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Pre-AdMet Workshop on

"Quality System based on IS/ISO/IEC 17025 : 2017"
Venue: Conference Hall, Apex Metrology Laboratory, CSIR-NPL

Date : 18th - 19th February, 2019

Programme Schedule
Day 1 (18.02.2019)

Time (hrs) Activity Speaker

09:00 - 09:30 Registration

09:30 - 10:30 Brief about revision process and revisions in Mr. Anil Kumar

IS/ISO/IEC 17025: 2017 Chief Scientist & Quality Manager

CSIR-NPL

10:30 - 11:00 Tea and Group Photograph

11:00 - 13:00 Requirements of  IS/ISO/IEC 17025: 2017 Mr. Alok Jain

1. Scope Joint Director, NABL

2. Normative References

3. Terms and Definitions

4. General Requirements

5. Structural Requirements

13:00 - 14:00 Lunch

14:00 - 15:30 Requirements of IS/ ISO/IEC 17025: 2017 Mr. M.A. Ansari / Mr. Goutam Mandal

6. Resource Requirements Principal Scientist, CSIR-NPL

Exercise I : Based on Clauses 4 - 6

15:30 - 16:00 Tea

16:00 - 17:00 Requirements of  IS/ISO/IEC 17025: 2017

7. Process Requirements Mr. M.A. Ansari / Mr. Goutam Mandal

Day 2 (19.02.2019)

Time (hrs) Activity Speaker

09:30 - 10:30 Requirements of IS/ISO/IEC 17025: 2017 Mr. M.A. Ansari / Mr. Goutam Mandal

7. Process Requirements ….. continue

10:30 - 11:00 Tea

11:00 - 13:00 Different dimensions of  IS/ISO/IEC 17025: 2017 Mr. Anuj Bhatnagar

(Implementation & actual practice) Scientist F & Head, BIS

13:00 - 14:00 Lunch

14:00 - 15:30 Requirements of  IS/ISO/IEC 17025: 2017 Mr. Anil Kumar

8. Management Requirements Chief Scientist & Quality Manager

Exercise II : Based on Clauses 4 - 8 CSIR-NPL

15:30 - 16:00 Tea

16:00 - 16:30 Concluding and Certificate Distribution
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08:30 to 09:20 h Registration

09:20 to 09:45 h Inauguration

• Lamp lighting

• Welcome by Dr. D.K. Aswal, Director, CSIR-NPL

• Preside over by Prof. A.K. Grover (Ex.VC, Punjab Univ., RC Chairman, CSIR-NPL)

• About the conference by Dr. Ranjana Mehrotra, Conference Chair, AdMet-2019

09:45 to 10:25 h • Address by Chief Guest Mr. A.K. Srivastava, Secretary, Ministry of Consumer Affairs, Govt.

of india

10:25 to 10:30 h • Keynote address by Dr. Walter G. Copan, Director, NIST, USA

• Vote of thanks by Mr. Anil Kumar, Convener, AdMet-2019

10:30 to 11:00 h HighTea

11:00 to 11:40 h Plenary Talk1: Dr. Kamal Hossain (NPL, UK), Material Metrology

Technical Session 1: Temperature, Optical and Flow Metrology

11:45 to 12:10 h Invited Talk1: Dr. J.H. Shaw (CMS/ITRI, Taiwan)

12:10 to 12:35 h IT2: Dr. Vinod Karar (CSIR-CSIU)

12:35 to 13:00 h IT3: Dr. Y.P. Singh (FARE Labs Pvt. Ltd.)

13:00 to 14:00 h Lunch and Poster (Poster Session -1, Poster Presentation (PP) 001-070 are to be displayed)

TS2: General Metrology

14:00 to 14:25 h IT4: Dr. Virendra M. Tiwari (Director, CSIR-NGRI)

14:25 to 14:50 h IT5: Dr. Sunil Singh (Director, CSIR-NIO)

14:50 to 15:15 h IT6: Mr. S.V. Rasal (IDEMI, Mumbai)

15:15 to 15:40 h IT7: Prof. K.S. Nagla (NIT, Jallandhar)

15:40 to 16:00 h Tea and Poster (Poster Session -1 continue)

TS3: Quantum and Pressure Metrology

16:00 to 16:25 h IT8: Dr. H.K. Singh (CSIR-NPL)

16:25 to 16:50 h IT9: Dr. Nita Dilawar Sharma (CSIR-NPL)

16:50 to 17:15 h IT10: Company Presentation

Evening Lecture

17:15 to 18:00 h Dr. D.K. Aswal (Director, CSIR-NPL)

18:00 to 18:30 h HighTea

10th International Conference on Advances in Metrology (AdMet-2019)

(February 20-22, 2019)
CSIR-National Physical Laboratory, New Delhi

Technical Program

Day-1 Date : 20/02/2019 (Wednesday)



10th International Conference on “Advances in Metrology - 2019”

xiii

Day-2 Date : 21/02/2019 (Thursday)

09:00 to 09:30 h Registration

09:30 to 10:10 h PT2: Dr. Peter Ulbig (PTB)

10:10 to 10:50 h PT3: Dr. B. Satyanarayan (Ex-Vice Chancellor, Munjal University)

10:50 to 11:20 h Tea/Coffee and Poster (Poster Session -1 continue)

TS4: Electrical, Electronics,Time and Frequency; Environment; Acoustics and Vibration

Metrology

11:20 to 11:45 h IT11: Dr. Rakesh Kumar (Director, NEERI)

11:45 to 12:10 h IT12: Dr. A. Sen Gupta (NCU, Gurgaon)

12:10 to 12:35 h IT13: Dr. Anurag Gupta (CSIR-NPL)

12:35 to 13:00 h IT14: Dr. Mahavir Singh (CSIR-NPL)

13:00 to 14:00 h Lunch and Poster (Poster Session -2, PP071 - 140 are to be displayed)

TS5: Length, Dimension and Nano Metrology

14:00 to 14:25 h IT15: Dr. K.P. Chaudhary (Director, MSIT)

14:25 to 14:50 h IT16: Dr. V.N. Ojha (Ex-Chief Scientist, CSIR-NPL)

14:50 to 15:15 h IT17: Dr. Rina Sharma (CSIR-NPL)

15:15 to 15:45 h Tea/Coffee and Poster (Poster Session - 2 continue)

TS6:  Health, Environment and Biomedical Metrology

15:45 to 16:10 h IT18: Prof. Ravinder Agarwal (Thapar University)

16:10 to 16:35 h IT19: Dr. C. Sharma(CSIR-NPL)

Popular Lecture (to commemorate the 125th birth anniversary of Sir S.S. Bhatnagar)

16:35 to 17:15 h Prof. A.K. Grover (Ex-Vice Chancellor, Punjab University)

17:30 to 18:45 AGM (MSI) and Poster Session/ Tea

19:00 to 20:00 h Cultural Event

20:00 to 21:30 h Dinner
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Day-3 Date : 22/02/2019 (Friday)

09:30 to 10:10 h PT4: Dr. James K. Olthoff (NIST, USA), Physical Metrology

10:10 to 10:40 h IT20: Prof. Krishan Lal (Ex-Director, CSIR-NPL)

10:40 to 11:00 h Tea/Coffee and Poster (Poster Session -2 continue)

TS7: Accreditation, Legal and General Metrology

11:00 to 11:25 h IT21: Dr. Anil Relia (CEO, QCI-NABL)

11:25 to 11:50 h IT22: Dr. B.N. Dixit (Director, W&M, Legal Metrology)

11:50 to 12:15 h  IT23: Mr.Rajesh Maheshwari (Director, PPID, QCI)

12:15 to 12:40 h IT24: Mr. Avijit Das (QCI-NABL)

12:40 to 13:05 h IT25: Dr. P.K. Aggarwal (TAFE, Chennai)

13:05 to 14:00 h Lunch and Poster (Poster Session -2 continue)

TS8:  Accreditation; Material Metrology

14:00 to 14:25 h IT26: Dr. Alok Jain (QCI-NABL)

14:25 to 14:50 h IT27: Dr. R.K. Kotnala(CSIR-NPL)

14:50 to 15:15 h IT28: Dr. R.P. Pant (CSIR-NPL)

15:15 to 16:15 h Presentations from sponsoring companies (10-15 min each)

16:15 h to 16:20 h  Tea

TS9: Material and Mass related Metrology

16:20 to 16:45 h IT29: Dr. Sanjay R. Dhakate (CSIR-NPL)

16:45 to 17:10 h IT30: Mr. Anil Kumar (CSIR-NPL)

17:10 to 17:35 h IT31: Dr. Harish Kumar (NIT, Delhi)

17:35 to 18:00 h Closing

Venue :  Registration desk will be situated at Dr. A. R. Verma lawn (in front of auditorium NPL).

All talks and cultural event will be held at auditorium NPL

AGM (MSI) will be held at 2nd floor conference room, Apex Metrology Laboratory
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PT - 01

Impact of Metrology - A View from NPLUK

Kamal Hossain

NPL, UK

Abstract

As the NMI of UK, our mission is to provide measurement capability that underpins the nation's
prosperity and quality of life. Our vision is to deliver extraordinary impact from excellent science
as an exemplary national laboratory. An overview of the Laboratory's current work under a new
strategic framework will be discussed briefly with highlights of recent changesin our programme
and activities.

Increasing impact from our scientific metrology work is core to our current strategy and has a high
priority for our Government customers who are investing in the Laboratory with significant public
money. Many other NMIs are facing similar challenge and opportunities. To understand the issues
related to impact from metrology, the talk will cover how we measure impact using a range of
assessment methods including (a) case studies with qualitative and quantitative data, (b) user
survey with new sales of innovative products, c)modelling, and d)econometrics. In the UK, it is
estimated that 1% of GDP is spent on measurement activities by industry and business. Also,benefit
to cost ratio for investment in better measurement tools and techniques is estimated to be 3:1 to
5:1.

The talk will also cover ways of enhancing impact from metrology research which has to go beyond
actions onlyat the end of a programme. What is important is to integrate considerations of impact
from  the initial formulation of new research to its ultimate translation into new and innovative
products and processes that incorporates strong end user connectivity as well as design and adoption
of appropriate dissemination routes and mechanisms.
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PT - 02

Advances in Legal Metrology

Peter Ulbig

Physikalisch-TechnischeBundesanstalt (PTB), Germany
Head of Division 9 "Legal and international metrology"

Abstract

Besides the big progress in metrology concerning the redefinition of the SI units in 2018/2019,
there is also big progress in legal metrology. Whereas the redefinition of the SI units aims at
establishing a universal and long-term basis for the units (even for extraterrestrial cultures!), the
new certification system (OIML-CS) of the International Organization for Legal Metrology (OIML)
aims at the global harmonization of requirements to be used for measuring instruments in the
regulated area.

The OIML was founded in 1955 and right from the beginning the main task was to contribute to
the international harmonization in legal metrology, especially to harmonize the requirements on
measuring instruments and the corresponding test procedures. In the following so-called OIML
recommendations were developed, which exactly covered those two aspects. Based on this work
the OIML started the "OIML basic system" in 1991. This system represented a certification system
for 18 different kinds of measuring instruments. The main goal was to have an internationally
recognized basis of test certificates which should be the basis for national type approvals. However,
the system wasn't taken up so much by most of the OIML members, because the corresponding
testing labs didn't have to demonstrate their competence.

To overcome such deficiencies the OIML added another certification system in 2005: the OIML
Mutual Acceptance Agreement (OIML-MAA). The big difference was, that the testing labs had to
undergo a formal and mandatory evaluation process, before they could become recognized.
Unfortunately, the OIML-MAA was valid only for three kinds of measuring instruments and was
placed to the OIML basic system in parallel.

Beginning with the 1st January 2018 both certification systems were replaced by one new certification
system, the OIML-CS. In order to take part as a testing lab in this new system, a testing lab has
to demonstrate its competence by peer evaluation or accreditation. In order to make this system as
successful as possible, 19 different kinds of measuring instruments habe been chosen to be part of
the system so far. However, depending on the success of the OIML-CS there might be several
additional kinds of measuring instruments which are taken up into the system at a later stage. The
big benefit of the new system is, that manufacturer of measuring instruments can have a testing of
their instruments by one recognized testing lab and afterwards, all countries who became so-called
"utilizers" of the OIML-CS for this given kind of measuring instrument have to accept the test
reports in order to issue a national or regional type approval certificate.

All-in-all, the new OIML-CS represents a big step forward in the international harmonization of
requirements on regulated measuring instruments. The future will show, whether a worldwide
acceptance will be reached.
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PT - 03

Dr. B. Satyanarayan

Ex-Vice Chancellor, Munjal University
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Ultra-precision Metrology - Unexpected Applications

James K. Olthoff, Associate Director for Laboratory Programs

National Institute of Standards and Technology, Gaithersburg, Maryland, USA

Abstract

Precision metrology is the foundation of technology, and the national metrology institutes of the
world excel at the most accurate and precise measurements possible.  Advancing these capabilities
often leads to expected improvements in things like advanced manufacturing, bio-medical research,
and next-generation computing.  However, more often than not, these measurement advances also
lead to exciting applications that no one expected or foresaw.  This talk highlights some fun
examples of such unexpected excursions into the unknown prompted by new measurement
capabilities, such as the search for earth-like planets and the pursuit of dark matter.  It also
highlights some of the unexpected journeys that metrologists at NIST have taken because of
surprising applications of their work.

PT - 04
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IT - 01

Energy Policy and Measurement Infrastructure of
High Pressure Natural Gas in Taiwan

Jiunn-Haur Shaw

Center for Measurement Standards
Industrial Technology Research Institute, Hsinchu, Taiwan, ROC

(*E-mail : Jiunn-haur.shaw@itri.org.tw)

Abstract

Taiwan is a small country situated near the East China Sea, in close proximity with mainland China.
Due to its lack of natural resources, Taiwan imports coal and natural gas for its electrical power
generation for decades. It also has three nuclear power plants operating over 30 years period and
reaching theirfinaltime life in near future. Since 2017, the government has set the goal to develop
renewable energy, such as solar panel and wind turbine to replace nuclear energy. By 2025, total
energy generated by both renewable sources will be 25 GW and 4.2GW, respectively. Overall
energy structure will be 20% from renewable, 30% from coal, and 50% from natural gas.It means
import of LNG will reach 30 million tons, almost doubled from 2017. Meanwhile, electrical power
will be generated 50% from natural gas, aiming for clean energy and reducing Low-Carbon
emission. Due to its mass amount usage of natural gas for electrical power generation, it was
estimated that a measurement error of 1% indicates 3 million USD un-accounted losses.

Since 2007, Taiwan Petroleum Company (Taiwan-CPC) has adopted ultrasonic technology for
custody transfer of natural gas to Taiwan Power Company (TPC). And, Center for Measurement
Standards (CMS/ITRI), particularly, the flow and measurement laboratory (F&EML) has been
entrusted by both parties, the act as a third-party-role to safeguard the measurement accuracy of
natural gas transaction at 12 power plants. This presentation will outline energy policy of Taiwan
government, elaborate on measurement infrastructure in Taiwan for natural gas custody transfer,
and deliver technical issues involve in ultrasonic metering and national measurement system in
CMS. An example of traceability hierarchy from one of the power plants will be given and
measurement results from ultrasonic flow meters will be presented.

Keywords: Natural Gas, Ultrasonic Metering, National Measurement Standards.
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Optical Measurements for Optronic Devices and
Equipment used in Defence Applications

Vinod Karar

Optical Device & Systems
CSIR-Central Scientific Instruments Organisation, Chandigarh

(*E-mail : vinodkarar@csio.res.in)

IT - 02
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International Temperature Scales: Past, Present and Future

Y.P. Singh

Chief Executive Officer and Technical Manager
M/s FARE Labs Pvt. Ltd., Gurugram (Haryana)

Abstract

This deliberation gives an overview of the historic developments of the international temperature
scales formulated according to the needs of the demanding applications. It also explains the reasons
for changing, modification, replacement and deletion of various components of the scales from the
year 1927 to till date for reaching to the highest-level of accuracy in temperature measurements.

The first International Temperature Scale (ITS) was formulated in the year 1927 to establish
uniform measurement standards to meet the needs of the time. The International Temperature Scale
protocol specifies thephase transitions with assigned temperatures (called the defining fixed points),
defining instruments (called the standard thermometers), and interpolating (or extrapolating
equations).  Since 1927, the selection of fixed points and their assigned temperatures have changed,
defining instruments have been added and deleted, and the equationshave become more complex.
The ITS-27 has been replaced by subsequent scales of ITS-48, IPTS-68 and currently the ITS-90.

Since the introduction of International Temperature Scale in 1990, (ITS-90), it has served its user
community to the extent of satisfaction. However, its departure from the thermodynamic temperature
has reached now to a level more than what is desirable for the most demandingapplications. One
approach is to continue making measurements on theITS-90 and thenapply corrections to get
accuratetemperatures according to the thermodynamic temperature (T), usingthebest estimate of
(T-T90) as given by Consultative Committee for Thermometry. However, most measurements are
made using practical temperature scale, such as ITS-90, which approximates the thermodynamic
temperature but is more reproducible. The fundamental laws of physics behave according to what
is referred as true temperature, absolute temperature or thermodynamic temperature.

Current estimates show that the ITS-90 departs from thermodynamic temperature by more than
what is desirable and also suffers from a slope discontinuity at the triple point of water. Alternatively,
theseshortcomings can be addressed by an evolutionary change that maintains and updates the
coefficients of reference functions and the temperature of the defining fixed points. Therefore, the
new temperature scale, ITS-20XX, where the unit of temperature is defined in terms of thermal
energy relating with fundamental Boltzmann constant, kB is to be accepted to bring in substantial
changes in terms of defining fixed points, measuring standards, mathematical relations and
independency with material properties.

Key words: Thermodynamic temperature, triple point of water, fixed points, ITS-90, Thermal
energy, Boltzmann constant.
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Advanced Calibration & Testing Facilities at IDEMI & Achievements

S.V. Rasal

IDEMI, Mumbai, Ministry of MSME, Govt. of India

Abstract

IDEMI is a Government of India organisation working under Ministry of Micro, Small and Medium
Enterprises, established in 1969 and completing its 50 year of existence in the field of calibration and
testing. IDEMI is a Pioneer in Electro-Technical Calibration and maintaing various primary standards,
reference standards and secondary standards with advanced state-of art technology for calibration having
direct metrological traceability with SI system of units by NPL New Delhi, PTB Germany, NIST USA,
NRC Canada etc.

IDEMI is basically a service to industry organisation and offering following services:
1. Calibration and Testing 2. Research and Developement
3. Tool Room 4. Skill development training programme

Calibration and testing is one of the main activity of our organisation and all our laboratories are
accredited as per ISO/IEC 17025:2017.

Recently IDEMI has installed advanced facilities/instrumentation for calibration with best CMC
(Calibration Measurement Capability) for the following parameters by taking loan from World Bank
under TCSP:

1. Power and Energy 2. AC/DC Voltage
3. AC/DC Current 4. LCR
5. High Voltage up to 200 kV 6. CT calibration up to 10000 Amps
7. PT calibration up to 132/ √3 kV 8. Tan Delta Calibration
9. EMC Calibration 10. Pressure Calibration
11. Mass Metrology 12. Fluid Flow Calibration
13. Thermal Calibration by Fixed Point Method as per ITS 90 etc.

Achievements : IDEMI has achieved the best CMC of 20 ppm in Power and Energy measurement by
installing Precision Power Calibartion System, Designed and calibrated by PTB, Germany. High Voltage
measurement (CMC 0.03% in DCHV and 0.22% to 1.4% in ACHV), Tan delta calibration in the range
of 0.005% to 18% upto 100 kV with CMC from 0.0025% to 1.5%. IDEMI has also developed EMC
Calibration facility and taken the accrediation as per NABL 17025:2017 to support EMI/EMC testing
laboratories.

With such a high precision calibration and testing facility IDEMI is serving approximately 3000 MSME's
and 1000 large scale organization.

Future Expansion : In the second phase of TCSP project, supported by World Bank, IDEMI is going to
install 10 meter anachoic chamber for conducting radiated immunity test as per IEC 61000 - 4 - 3 and
radiated emmission test as per CISPR 32 for testing Electrical, Electronics, IT, AV, Bio Medical and
Automotive products.

IDEMI is also expanding its testing activities like LED testing facility as per LM 79 and LM 80,
Battery and battery charger Testing, Solar PV panel Testing, MCB testing as per IEC 60898-1 & 60947-
2 and testing of Electric Vechicle.
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H.K. Singh
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An overview of the Pressure, Vacuum, Raman and
Ultrasonic Metrology at NPLI: Present Status

Nita Dilawar Sharma

Pressure, Vacuum and Ultrasonic Metrology, Physico-Mechanical Standards
CSIR-National Physical Laboratory, New Delhi-110012.

(*E-mail : ndilawar@nplindia.org)

Abstract

The Pressure and Vacuum Metrology at NPLI covers a pressure range from 0.3 µPa to 1.4 GPa.
The International traceability in these ranges is maintained via a number of primary, reference and
secondary standards.  Apex level calibrations, training and consultancy services are provided to the
industries in these pressure and vacuum ranges as well as radiation force balance based ultrasonic
power measurements in the range 1mW-20W. Most of our capabilities are at par with the global
standards. However, we are in constant endeavor to improve and upgrade our facilities. At present
we have 17 calibration and measurement capabilities (CMCs) in the BIPM database and have
participated in 19 International/bilateral key comparisons.  A brief description of our present
challenges and efforts to improve our capabilities, facilities as well as preparation for new CMCs
in forthcoming peer review, would be described in brief.

In addition, the group also carries out various research and development activities which include
simulation studies using Finite Element method and Monte Carlo method which are used to study
the strain profiles and estimation of measurement uncertainty respectively. Efforts are being made
to develop pressure transducers with low measurement uncertainties. Also, investigations on high
pressure induced phase transitions in strategic materials using Raman spectroscopy are carried out
to understand the structural evolution as well as fixed points. In recent years, the metrology of
Raman spectroscopy has gained attention due to increased applications of this technique to strategic
and critical fields wherein the role of resolution, spectrometer calibration, intensity correction,
effect of incident wavelength, detector resolution etc., are found to affect the measurements. ASTM
has released guides for each of these requirements in recent years. Considering the necessity of
such metrological requirements, NPLI has also commenced efforts in this regard and initiated work
towards the estimation of resolution and assessment of spectrometer calibration based on repeatable
measurements. A few preliminary results obtained for spectrometer calibration and resolution for
our triple Raman spectrometer would be discussed.
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Accurate Time Keeping and its Comparisons
Using Radiofrequency Signals

Amitava Sen Gupta

The North Cap University, Huda Sector 23A, Gurugram, Haryana-122017, India.
(*E-mail : sengupta53@yahoo.com)

Abstract

Precise Time keeping and time measurement plays crucial roles in many of the advanced area of
science and technology - such as, accurate navigation, surveillance, electrical power grids, etc.

A clock is the combined output of an oscillator and a counter and the performance of a clock mostly
depends on the performance of its oscillator. Several different kind of oscillator are being used for
different purposes like crystal oscillator used in wrist watch to atomic transition frequency for a
frequency standard. Even though the performance of the oscillators differs as many as seven to
eight orders of magnitude, but their working principle can be described through same statistical
machinery. The most advanced frequency standard, based on an atomic transition of a trapped ions
has the stability ~ 10–18 over a day. Precise time and frequency transfer over a long distance is also
very much essential for comparing performances among the clocks and synchronizing them with
respect to a reference clock for maintaining uniform and universal time. Radiofrequency signals
from the satellites (GPS) are being used for clock comparison since the beginning of 1980. There
are several methodologies for accurate time and frequency transfer using satellite signals and with
the advent of technology time transfer with sub-ns accuracy and frequency transfer with
10–15 relative instability have been achieved.

Keywords: Time keeping, clocks, Time Synchronization, Satellites, GPS.
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Indian Standard Time Division at CSIR-NPL:
Activities and National Missions

Anurag Gupta

IST Division
CSIR-National Physical Laboratory, Dr. K.S. Krishnan Marg, New Delhi-110012, India

Abstract

The presentation will be mainly on the metrological activities in IST Division at CSIR-NPL with
emerging National Missions in the field ofgeneration and maintenance of BIPM traceableIndian
Standard Time; the standards for E Field probe calibration, radiated power density and SAR
measurements;and the Phasor measurement unit calibration facility.
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Acoustic performance of Building Elements

Mahavir Singh

Acoustics and Vibration Metrology
CSIR-National Physical Laboratory, Dr. K.S. Krishnan Marg, New Delhi-110012, India

(*E-mail : mahavir.singh@gmail.com)

Abstract

The aim of this paper is the evaluation of the acoustic performance of building elements (a dry
construction system) including effects of mainly mass and stiffness in single layer and method of
adding gypsum board or framing arrangement, sound absorbing material, cavity thickness and mass
in double or triple layer walls. Different kind of materials and dry construction systems, which are
focused in the reduction of wastes, like the dry system, are increasing in the Market. The development
of materials and dry construction systems which integrate residues in its composition is a growing
tendency in the Indian building sector. There are, nowadays, sustainable and industrialized panels
for sealing walls, such as Oriented Strand Boards (OSB), Cement-Concrete Block (CCB), Fiber
reinforced cement boards and gypsum plasterboard. These panels have found their place in the
sealing walls market because of their better performance and lower costs, when compared to
conventional sealing materials, such as concrete or ceramic masonries. This paper shows the
acoustic performance of a dry construction system, which is built with Steel framing and the
different kinds of panels described above. The measurements were performed according to ASTM
413. Results show that the acoustic performance of the dry construction system, measured according
to ASTM 413 parameters, is better than those from traditional walls built with concrete or ceramic
masonries, in regard to sound insulation.

Keywords: Acoustic performance, Sustainable wall panels, Acoustic measurements.
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Comparison of Different Artifacts/Standards in CMM Calibration

K.P. Chaudhary

Director,Maharaja Surajmal Institute of Technology
C4, Janakpuri, New Delhi India

(*E-mail : kpc@msit.in)

Abstract

Coordinate measuring machines (CMMs) are the most advanced dimensional measuring instruments
which are being used in the manufacturing industries all over the world. Their unlimited versatility
allows them to be used for an infinite number of measurements. But the inherent flexibility of
CMMs can also make them difficult to implement. The question of how to calibrate a machine with
so many capabilities is often discussed. Now, with many new quality initiatives being pushed onto
manufacturing and calibration, the big question is how to estimate the uncertainty of measurements
being made using CMMs. Performance Testing of CMMs have been around since the late 1950's,
but when standardized performance tests hit the market in the 1980's, the quality of machines
increased significantly. We are primarily going to discuss two different performance tests: (1) the
international standard, "ISO 10360", and (2) the U.S. standard, "ASME B89.4.1". We will also
briefly review the German "VDI/VDE 2617" test, as it has been used a lot in the past. In addition,
we will highlight some of the other test procedures that have been used over the years, but the ISO,
ASME, and VDI/VDE tests are the important ones.the comparison is shown in Table 1. All of these
major CMM standards are still in use internationally for CMM commerce. The primary purpose
of performance tests is for improved commerce..Besides, the methods of evaluation of uncertainties
are also different .In this way the user of the CMM sometimes confused to verify or validate or
testing of the CMM. Even in any of the existing stanadards, nowhere it is mentioned of the
calibration of CMM

Table 1: Comparison of the Principal Standards for CMM Performance Evaluation in Terms of the Artifacts
They Specify and the Type of Length Measurement to Which Each Artifact - Based Test Corresponds

Artifact Length VDI/VDE BS JIS ASME

Specified Mode 2617 6808 B7440 B89.1.12
Step Gage Extension1 High Required Required Required
Gage Block (L-to-R) Option
Step Gauge Displacement Low Forbidden Required Option 2
Gage Block (L-to-L) Option
Ball Distance ---- ----- ---- Required
Bar (C-to-C)
Laser Distance Reqd for ----- ---- Option 1
Interferometer (L-to-L) Axes > 1 m
Reference Position Required ----- ---- Required
Ball (C-to O)
Reference Extension2 Required ----- ---- Required
Ball (L-to C)
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It is also experienced that with the different standards and methods, uncertainty of measurement
also vary due to the complexity of the CMM. E is a key test in establishing traceability of the
CMM. Since E is also sensitive to thermal variation, it is always specified for a particular temperature
range. Machines equipped with automatic temperature compensation usually allow The E test is
a thorough system test of the CMM and is sensitive to machine geometry and scale errors,
repeatability, and some probing errors. that range to be extended.

The ISO 10360 standard is really a series of standards. The most important part of the series is Part
2, which was first published in 1994. The ISO standard is the youngest of all the CMM standards,
but since it is the ISO standard, it is fast becoming the most popular, both in the U.S. and worldwide.

10360-2 has two separate tests. The first is the length measuring performance, designated as "E",
and the second is the probing performance, designated as "R". The E test is a complete test of the
CMM to measure length, an important fundamental characteristic of a machine. The test procedure
calls for a series of measurements of either calibrated gage blocks or a step gage.

In the ISO E test, at least 105 length measurements are performed across seven different positions.
The seven measurement positions can be chosen at the discretion of the customer, per the standard,
but manufacturers will usually recommend three positions be parallel to each of the three machine
axes (X,Y,Z) and the other four be the body diagonals. The body diagonals usually show the worst
machine errors, and the runs parallel to the machine axes show how good each axis is independently.
A step gage being used for these measurements is shown in

The method of specifying the manufacturer's tolerance for E can often be confusing for those new
to CMMs. The most common method is the use of an equation that looks something like

MPEE = A + L/K µm
where MPE is the maximum permissible error, a relatively new term being used in ISO standards
today (note that just E, not MPE, is also used). In other words, MPE is the tolerance. The A and
K terms are constants supplied by the manufacturer, and L is the measured length in millimeters
(mm). For a typical machine, the specification might look like

MPEE = 2.5+3L/1000 µm.

To verify a CMM meets its specification, a minimum of five length measurements are made three
times at each of the seven positions (that's 105 total). The measured lengths are then compared to
the calibrated values of the step gage and deviations must be less than the machine specification
for all 105 measurements.

E is not sensitive to all probing errors, and therefore the probing test R is also used. R is a simple
and quick test that uses a calibrated precision sphere. Twenty-five points are taken across half the
sphere, and the measured

Essentially, this is the international standard of measurement verification that specifies the acceptance
tests for verifying the performance of a coordinate measuring machine (CMM) used for measuring
linear dimensions as stated by the manufacturer.

It also specifies the re-verification tests that enable the user to periodically re-verify the performance
of the CMM. These tests are vital in ensuring your CMM is and stays

Keywords: CMM,Calibration performance evaluation.
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Nanometrology Indispensible for the Nanotechnology

V.N. Ojha* and Rina Sharma1

CSIR-National Physical Laboratory, New Delhi, India
(*E-mail:vnojha@nplindia.org)

Abstract

In today's world nanometrology (science of measurement at nano scale) is playing an important role
in the development of nanotechnology in almost all the fields. For example in case of health sector
the nano particles of the drugs need to be characterised for their size and shape at nano level for
the purpose of drug delivery similarly toxicity also depends on size. The engineered nanoparticles
are widely used in the present scenario, however they have raised their concerns related to
environmental safety and their effects on human and ecosystem. Thus their characterization at nano
level with any tools should have traceability. Similarly MEMs, cantilevers, thickness of thin films,
size of nano structures, roughness of films and nanostructures etc. are examples of measurements
that need to be carried out for reliable nanotechnology. Broadly the field of nanometrology can be
understood at two levels. The first one is at research and development level and another at the level
of industrial and other application. In both the cases all the measurements are to be traceability to
SI unit through unbroken chain of measurements and thus the role of National Measurement
Institute (NMI) becomes important and indispensible to set up facilities and methods at nano level.
Measurements in nano dimensions are being made using profilers, scanning electron microscopes,
scanning probe microscopes etc.  These instruments are calibrated using step heights, graticules
etc. Thus there is a need to establish facilities for traceable calibration of such instruments to assure
the quality of technology and back the claims. Also Certified Reference Materials (CRM), standard
methods, protocols are critical for nanometrology. In this paper we will discuss in brief the necessity
and importance of nanometrology in the development and growth of nanotechnology. Furthermore,
we will highlight the efforts which are being carried out at NMI of India, CSIR-National Physical
Laboratory, to establish traceable measurement facilities at nano level at par to international level.

Keywords: Nanometrology, nanotechnology, nano scale and traceability.
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Emerging Trends in Production Engineering and
Challenges for Dimension Metrology

Rina Sharma

Length, dimension and Nano metrology
CSIR-National Physical Laboratory, New Delhi-110012, India

(*E-mail: rina@nplindia.org)

Abstract

Dimensional metrology underpins the manufacturing quality. It is an enabling tool for production
engineering. Production engineering in India and abroad has seen changes with advancement of
technologies and needs of the clients. These changes have been very rapid in recent times. The
production engineering developments have been classified into era of Mechanization (year 1780),
Electrification (1870), Automation (1970), Globalization (1980), digitalization (present era) and
Personalization (Future). These have been named as Industry 1.0, 2.0, 3.0, 4.0, 5.0 respectively.

In Indian scenario, our industry has been following the international trends with some years of gap
and has tried to catch up with the global trends.  There are many major manufactures in India that
are working in the regimes of Industry 3.0 and 4.0 at present. The  specific needs of precise
dimensional metrology of these are met using CNC form machines, vision measurement systems,
Coordinate measuring machines, Laser Interferometers, Length measuring Machines etc. NPLI
being the NMI has been responsible realize SI unit metre and to disseminate traceability. In the
present talk we shall review the present capabilities in length and Dimension metrology, emerging
trends in production engineering and challenges that will arise as we advance from industry 4.0 to
5.0 or due to moving from preventive maintenance to predictive maintaince. A review of expected
Challenges for dimensional metrology will help metrology laboratories for planning competence
building and resources.

Keywords: Dimension metrology, metrology, production engineering.
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Muscle Selection for Myoelectrically Controlled Prostheses/ Exoskeletons

Ravinder Agarwal

Thapar Institute of Engineering & Technology, Patiala (India)
(*E-mail : ravinder_eeed@thapar.edu)

Abstract

Development of assistive devices is still lacking to sort out this problem. The basic methodology
of using EMG signal for intention recognition can be stated as in the body movement, the complex
and nonlinear information processing is done from the brain to the body limbs. Human body
movement is controlled by the central nervous system in the brain. Motor command firstly is sent
from the nervous system to each muscle via motor neurons. It activates the muscles and causes the
muscle tensions, these muscle tensions are captured as EMG signal and intention is decoded. The
use of EMG signals to control the prosthetic provides the amputees with a control feeling similar
to moving their normal limb,

The force developed in the muscle had been used as a base for muscle recruitment. Internal muscle
force was developed in the muscles of the lower limb was obtained from a musculoskeletal model
of the human body (MMHB) available in the anybody modelling system (AMS). The MMHB was
made to perform simple tasks like standing up or sitting down in a squat position. The activity
(stand to squat) was chosen for this study as it has the maximum range of motion for the knee joint.
The force developed in the lower limb muscles while performing the activity were measured by
performing an inverse dynamic analysis. The obtained forces were analysed for muscle recruitment
by performing a PCA and using principal variable method for selecting suitable muscles. The
results obtained were validated by predicting muscle forces from SEMG signals recorded for the
selected muscles using Hill type muscle model. The basic module for predicting muscle force from
SEMG signals is shown in Figure1. Figure 2 shows the sensor location for recording the SEMG
signals from the 5 muscles of lower limb. The muscle forces obtained from AMS and those
predicted from SEMG signals are shown in Figure 3. The results shows that the muscle force
developed by individual muscle is predicted (paired t-test, p-value>0.05) successfully for particular
activity. Hence, the proposed methodology of muscle force prediction can be applied for lower limb
prostheses/exoskeletons control.

Figure 2: Sensor location for muscle Figure 3 : Muscle force predicted from SEMG signals
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Atmospheric Metrology: New Initiatives

Chhemendra Sharma

Environmental Sciences & Biomedical Metrology Division
CSIR-National Physical Laboratory, New Delhi-110012 India

(*E-mail : csharma@nplindia.org)

Abstract

The air quality in urban areas has become a major concern in developing countries like India which
has necessitated the formulation and implementation of various policy measures. Different kinds
of air pollution measurement instruments are being used for monitoring the air pollutants in
ambient air and stack emissions. A large number of Online Continuous Emission Monitoring
System (OCEMS) have already been installed in seventeen categories of industries in India as per
the directives of the regulatory agency. These OCEMS are sending pollution measurement data to
regulatory agency in real time. However, the quality of data is an important issue influencing the
effectiveness of policy implementation to mitigate the air pollution. In order to ensure the air
pollutants' data quality measured from different equipment, there is a need to develop test &
calibration systems for ensuring measurement traceability. The Ministry of Environment, Forest
and Climate Change has in principle designated the CSIR-National Physical Laboratory as the
'Certification Agency for the air pollution monitoring equipment' in India. To cater to the national
need, the CSIR-NPL has initiated steps to develop test and calibration system for air pollution
measurement equipment like OCEMS and Continuous Ambient Air Quality Monitoring System
(CAAQMS) etc. The CSIR-NPL is also preparing to initiate the CSIR-NPL India Certification
Scheme (NPL-ICS) for performance evaluation of air pollution monitoring equipment under Indian
environmental conditions.

Key words: Air pollution, OCEMS, CAAQMS, NPL-ICS.
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Quality Infrastructure-International and National Scenario

Anil Relia* and Battal Singh

Quality Control of India-National Accreditation Board for Testing and Calibration Laboratories
(*E-mail : director@nabl-india.org)
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Status of legal metrology in India

B.N. Dixit* and Ashutosh Aggarwal

Weights and Measures, Legal Metrology Department, Govt. of India
(*E-mail : dirwm-ca@nic.in)
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You can Win - Metrology 4.0 is Here to Support

Pradeep Kumar Aggarwal*

Tractors & Farm Equipment Limited (TAFE), Chennai
(*E-mail : prdpkagg@yahoo.com)

Abstract

What do we always look at: Whether in business or supporting a business, we all want that each
and every potential customers should choose ONLY our products and services. To make this
happen, we must be able to achieve highest quality product or services, delivered at a minimum
cost and time and, Most Important is to Delight our customers.

Where we are today: In this world of fierce competition, we always try to strike a balance between
the 5 Ps' of our business i.e. Plant (or Infrastructure), Process, People, Parts (or Inputs) & Product
(Or Services).We have come a long way to bring automation in our manufacturing and measurement
processes by using sensors, Robots etc. This has also made us Data rich. Buts still most of the
decisions are man dependent which is time consuming and inaccurate at times. Only the Speed and
Accuracy of decisions and action can make us win. We need to look back at the ocean of data
available with us and convert it into meaningful information for effective thinking and solutions.

Industry 4.0 - Future of Metrology -- Metrology 4.0: The fourth Industrial revolution - Industry 4.0
is here, offering us with immense opportunity to integrate our manufacturing & measurement
processes to become Intelligent & Smart, Internet of Things (IoT) supports improved Automation
through Close Loop operation of Manufacturing & measurement, Realtime data analytics using
Cloud based monitoring, communication and connectivity.

Conclusion: The talk will be able to provoke and motivate the audience to grab the opportunities
made available to all of us by industry 4.0. Metrology 4.0 is here to enhance our speed and accuracy
for more efficient and effective measurement decisions.

IT - 25
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From ISO/IEC 17025:2005 to ISO/IEC 17025:2017

Alok Jain
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Wonderful Invention of Green Energy Device Hydroelectric
Cell from Magnetic Standard Lab of NPL

R.K. Kotnala

CSIR-National Physical Laboratory, New Delhi-110012, India
(*E-mail : rkkotnala@gmail.com)

Abstract

Wonderful invention of green energy device Hydroelectric Cell has been possible through magnetic
measurements standards Lab enriched experience. Hydroelectric cell, HEC, is one of the best
options as eco-friendly and pollution free green energy device invention of 21st century. Sprinkling
of few drops of water on HEC generates electricity spontaneously without use of any acid/alkali/
light on it. Hydroelectric cell working principle is the combination of material science, nanoscience
and electrochemistry. Nanoporous oxygen deficient oxide material used in hydroelectric cell
dissociates water molecule into hydronium and hydroxide ions at room temperature without any
external energy. Nanoparticles of zinc hydroxide and hydrogen gas by-products are formed at
electrodes of the cell. The by-products of HEC are also very useful and non-toxic. It is entirely a
novel, pollution free, portable, environmental friendly and indigenous green electrical energy
device. The impact of HEC invention on social media has been appraised by >1 million & 80
thousands viewers on YouTube uploaded by different media channels. World Class Invention of
Green Energy Source Hydroelectric Cell is an alternative to Solar cell & Fuel Cell for Masses. HEC
represents the most versatile green energy solution ever invented. It is an exceptional advancement
in the development of green energy source and it has opened a new area of research. Dr. R.K.
Kotnala & Dr. Jyoti Shah have invented & developed a new electrical energy source using porous
magnesium ferrite pellet. A two-inch diameter cell develops a maximum Voltage 0.95 V & a short
circuit current of 120 mA. Results are highly comparable to solar cell and other portable electrical
energy sources that too without use of any electrolyte, only water.Hydroelectric cell (HEC) technology
offers safe, clean, low cost and reliable power generation to almost any electrical device. This Cell
can be used in a wide range of portable, stationary and transport applications, from battery chargers
to low power devices. The utilization of Hydroelectric Cell for domestic electrical energy needs and
as an automotive power source would be a key factor in terms of economy, safety and easy usage
to replace hydrogen energy based fuel cell, storage batteries etc. Its usage would significantly
reduce urban pollution. In all of these applications, there is a need for reduced system cost, high
reliability and acceptable performance. While the performance of prototype developed system has
made the remarkable strides, there is still much work to be done for its large scale application and
durability. HEC represents the most versatile green energy solution ever invented.Hydroelectric
Cell shall prove superior over solar cell & fuel cell application in much better way. Recently it has
been patented in India & USA.
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Role of Material Metrology for
Creating Quality Research and Standardization

S.R. Dhakate

Advanced Carbon Products and Metrology, CSIR-National Physical Laboratory,
Dr. K.S. Krishnan Marg, New Delhi-110012, India

(*E-mail : dhakate@nplindia.org)

Abstract

The success and acceptability of manufactured products in industrial and technological world is
depending upon quality of materials which is controlled by accurate and precise measurement of
materials properties. The materials property measurements have to be performed by adopting a
proper scientific protocol. Such protocols are governed by materials metrology. The absence of
internationally harmonised test procedures and standards are obstacles to the industrial take-up of
new materials and to the optimized use of existing materials. Removal of these obstacles increases
the opportunities for enterprise and trade by providing confidence in materials usage in demanding
applications. In this direction, Versailles Project on Advanced Materials and Standards (VAMAS)
supported by the G7 and European commission is actively emphasizing collaboration on pre-
standards measurement research; intercomparison of test results, validation of reference materials,
and the development of drafts for future standardization. As a result of these activities, VAMAS
makes recommendations to the international standards development organizations, thereby fostering
the development of agreed and technically optimized test methods for evaluating advanced and
emerging material properties.

In the country CSIR-NPL is responsible for creating awareness on importance of materials metrology
in under VAMAS. The main objective is to create quality infrastructure for accurate and precise
measurement of materials properties through international collaborations that provide the technical
basis for harmonization of measurement methods, leading to best practices and standards. It also
includes high quality data generation via Inter-laboratory comparison exercises with precision data.
Recently, NPLI also taking part in TWA-33 project of VAMAS on processing of graphene-polyamide
nanocomposites to establishing correlation between tensile modulus measured by universal testing
machine & dynamic mechanical analyser will be discussed.

Key words: Material metrology, intercomparison, graphene-polymer composite.
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Material artefact based 'kilogram' to Physical constant based 'kilogram'
"Prototype to Kibble Balance"- A Paradigm shift

Anil Kumar*, Goutam Mandal and Nidhi Singh

CSIR-National Physical Laboratory, Dr. K.S. Krishnan Marg, New Delhi-110012, India
(*E-mail : kumarak1@nplindia.org)

Abstract

The 'kilogram', the SI unit of mass has been realized in terms of the international prototype of the
kilogram (IPK); an artefact comprising of Pt (90%)-Ir (10%) alloy maintained under stringent
environment conditions at the BIPM in Sèvres. The stable and accurate 'kilogram' is critical for the
realization of three other SI base units, viz., the mole, the ampere and the candela.

Despite the stringent maintenance conditions the IPK has shown significant variations over a
period of hundred years (1889-1989). Although the IPK (and NPK-57 as the national standard) has
served science and technology well as a standard of mass during the last 130 years, but as a material
artefact it has few important limitations:

• The IPK can be damaged or even destroyed
• Its mass is not well defined
• It collects dirt from the ambient atmosphere and must be carefully washed in a prescribed way

prior to use
• It cannot be used routinely for fear of wear and tear
• It seems that its mass may be changing with time w.r.t. the ensemble of Pt-Ir standards of

about the same age - perhaps 50 µg per century (or possibly significantly).

In view of the reasons mentioned above it is important to link it to an invariant of nature. Inspired
by the idea to redefine 'kilogram' in terms of fundamental constants of nature, B P Kibble (1975)
proposed the redefinition of 'kg' based on the equivalence of electromagnetic and mechanical
power. The instrument to realize this was named as the Kibble balance in honour of its discoverer.
Consequent to the efforts of metrologists across the globe, in a landmark decision, the BIPM's
Member States the 26th meeting of the CGPM in Versailles, France voted on 16th November 2018
to revise the SI units, changing the world's definition of the Kilogram, the Ampere, the Kelvin and
the Mole. The redefined 'kg' is such that Planck constant is exactly 6.626 070 15 × 10–34 J.s. The
new definition of kilogram is based on fixed numerical value of the Planck constant (h) to be
effected from 20th May 2019 (World Metrology Day).

Keywords: Kibble Balance, Planck's constant, kilogram.
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Additive Manufacturing and its Role in Engineering Applications
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Abstract

Manufacturing technology has evolved a long way with time and the need of the humankind.
During its early phase the traditional methods such as casting used for manufacturing required
tremendous human effort. The quality produced by these methods was the major concern. Desire
for improvement in quality and productivity opened new pathways in the domain.

The first significant breakthrough which revolutionized the way of manufacturing was the
introduction of Computer Numeric Control (CNC) Machines in the 1950s. Initially these machines
were extremely popular for removing excess material with the help of sharp tools in a very precise
manner but lacked the ability to produce intricate geometries due to lack of proper tools and their
mechanisms. This manufacturing phase had a view of manufacturing via removing the excess
material in a controlled manner to achieve a desired shape or in other words the ideology was
subtractive manufacturing but the idea of controlling the tool via a computer is worth noting.

The next phase of paradigm shift was initiated with the aim to overcome the hurdles presented by
CNC machines and traditional methods leading to the development of non conventional
manufacturing technology. The conventional cutting tools were replaced by energy sources such
as laser and some hybrid techniques such as water jet mixed with abrasive particles to remove the
excess material. These new cutting tools solved the problems presented by conventional cutting
tools but they carry a huge operation cost and concerns related to the safety.

The current phase in the paradigm shift was initiated with the desire to achieve the aesthetics as
visioned by the designer of any product. Instead of removing excess material, the idea of adding
material in a precise manner has again started an industrial revolution. Additive manufacturing
machinery is a typical CNC machine with slight modification. Additive manufacturing utilizes a
Computer Aided Design (CAD) data and slices it into very fine layers after converting it into an
STL(Standard Tessellation Language) file. Each generated layer has its own set of CNC codes
(G Code & M code).The machine uses these codes to manufacture every layer. There are major
issues with additive manufacturing which include material compatibility, formation of bond among
the layers and much more. Despite the challenges additive manufacturing techniques such as
Selective Laser Sintering (SLS), Fused Deposition Modeling (FDM) etc. have gained immense
popularity in the industry as well as among the consumers.
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Abstract

In contemporary material science, research, quality control and failure analysis are of high importance.
SEM is an important characterization tool to study surface morphology, surface finish, porosity,
grain size shape and distributions, grain growth, second phase particles, compositional contrast and
fractured surface analysis. In addition to that, an attachment of EDS with SEM enhances the
capability of SEM for elemental analysis. The shape and size of the prepared materials has decisive
role in the desired properties and applications. The uniform size and shape across the surface of
specimen is crucial for devices and product fabrication. Further in measurements, accuracy and
precision of these macro and micro structures recorded by electron microscope is especially
important for the quality purpose of device or products. The role of reference standards, principles
and fundamentals established or available are important to carry out advance research in
nanomaterials and nanotechnology. These standards and fundamentals need to be maintained and
improve by continuous research for the development in science and technology and for the benefit
of society. The high end sophisticated instruments used for characterization and measurement of
various nanomaterials for structure-property analysis has important role in nanotechnology and
need to be calibrated with certified reference materials.

In the present work, we report the sources and estimation of uncertainty in measurements of SEM
is the basic requirement of ISO 17025 using magnification calibration standard (Si test specimen
S1932 and specimen No. B380 from Agar Scientific, UK), which is traceable to SI units through
NPL, UK. Magnification standard used for calibration of SEM is concept of pitch is defined as
separation of similar structures measure as the centre -to -centre or edge-to-edge distance. The
estimated expanded uncertainty of SEM using 10 µm (width) pitch specimen is ±0.25 µm at
environmental conditions 21(±2) °C and 45(±5) % RH.

Keywords: Electron Microscopy, Standard Reference Materials, Uncertainty & Measurements.
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Abstract

Ultrasonic Non-Destructive Testing (NDT) is the most popular method used to detect defects and
flaws in the materials. Ultrasonic C-Scan is used to pictorially visualize the detects present. Echo
signal contains information regarding the flaws and cracks. The duration and amplitude analysis
of echo signal reveals the information of defects. The Radio Frequency (RF) echoes received are
analysed in time and amplitude domain. Envelop contains information of peak and time duration
of echo. Envelop detection is the method used to extract information form signals. It can be done
by wavelet transform and Hilbert transform. This article describes the developed envelop detection
technique to extract information from echoes. Transducer radio frequency data of reflected signal
is obtained into computer using data acquisition card (Gage Applied Razor-CSE1222). This raw
data contains all points of echo signal with the frequency component related to the frequency of
transducer. Generally, amplitude and time duration of echo are only useful for estimation of defects.
The classical approach for envelop detection is the use of analog filter circuit which removes the
radio frequency content of the echoes. The drawback of this method is that the change in transducer
frequency needs change in hardware components of time constant of filter. This becomes cumbersome
for the users and limits functionality of system for manual mode only. In order to provide improved
and versatile features and software based selectivity. The entire software was developed in visual
C++ platform and using C Sharp. In this article, the functionality of the developed software for
envelop detection has been described. Finally, the obtained results have been compared with the
envelop detection capability of commercially available instruments. The absolute values of echo
signal have been taken and develop software based logic for digital Low Pass Filter (LPF). In LPF
a certain cutoff frequency is assigned to obtain proper envelop of the signal. Two parameters, cutoff
frequency and sampling rate define proper reconstruction of signal. Cutoff frequency of low pass
filter limits transition rate of signal and smooth envelop is obtained. It was observed that estimated
envelop can track the entire signal to provide desire outcome of signal.

Keyword: Ultrasonic NDT, ultrasonic C-Scan, Envelope Detection.
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Abstracts

Form  measurement i.e. surface texture, flatness, roundness etc. play as important role in performance
of  manufactured part. A surface texture or roundness profile, as acquired by any metrology
instrumentation is a discrete data set. That is, the deviations from the nominal geometry are
expressed as a function of spacing coordinates. Although  real surfaces are continuous,  metrology
instrumentation can only acquire a finite digital sample. This finite dimensional array collected by
typical commercial instruments is still a fairly large volume of data, a typical surface profile can
contain 8,000 to 25,000 data points while a roundness trace can contain 360 to 7,200 points. An
area map of a surface can contain 1,024 × 1,024 points or more. Such a large array or matrix of
data is processed by software in commercial instrumentation to provide  parameters that we are
familiar with. These parameters are the link between  the component’s surface texture/form,the
functionality expected of it and the manufacturing process that created this surface finish.  Roundness
is an essential geometrical feature in precision engineering metrology especially for quality control
of engineering parts. Roundness metrology is important for roundness control not only in sphere,
also in cylinders. Form tester machine are important tool for roundness measurement. Such machine
collects raw data and then use various algorithm for filtering. The results are computed using filters
and analysis software. The present work to study of roundness of different artifact using different
algorithm  and  filters. For the present study have been conducted on RA-2200CNC form tester by
choosing two types of fitting filters and four types of software algorithm with different range of
spectral wave numbers using undulations per revolution(upr) and fitting software techniques. The
result agrees with the earlier report that the accuracy of the maximum roundness have been
improved using MZ techniques than using  MI,MC and LS techniques respectively. Instrument
data set help the designer and operator to satisfy the best fit for roundness in nano scale metrology.
This paper will present a comparative study and analysis with these filters and algorithms.

Keywords: artifact, form tester, roundness and nano scale.
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Abstract

Ultrasonic cell or sample holder structure is important for the study of ultrasonic attenuation and
velocity of liquids. Intermolecular properties, chemical phenomenon, reaction, thermo-acoustic
parameter and physical properties of materials affect the attenuation and velocity of liquids. In this
article, we discuss the effects of the ultrasonic cell on ultrasonic attenuation and velocity measurement
in liquids. Generally, there are two type of the ultrasonic cell arrangement that are used; double
transducer and single transducer. Among these, single transducer approach is widely used because
of its inherent advantages. The sample holders are generally fixed transducer type with movable
reflector. Ultrasonic attenuation measurement is widely effected by the reflector positioning accuracy,
reflector movements, and internal wall structure of ultrasonic cell. Diffraction effects, non-parallelism,
phase and imperfect reflection from liquid-reflector interface contributes in errors in the attenuation
measurement. The transducer transmission and receiving conversion efficiency also effect the
attenuation measurement. The sensitivity of measurement in liquids is mainly influenced by
geometrical parameter of the cell. The small change in acoustic path does not affect much attenuation
measurement but increases error in the velocity. Ultrasonic velocity may be affected by the error
in the reflector transducer separation. The transducer disc diameter, vibration modes and the disc
frequency decides the pressure distribution inside the liquid cell. The ultrasonic beam within near
field is non-uniform. This causes fluctuation in near field attenuation measurement. The beam
divergence in far field play important role for attenuation. The total attenuation consists of loss in
liquids and additional losses from beam divergence, scattering from the sidewalls, friction effects
and coupling effects. In this article, we also describe critical issues at near field and far field that
contribute significant role for attenuation measurement. The difference in attenuation values measured
in far and near field is explained. Effects of each parameter are addressed separately. Finally, it was
concluded that the attenuation and velocity measurement ultrasonic cell structure must be considered
for better measurement of attenuation and velocity. The attenuation measured at relatively lower
frequencies and small transducer diameter gives better results. Also measurements must be carried
out preferably in far field.

Keywords: Ultrasonics, liquid sample holder, velocity, attenuation
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Abstract

Dimensional measurement is an integral part of product manufacturing system. Elementary equipment
like dial gauges are extremely important in quality control of manufactured products as they are
used to inspect the dimensional deviations. In order to maintain reliability in compliance with
recommended product design specifications, it becomes essential to calibrate dial gauges using dial
gauge tester on regular basis and dial gauge testers must further be calibrated to maintain unbroken
chain of traceability. In present study, we discuss the calibration of dial gauges using traceable
linear displacement measuring laser interferometer. The measurement uncertainty evaluation is
done by using two different techniques, law of propagation of uncertainties (LPU) and Monte Carlo
simulation (MCS). Both the techniques found to be in good agreement.

Keywords: Dial gauge, Laser interferometer, Traceability, Uncertainty, Monte Carlo simulation.
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Abstract

PM known as the Particulate Matter is solid or liquid particle suspended in the air. It has been found
in various ranges (i.e. particle of diameter <1 µm) known as PM1.0, (i.e. particle of diameter <2.5
µm) known as PM2.5 and (i.e. particle of diameter <10 µm) known as PM10. Due to their adverse
effect on the Health, now a days it is becoming the extremely important to define its permissible
limit. According to WHO (world health organization) report, long term exposure of PM2.5 may
cause long-standing threat of cardiopulmonary mortality by 6-13% per 10 µg/m3 of PM2.5 (WHO
report). Therefore in present study we are concerned to PM2.5 concentrations.

In Indian subcontinent, capital Delhi is highly vulnerable due to highly dense population. We are
having the continuously degrading air quality due to extremely rising concentration of PM2.5. The
prime reason for the high levels is anthropogenic activities such as vehicular and industrial emissions.
There has been a great need to implement the mitigation policies. In order to put in practice the
policies and schemes we need to have the background values of PM2.5. In the view of this CSIR
National Physical Laboratory (NPL) has setup the National Ambient Air Quality Monitoring
Station (NAAQMS) at CSIR-Institute of Himalayan Bio-resource Technology (IHBT), Palampur
which is relatively free of anthropogenic aerosols. In the present work we are comparing the daily
average values of PM2.5 concentration of western Himalayan site Palampur with data from Shadipur
station (of Central Pollution control Board of Delhi (an Urban site). We have analyzed the data
during November-December period of 2017. The results shows that the PM2.5 values are six fold
higher values of the Palampur. In early November the values are higher than the end of the month.
It may due to the post diwali period.

Keywords: PM, WHO, NAAQMS.
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Abstract

Awareness towards pollutants causing health hazards to human beings and living organisms is of
great importance. Various researchers have worked in this direction and corrective measures are
being taken globally to overcome this issue. Our current investigation is related to one of the major
polluting factor PM2.5 (i.e. particulate matter of size less than 2.5 µm present in air). CSIR-NPL
is working towards establishment of an environment monitoring system which includes an impactor
plate with one central hole and multiple holes created in different orbits with specified spacing
between them. In order to maintain unbroken chain of traceability, the impactor plate is calibrated
on our 3 dimensional coordinate measuring machine in tactile probe mode. All possible error
sources are identified and a detailed uncertainty budget is prepared. On repeated measurement the
average value of hole diameter is observed to be 2.9926 mm with an uncertainty of measurement
± 3.5µm (at k = 2).

Keywords: Environment, calibration, traceability, uncertainty
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Abstract

With advancement in technology, the wearable sensors become more popular in the field of the
medical science and the bio-signal sensing. It can be more useful for providing information about
the human activity and behaviors. Human heart rate is one of the important bio signal useful
especially for patients having post myocardial infarction. In this article, we developed real time the
photo plethysmograph heart rate measurement system by monitoring the green light reflectance
through blood vessel. The delay between pulses with in cardiac system is used to calculate the heart
rate in beats per minutes. The bio-signal is sensed and acquired by the optically coupled LED and
phototransistor on fingertip. System design consists of the heart rate sensor (Model No: INVNT_11).
Then signal is further processed with the help of filter, comparator and microprocessor by measuring
delay between two pulses duration the heart rate is estimated and displayed. The filter is used to
eliminate the extra background noise and the glitches in the periodic voltage waveform. The time
between two pulses is acquired with the help of 16 bits counter of Atmega-16A microcontroller.
The program is developed to acquire the heart rate with counter having the resolution of 32µs. The
clock frequency of 31.25 kHz is used for acquisition of real time heart rate. The signal is acquired
periodically within millisecond. The signal acquisition is more sensitive than the other averaging
methods (smart watches heart rate measurement). The heart rate measurement range achieved is
of 30 to 200 beats per minutes. If there is wrong signal or spike outside the range is generated the
program displays an 'Error'. It is also sensitive to body motion and has facility to display the error
if wrong signal is sensed. The module design was analyzed by simulation in proteus VSM output
before going to hardware development. The digital storage oscilloscope was used to calibrate the
delay of the developed system. The measurement is validated both experiemnentlly and theoretically
with well know methods. The measurement has unique feature of monitoring real time pulse to
pulse delay. It may be concluded that developed real time heart measurement is more sensitive and
high responsive than smart watches having heart rate measurement capability.
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Abstract

Most of the study for photodetection with zinc oxide (ZnO) is pertaining to in-plane fabricated
devices. However, devices with vertically grown nanostructures become very important as surface
phenomenon is dominant in ZnO based ultra-violet (UV) detection. In the present study, ZnO based
UV detectors has been fabricated and their photoresponse is studied in out of plane contact
configuration. A cost effective single step electrochemical deposition method is adopted for growth
of ZnO film on ITO coated glass substrate and in porous anodic aluminium oxide (AAO) template.
The unconfined growth on ITO results in ZnO film of nanoflakes and nanorods (NRs), where as
confined growth in template leads to aligned and well separated growth of ZnO NRs. Comparative
study of photodetection parameters based on surface trap states, crystallinity and strain, is done for
different ZnO morphology films. Influence of the varied structural growth on the photodetector
response time due to light propagation along the thickness of the film is studied in detail. Photodetector
fabricated with ZnO NRs grown in template shows fast response under UV light illumination with
rise and decay time of 31 ± 2 and 85 ± 3 ms, respectively. The quick response time of device is
analysed in terms of vertical, well separated growth and waveguide nature of ZnO NRs embedded
in AAO. These results are further supported by comparing simulation of ZnO NR embedded in
template with that of bare ZnO NR.

Keywords: Zinc oxide, Anodic alumina, Photodetector.
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Abstract

Calibration of measuring instruments is of utmost importance in the field of metrology. It is a
mandatory pre-requisite for establishing the fidelity of the measurements as well as to lend confidence.
Even more critical is the requirement for master equipment used to calibrate the devices in use.
This entails that high accuracy needs to be guaranteed in the calibration process, and the uncertainty
should be quantified precisely. “Type A” uncertainty deals with estimation of standard deviation
of the measurand population. In case of multiple measurements taken over a wide range, the
standard deviation, which represents the error in regression, is estimated by the well-known formula
based on the non-normalized residual, which is the difference between the measured and master
values. The nature of this formula is such that it gives more weightage to measured values at higher
ranges. Thus, the deviation for lower values tends to become less accurate as well as it affects the
fitted coefficients to the data, especially if the instrument is to be used in operation at lower ranges
of the measurand. The author hereby elucidates the concept of the normalized residual, which
normalizes the difference between the measured and master values by the measured values. Such
concept is used in materials characterization. The nature of this formula is such that it gives equal
weightage to measured values over the entire and wide range of measurement, which is desirable
for use in larger operating ranges of an instrument. Two case studies, one for curve fitting for the
master thermocouple and another for a load cell device under calibration are illustrated. Both the
examples show that the normalized residual concept leads to a better accuracy fit with lower error
of fit as compared to the widely used non-normalized residual concept.

Keywords: Type A uncertainty, Standard Deviation, Linear Regression, Curve fitting, Normalized
Residual
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Abstract

The usage of nanomaterials in various advanced technological applications has encouraged the
researchers to use different physical and chemical processing routes to develop uniform size, shape
and size distribution of nanoparticles as per application demand. Transmission electron microscope/
high resolution transmission electron microscope (TEM/HRTEM) are the primary instruments
used for directly imaging particle size, shape and distribution. The accuracy of TEM/HRTEM
depends on the magnification and resolution of the microscope. Hence in order to achieve high
accuracy measurement results from the electron microscopic examination, a standard specimen is
required to calibrate the TEM/HRTEM. In the present work, chemically synthesized uniform size
with narrow particle size distribution gold nanoparticles (GNPs) were developed with an aim to
use them as Reference standard for TEM/HRTEM calibration and then release them in market as
Bhartiya Nideshak Dravya (BND). For accurate nanoparticles characterization, the appropriate
selection of imaging type (bright vs dark field), magni?cation, and analysis method (manual vs
automated) are some of the important parameters which in turn controls the measurement resolution.
In these investigations, HRTEM, Model: FEI-Tecnai F30 G2 STWIN has been used for recording
images of the standard and the as synthesized GNPs at 20 ± 2°C temperature and 45± 5% relative
humidity. Both images exhibit spherical shaped nanoparticles with size varying in the range from
(5.10 -7.70 nm) and (15.35-20.15 nm) of standard and as prepared GNPs respectively. Stability in
particles size of the chemically synthesized  gold nanoparticles was studied for a period of  one year
time span using UV-Visible spectrometer. TEM/HRTEM measurements were carried out in automated
mode under similar experimental and environmental conditions at different magnifications to get
accurate particle size. Overall uncertainty is estimated in small and big size particles as per standard
GUM document guidelines.

Keywords: TEM, Micrograph, Nanoparticles, UV-Visible spectrometer, Uncertainty.

Fig. : (a) TEM micrograph of Standard Gold resolution sample
(b) TEM micrograph of the indigenously developed gold nanoparticles sample at NPL
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Abstract

CSIR-National Physical Laboratory is 'National Metrology Institute' by act of Parliament and has
responsibility to disseminate traceability to the needs of country. Certified Reference Materials
(Bharitya Nirdeshak Dravyas (BNDs)) plays an important role in disseminating SI traceability.
BNDs of aqueous elemental standard solutions are of great importance as they help in calibration
of instruments like Atomic Absorption Spectrophotometer, High Resolution - Inductive Coupled
Plasma Mass Spectrometer. Lead is metal of blackish grey in color. It is soft and malleable with
low melting point. It is used in pipes to protect it from corrosion and also as an anti-knocking
additive in petrol, to store corrosive liquids and in car batteries etc.  Lead is extracted from ores
like galena, cerussite and anglesite from underground mines. In the present work Lead elemental
standard solution developed by AASHVI Technology LLP Reference Material Producer accredited
by NABL, was validated by CSIR-NPL with the help of Atomic Absorption Spectrophotometer.
The obtained concentration from analysis is in close agreement with the gravimetric concentration
of Lead standard solution as assigned by AASHVI Technology LLP. The observed results will be
presented in detail.

Keywords: Bhartiya Nirdeshak Dravya, traceability, lead, elemental solution, validation.
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Abstract

Certified Reference Materials (CRMs) play the most important role in establishing measurement
traceability to SI unit. To certify the chemical parameter of a CRM, purity evaluation of the starting
material helps to link with the primary standard. The CRMs being produced by CSIR-NPL are
known as Bharatiya Nirdeshak Dravyas (BNDs) which got registered as BND®.   Bharitya Nirdeshak
Dravyas (BNDs) having metrological traceability for one or more specified properties with associated
uncertainty accompanied by a certificate of analysis. CSIR-NPL being the National Metrology
Institute of India, disseminate SI traceability through development of BNDs to the stake holders
of different areas. It is supporting the Reference Material Producers (RMPs) of our country for the
production of Certified Reference Materials in various sectors. AASHVI Technology LLP is
Reference Material Producer accredited by National Accreditation Body (NABL) to serve the
Inorganic chemical parameters. Inorganic aqueous standard solutions CRMs are used for the
calibration of the instrument, validation of method to establish metrological traceability. Aqueous
Copper standard solution is being prepared by AASHVI Technology, LLP and the SI traceability
is established by CSIR-NPL through evaluation of purity of > 99.9% of the copper BND starting
material i.e. the copper wire using primary method.

Keywords: Bhartiya Nirdeshak Dravya, SI traceability, Purity, Copper wire.
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Abstract

This paper studies a pattern recognition based system for identifying the four common hand
movements from Surface Electromyography (SEMG) signals. Subjects were asked to perform the
four common hand movements including: Hand close (HACL), Hand open (HAOP), Wrist extension
(WREX) and Wrist flexion (WRFL). A subject performed the movement at constant force for a
second and switched to relaxation (5 seconds). The SEMG signals were acquired from Flexor carpi
ulnaris, Palmaris longus, Extensor carpi longus and Extensor digitorum muscles of the arm using
a Nexus-10 system. Silver/Silver chloride electrodes with inter electrode distance of 20 mm were
used. The sampling frequency was set at 2048 Hz. Figure 1 (a) and (b) depicts block diagram of
the proposed system and hand motions included in the study respectively.

The SEMG signal was bandpass filtered (20-500 Hz) with a 4th Butterworth filter. The response
time for a prosthetic device should be less than 300 ms for meeting the real time constraints. So,
the length of the SEMG data was kept at 256 ms from the start of the movement. Five time domain
features IEMG, SSI, RMS, ZC and WL were evaluated from the SEMG signal. The concatenated
features constituted the feature vector. The feature vector was normalized using min-max
normalization. The normalized feature vector was fed to a Linear Discriminant Analysis (LDA)
classifier. The SEMG signal acquired on the first six days were used for training and the SEMG
signal for the remaining four days were used for testing. 10-fold cross validation was performed.
The performance of the classifier was quantified as % prediction accuracy. The cross-validated
prediction accuracy of 95.04% was achieved in the present study. The system discussed in the
present paper is suitable for identifying accurately different motions of the upper limb and hand.

Fig. 1. (a) Block diagram of the system Fig. 1. (b) Hand motions

Keywords: Surface Electromyography, Hand Movement, Classification, Linear Discriminant
Analysis.

PP014



10th International Conference on “Advances in Metrology - 2019”

47

PP015

LED Lighting Photometry and Photobiological Issues

Parag Sharma, V.K. Jaiswal, Shibu Saha and Ranjana Mehrotra

Optical Radiation Metrology Section
CSIR-National Physical Laboratory, New Delhi-110012, India

(*E-mail : sharmap2@nplindia.org)

Abstract

With the advantages of long life, eco-friendliness, durable quality, no UV emission, operational in
extreme conditions, instant lighting, frequent switching, low voltage operation and excellent color
rendering, Light Emitting Diodes (LEDs) are one of the most energy efficient illumination sources
available today. Unlike conventional lighting sources, due to atypical behavior of LEDs such as
qusi-directionality, non-uniform illumination and color distribution, large dependency of illumination
properties on junction temperature, photometric characterization is not straight forward. Hence,
there is an urgent need to improve LED measurement techniques.

To achieve the goals, all leading National Measurement Institutes (NMIs) are involved in development
of specialized calibration and testing facilities for LED photometry, high power LED measurements
as per CIE standards, intercomparisons, standards formulation etc.

Luminaries manufacturing giants in India are shifting their business focus and production towards
the LEDs based lighting. Since the heavy shift of consumers' interest and production units towards
LED sources many substandard products are being launched into the Indian market in cheap prices
which not only have substandard luminous performance but also may contain harmful blue radiations.
Since these products are not quality tested they may pose high radiation risk to the society if not
stopped with calibration/testing mechanism well in place.

CSIR-National Physical Laboratory has the responsibility of realizing SI units with highest accuracy
and disseminating the scale of measurements. Optical Radiation Metrology Section of CSIR-NPL
India has an expertise in the area of Photometry and Radiometry, and serving the Nation by providing
the National traceability of photometric and radiometric parameters. With the support from Bureau
of Energy Efficiency, India and Council of Scientific and Industrial Research, India, NPL is going
to establish state of the art apex level measurement facilities for next generation energy efficient
light sources to not only facilitate Indian industries and support government initiatives towards
power saving but also to stop substandard products to enter into the Indian market.

The short wavelengths emitted by the white LEDs have been known to cause a long term
photochemical threat to the retinal health of humans. Till date, commercially available LEDs in
India lack information about the plausible blue light hazard and the safe viewing distance. This
makes it difficult for the consumers to identify light sources with a high-risk level. Therefore, in
order to have a better understanding of the long-term impacts of the blue light on human retina,
a distance-based risk assessment of the white LEDs using the IEC 62471 standards have been done.

Keywords: LED Photometry, Photobiological Safety.
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Abstract

Photon counting systems are used for measurement of extremely low intensity light wherein the
signal is assumed to be discrete photons. Photon counters are used in numerous fields including
medical research, laser testing, space-debris monitoring, decay time measurement, quantum
cryptography, optical quantum computing etc. Photon counting shows its potency in low intensity
light regime in which conventional techniques work inefficiently. The  absolute photon counting
output does not necessarily become the matter of concern if the measurement of optical output is
relative. But, in certain applications such as low light metrology, the absolute output of photon
count becomes extremely important. Photon statistics describe the probability distribution of photon
count in specific time bin. Photon statistics (Poissonian curve) gives true results of frequency of
photon counts. The present study deals with photon counting in specific time bin using SRS Gated
photon counter. Photomultiplier tubes THORN EMI (PMT) is used as a detector for detecting of
low-intensity light because of their high gain and convert light into an electrical signal, however,
their quantum efficiency is 25% at its most sensitive wavelength and 15% in the near infrared
region. Photon count output is affected by various parameters such as; PMT supply voltage,
temperature and discriminator threshold. In this article, photon counts using PMT at 0.04ºC
temperatures and SRS Gated photon counter operated at 240 mV discriminator threshold and time
bin 10 milliseconds by varying PMT Voltage is reported.
Photon counting measurements were performed  with He-
Ne Laser (Melles Griot, 5mw, 632.8nm) as a light source.
Light intensity was attenuated by using variable neutral
density (ND) filter. The PMTs having forced cooling,
reduces dark count and are helpful in achieving better
SNR. It was also exprimentally obsevred that sufficient
time must be given to stabilize the PMT temperature which
in turn reduces flucuation in SNR. In the exprimentation
the time given to stabilize temperature was two hours. It
was observed that the photon output vary in certain range
when all the parameter remains constant with respect to
varying PMT voltage.

Keywords: Photomultiplier tube, Photon counting, PMT Temperature, Discriminator threshold.

Figure 1. Probability distribution of
photon counts at 1.5 kV
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Abstract

The technological advances in photon detection had led to the evolution of Superconducting
Nanowire Single Photon Detector (SNSPD) based systems and devices. Based on the studies and
analysis worldwide, it is emerging as one of the best detectors for photon counting at infrared
wavelengths. To explore the applications and optimize different parameters of SNSPD's, the
instrumentation and read out electronics play an important and critical role. In the present paper,
an automated setup for characterization of SNSPD at visible and infrared range is developed. The
setup is capable of controlling the biasing current, frequency of optical pulses and intensity of light
falling on the detector by attenuating the signal power. It can monitor and measure the number of
photons count per second, and detect the waveform shape by plotting and measuring the amplitude
and pulse width of the signal. Further, it can measure the response time and time jitter of the output
signal from the detector. The entire setup is tested using photodiode at room temperature at visible
and infrared wavelength. Response time and time jitter are measured using time correlated single
photon counting setup with time to amplitude converter. The variation in phase difference between
trigger signal and output signal of photodiode with respect to frequency is measured using lock-
in amplifier and standard deviation at a particular frequency is calculated.

Keywords: Frequency, harmonic, lock-In amplifier, optical setup, phase shift, response time,
time jitter, time correlated single photon counting (TCSPC), time delay.
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Abstract

Precision temperature sensing with the novel, and simple techniques has gained significant interest
as accurate temperature measurement is the key for Technology Advancement. The accurate
temperature measurement has led to a vast variety of sensors and measuring systems now being
available for making accurate measurements at relatively low costs. We have designed and developed
a temperature sensor using a magnetic fluid based sealing for precision temperature measurement.
The ultra-low frictional properties of magnetic fluids have been used to provide a no-slip sealing,
which has been making use of, for the measurement of temperature. Magnetic fluids are fascinating
material with sensation and actuation properties with the varying magnetic field. Further, we have
made a laboratory prototype of this temperature sensor and conducted a measurement in the
temperature range 20°C to 30°C. The experimental setup consist temperature bath, magnetic fluid,
glass bulb based capillary system, primary and secondary windings and voltmeter. The experimental
setup is kept at a base temperature 23°C and changed 1°C in the step size 0.1°C. The corresponding
voltage readings of temperature change from 23 to 24°C with a step size 0.1°C for both the systems
has been monitored on the voltmeter. The change in voltage for the two systems (3mm-system-1
and 5mm-system-2 capillary diameter) are 372.50 and 267.67 mV respectively. Further, we have
calculated the uncertainty in measurement using the universal method of uncertainty estimation.
Both Type A and Type B uncertainty has been calculated for the system and expanded uncertainty
for both the system has been determined. For system 1, the expanded uncertainty is 16.39mV, and
for system 2 the expanded uncertainty is 12.45mV. The uncertainty budget for both the systems has
also been prepared that can be further modified by adding various other parameters in Type B
uncertainty calculation. This system is simple and highly efficient and has the capabilities to
address the current technological needs.

Keywords: Temperature sensor, Uncertainty, Precision and accuracy, Calibration
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Abstract

Incorporation of MNPs in polymer matrix offers great possibilities of controlling the physico-
mechanical properties of composites. In the present work, we report the synthesis of magneto-
sensitive elastomer and optimized investigation of its magneto- viscous properties. We have
synthesized PVA/Fe3O4 magnetic nanocomposites in two step process; in the first step we have
synthesized the magnetic nanoparticles of three different sizes by the method described previously
in details and second step is the preparation of magnetic PVA hydrogel by incorporating magnetic
particles in the PVA matrix. Detailed investigation of their magneto-viscous properties with or
without the presence of magnetic field has been carried out. Crystallite size and particle size and
morphology were confirmed by XRD and TEM. Rheological characterization is done using parallel
plate magneto-Rheometer (Physica MCR 301 Anton Paar). Measurement results were fitted according
to theoretical models presented for both static and dynamic flow behaviors. A good agreement has
been obtained with the theoretical predictions confirming the effect of particle size on the magneto-
viscous properties of these magnetic hydrogels. As the particle size decreases, viscosity of hydrogel
increases due to increased inter particle interactions. As magnetic field is applied, viscosity decreases
due to low values of saturation magnetization owing to which particles show lesser tendency to
orient in the direction of magnetic field. On application of uniform magnetic field, storage modulus
of the nano-composite increases indicating the transition from viscous to elastic properties. This
transition occurs due to the formation of chain like structures in the hydrogel on the application of
magnetic field. These viscoelastic properties of magnetic hydrogels make them suitable for numerous
applications in the fields of biomedical and engineering.

Keywords: Magnetic nanoparticle, Ferrofluid, Viscoelastic properties, XRD, Rheometer.
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Abstract

India stands second in position for producing quality cement in the world as mentioned in Reports
December, 2018 of India Brand Equity Foundation (IBEF). Presently there are 139 large cement
plants and 365 mini cement plants. India has the capacity of producing 502 million tonnes per year
(mtpa) of cement as of 2018. Cement industry produces 280 MT for domestic demand and 5 MT
for export need. The cement consumption is supposed to increase by 4.5 % as mentioned by India
Cement Industry Analysis (IBEF), Reports December 2018. Thereby Certified Reference Materials
(CRMs) of cement materials are of high demand to establish the traceability of the measurement
in addition to providing reliability and accuracy of the measurement data which improves the
quality of the end product. National Council for Cement and Building Materials (NCCBM),
Ballabgarh a pioneer Reference Material Producers (RMPs) of India in production of CRMs of
building materials. National Physical Laboratory (NPL) being the National Measurement Institute
of India, supports NCCBM by providing traceability in measurement for the production and
certification of CRMs/Bharatiya Nirdeshak Dravyas (BNDs) of Ordinary Portland Cement (OPC),
Portland Pozzolana Cement (PPC) and Fly Ash (FA). BNDs have been certified by primary method
by NPLI and produced in accordance with ISO/IEC 17034, ISO Guide 35 and ISO Guide 31 by
NCCBM. The BND for OPC, PPC and Fly Ash are validated by gravimetric method for checking
the concentration of chemical parameters the major components such as loss on ignition, silica
oxide, ferrous oxide, magnesium oxide, sulphur trioxide, insoluble residue etc.

Keyword: Cement BNDs, OPC, PPC, Fly Ash, Validation
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Abastract

Measurement traceability plays an important role in building confidence among the customers.
Certified reference material are the key component to establish measurement traceability as these
materials links each measurement to the SI units. Optimization of viscosity of fluids are important
in various industries such as food products, Agriculture, biomedicine, rheology etc. and these
industries utilizes different type of viscosity measurement technique based upon the requirement.
For viscosity standard silicon oil has been chosen due to its stability and consistency. We have
developed four certified reference material of dynamic viscosity 10cP, 100cP, 500cP and 12000cP.
At room temperature these CRMs were used to establish viscosity standard for rotational parallel
plate rheometers. The uncertainty of the measurement has been evaluated using universal method
and Type A and Type B component of uncertainty has been calculated. The value assigned for each
CRM with their associated uncertainties were shown in Table 1. These viscosity standard will have
a huge market as it covers broad range of viscosity.

Table 1: Different CRMs developed with viscosity and their stated uncertainty value.

Sample Temperature Viscosity Uncertainty (cP)
(°C) (cP) (confidence level 95%, k=2)

1. 25 11.74 2.60
2. 25 510.94 21.6
3. 25 986.03 17.9
4. 25 11661.76 40.0

Keywords: Traceability, Viscosity standard, Certified reference material, Viscometer.
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Abstract

Phasor measurement unit (PMU) are being widely used in power grids to study the dynamic
behavior of the grid in the real time. PMU being the key measurement device in modern smart
grids, it is necessary that device must be able to measure accurate data. The Fluke 6135A Phasor
Measurement Unit Calibration (PMUCAL) system used to calibrate and test a PMU device as per
IEEE.C37.118.1-2011 standard. For proper calibration of PMU devices, PMUCAL system must be
traceable to National standards for its related parameters. PMUCAL system is capable of simulating
static and dynamic conditions that a PMU can experience in power grid. PMUCAL system is a
source of precision three phase voltage and current signals which are synchronized to Universal
Coordinated Time (UTC) using GPS receiver. This paper discusses the method used of traceability
of PMUCAL system for its related parameters.

CSIR-National Physical Laboratory (NPL), being the National Metrology Institute (NMI) of the
country has the responsibility to maintain the national standards of SI units and is already providing
its traceability across the nation. PMUCAL system must be traceable to mainly three parameters:
DC voltage & Current, Low Frequency (LF) voltage & Current and frequency. National standard
maintained by CSIR-NPL for DC voltage is Josephson voltage standard. Similarly, Multijunction
thermal converters (MJTC) are used as national standard for LF voltage & Current parameter
having uncertainty in the range of 5-20 ppm. For frequency parameter cesium atomic clock is the
national standard. For calibration of LF voltage and current parameter, Fluke 8508A reference
Mutimeter is used as standard which is already traceable to MJTC as well as DC voltage & Current
standard. Direct calibration technique is used for calibration of LF voltage and current parameter.
Frequency calibration has been done by using Pendulum CNT90XL Frequency counter locked to
cesium atomic standard.

Keywords: Traceability, PMUCAL system, PMU, National standard.
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Abstract

Standard photometers, employed in a photometry laboratory, are generally constructed with a
silicon photodiode, a V(λ) filter, and an aperture (and a diffuser, optionally). Photometers are
commonly involved in measurement, calibration, preparation of new photometric standards or
even realization of SI base unit of luminous intensity, 'candela' and other derived photometric units,
such as illuminance and luminous flux in many national laboratories. Being a solid state device
photometers do not age by usage, a calibrated standard photometer can therefore, be well used to
realize, maintain and transfer the photometric unit, with a shorter calibration chain and reduced
uncertainties as compared to the source based transfer standards. As the long-term stability of
photometers varies depending on the V(λ) filter, the long-term stability and hence performance of
photometers must be evaluated before they can be used as standards.

With the rapid adaptation of LEDs and LED based lighting solutions, owing to its largest energy
efficiency, long life, low voltage operation, fast switching capability and ruggedness etc., which has
one of the major emission around lower wavelength of 450 nm, it essentially requires a photometer's
spectral responsivity function (filter function) to have a closest possible match with the CIE 1931
photopic response function, V(λ), to avoid many fold multiplication of error occurred in measurement
within the spectral region.

An attempt to estimate spectral mismatch factor for photometer's V(λ) filter function has been
made to assess the photometers performance using LED emission profiles (Gaussian model) with
peak wavelengths in the spectral region 450 to 650 nm (blue to red region).

Keywords: Photometer, V(λ) function, Spectral mismatch factor.
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Abstract

Multijunction thermal converters and single junction thermal converters are internationally acceptable
as primary and the secondary standards for low frequency voltage and current measurements. This
paper presents the recent developments in establishment and maintenance of Primary standard at
National Physical Laboratory, India (NPLI).

NPLI has a bank of four multijunction thermal converters (MJTCs) that are assigned AC-DC
transfer difference in a round robin manner by comparing 4 with 1, 4 with 2 and 4 with 3, where
4 being the DUC (Device under calibration).

Automatic calibration system has been developed for assigning AC-DC transfer difference to
MJTCs, in the entire range of Low Frequency voltage and current. The software developed is based
on the algorithm developed by Dr. Ilya Budovsky (NMI Australia). The calibration results at 2V
for MJTC 4 in the frequency range from 10Hz to 1MHz are presented in this paper.

Keywords: MJTC, round robin, AC-DC transfer difference.
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Abstract

In the last five years, light emitting diodes (LEDs) based light sources have overtaken the incandescent
and fluorescent light sources due to their innumerable advantages like high brightness at low
power, environment friendliness and long-life time. Hence, LEDs have been used in indoor as well
as outdoor lightings. It has also been used extensively in signals and displays.

The LEDs have impacted not only the bright light requirement but has also entered the night light
market where the scotopic response weighs over the photopic response. Moreover, since the LED
night light is prevalently used during sleeping its effect on the sleep pattern requires a detailed
study. Recently, reports have been published on the impact of spectral profiles of light emitted by
LEDs on circadian physiology, alertness and performance levels.

In the present study four most commonly used color LED night lamps (viz. Red, Green, Blue and
White) have been studied for their circadian action and scotopic response. The circadian action
factor (CAF), refers to the biological action per unit of visual response. A high CAF is advisable
during the daytime while a low CAF during night time. On the other hand, the parameter quantifying
night time visibility is the S/P ratio. Night time visibility will be more for a lamp having a high
S/P ratio. Thus, a night lamp with low CAF value and a high S/P ratio is desirable.

Figure 1: Bar graph representing CAF value and S/P ratio for various lamps

From figure 1 it may be concluded that the CAF value for red color lamp is minimum which
indicates that the red colored LED lamp will give a more relaxed sleep as compared to other lamps.
On the other hand the green lamp has a high S/P ratio which indicates that the green lamp gives
a better visibility during the night time.

Keywords: CAF, S/P Ratio, LED luminaires
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Abstract

Photovoltaic is an active research area with diversity where major thrust are on solar cell efficiency,
improvement device stability, new materials and newer process development. The "National Solar
Mission" has led to tremendous growth in solar photovoltaic research and industrial activities in
the country. Improved cell efficiencies realized in the labs with advanced cell concepts/materials
need quality measurement to assess the cell parameters accurately. On the other side, large number
of solar installations is being done to substantially enhance the PV contribution to the energy
portfolio and to address our ever growing energy needs. However, the country is still dependent
on the import of solar cells and modules to achieve mission targets. These activities involve huge
investments which require a need of PV quality infrastructure to ascertain the quality of cells/
modules produced or imported. An uncertainty in device efficiency measurement may lead to
ambiguity in the product value assessment both in technical and financial terms.

CSIR-NPL is the custodian of National Standards with a responsibility of the dissemination of
measurements to the needs of the country. In this line, CSIR-NPL is establishing primary and
secondary standard facility for solar cell calibration. These measurements will be provided as per
quality system ISO/IEC 17025:2005 with traceability to CSIR-NPL's existing apex calibration
facilities and also to which NPL has proposed to develop. This talk will focus on differential
spectral responsivity method for primary calibration of reference solar cell. Procedure to calculate
short circuit current, i.e., calibration value will be described. The salient feature of laser based
differential spectral responsivity system will be discussed with its potential in realizing reduced
uncertainty in comparison to first generation methods. NPL's initiatives towards the improvement
of quality infrastructure in the county will be presented.

Photovoltaic Activities @CSIR-NPL

Keywords: PV Metrology, Solar Cell, Differential Spectral Responsivity, LDSR system.
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Abstract

In many of the metrology related experiments like atomic clocks for time and frequency standards
and Fabry Perot cavity in length and dimension standard, there is a requirement of laser frequency
stabilization for locking laser frequencies with respect to a stable reference. We have developed an
FPGA based compact module with self-relocking mechanism for stabilizing laser frequencies. In
our module, we have used Pound Drever Hall technique for stabilizing laser frequencies and an
optical cavity. In the present work, we have demonstrated the stabilization of 780 nm laser frequency
using Rubidium (Rb) saturation absorption spectroscopy (SAS). For this purpose, we have used 95
kHz laser current modulation and 15 kHz fourth order Infinite Impulse Response (IIR) low pass
filter for generating error signal, which provides nearly 15 kHz bandwidth to PID for locking laser
frequency and using proper PID tuning, we are able to lock this laser for more than a week. The
module is also capable of auto-relocking the laser system, once it gets unlocked due to certain
perturbations. The in-built algorithm monitors the photodiode voltage with respect to time and
compares the new value with the reference and generates a difference between them. If the difference
is larger than the user defined value, it turns the PID OFF and scan signal ON. After a set time
interval, the laser locking process is re-triggered with some increment/decrement in the offset value
of the scan signal. This process repeats itself until it finds the initial lock point.

Keywords: FPGA, Laser locking, PID, Lock-in amplifier, Relock.
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Abstract

In fundamental sciences, astronomical observations, measuring temporal constancy of the
dimensionless fundamental constants such as fine structure constant and electron-to-proton mass
ratio, geodesy, violation of Lorentz symmetry and many more relies on atomic clocks with
unprecedented accuracy. Higher accuracy in time synchronization is always a requisite in many
advanced technologies, e.g., communication, navigation, weather forecast and many more. In the
present days, optical atomic clocks have reached to an accuracy ~ 10–18 that corresponds to about
1 s inaccuracy over the age of the universe. Such clocks have been realized either by trapping
suitable neutral atoms in an optical lattice or by trapping single ion of a suitable species in an
electro-dynamic trap and interrogating their highly forbidden optical transitions using ultra-stable
narrow line-width lasers. At CSIR-NPL, we are engaged in developing one such ultra-precise
frequency standard based on the highly forbidden 4f146s 2S1/2 - 4f136s2 2F7/2 electric octupole (E3)
optical transitions of Ytterbium-ion (171Yb+). It is expected that the next generation definition of
the SI second will be based on an optical transition and Yb-ion is one of the potential candidates
for that as it has been endorsed as a secondary standard by CIPM (international body for SI
standards). At present, we are assembling the indigenously designed & developed Paul trap in an
ultra-high vacuum housing, preparing the necessary optical subsystems for photoionization and
laser cooling of the ion and instrumentation to operate the ion-trap. An overview of this activity
together with its possible applications will be presented in the meeting.

Keywords: Frequency standard, Atomic clock, Ion trap, Precision measurement, Systematic shifts.
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Abstract

Many of the ion trapping experiments for various scientific investigations and other state-of-the-
art technologies require a low divergent atomic oven. Using a single capillary tube, we have
developed a compact, easy to fabricate and inexpensive dark wall atomic oven working in the
molecular flow regime, which gives narrow-divergent and less-intense atomic flux. Inhomogeneous
thermal distribution along a capillary arises due to partial heating at one of the ends and any other
intermediate point of the capillary. Based on this temperature distribution, a reservoir, collimator
and cold absorber are defined within a single stainless steel capillary, resistively heated by Tungsten
wire. The absorber truncates the unwanted off divergent atoms above a certain truncation angle,
thus giving narrowed beam divergence. Using finite element analysis method, the performance of
the oven is studied for Ytterbium-171 which shows that with decreasing current, the effective
absorber length increases which gives decreased output flow rates of atoms and decreased beam
widths. The simulated and calculated results have been confirmed experimentally too. A minimum
divergence of 1.2° has been achieved by operating the oven. The discussed oven retains directionality,
gives less atomic concentration in the interaction region, is well apt for frequency standard
experiments and can be utilized for other experimental species too.

Keywords: Atomic oven, Dark wall oven, Atomic flux, Ytterbium, Ion trapping, Atomic Clock.
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Abstract

Subdivision method is the only method to disseminate the value of national prototype of the
kilogram (NPK-57) to the lower order of the standards. The same subdivision method is used to
calibrate E1 class weights also those are received from the customers. To ensure the validity of
calibration results in subdivision method used to determine multiples and sub-multiples of 1 kg,
at least one check standard is used in each decade. The same check standards (500 g, 100 g, 10 g,
1 g, 100 mg, 10 mg and 1 mg) are used in all the subdivision methods performed to calibrate one
set of 200 g to 1 mg E1 class weights. In this paper we have discussed statistical analysis of the
measured conventional mass values of the check standards in the milligram range i.e. 100 mg, 10
mg and 1 mg.
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Abstract

In the present study, PM2.5 low-cost sensors are tested for their effectiveness to provide correct
PM2.5 mass concentration results under ambient condition. The sensors are checked in two-step
procedure. In first step, the multiple PM sensors of same manufacturer are compared to eliminate
defective sensors and also to know the accuracy in between them. This test was done in a glass
chamber where smoke particles are generate using joss stick (Dhup Bati). Among all sensors, 3
sensors were selected as reference sensors (based on their performance checked with reference
BAM under ambient condition). Rest of the candidate sensors were tested against these 3 reference
sensors in the glass chamber. In second step, the sensors are compared with reference PM2.5 Beta
Attenuation Monitor (BAM) under lab conditions (temperature ranged 23-32°, humidity ranged
32-53%). It was found that in between sensors the variation is not significant. Whereas, on comparing
with reference BAM, some sensors show up to 20% difference in PM2.5 mass measurement. It was
further investigated that under ambient condition humidity, wind speed and chemical constituent
also caused this variation. Since these sensors are to be used in ambient condition, a more detailed
study is needed under ambient condition to evaluate the performance of the sensors for their wider
use as a simpler, cost-effective and alternative device but indicative monitoring tool for PM2.5 mass
measurement.

Keywords: PM2.5 sensors, Calibration check, Beta attenuation monitor (BAM), Ambient
condition.

Fig. 1: Comparison between sensors Fig. 2: Comparison with reference BAM
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Abstract

The technological enhancements and new startups in India have led to a tremendous increase in
the power demand. The grids are being made smart, more efficient and reliable to meet not only
the growing energy demands but also to prevent blackouts. The synchro-phasor technology is
evolving, explored and used by the power sectors for real time measurements with Phasor
Measurement Unit (PMU) as the main elemental device. The PMUs that are being developed by
the industries must have IEEE C37.118.1a-2014 compliance, as the corrective action in real time
depends on the data reported by these PMUs. In this paper, we present the error detection and
correction analysis carried out on an industrial PMU using PMU- Cal facility at CSIR-NPL. The
analysis was done under static and dynamic conditions. We had evaluated Total vector error (TVE),
Frequency error (FE) and Rate of change of Frequency error (ROCOF). With the analysis, we found
that the industrial grade PMUvalue for different tests were beyond the IEEE std. limits. The cause
of variation was the changing phase of the signal and the increasing signal magnitude. Accordingly,
the correction factors were calculated and applied for different set of parameters to the PMU. This
analysis represents the capability of PMU testing and calibration at CSIR-NPL and also ensures
that the PMU that will be used in real time on the fields reports precise data. PMU-Cal facility can
handle all the steady-state and dynamic-state tests for both M class and P class configured PMU
at all desired frame rates. This system is traceable to its respective primary standards and is
functional to cater the needs of power sector in terms of PMU calibration and testing.

Keywords: Calibration, PMU, smart grid, synchro-phasor, traceability
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Abstract

Accurate microwave power measurement is important in microwave metrology. The capability to
measure traceable and accurate microwave power is utmost requirement for wide range of applications
of system installation, maintenance and many control industries. The 2.4 mm coaxial
microcalorimeter system at NPL provides traceable microwave power measurement from 1 MHz
to 50 GHz at apex level. This system is based on thermoelectric principle. The standard used is
thermoelectric power sensor. The microcalorimeter system consists of two symmetrical, thermally
isolated lines. One line is connected to standard power sensor and the other line is connected to
passive dummy standard power sensor used for thermal reference only. The system determines the
temperature variations between the two sensors when known microwave power is applied. The
microwave power lost in the standard under test can be measured and therefore its effective
efficiency can be determined. It is traceable through bilateral intercomparison. The uncertainty
components of measurement for calibration of power sensor has been carried out as per international
standards with uncertainty ±0.3% to ±1.5%. Further, NPL is capable and successfully providing
calibration of microwave power sensors and RF power standards from 1 MHz to 50 GHz.

Keywords: Microwave Metrology, Microcalorimeter, Power sensor.
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Abstract

Precision diameter measurements are required to establish piston cylinder assembly primary/
secondary pressure standards. In order to establish traceability in terms of SI units, the piston-
cylinder assembles are characterized dimensionally to determine effective area comprehensively.
Typically, measurement uncertainty of about 30 nm is desirable for the characterization of pressure
standards. The comprehensive analysis include determining (i) cylindrical form of piston (i.e.
roundness along the length of the test piece), straightness around the circumference (ii) diameter
of the test piece. The cylindrical feature is collection of circle features, straight-line feature and
size. Moderately, the uncertainty of diameter measurement made of length measuring machine
ranges from 100 nm to 500 nm. However, the form parameter measurements made on form tester
have associated uncertainty about 100 nm. Recently, workers use fusion technique to reconstruct
the cylindrical geometry of piston, cylinder components of pressure balances measured on the state
of the equipment. Alternatively, a measurement procedure is coined to combine the form, size
measurements acquired from the conventional measuring machines. The roundness is measured at
the specified height from the base of piston. The height readings are taken from a calibrated length
scale. The diameter is measured at the coincidence of partition disk chosen for roundness
measurement and stringiness measurement trajectory. A study of combining the measurement data
and uncertainty reconstruct cylindrical is done. The uncertainty associated with reconstructed
cylinder reduces by approximately 10% that of the conventional root sum of square estimation.

Keywords: Fusion, Gibb's sampler, piston cylinder assembly, uncertainty.
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Abstract

A Terahertz (THz) frequency comb was developed using an optical frequency comb. This is an idea
for highly stable terahertz pulse train designed by transforming stabilized optical frequency comb
using a large aperture photoconductive (PC) antenna. Experimental data obtained was in a form
of pulse train in terahertz frequency region with equidistant spacing in THz frequency domain. We
have achieved the frequency measurement around 0.1 THz- 3.0 THz of THz. By coherently linking
of these frequency combs, we can achieve the gap-free absolute frequency measurement with high
precision. Such measurements play an important role not only for metrology but many scientific
and industrial applications.

Keywords: Terahertz, Optical Frequency Comb, THz Frequency Comb, THz Frequency Standard.
THz Frequency Metrology.
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Abstract

Proficiency testing (PT) determines the testing competence of individual laboratories for a specific
test or measurement and monitors the continuing performance of laboratories. Participation in PTto
establish technical competence is mandatory requirement for the laboratoriesthose undergoing
ISO/IEC 17025 accreditation and quality assurance of data. PT is one of the methods for providing
traceability also to the laboratorieswhich are engaged in air quality measurement field. In India, till
now there is no PT provider in gas testing/air quality measurement area. To fulfil this gap, CSIR-
NPL being National Metrology Institute (NMI) of India, first time provided this traceability
dissemination service in the country for the measurand CO in ambient air. This PT scheme was
designed as per ISO 17043 guidelines under NPL-PTB technical co-operation project "Cooperation
on Environmental Measurement in India (CEMI)" jointly with CPCB, Delhi who is the nodal
agency/board for regulating the air quality standards and monitoring them, and is also directly
linked with State Pollution Control Boards (SPCBs) which engage in air quality monitoring across
India. The PT was planned in two phases in which NABL accreditated and non-accreditated
laboratories/centres of CPCB and SPCB participated. In first phase, 10 laboratories with their CO
analyzers participated. All the participants brought their CO analyzers at CPCB, Delhi centre and
followed the recommended method as per PT protocol. A dynamic dilution system (DDS) was used
to achieve the targeted concentration of a gas as inlet source to an analyser. All the analyzers were
connected simultaneously to different inlet ports which are linked with DDS line in series. Reference
value for this PT was given by CSIR-NPL. For this, CSIR-NPL provided traceable CO gas standard
(CO concentration 2468 ± 6.98 µmol/mol). The DDS was used to provide two different CO
concentrations to inlet source ports (analysers), i.e. 1.26 µmol/mol and 2.54 µmol/mol using
COgas standard ofCSIR-NPL. In addition, zero point of all the analysers-under-test was checked
using high purity nitrogen whose CO concentration was determined (as impurity) by CSIR-NPL.
All the statistical interpretation of PT testing is done by CSIR-NPL as per ISO 13528:2005(E).
This study is an example of providing SI traceability in CO measurement to field testing laboratories
and ambient air quality monitoring agencies.

Keywords: Proficiency testing, Carbon monoxide gas, Ambient air monitoring.
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Abstract

A novel indigenous standard required form development of metrology standards used in video
measuring systems has been attempted in this research work. This research work consists of a
development of a stack of multiple thin film layers of Silicon Di Oxide, Chromium, Chromium
Oxide and Nickel in different combinations with thickness varying from 5-80 nm for each of the
layer on a 3 mm thick 50 mm × 50 mm square borosilicate glass substrate. Totally, the number of
layers exceed more than 10. The multi stack layers is required to prevent transmission of both
Visible and UV light. This multi stack layer is then machined using excimer laser micro machining.
The laser micromachining is performed creating various shapes likes squares, circles, triangles and
pentagons with feature sizes ranging from 20 micrometers to about 5 mm. To calculate the edge
resolution, a similar multi-layer thin film stack with above thicknesses is deposited on a silicon
wafer and machined using the same excimer laser micro machining system for the same feature
sizes. The silicon sample is chosen as it is conductive and can be measured using the field emission
scanning electron microscope (FESEM). The silicon sample is then placed in an FESEM to
calculate the edge resolution of the features created using
laser micro machining system. By using Full Width Half
Mean method, the edge resolution is calculated using
FESEM. It was found that the resolution of the edge
calculated was about 60 nm. For typical video measuring
systems, it was found that accuracy requirement is about
1-2 micrometers. As the edge resolution of the fabricated
standard was far superior than required limits, the fabricated
standards could also be treated as masters. These fabricated
standards were also calibrated by an F25 Carl Zeiss CMM
with video measuring attachment whose system resolution
is about 1 nm. This CMM was calibrated with masters
tracing to PTB, Germany and NPL, UK. The image of the
standard is as given inside.

Keywords: Metrology artefacts, Thin film based artefacts, Excimer Machined Artefacts, Video
Measuring System standards
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Abstract

Silver nanoparticles (AgNPs) are extensively used in various fields viz. medical, food, health care,
which directly impacts consumer's daily life. AgNPs possess unique optical, electrical, and thermal,
high electrical conductivity, and biological properties due to their large surface-to-volume ratio.
The exhaustive R&D work has been going on in textile industries, healthcare, and biomedical
sectors on the usage of silver nanoparticles as antibacterial/antifungal coating on cloths used in
hospital operation theatre, clinical sample collection and dressing rooms etc. Silver nanoparticles
will be synthesized by different chemical routes and characterized by UV-vis spectroscopy, XRD,
FTIR, scanning electron microscopy (SEM) and transmission electron microscopy (TEM) analytical
techniques. The synthesis parameters will be optimized to get narrow size distribution of uniform
shaped nanoparticles. These studies will help in confirming their formation, stability, degree of
crystallinity from structure, surface morphology, optical, particle size and distribution properties.
By assessing toxicity and biocompatibility properties of the as-prepared silver nanoparticles, then
their usage as antibacterial agents, in healthcare consumer products, and medical device coatings
will be explored. The traceability of the developed silver nanoparticles will be derived from any
other NMI in world. These developed Bhartiya Nideshak Dravays (BNDs) of different particle
sizes in India can be used our own country as well other parts of world  industries for testing and
calibration purpose to get business and recognition in national as well as in global market for
raising economy.
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Abstract

Standard Inductorsare used in various R&D activities in different field of electronics and
communication. These standards are used to provide apex level calibration facilities to various user
organizations all over the country. This paper reports a comparative study on standard inductor
using two measurement methods, reactance compensation method and Maxwell-Wien bridge method.
A standard inductor of 10 mH was taken for study. First of all, It has been evaluated using Maxwell-
Wien bridge method, then the compensation method using L-C series circuit with the help of a
capacitor. The reactance compensation method is a very simple method which determines inductance
from capacitance standard whereas the Maxwell-Wien bridge method determines inductance in
term of resistance and capacitance.

In reactance compensation method, the reactance of theinductor is equal to the reactance of
capacitor at resonant frequency. This is a simple method for determining inductance from the
capacitance standard. It requires a commercial LCR Meter. The measurement set up does not
require some specific balancing process as in Maxwell -Wien Bridge. Both the capacitor and the
inductor are defined as 2T devices and a cable is attached to connect the inductor and capacitor.In
Maxwell-Wienbridge, one arm of the bridge contains unknown inductance, Lx having series
resistance, Rx. The other arm contains a standard capacitor C, whose value is known having a
variable resistance in parallel for balancing the capacitor. R2 and R3 are known metal film resistances
in other two arms of the bridge. This method provides comparatively better uncertainty.These
measurements were done on 10 mH standard inductor. It is measured using both Maxwell-Wien
Bridge method and reactance compensation method under controlled environmental conditions.
The temperature coefficient for standard inductor of 10 mH is around 30 ± 5 ppm/ºC as per the
manufacturer. This factor was also considered for evaluation of uncertainty in measurements. The
standard inductorwas GR type binding postinductor. The inductor was maintained in a temperature
controlled air bath at a fixed temperature of 24ºC.The value of 10 mH Standard inductor measured
using Maxwell-Wien bridge and reactance compensation method were 10.00141 mH and 10.00489
mH respectively. The associated uncertainty were ±45 ppm and ±72 ppm respectively.

The Maxwell-Wienbridge method provides better uncertainty as compared to the reactance
compensation method. In general, Maxwell -Wienbridge method is used for inductors having low
value of Q while reactance compensation method is used for high Q.

Keywords: Standard inductor, Mica capacitor, Resonance, Reactance.
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Abstract

Thermoelectric technology offers an extensive opportunity for scavenging waste heat into usable
electricity in the current global scenario. Home heating, automotive exhaust, and industrial processes
all generate an enormous amount of unused waste heat which could be converted to electricity by
using thermoelectric generators. Thermoelectric performance of materials is dictated by thermo-
electric figure of merit, ZT, a measure of the competition between electronic transport (i.e. power
factor) and thermal transport (i.e. total thermal conductivity) has long been surpassed long time
barrier of ~1.  Technology that was once considered too inefficient and expensive is now being
looked as a potential technology for future with targeting ZT> 2 as the new goal. Measuring ZT
is always associated with many sources of uncertainty resulting to variation in ZT and hence
efficiency of thermoelectric generators. Therefore, an extensive spectrum of measuring techniques
(temperature dependence of the Seebeck coefficient, thermal and electrical conductivity and Hall
coefficient) as well as reproducibility of measurements is required for comprehensive functional
transport properties for better acceptance in industries which has been rarely noticed. This article
discusses an overview on fundamental theory to thermoelectric measurement used in thermoelectric
analysis and uncertainties associated with the measurement. Further, we have estimated uncertainty
in ZT for the case of Bi0.5Sb1.7Te3.12 through round robin test from different laboratories such as
in DLR-Germany, DRDO-SSPL, JNCASR and IISc-Bangalore.

Keywords: Thermoelectric measurements, Figure of merit, Reproducibility and Proficiency Test.
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Abstract

Electromagnetic acoustic transducers(EMATs) is widely used for couplant free ultrasonic inspection
of electrically conducting materials. EMAT typically uses a permanent magnet and radio
frequency(RF) coil for generation and detection of ultrasound. Rare earth magnets(NdFeB) are
preferred to generate strong magnetic field (4-5 k Gauss) bias. Permanent magnet EMAT has the
limitation of inspecting only non-ferrous materials. Its application is also limited to testing at
elevated temperature due to relatively lower Curie temperature. For inspection of ferrous materials
and inspection at elevated temperature pulsed electromagnet EMATs are used. Strong pulse
electromagnet design that may replace the permanent magnet is challenging. To achieve strong
field high current through the electromagnet coil need to be passed. This is achieved with the help
of capacitor bank. The capacitor bank is charged to a particular voltage and discharged through the
coil. IGBT is used to turn on current through the electromagnet. The pulsed electromagnet is
enabled for a particular time duration during which ultrasound is transmitted and received. The
pulse current of the electromagnet is synchronized with the excitation of RF coil. The duty cycle
of the electromagnet current is kept relatively low. Generally, on time for the electromagnet is in
the order of few milliseconds. The on time is crucial because it decides the maximum depth of the
material that can be tested. In this article, the effect of RF coil excitation delay and electromagnet
coil inductance have been demonstrated. The study reveals that the on time of the magnet is limited
by the power dissipation across the magnet coil due to its finite resistance. The minimum RF coil
excitation delay required is defined by the inductance value of the electromagnet because it takes
some time for the current to reach the peak value. Due to this the field also takes the same time
to reach the maximum value. The experimental study indicates that the optimization of the delay
between the activation of the electromagnet and RF burst is important. It has also been observed
that in order to ensure maximum received echo amplitude, RF coil must be excited at a time when
the field strength of the magnet is maximum.

Keywords: Electromagnetic Acoustic Transducer, Pulsed Electromagnet, Ultrasound.
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Abstract

Vast application of nanoparticles (NPs) in various areas leads to vulnerable to the environmentdue
to their transformation, uptake and toxicity to organisms. Dissolution, aggregation and transformation
are the key factors of the behavior of NPs which are the primarily responsible for the toxicity of
NPs. Copper oxide NPs are being utilized in various agricultural purposes like in pesticides,
fungicides, herbicides etc. in place of copper (Cu) salts and minerals in their bulk form. High
concentrations of Cu in soils can lead to phytotoxicity in crops, toxicity in soil biota and aquatic
toxicity in water bodies that receive runoff from agricultural lands.Quantification of the analyteusing
equipment requires prior validation of the methodwhich is a common practice in chemical analysis
which provides confirmation by examination for the test being carried out (ISO/IEC 17025). In the
present study, the dissolution behavior of copper oxide NPs has been investigated in details at wide
range of pH values. Quantification of copper has been done using 844 UV/VIS Compact IC
instrument, prior to which method development and its validation has been done according to
EURACHEM and IUPAC.The performance characteristics which is commonly evaluated during
the method validation are accuracy, precision, linearity, limit of detection (LOD), and limit of
quantification (LOQ). Accuracy measurement for the analysis of Cu was done by using standard
of 0.1 mg/kg of Cu solution and the recovery percentage was calculated according to IUPAC and
EURACHEM which was found to be 99% which falls within ± 10% as per the criteria and it also
shows that the method is accurate for determinationof Cu. The effect of pH on the dissolution of
CuO NPs has been studied which showed maximum (46%) dissolution at pH2.5 and no dissolution
occur at pH 10.99.

Key words: Nanoparticles, copper oxide, method validation, dissolution, pH.

PP042



10th International Conference on “Advances in Metrology - 2019”

75

Precise Time Transfer Utilizing Geostationary Satellite based TV Signals

A. Priyam1, S. De1, A. Agarwal1, S. Panja1* and A. Sen Gupta2

1CSIR-National Physical Laboratory, Dr. K.S. Krishnan Marg, New Delhi-110012, India
2The North Cap University, Huda Sector 23A, Gurugram, Haryana-122017, India

(*E-mail : panjas@nplindia.org)

Abstract

Precise time transfer over a long distance is an essential need of modern age for accurate time
synchronization among computers and its networks. This is very much crucial in terms of maintaining
cyber security, as accurate time management is the essential requirement for determining the
occurrences of events. Presently Network Time Protocol (NTP) is commonly used for time
synchronization in internet protocol (IP) networks and it is capable of maintaining time with an
uncertainty of less than 50 ms.

Here we have described a very simple and inexpensive method of precise time transfer based on
the digital TV signal from the geostationary satellites. This simple and easy deployable technique
of time transfer can be of great interest for estimating time offset and drift among clocks at
distributed locations with an uncertainty much less than the NTP based time synchronization
system. The basic principle of this kind of time transfer is that it identifies a specific part of the
digital TV signal as the time marker and every time the marker signals arrive at any particular
station, its time of arrival being recorded with respect to the local clock.

Consider two such clocks located at two different places A and B and recording time of arrival of
the marker signal from a commonly viewed geostationary satellite. If τA and τB considered to be
the travelling time or delay of the marker signal from the satellite to the position A and B respectively
and TA and TB to be the local time of arrival of that marker signal. The offset between the two local
clocks can be estimated as ∆TAB = (TA – TB) + (τA – τB), where (τA – τB) is the delay differences
between the two sites.

Keywords: Time Transfer, Time Synchronization, Satellites, Network, TV signal.
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Abstract

It is known that high pressure is realized through a pressure balance (PB) wherein pressure is
applied at the bottom of piston and cylinder assembly (p-c) and the downward force is generated
with the known masses loaded onto the piston. These pressure balances are characterized by
estimating their effective area and distortion coefficient values along with their measurement
uncertainties. In the current paper, finite element method(FEM) has been employed to characterize
the pneumatic pressure primary standard (NPLI-P1) having the maximum pressure range of 1 MPa.
NPLI-P1 is a DHI made, a large diameter piston gauge having a piston diameter of 35mm and has
an automatic mass handler. The FEM gives insight in the behavior of this piston-cylinder assembly
under pressure. The strain and stress distribution etc. can be obtained from FEM which may useful
in design modifications and characterization of piston gauge. The authors have carried out FEM
in secondary pressure standard earlier and have also applied FEM in their primary pressure standard.

To begin with, the dimensional characterization of the piston-cylinder assemblywas carried out at
our dimensional metrology lab and using these dimensions, a 2-dimensional(2-d)model was
developed in the finite element software. FEM was carried out in the commercially available
software ANSYS. All the required inputs viz. the material properties, loading conditions, constraints
etcwere given and the p-c model was meshed with mesh size of 4. Various pressures starting from
0.55 bar to 10 bar were applied and the results were obtained in the form of strain values from FEM.
The strain values thus obtained from FEM arefurther used to calculate the effective area with the
application of pressure using equation 1.
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The zeropressure effective area (A0), obtained from least square regression carried out between the
pressure and effective areavalues, obtained from FEM is found to be 9.805146 × 10–4 m2 at 20°C.
Initially, NPLI-P1 was calibrated by NIST, USA. The results obtained from FEM simulation was
compared with the NIST results and a good agreement of 6.2 × 10–6 is obtained in A0 between the
two. These preliminary results obtained from FEM would be discussed.
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Abstract

Raman spectroscopy is a technique to measure wavelength and intensity of inelastic radiation
scattered by polarised molecules at micro scale. Raman Spectroscopy finds its vast applications in
biotechnologies, drug discovery, agro-chemical research, clinical diagnostics and biomedical
applications such as for cancer detection, Bio-compatibility, DNA/RNA analysis, characterization
of Bio molecules etc. Hence Raman Metrology is one of the most vital needs of today's science.

However, the accuracy and Reliability of Raman Spectroscopy is still limited by lack of Metrology
and traceability issues. In recent years metrology of Raman spectroscopy has become one of the
diligently researched areas. Raman metrology is concerned with the optimization of various
parameters used in the Raman Spectroscopy Technique. The main facet of the Raman Metrology
is the need to have Relative intensity correction, testing of Resolution, calibration of Scanning as
well as CCD detectors and shift standards for Spectrometer calibration. Correction in intensities
of the signals obtained from test samples are important because when Raman spectra are obtained
using different instruments, they show notable differences in the peak intensities and the differences
becomes large when different wavelengths are used in excitations. For interoperability of spectra
obtained from different spectrometers, when spectra are to be transferred among different systems,
and when spectrometer is operated at different excitation wavelengths, testing of spectrometer
resolution becomes important factor to be checked.

To the best of our knowledge this work hasn't been done in India so far. NPL India has initiated
preliminary studies in direction with a focus to develop/identify reference materials for metrology
of Raman spectrometers with regard to spectrometer calibration, intensity and resolution at present.
In this paper we will mainly focus on the spectrometer calibration using the various chemicals such
as Benzonitrile, Cyclohexane etc. and testing of resolution of Raman Spectrometer. For resolution
testing Raman Spectra of calcite was taken and using its band's FWHM, the resolution of spectrometer
was calculated. For the spectrometer calibration Raman Spectra for various chemicals was taken
for a number of times, Peak position and standard deviation in the peak position was calculated.
The preliminary results obtained would be discussed in brief and the future directions to be
followed would be delved upon.
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Abstract

CSIR-National Physical Laboratory (CSIR-NPL) is the custodian of primary time scale realizing
of UTC(NPLI). Indian Standard Time (IST) is UTC(NPLI) + 05:30 h. In last two years, the primary
timescale has been strengthened by adding new clocks, improvement of environmental conditions
and calibration of the satellite link. All the improvements made to strengthen the timescale and
consequent reduction in the uncertainty of UTC (NPLI) traceability link with UTC; from 20 ns to
7.2 ns and finally to 2.8 ns, will be discussed in this paper.

UTC (Coordinated Universal Time) is a weighted average of time kept by more than 400 atomic
clocks distributed over more than 70 National Metrology Institutes (NMIs)and some laboratories
which directly submit clock data to International Bureau of Weights and Measures (BIPM) for the
generation of UTC. The local realization of UTC at laboratory 'k' is named UTC(k). UTC (NPLI) is
the local realization of UTC at CSIR-NPL. Since last few years, UTC(NPLI) is realized as the
steered output of an Active Hydrogen Maser (AHM). However, the timescale ensemble has five
high performance Cesium clocks as well. No new atomic clock was inducted in the primary timescale
between 2011 and 2016. Since 2017, three new Cesium clocks were inducted in the primary timescale
to replace unstable clocks. One new AHM and one Passive Hydrogen Maser (PHM) was also inducted
in the primary timescale. All these steps assure better stability of the timescale.

The environmental conditions play a crucial role in maintaining the atomic clocks in good condition
in order to have a stable performance. In last two years, the old AC (air-conditioning) plant of the
primary timescale was replaced with a new precision environment control unit. The stability in the
environment improved the overall stability of the timescale.

The major contributing factor for improving the link uncertainty is the internal delay calibration
of the GNSS receivers. To minimize the link uncertainty, the GNSS receivers at NPLI were
calibrated using the travelling GNSS calibrator from Group-1 laboratory, i.e., NICT, Japan and the
internal delays were calculated with respect to NICT G1. With these efforts, the traceability link
to UTC was calibrated and the associated uncertainty improved to 2.8 ns with effect from October
2018 as published in Circular-T.

In order to ensure round-the-clock availability of UTC(NPLI) and hence IST for strategic sectors
like ISRO, a back-up timescale has also been developed. We are in the process to link backup
timescale to the primary timescale and will provide redundancy to UTC(NPLI).
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Abstract

The AC high voltage and current metrology section of CSIR-National Physical Laboratory, India
(NPLI) is maintaining an AC high current facility upto 5kA at power frequency of 50 Hz. The CMC
of NPLI for the AC high current source is +120 ppm. The calibration of AC high current source
is accomplished by direct method using the 5A-5 kA/1A, 5A standard current transformer (Std. CT)
and the 6½ digital multimeter (DMM). The Std. CT is traceable to PTB, Germany and DMM to
NPLI. The block diagram of the set-up is shown the figure 1. The AC high current source (DUC)
supplies the current to the primary of Std. CT. The nominal ratio of the Std. C.T. is selected
according to the rating of the DUC and the secondary of Std. CT is connected to the DMM. The
measurements are carried out at various current to cover the range of DUC. The details of the set-
up, measurements and uncertainty budget will be presented in the conference

                  Fig. 1 : Block diagram of calibration set-up for AC High Current Source

Keywords: Standard current transformer, calibration, AC high current source and metrology.
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Abstract

The thick walled cylinders under extreme conditions are widely used in military, nuclear and many
of chemical industries. The present paper summarizes the study of nonlinear behavior of thick
pressure cylinder under extreme pressure conditions. A model is developed for elastic and elasto-
plastic behavior of the cylinder under high pressure ranging from atmospheric to Gigapascal. The
finite element analysis (FEA) is used to predict the stress-strain behaviors which are compared with
those obtained from theoretical equations in order to predict the limit and failure loads for this type
of loading. The relationships between redial, hoop stresses and displacement are used to understand
the mechanism and change in the behavior as a function of applied pressure.

In this study, we have designed a thick cylinder model using CAD (Soild Works) with internal
radius of 1.5 mm and external radius of 6.5 mm. Further, model thus obtained is simulated in Ansys
with two different materials (Armet and Marigin) under the extreme pressure conditions. The
specifications of the applied pressure in several increments enable the spread of the plasticity to
occur gradually and its effect on the evaluated stress distribution. With the applied load from
atmospheric to 1 GPa, it is clearly evident that the maximum stress value obtained by using Ansys
is more than the yield strength of the selected material in the cylinder. On the other hand, the stress
generated after autofrettage process is lower in compression to without autofrettage. These studies
can be used in different applications like design of indirect pressure transducer and pressure hoge
pipes etc.

Keywords: Stress; Strain; FEM; Pressure; Thick Cylinder; Autofrettage
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Abstract

Standard glass scale is a kind of very precise ruler, and on its surface, accurate divisions/gratings
are equally marked. The standard glass scales are frequently used in calibration of precise instruments
with non contact method of measurements like high resolution optical microscopes, video
microscopes, profile projectors etc. With the help of ultra fast pulsed laser micromachining system
devised a state of the art process for manufacturing standard glass scales. These standard glass
scales are the substitute for import items. The machined standard scales were calibrated using F25
CMM for 10 mm range scale and Profile projector for 150 mm range scale. The result of the
calibration shows the accuracy of the Standard Glass scales is at par with the scales manufactured
by photolithography process.

Keywords: Standard Glass Scale, Gratings, Optical Microscope, Profile Projector, Ultra Fast
Pulsed Laser, Import Items.

PP049



10th International Conference on “Advances in Metrology - 2019”

82

The Redefinition of the Kilogram through
Planck’s constant - Current World Status

Bushra Ehtesham1,2, Nidhi Singh2*, Gautam Mandal2 and Anil Kumar2

1Academy of Scientific and Innovative Research AcSIR, Ghaziabad-201002, India
2Physico-Mechanical Metrology Division, CSIR-National Physical Laboratory,

Dr. K.S. Krishnan Marg, New Delhi-110012, India
 (*E-mail : nidhi2023@gmail.com)

Abstract

Since 1889, the SI Unit of mass i.e. Kilogram was defined by International Prototype of Kilogram
(IPK) which is an artefact made of 90% platinum and 10% iridium alloy, but with the advent of
metrological precision and accuracy the artefact-based definition of SI base Unit as crucial as mass
was not acceptable. Thus, a unanimous decision was taken in General Conference on Weight and
Measures (CGPM) on 16th November 2018 to redefine kilogram in term of fundamental Planck’s
constant. Among various NMIs, NPL- India had also voted in favor of revising the definition of
kilogram. The new definition will be fully effective by 20th May 2019 replacing the artefact. The
new definition emphases on assigning a numerical value to Planck constant with an uncertainty of
few parts in 108. Kibble balance, previously known as Watt balance is a technique for realization
of the new definition of kilogram which links macroscopic mass to the Planck constant. The
principle of Kibble balance is to compare virtual mechanical power to virtual electrical power and
exploits the fact that electrical power is linked to Planck constant by two quantum phenomena i.e.
Quantum Hall Resistance (QHR) and Josephson Voltage Standard (JVS). At present, some National
Metrological Institutes (NMIs) such as NIST-USA, NRC-Canada, METAS-Switzerland etc. have
already built various versions of Kibble balance whereas few other NMIs such as UME-Turkey,
NPL-India etc. have recently started working in this domain. This paper deals with the basic
principle and components of Kibble balance and current status of various NMIs.

Keywords: Kilogram, Kibble Balance, Planck’s Constant, Quantum Hall Resistance, Josephson
Voltage Standard.
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Abstract

Atmospheric air pollution due to exhaust from automobiles is a serious concern for the health and
welfare of the people as the pollutants emitted from transports contribute to the soot which results
in poor air quality.This paper is mainly based on the analysis made on the exhaust gas recirculation
(EGR) system, which is effective in reducing nitrogen oxides (NOx) from diesel engines because it
lowers the flame temperature and the oxygen concentration of the working fluid in the combustion.
It is focused on the means of preventing the diesel exhaust gas re-circulation (EGR) valve from
being chocked/clogged due to the soot deposition.This can be achieved  either by changing the
physical geometry of the exhaust pipe of the EGR system or by introducing better quality ceramic
filter. This helps us to maintain the efficiency of the engine for a longer period of time compared to
conventional EGR'S used in diesel engines.

In four stroke diesel engines, air enters through inlet valve of the cylinder and gets highly pressurized.
Diesel engines are always fuel injected and the engine speed is controlled by varying the amount of
fuel injected into each cylinder. The fuel burns at a higher temperature inside the cylinder and little
soot is produced, but a large amount of nitrogen oxide. At lower combustion temperatures, nitrogen
oxide emissions are low, but the production of soot particulates is high. Due to this the soot particulates
get deposited on the exhaust gas recirculation valve resulting in its clogging. Since the EGR system
recirculates a portion of exhaust gases, over a time the valve can become clogged with carbon
deposits that prevent it from operating properly. Clogged EGR valves can sometimes be cleaned,
but replacement is necessary if the valve becomes faulty.The method employed helps reduce soot
deposit on surface of EGR by introducing turbulence induced structures which may increase the
flow instabilities and enhanced wall shear stress.

In the present analysis, the basic physical geometry of the exhaust pipe, which can be imagined to
be a rectangular plate for easy understanding purpose, is modified as described below. Circular
holes of 3mm diameter are drilled on the plate each having a centre to centre distance of 5 mm from
each other along the length of the plate and after that a series of grooves are introduced at 2.5 mm
apart from each other having a thickness of 1.5 mm. Further design change is incorporated by
making these grooves incline at 45º to the horizontal plane. Finally, the type of geometric design
obtained is that 2 'S' type curve grooves are formed along the length of the  plate which are inclined
at 135º facing each other, having a gap of 2 mm between each groove. This geometrical design of
EGR resists the soot particles from entering the EGR valve, hence prevents it from getting clogged.
The chemical change is that ceramic filters like palladium-platinum are used in the catalytic converter
to absorb the atomic oxygen, carbon monoxide and NO.x particles. It releases carbon dioxide,
molecular oxygen and di-nitrogen into the atmosphere which are less harmful to the environment.
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Abstract

Ultrasonic velocity is an important tool for the study of physical properties of materials. The
measured ultrasonic velocity depends on various environmental and measurement conditions such
as temperature pressure and frequency etc. In ultrasonic nondestructive technique high frequency
ultrasound wave is used, that gives information about the object without altering or damaging it.
Two basic quantities are measured i.e. amount of time taken by ultrasoundto travel through the
sample and amplitude of received signal. When dimensional verification is tobe carried out, travel
time dependence on temperature could easily affect the measurements. According to IS 4904:2006
various reference calibration blocks are used to verify the functionality of ultrasonic testing devices
such as ultrasonic flaw detectors (UFD).The dimensional parameters of the reference calibration
blocks are calibrated using ultrasound at the CSIR- National Physical Laboratory.  The effect of
temperature on the dimensional calibration of some of the standard reference blocks have been
studied and discussed in this paper.

Keywords: Ultrasound, Reference Calibration Blocks, Temperature Effect.
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Abstract

Particulate air pollution, specifically PM2.5 is known to cause cardiovascular diseases in human
beings. Because of its health effect, it is a major parameter of the National Ambient Air Quality
Standards (NAAQS). In the NAAQS, three methods for the measurement of PM2.5 are recommended.
In this study, two such measurement methods were used simultaneously and compared at a site in
Raipur, Chhattisgarh state. The gravimetric method has been one of the conventional method for
the measurement of PM2.5 and has been approved by US EPA as the reference method, also by
many governing bodies. With the recent advancement in the field of technology there are several
methods, which are equivalent to the gravimetric method. Among them, Beta Attenuation Monitor
(BAM) is widely used method for many years. In this work, PM2.5 were sampled using a filter-
based gravimetric sampling method and direct reading instruments (that is beta attenuation monitor)
at a location in Raipur city, namely Naya Raipur monitoring station during Diwali festival week
and the obtained mass concentration results were compared. PM2.5 mass concentration varied from
28 to 83 µg/m3 and 45 to 95 µg/m3 by both the measurement methods. Also the correlation of mass
measured by both the methods was found to be 0.54. The absolute deviation varied from 6 to 28
µg/m3. This is in the range of 8 to 60% while comparing each other. Also a linear relationship with
correlation of 0.96 was measured while plotting the ambient RH versus absolute deviation by both
the methods.In general it was observed that the deviation in the results obtained by both the
methods is larger when the ambient relative humidity is high (> 50%).

Keywords: PM2.5, Mass Comparison, Gravimetric Method, Beta Attenuation Monitor.
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Abstract

Accurate and precise measurements are very important for quality of life. In any fields, one needs
reference material in order to ensure the authenticity of the data which is to be measured from the
instrument. Nowadays single crystals are getting attention because of its numerous applications in
piezoelectric, optoelectronic and second harmonic generation fields. Particularly the single crystals
which will be used for nonlinear optical measurements generally compare potassium dihydrogen
orthophosphate (KDP) for comparing the NLO efficiency with the other single crystals. We are
planning to grow good quality potassium dihydrogen orthophosphate single crystal by slow
evaporation solution growth technique in a controlled atmosphere. The growth conditions were
optimized for defect free single crystal growth. The relevant characterization analyses have been
carried out for making the above said single crystal as a reference material for NLO measurements.
The observed results will be presented in detail.

Key Words:  Reference Materials, KDP, Single Crystal, Nonlinear Optics, Piezoelectric.
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Abstract

The paper analyzes the factors affecting the accuracy and precision in displacement measurement
in low frequency range from 0.1 Hz to 40 Hz using a Laser interferometer. The various sources of
error such as distortion, hum, cosine error, quadrature outputs, relative motion and transverse
motion are quantified. These studies shall be helpful in evaluating the measurement uncertainty in
low frequency displacement measurements and primary vibration calibration using a laser
interferometer and optical encoder.

Keywords: Laser Interferometer, Optical encoder, Primary vibration Calibration.
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Abstract

The paper analyzes the accuracy and precision associated with short-term and temporal strategies
when compared with the long-term monitoring strategy. The study analyzes the measurement
uncertainty in noise monitoring strategies using the ISO 1996-2:2017. It is observed that random
short-term and temporal samplings offer to be a cost-effective approach in achieving higher accuracy.
The present study and approach so followed shall be helpful in identifying the best practicable and
economical option in noise monitoring and mapping of larger part of the urban agglomerations in
Indian perspectives and also to evaluate the measurement uncertainty in environmental noise
measurements.

Keywords: Long term monitoring, short term monitoring, measurement uncertainty.
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Abstract

Axicon is a conical lens, used for realizing close approximation to Bessel beam (for a distance
Zmax) followed by annular hollow beam with non-diverging ring width. It was first introduced in
1954 by J H McLeodand is finding ever growing applications in the field of atom optics, image
processing and quantum informatics (McGloin and Dholakia 2005). In combination with a converging
lens, axicon has also been demonstrated for generating dark bottle beam (DBB) and dark hollow
beam (DHB) in a controlled manner. These hollow beams are widely applied in metal cutting,
cornea cutting, atom trapping and manipulation (Arlt and Padgett 2000, Xu, et al. 2010). Recently,
aberration patterns appeared due to oblique illumination of axicon are studied for the generation
of short-range non-diverging optical array profiles (SRNOAs) (Dwivedi, et al. 2018) and concluded
that the order of SRNOAs can be controlled by the combination of propagation distance and angle
of tilt of axicon. In the present study, we performed an in-depth investigation of the impact of
change in focal length of converging lens (f) and its position (Z0) from the axicon in axicon-lens
assembly for generating SRNOA in a controlled manner. The experimental analyses are performed
with He-Ne laser (633 nm and 1 mW) and axicon (refractive index 1.515, alpha angle 1°). The
results reveal that the non-diverging region and order of SRNOA can be controlled by precisely
varying f and Z0. Further, we observed the regeneration of array after bottle cavity (for f < Z0 <
Zmax) offering fixed order with diverging behavior while propagating in free space. The order of
these diverging array can also be controlled by precisely varying the Z0 and f. At unable SRNOA
could find its significance in optical tweezing, while controlled generation of arrays sustain fixed
order for large propagation distance could be useful in the free space optical communication.

Keywords: Axicon, Bessel beam, Diffraction optics, Optical array.
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Abstract

LED's have replaced almost all the traditional light sources and have proven their capabilities in
both indoor and outdoor applications. It has outrageously dominated the street lighting market. But,
to select a suitable LED outdoor light source becomes particularly important in order to ensure
good visibility in low lighting conditions (mesopic).Out of three classified visions, mesopic vision
predominates in night when the range of background luminance is between that of photopic and
scotopic luminance. In order to provide traffic, pedestrians and vehicles a clear visibility at the
same time protecting the energy saving potentials of LEDs, the mesopic parameters should possess
optimum values. Thus, it becomes very important to analyze the mesopic characteristics with
respect to one of the fundamental property of a light source such as color temperature. The aim of
this theoretical study is to analyse and investigate the change in mesopic parameters with respect
to the correlated color temperature (CCT) of the LED light source as per CIE 191:2010.

According to Berman, there is a strong association between S/P Ratio and CCT of a light source
which can be estimated by the equation S/P = -7 ×10–8 (CCT)2 +0.001 (CCT)-1.3152. For the CCT
range from 2000K to 7000K, we have calculated the S/P ratio using the above relation. According
to CIE 191:2010, the mesopic luminance (Lmes) and adaptation coefficient (m) which is a numeric
associated to observer's adaptation state can be obtained iteratively by using the equation
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log10 (Lm, n).

This calculation has converged to final values in five or six iterations in most cases (i.e. upto n=6).
Here, Lp is kept fixed which is equal to 0.5 cd/m2 (the generalized background photopic luminance
on streets). Effective luminance factor is defined as ratio of mesopic luminance and photopic
luminance. The results obtained are well in accordance with the acclaimed standards and notions.
As the CCT of an LED source increases, S/P ratio and mesopic luminance increases. This validates
the fact that an outdoor LED source should have higher scotopic content compared to photopic
lumens in order to identify the objects clearly under mesopic vision. This analysis forms the first
step towards evaluation and correction of mesopic parameters of existing LED light sources used
in India for street lighting. The future scope includes the practical assessment of mesopic
characteristics of different brands of LED's that are widely available in market and to establish a
standard guidelines considering the photobiological effect as well.

Keywords: Correlated color temperature (CCT), Scotopic lumen/photopic lumen (S/P Ratio),
Mesopic Luminance (Lm), Adaptation Coefficient (m), Effective luminance factor (ELF).
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Abstract

Goniophotometer is used for measuring the directional distribution characteristics of light sources.
The use of goniophotometers has been increasing in recent years with the introduction of LED
based light sources, which are mostly semi-directional.

A PRC Germany make Goniophotometer is installed in CSIR-NPL, which had very old control
hardware, and needed up gradation. Hence, it was planned to change its control mechanism from
old microcontroller based approach to a new programming based approach. The control operation
of the system was fully automated using a National Instruments Data Acquisition Card (DAC) for
electronic control and data acquisition from the detector. The motors for the rotation along the
vertical and horizontal axis are connected througha relay operated, optically isolated Darlington
pair circuit. Two optical encoders output is connected to DAC for precise positioning of the both
axis. A detector output is connected to analoginput of the DAC, measuring illuminance of lamp
zone wise. The measurement procedure is made very simple and user friendly, by means of the
software, which was developed using G codes on Lab VIEW environment in Windows 7. The user
defines only the plane of rotation, range of the angles, step angle of rotation and illuminance
responsivity (nA/lx) of the detector used. Other parameters can be defined along with individual
movements of both axes. The values of the incrementing angles and signal from detector are
continuously measured during measurement and acquired by the computer. The measured values
are stored in an excel file which is further used to get the polar distribution of the luminous
intensity. Along with this we also log measurement data of lamp terminal voltages and IR drops
for calculating uncertainty during measurement.

Block Diagram of measurement and data acquisition

Keywords: Goniophotometer, luminous intensity, polar diagram, luminaire.
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Abstract

The importance of visible light is enhanced by the fact that it is the only form of electromagnetic
radiation that is perceived by the human eye. One of the important parameters of visual perception
is the brightness of the source which directly affects the vision and is also directly related to
luminous intensity, which is one of the seven base SI units. The visible brightness of visual devices
like screens, illuminating devices like down lighters, LED display board are required to be quantified.
Brightness of surroundings is also an important factor to be measured at strategically important
locations like airport.

The brightness of any extended light source is defined as luminous intensity per unit area transmitting
from the surface of the source. All luminance units are realized using a uniformly transmitting
diffuser along with a integrating sphere based standard light source or by a white reflectance plate.
Using standard photometer, detector-based luminance traceability can be established. Most of the
National Metrological Institutes in the world establish the traceability of luminance from Illuminance.
We have established it using integrating sphere-based luminance source with variable power supply,
calibrated aperture and calibrated photometer. Luminance (L) is related to Illuminance (E) by:

L = Ed2/A

where d is the distance between source and detector of photometer whereas A is the effective area
of the photometer. A geometrical correction factor (k) can be multiplied with Illuminance. The
correction factor k is a function of diameter of detector of photometer (Dp), diameter of the aperture
(Da) and distance between source and detector (d).

k = 1+ (Dp
2 + Da

2)/4d2

A variable DC power supply is used with the sphere-based source to operate it around Illuminant
A to produce different scale of Illuminance. The luminance is obtained mathematically as described.
The calculated luminance is verified using values obtained from reference luminance meter. Variation
in percentage error has been calculated and uncertainty has been estimated.

It can be inferred that the calculated value of luminance matches well with the measured values.
Further, it may be noted that the calculated and measured values of luminance match within 2%
for luminance upto 1100 cd/m2. Thus the Luminance scale has been established and its traceability
taken from the Illuminance scale.
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Abstract

Ultra-precision machining is one of the widely used manufacturing processes for precision optical
components. The sub-micron form accuracy and nanometric surface finish are the main requirements
for such optical components. Although advance ultra-precision machines are capable to achieve the
required surface quality, there are many factors i.e. machining vibrations, environmental effects,
thermal issues, tool quality, job settings which affect the surface quality. Due to these errors it is
not possible to achieve the required form accuracy in single machining cycle and multiple cuts are
often required by correcting the tool path. The metrology feedback is crucial to compensate the tool
path and to minimize the form error. The remounting errors during machining iterations restrict the
efficiency of compensation process, especially in case of complicated surfaces e.g. freeform optics,
micro-structured components. To enhance the efficiency of compensation process, the on-machine
measurements are required. By realizing the need of in-situ metrology solutions, many researches
worked in this issue in near past. Many techniques for in-situ measurement of surface finish and
profile are developed including contact and non-contact methods. In current work review of
recently developed in-situ measurement techniques such as co-ordinates measurements by precise
probes, interferometric methods and slope measuring methods is given. The linear variable differential
transformer sensor, touch-trigger probe, sub-micron level ruby probe are the example of contact
type methods and scanning tunneling microscopy, chromatic confocal sensing, optical probe are
the examples of non-contact methods. The applications, capabilities and limitations of these in-situ
metrology techniques are discussed.

Keywords: In-situ measurement, Ultra-precision machining, Form error, Optics.
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Abstract

Certified reference materials are necessary for the calibration of different analytical instruments
and validation of methods of all branches of science and technology. An α-Alumina powder
certified reference material with the particle size in the range of 1-6µm has been prepared for the
use as an intensity calibration standard for X-ray powder diffraction experiments. This certified
reference material, Bhartiya Nirdeshak Dravya can be used both as an internal as well as external
standard for the intensity calibration standard for the powder X-ray diffractometers. Use of internal
standard in powder X-ray diffraction measurements in essential for reducing systemic errors in the
intensity in the 2θ due to absorption, vertical divergence, sample displacement and calibration
errors and also determine the multiplicity factor of particular plane of the highly intense peak.
Intensity calibration standard is one of the prime requirement for the measurement of plane’s
multiplicity factor. Method of diffractogram analysis, along with the corresponding intensity and
assignment of d values is discussed . The lattice spacing which was observed from HRTEM is in
good agreement with the observed PXRD.

Keyword : Standard Reference Material, Intensity Calibration, Lattice parameter, X-Ray
Diffraction.
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Abstract

Long-term precision experiments like Cesium Atomic Fountain Clock, timescale with atomic clock
ensemble etc. requires constant monitoring of the experimental as well as technical parameters like
temperature, humidity, power of laser, input frequencies of Acousto-Optic Modulator (AOM)
Controllers etc. A system is designed that will log the data of the various sensors every minute and
will analyze where the system is affected due to the changing parameters. Any change in these
physical quantities will be detected, and immediately alerted to the operator through mobile so that
the necessary actions can be taken. The Cesium fountain clock consists of various optical and
electronic instruments which are very sensitive to the surrounding conditions. Thus, for the effective
functioning of the clock, these instruments are needed to be kept in continuous surveillance.

Multi-channel Data logging system is required for all PC-based control and automation applications.
The data logger is an integration of several state-of-the-art techniques in electronics involving
ground loop isolation, data acquisition, data processing and graphical interpretation and storage of
data. The system includes a Graphical User Interface (GUI) in Laboratory Virtual Instrument
Engineering Workbench (LabVIEW) software to continuously monitor the voltage signals from
different sensors. A ground loop isolation circuit has been prepared for the monitoring of such
voltage signals. For testing the functionality of the Data acquisition system, the temperature and
humidity sensor boards were also designed and prepared.

In this paper, we will discuss both analog and digital back-end of our multi-channel data logger
system. The hardware part involves constructing a multiplexer board which combines eight different
physical channels that receives data from different sensors. Multiple such multiplexer boards can
be connected to form a multi-channel Data Logger. Software part includes creating a Graphical
User Interface (GUI) that can log the data from outside in a file. The application is developed in
LabVIEW platform.

Keywords: Multi-channel Data-Logger, Ground-loop isolation, LabVIEW.
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Abstract

Delhi has been facing uncontrolled pollution episode since last five years during winter particularly
the period of late November- early February. Natural atmospheric conditions like atmospheric
stability, temperature variations and meteorological conditions (wind speed, solar radiation, relative
humidity) adds extra strength to anthropogenic activities during winter season which in turn leads
to exceedance of air pollutants in the atmosphere. Regulatory bodies have intended to measure the
criteria pollutants primarily in the categories area (residential, industrial and traffic junction).
However, gridded data of pollutants over Delhi which is distributed over 1484 sq km, is missing.
Source apportionment studies indicate that 20-27% of PM10 might be originated from biomass
burning. Air quality data acquired from CPCB in different regions of Delhi for winter season
(November-December 2017) indicate the presence of high pollution level. The average concentrations
for PM10 were 513 µg/m³, 335 µg/m³, 421 µg/m³, 510 µg/m³, 369 µg/m³, 216 µg/m³ for November-
December 2017 at Anand Vihar, Mandir Marg, R.K.Puram, Punjabi Bagh, CRRI and ITO,
respectively.

As a part of survey and sampling of bio fuel usages, 150 sites from 800 Slum areas and villages
by random sampling method have been identified. The study covered nine districts which include
64 grids each of 5×5 sq km area. Data gathered from the survey revealed that fuel used in residential
sectors were dung cake, firewood, LPG, electricity for activities like cooking, and room heating.
The selected locations were navigated by Global position system (GPS) to identify households for
survey and sampling. Sample from each grid was collected using high-volume total suspended
particulate matter (TSP) sampler on quartz fiber filter (size-110mm diameter). The proposed
methodology will help to make a gridded distribution of total suspended particulate (TSP) over
Delhi region.

Keywords: Biomass burning, TSP, Emission inventory.
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Abstract

The Himalayan region is facing a lot of adverse climatic condition, which might be due to deteriorating
quality of air exceeding National Ambient Air Quality Standards (NAAQS) criteria. To mitigate the
source of pollutants, the quantification of contribution of different sources to particulate matter/
aerosols over Himalayan region of India is essential to estimate the different source types and its
impact on the air quality of the region. In the present study, we collected the PM2.5 and PM10
samples (n = 29 each) at Bose Institute, Darjeeling (2200m asl), an eastern Himalyan region of
India during August 2018 to November 2018 to estimate the concentrations of carbonaceous
species [Organic carbon (OC), Elemental carbon (EC) and WSOC] and trace elements (B, Na, Mg,
Al, P, S, K, Ca, Cr, Fe, Ni, Zn, Zr, Mo and Cl etc.,) in PM2.5 and PM10. The average concentrations
of PM2.5 (range: 17.7?56.3 µg m–3) and PM10 (range: 31.1?87.1 µg m–3) were estimated as
42.8±10.4 µg m–3 and 52.7±13.0 µg m–3, respectively. The average concentrations of OC and EC
in PM2.5 were estimated as 2.89±1.88 µg m–3 and 1.35±0.53 µg m–3, repectively whereas average
concentrations OC and EC in PM10 were estimated as 4.88±2.2 µg m–3 and 1.44±0.5 µg m–3,
repectively. More than 15 elements (B, Na, Mg, Al, P, S, K, Ca, Cr, Fe, Ni, Zn, Zr, Mo and Cl etc.)
were estimated in PM2.5 and PM10 samples using X-RF technique. A significant positive linear
trend between OC and EC have been observed (R2 = 0.812 for PM2.5 and R2 = 0.793 for PM10)
during the study period, which is indicative of their common sources (like vehicular emissions or/
and biomass burning) at the sampling site. The detail results will be presented in the conference.

Keywords: PM2.5, PM10, Organic carbon, Elemental carbon, Trace elements.
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Abstract

The human eye responds differently in day, night and twilight conditions, which are referred as
photopic, scotopic and mesopic response, respectively. Traditionally, light levels are measured in
accordance with photopic response curve. However, in recent years, interest has grown in mesopic
response due to the increase in night time activity of human beings. The mesopic response is
characterised using S/P ratio which evaluates the spectrum of any lamp by comparing its scotopic
response to the photopic response. For optimum results, S/P ratio should be equal to 1. The S/P ratio

can be determined by using the following equation : 
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 where K' and K

are Luminous flux of a light source according to CIE scotopic and photopic spectral luminous
efficiency function respectively; S(λ) is the spectral power distribution of a light source; V'(λ) and
V(λ) are the normalized CIE scotopic and photopic spectral luminous efficiency function, respectively.
S/P ratio provides a better indication for sense of brightness, visual acuity and depth of field and
helps to choose the optimum light source. The focus of the present study is on the usage of light
sources in interior lighting systems that are equally effective in day and night, thus avoiding higher
power consumption during dark. In this study, different types of indoor light sources like TH, GLS,
CFL and LED lamps of different wattages, Correlated Color Temperatures (CCT) and brands, have
been studied for their S/P ratio variation from their respective spectra. The spectra have been
obtained using Spectroradiometer based Integrating Sphere system.

Fig. 1: Schematic diagram of Integrating Sphere Fig. 2:  S/P ratio of different lamp types with different CCT

Figure 2 shows the S/P ratio of different types of lamps of different CCT. The trend of graph shows
that S/P ratio is increasing with increase in CCT for any kind of lamp types that were studied.

Keywords: CCT, Scotopic , Photopic, Mesopic, S/P Ratio, TH lamp, LED, CFL, GLS, Integrating
Sphere.
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Abstract

Apart from vehicular pollution, biomass burning contributes to significant proportion of existing
pollution loads; scanty information is available on contribution patterns of biomass burning in
Delhi. Over 800 slum clusters and villages were identified, out of which 150 randomized sites were
selected for demographic and geographic surveying as well as for sample collection to generate
representative data for whole Delhi. We have divided the whole region of Delhi into 64 grids
(fig. 1) each of 25 sq km area, out of which 150 random sampling points were selected and over
2000 surveys were conducted to develop a generalized idea in order to understand the distribution
pattern of emissions during winter season of 2018-2019. The survey was based on questionnaire
and information was gathered from 3% respondents of total number of households at each sampling
site. The collected data showed the amount of biomass fuel burnt for different purposes like
cooking and warming of water on traditional stoves, space heating during winter season etc. by
using dung cakes, fire wood and charcoal. From this study a new emission inventory for NCT of
Delhi is being developed to generate and integrate the present as well as future aspects of emissions
from residential along with agricultural sector.

Fig. 1 : Delhi Sampling Sites

Keywords: Biomass burning, biofuels, particulate matter emissions.
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Abstract

Light is categorized into two types: one being naturally produced from sun while the other is
artificial light originated by any electronic display or device. The night-time artificial lighting
sources majorly has blue light component which is dangerous for the human retina and also these
light sources have several effects on human physiology and behavior both directly and indirectly.

Circadian action factor (CAF) has been introduced to measure the non-visual effects of artificial
light sources. Generally, higher values of CAF indicate more light energy concentrating on the
spectral region, which is associated with the melatonin suppression. In workplaces at night lighting
needs maximum CAF and the bedroom lighting at night needs minimum CAF because high CAF
can enhance workers’ level of vigilance and excitation, while low CAF can help people relax. For
calculation of CAF value spectral irradiance distribution function is more important parameter. The
circadian action factor that denotes the ratio of the circadian flux to the luminous flux can be
expressed as :
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Where, S(λ)= Spectral irradiance, V(λ)= Photopic luminous efficiency function, C(λ)=Gall efficiency
function.

In the present study incandescent lamps of different colors has been studied for their effect on
sleeping pattern of human. The spectral irradiance has been obtained in the visible region for all
the lamps and their corresponding CAF has been calculated. The CAF value measuring for blue
lamp is 7.77, Green lamp is 0.67, Red and Orange lamp is nearly equal to zero. It may be concluded
that the blue lamp has the largest CAF value i.e. more melatonin suppression during night time,
which is harmful. Thus, the study indicates that a red or orange incandescent lighting in the
bedroom would be better for a relaxing sleep as compared to blue or green incandescent lighting.

Keywords: CAF, Circadian flux, Incandescent Night Lamp.
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Abstract

The Himalayan region is characterized by a variety of climatic conditions from tropical to alpine.
Large amount of anthropogenic activity starts during harvesting season in the upper Indo Gangetic
Plain (IGP) region. The Indo-Gangetic plain (IGP) is a hot-spot for biomass burning, emitting huge
amounts of carbonaceous aerosols and various trace gases. These emissions also undergo long
distance transport, affecting not only the local air quality; but also outflowing into the marine
region during the north east monsoon (NEM) since the near surface flow is mostly north easterly.
Similarly, during south west monsoon (SWM), large amount of dust being transported from Saharian
and Arab desert pours into the IGP region which in turn, results in increasing the particulate matter.
Despite satellite data being available in abundance, important questions related to the source
influence on the carbonaceous aerosol loading over the marine region remain unanswered. PM2.5
samples were collected at different sites likely Delhi, Patiala, Kullu, Darjeeling, Jaislmer, Jorhat,
Bhuvneshwar, Varanasi and Lucknow respectively in NEM and SWM. The highest average
concentrations for PM2.5 were observed in Varanasi (187.82 µg/m3), Agra (144.44 µg/m3), Lucknow
(164.86 µg/m3) and Amritsar (344.58 µg/m3) during North East Monsoon (NEM). During SWM
the average concentrations were observed in Delhi (61.75 µg/m3), Varanasi (71.74 µg/m3).

Keywords: PM2.5, North east monsoon, South west monsoon.
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Abstract

The CFL technology has dominated the lighting industry for the past few years. CFL is also known
as a compact fluorescent lamp or energy saving light. Most CFLs are designed to replace incandescent
lamps and fit into most existing light fixtures. Compared to general service incandescent lamps,
giving the same amount of visible light, CFLs use less power and have a longer rated life. The
primary objectives of CFL design are high electrical efficiency
and durability. However, there are some areas of CFL operation
that are problematic. CFLs turn on within a second, but still take
time to warm up to full brightness. We all experience in our day
to day life that frequent switching occur in places like office
corridors, restrooms, conference rooms etc., where the stability of
a light source is difficult to achieve. So, in such cases, the temporal
study for photometric parameters of any light source becomes
more relevant than long-term study.

In present study, we have studied temporal variation of correlated
color temperature (CCT) in CFL, one of the most important
photometric parameter of light sources. To perform our study a
calibrated Colorimeter and Spectroradiometer based Integrating
Sphere was employed. As seen in figures 1 & 2, after performing
several measurements of CCT for different wattage lamps of same
brand, major fluctuations were observed at the initial warm up
time which tends to stabilize with time. However, difference in
CCT from its initial to final stabilized value is different for different
wattage CFL lamps.

Therefore, in places of shorter operating cycles CFLs never reach
its rated CCT value. Steady state CCT values were achieved after
approximately half an hour which is also the case with LEDs as
per our earlier studies. However, the CCT curve for CFL shows
more fluctuations as compared to temporal variation of LED.

Keywords: CFL, CCT, Spectroradiometer.

Fig.1: Variation of CCT with respect
to time for Cool Daylight lamps

Fig.2: Variation of CCT with respect
to time  for Warm White lamps
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Abstract

Potential exposure of nanoparticles to people in a closed room i.e. offices and homes is constantly
increasing, even though the toxicological effects of these compounds have not been fully characterized
yet. Indoor air pollution being the degradation of indoor air quality (due to combustion, building
materials, bioaerosols, asbestos, pesticides and volatile organic matter) makes it 10 times worse
than the outdoor air pollution. This is because closed areas enable potential pollutants to build up
more than open spaces. According to the statistics in developing countries, health impacts of indoor
air pollution outweigh those of outdoor pollution, accounting for 3.5 million global deaths annually.
Morbidities associated with indoor air pollution are respiratory illness, viz., acute respiratory tract
infection and chronic obstructive pulmonary disease (COPD). Since PM10 or PM2.5 are the current
standards for health protection issues but studies indicate that ultrafine particles ranging from sizes
below 1 µm or 100nm are way more hazardous to human health. Optical Particle counters (OPCs)
enabling ease of use along with no required supervision for longer spans, make them an attractive
alternative for measuring total number concentration, the particle size distribution and PM1. There
is very few observation of indoor aerosol particle particularly in Delhi. Variation of ultrafine
particles will be presented.

It has been observed that the particle concentration decreased rapidly with the increasing particle
size. The OPCs can thus detect only a fraction of the total particle concentration and the upper cut
diameter can be neglected as hardly any particles larger than 20 µm can be found at our sampling
site which is nearly 135m above the ground. Particle concentration in forenoon is 23.5% lower than
that one measured in morning.

Keywords: Indoor air pollution, Aerosol particle sizer.
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Abstract

Measurements of total non-methane hydrocarbons (NMHCs), CH4, NO and NO2 (NOx) have been
carried out at an urban site of Delhi India during Apri-May 2018 to estmate their average mixing
ratios and diurnal variation over Delhi. The average mixing ratios of NMHCs, NO, NO2 and CH4
were recorded as 0.238 ± 0.213 ppm, 2.01 ± 0.28 ppb, 5.13 ± 0.12 ppb and 2.16 ± 0.52 ppm during
the entire observational period. Higher mixing ratios of NMHCs, CH4, NO and NO2 were recorded
during night time whereas lower mixing ratios NMHCs, CH4, NO and NO2 were recorded during
daytime. The detail of the results will be presented in the conference.

Keywords: NMHCs, NOx, and Mehtane.
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Abstract

As the surrounding air quality over national capital is becoming more severe day by day because
of the anthropogenic activities. So to get the better understanding of the ambient air quality study
of source apportionment becomes essential. For these PM10 were collected from the three main
urban sites (CSIR NPL, IGDTUW Kashmiri gate, Faridabad) in the year 2015 and their possible
sources for carbonaceous species (OC, EC and WSOC) were estimated. The average concentrations
of PM10, OC, EC and WSOC were estimated as 195, 23.6, 5.2 and 15. 5 µg m–3, respectively at
Faridabad whereas as average concentrations of PM10, OC, EC and WSOC were 274, 30.8, 9.4,
and 21.3 µg m–3, respectively at IGDTUW, Kashmiri gate. PM10, OC, EC concentrations of PM10
were computed as 219.4, 15.94, and 5.74 µg m–3 at CSIR-NPL. During the study a significant
positive linear trend between OC vs. EC and OC vs. WSOC have been observed for this three sites
as (R2 = 0.64 and R2 = 0.76 at Faridabad; R2 = 0.66 and R2 = 0. 87 at IGDTUW and R2 = 0.80 at
CSIR-NPL), which reflects the sources like vehicular emission, biomass burning. Also a 5 days
backward trajectory of the air masses were seen which shows the origination from local sources
along with long-range transport which influenced concentration of carbonaceous aerosols (OC, EC
and WSOC) during the study period over the Delhi-NCR. WSOC has a serious consequence on
human health by increasing the solubility of toxic pollutants which may cause respiratory illness
to the people on prolonged exposure.

Keywords: PM10, Carbonaceous aerosols, Trajectories Delhi-NCR.
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Abstract

Light-emitting diode (LED) light sources have high potential for replacing traditional incandescent
lamps, following the advancement in lighting technology. Solid State Lighting, namely, LED lamps
and luminaires are paving their ways into the domestic and industrial lighting having the potential
to save energy and to improve lighting quality and performance in comparison to many conventional
lighting technologies. Apart from their energy efficiency, this latest technology has several other
advantages which includes longer life time, design flexibility, faster color variation as per desire,
dimming capability and lesser disposal hazards. It is therefore interesting and significant to study
the luminous performance of such LED lamps. In the present work we have studied temporal
variation in the spectra of LED lamps, recorded over certain time interval. The present work has
been performed on commercial 6500K LED lamps of 3W, 5W and 14W, readily available in
market, and studied their temporal performance with a calibrated spectro radiometer based Integrating
Sphere. To measure the spectral output, each lamp is operated with a stabilized AC power supply
at the rated 230V and 50Hz. The spectra, shown in Figure 1 is for a 3W LED lamp, and a spectra
is recorded at its switching ON time and after attaining its stabilization point. The spectral power
distribution graph shows a typical LED spectra, which depicts three inversion points namely, peak
1 (at 452.3 nm), peak 2 (at 575.1 nm) and valley (at 485.7 nm). It has been observed that over the
time, peaks and valley of LED lamp spectra shifts towards the longer wavelength side (red shift)
and the amount of wavelength shift for each peak and valley are different in amount, for each lamp.
Figure 2, 3 and 4 depict red shift in peak 1, peak 2 and valley of fig. 1. The similar procedure is
also carried out for 5W and 14W LED lamps and it is observed that shift in peak 1 for 3W, 5W
and 14W LED lamps are 1.4 nm, 1.7 nm and 2.4 nm respectively and shift in Peak 2 for each lamp
are 6.1 nm, 5.9 nm and 6.1 nm respectively. It is seen that the shift in valley for 3W, 5W and 14W
lamps are 2 nm, 2.7 nm and 3.6 nm respectively which results in change in the color temperature
characteristics of each lamp.

Keywords: LED photometry, Correlated Color Temperature(CCT), Spectro radiometer.
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Abstract

Heterodyne laser interferometer is used to measure displacement
with an uncertainty approximately 0.1ppm. The artifact standard
e.g. glass line scale, tape and steel scale are widely used in industrial
application as well as legal metrology applications. CSIR-NPL,
India is involved in dissimilating traceability to the nation through
the development of state of the art facility at legal metrology
laboratories. The optical set up of LI is alignment along with the
locating microscope needs to be optimized to achieve the desirable
accuracy within the range of 0.0001mm.

As a preliminary study a optical configuration so as to eliminate
the pitch and yaw error is practiced. The measurements are taken
up to 1500mm. The measurement setup made on a four metre
translation stage is shown in figure. The measurements are
compared with conventional method of displacement measurement
with similar laser interferometer is also as shown in figure.

Keywords: Yaw offset, Pitch offset, Systematic error, Abbes error, Laser interferometer.
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Abstract

Being a national measurement institute, CSIR National Physical Laboratory, New Delhi (NPLI) has
the mandate to providing traceability to all the stakeholders. Metre is a SI base unit for length and
dimensional measurements. There are many derived parameters in different disciplines e.g. Optical,
ultrasonic and hardness measurements. Accordingly, their respective measuring machine required
length and dimensional calibrations. Obviously, without length traceability, the respective calibration
and measurement capabilities (CMC) may not be established. NPLI developed different measurement
setup to several the purposes.

Optical metrology: Suitable fixtures and measurement setup are devised
to calibrate photo goniometry. Mutually orthogonal rotary stages are
measured using polygon and autocollimator. The angular deviations are
determined within one degree. The service is refined to extend the
sensitivity up to 0.1 degrees.

Hardness Metrology: Depth verification of hardness tester is recent
challenge took up by NPLI. It was required to calibrate the depth
measurement scale of hardness test within the accuracy of 0.0001mm. flat
mirror interferometer configuration along with appropriate fixtures are
used for calibration. The calibration is performed at two sites with a
uncertainty of measurement in the range of 0.0001mm.

Ultrasonic & Eddy Current Measurement:
Research Design and Standards Organization
design and suggest rail manufacturers models of
artificial defects required for ultrasonic, eddy
current inspection of rails. Indian industrial
experts manufacture the reference rails. These
rails need to be dimensionality verified. The
defects are as thin as 0.4 mm. commercially there
is no probe available in this range. A simplified measurement procedure
and requisite instruments are devised at NPLI. The measurements were
confirmed with in 0.002 mm. Thus, NPLI disseminated traceability in
different fields of metrology.

Keywords: Optical Gonio meter, Test rails, Hardness-measuring machine.
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Abstract

Gauge block are calibrated using twyman-Green phase shifting interferometer using stabilized
laser wavelengths. The length of gauge block is measured at a reference temperature 20°C. The
gauge block measurements are compensated using a nominal thermal expansion coefficient (TEC).
Usually, the metrologists use an agreed nominal thermal expansion coefficient from the literature.
The nominal value of TEC for the gauge block made of steel, tungsten carbide and ceramic are
taken 10.6 ppm, 4.2 ppm and 9.7 ppm respectively. However, exact value of TEC is not determined
for each gauge block under test. Therefore, operators consider (5-10)% deviation of nominal TEC
in the uncertainty component in the gauge block measurement. The uncertainty of measurement
due to unknown thermal expansion coefficient is a dominating component. It is also observed about
half a dozen NMIs (e.g. PTB , Germany , NRC Canada etc.) measure TEC to achieve the uncertainty
of measurement in the range of 0.06 ppm.

A study is conducted at NPL, India, to reduce the uncertainty of measurement by determining
effective thermal expansion coefficient. A gauge block of size 100mm is wrung on a platen in the
automatic gauge block interferometer (GBI 300). The gauge block is measured at different
temperature about 20°C. The gauge block are thermally stabilized for at least four hours in the
range of (20±1)°C. At each temperature the gauge block reading are taken entering nominal thermal
expansion coefficients (TEC). The measurement data is analysed by estimating fringe fraction
increment due to temperature deviation from 20°C . In this method, one needs to measure the gauge
block at reference temperature first. From this preliminary study it was found the application of
fringe fraction algorithm is effective when the central length deviation is precisely known and
temperature is varied from (15-25)°C with a precision of 0.1°C. The experimental setup is expensive
and it is separate facility for measuring TEC of each gauge block exclusively. It can be seen that
the uncertainty due to thermal expansion of the CDL reduces to 50% for a steel gauge block of
100 nm in the temperature range (20±1)°C. Traditionally with the 10% variation of TEC, the
uncertainty would be 100 nm.
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Abstract

The very important parameter in photometry for characterizing the light source is the Luminous
Flux which can be defined as the total light output power perceived by the human eye. It can be
measured by substitution method using an Integrating Sphere. Substitution method is an old
procedure for the measurement of the luminous flux, still it is used by many industries. In this
method, we should have the test lamp and standard lamp of same shape, size, color and electrical
rating. Any mismatch in these parameters, results into an error. In the present work we have studied
the error in flux measurement of test lamp and standard lamp of different CCT where we have taken
the TH lamp as both the test and standard lamps. An appropriate method for the measurement is
spectroradiometer and it gives accurate result as compared to substitution method. Luminous Flux
measured using spectroradiometer based Integrating Sphere is considered as a standard flux in the
present work and compared with the luminous flux measured using substitution method to find the
error in luminous flux. So a graph is plotted between the error in luminous flux and CCT. From
this graph we can conclude that as the difference in CCT of test lamp and standard lamp increases,
the error in the flux measurement increases.

Figure.1: Variation in error in Luminous Flux with CCT of TH Lamp

Keywords: Luminous Flux, Correlated Color Temperature (CCT), TH Lamp, Substitution
Method, Spectroradiometer.
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Abstract

Nanotechnology, encompasses almost all aspects of life with progressive implementation in areas
of healthcare, food, cosmetics, imaging, energy, communication, intelligence technologies and
other devices. It has already paved the way towards defining the economic growth in developed
countries. To ensure the quality of nanoproducts standard operating process and methods need to
establish through quality assurance system. To this end, the development of Certified Reference
Materials (CRMs) becomes indispensable for testing and calibration in order to ensure the safety
and reliability. Zinc Oxide (ZnO) is a versatile material with a vast range of applications in paint,
glasses, rubber, plastics, filters, ceramics, electronics, optoelectronics and biomedical. ZnO is also
being used as a main ingredient in many products such as baby powder, calamine cream, cosmetics,
anti-dandruff shampoo, and antiseptic ointments. These wide range of applications warrant the
development of ZnO standard materials for specific process standardization and method validation.
More specifically, the use ZnO nanoparticles in various biomedical and energy related applications
requires size standard as size variability leads variation in physico-chemical properties.

Owing to the potential demand, the standardization of ZnO in terms of size needs to be addressed.
In line with initiative of developing new CRM at NPL as trade name of Bhartiya Nirdeshak Dravya
(BND), we have prepared monodispersed ZnO nanoparticles of size 5+1 nm as a strong candidate
for Indian Reference Material. The size distribution and morphology of ZnO was confirmed using
Transmission Electron Microscopy (TEM), Dynamic Light Scattering (DLS), X-Ray Diffraction
(XRD) and Small Angle X-ray Scattering (SAXS). The ethanolic dispersion of ZnO particles was
found to be highly stable upto 18 months as revealed from the TEM studies recorded at different
time intervals. The nanopowders of ZnO nanoparticles are highly stable. The size uncertainties
were calculated as per ISO GUM Guide.

Keywords: CRM, BND, Calibration standard, ZnO, Nanoparticles.
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Abstract

Ni-Mn-Sn based full Heusler alloys are prototypical systems exhibiting (i) austenite-martensite
(A-M) transitions, (ii) re-entrant ferromagnetic (FM) phase, (iii) spin glass (SG) and (iv) exchange
bias (EB) in the low temperature region. In this family chemical disorder and ratio critically affects
the crystal structure, magnetic and transport characteristics of Ni-Mn-Sn based Heusler alloys. In
the present work we have synthesized ribbons having nominal composition Ni43Mn40Cr3Sn14 by
melt-spinning of the multiple times arc-melted bulk alloy and studied the effect of annealing. The
dominant chemical composition of the as prepared ribbons (Ni43Mn42Cr3Sn12) is very close to the
nominal one, however, several regions of Mn and Cr (Ni and Sn deficient) patches are seen
throughout the ribbons. Such regions could affect the magnetic and transport properties of the
ribbons. To achieve the desired chemical homogeneity and stoichiometry we annealed the ribbons
at 700°C for 3 hrs in vacuum. Post annealing composition of the ribbons is Ni43Mn40Cr3Sn14 with
negligible chemical inhomogeneity. The gross crystal structure of both the set of ribbons correspond
to L21 at room temperature. The cooling and warming resistivity-temperature (ρ-T) measurements
show that after annealing (i) paramagnetic-ferromagnetic transition in the austenite phase and
(ii) A-M transition shift slightly up. In contrast the reverse M-A transition shows a sizeable shift
of 22 K. The temperature dependent magnetization (M-T) measurements also show corresponding
changes. The observed changes in the electrical transport, magnetic phase profile and associated
spin glass have been explained in terms of the chemical inhomogeneity aided microstructural
inhomogeneity.

Keywords: Heusler alloys, Ribbons, Martensitic transformation, Cr-doping.
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Abstract

Optical thin film coating technology is one of the important components of precision optics
fabrication process which works on the principle of interference of light to produce desired reflection
or transmission characteristics. These thin films can be of metals, dielectrics or composites having
desired optical constants in the wavelength range of interest. Specifically, reflective optical notch
filters have immense usage as beam folding and beam steering optics in a host of instruments and
projection systems. As most of the beam folding optics require steering of the light beam by more
than 90°, optical notch filters in such systems require to possess enough reflection even at higher
angle of incidences. As the polarization effects degrade the performance of normal incidence notch
filters at such oblique angles, special efforts in terms of design and fabrication methodology have
to be evolved to tackle the challenge of providing higher optical efficiency at oblique angle of
incidences. In the present research work, a 44 layer Al2O3 – SiO2 multilayer structure has been
designed and fabricated using Ion Assisted electron-beam Deposition (IAD) technique and the
fabricated filter was characterized for its specular reflection at varied oblique angles of incidence
of 10 - 50° using Universal Measurement Accessory (UMA) of a UV-Vis-NIR spectrophotometer.
Unlike a conventional Quarter Wave Optical Thickness (QWOT) multilayer filter, where each
layers of the multilayer structure possess the same optical thickness of one quarter wave of the
design wavelength, the present work discusses the design of thickness modulated optical filters in
which the layer thickness profile is varied in accordance with a pre-defined mathematical function
to achieve higher optical efficiency and sharper notch characteristics. The fabricated filter in the
present research work has been optimized for an angle of incidence of 45° and design wavelength
of 545 nm. The filter was found to have a peak optical reflection of 82% in the rejection zone and
an average passband transmittance of 90% in the visible range (400 – 700 nm) excluding the
rejection window.

Keywords: Optical multilayers, Vacuum deposition, Specular reflection, Notch filter.
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Abstract

Certified Reference Materials (CRMs) play a crucial role in calibration of the instruments to ensure
the accuracy of measurements and method validations. All the measurements in the field of
physical, chemical and biological sciences and engineering require CRMs in establishing the
traceability of the measurements that in turn to ensure the quality of the consumer products and
contribute significantly to the economy. To maintain the standard of consumer product in the
market analytical and/or measuring instruments needs to be calibrated regularly/periodically; this
is where a CRM is required for their accurate calibration. The progress of nanotechnology in recent
past has fuelled the development of new technologies and measurement standards warranting the
development of new CRMs in this area. Silica nanoparticles have been extensively used in the fiber
optic, materials, electronic and pharmaceutical industries due to their unique physico-chemical
properties. Therefore, the development of size standard of silica becomes important to ensure the
quality of products consisting of Silica nanoparticles. Furthermore, the high degree of size control
using Stöber method renders the possibility of generating a wide range of silica nanoparticle sizes
that may also be used to calibrate nanosieves and Particulate Matter2.5 (PM2.5) filters. We have
synthesized monodispersed and size controlled silica nanoparticles of varying sizes using the well-
established Stöber method. Three different batches of 300 nm particles were synthesized and
characterized using Scanning Electron Microscopy (SEM), Transmission Electron Microscopy
(TEM) and Dynamic Light Scattering (DLS) for size determination. The average size of 280 + 20
nm of the silica nanoparticles was obtained from different techniques. To achieve the level of CRM,
efforts are in line to optimize the synthesis protocol in order to obtain narrow size distribution and
uniform shape at larger scale.

Keywords: CRM, BND, Calibration standards, Silica Nanoparticles.
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Abstract

Present day fighter aircrafts are equipped with glass cockpit concept to enhance pilot's and co-
pilot's situation awareness in ever-changing and challenging flight aircraft environment. The glass
cockpits have smart and modern displays such as Head Up Display (HUD), Helmet Mounted
Display (HMD), Optical Gun Sights (OGS), Multi-Functional Displays, Stand-by-sight Display,
Large Area Display, etc. Out of these displays HUD, HMD and OGS fall in the category of see-
through displays where flight information is available to the pilot on her/his forward view.
Measurement of position accuracy of the flight symbology which is primarily composed of altitude,
navigation, horizon bar, landing aid and weapon aiming parameters, is a challenging as well as
obligatory task for safe flight operations. The position accuracies play vital role in landing, take-
off as well as during weapon aiming operations. The errors of few milli-radians (mR) in positional
accuracy of symbology displayed on these see-through displays can translate into faulty landing
operation and may even result in missing of the target, during bombing, by severaltens or hundreds
of meters depending on target distance. A novel methodology has been conceptualized and tested
successfully on see-through displays used in the cockpit of aircrafts. The measurement method
primarily involves: (a) generation of customized display patterns (like custom grid pattern,
checkerboard pattern, raster and cursive interlaced pattern, etc.) to map the entire display screen,
(b) simulation of Head Motion Box (HMB) used by the pilot to simulate parallax and binocular
disparity errors for movement within HMB, and (c) measurement from the optimised visual eye
point defined as per the mounting of equipment under test.A theodolite is used to measure the
angular coordinates of the customized display pattern at cross points of grid onfive different
locations in the horizontal direction and three different locations in the vertical direction. The
visual eye point for measurement is fixed at a designated distance from the equipment under test
as per its aircraft mounting position. The position accuracy errors are defined in milli-radians
differently for different check points based on their proximity from the centre of the display screen.
These accuracies have been defined taking into account the effect of parallax and binocular
disparity on the image across the display screen. The positional accuracy measurement methodology
can be customized for any form of collimated as well asnon-collimated display by generating
variations in the tests patterns and measurement setup.

Keywords: Position accuracy, Parallax error, Binocular disparity errors, Collimated display.
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Abstract

Ultraviolet-Visible (UV-Vis) spectrophotometry is an extensively used technique in academics as
well as in industrial settings such as food and pharmaceutical industry, for quantitative and qualitative
analysis of compounds for quality assurance/testing. Any form of critical evaluation, whether it is
in clinical biochemistry or environmental analysis, essentially demands for accuracy of results
which is dependent on the performance of the instrument. A regular performance testing of UV-
Vis spectrophotometers in accordance with standard operating procedures is a prerequisite to
ensure proper functioning of the instrument and to meet the required benchmarks of standardization.
India is importing certified reference materials (CRMs) materials for routine calibration process of
UV-Vis spectrophotometers that contributes to the economic burden. This implies that there is a
strong need for the development of CRM for UV-Vis calibration standards. CSIR-National physical
laboratory has registered their CRM as Bhartiya Nirdeshak Dravya (BND) under a strong initiative
to develop indigenous CRMs. In the present work, we ventured to prepare potassium dichromate
standards for validation of absorption scale and linearity in the UV and visible regions of spectrum
(i.e. 235 - 430 nm).  Eight different acidic solutions of potassium dichromate with concentrations
20, 40, 60, 80, 100, 150, 200, 250 mg/L were prepared and tested for their absorbance values at
five different wavelengths (235, 257, 313, 350, 430 nm). The calibration curves plotted for each
wavelength showed linear deviation of absorbance with concentration, with regression coefficient
value ~1. The absorbance values obtained for all potassium dichromate concentrations were highly
reproducible within 95% confidence limit.

Keywords: CRM, BND, Calibration standard, Ultraviolet-Visible, Potassium dichromate.
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Abstract

Silicon is a widely used material and has significant attention due to its use in high precision
devices. The focusing mirrors for x-rays are built on silicon having a high degree of crystalline
perfection. The nano-scale material removal by diamond turning is one of the popular method with
which it is feasible to produce deterministic finish on brittle materials for such applications. It can
control the form as well as finish by direct numerical control. For producing optical quality surfaces
on brittle materials, it is essential that the material is machined in a ductile mode. The development
of silicon mirrors without causing surface and subsurface defects is exceedingly challenging due
to its high hardness and brittleness. These defects severely limit the life of the components by
failure of critical optical properties as well as catastrophic fracture. In view of this it is important
to quantify the defects so that further decision making could be done. In this work, an alternative
method for evaluating the surface defect in silicon is presented. It is essential to quantify the
volumetric information such as crack dimensions at different locations. In the proposed approach,
the defect locations are quantified from the surface profile using image processing algorithms,
where the intensity of the image pixels corresponds to peaks and valleys of the surface. The input
image is segmented and the morphological properties such as area, perimeter and centroid are
calculated to quantify and localize the defects. A design of experiment is performed to generate 20
set of experiments and the two cases are considered for the study – best and worst surface profile
based on average surface roughness. From the results, it is estimated that the calculated defect
locations could be validated from the actual surface profile and it is expected that the quantification
will have high significance in justifying the usage of the machined silicon surfaces for further
product development.

Keywords: Silicon, Diamond Turning, Surface Defects.
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Abstract

Nanotechnology is contributing significantly to global economic growth in 21st century. The potential
applications of nanotechnology encompass environmental, healthcare, biomedical science, food &
agriculture, energy and many industrial sectors. For efficient use of nanomaterials in the above
mentioned applications, the key characteristic properties such as concentration, shape, particle size,
composition, surface functionalities, size distribution and surface charge potential needs to be well
defined and optimized necessitating the need for the development of reference standards. Further,
the rapid growth of nano-products in consumer market warrants the development of Certified
Reference Materials (CRM's) to meet quality nano-manufacturing requirements. Gold nanoparticles
(AuNPs) are being extensively used in pharma, in-vivo imaging, sensors, catalysis, electronics,
proton therapy, and healthcare; to ensure the quality of products, CRMs of nanoparticles with
different sizes are required. Although the CRM of AuNPs is available from other National
Measurement Institutes (NMIs) but there is a need of indigenous development.  We have prepared
and optimized the standard solutions of monodispersed AuNPs with an average particles size of
15 1.4 nm. The synthesized nanoparticles were characterized using High Resolution Transmission
Electron Microscopy (HRTEM) and Atomic Force Microscopy (AFM) for size distribution and
morphological analysis. The hydrophobic diameter was observed using Dynamic Light Scattering
(DLS) technique. Zeta potential analysis was employed for accessing the surface charge of AuNPs.
The concentration of synthesized solution of AuNPs was calculated by Haiss equation using optical
density obtained by UV-Visible spectroscopy. For stability analysis of gold nanoparticles, the
optical density of synthesized AuNPs solution was accessed over a period of two years at different
time intervals. We are now optimizing inter batch based as well inter bottle based homogeneity
analysis through HRTEM, UV-Vis and DLS techniques.

Keywords: BND, Gold nanoparticles, HRTEM and AFM.
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Abstract

Riviciclib (or P276-00) is a semi-synthetic derivative of a natural flavonoid, rohitukine and has
substantial antitumor characteristics. It is a structural analogue of flavopiridol and is under Phase
II clinical trial for advanced refractory neoplasms and multiple myeloma. It specifically binds to
and hinders the activity of cyclin dependent kinases (CDKs), which leads to cell cycle arrest (G1/
S transition phase), induction of apoptosis and restricts tumor cell proliferation. Like other CDKs
inhibitors, it may also interact with nucleic acid. With this possibility, we explored in vitro molecular
binding mechanism of riviciclib with nucleic acid (DNA and tRNA) in order to describe its
(riviciclib) antitumor action mechanism at cellular level. Fourier transform infrared, Surface enhanced
Raman, circular dichroism and absorption spectroscopy have been employed to unveil the binding
mode, structural-conformational stability, binding constant and other related parameters between
riviciclib-DNA and riviciclib-tRNA adductation. Vibrational spectroscopic analysis describes that
riviciclib interacts mainly with heterocyclic nitrogenous bases, purines (guanine and adenine,
C=N) and uracil (C=O) of tRNA along with slight external binding with phosphate-sugar backbone.
Further, spectral features of riviciclib-DNA complexes indicate that drug binds with guanine
(C=O), adenine (C=N) and thymine (C=O) base residues. It also binds externally with the phosphate-
sugar backbone of DNA through its side chains. Conformationally, riviciclib-DNA complexation
partially alters the native B-conformation of duplex, thereby attains an intermediate state having
features of C-form as well. While, slight perturbations with no major changes in the conformation
of tRNA (A-form) are evident after riviciclib-tRNA interaction. The binding strength determined
for flavonoid-nucleic acid complexes specify moderate to strong binding affinity of riviciclib for
both biomolecules. When compared, riviciclib binds strongly with DNA than tRNA. The findings
concluded here suggest that nucleic acid can be identified as molecular target of flavone derived
(riviciclib) small molecules. This can be fundamental in rational advancement of the nucleic acid
targeting chemotherapeutic agents, which may also unveil the structure-function relationship between
small molecules (drug) and its target at molecular level.

Keywords: Antitumor flavonoid, Nucleic acid, Vibrational spectroscopy, Circular dichroism.
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Abstract

There are generally two measurement methods for the mass concentration of particulate matter
(PM) in the ambient air - direct and indirect methods. Gravimetric method, which is a manual
method considered the most reliabledirect method in the determination of the mass concentration.
Beta-ray attenuation method is the most common indirect technique for real-time PM2.5
measurements in air quality network given their ability to provide continuous measurements with
minimal attention by the operator. Its principle of operation is based on measurement of a physical
parameter that is quantitatively linked to the PM mass concentration. However, its performance is
reported to be dependent on the meteorological conditions as well as systematic errors which lead
to over or under estimatethe mass concentration of particulate matter. Beta attenuation monitor
(BAM) suffers from positive sampling artifacts (absorption and adsorption of water and other
gaseous compounds on sampled particles and filter media) and from negative sampling artifacts
(the loss of semi-volatile material during sampling).Differences in measured PM concentrations
between manual samplers and BAM often exist and documented in many literature. This problem
is more severe under high humidity conditions. In the preliminary research, we found that Beta
attenuation and gravimetric measurements of PM2.5 are correlated at low ambient PM2.5 concentration
with estimated Pearson coefficient ~ 0.9. The variability at high ambient PM2.5 concentration was
found potentially dependent on the high particle mass loading and relative humidity. Further,a
winter season study is under progress to better understand the effect of temperature and humidity
on PM2.5 mass concentration measured by both the techniques. In India, being a tropical country,
humidity and temperature varies from 40 to >95% and minus degree to >45°C, respectively. So this
study will be helpful in understanding the effect of water content and chemical composition of
particulate matter in different seasons leading to variability in the mass concentration
measurements.Therefore, a detailed understanding of different parameters that affect the PM2.5
measurements in Indian conditions will ensure optimal application of the instrument and accurate
interpretation of the result.

Keywords: β-ray attenuation method, Gravimetric method, Water content, Humidity.
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Abstract

Aircrafts are equipped with Taxi & Landing Lights (TLL) fitted generally on left hand (LH) and
right hand (RH) side of Nose Landing Gear Strut. These lights are turned 'ON' whenever the aircraft
is in motion on the ground for greater visibility during Taxi Mode and Landing Mode. In case of
taxi mode operation, these lights are operated with wide angle and lessintensity light beam. While
in landing mode, these lights are used in narrow and high intensity light beam mode for enhanced
visibility during landing approach. The main objective of using TLL is to illuminate the runway
at poorly lit airports during night landingbut these are also used during the day time to make aircraft
more noticeable. TLL lighting systems are designed using high power LEDs as light source and
suitable optical lens/reflector system to covert an obtuse emitting angle of source LEDs into a light
beam of rectangularprofile with desired horizontal and vertical spread. Since, the use of these
exterior lights helps in safe landing of the aircraft, stringent performance checks are required before
field deployment. It is necessary to validate the performance of each and every TLL unit before
installation on the aircraft. The performance check method required to be precise as well as
modular for hassle free ground testing and steady deployment of TLL units. A comprehensive
illuminance measurement setup (with indoor and outdoor testing capability) has been conceptualized
and validated for performance characterisation of TLL unitsbefore deployment in the field. Significant
performance check parameters include: intensityof beam illumination, angular spread of beam
illumination as well as power consumption as per the operational mode. The purpose of taxi mode
and landing mode differ from one another in aspects of: coverage of area, aircraft position affecting
the TLL unit position as well as length of the runway to be lit. Based on these mode specific needs,
indoor illuminance measurement setup was conceptualised and validated to simulate the performance
check points inside lab environment. The designed setup comprises of custom made test plates for
carrying out taxi mode and landing illuminance measurements. Initially, using the indoor test setup,
illuminance valueis measured at four different locations on Taxi Mode test plate and also at four
different locations on Landing Mode test plate, to verify the TLL performance in achieving required
light output as per the specifications of respective mode. Subsequently, TLL unit performance is
evaluated in the field using the outdoor test setup where the light units are installed in exactlysame
location as required duringaircraftoperation ine taxi mode as well as landing mode. The novelty of
the outdoor test setup lies in its modular nature which enables the hassle free installation of TLL
units in both taxi and landing installation position using a single setup. The developed illuminance
measurement setup is also portable in nature and could be used at ground station, airports or rough
patch fields with similar precision. It could also be customised for measurement of other aircraft
exterior light performance.

Keywords: Aircraft exterior lights,Taxi & Landing Lights, Illuminance, Indoor and Outdoor
Illuminance Measurement Setup.
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Abstract

Everyone wants to know about the information being concealed by an individual. There are various
methods for detecting the concealed information such as heart rate, respiration rate,
electroencephalography (EEG), and functional magnetic resonance imaging (fMRI). However, the
human brain can provide useful information about the behavior, actions, and mental status of an
individual. Hence, the purpose of this work is to detect concealed information in the human brain
using EEG signals and data processing techniques. Using EEG, the electrical activities in human
brain are recorded. In this work, EEG dataset considered in a previous study has been used to
distinguish between the guilty and innocent individuals. Initially, the subjects performed a task in
which some of them stole an object while others did not steal the object. Afterwards, stimuli in the
form of pictures were presented on the video screen and EEG signals of the subjects were
simultaneously recorded with the data acquisition system. Generally, three kinds of stimuli are
shown on the computer screen, probe, target, and irrelevant stimuli. Probe stimulus is related to the
information being investigated. Target stimulus is made known to the subjects before the testing
session. Irrelevant stimuli are unrelated to the information being investigated. In this work, twenty
subjects' data, ten each in the guilty and innocent group, are analyzed. Only the probe sessions of
the subjects have been considered for analysis. Probe signals consist of the information related to
the stolen object. The data are sampled at 500 Hz. Initially, data are passed through bandpass filter
in the range of 0.3-40 Hz. Afterwards, sym6 wavelet features are extracted in the delta frequency
band (0-4 Hz) of EEG signals. Wavelet features provide an effective time-frequency domain
representation and help in better understanding of the brain signals. The feature samples are
normalized in the range of [0, 1] and fed to classifier for classification into guilty and innocent
group. Two classifiers, support vector machine (SVM) and k-nearest neighbor (kNN), have been
applied on the input feature samples. kNN provides better results than SVM classifier in
differentiating between the guilty and innocent subjects, with a classification accuracy of 85%.
kNN is simple to use and can be easily applied for lie detection in practical situations.

Keywords: EEG, kNN, SVM, Wavelet.
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Abstract

This paper focused on realisation of 300 kV DC high voltage standard by automation of Binary
method. The Precision high Voltage resistive divider is the Primary standard of the DC high voltage
laboratory. It is traceable to the Josephson Voltage Standard (JVS), the primary standard of voltage.
The Binary step up method is used to make traceability of Precision high voltage divider. Two
similar dividers of 150 kV each connected in sequence of steps that combine and separate to
evaluate voltage coefficient of each divider up to 300 kV. The expended uncertainty for the divider
up to 300 kV is 35 × 10–6 µV/V. To confirm the validity of the method, the ratio at 1 kV is compared
with the resistance ratio of the divider is within 15 ×10–6.

The software has developed in LabVIEW at NPL to automation of DC high voltage Metrology.
This graphical software develops to determine the, stability of divider, evaluation of data in
graphical form. It can see the graph of stability instantly and evaluate the result of along with graph.
The LabVIEW execution system built for multiprocessing, it creates multiple threads and writes
code to communicate among threads. It can recognize opportunities for multithreading in virtual
instruments (VIs) and execution system handles multithreading communications. The software
help to realized 300 kV DC high voltage standard.

The plan of implementation and Design of 300 kV DC high Voltage Metrology laboratory and its
safety aspects like galvanic isolation is also discuss in this proposal.

Keywords: DC High Voltage Standard, Binary Step up method, Traceability, Automation,
LabVIEW.
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Abstract

Force proving rings, dynamometers and load cells are generally used for the precision measurement
of forces for a wide range of application such as strength measurements of materials, thrust
measurement in rockets, weighing scales etc. The force proving rings and dynamometers are
analogue type of force transducers comprising of a spindle type dial gauge for observing the elastic
deflection imparted on them due to the application of external force on the transducers. These
instruments are mostly characterized for specific force points for applications due to the inherent
non-linearity behavior of the dial gauges integrated in to them. In the present work an effort has
been made to study whether any constant factors can be introduced in the observed measurements
in order to decipher the deflection corresponding to the intermediate applied force steps.

For making experimental observation in the study, proving rings of capacity 50 kN with plunger
type dial gauge of Baker make has been considered. The resolution of the dial gauges is estimated
to 0.1 division and 1 division of the dial gauge corresponds to 0.002 mm deflection in the force
proving instrument. The proving rings have been calibrated in compression mode on the 50 kN
dead weight machine at CSIR-NPL according to the calibration procedure based on IS 4169-2014
standard. The uncertainty associated with the application of forces using the 50 kN dead weight
machine is 0.007 % (k=2) which is traceable to the NPL primary standard of force through
precision force transfer standard, calibrated directly against NPL primary standard of force. The
percentage linearity deviation of the proving rings have been calculated and it is observed that the
proving rings exhibit higher non-linearity in the lower and higher force ranges. Also, linearity study
of the same proving over a span of 4 years (calibrated in 2013, 2015 and 2017) shows that the
linearity curve follows the same trend with negligible deviations from the past. The study also
extends to investigate about the causes of non-linearity and the possible solutions to correct it.

Keywords: Force Proving Ring, Dial gauge, Linearity.
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Abstract

Nonlinear optics has strongly evolved due to its application in various areas such as optical
modulation, optical switching, optical data storage, frequency shifting and optical computing and
communications. In last few decades, different inorganic materials have been characterized which
show high third order optical nonlinearity. However, due to their low optical damage threshold and
small ultrafast response, there is a pursuit for finding other materials such as organic photosensitive
dyes (Rodamine B, Rodamine 6G, Methylene Blue etc.) which offers large nonlinear optical
properties, high optical damage thresholds, architectural flexibility and ease of fabrication. In the
present study, a detailed investigation on concentration dependent third order nonlinear parameters
in methylene blue have been performed. While performing experiments on understanding the non-
linear (third order) response of methylene blue dye on a particular optimized concentration at
different intensities, we observed that in spite of having high threshold, these dyes gets bleached
due to its simultaneous interaction with high intense laser power and environmental air. In addition,
the interaction of surrounding environmental oxygen in presence of low intense laser is found to
be negligible. Therefore, a further study has been performed to understand the impact of bleaching
rate (τ) of methylene blue on normalized transmission curve (graph between normalized transmission
and distance) by changing the cuvette surface area in contact with air. Thereafter, the influence of
bleaching on nonlinear parameter sare also analyzed. It is concluded that the nonlinear optical
curve changes with the bleaching rate. These results may find applications in optoelectronic and
photonic devices.

Keywords: ZScan, Photosensitive Dye, Nonlinear Optics.

Figure. (a) Experimental setup of Z scan for determination of nonlinear absorption coefficient and nonlinear
refractive index. The open aperture curves for two-photon absorption coefficients of

3 mM methylene blue at (b) τ = 100% and (c) τ = 0%
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Abstract

Realization of forces and dissemination of the same to provide traceable measurements to the
industries and user organizations are very much essential for the production of quality products and
overall economic growth. Dead weight force machines are built for realizing and measuring forces
most accurately. So at lower force ranges, several National Metrological Institutes (NMI) in the
world including CSIR-National Physical Laboratory, have established the dead weight machines
as the primary standard for the realization of forces. However, there are several practical constrains
to establish such machine of higher capacities due to the requirements of lot of masses and the
complexity involved in engaging them appropriately, therefore it is not economical also. Only few
NMIs like Physikalisch Technische Bundesanstalt” (PTB), Germany has a dead weight machine of
2 MN capacity and National Institute of Science and Technology (NIST), USA has a machine of
6 MN capacity. Therefore hydraulic or lever amplification systems are found to be a suitable
alternative method for the realization of forces with an increase in the uncertainty of the realized
forces. Further, the other common method used is a comparator type machine where one can
employ a hydraulic cylinder and a reference force transducer for calibrating a test transducer by
comparison method.

As there is a great demand for the calibration of force transducer of higher capacity in the market,
we have established a force calibration machine of 3000 kN capacity using a build-up system by
comparison method in order to carter to the need of such industries and to provide the necessary
traceability in measurement in such ranges. This force calibration facility is comprising of a
hydraulic unit housed with a 3 MN build-up system in comparison mode. The 3 MN system
integrated with the machine is based on the latest design, consisting of loading pads and a balanced
platen, developed by HBM, Germany and also calibrated by PTB, Germany. The performance
evaluation of the established force calibration facility was carried out by a PTB, Germany calibrated
3000 kN KTN type precision force transducer procured from GTM, Germany. This 3000 kN KTN
type transducer was calibrated as per ISO 376: 2011 procedure and the mean values obtained are
compared with the average values reported in the PTB certificate. From these measurements and
the ratios determined, it is found out that the estimated measurement capability of the machine is
well within 0.05%.

Keywords: Force Metrology, Buildup system, Force Calibration Machine.
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Abstract

Accurate and precision measurement of force is very important for several industrial applications
such as materials and products mechanical testing, weigh processes, products manufacturing,
research and development etc. CSIR-National Physical Laboratory being the National Metrological
Institute of India (NMIs) is having the mandate to establish the primary standards for measurements
and to provide the traceability in measurement by disseminating it to the user organizations. Force
and Hardness metrology group has actively been involved in establishing the primary standards for
realizing the scale of force, torque and hardness, augmenting these by constantly engaging in
research and developmental work pertaining to these scales and bring them at par with the other
leading NMIs of the world. The group also participates in international inter-comparisons to
establish the degree of equivalence with international system of measurements.

Force realization facilities in range of 1 N – 3 MN through various Force Standard machines and
force calibration machines have been achieved by the group which includes establishment of 1 MN
primary deadweight cum lever amplification force standard machine made by GTM Gassmann
Testing and Metrology (GTM), Germany. This machine was installed and commissioned in the year
2010 and since then the traceability of other force machines are obtained from this machine using
precision force transducers as transfer standards. After commissioning of this 1 MN machine, the
metrological characterization of this machine was performed by PTB, Germany and its calibration
and measurement capability (CMC) was determined to be ± 0.002 % up to 100 kN in the dead
weight side and ± 0.009% up to 1000 kN in the lever amplification side.

It is very much essential to check and monitor the performance and stability of the 1 MN force
primary force standard machine in order to ascertain its measurement capability with time. This has
been achieved by periodically calibrating a 1000 kN VN class precision force transducer procured
from GTM, Germany and also by sending it to PTB once in a while for making a bilateral inter-
comparison with the values obtained at PTB, Germany by the same force transducer. In this paper
we have presented the behaviour of the average values obtained over a period of nine years and
the same is also compared with the values obtained from PTB, Germany in the effective range (40-
100%) of force transducer. From these measurements we are able to ascertain and reaffirm the
claimed CMC of the force primary standard machine.

Keywords: Force Metrology, Dead Weight Machine, Force Primary Standard.
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Abstract

Photometry is mainly concerned with measuring human visual response to light. The visual response
of human eye can be characterized as photopic, scotopic and mesopic for day, night and twilight
conditions, respectively. Due to shift-work and prolonged activities of humans during night time,
a lot of interest has been developed in studying mesopic response of human eye. The mesopic
response can be characterised in terms of scotopic to photo piclumens (S/P ratios) of light sources.
Hence, the spectral power distribution of different color lampshas been recorded using
spectroradiameter coupled with Integrating Sphere. By utilizing the accuracy of Integrating Sphere,
both photopic and scotopic lumens of the lamps has been measured. S/P ratio is determined by
using the following formula,

S = Ks ∫ S(λ)V’(λ)dλ ; Ks = 1699 lm/W

P = Kp ∫ S(λ)V(λ)dλ ; Kp = 683 lm/W

Here, S(λ): Spectral power distribution of light source, V(λ): Normalised CIE Photopic spectral
luminous efficiency function, V’(λ): Normalised CIE Scotopic spectral luminous efficiency function.

The experimental values of S/P ratio for blue lamp and green lamp are 7.19 and 2.1 respectively
whereas, nearly zero for orange, pink and red lamps. S/P ratio plays a key role in selecting optimum
light sources. When S/P ratio is equal to 1, the lamp performs equally under photopic, mesopic and
scotopic light conditions. A value greater than 1 indicates that the lamp offers more scotopic lumens
than photopic lumens, while a lamp with S/P smaller than 1 produces more photopic lumens than
scotopic lumens.

Keywords: Scotopic, Photopic, Mesopic, Integrating Sphere.
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Abstract

The planetary boundary layer (PBL), a section of the lowertroposphere that is influenced directly
by the earth's surface. The height of the PBL and its seasonal variation play a prominent role in the
atmosphere especially in controlling air quality since it provides the knowledge about the available
volume for the dispersion of atmospheric pollutants. The knowledge of PBL height is very crucial
since it has a massive impact on air pollution and it is also important for the air quality studies.
The statistical study on PBL height can be very important in weather forecasting, monitoring of the
environment and climate modelling etc. and can provide valuable information. A raman lidar by
raymetrics is used to monitor aerosol properties over western Himalayan region in Palampur,
Himachal Pradesh, India. Palampur has a pristine environment with very less pollution sources. In
order to understand the various physical and chemical processes happening in that area, it is
important to know the planetary boundary layer (PBL) height. In this paper, we have tested a
method of determining the height of PBL using wavelet covariance transform (WCT) method on
the lidar backscattered data. We have also analysed the aerosol optical properties for the same
period and derived aerosol backscatter coefficient and depolarisation ratio. The aerosol backscatter
coefficient values were found low with minimum value as 2.05E-5 km–1 sr–1.

Keywords: Planetary Boundary Layer (PBL), WCT Method, Lidar.
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Abstract

In nature, Nitrogen (N) has two stable isotopes with the atomic mass 14 and 15 (referred as 14N
and 15N, respectively) with the abundances of 99.37 and 0.63% respectively. Stable isotope of N
calculated as δ15N which is used to study the biogeochemical cycle of N in both the terrestrial and
marine ecosystems. We are using Continuous Flow -Elemental Analyzer- Isotope Ratio Mass-
Spectrometry (CF-EA-IRMS) to measure δ15N in tandem with the stable isotope values of Carbon
(δ13C) and Sulphur (δ34S) in each sample utilizing NCS mode. In comparison with the NC mode,
NCS mode have made some major modification in EA setup such as purge and trap technology for
CO2 and SO2 gases and ring heater between combustion and reduction tube as a bridge to limit the
condensation of the gases. These modifications were done to achieve better results in terms of
accuracy and precision. It is observed that ring heater have mainly influenced the δ15N values of
samples containing lower N amounts then < 2  moles. The NCS and NC modes δ15N measurements
were compared which were analyzed by same EA connected with mass spectrometer having
sample with different N contents. In NCS mode a decreasing trend was observed in δ15N values
when the N contents in the samples increases where as in NC mode an opposite trend i.e. δ15N
values increases as N content increases with the same EA setup. So, it is concluded that the ring
heater present between the combustion and reduction tubes which act as a bridge is majorly
accountable for this opposite trend.

Keywords: Stable Isotopes; NCS mode; NC mode; Ring heater.
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Abstract

Ozone, a pollutant in the troposphere which has a secondary origin. The highly oxidizing nature
of surface ozone and its active role in the atmospheric chemistry makes it an essential species to
study and research. The aerosol is the tiny suspended solid or liquid particles in air having a wide
spectrum of different particles like mineral dust, sea salt, pollen, and etc. The sources of aerosols
could be natural and anthropogenic. The aerosols play a significantly important role in atmospheric
processes, and also influence the Earth's radiative budget. In the present study, the interaction
between aerosol and ozone has been studied. The study was conducted for the summer season over
Delhi, the capital of India. Delhi being a landlocked city, during the summers season, it receives
maximum continental winds from the Thar desert and that makes Delhi's summer dry and hot. Dust
storms are one of the peculiar features of Delhi's summers and sometimes it could be severe and
destructive. So, to study the influence of dust storms on ozone concentration, Central Pollution
Control Board (CPCB) Shadipur station data of surface ozone and PM2.5 (Particulate Matter) were
used along with the meteorological parameters such as Temperature (Temp), relative humidity
(RH) and wind speed (WS) for the period of summer 2018 (April 2018 to June 2018). Delhi
received five severe dust storms during the month of May and June 2018. The dust storm received
by Delhi in the mid of June was due to the anti-cyclonic circulation from Rajasthan, which
significantly enhanced PM10 and PM2.5 levels. It is found that the surface ozone concentrations has
been influenced significantly due to the dust storms. Nearly 56% reduction was observed in the
ozone concentrations during the dust storm event which happened in the mid-June. The ozone
generally shows anti-correlation with aerosol concentrations as aerosols either can interact with the
ozone precursor's gases or it can reflect/absorbs the ultraviolet rays required for ozone production.
The correlation coefficient of -0.8 has been found for dust-storms days.

Keywords: Aerosol, Ozone, Dust Storm, Solar radiation.
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Abstract

Breath analysis has gained interest of many researchers recently. Acetone has been proven to be the
biomarker for diabetes mellitus. The research depicts a thin film MEMS based gas sensor for
detection of acetone gas. MEMS techniques have been followed to develop the gas sensor using
the processes like oxidation, lithography, sputtering for deposition of thin films and electrodes, etc.
Tin oxide thin film has been incorporated for detecting different concentration levels of acetone
gas, viz., 5, 3, 1.5 ppm. Various characterization like X-ray diffraction (XRD), scanning electron
microscopy (SEM), atomic force microscopy (AFM), gas sensing characterization for recording
resistance changes have been performed. XRD patterns reveal the formation of SnO2. AFM and
SEM depict clear images of grain boundaries on the film. SnO2 thin films have been annealed at
300°C to achieve an optimum grain size of 86.3 nanometres as depicted by AFM. Optimum
operating temperature for sensing acetone gas has been computed to be 360°C. Tin oxide can detect
even a very low concentration of 1.5 ppm acetone gas with a good resistance response change of
30%. The response time of the sensor for detection of acetone gas is approximately 3 minutes and
the recovery time is approximately 4 minutes. A suitable instrumentation circuitry has also been
designed for the sensor which displays the resistance value of the thin film before and after it comes
in contact with acetone gas.

Figure: Block diagram for instrumentation circuitry of the micro gas sensor
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Abstract

The present research work assesses the cognitive load in multiple objects tracking (MOT) task
using Electroencephalograph (EEG). 10 healthy individual (age 18-22 years) participated in the
experiment. The experiment was performed on a computer system with resolution of 1366×768
pixels. Subjects were seated in an adjustable chair to maintain 80 cm distance from the computer.
Figure 1 showed the summarized block diagram of the present work. Experiment was divided into
two phases; baseline and tracking phase. In first phase, subjects were asked to keep their eyes
closed for 2 minutes. In second phase, subjects performed MOT task in three stages (S1, S2 and
S3). S1 was the stage during which subjects tracked the 2 targets; while S2 and S3 were the phases
during which the subjects tracked 3 and 4 targets, respectively. EEG data were recorded using
Emotiv Epoc+ from 14 locations, (AF3, F3, FC5, F7, T7, P7, O1, O2, P8, T8, F8, FC6, F4, AF4)
and two reference channels (DRL & CMS). The sampling frequency was 128 Hz and impedance
were kept below 5 KΩ. In the starting of the pre-processing of data, EEG signal was normalized
and artifacts are removed using independent component analysis in EEGLAB.

Five EEG frequency bands (delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz) and
gamma (>30 Hz) were extracted from the artifact free data using wavelet transforms. Two features,
power spectral density (PSD) and entropy were computed to classify the cognitive load. One-way
ANOVA was used to test whether there was any difference between the features and found significant
difference between the features and frequency bands. The extracted features were used to constitute
the 5-feature vector (FV) for each frequency band separately and fed to a Linear Support Vector
Machine (LSVM) classifier. LSVM with 5-fold cross validation was performed for each FV. The
classifier was trained at 80% of the FV and remaining 20% of the data was used for testing.
Classification efficiency of the classifier for cognitive load was estimated in terms of the accuracy.
The classification of the cognitive load achieved good accuracy of 96.3% for beta, 90.6% for alpha,
83.29% for gamma, 82.5% for delta and 81.1% for theta frequency band. These results conclude
the beta wave as the optimal measure to classify the cognitive load for MOT task.

Keywords: EEG, LSVM, PSD, Entropy, MOT.

Fig. 1 Block diagram
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Abstract

Quantum Pressure Metrology is essential for next-generation national metrology program to cope
with development of international pressure standards, to maintain the CSIR-NPL traceability chain
of pressure and vacuum standards, and to meet the essential criteria to participate in international
key comparisons to hold the existing calibration measurement and capabilities (CMCs) and to
further increase in the CMC in coming years. The need of present and future primary quantum
pressure standard is to develop a novel primary pressure standard directly traceable to SI units such
as frequency (second) and fundamental constant (Boltzmann constant ~ (kB)). To realize the
quantum vacuum metrology, we propose to design and fabricate a high precision Optical
interferometer manometer (OIM) having fixed length optical cavity (FLOC) in the pressure range
of 1 Pa to 150 kPa which may replace the existing ultrasonic interferometer manometer (UIM)
shortly. I will discuss various scientific aspects of OIM and its current status among various NMIs.
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Abstract

The lead magnesium niobate-lead titanate (PMN-PT) ceramic was successfully synthesized using
two-step columbite and perovskite phase solid-state reaction technique. The crystal structure and
phase purity were established by X-ray diffraction analysis which shows tetragonal crystal structure
with single phase PMN-PT ceramic. The SEM-EDAX analysis was also performed to observe the
surface morphology and chemical compositions of the material which indicates that the formed
material is densely packed with elemental compositions similar to the initial compositions within
the experimental error of instruments. We have investigated pressure and temperature dependent
dielectric and impedance properties to test the possible applications as a pressure transducer. It
demonstrates a gradual increase in dielectric constant with increasing pressure from 20 MPa -200
MPa, which infer that we can use a dielectric constant as an active parameter for pressure sensor
and transducer. A detail results and discussion will be presented to explore the piezoelectric
properties and figure of merit for possible application as a pressure transducer.

Keywords: PMN-PT ceramic, Pressure Transducer, Sensor, Piezoelectric, Ferroelectric.

PP103



10th International Conference on “Advances in Metrology - 2019”

136

Bias and Polarity Dependent Ferroelectric Humidity Sensor

Ravikant1,2, Sheshamani Singh1,3, Gaurav Gupta1,2, P.K. Dubey1,2,
Sanjay Yadav1,2, V.N. Ojha1,2 and Ashok Kumar1,2*

1CSIR-National Physical Laboratory, Dr. K.S. Krishnan Marg, New Delhi-110012, India
2Academy of Scientific and Innovative Research (AcSIR), CSIR-National Physical Laboratory

(CSIR-NPL) Campus, Dr. K.S. Krishnan Road, New Delhi-110012, India
3Department of Physics, Amity School of Applied Sciences (ASAS), Amity University

Rajasthan, NH-11C, Jaipur-Delhi National Highway, RIICO Industrial Area, Kant Kalwar,
Jaipur-302006 (Rajasthan), India

 (*E-mail : ashok553@nplindia.com)

Abstract

Polar materials show polarity dependent physical and chemical properties, to establish the fact; we
prepared a ferroelectric {K[(TaxNb1-x)0.99Mn0.01]O3} (KTN) material and optimize it for possible
applications as a resistive humidity sensor. The Rietveld refined x-ray diffraction patterns show the
single-phase orthorhombic crystal structure with space group Amm2. The KTN shows large
polarization under bias electric field which drastically changes their characters in various humidity
conditions. The relative humidity sensing measurement has been performed in the range of 15%
to 95% under positive +5V bias voltage polarity. Due to the presence of polarization, its sensing
ability is quite different under various bias conditions. It shows giant sensitivity up to 4000 which
may be due to the protonic conduction where proton hops among hydroxyl ions and alkali metals
in the water layer over the sensor interface. The sensing performance of the sensor was found to
be repeatable under the various measurement of humidity. An electronic circuit has been designed
with the help of programmable microcontroller to display the relative humidity digitally on the
screen.

Keywords: Humidity Sensor, Ferroelectric, Polar resistive, Microcontroller, KTN.
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Abstract

For pushing forward the APG towards the top of the traceability chain, APG has to be re-established
as a primary standard, and according to protocol, the pressure must be directly traceable to SI units.
Two factors are responsible for calculating pressure in APG, one is mass, and another is an effective
area of piston-cylinder (p-c) assembly. Mass is directly traceable to SI unit (kilogram). But the
effective area has to be traceable to SI unit (metre), which is a complicated part therefore in this
article, calculating effective area is the main focus. The dimensions like diameters, roundness, and
straightness of p-c assembly have been measured against the national standards of dimensional
metrology. Using those observations, the zero effective area has been calculated as 3.356775 cm2

which is in close agreement within 4E-8 with the value obtained by cross floating against ultrasonic
interferometer manometer (UIM), primary pressure standard.

Keywords: Pressure, standard, Ultrasonic, piston gauge, dimension, effective area.
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Abstract

Tea is a valuable cash crop throughout the world. It is a major export product of India. Quality of
tea plays a significant role in its marketability. At present, tea quality is validated by professional
'Tea Tasters' who evaluate tea quality by use of organoleptic methods during fermentation and
sorting stage. Due to inherent shortcomings of human judgement based methods like subjective
nature of evaluation and inter observer variability the grading process cannot be standardized in
its present form. In the light of these issues, this paper addresses the issue of tea grading on the basis
of shape and size of the tea granules after the drying process using computer vision based method
using four morphological and 5 textural features. The tea samples of four standard grades i.e. leaf,
brokens, fannings and dust, duly graded by human experts according to their quality index were
procured from tea manufacturing industries during the sorting process and were  used in the present
work. The extracted features were presented to Artificial Neural Network (ANN) for classification
tool and discrimination between the diverse grades of tea and 100 percent grading efficiency of was
obtained. In the present work, for statistical validation of results, one-way ANOVA was applied to
the database comprising of computed morphological features. The feature data from image analysis
were examined and validated to ensure that four different grades of tea to establish that different
grades of processed black tea were statistically different from each other as well.
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Abstract

The level of PM10 and PM2.5 in the ambient air has serious effects on health-related consequences
like asthma and respiratory ailments. As per WHO reports, every year approximately 2.1 million
people lose their lives due to this cause. Children are more susceptible to pollution due to their
underdeveloped body resistance and physical parameters. A study has been conducted in Punjab
to analyze the consequences of Agriculture Crop Residue Burning (ACRB) practice on school
going children in the age group of 10 to 14 year. For this study three sites were selected for three
years. One school was selected as a site for sampling of ambient air quality and data collection on
respiratory parameters on school children. PM was measured fortnightly at each site using aerosol
spectrometer and respiratory parameters were measured using spirometer on 50 healthy subjects
of each school. The physiological and socioeconomic data of each student was measured for fitting
in the curve of regression method to observe the impact of each covariate. The study shows that
PM level was higher at all the sites from 90% to 130% more than pollution control board standards
and correspondingly the maximum decline was observed in FVC (-7.62%) and PEF (-6.23%) than
other parameters from their baseline values. After burning episodes, the respiration parameters try
to recover but not up to the base line value. Among the covariates, BMI was identified as the main
classifying parameter to set a relation between child physique and their socioeconomic parameters.
The subjects having low BMI had more decline in their respiratory parameters than the subjects
with high and normal BMI. Season wise, the level of PM was 60% to 90% more in rice crop seasons
than the wheat crop seasons and the decline in spirometeric parameters were also high. Policies are
required to stop this activity otherwise the health of children get worst in coming years.
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Abstract

New semiconductor growth engines like high performance computing (HPC) and artificial
intelligence (AI) are forcing engineers to consider new advanced packaging techniques that integrate
multiple integrated circuits (ICs) in a single device. In particular, 2.5D IC packaging, using a silicon
interposer as a first-level of integration, offers a unique solution that provides localized high-
density interconnects between two or more dies. All while allowing much smaller physical
interconnect geometries than traditional BGA substrates. As per theory, reducing chip-to-chip
communication latency. This packaging technology has recently been targeted by these high-end
computing and instrument systems that need high-memory bandwidth/low latency between the
processor and memory. For these types of applications, the 2.5D IC/silicon interposer technology
can provide better system performance and lower package profile, compared to the historical
package on package (PoP) technology. However, the high data-rate and low supply voltage of these
high-end computing sub-systems introduce new signal integrity (SI) and power integrity (PI)
challenges.

This paper investigates the SI application of a fine-line, fine-pitch and large-size silicon interposer
technology for integrating a processor and high-bandwidth memory (HBM). It starts by examining
the package electrical modeling methodology used in GHz I/O device modeling in a more robust
and accurate way to support high-volume manufacturing and high signal quality. This is followed
by frequency and time domain analysis of package models to determine the optimized design
parameters to achieve good signal performance. The contribution of each package parameter to the
I/O performance is investigated using S-parameter and eye diagram techniques. The S-parameter
technique is used for frequency-domain analysis while eye diagrams were used for time-domain
analysis.
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Abstract

Rapid growth in urbanization increased energy demand which caused enhanced greenhouse gas
emissions from energy sector. For fulfilling this demand for electricity, fossil fuel consumption has
increased in which coal has major share. Global coal combustion was responsible for 46% of CO2
emissions from fossil fuel combustion. Among the top four GHG emitting countries, coal fired
power plants had large and variable share in national CO2 emissions in which 48% for China, 31%
for United States, 28% for the European union and 47% for India. Coal is approximately 90% of
the total fuel mix for electricity generation therefore, coal based power plants are the biggest source
of GHG emission in the energy sector. In the present study, the GHGs emissions from coal based
power plants have been estimated during the period of 2000-01 to 2014-15 and effects of economic
driving factors on emissions also studied. For GHG emission estimation we used IPCC 2006
methodology. In India there are 151 coal based power plants have been commissioned till 2014-
15 with generation capacity of 147297 MW which generates 878320 MU of thermal electricity. The
coal consumption has increased from 237 kt to 530 kt during the period of 2000-01 to 2014-15
which showed the increased in CO2 emissions from 447 to 1000 Tg, CH4 from 0.004 to 0.01 Tg
and N2O from 0.006 to 0.015 Tg with compound annual growth rate (CAGR) value of 5.9, 6.9 and
5.6% respectively. Region wise emissions showed that the plants like Chandrapur, Sipat and
Vindhyanchal in western, Dadri, Singrauli and Rihand in eastern, Dr. N.T. Rao, Simhadri and
Ramagundem in southern and Farraka STPS, Kahalgaon and Talcher in eastern region are biggest
emitter of CO2 eq. in India. The major driving forces of anthropogenic GHG emissions include
economic and demographic factors in which GDP, carbon intensity, energy Intensity and population
are the major factors which are directly proportional to GHG emissions in energy sector. During
this time period GDP-CO2 ratio showed decreasing trend which clearly indicated that economy is
decoupling with CO2 emissions from fossil fuel.

Keywords: CO2 equivalent, GHGs, CAGR, Energy intensity.
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Abstract

In the characterization, grain size estimation, non destructive evaluation and comparison of materials,
acoustics or ultrasonic attenuation measurements are very helpful. In addition it can help in
prediction of tensile strength, yield strength, crystalline damage, fatigue damage, impact strength
or hardness of a material. Higher accuracy in the measurement will result in better estimation of
these parameters. To measure Ultrasonic attenuation accurately is a very difficult quantity, particularly
in solid materials at least at frequencies usually applied in non destructive testing i.e. 1 to 20 MHz.
The overall result includes other loss mechanism such as beam spread, field effects, couplant
mismatch, transducer bonding and sample geometry. Present paper report the study made on
measurement of ultrasonic attenuation in different materials using a 5 MHz, 25 mm diameter
broadband ultrasonic transducer in pulse echo mode. The transducer is excited with a short pulse
of high rise time, short duration. The results are presented for attenuation at various frequencies
in range of 2.5 to 6.5 MHz with beam diffraction correction, for various solid materials as samples.

Keywords: Acoustics, Ultrasonic attenuation, Ultrasonic NDT, Characterization of materials,
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Abstract

Nitrogen dioxide (NO2) is one of the toxic pollutant gases in atmosphere and belong to the family
of nitrogen oxide gases (NOx). Major source of NO2 in urban environment is vehicular emission
and fuel burning. High concentrations of NO2 are detrimental to both human health and environment.
Therefore, monitoring the levels of such a pollutant becomes necessary. As per the National
Ambient Air Quality Standards (NAAQS) of India, two standard measurement methods (primary
and equivalent) are outlined. Primary method (Jacob's and Hoschheiser method) is based on wet
chemical analysis. The equivalent method is based on chemiluminescence technique and is real
time. Till now, there havenot been any significant study on the equivalence of the two methods.
Therefore, the present study is an attempt to meet this gap. Samples were collected in the month
of November and December 2018 on the NPL rooftop and analysed using the primary method of
measurement. The NO2 concentration data thus obtained was then compared with the data from
three nearby online monitoring stations namely, Pusa DPCC, Pusa IMD and Shadipur maintained
by CPCB.In the month of November, primary measurement method data showed a similar trend
as that of real time monitoring data from Shadipur station (r2 - 0.90). However, in the month of
December, the data were more closely related to two other stations, i.e., Pusa DPCC (r2 - 0.80) and
Pusa IMD (r2 - 0.70). The possible causes of the variation in the results could be due to several
factors such as meteorological parameters (temperature, humidity and wind speed), internal
limitations and calibration of the real time analysers or some local phenomenon playing a role in
the NO2 concentration levels. The results obtained have further encouraged us to continue these
measurements and further investigate the causes of the variation between these two measurement
methods.

Keywords: NO2, Primary method, Equivalent method, NAAQS.
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Abstract

Pressure measurement is a very important parameter for various processes including research and
development, production in various industries and in-service industry etc. There are two type of
pressure measurement methods, comparison and through dead weight pressure measurement.
Comparison method is simple and can be used where uncertainty band is wide and process allow
the same. On the other hand, where uncertainty band is narrow and high accuracy is required by
the process or pressure is very critical. The criticality of pressure can be understood in the case of
medical sciences where small difference of few mmwc can create a problem for the patient.
Similarly, few mmwc in the case of flow measurement can affect the final result of flow element.
There are many examples where accuracy me pressure measurement is required. Pressure calibration
by dead weight is primary and most accurate method and it is critical in operations than comparison
Method.

In this paper the facility of dead weight calibration is discussed along with the uncertainty of
measurement. Also, the distribution of this facility spread region wise in the country is discussed.
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Abstract

Now a days, LED lamps are becoming increasingly popular in various applications such as indoor
and outdoor lighting, street lighting, decorationsand vehicle applications. LED lamps for illumination
have the potential to save energy, improve lighting performance and possess long life. However,
the growing use of LED lamps bring up a question of how to compare LED with traditional light
sources (CFL), especially for some critical applications. The applications where the need of high
Luminous Efficacy is important, but at the same time, the steady nature of Luminous Efficacy is
also of utmost requirement. The objective of this work is to study the change in Luminous Efficacy
(lm/W) with time for LED lampsand CFLs. For this, the temporal variation in Luminous Efficacy
for three CFL lamps of 8W, 15W, 23W and three LED lamps of 7W, 9W and 12W were studied.
The experimental results are shown in figure 1 and 2. It can be seen that the Luminous Efficacy
of LED first decreaseswith time then reaches its steady state. From these graphs, we can find the
percentage change in Luminous Efficacy. The total variation in Luminous Efficacy within 30
minutesfor LED lamps of 7W, 9W and 12W are 7.86%, 4.91% and 4.51% respectively and the
percentage change in Luminous efficacy for CFLs of 8W, 15W and 23W are 0.61%, 0.59% and
0.90% respectively.Hence it shows that the total variation in Luminous Efficacy within 30 minutes
is higher in case of LED lamps as compared to CFLs.

Keywords: Light emitting diode (LED), Compact fluorescent lamp (CFL), Luminous Efficacy.

Figure 2.Variation in Luminous Efficacy
with time for LED lamps

Figure 1.Variation in Luminous Efficacy
with time for CFLs
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Abstract

A microstrip line sensor is designed and developed for the estimation of blood-glucose using the
non-invasive method. The proposed sensor is an inter-digitative capacitive sensor with input and
output terminal and it is based on the electromagnetic coupling with human thumb. The microstrip
lines sensors are preferred due to their compact size, easy fabrication, low cost and easy to integrate
with other electrical circuits/ systems. The layout of the sensor is of inter-digitative type and
dimensions of the sensor are approximately 40 × 40 mm. The simulated and measured electrical
properties of the sensor are compared and found to be in good agreement.

An electrical equivalent of human thumb is modeled and simulated with sensor assembly to
analyze the variation in electrical properties of human thumb due to change in blood-glucose. The
non-contact controlled experiments are performed to analyze the variation in its electrical properties
due to change in glucose concentration in aqueous and saline samples. The reflection properties
are measured in terms of S11 (ratio of signal received to port 1 to signal injected to port 1).
Similarly, the transmission properties are measured in terms of S21 (ratio of signal received at port
2 to signal injected at port 1).

The non-invasive blood glucose measurement using sensor assembly on human thumb is shown
in Fig.1. The preliminary measurement results have suggested that the proposed sensor can be
regarded as a potential sensor for non-invasive blood glucose monitoring. The controlled experiments
and non-invasive experiment have been performed using microwave sensor to investigate the
glucose-dependent electromagnetic response.

Keywords: Microwave Sensor, Non-Invasive Blood Glucose Monitoring, Modeling, Human
Thumb.

Fig. 1 (a) Sensor Assembly Schematic with Human Thumb (b) Image of Microwave Sensor Assembly with Human Thumb.
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Abstract

Radiation Force Balance (RFB) is the approach recommended in IEC 61161 for the primary
measurement of spatially integrated, time averaged, total ultrasonic power generated by ultrasonic
transducer. In this approach, an absorbing or reflecting target is used and attached to a highly
sensitive microbalance to detect the changes in apparent mass due to radiated ultrasound. Various
influencing factors that significantly contribute to the deterioration of uncertainty of power
measurements are taken into consideration and explained in this paper. The error in estimation of
RF voltage fed to the transducer under study becomes critical relatively at higher frequencies due
to impedance mismatch. Experimentally, it was observed that the length of cable used to feed the
transducer must be as shorter as much as possible. In order to optimize and minimizing the effect,
the use of cable should be avoided and an alternative arrangement should be made to perform the
measurements at the transducer node only, if possible.

In addition, external disturbances also become the factor for the movement of the target which is
comparatively more significant at low power level (in few mW range). In case of high power
(watts), the absorbing targets expand due to local heating of the target. The expansion of the target
results into change in the buoyancy which in turn results into over estimation of power. The amount
of over estimation depends on the excitation duration of the ultrasonic transducer.

At CSIR-National Physical Laboratory, India All the above mentioned influencing factors have
been considered in such a way that the effects of RF voltage measurement, target movement and
thermal expansion of the target are minimized which finally improves the performance and the
estimated measurement uncertainty of the power measurement system. For the target movement,
the detection of the output of microbalance is continuously acquired and stored in the computer at
the rate of 10 reading/second. Such continuous acquisition of microbalance output enables us to
clearly visualize the effects such as target movement; thermal expansion etc. Further, in order to
improve the RF voltage measurement accuracy, a unique DC convertor module has been developed.
In this paper various aspects of the improved primary facility of total ultrasonic power measurement
have been discussed.
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Abstract

The most critical challenge we are facing in the current digital scenario is cyber security and cyber
threats emerging across cyber space globally. The challenge of our generation is to build a flourishing
digital society that is both resilient to cyber threats, and equipped with the knowledge and capabilities
required to maximize opportunities and manage risks. Various negative forces like malicious
machines, hostile states; criminal or terrorist organizations and individuals can exploit the gap
between convenience and security. Narrowing this gap which is a national priority, it is required
that all trustworthy electronic records maintained by organizations /individuals to employ procedures
and controls designed to ensure the authenticity, integrity. To satisfy this requirement among other
things, the most important parameter is to adopt authorized standard traceable time stamps with
respect to National standards.

CSIR-National Physical Laboratory is responsible for not only to develop, maintain and disseminate
national measurement standards appropriate to national needs, but also to ensure internationally
recognized traceability of measurements and calibration of measuring instruments and provide the
basis for activities such as calibration services, trade metrology services and conformance testing,
in all sectors. The synchronizations of clocks in the country to Indian Standard Time (IST) require
a strong cyber physical secured infrastructure. This need extends ensuring the frameworks (i.e. the
technical infrastructure) to support these activities are effective, efficient and credible in the eyes
of domestic constituencies and international partners. Considering the above challenges, the problem
needs to be addressed based on the internationally practiced scientific, technology and regulatory
frameworks. As this IST timing infrastructure is a critical infrastructure, so its security in terms of
cyber secured physical network interface with global network is must. This will play an important
role in securely implementing and strengthening the Digital Governance.

National Timing Infrastructure that will be serving all the national Timing needs shall have various
threats and vulnerabilities in government service delivery. This needs to be studied in relevance to
the Scientific, technology and legal needs and come up with suitable interpretations that shall
contribute to this evolving National Timing Infrastructure at par with the International acceptance
and practices.

Keywords: National Timing Ensemble, Time stamp, IST, Time synchronization, Cyber Physical
Security, Digital Governance.
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Abstract

The paper analyzes the recent developments and challenges ahead in acoustics and vibration
metrology across the globe. CSIR-National Physical Laboratory has currently 34 Calibration and
Measurement Capabilities appended in Key Comparison Data Base (KCDB) for sound and vibration
parameters since January, 2012. The recent developments on low frequency vibration calibration,
use of optical encoder technology, upgradation of secondary vibration standard, development of
free-field calibration standard, secondary sound calibrations using the insert voltage method and
effective implementation of Quality Management System as per ISO 17025 has been instrumental
in reducing the measurement uncertainty at par with other NMIs. Future efforts are in progress in
realization of low frequency sound standard down to 1 Hz, development of calibration standards
for sound intensity probes, participation in Key Comparison exercises and inclusion of more CMCs
in Key Comparison Data Base.

Keywords: Laser Interferometer, Optical encoder, Primary Vibration Standard, Primary Sound
Standard.
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Abstract

Nanometrology is an emerging field of metrology concerned with the science of measurements at
nanoscale level. A number of instruments such as AFM, SEM, SPM and TEM cater the measurement
requirements of nanotechnology community. In order to provide traceability to these instruments
their calibration is carried out using standard gratings. In present study, we characterized the pitch
of standard grating using scanning electron microscopy (SEM) and image processing techniques
by MATLAB. User friendly Graphical user interface (GUI) tool was developed using MATLAB
to measure the pitch of grating image obtained using SEM. The standard grating pitch measured
from scanning electron microscope is 3.105 micrometer and by image processing through MATLAB
it is observed to be 3.079 micrometer. Results obtained from both the techniques appear to be in
good agreement within uncertainty of measurements.

Keywords: Nanometrology, Traceability, Image processing, SEM, MATLAB.
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Abstract

Monitoring and recording of a small change or deviation from the required environment conditions
are the statutory requirements in the calibration laboratories. The present paper describes the design
and development of a low cost, indigenous high precision wireless environment monitoring and
recording (WEMR) device. The motivation behind the development of the WEMR device is that
in the calibration laboratories environment conditions must be continuously monitored and recorded,
so the experimental results are reproducible. WEMR device comprises of a module, including 3
important parameters such as ambient temperature, barometric pressure and room humidity. The
device also display determined air density value calculated by using above 3 parameters. The
monitoring and recording of these parameters is very important in measurement and realization of
mass related quantities where in the determination of air density is essentially required. The device
has the capabilities of monitoring, transmitting and recording the data simultaneously to the
website https://thingspeak.com. The system comprises of a micro electro-mechanical sensor MEMS
sensor (BME-280). Piezo-resistive sensor is used for measurement of ambient temperature,
barometric pressure and room humidity. The analog output from the sensor is converted to digital
output using Analogue to Digital converter and a controller unit with EEPROM used for data
storage. For the wireless data transmission a WI-FI module (ESP8266) is used. It has integrated
cache memory, antenna switch balun and power management convertor which improves the
performance of the device and minimise the memory requirements. The Wi-Fi module used 2.4
GHz frequency for data transmitting and receiving. BME-280 and ESP8266 communicate with
arduino uno through I2C interface and UART interface, respectively. The program code has been
developed in arduino IDE. In WEMR device ambient temperature, barometric pressure and room
humidity ranges are -40°C to + 85°C , 300 mbar to 1100 mbar and 0% -100% RH, respectively.
The developed WEMR device is very economical i.e. the cost of the device is approximate 1/10
of other commercially available devices.

Keywords: Temperature; Humidity; Barometric Pressure; Wireless Enviorment Monitor.
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Abstract

Cross floating of pressure balances is an internationally accepted method used for the comparison
of 2 pressure balances for determining their metrological parameters i.e. effective areas, distortion
coefficient and zero pressure area. In this method, 2 pressure balances are connected in a same
pressure line. The present paper describes some of the newly designed, developed, upgraded and
fabricated components and devices for a cross float system for an induatrial pressure balance
received from a customer in the pressure range up to 150 MPa. The whole system consists of an
upgraded hydraulic screw pump, newly designed, developed and fabricated oil reservoir, use of 2
commercially available needle valves, newly designed and developed cross floating valve, and a
pressure balance supplied by the customer and associated pressure fittings and connector in the
pressure transmitting circuit. The progress made towards such developments is presented in details.

Keywords: Pressure balance; Pressure Metrology; Accuracy, Precision; Traceability.
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Abstract

The present invention relates to the development of a Mixed Flow Relative Humidity Generator
for the precision relative humidity generation useful for calibration of humidity sensors. The new
novel approaches have been used to design the compact relative humidity generator comprising of
three concentric stainless-steel containers forming the saturator, dry and mixing chambers and gas
supply of dry nitrogen cylinder along with a pressure regulator. The inlet gas manifold is peculiarly
adjusted by needle valves and passes through saturator and dry chamber to mixing chamber
through copper tubular coil wherein escape from a thin copper tube acts as a bubbler. The system
is capable of generating relative humidity (RH) ranging from 5% to 95% with short term stability
of ±0.25% RH. Commercially available humidity Generators, below 10% RH, are very costly and
are difficult to maintain. In the present investigation we have successfully optimized the technology
to generate the stable and reproducible humidity level up to 5% RH, with low cost and viable
technology approaches. The calibrated relative humidity sensor was placed in the mixing chamber
from the access port and the system validation results are reported in this paper.

Keywords: Humidity Generator, Mix Flow, Hygrometer, Two Pressure Technique.
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Abstract

The amount of water content in the solid, liquid and gaseous substances is termed as moisture.
Moisture is ubiquitous, therefore presence of moisture, cannot be neglected in our surroundings
and it affects almost every product, process and substance such as refrigeration and air-conditioning,
food processing, storage, bio-fuels, medicine, agriculture, metrology and many more scientific and
engineering disciplines. A precise measurement and control of moisture content is a must to
achieve good product uniformity, quality, and process economy. Several multicomponent mixtures
of solid or liquid has binary mixture of water and substance. In moisture measurement, the basic
problem is the identification and quantification of water associated with liquid and solid substance.
Quantitatively Moisture is expressed in two terms, wet-basis and dry-basis, according to substance-
mass ratio. Till now, we do not have national standard for moisture measurement in India to
disseminate the traceability in connection with SI units. To provide a consistent measurement
system for moisture in materials and to provide essential moisture measurement services throughout
the Nation traceable to the SI unit, we have established the moisture measurement facility using
the volumetric Karl Fischer Titrator with standard reagents and Loss-on-drying (LoD) with the
halogen straight tube heating lamp (200°C) with RTD and precision weighing balance (1 mg). This
system has been made traceable in-house with the primary standards of temperature and mass.
Temperature was measured by high precision Pt-Pd thermocouple (kept close to the halogen
heating lamp), traceable to the ITS-90. The ambient temperature, humidity and atmospheric pressure
of the room were measured using the in-house traceable hygrometer and pressure transducer with
the traceability from primary standards of temperature, humidity and pressure. The uncertainties
in the moisture content measured by the two methods were evaluated, by taking into account all
the possible parameters. The detailed results are presented in this paper.

Keywords: Moisture, Loss-on-drying, Karl Fischer.
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Abstract

The pneumatic pressure section of CSIR-National Physical Laboratory, India (NPLI) maintains the
pressures standards ranging from 0.04 MPa to 40 MPa using various pressure balances. Currently,
we have six calibration and measurement capabilities (CMC) registered in database of BIPM. The
reference pressure standard of pneumatic pressure is a RUSKA made, pressure balance having
maximum pressure measuring capability of 4 MPa, an expanded uncertainty of 22×10-6 at k = 2
and is designated as NPLI-4. The piston and the cylinder are made up of tungsten carbide. NPLI-
4 is traceable to ultrasonic interferometer manometer (UIM) and hence all our pneumatic pressure
measurements/ standards are traceable to UIM through the use of NPLI-4 as the reference standard.
Needless to mention, that NPLI-4 plays an important role in our traceability chain and hence its
stability in terms of pressure measurement as well as measurement uncertainty is of paramount
importance. NPLI-4 has also participated in many bilateral and international key comparisons. It
has been in use for the past about 30 years and has given excellent performance in in-house as well
as bilateral and key comparisons. In the current study, the stability of this standard is analyzed over
a period of over 30 years for which the change in effective area is monitored.

Recently, NPLI-4 has also been the subject of study for the estimation of effective area and
distortion coefficient and its associated measurement uncertainty using Monte Carlo simulation
(MCS). Also, a preliminary investigation of the behavior of piston cylinder assembly under the
application of pressure is carried out using the application finite element method (FEM) using the
ANSYS software. An in-house comparison was also carried out between NPLI-4 and two of our
primary standards large diameter piston-cylinder assemblies, namely NPLI-P1 and NPLI-P10. The
cross-floating data was used to estimate the effective area of NPLI-4. The obtained results again
reaffirm that the piston gauge isextremely stable over the studied period and the results are well
within the uncertainty limits. The outcomes thus obtained from all the comparisons, estimations
and thesumulations over a period of 30 years would be discussed in detail.



10th International Conference on “Advances in Metrology - 2019”

157

Development of the Metal-Carbon Eutectic Fixed Point
Blackbodies at CSIR-NPL for Radiation Thermometry

Umesh Pant1,2, Hansraj Meena1, Gaurav Gupta1, Komal Bapna1 and D.D. Shivagan1,2*

1Temperature and Humidity Standards, CSIR- National Physical Laboratory, New Delhi-110012
2Academy of Scientific & Innovative Research, CSIR-National Physical Laboratory,

New Delhi-110012, India
(*E-mail : shivagand@nplindia.org)

Abstract

CSIR-NPL has the facility for radiation thermometry up to temperature 3000°C. The uncertainty
of measurement at higher temperature is givenby the extrapolation of Planks Law from the Cu
(1084°C) to this temperature range. The extrapolation uncertainty largely contributes to the total
uncertainty of pyrometers and thermal imager calibration, as high as ±5°C. To minimize these high
uncertainty levels and to give direct traceability at high temperatures, International Thermometry
community is researching on development of various Metal-carbon eutectic fixed point blackbodies
from 1000°C to 3000°C. In this paper we describe the CSIR-NPL efforts to indigenously develop
the Fe-C [1153°C] and Co-C [1324°C] eutectic blackbody fixed points for the radiation thermometry
applications.  The development process comprises design and fabrication of graphite crucible,
optimization of eutectic composition of metal and carbon powder, assembly preparation, etc.The
realization of blackbody fixed point involves measurement of the melting plateau by using 650 nm
spectral linear pyrometer (LP4). The LP4 gives the output in terms of photo current of the detector.
The t90 temperature of the Fe-C cell was measured to be 1153.87°C by LP4 as shown in fig.1. The
repeatability and uncertainty parameters in realizing the cellswill be discussed in detail in the
present paper.

Keywords: Metal-carbon eutectic, Radiation thermometry, Uncertainty, Black body

(b) The melting plateau of the Fe-C black body realization by LP41.(a) Measurement of the metal Carbon
black body by LP4
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Abstract

In its 26th meeting held on Nov 2018, CGPM has approved the redefinition of kelvin based on the
Boltzmann Constant (k). The new definition of kelvin will be effective from the 20th May 2019,
which will replace the current definition based on the triple point of water (TPW, 273.16 K). The
triple point of water is the fundamental fixed point defined in practical scale ITS-90, where the
thermodynamic and practical scale have the equal value. In the redefinition efforts, even though,
the thermodynamic temperature is defined by Boltzmann constant, it should be consistent with the
old definition. Therefore, the value of Boltzmann constant is realized at TPW temperature by
various primary thermometry methods. At CSIR-NPL, we are developing Acoustic Gas thermometry
for the measurement of Boltzmann constant and thereby disseminating the thermodynamic
temperatures. The first measurement of k will be carried out at TPW temperature, and also all
capsule thermometers used for the realization will be calibrated on CSIR-NPL TPW cell and ITS-
90 fixed points. Therefore, for the precise measurement of k and thermodynamic temperatures,
CMC at TPW need to be improved from ± 0.17 mK (present CMC). For that purpose we have
established the facility with ensemble of three TPW cells, precision cSPRTs and SPRTS, 0.02 ppm
DC resistance Thermometry Bridge with temperature stabilized standard resistances. The new cells
are analyzed for chemical impurities and isotopic composition confirming to VSMOW criterion.All
the uncertainty parameters such as repeatability, reproducibility, heat flux immersion, hydrostatic
head, bridge measurement, heating effect, etc. are optimized and expanded uncertainty was found
to improve from 0.17 mK to 0.084 mK. The cell with the best performance and uncertainty was
assigned as reference celland will be used for realization of Boltzmann Constant and thermodynamic
temperatures.

Keywords: Triple point, Boltzmann constant, Thermodynamic Temperature, Uncertainty.
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Abstract

The unit of thermodynamic temperature kelvin (K) is re-defined based on Boltzmann Constant (k)
and will be implemented from 20th May 2019. Various primary thermometry methods have been
used for the realization of Boltzmann Constant and dissemination of thermodynamic temperatures.
At mid-to-lower temperatures methods such as Acoustic gas thermometry, dielectric gas thermometry,
Johnson noise thermometry and Doppler broadening are used, while at high temperatures, say
above 1000°C, the blackbody based total radiation and spectral radiation thermometry are used.
The recently introduced metal-carbon eutectic fixed point based blackbodies in the range from
1000°C to above 3000°C (fig. 1) are being developed for the dissemination of thermodynamic
temperatures. In the present international temperature scale of 1990 (ITS-90), the freezing points
of Silver (961.78°C), Gold (1064.18°C) and Cu (1084.62°C) are the defined primary fixed points
used for the reference radiance value and extrapolated unknown temperatures can be determined
by the ratio method. Thus, the temperature and uncertainty above Cu point is determined by the
extrapolation. At CSIR-NPL, we have developed two fixed points Fe-C [1153°C] and Co-C
[1324°C] by in-house efforts and the future plan is to develop new fixed points shown in fig. 1.
This article comprises the international and national progress in the development of metal carbon
eutectic fixed points.

Fig. 1. High Temperature M-C fixed points for radiation thermometry

Keywords: Metal-carbon eutectic, Radiation thermometry, Thermodynamic Temperature.
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Abstract

The upper limit of the ITS-90 in the contact thermometry part of the scale is the silver (Ag) freezing
point 961.78°C. Above Ag point, ITS-90 is defined by means of spectral radiation thermometry.
To realize the scale at higher temperature, fixed points have been constructed that depend on the
melt and freeze behavior of pure metals such as Ag [961.78°C ], Au [1064.18°C], and Cu [1084.62°C]
as defined blackbody fixed points. In this paper, we have realized the Ag and Cu blackbody fixed
points using the 650 nm Linear Spectral Pyrometer (LP4). To realize the freezing point of these
metal fixed points, the cavities were kept in sodium heat pipe furnace which gives highly stable
and homogeneous temperature zone for the uniform meting and freezing of the metal ingots in
argon inert gas environment. While LP4 gives the output in terms of photo current of the Si-
detector, the freezing points were also directly realized using contact thermometers, HTPRT and
Type-S thermocouple, respectively for Ag and Cu blackbody and were found to be 961.88°C and
1084.61°C. The uncertainty parameters such as repeatability, reproducibility, immersion profile,
size-of-source effect, etc. have been evaluated in detail for the two cells. The comprehensive study
of the realization of Ag and Cu fixed point cells with the uncertainty parameters is presented in this
paper.

Fig. 1. Melting and freezing plateaus of (a) Ag black body (b) Cu black body

Keywords: ITS-90, fixed point blackbody, freezing plateau, radiation thermometry
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Abstract

All matter substances above absolute zero temperatures emits the thermal radiations, mainly in the
infrared region. An Infrared detector is a device which measures temperature of an objectby non-
contact method. It measures the temperature of a body based on the wavelength of the energy
emitted by it, following the Planck's radiation law and has extensive application in industries,
medical field, defense, space and astrophysics, etc. In this paper, we have presented a detailed study
of IR detectors based on various materials for a wide range of wavelength region which includes
ceramic, semiconducting, and polymer materials. The various parameters of an IR detector such
as responsivity, noise equivalent power, and specific detectivity have been discussed in detail for
the various materials along with their properties viz. dielectric constant, losses, volume specific
heat, pyroelectric coefficient and thermal conductivity. The sensing mechanisms and the basic
designs of these detectors are also described in the paper. The conclusion is drawn with a discussion
of the advantages and disadvantages of different materials, based upon their properties as well as
the costs and application areas. Based on this review, the CSIR-NPL roadmap on the development
of IR detector for thermometry application is proposed.

Keywords: Infrared detectors, Planck's law, Radiation thermometry.

Fig. 1. (a) Basic diagram of instrumental set-up for temperature measurement using IR detector,
(b)Body temperature measurement using IR thermometer, and (c) Measurement of temperature of

Tungsten lamp using IR thermometer (LP4).
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Abstract

The detection of progressive stages of diabetic retinopathy is aserious issue among ophthalmologists
and researchers which can some time cause even blindness to patients. The present paper describes
a computer aided technique based on machine learning for the detection of diabetic retinopathy.
The technique is based on applying ensemble objective of machine learning through an
algorithmdeveloped to analyse features extracted from the output of the different retinal images.
The convolution Neural Network is used for decision making and predicting the progressive nature
or presence of the diabetic retinopathy. The developed algorithm using CNN architecture and data
augmentation is used to identify the progressive nature of the diabetic retinopathy automatically
and without user input. The details of the architecture, developed algorithm and results obtained
are presented.
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Abstract

Rising ofthe concentration of air pollutantsis a major concern in these days. Especially when it
increases in such a level that also affects significantly the indoor air quality, where people spend
about 60% of their time. In such cases, the risk associated with the exposure becomes more intense.
Therefore air cleaners/purifiers become a need to eliminate these contaminant from indoor air.
However, performance of these purifiers varies widely with the techniques and quality of the
product. In India, so far we do not have a proper facility and methodology to test these devices.
Here, we discuss the evaluation of the performance of an air cleaner/purifier by testing its removal
efficiency and then clean air delivery rate (CADR). The removal efficiency of air purifiers is the
comparison of 300 nm particle number concentration at the inlet and outlet of air purifier at the
flow rate of air purifier claimed by the manufacturer. An aerosol tunnel is designed for this test,
where in the test section (0.7m × 0.7m × 7m) a homogeneous particle cloud (using standard
particles or generated particles (oleic acid, di-octyl phthalate (DOP), di-ethyl hexyl sebcate (DEHS)
or sodium chloride) is achieved and maintained by atomization of particles followed by condensation
or evaporation. Particle number concentration (for 0.3 µm) at the inlet (upstream) and outlet
(downstream) is measured using particle sizer spectrometer/counter, and removal efficiency is
calculated. The particle removal efficiency of air cleaner in this test (for 0.3 µm and 1000 particles/
cm3) should be > 99.7%. On the other hand, CADR is determined in a test chamber, which has two
sections. In the first section, all particle/gas analysers and particle generator (which is used for
generating particle types, e.g. cigarette smoke, dust and pollen particles) are placed. In the second
section (2.5m × 3m × 3 m), aerosol generator is dispersed the particles near (and above) the ceiling
fan to uniform mixing of aerosols.At the centre of the chamber, an air purifier (under test) is placed.
For the measurement of particles (number concentration) and gases, the samples are taken from
sampling ports, which are place about 0.5m and 1.5m height above the surface near the air purifier
unit. Then the samples are introduced to respective particle counter and gas/VOC analysers which
are deployed in first section of the chamber. In this test, particle natural decay without the start of
the device and decay with the working of air cleaner device is measured. In this, we will provide
design and discuss thetest methodology for the calculation of removal efficiency and CADR of an
air cleaner/purifier device in detail.

Keywords: Air purifiers, removal efficiency, CADR, test chamber facility.
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Abstract

The calibration of Industrial Helium leaks in the range of 10–7 std.cc/s 10–9 std.cc/s is a challenging
task for Vacuum Metrology. In this calibration process, the helium leak is mounted in the line of
the orifice flow system (OFS) connected with the flowmeter. First, we take the background signal
of OFS, later the leak under calibration (LUC) is valved-in into the OFS to monitor the Helium
intensity using residual gas analyzer (RGA). In the next step, a matching Helium signal is generated
by valving-in the constant volume flowmeter filled with its reservoir at an appropriate Helium
pressure. The product of the flow rate with the ratio of the resultant signal of the leak under test
to that of the leak generated through flow meter provides the leak rate of the device under test.  The
flow rate of the constant volume flowmeter can be calculated as the product of the volume of the
flowmeter to rate of rising of pressure as a function of time. One can very precisely measure
the leak rate of LUC using three steps, i.e. (i) determination of background helium signal,
(ii) determination of helium signal from LUC, and (iii) generation of matching signal from the
flowmeter and (iv) anlysis of results and determinatiuon of uncertainity in measurement. A detail
calibration process for determination of leak rate of industrial gauge will be presented.

Keywords: Vacuum, calibration, helium, metrology, traceability.
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Abstract

Gas Metrology group at CSIR-National Physical Laboratory realize mole, the SI unit of amount of
substance and its mission is to provide traceability for emission gases, green house gases and air
quality measurements as per National Ambient Air Quality Standards (12 parameters). Mole is
defined in Chapter 2 of the SI Brochure (8th edition), Section 2.1.1.6, with the words:
1. The unit mole is the amount of substance which contains as many elementary entities as there

are atoms in 0.012 kilogram of carbon 12; its symbol is "mol".
2. When the mole is used, the elementary entities must be specified and may be atoms, molecules,

ions, electrons, other particles, or specified groups of such particles.

The mole may be realized by a variety of primary methods in chemical route. Three methods are
listed at BIPM site out of which one gravimetric preparation method is usedat Gas Metrology
Activity of CSIR-NPL for realization ofmole through Primary Reference Gas Mixture (PRGM)
Standard Preparation. Gravimetric method depends on weighing of 10 litre aluminum gas cylinder
and their mixing of the components gases by weighing. Accurate weighting of the component gases
is the key factor in the gravimetric preparation. The preparation of PRGM is done as per international
standard ISO 6142 and ISO 6143.The Gas group has been participated in CCQM and APMP inter
comparisons to show the global competence and hence disseminate traceability to different stake
holders in the respective areas. In recent years, NPL India has participated in APMP.QM-S9 (CO
in Nitrogen), CCQM.K120a & 120b (CO2 in synthetic air), APMP.QM-P30 (Calibration solutions
of  Pb, As, Ni and Fe; Joint Pilot study with KRISS Korea as these metals are listed in National
Ambient Air Quality Standards)etc. All these successful participation prove the competence for
dissemination of traceability in respective area. Recently, we have also developed a high-volume
PM2.5 sampler, and this technology has already been transfer to an Indian manufacturer. Now
sampler is commercially available.Also a particulate matter (PM) wind-tunnel has been established
at CSIR-NPL. This is a first and unique facility in the country to test and calibrate PM1, PM2.5 and
PM10 samplers. Using this facility, now all the PM samplers manufactured in the country can be
calibrated and certified. Also, all the imported PM samplers can be tested for their suitability under
Indian conditions. The CSIR-NPL certified samplers can be exported without any technical barrier
to trade as CSIR-NPL is a signatory of CIPM-MRA. The parameters of the sampler which can be
tested and calibrated using this facility are Intake efficiency, Cutoff size and Sharpness of cutoff.
It will solve the traceability issues in PM2.5 and PM10 measurements.
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Abstract

The Water Flow Calibration Facility at NPLI was established in joint collaboration with PTB,
Germany during 1992 to 1998 under NPLI-PTB Technical Collaboration Program for calibration
of different types of water flow meters such as coriolis, ultrasonic, electromagnetic, differential
pressure, etc. using static-gravimetric method as per ISO 4185. The facility comprised of two test
rigs, namely, DN50 and DN200 for calibration of water flowmeters of different sizes ranging from
10 mm to 200 mm. The facility was operational till 2001. Both of the Test Rigs were revived during
2008 and 2009. This facility was highly complex due to its fully automatic nature and it developed
frequent problems. Further, this old facility had traceability problem and had also become obsolete
due to technological advancement, therefore, its upgradation using state-of-the-art instrumentation
and control was planned to improve this facility compatible to international level to maintain the
NMI status in water flow area. As a follow-up of the upgradation and to develop capabilities for
design and development of water flow calibration system, a prototype Water Flow Calibration
System of DN100 size was designed and developed as per ISO 4185 standard. The uncertainty of
flowmeter calibration using this DN100 system was 0.1%. After this, we placed purchase order for
upgradation of this old Facility. In new system, there are 5 lines i.e. DN25, DN50, DN100, DN150
and DN200 lines for calibration of different size of flowmeters. There are 3 weighing systems,
namely, 300 kg, 3000 kg and 6000 kg capacities. The targeted measurement uncertainty of the
system is ±0.05% upto DN100 size and is ±0.07% upto DN200 size (at k=2 for 95% confidence
level). The traceability of standard instruments has been established and calibration of flowmeters
in totalized mass and totalized volume has been started. The expanded uncertainty in flowmeter
calibration in totalized mass and volume is in the range of 0.01% to 0.02% (at k=2 for 95%
confidence level). For calibration in mass flow rate and volume flow rate requires precise time
measurement which is dependent on diverter error evaluation. The density of water is measured
using high precision offline digital density meter. At present, the diverter error of the system is
being evaluated. Thereafter, we will be able to calibrate any type of flowmeters upto maximum
flow of 600 m3/h.
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Abstract

The amount of light illuminance is essentially required for the laboratories, workplace and reading
environments. Illuminance measurement for the laboratories is essential because poor light in the
laboratories leads to inaccurate recording of calibration data. The NABL 122-03 document
recommended the range of illuminance to be 250-500 lux in the calibration laboratories. In the
present study, a low cost, indigenous light sensing device has been developed which can measure
the illuminance ranging from 0-1000 lux. Commercially available ambient light sensor (TEMT6000)
was used for the development of the device. The sensor is a photo-transistor based and provides
a linear response for illuminance with respect to collector photo current. Photo current of the sensor
is in the order of micro amperes.  Exposure value of sensor is 100 lux for 50µA of collector photo
current with collector emitter voltage is 5V. Sensitivity of the sensor is highly dependent on the
angle incidence of light. It has ± 60° wide angle of half sensitivity. For the development of light
sensing device arduino-uno board was used. Light sensor gives the output is in the analog form
which is converted into the digital form by the microcontroller. The program of the light sensor was
developed in arduino integrated development environment (IDE). A liquid crystal display (16×2)
was used for display the digital output of the light sensor. The functionality of the developed device
was tested in the laboratory at various locations.

Keywords: Illuminance; Light Sensing Device; Metrological laboratory.
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Abstract

Torque is an important physical parameters which plays a vital role in several industries such as
mechanical, automobile, civil aviation, pharmaceuticals, etc. The unit of torque is realized by
applying dead weight force tangentially at one end of a lever arm having the other end firmly fixed
to a suitable mount. CSIR-NPL has established a torque primary standard machine, comprising of
a two metre long lever supported at the middle by strain controlled elastic hinges, having a best
measurement capability (BMC) of ±0.01% in the 2-2000 Nm range. This primary machine is used
to provide traceability in torque measurement to the user industries across the country. It is therefore
important to monitor the measurement capability of the torque machine and also to participate in
international inter-comparisons with other NMI in order to establish the stability of the performance
of the machine over a period of time.

In this paper, an effort is made to discuss the stability of the primary standard machine over a period
of nine years. This helps us to maintain the degree of equivalence and also to build confidence on
the claimed BMC (best measurement capability of the machine) of the machine. For this purpose,
precision torque transducers of 1000Nm and 500NM capacities were calibrated on this machine in
the clockwise direction using a standard calibration procedure based on BS 7882. The observed
repeatability and reproducibility in the measured range changes from ±0.01% to ±0.001% and ±0.02%
to ±0.006% respectively. The average calibration values are determined with the uncertainty
associated in the measurement considering deviation due to resolution, repeatability, reproducibility,
reversibility, interpolation and the uncertainty in the applied torque which is less than 0.03% over
the range of 40-100% capacity of the transducer. The obtained average measured values are compared
with the measurement data taken previously on the same transducer over a period of time.

The measured average values are also compared with the average values reported in the PTB,
Germany certificate for the same transducer and with CCM TK1.1 key comparison results. From
these measurements and analysis, it is observed that there is a slight increase in the average torque
values measured by the transducer which could be attributed to the drift of the torque transducer
values over the period of time. The small drift observed would not have any significant effect on
the claimed BMC of 0.01% of the machine so performance of the machine is determined to be quite
stable within the claimed limits. However, further investigation need to be made by calibrating
these transducers from PTB, Germany and comparing them with the values obtain on our machine.
This would enable us to monitor and characterize the behaviour of the machine as well as the
transducer with better clarity and understanding.

Keywords: Torque measurements, Calibration of Torque transducer, Primary torque standard.
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Abstract

The dead weight testers or pressure balances (DWT OR PBs) are regarded as fundamental pressure
measuring instruments and are being used by most of the national metrological laboratories as
primary /reference pressure standards.The calibration of PBs is always performed by comparingthe
measurements made by measuring equipment against the standard used as pressure balance over
the years whose uncertainty is known and is traceable to national / international standards. Generally,
in the calibration of industrial PBs, the piston fall rate becomes very fast, inadequate and difficult
to judge the ideal piston position. With high turbulence in the piston floating rate, accuracy of the
calibration is also affected.

The present paper describes the effect of indigenouslydeveloped cross floating valve in the high
pressure calibration. The Calibration of different PB is performed with or without use of valve.From
the present studies, it is clearly evident that with the use of cross floating valve, the calibration time
can be reduced upto 30 %.Thus, the use of ingenuously developed cross floating valve satisfactory
reduces the time of calibrationof PBs.In the situations mentioned above of inadequate floating
time, the use of cross floating valve in between two PBs addressed the problem amicably and
calibration becomes easy and quick.

Keywords: PB-Pressure balance; Calibration, Metrology; Accuracy; Turbulence.
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Abstract

The current pressure standards have been established over the time to meet the calibration
requirements of Indian industries and other users. As a National metrology institute (NMI) in the
country, it is our responsibility not only to provide the accurate, precise and traceable pressure
measurements through CSIR-NPL Pressure standard but also to help the industries to get an idea
about the performance of the instruments on a definite time scale. The stability of the pressure
measuring instruments over the years is one of the important parameters in defining the quality of
results.

The present paper reports the stability behaviour of an industrial high pressure transducer received
from industry in the range of (0-800) MPa. The transducer was calibrated in the years 2013, 2015,
2017 and 2018 and the results of the calibration factor and the measurement uncertainty have been
reported. The performance of the transducer showed consistent results for about 6 years. For the
years 2013, 2015, 2017 and 2018, the estimated measurement uncertainty of the high pressure
transducer was 0.1%, 0.3%, 0.15% and 0.15%, respectively. The overall performance of the transducer
remains excellent over the period studied within the limit of estimated measurement uncertainty.

Keywords: Pressure balances; Measurement; Stability; Accuracy; Transducer.
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Abstract

Magnesium alloys are most interesting material for engineering applications due to its inherent
properties such as high strength and low density. However, Mg alloys are highly reactive and have
more negative standard electrode potential of -2.37 V vs SHE. For engineering applications,
dissimilar metal assemblies are unavoidable. The metal such as Fe, Ni and Cu etc., which are
relatively nobler to magnesium, when coupled, causes severe galvanic or bimetallic corrosion due
to the larger potential difference. The electroless Ni-P coatings are widely used for industrial
applications owing to its excellent mechanical, physical, electrical, as well as corrosion and wear
resistance properties. Electroless nickel coating was deposited over AZ31B magnesium alloy using
conversional chromic acid pickling and HF activation treatment process.  As prepared coatings
were characterized for its surface morphology and composition using Field Emission Scanning
Electron Microscopy (FESEM) attached with energy dispersive analysis of X-ray (EDX).
Potentiodynamic polarization study was carried out in non-deaerated 3.5% NaCl medium to find
out the corrosion resistance of the coatings. FESEM analysis of the coating showed the porous
morphology due to the heterogeneity of the substrate surface. The coating exhibited two-fold
decrease in the corrosion resistance than the substrate due to the galvanic coupling occurred
between nickel and magnesium and nickel in the presence of aqueous medium.  To overcome these
difficulties, the non conducting ceramic coating was developed as the interlayer between nickel
coating and AZ31B magnesium alloy by microarc oxidation (MAO) method. Prior to the electroless
nickel deposition, oxide layer was activated by using eco-friendly NaBH4 solution as a replacement
for conventional hazardous chromic acid/HF activation or expensive SnCl2/PdCl2 sensitization
and activation procedures.  Ni-P coatings showed uniform and dense nodular morphology without
any defects, which clearly indicated that the borohydride treatment provided a uniform and
homogeneous active surface for the deposition of electroless nickel based coatings. In addition,
borohydride pretreatment process resulted in excellent bonding between Mg/MAO/Ni-P layers in
the cross section by mechanical interlocking.  Ni-P coating exhibited two fold improvement anti-
corrosion behavior than the substrate due to the dense nature of the coating.  Thus oxide interlayer
layer developed between the Ni-P and Mg alloy prevented the galvanic corrosion.

Keywords: AZ31B Mg alloy, Electroless nickel coating, Microarc oxidation, Borohydride
activation, Potentiodynamic polarization.
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Abstract

In the era of sophisticated science at nanometer range, the role of standards is very important.
Standards facilitate everyday quality of life for better performance, systematic work culture, increase
safety and enhance the quality of living standard in the normal life of human being. The certified
reference materials worked as standards for testing and calibration purposes are the main requirement
of researchers and thus playing a crucial role and focused on giving accurate and precise measurement
at the nanoscale level. In developed nations, the quality of life is good and balanced as standards
have maintained at each level in normal daily life. For the sophisticated instruments like Transmission
Electron Microscope (TEM) the gold nanoparticles are used as a standard. In this study, pure
(99.999%) gold metallic piece was used to deposit gold nanoparticles directly on the carbon coated
copper grid by using thermal evaporation deposition technique in the high vacuum condition of the
order 10-6 mbar. The distance between source material of gold and copper grids kept fixed inside
the vacuum chamber for maintaining the repeatability of experiments. The uncertainty measurement
was carried out considering the repeatability, homogeneity and reproducibility of results. Gold
nano-particles deposited on carbon-coated copper grid supplied from TED PELLA Company have
been used as a standard sample for comparison purposes. The HRTEM measurements were carried
out to calculate the d-value of the sample of gold nanoparticles. Universally established and
statistically proved the method of uncertainty measurement had adopted for calculations of type -
A as well as type - B components of uncertainty measurements. For type-A uncertainty calculations
10 set of measurements were taken of each grid in different regions, and due to the repeatability
of experimental measurement, their standard deviation has been used to calculate uncertainty
contribution. Further type-B uncertainty has calculated by considering different parameters such as
homogeneity, resolution power of instrument and environmental factors. The combined expanded
uncertainty value of the measurement is around 0.04 Å. The assigned value of the interplanar
distance (d-spacing) of gold standard BND sample is 2.34±0.04 Å.
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