(CA*CAR)
(1)
= 28 ppm+(28*1.0) = 56 ppm

INTRODUCTION

Traceability is defined as “the property of a
result of a measurement whereby it can be
related to appropriate standards, generally
national or international standards, through an
unbroken chain of comparisons [1]. The
calibrations are performed traceable to
International/National Standards through all the
reference standards used to calibrate the
standards, no matter how many levels exist in
between stages. A Calibration Transfer is the
comparison of two measurement standards
either directly or through transfer standards. The
Transfer Ratio of Calibration Accuracy Ratio
(TRCAR) is the ratio of calibration system
accuracy and accuracy of UUC. A case study
demonstrates the calculation on calibration
system accuracy and TRCAR. In this, only
manufacturer stated accuracy specification of
instruments was taken. Other factors like drift,
temperature coefficient, etc. were not
considered.
2.

TRCAR = CA/Accuracy(UUC)
(2)
= 56 ppm/28 ppm = 2.00
In 1sttransfer, calibration system accuracy
doubles. When DMM Keithley 2001 is
calibrated against this Fluke 5720 A calibrator,
the standard calibration system accuracy is 56
ppm. So
CA = 28 ppm+(56*1.04) = 86 ppm
TRCAR = 86 ppm/29 ppm = 2.97
So after the 2nd transfer, CA increased to
86ppm.
Thus, in the 7th transfer the CA is 300.6. As the
number of transfers increases TRCAR
increases.Thus, calibration system error
increases. Table 2,3 and 6 demonstrates for 1
VDC with CAR- 1:3, 1:4 and 1:10. Table 4 and
5 demonstrates for 1 VAC at 1 kHz with CAR1:2 and 1:5. Table 2 shows that after 3rd
transfer, TRCAR becomes constant. Maximum
possible calibration accuracy error reaches at
3rd transfer. Table3 shows that after 2nd
transfer, TRCAR becomes constant. Maximum
possible calibration accuracy error reaches at
2nd transfer. Table4 shows that after 6th
transfer, TRCAR becomes constant. Maximum
possible calibration accuracy error reaches at
6th transfer. Table 5&6 shows that after the 1st
transfer, TRCAR becomes constant. Maximum
possible calibration accuracy error reaches at 1st
transfer.

ANALYSIS

Data of stated accuracy specification of various
Calibrators, Multimeters, Portable Calibrators
(Source & Measure), Function generators
etc.were collected for 1 VDC and 1 VACat 1
kHz. Table 1 demonstrates for 1VDC, CAR1:1. Assume Fluke 5720 A calibrator is
calibrated against DMM Time electronics 5075.
Both are having accuracy 28ppm. Hence CAR
is 1:1, Initial calibration system accuracy is 28
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3.

CONCLUSION
1.90

In general Table 7 shows the Transfer Ratio of
CAR for different CAR and stages of transfer
and graph is also illustrated. From the above
analysis it is found that when any measuring
instrument is calibrated with CAR 4: l, error due
transfers attains maximum within 2nd transfer
itself. So as a thumb rule, if CAR is ≥4:1, any
no. of calibration transfers can be done within
the calibration hierarchy of highest accuracy
level to end measuring instrument. These ensure
the accuracy of the calibration process, a high
level of confidence that UUC is operating
within its stated specification.
Table 1

-

DC Voltage 1V

Acc. (Std)
ppm

1.80

Transfer Ratio of CAR

1.60
1.50
1.40
1.30
1.20
1.10
1.00
1

CAR - 1:1

Description

Table 4

Acc.(UUC)
ppm

CAR 1:2
CAR 1:3
CAR 1:10
CAR 1:4
CAR 1:5

1.70

CA
ppm

CAR

TRCAR

-

Acc. (Std)
ppm

3

No.
4 of Transfers
5
6

AC Voltage 1V at 1kHz
Description

7

8

9

CAR - 1:2
Acc.(UUC)
ppm

CA
ppm

CAR

TRCAR

28

Time Elect. 5075

28

Fluke 5720A

28

56.0

1.00

2.00

22

Wavetek 4808

50

72.0

2.3

1.44

56.00

Keithley 2001

29

86.0

1.04

2.97

72

DMM Datron 1281

110

180.4

2.2

1.64

86.00

Transmile 3041

35

131.8

1.21

3.77

180

Fluke 5520A

210

366.4

1.9

1.74

131.79

Keithley 2000

37

167.3

1.06

4.52

366

Datron 1271

300

545.4

1.4

1.82

167.32

Time Elect. 5018

38

199.8

1.03

5.26

545

Wavetek 9100

590

1094.7

2.0

1.86

199.85

Agilent 34410A

42

248.9

1.11

5.93

1095

Keithley 2100

1200

2248.5

2.0

1.87

248.88

Metrix CX 1651

46

300.6

1.10

6.53

2248

Zeal ZSMFC5.6

2000

3769.4

1.7

1.88

3769

Fluke 743B

5500

10387.9

2.8

1.89

10388

Yokogawa CA71

10000

18909.2

1.8

1.89

18909

Fluke 45

20000

37840.3

2.0

1.89

37840

Marconi 2030

50000

94622.8

2.5

1.89

CAR

TRCAR

Table 2

-

DC Voltage 1V

Acc. (Std)

22

2

CAR - 1:3

Description

Acc.(UUC)

ppm
3.9

DMM Fluke 8508

CA

ppm

ppm

CAR

TRCAR

3.9

MFC Fluke 5520A

13

16.9

3.3

1.30

Table 5 -

16.90

keithley 2000

37

52.0

2.8

1.41

Acc. (Std)

52.00

Wavetek 9100

100

144.4

2.7

1.44

ppm

Fluke 5790

AC Voltage 1V at 1kHz
Description

144.44

Scandura E-20

300

437.2

3.0

1.46

22

Fluke 5790

437.22

Yokogawa CA 100 (s)

1000

1461.3

3.3

1.46

22

Powertek MC140

1461.31

Yokogawa 73401

3400

4972.3

3.4

1.46

122.00

Fluke 5100B

Table 3

-

DC Voltage 1V

Acc. (Std)
ppm

CAR - 1:4

Description

Acc.(UUC)
ppm

CA
ppm

CAR

TRCAR

CAR - 1:5
Acc.(UUC)

CA

ppm

ppm

100
500

122.0

4.5

1.22

632.0

5.0

1.26

632.00

Yokogawa 756201

2500

3182.0

5.0

1.27

3182.00

Agilent 33521A

12000

15295.6

4.8

1.27

15295.60

panel meter

60000

76500.0

5.0

1.28

Acc.(UUC)

CA

CAR

TRCAR

ppm

ppm

3.9

DMM Fuke 8508

3.9

MFC Datron 4700

17

20.9

4.4

1.23

Acc. (Std)

Table 6 -

20.90

Yokogawa 756201

65

83.8

3.8

1.29

ppm

83.81

Yokogawa CA150 (S)

230

300.5

3.5

1.31

3.9

DMM 8508

300.46

Fluke 45

850

1114.3

3.7

1.31

3.9

Rotek 5000

40

43.9

10.3

1.10

43.90

Metrahit(6 1/2 DMM)

400

442.9

10.0

1.11

442.90

MCIH H1121

4000

4432.9

10.0

1.11

2.

Table 7 - Transfer Ratio of CAR (TRCAR)
Std. (%)
UUC (%)

1
1

1
2

1
3

1
4

1
5

1
10

1st Transfer

2.00

1.50

1.33

1.25

1.20

1.10

2nd transfer

3.00

1.75

1.44

1.31

1.24

1.11

3rd transfer

4.00

1.88

1.48

1.33

1.25

1.11

4th transfer

5.00

1.94

1.49

1.33

1.25

1.11

5th transfer

6.00

1.97

1.50

1.33

1.25

1.11

6th transfer

7.00

1.98

1.50

1.33

1.25

1.11
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Initial Uncertainty Evaluation of the Cs Fountain Frequency Standard
in India-CsF1
Poonam Arora, Aishik Acharya, VattikondaBharath, Suchi Yadav, Ashish Agarwal and
Amitava Sen Gupta
CSIR –National Physical Laboratory, New Delhi
email: arorap@mail.nplindia.ernet.in

Abstract: The first Cesium fountain frequency standard (India-CsF1) developed by
CSIR-NPL is fully operational and its frequency is now being evaluated along with all
systematic and statistical uncertainties. The fountain frequency is stable to a few parts
in 1015 at less than one day averaging time. In this paper, we will report the recent
results on the frequency evaluation of the India-CsF1.

1.

calculated from the estimated height of the
microwave cavity above the geoids. The
collision shift is estimated by operating the
fountain alternatively in high and low density
of detected atoms for several days. The
frequency offset with respect to the atomic
density is extrapolated to zero density in order
to get the collision coefficient.

INTRODUCTION

Cesium fountains, which realize the SI
definition of second with highest accuracy,
are called primary standards of time and
frequency. CSIR-NPL, India (NPLI) has
developed its first Cesium atomic fountain
(INDIA CsF1) [1, 2] and a second improved
version of the Cs fountain is being designed.
Each operation cycle of the first fountain
consists of four stages viz. laser cooling and
trapping of cesium atoms in (0, 0, 1)
geometry, launch, microwave interrogation
and detection of atoms. More than 107 Cs
atoms are trapped and cooled to about 7 µK
by both magneto-optical trap (MOT) and
polarization gradient cooling (PGC) and
launched up by moving molasses method. At
present, the fountain is fully operational and
the preliminary results viz. Ramsey fringes,
C-field mapping, and frequency locking and
stability analysis are promising. Recently
signal to noise (S/N) ratio, operational
parameters, working conditions etc. has been
optimized in order to make the complete
frequency evaluation of the fountain. In this
paper, recent results of first fountain’s
frequency evaluation will be discussed.

Fig. 1. Traceability chain of India-CsF1 to
UTC.
For the frequency evaluation, fountain
frequency is compared against the H-Maser
frequency. H-Maser is part of the time scale
UTC (NPLI) which is linked to UTC
(Universal time coordinated) via satellite
links. The fountain frequency is thus
evaluated with respect to UTC through the
traceability chain shown in Fig. 1.

In the last few months, the fountain is being
operated almost continuously and has been
through few cycles of frequency evaluation.
Each evaluation of the fountain lasts 10-20
days. In each cycle of evaluation, various
systematic shifts to the fountain frequency are
estimated. The magnetic field mapping is
done to estimate the second order Zeeman
shift. The temperature of the flight tube is
monitored to calculate the blackbody
radiation (BBR) shift. The gravitational redshift is fixed for all evaluations and is
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The Allan deviation of the frequency
difference between the fountain and the
Hydrogen Maser is shown in Fig. 2. The
fountain frequency is now stable to few parts
in 1015 at less than one day averaging time.

Fig. 2. Allan deviation of the frequency
difference between the fountain and
the H-Maser as a function of the
averaging time.
A 5 MHz BVA Quartz oscillator is locked to
the H-Maser using a phase lock loop. The 5
MHz output of the Quartz oscillator locked to
the Maser is given as external reference to the
microwave synthesizer. The error signal is
generated by square wave microwave
frequency modulation (half a fringe width to
either side of the center of the central fringe).
The fractional frequency offset values
between the fountain frequency and Maser
frequency are collected via Labview program
in a PC.

In the next step, the frequency offset values
between the fountain and the Maser are
averaged per day and systematic biases are
added to these values. The frequency offset
between the Maser and UTC (NPLI) is
estimated with the phase comparator values.
The UTC (NPLI) to UTC is obtained using
the time links and net frequency offset with
respect to UTC. The frequency offset between
the fountain and the UTC over last four
evaluation cycles is shown in Fig. 3. The first
evaluation was international inter-comparison
where the fountain frequency was also
evaluated with respect to primary frequency
standards of PTB (Germany), Russia and
China. The fountain frequency is within 3 x
10-15 with respect to UTC.

Fig. 3. Evaluated fountain frequency with
respect to UTC over last four
evaluation cycles.

2.
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Remote Calibration of Frequency Using Common View GPS by NPLI
Arundhati Chatterjee, Pranalee P. Thorat, Preeti Kandpal, Mahavir P Olaniya, A.K.Suri
and A. Sen Gupta
CSIR-National Physical Laboratory, New Delhi
email: thoratpp@nplindia.org
Abstract: Last decade has seen tremendous growth in global positioning system applications
with development of navigation system, requirement of time synchronization etc. There is rapid
increase in demand of reliable data transmission and real time service applications, precise time
synchronization and timing requirement for special works have become critical. GPS presently
is most useful system for distributing time and frequency. GPS receivers are commonly used
in many fields such as telecommunication networks, industries, calibration and testing
laboratories. Through them we can control oscillators, able to synchronies clocks, calibrate
clocks at remote places. GPS can be operated in common view or all in view where both
methods are popular because they are simple and fairly accurate. With increase in use of time
and frequency services it has become necessary to get them calibrated from time to time. NPLI
being NMI of India has the primary responsibility to maintain Time and Frequency Standard.
NPLI is continuously traceable to BIPM, Paris via GPS. Time & frequency division provides
calibration facility to many of its users for their atomic clocks, GPS clocks, Rubidium clocks,
GPS based master, slave, Teleclock receivers etc. But some time it becomes difficult to remove
the device from line of work to send for calibration. Also, in case of frequency calibration, after
calibration the oscillator is switched off for shipment.The calibration gets invalidated when it is
again switched on.
NPLI being an NMI, there is therefore tremendous pressure to develop new techniques to
surmount this difficulty. GPS common view or all in view can be thought of for this purpose of
time synchronization and frequency.
1.

site.Now, once we get the data file from the two
setups, the analysis is done.

INTRODUCTION

NPLI conducted few remote calibrations for
different customers. In this paper we discuss some
of the results obtained while doing calibration at
ERTL(N) Delhi, BEL (Bengaluru) factory. We
calibrated their Rb standard at their site.
2.

Experimental setup at two sites

DESCRIPTION OF THE SETUP AND
PROCEDURE

The experiment can be conducted in:
1. The GPS common view method
2. All in view method.
In case of common view mode, with accurate
position co ordinates as input, the data in CGGTTS
format is recorded at two ends and the accuracy
increases tremendously. Also in common view as
we are tracking same satellites, so receiving
conditions are almost same and hence completely
cancels the measurement errors occurring at two
sites.The method with all in view is also simple but
the accuracy decreases as we are not finding the
position co ordinates of the Rx antenna precisely.

GPS Rx
10MHz

1pps

Distribution
Am p.

PC
1pps

HM1

TTS2B

10MHz

Doublers
5MHz

Local Ref.

PC

Master site
Remote site

Fig. 1. Experimental setup at two sites
Data can be treated in two ways. One in which data
from same satellite at two sites are taken and
compared. One hr average of the CGGTTS data
from two sites are taken and the diff. is calculated
and plotted. Here we get the behavior of the device
under test with respect to Reference at NPLI.
In the second setup, we use GPS Rx in all in view
mode. In this case, at the remote site, GPS Rx is
set up which provides an average 1pps output.
Using counter, the phase difference between this
1pps with the local
1pps from Rb standard is measured and stored in
computer.

In first method, at the master site CGGTTS data is
taken from the GPS Rx (GPS common view)
which receives 10 MHz and 1pps from the
reference standard (NPLI). A similar setup is
present at the remote site where the 10 MHz freq.
and 1 pps is obtained from the local reference
(Device under calibration).It is stored in the local
computer. After completion of theexperiment, the
data collected at remote site is sent to the master
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Remote site with all
in view setup of GPS
Rx

GPS Receiver
(All in view)

1pps
reference
1pps
Device under
Calibration

Time interval
counter

10MHz
local ref.
P
C

Fig. 4. Stability of Rb oscillator of BEL

Fig. 2. Remote site with all in view setup of
GPS Rx

3.

A similar setup exists at master site and here also
the phase diff. data is recorded by the counter and
stored in computer.
The eq. used for calculation are as follows:
Local ref.(BEL Rb)-TTS2b = x (data recorded at
remote site in CGGTTS format in GPS Rx.

Results in both the cases of calibration show the
total uncertainty is in the range of a few parts in e11. We can use both the methods for remote
calibration. Points to remember are the first
method is better when the two sites are not too far
off. Also, we can improve our uncertainty when
we will use the GPS Rx set giving data both in
CGGTTS as well as RINEX and hence we
calculate coordinatesmore accurate.

UTC(NPLI)-TTS2A = y (Data recorded at NPLI in
CGGTTS format by GPS Rx).
If we consider the same satellites seen at the two
sites,TTS2A-TTS2B=0 and hence
y-x =UTC(NPLI)- Rb
Plot of such data gives the behavior of device
under test with UTC(NPLI).

4.
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NPLI-BelRb(sec)( From TTS2 A and B data)
5.50E-05

NPLI-BelR b(sec)

5.00E-05

5.

4.50E-05

4.00E-05

3.50E-05

3.00E-05
56590

56595

56600

56605

CONCLUSION

56610

6.
7.

Time(in MJD)

Fig. 3. Plot of Rb of BEL w. r. t. NPLI Rb
Using this data we can calculate the stability of the
oscillator for different time period.
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Uncertainty Evaluation in Reciprocity Measurements using Monte
Carlo Simulation Approach
N. Garg, T. K. Saxena, H. Kumar and A. Kumar
CSIR-National Physical Laboratory, New Delhi
email: ngarg@nplindia.org
Abstract: This paper presents the accuracy and precision associated with realization of primary
standard of sound using the reciprocity method. With the experimental determination of the
microphone parameters, the uncertainty is reaffirmed in reciprocity calibrations. The present
work uses Monte Carlo Simulation (MCS) tool for uncertainty evaluation in Reciprocity
measurements.

The Monte Carlo method involves the
propagation of the distributions of the input
sources of uncertainty by using the model to
provide the distribution of the output. The
procedure adopted consists of following
steps:
i.
Definition of the measurand and
input quantities;
ii.
Modeling & estimation of the
probability density functions for the
input quantities;
iii.
Setup and run the Monte Carlo
simulation;
iv.
Summarizing and expression of the
results.

1. INTRODUCTION
The primary standard of sound pressure is the
utmost and precise standard with highest
levels of stability, accuracy and precision and
is maintained through primary calibration of
laboratory standard microphones (LS1P and
LS2P) in a closed coupler cavity by
reciprocity technique in the frequency range
of 31.5 Hz to 25 kHz with an expanded
uncertainty of 0.05 dB to 0.17 dB (k=2 and
95 % confidence level) [1,2]. The experience
gained in the recent key comparsion exercises
viz., Bilateral comparison of NPLI with
Danish Primary Laboratory in Acoustics
(DPLA), APMP.AUV.A-K1 and APMP.
AUV.A-K3 comparison have not only
inculcated a confidence in the system
procedure and methodology realized, but also
provided a scope for further improvement for
achieving the highest levels of accuracy and
precision at par with other NMIs. An
indigenous
approach
of
dimensional
characterization of the reference standard
microphones by Universal Measuring
Machine is followed at NPL India, due to
which the measurement uncertainty attributed
to the microphone parameters in closed
coupler reciprocity measurements is reduced.
The type-A uncertainty has been measured to
be less than 0.05 dB in the measurement
frequency range 31.5 Hz to 25 kHz. The
reaffirmed expanded uncertainty (k=2) is
calculated to be 0.04 dB to 0.15 dB. The
validation of the reaffirmed uncertainties and
microphone parameters was done in
comparison to the manufacturer’s value for
newly procured LS2P microphones that has
inculcated a confidence on the measurement
approach and methodology followed.

The various components influencing the
uncertainty in microphone calibrations are
shown in table 1. The wave motion correction
significant at higher frequency and heat
conduction correction pronounced at low
frequencies are incorporated as parameter
CorHW ,xy which is dependent upon the length
of cavity and speed of sound in cavity. The
uncertainty in temperature and pressure
coefficient is caused by uncertainty due to
resonance frequency and uncertainty of
temperature or pressure coefficient at 250 Hz.
The uncertainty of temperature coefficient at
250 Hz is reported to be 0.0015 dB/K and
uncertainty of pressure coefficient at 250 Hz
was 0.0002 dB/kPa for B&K 4180
microphones. The digital multimeter used is
traceable to the national voltage standards and
an uncertainty of 0.0055 mV has been stated
at 250 Hz for range 10 to 100 mV. Systematic
error of voltage ratio measurements using an
electrical reference standard has been
measured to be less than 0.005 dB up to 10
kHz.

2. METHODOLOGY
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Table. 1. Uncertainty components at 250 Hz
affecting pressure sensitivity of LS2P
microphone.

0.025

Electrical Transfer impedance
Voltage ratio
Normal
0.011
Cross-talk
Rectangular 0.0035
Distortion
Rectangular 0.0005
Coupler & Microphone Parameters
Rectangular

Cavity depth
Loss factor
General Factors
Heat conduction
Static Pressure
Temperature
Relative Humidity
Repeatability

Rectangular
Rectangular

Normal

Normal
Normal
Normal
Normal
Normal

0.020
0.015
0.010
0.005

0.008

0.000

0.010

-3 9 . 1 9 2 0 9 9 7 2
-3 9 . 1 8 3 4 5 1 8 9
-3 9 . 1 7 4 8 0 4 0 7
-3 9 . 1 6 6 1 5 6 2 5
-3 9 . 1 5 7 5 0 8 4 3
-3 9 . 1 4 8 8 6 0 6 1
-3 9 . 1 4 0 2 1 2 7 9
-3 9 . 1 3 1 5 6 4 9 7
-3 9 . 1 2 2 9 1 7 1 5
-3 9 . 1 1 4 2 6 9 3 3
-3 9 . 1 0 5 6 2 1 5 1
-3 9 . 0 9 6 9 7 3 6 8
-3 9 . 0 8 8 3 2 5 8 6

Coupler Volume
Equivalent & Front
cavity volume

Histogram

0.030

Probability 250 Hz to
Distribution 2 kHz
P r o b a b ilit y

Uncertainty
Component

0.035

0.0004
0.0002
0.006
0.0002
0.0015
0.0002
0.005

Sensitivity dB re 1V/Pa

Fig. 1. The probability density function of
sensitivity (dB re 1V/Pa) for LS2P
microphones at 250 Hz obtained by
MCS.

The pressure sensitivity level measured from
reciprocity set up at 250 Hz is -39.18 dB re
1V/Pa with standard deviation less than 0.01
dB. All the enlisted uncertainty components
are considered in Monte Carlo Simulation
(MCS) done in MS Excel sheet. The average
pressure sensitivity level is observed to be 39.14 dB re 1V/Pa at 250 Hz in MCS for 104
random numbers generated after including the
uncertainty components enlisted in table 1.
The confidence interval of 95 % for extremes
corresponding to 2.5 and 97.5% percentiles of
the Z-values shows a pressure sensitivity level
of -39.17 and -39.11 dB re 1V/Pa. Fig. 2
shows the histogram of sensitivity for LS2P
microphones at 250 Hz. It may be noted that
effectiveness of this method depends upon the
number of iterations, but there is no
theoretically correct method for estimating
the suitable number of iterations required to
produce reliable results from a Monte-Carlo
simulation. The present work explores that
Monte Carlo Simulation (MCS) has good
potential in uncertainty estimation of the
pressure sensitivity level of microphones.
Future investigations in this regard for
uncertainty evaluation in the entire frequency
range of 31.5 Hz to 20 kHz shall be
instrumental in comparison with the
uncertainty calculated from the conventional
method.
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Comparison of Measurement Results of One Metre Gauge Block
Using Length Measuring Machine and Michelson Laser Interferometer
Based Facility and Evaluation of Uncertainty of Measurement
Sandeep Kumar and K. P. Chaudhary
CSIR - National Physical Laboratory, New Delhi
email: kumars2@mail.nplindia.org

Abstract: Gauge block are the physical form of length standards and are
highly accurate for precision measurements in industries. Gauge blocks are
manufactured in the range of 0.5 mm to 1.0 metre according to IS 2984 / ISO
– 3650 and used in standards room, calibration laboratories and manufacturing
industries etc. for various purposes as length reference standards. At CSIRNPL, Length Measuring Machine (LMM) is being used for measurement of
Gauge Blocks up to one metre and Gauge Block Interferometer (GBI-300) for
Gauge Blocks up to 300mm. In this paper, a separate method is adopted to
measure the one metre long Gauge Block using Michelson Laser
Interferometer and results are compared with LMM. Uncertainty budget is
presented for both and it was found that the results are within uncertainty limit
i.e. ± 0.8µm

Gauge blocks are most reliable and
accurate
means
for
length
measurement in the industries. These
are very precise in nature and easy to
handle when used in the specified
conditions. In CSIR-NPL, OKM Jena
(OPAL 1000 model) is being used for
measurement of gauge block of one
metre with comparison method. Now
we have measured same gauge block
with a facility integrated with
Michelson Laser Interferometer with
an uncertainty of less than 0.8 µm.

be done. The whole system as gauge
block under test, reference gauge
block, supporting accessories requires
prior
thermal
shocking
for
equalization of temperature (20º C)
for
few
hours.
The
whole
measurement is referred to a linear
glass scale and gauge blocks (both
reference and test gauge) are aligned
with the scale to reduce alignment
error. Measurement results are
corrected to 20ºC temperature
considering the expansion and
contraction effect of gauge blocks due
to coefficient of linear expansion.

2. MEASUREMENT
METHODOLOGY

2.2
Facility
integrated
with
Michelson Laser Interferometer

2.1 Length Measuring Machine

This facility is fitted with He-Ne laser
interferometer to measure gauge block
of on metre with a retro reflector. This
interferometer follows the Michelson
principle and is shown in Fig 1.

1. INTRODUCTION

Using LMM, Gauge blocks are
compared against the calibrated
higher quality gauge blocks. LMM is
adjusted to its initial position with the
help of a reference gauge for known
value. This value is stored in the
system as reference value. Using this
reference value, gauge block can be
measured and length evaluation can
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3. RESULTS
Both the results are comparable
within uncertainty of measurement i.e.
± 0.8µm at k=2
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Fixed
reflector

retro

Laser
Beam
Detector
Iodine stabilized
He-Ne
Laser
source

Interferomet

Moving
reflector

retro

Fig. 1. Michelson principle
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Seasonal Variation of Surface Ozone and its Precusors over Delhi
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Abstract: Surface O3, NO, NO2, CO, CH4, NMHC and THC were measured at Delhi during
January toDecember 2012 to study the variability of O3 and precursor gases and their role in the
ozone production efficiency (OPE). The annual average mixing ratios of ambient O3, NO, NO2,
CO, CH4, NMHC and THC were recorded as 27.7 ± 4.3 ppb, 21.9 ± 5.3 ppb, 14.8 ± 3.4 ppb, 1.5
± 0.4 ppm, 2.4 ± 0.4 ppm, 0.4 ± 0.1 ppm and 2.8 ± 0.4 ppm respectively. During winter, the day
time average mixing ratio of O3 was recorded as 35.5 ± 4.9 ppb whereas night time average
mixing ratio of O3 was recorded as 19.9 ± 3.5 ppb with an average value of 27.7 ± 4.8 ppb. The
average mixing ratio of NO and NO2 were recorded higher during winter (27.5 ± 6.6 ppb and
15.0 ± 3.5 ppb) and summer (22.3 ± 5.8 ppb and 16.7 ± 3.1 ppb) as compared to the monsoon
(15.8 ± 3.4 ppb and12.7 ± 3.7 ppb).CO mixing ratio was also recorded higher during winter (1.6
± 0.4 ppm) as compared to summer (1.3 ± 0.4 ppm) and monsoon (1.4 ± 0.5 ppm). Result
reveals that the mixing ratio of O3 negatively correlated with NO (r2 = - 67), NO2 (r2 = - 73),
CO (r2 = - 55), CH4 (r2 = - 68) and THC (r2 = - 57).

1.

INTRODUCTION

2.

METHODOLOGY

Due to urbanization of developing countries
like India, several small and large cities have
been growing up rapidly. Among these large
number of cities in India, Delhi is a mega city
with a typical techno-socio-economic setting.
Elevated tropospheric pollutant levels
threaten human health and reduce crop yields
and have adverse effects on deciduous forests
and other ecosystems. NOx, CO and VOCs
are ozone precursors, which control the
budget of tropospheric ozone.Apart from
fuelling the formation of tropospheric ozone,
a major tropospheric pollutant, the emissions
and the oxidative products of VOCs
significantly
influence
the
chemical
composition of the atmosphere [1,2].
Transport system which contributes almost
80% of the pollutant in Delhi, controlled by
several fuel technology regimes,like, light
weight transport system moving from
petrol/diesel to CNG. In one aspect, we are
reducing the emission of NOx, SO2 but
desperately moving to VOC control regime
[1]. To understand the role of ozone
precursors, we need to focus on the chemical
transformation over megacity.

The mixing ratio of Surface O3, NO, NO2,
CO, NMHC, CH4 and THC were measured
during January to December 2012 at NPL,
New Delhi along with meteorological
parameters. UV-based Ozone analyzer
(Model: TECO-49C) was used for measuring
the surface O3. The O3 analyser was
calibrated periodically with Ozone primary
standard at CSIR-NPL, New Delhi. The
mixing ratio of NO and NO2 were measured
using NOx-Analyzer (Model: CLD88p) with
Photo-catalytic Converter (Model: PLC860)
operating based on the chemiluminescence
method. It was calibrated periodically using
Pure Air Generator (PAG-003) and NIST
certified NO span gas (500 ppb ± 5%). CO
was measured using non-dispersive infrared
(NDIR) gas filter correlation analyzer
(Model: 48CTL). NMHC, CH4, and THC
were measured using Methane-NMHC
Analyzer (Model 55C) operating on FID
method. The analyzer was calibrated
periodically using certified methane gas (8
ppm ± 5%)

In this study we present the seasonal
variations of O3and its precursor gases at an
urban site of Delhi.We also discuss the role of
precursor gases in the formation of surface O3
and ozone production efficiency (OPE).

Fig. 1 shows the averaged diurnal variation of
surface O3 during winter, summer and
monsoon seasons. Maximum mixing ratio of
O3 was recorded during day time and
minimum during night time. The maximum
mixing ratio was mostly recorded between
12:00 – 18:00 during all the seasons. Average
day time mixing ratio of surface O3 was

3.
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O3 (ppb)

recorded as 35.58 ± 4.94 ppb, whereas,
average night time mixing ratio was recorded
as 19.98 ± 3.51 ppb (Fig. 1) during the year.
Higher variation in the average mixing ratio
may be attributed to a sharp increase in the O3
concentration during the day time.
.

The annual CO mixing ratio ranges from 0.66
– 2.86 ppm with an average of 1.45 ± 0.43
ppm. According to photochemical reaction,
CO reacts with water vapor producing OH
radical and O1D in the presence of UV
radiation and leads to formation of ozone in
the presence of sufficient NOx[2]. In the
presence of maximum sunlight (UV
radiation), low CO and low humidity during
midday (12:00-14:00 h) indicates the
possibility of photochemical reaction.

Time (h)
4.

CONCLUSIONS

The present study demonstrates the seasonal
variation of surface O3 and its precursor gases
over Delhi.
The linear significant
negativecorrelation of surface O3 with NO (r2
= - 67), NO2 (r2 = - 73), CO (r2 = - 55), CH4
(r2 = - 68) and THC (r2 = - 57) analysis
supports the hypothesis that the presence of
precursor gases at Delhi enhanced the OPE.

Fig. 1. Averaged diurnal variation of O3
during winter, summer and monsoon at
Delhi
The ambient NO2 mixing ratio ranges from
1.82 – 32.18 ppb with the average value of
16.77 ± 3.08 ppb during summer. However,
NO2 mixing ratio was recorded as 15.04 ±
3.35 ppb during winter. Increase in NO2
mixing ratio (Fig.2) around 6:00 in summer
and 7:00 in winter may be attributed to the
balance between photochemical destruction
of NO2 and chemical reaction of NO with O3
[2].
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After some time, NO, NO2 and O3 attain a
steady state condition. During traffic hours,
fresh vehicular emission of primary oxidant
NO gives an additional peak in the morning.
The formation of secondary oxidant NO2
attains its peak, delayed by a few hours when
the balance between the chemical reactions of
NO with O3 and the photochemical
destruction of NO2 reaches maximum. After
sunset, conversion of NO to NO2 due to
chemical interaction with O3 dominates when
photochemical conversion of NO2 to NO
stops because of absence of sunlight.
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Abstract: This paper presents a road traffic noise model developed using Genetic Algorithm
approach. The model employs three input parameters viz., traffic volume, average vehicular
speed and percentage of heavy vehicles and delivers output in terms of the equivalent
continuous sound pressure level, LAeq,T . The validation of the model predictions is confirmed by
comparison of the predicted results with experimental measurements.

analyzers were used to measure the
equivalent continuous sound pressure level,
LAeq,T. Short term measurements less than 30
minutes were conducted at a height of 1.2
meter from the road surface while the speed
of the vehicles was monitored by a Laser gun.

1. INTRODUCTION
Traffic noise is the most pervasive and
harmful source of noise pollution. A
considerable amount of experimental as well
as analytical research has been carried out in
the field of development of noise prediction
model [1]. The European Directives makes it
imperative to develop noise maps for the city
so as to develop the mitigation measures for
controlling the noise areas. In Indian
conditions, there has been few studies
reported so far in the field. The regression
approach has been mostly reported in these
studies conducted in India. The prediction
models were very useful in the planning of
land use and devising suitable measures for
abatement. An integrated GIS platform shall
be more instrumental in this regard for
comprehensive study and planning control
measures at the beginning especially for the
new areas to be developed. Generally, in all
traffic noise models, the vehicles are
classified in to two categories heavy and light
vehicles, or may be in three light, medium
and heavy vehicles. The main objective of
this study is to predict the traffic noise using a
Genetic Algorithm (GA) approach. GA
approach search parallel from a population of
points and has the ability to avoid being
trapped in local optimal solution like
traditional methods, which search from a
single point. It uses the fitness score, which is
obtained from objective functions, without
other derivative or auxiliary information.

2.1. Mathematical Modeling
The empirical equation
development of model was:

used

Leq=A+B* log Q +C* log V +D *H

for

the

(1)

Where Leq is A-weighted hourly equivalent
noise level in dB(A), Q is traffic volume, V is
the average speed of the vehicles, H is the
percentage of heavy vehicles and A, B, C &
D are the coefficients which have to be
determined. The fitness function for GA was
the minimization of standard square error
(SSE) as [2]:
n

SSE = ∑ ( Li − Leq,i ) 2
i =0

(2)

Where Li and Leq,i are the measured and
predicted noise levels respectively. The flow
chart of the Genetic Algorithm methodology
implemented is shown in Fig. 1.
The optimized values of four coefficients
were found A=21.162, B=11.515, C=10.458
and D=0.035 by proposed GA procedure
using population size 5000, crossover
probability Pc=0.8, mutation probability
Pm=0.25, maximum generation 1000 and with
string length of 55. The results from the
prediction model are accurate, as shown in
Fig 2, and within ± 1 dB(A) and standard
square error 1.07, MSE is 1.04. GA processes
include selection, crossover, and mutation and
the iterative procedure is continued till the

2. METHODOLOGY
A case study of Delhi city was taken wherein
noise measurements were conducted at
around nine sites. The vehicles were
classified into following categories low,
medium and heavy vehicles. The B&K 2250
sound level meter and Norsonic Nor 118
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minimal point in fitness function is
accomplished. The in-built Roulette-wheel
biased selection scheme is chosen for
reproduction in Matlab code developed. GAs
search has a good chance to catch global
optimum, whereas other heuristic methods
often move from a single point in searching
optimum to next using some transition rule
[3].

validated with test data set and a coefficient
of determination of R2=0.84 is observed. The
accuracy of the model developed can be
further enhanced by feeding more input data
and utilizing more population size. Also, the
present model demonstrates a time invariant
approach, while a time variant approach shall
be focused for future study in development of
a traffic noise model with least uncertainty.

Fig.

2.

Comparison of
measured Leq

predicted

and
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Fig. 1. Flow chart of proposed Genetic
Algorithm
3. CONCLUSIONS
The paper presents a GA based model
developed for traffic noise predictions and
modeling. The model so developed is
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Abstract: The study focuses on assessment and evaluation of the Musculoskeletal Disorders
(MSD) that affects the children during his/her young age of 6 to 10 years (Crucial period of
body growth), that in turn affects entire life of the individual by changing physical parameters
due to the consequences of such heavy, regular load falling onto the growing tissues of
nurturing body parts. Taking into consideration the human factors and safety of the child, the
focus is to ergonomically design the school bag, which reduces the fatigue parameters, avoids
backache problem and makes it more comfortable for the child. To set up facilities using load
sensors for the simulation & the biomechanical studies of school children with typical
anthropometric characteristics and experiment facility for biomechanics evaluation. In the
initial study it is observed that 60% backpacks have inappropriate packing and straps and 40%
have larger inconvenient straps. Effort is also on to study the feasibility of polyvinylidene
fluoride piezoelectric sensor for embedding in the system for more effective monitoring.

1. INTRODUCTION
India is the youngest nation in the world with over
650 million below 35 and over 350 million below
15 years. Hence there needs to be considerable
concern from the teachers, parents and medical
professionals regarding the school bags weight and
its effect on children, especially between 6 to 10
years of age. It is believed that heavy school bags
may predispose students to Musculo Skeletal
Disorder (MSD). Although 15% of the body
weight is normally accepted as the recommended
school bag weight but there is no scientific
evidence to it. School children may face various
musculoskeletal problems due to the effect of
weight on spinal cord and the associated influence
on the growing tissues of the young and flexible
body.
There are many school bag designs and patents
including sling bags, back packs, trolley school
bag and so on. People always choose something by
its aesthetics and cost, without any consideration
for health, quality, and comfort. Use of unergonomical school bags may not just lead to
musculoskeletal disorders, but also skin diseases.
Therefore the school bags used by the children will
be evaluated and assessed for ergonomic
efficiency, standardizing the load carrying capacity
and choose user friendly material of the bag, which
is safe enough to avoid musculoskeletal disorders,
skin related diseases and also safe for children.
There are no established study for Indian school
children, hence the effort in this study is to identify
the experimental process, propose a methodology
and design an ergonomically fitting bag. No
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system exists to exists to study or measure the
load. Hence with a view to embed such sensors,
properties of Poly Vinylidene Fluoride (PVDF) as
a piezoelectric material has been studied. The
simulation and material growth properties are also
reported.
1.1 State of art in technology for the study
Lifting heavy school bags for a long time, either
standing or walking leads to forward leaning and
bad posture, affecting the spine and causing aches
in the back and shoulders. Carrying over 15% of
body weight by a child could lead to poor standing
posture, weight over 10% of body weight could
lead to breathing issues and poor lung function.
One strap bags (which put weight on one shoulder
only) has been observed to lead to sideways
deviation of the spine (scoliosis) on account of the
asymmetric weight distribution and long lasting
back aches and damage[1,2]. To prevent long-term
injury and also provide comfort to the child, there
is a need for an ergonomic design of the school
bag. Thus enhance the comfort and reduce
physically and mental stress associated with the
heavy, hard and rigid school bags. Shown in fig 1a
is the type of load carriage simulator used for data

3rd National Conference on Advances in Metrology (AdMet – 2014)
Fig 1(a); Load carriage simulator used for data
collection and (b) typical ergonomic problems
caused on account of heavy school bags.
collection and in fig 1b is areas that get affected on
account of the poor bag design. It can be seen that
the neck, shoulders and lower back are affected the
most.

an electric field of 80kV/mm. Piezoelectric
properties were measured using piezometer and
the shear coefficient was found to be 15pC/nN.
Shown in figure 2 is a) the XRD image of the β
phase PVDF films and b) is the simulated
displacement of a 30 µm PVDF pressure sensor.
The simulation was done using COMSOL
Multiphysics.

2 METHODOLOGY & RESULTS
Based on the above factors, first a questionnaire
was developed and to initially define the minimum
parameters for design consideration. The same was
administered to 100 school children in the age
group of 6 to 10 and also existing backpacks were
studied. The focus was to identify the nature of the
bags, the type of straps, the suitability of the back
packs for children including its relative flexibility
or rigidity, and level of comfort for the above age
group. The study shows that 60% backpacks have
inappropriate packing and straps and 40% have
larger and inconvenient straps which could gravely
affect the child.
3. PVDF AS A PIEZOELECTRIC SENSOR
Once the load cell sensor based data is established,
it is proposed to develop PVDF based sensors that
would be embedded in the bags. PVDF is a long
chain, semicrystalline polymer having the repeat
unit of CH2-CF2. PVDF crystallizes in at least 5
crystal forms α, β, ε, γ and δ depending upon
growth conditions. The most common phase are α
and β forms. In the β crystal form, the dipoles
associated with individual molecules are parallel,
leading to nonzero dipole moment of the crystal.
This exhibits high piezoelectric properties due to
large spontaneous polarization, when oriented and
then poled under an electric field. The advantages
of PVDF over piezoceramics include lower cost,
larger area coverage, flexibility, low acoustic
impedance and high frequency operation [3,4]. The
PVDF films were grown using spin coating
process. PVDF pellets were dissolved in a polar
solvent like dimethyl formamide (DMF) and
heated and stirred to forma consistent solution. The
solution was dispensed on the substrate and spun at
low angular speed of 400 rpm. Thin films of
opaque α phase material of thickness 100 to
120µm, is formed. It is then subjected to stretching
at a temperature of 80oC to get translucent β phase,
30µm films suitable for piezoelectric applications.
The piezoelectric properties of the homogenous β
phase films were studied by having silver paste
electrodes and polling using contact method under
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Figure 2 (a) XRD graph of β phase of 30 µm
PVDF film and b) Simulated displacement
capability of the same.
4. CONCLUSION
Presented in this paper is an overview of the
influence of heavy school bags on health of 6-10
years kids, a survey to ascertain the current
practice and design of an ergonomically suitable
bag for them. Also reported is the development of
PVDF as a material for embedding as sensor in the
bag to monitor the load.
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Abstract: Vacuum Nanoelectronics has made tremendous progress in recent times. The areas of
application include multitude of sensors, medical instrumentation, microwave sources, satellite
propulsion systems, Image pick-up tubes, power switches, Tera Hz devices and bionic chips.
Presented in this paper is a brief overview on the evolution of this technology, areas of
applications, some of our results on very low field (~ 1-5 V/µm) working multiple nanocarbons
based electron emitters and a novel room temperature grown nanocarbons based multilayered
electron emitter.

1. INTRODUCTION
Vacuum nanoelectronics is the marriage of the old
vacuum tube and modern the microelectronics
technology. Vacuum nanoelectronics is emerging
as an area of increasing scientific and
technological interest as they find applications in
diverse areas including, field emission displays,
large area electron-beam lithography, electron and
ion guns, multitude of sensors, nano Imaging and
probing Instrumentation, low & medium power
microwave sources, nano & pico satellite
propulsion systems, Image pick-up tubes, power
switches, possible Tera hz sources, multitude of
sensors and bionic sensors & biochips [1].

nanoelectronic device or the field emitters is the
possibility of extracting electrons from a cathode
to an anode, without the presence of an
intermediate scattering medium, as in the case of
solid state devices. Shown in figure 1 is the typical
mechanism of field assisted electron emission. The
main advantage of the vacuum nanoelectronic
device over the conventional semiconductor
devices include ability to work upto THz, is that
these devices can work upto THz, 500o C, ballistic
electron transport, deliver higher current density
~ 105 A/cm2, and work in small, medium and large
power range.

1.1. Origin of Vacuum Nanoelectronics
The term Vacuum Nanoelectronics is a word of
recent origin. Earlier this field was referred to as
Vacuum Microelectronics and was first coined in
1988, to define all areas of devices and
applications, which use the ballistic transport of
electrons in vacuum, but are fabricated using
standard microelectronics processing techniques. A
vacuum nanoelectronic device is nothing but the
old diode or triode valve, in a miniaturized form.
However unlike the conventional vacuum valve in
which electron emission occurs through a
thermionic
process,
the
new
vacuum
nanoelectronic devices use field assisted electron
emission. Field emission may be defined as the
emission of electrons from a solid under an intense
electric field, usually at ambient temperature. Hence
the field emitters are also called as cold cathodes.
Emission occurs by the quantum mechanical
tunneling of electrons through a potential barrier.
The typical field required for emission from solids is
1000 V/µm. The main attraction of the vacuum
companies developed flat panel display based on
the Spindt tips. The emission current densities J
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Figure 1: Basic principle of field assisted electron
emission.[IEEE Spectrum]
2.

SPINDT TIPS & FLAT CATHODES

The concept of microminiaturized vacuum tube as
a field emission electron source for electron beam
patterning of structures was introduced by
Shoulders in 1961. The first functioning micro
field emission device, using thin film technology
and molybdenum tips was demonstrated by Spindt
in 1968 and hence called after him a Spindt
cathodes. The Spindt tips were fabricated using
conventional microelectronic process techniques
using molybdenum or tungsten or silicon. Many
from the emitter obey the Fowler-Nordheim (FN)
equation.
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( βF ) 2
bφ 3 2
(1)
. exp( −
)
φ
βF
where φ (eV) is the barrier height, F is the applied
field, β is a dimensionless geometric field
enhancement factor, and a and b are constants.
J =a

φ 3 / 2 = constant
(2)
βF
The local field at the emission site is βF. The plot
of log(J/F2) Versus 1/F is a straight line. It is called
the Fowler - Nordheim (FN) plot and is the key
indicator of field assisted electron emission.

Vacuum nanoelectronics received a huge flip with
demonstration of field emission from nanodiamond
and then carbon nanotubes based flat cathodes.
The physics of field emission from self-aligned
nanoemitters based flat emitters is yet to be
established. Wide range of compact sensors &
instrumentation has been demonstrated. Now
photoemission enhanced and thermally enabled
field emission is also being studied. Besides many
nano carbons [2,3] many nano metal oxide and
even Graphene, grapheme oxide [4], are emerging
as alternatives emitter materials.
3. FIELD EMISSION FROM NANOCARBON.
Shown in figure 2 is the field assisted electron
emission from a wide range of nano carbons
including carbon nanotubes, cluster assembled
carbon, nanostructured carbons and our novel nano
carbon based multilayered emitters. These emitters
work at fields as low as 1.- 3V/µm applied field for
an emission current density of 1µA /cm2.

proof of concept inexpensive lighting systems and
effort are on to develop x-ray sources.

Figure3. Clock wise SEM images of nanodiamond,
carbon nanotubes, nanocrystalline
graphite and room temperature grown
nanocluster carbon used in the study.
Also presented is the custom designed inexpensive
experimental arrangements for carrying out field
emission measurements from 1000 V to 50000 V
for the development of X-ray soruces, lighting
systems, Thz sources, electrical propulsion system
for pico and nano satellites, and high sensitive
sensors for displacement, gases, &
medical
applications.
4. CONCLUSION
Presented in this paper is a brief overview of the
evolution of field assisted electron emission or the
emerging domain called Vacuum nanoelectronics
and the wide range of applications feasible under
vacuum
nanoelectronics
for
environment,
metrology, health and safety. Also presented is a
study on very low field assisted electron emission
from varying nanocarbons, the indigenous &
inexpensive experimental facility development
details and the proof of concept of an inexpensive
lighting system and work on hand held x-ray
sources?
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of a layer of nanodiamond, a room temperature
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