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CSIO Mission Statement

CSIO is Committed

To pursue R&D in the frontier areas of instrumentation
To develop appropriate instrumentation to cater the needs of the country

To generate trained manpower in niche areas of instrumentation
& to disseminate the S&T knowledge

To provide instrumentation support to R&D, academia and industry
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FROM DIRECTOR'S DESK

I am pleased to present the Annual Report of Central
Scientific Instruments Organisation (CSIO) for the Year
2006-07 — a year of transformation for us, with joyous
confluence of successful completion of Tenth Five Year
Plan (TFYP) tasks and planning for the Eleventh Five
Year Plan (EFYP) activities.

The CSIO family has delivered committed
outputs of the TFYP. One of the major activities during
the Tenth Five Year Plan period was CSIR Network
Programme “Electronics for Societal Applications” with
CSIO as the nodal laboratory. In this programme, work
was carried out in three broad sectors: Agro-based,
Health and Public Safety. The expertise generated in
electronics, optics, mechanical engineering and
analytical techniques enabled us to achieve the
planned targets. Useful partnerships were established
with other science and engineering based sister labs
like CEERI, CMERI, CFTRI, CBRI, NPL, NAL and CRRI.
Notable achievements under this programme in
health-care sector were: ‘Artificial Hydraulic Knee
Joint’, ‘Myoelectric Arm’, ‘Voice-Operated Electronic
Hand” for orthopaedically challenged persons.
Linkages established with our partner institutions were
fully utilized for development and patient trials of these
devices. In agro-sector, ‘Electro-Optical System for
Sorting and Grading of Fruits and Vegetables” was
successfully developed and tested on apple and rice.
Technology was also developed for the monitoring and
control system for food storage houses, which helps in

optimization of process parameters for extended
storage life of fruits and vegetables. Under public
safety, Seismic Alert System to avert losses due to
earthquakes was developed and is being installed at
critical seismic-prone locations for long term data
recording. Landslide monitoring system based on
collection and analysis of landslide data was
commissioned and field tested in Himalayan terrains
near Haridwar. The system is working satisfactorily
under harsh environment and on-line data mining is in
progress for event prediction algorithm development.
During the Tenth Five Year Plan period, the laboratory
also participated in other Network Programmes such
as ‘Custom tailored Special Materials’” with NPL,
‘Development of key technologies for Photonics and
Opto-electronics’ with CGCRI, ‘Developing Capabilities
in Advanced Manufacturing Technologies’ with CMERI,
‘High Science & Technology for National Aerospace
Programmes’” with NAL, wherein the timely
requirements and objectives of these nodal labs were
met through the expertise generated at CSIO.

Apart from its Network Programmes, CSIO has
successfully completed various projects of national
importance during 2006-07. Some of the significant
achievements during this year include: demonstration
of Head Up Display (HUD) for HIT36 and HUDWAC
projects, tackling of sun glare problem of the pilots,
delivery of raster version of HUD unit to ADA
(Bangalore), testing of Liquid Media Dispensing
System at IMTech (Chandigarh), distribution of plastic




aspheric lens based low vision aids to needy children at
Samarthya-2006 exhibition.

For the effective execution of the projects and
to plan for the future, linkages were established with
Wadia Institute of Himalayan Geology (Dehradun),
Indian Institute of Technology (Delhi), Bhabha Atomic
Research Centre (Mumbai), Post Graduate Institute of
Medical Education & Research (Chandigarh), All India
" Institute of Medical Sciences (Delhi), Aeronautical
Development Establishment (Bangalore) and National
Institute of Orthopedically Handicapped (Kolkata).

Through the restructuring of scientific
activities of the laboratory, the roadmap formulated
and expertise gained in preceding years, the fulcrum of
activity was planned for the Eleventh Five Year Plan.
The dynamic 6x7 Vertical/Horizontal S&T structure has
been fully engaged for planning and proposed
execution of tasks for development of application
specific products, and also towards pursuing high
science with an eye on result-oriented outputs and
outcomes for societal impact.

Our Eleventh Five Year Plan activities are
directly linked with those of Tenth Five Year Plan. The
Supra-Institutional Programme ‘Appropriate
Technological Solutions for Societal Applications’
addresses two broad sectors viz: Agri-Instrumentation
and Health. Various tasks under Agri-Instrumentation
include - Sensors and Instrumentation for Agro-
Climatic Measurements (soil, crop growth, pesticide
estimation) and Quantification of Quality for agri-
produce with focus on beverages like Tea and Honey.
The implementation of these tasks is proposed around
latest transduction techniques like florescence for
pesticide estimation, FBG sensors for soil moisture,
electromagnetic based soil conductivity measurement
etc. Quality assessment will be based on soft-
computing techniques like Artificial Neural Network
(ANN), Principal Component Analysis and Genetic
Algorithms. Biomedical instrumentation tasks are
expected to generate expertise in medical image
processing for diagnostics and intelligent prosthetic
devices for near normal functions of patients.

Considering the potential of Nano Science and
Technology, CSIO is pursuing exploratory work in areas

such as CNT, DNA computing, bio-MEMs to further its
intellectual growth in terms of quality publications,
patents and HRD in these niche areas.

The laboratory has been proactive in terms of
HRD activities this year. Instrumentation is a multi-
dimensional activity calling for involvement of skills
from diversified scientific and engineering domains.
Hence, synergy with organisations working in relevant
areas is vital. Accordingly, CSIO has established
working relationships with various academic, R&D and
industrial institutions through MoUs, agreements and
collaborative projects. This year, we have signed MoUs
with Indian Institute of Technology (Delhi), Vellore
University (Vellore), Calcutta University (Kolkata),
Thapar University (Patiala), Guru Nanak Dev University
(Amritsar), NIT (Jallandhar) etc to attract quality
students and to ensure intense academic integration
withR&D.

On home front, the administrative and
academic issues of Indo Swiss Training Centre (ISTC)
were addressed and a comprehensive over-haul was
affected by re-formulating the Bye-Laws of ISTC. The
course contents were updated and new market- savvy
curricula were introduced.

Realizing the need of imparting higher
technical education to students through hands-on
experience on different tools and devices, a 2-year
postgraduate programme — M.Tech (Mechatronics)
was proposed jointly by three CSIR Laboratories
namely CMERI (Durgapur), CSIO (Chandigarh) and
CEERI (Pilani) in collaboration with Bengal Engineering
& Science University (BESU) Shibpur. The programme
is structured around the core strengths of all the
constituent institutions with joint faculty based on
combined academic and R&D expertise.

The Business Promotion Centres of CSIO at
Chennai, New Delhi, Jaipur and Chandigarh have
increased the pace and scope of their activities with a
view to enter into new Public Private Partnerships.
Delhi Centre of CSIO has established a *National Facility
for Medical Instruments Calibration’ to meet the ever
increasing instrumentation requirements of medical
and paramedical communities in providing quality
health care. The Chennai Centre has intensified its




Energy Monitoring tasks while collaborating with
textile and other process control industries. Business
promotion activities at Jaipur have successfully
developed into collaborative efforts in agro sector with
Rajasthan State Industrial Development & Investment
Corporation Ltd and medical instrumentation training
activities with Rajasthan Health Systems Development
Project.

Continuing our policy of partnership with
industry, we have signed MoUs with major industries
“namely United Phosphorous Limited (Vapi), Vaiseshika
Electron Devices Ltd (Ambala), Bharat Electronics Ltd
(Panchkula) for meeting the market driven
technological requirements of society.

A Virtual Instrumentation Laboratory was
established this year to address modelling and
simulation issues of design and development
processes. Additionally, CSIO has taken up the up-
gradation and augmentation of infrastructural
resources of Precision Optical Metrology and Bio-
molecular electronics in a big way.

The year was also characterized by spurt in
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business development activities. Negotiations are
underway for commercialization of about 23
technologies of the institute. Know-how of Burner
System, Nebulizer for Flow Control System — a sub-
system of Atomic Absorption Spectrophotometer was
transferred to industry for commercial production.
CSIO has generated considerable soft-outputs in terms
of patents and publications. This year a total of 21
patents were filed of which 19 were filed abroad; 7
patents were granted with 4 of them being
international. 25 papers were published in different
journals.

The institute is highly grateful to Dr.Kota
Harinarayana, Chairman and honourable members of
Research Council for their advice and encouragement.
Support from CSIR Head quarters and all major
funding agencies such as DST, DIT, DBT, DoFP etc is
highly appreciated. I place on record my appreciation
for the contribution of my CSIO colleagues and all our
collaborators.

CSIO looks beyond tomorrow, for the exciting
opportunities and challenges in store and is confident
to meet them with vigour and commitment.

2.

(Pawan Kapur)
Director
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

DU-1: Intelligent Instrumentation for Agro-based, Seismic and
Energy Management & Condition Monitoring

CSIO has been playing a key role in the development of
instrumentation for agricultural applications as well as
monitoring of parameters related to natural
disasters—earthquakes and landslides.
Instrumentation related to Energy Management has
also been an important area of this unit. Development
of intelligent instrumentation systems for these
“applications incorporating advances in information
technology is the need of the hour. The major R&D
programmes of this Decision Unit (DU)/Group are:

e Intelligent Instrumentation for Agricultural
Applications

e Intelligent Instrumentation for Geo-Scientific &

Disaster Mitigation
e Instrumentation related to Energy Management
AGRI-INSTRUMENTATION

CSIO has been actively engaged in the development of
instrumentation for agricultural applications and
related industry. This Group has been involved in
formulating methodologies for improving the
agricultural productivity through implementation of
technology at various levels. Some of the developed
instruments are NIR based grain parameter monitor,
hand held soil pH meter, aflatoxin meter, automated
liquid media dispensing system, etc.
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R&D ACHIEVEMENTS

CHLOROPHYLL MEASUREMENT SYSTEM

Chlorophyll Measurement System measures the
amount of chlorophyll in plant leaves. The amount of
light energy absorbed by leaf depends on the number
of chlorophyll molecules present in it. The intensity of
the radiation transmitted through the leaf is used as an
indication of the concentration of the material and the
absorption is expressed quantitatively by the Beer-
Lambert Law.

The system consists of an LED light source having a
wavelength output of 660 nm at which maximum
absorption takes place. Transmitted light intensity is
detected using a photo detector and is fed through the
A/D converter to the micro-controller based signal
conditioning circuit for display. The output intensity is
correlated with chlorophyll concentration of the
sample. The instrument was tested and evaluated at
the Directorate of Maize Research, Pusa Campus, New
Delhi.

This instrument can help in the study of leaf
senescence, environmental stress factors on plant
health, effects of fertilizers & herbicides on plants. It

Chlorophyll Measurement System

finds extensive use in Agricultural Universities, R&D
Establishments, etc. This project was funded by
Department of Science & Technology (DST), New
Delhi.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

OFF-FLAVOUR DETECTION SYSTEM FOR EDIBLE OILS

Most of the flavoured compounds in oils are produced by
the oxidation of unsaturated compounds present in
lipids. Oxidation leads to the formation of hydro-
peroxides, which subsequently generate off-flavours of
compounds such as ketones, aldehydes & alcohols,
especially in edible oils. The presence of off-flavours in
edible oils seriously affects consumer acceptability. The
potential of electro-conducting polymers as sensitive
- material is based on their doping level during redox
interaction with various kinds of vapours. Chemical and
electrochemical techniques have been used to prepare
polymeric films. Polythiophene, a conducting polymer
was deposited on Indium Tin Oxide (ITO) coated glass
substrate to sense off-flavour compounds generated due

{“f{‘; ¥
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Based on cyclic voltammetry studies, a number of
polythiophene coated sensors were designed having
different anions in their chain. The resistivity of each
sensing film was measured as a change in the resistance
values on exposure to odour gases in the time range of
10 minutes. The resistance value of these sensing films
continuously drops and attains a constant value after a
fixed interval of time. This occurs due to change in
resistance of each film as a result of adsorption /
desorption of aldehyde/ ketone/ alcoholic vapours on the
polymer surface. As soon as the exposure to odour gases
ceases, sensors start regaining their original resistance
values with in few minutes in nresence of dry air. This
project was funded by TMOP&M, New Delhi.

Computer Controlled Set-Up for Off-Flavour Measuring System

to the oxidation of edible oils specially due to 1-octen-3-
one and trans, trans-2, 4-decadienal detected in
soyabean oils. The conducting polymer along with
sampling and sensing system has been developed.

A Multi-array Electrode Configuration was developed by
using optical lithography and transferred to ceramic
surface by repetition method. Thin layer of gold was
deposited on each pattern surface by evaporation
technique with controlled thickness. Poly ethyl-aniline /
polypyrrole / polythiophene films were deposited on the
gold coated ceramic patterned surface by potentiometric
technique in an electrochemical cell.

% Sensitivity [ (R-R0)/ RO ]

Polythiophene Films Samples

% Sensitivity of Polythiophene Films when
Exposed to 1-Octen-3-One



R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

MICROPROCESSOR BASED PORTABLE SPECTROPHOTOMETER

Soil is the source of most mineral elements for plants.
Lack or excess of particular element leads to improper
growth of the plants. Some plants have the capacity to
accumulate large amount of certain elements. It is
necessary that soil and plants must be tested for
deficiency or excess of the nutrients.

A microprocessor based portable spectrophotometer has
been developed to determine nutrients such as N and P
-(Nitrate, Nitrite, Ammonium and Inorganic Phosphate),
Cu, Mo, Fe, Cr, Mn, Zn, etc. in soil, water and plants. This
project was funded by Indian Council of Agricultural
Research (ICAR), New Delhi. The instrument is based on
Beer-Lamberts Law for absorption/ transmission of light
through soil, water and plants. Light from the radiation
source (Tungsten halogen lamp) is focused on the
entrance slit by a concave mirror, The collimated beam

after being incident on the
grating is diffracted and
focused on the exit slit. The
light emerging from the exit
slit is absorbed by the sam-
ple and a beam of reduced
intensity reaches the
detector. Sine-bar-linkage
mechanism coupled with a
stepper motor to rotate the
grating for wavelength
selection has been used.
The instrument can also be
used to analyze various
elements in fertilizers,
pesticides, food, water, etc.

Portable Spectrophotometer
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CURRENT R&D ACTIVITIES

AUTOMATED LIQUID MEDIA DISPENSING SYSTEM

An automated bio-chemical dispensing system is an
important requirement for liquid handling. The system
being developed will enable researchers to automate
certain standard operations and repetitive & routine
operational steps. It will be useful in handling
procedures like serial transfer, pipetting, mixing etc. A
multi-probe computer controlled system is being
designed and developed for handling fluid-dispensing in
milli & micro-litres for a variety of applications. It will
provide automatic dispensing of liquids at a faster speed
and higher throughput with better precision and
reproducibility of assays.

Windows based software has been developed to operate
the integrated system as per its designed specifications
and requirements. This software package will enable the
user to programme the instrument (in learning mode) to
know the placement of lab-ware as well as the precise
amount of liquid to be dispensed in a set sequence and
the desired format. Controlling software is in the form of
a user friendly Graphic User Interface (GUI). The user
may interact with it using a touch screen, key board or
mouse. A prototype of the system has been developed
and is being put to extensive user/field trials with
IMTECH, Chandigarh.

| Csro AL REROR 20007 T 3
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Automated Liquid Media Dispensing System

It will be a precision fluid delivery/dispensing system for
use ir: Plant Sciences, Biomolecular Chemistry, Chemical
Engineering, Pharmaceutical Industries, Biotechnology,
Immunology & Microbial Technology, Tissue-culture,
etc. This project has been sponsored by Department of
Information Technology (DIT), New Delhi.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

GEO-SCIENTIFICINSTRUMENTATION

India is prone to various kinds of natural and man made
hazards that cause wide spread destruction to human life
and property. In view of this, research, design and
development of instruments for monitoring of these
activities and early warning systems to mitigate the
losses of human life and property have become of prime
importance.

The Group on realization of the commercial importance
and strategic need of these instruments for India has
been involved in the development of seismological, snow
avalanche, landslides and other geophysical instruments
for the last many years. As a result, a good infrastructure
and expertise has been created in this important area.
Recent R&D activities in the DU involve Instrumentation
for Oscillation Monitoring System, Seismic Alert System,
Landslides Monitoring & Early Warning System.

S 0:0 A ——

R&D ACHIEVEMENTS

OSCILLATION MONITORING SYSTEM FOR RAILWAY VEHICLES

Oscillation Monitoring System (OMS) is an advanced
portable instrument to monitor, detect and record the
horizontal and vertical accelerations of the railway
vehicles (Railway coaches, wagons and locomotives,
etc.) and railway tracks. This project was funded by
RDSO, Lucknow Oscillation monitoring system
continuously measures vertical and lateral
accelerations at any desired location on the floor of a
railway vehicle and simultaneous measurement of
distance from fixed points of track on real time basis.
The system is capable of working in harsh environment
and withstands vibration of '1 g' in all three orthogonal
axes. The system is designed to display locations of
bad spots along with other required information and
have large capacity to store this information.

Analysis carried out on the basis of OMS helps to repair
the track, which will lead to avert/mitigate the losses of
human life and national property. Oscillation
Monitoring System helps in monitoring acceleration of
Railway Tracks and Railway vehicles for safety
determination.

Field-testing of the Engineering Model of OMS has
been done in association with RDSO, Lucknow by
installing it in Track Recording Coach (TRC) on the

Oscillation Monitoring System

routes from Kalka to Ambala & from Ambala to
Jalandhar.

The potential users of the system include Research
Design & Standard Organisation (RDSO), Lucknow;
Indian Railways, different Universities & Educational
institutions




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

CURRENT R&D ACTIVITIES

SENSOR FOR MEASUREMENT OF WATER CONTENT IN SNOW-PACK

The Snow Moisture Sensor being developed is
sponsored by SASE, Chandigarh. It is actually a fork
shaped microwave stainless steel resonator.
Resonant frequency & 3 dB bandwidth of sensor
signals are used to determine the complex dielectric

- constant of snow. The density & liquid water content
of snow are calculated using empirical equations.

All the computations are performed by a
microcontroller based electronic unit. The computed
liguid water content and density of snow are
displayed on an LCD screen and are logged in NVRAM.
The stored data can be transferred to a PC using RS-
232C interface. Measurement is fast & reliable as
there is no snow sampling in measurement process.
The user has to insert the prong of sensor in the snow SHOWIMGISURESSEhS0f

& press a key on the handheld keyboard. The prongs

of sensor are thin enough so that snow does not get and around Snow Avalanche Study Estalishment
compressed. (SASE), Manali (HP). Results obtained are comparable
to that of the imported instrument being used by SASE.

Field trials and testing of the sensor were conducted in

MULTI-PARAMETER PROBE TO MEASURE TEMPERATURE
& HARDNESS IN SNOW MICROSTRUCTURE

Snow-pack is a complex structure. Snow is a fragile & This work is [INNGN *,\ el i

cellular material with a distinct structural setup of ice sponsored by SASE,
crystals. Their mechanical properties and stability Chandigarh. After
determine whether the snow is stable enough to laboratory testing the %
prevent an avalanche. Multiparameter Probe is a instrument was taken iE
portable microcontroller based instrument for for Field trials and ~, %
measuring the bonding force between snow grains testing in and around |,
(vertical to snow layers) with high spatial resolution & SASE, Manali(HP).

high speed. It penetrates the snow-pack with user Results obtained are
selected velocity varying between 1 -20 mm/s. The comparable to an
measurement is very fast and has high resolution. It imported instrument

can measure the hardness & temperature of snow being used by SASE. .
micro structure, simultaneously, and can store multiple B s

measurements upto 1700 mm penetration depth. -
Multi-Parameter Probe

SO Annul | L|‘|'I\' 20060 . o




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

IR BASED SNOW SURFACE TEMPERATURE SENSOR

Snow Surface Temperature Sensor

Prediction of avalanche occurrence demands
measurement of snow and meteorological parameters
for avalanche formation. The instrument needed for
this purpose must be capable of unmanned data
collection from highly inaccessible areas deep in the
Himalayas. The IR based Snow Surface Temperature
Sensor being developed involves detection of emitted
infrared radiation by snow. Increase in temperature
increases the molecular activity in the object causing
the object to generate more energy. The probe detects
variation in IR radiation due to corresponding variation
in temperature. It is capable of operating at high
Relative Humidity and wind speed of the order of 200
km/hour. The sensor facilitates non-contact
measurement of snow surface temperature remotely.

The snow surface temperature data can be used in
modeling of snow cover melting and run off water. The
sensor is directly interfaced with a data acquisition
system and provides a measurement range from -40
oC to 100 °C with a resolution of 0.1 °C and accuracy of
£0.5 °C with response time of 0.25 second. System is
portable, rugged and of low cost. The project involves
upgradation in electronic circuitry and data processing
of the IR based Sensor developed earlier by CSIO.
The project has been sponsored by SASE, Chandigarh.

It has been tested in the field in and around Manali and
has also been interfaced with an automatic
weather station installed in deep Himalayan region and
data is being received at SASE, Chandigarh on hourly
basis through Satellite.




STUDY OF SEISMICITY IN AND AROUND CHANDIGARH

A network of three seismological observatories at
Nauni, Sunder Nagar & Chandigarh is recording
seismic data round the clock for monitoring the
seismicity in and around Chandigarh. This study was
sponsored by DST, New Delhi. Recorded data has been
analyzed by using standard software and has been
shared with other eminent users such as - IMD, New
Delhi; WIHG, Dehradun; CBRI, Roorkee and IIT,
Roorkee. Nauni and Sunder Nagar observatories are
equipped for broad band recording. Chandigarh
observatory is equipped with short period & strong
motion recording and is being upgraded for broad band
recording. Recorded seismic data has been used for
the testing and validation of Magnitude & Epicenter

Algorithms developed for a Seismic Alert System. A
Seismic Database has been generated for the entire
local, regional and distant earthquakes recorded at
these observatories, which will be used for future
research work. Half-yearly Seismological data bulletins
have been prepared by computing event time, P&S-
waves arrival time, (coda length) and magnitude of
seismic events. It is a unique network for recording and
monitoring seismicity in and around Chandigarh and is
supported by DST New Delhi. Recorded data is also
used at National Seismic Center, IMD, New Delhi for
better parameter computation of earthquakes and
micro zonation of seismic activity in India.

View of Seismological Observatory

e e—

Energy Management

Quality of power delivered to the machineries in the
industry plays an important role in maintaining
efficiency and life of the equipment some of which are

W CSIDRTIROS! RepbrR0uG Uy s

very sensitive to even short interruptions. In this area
CSIO has played an imminent role and the efforts have
helped to take corrective steps forimproving the power
quality of the supply, which in turn increases the
productivity.

L

R&D ACHIEVEMENTS AND CURRENT ACTIVITIES
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R&D ACHIEVEMENTS

LOW COST POWER QUALITY ANALYZER

A low cost power quality analyzer has been developed
for industrial and commercial applications. Power
- Quality Analyzer (PQA) measures the power quality
events along with basic electrical parameters in a three
phase four wire star connected system. It detects the
Impulse Transients, Swells & Sags, Harmonics, Phase

pre-empting the possibilities of some specific industrial
breakdowns.Major users can include Industries,
Commercial establishments, Energy auditors, Energy
Managers and State electricity boards.

This system has been tested at Electrical Substation,
CSIR Madras Complex, Chennai. It detected a mild

Memory
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Block Diagram of Power Quality Analyzer

Sequence, Unbalance along with other basic electrical
parameters such as Voltage, Current, Power Factor,
Power & Energy. It can be used as a standalone
instrument with display for displaying the Power
Quality parameters.

The developed software has the Data acquisition
module, Impulsive transients detection algorithm, a
provision for Voltage sag / swell detection, Individual
harmonic distortion (IHD) and Total Harmonic
Distortion (THD) for each phase as well as Phase
sequence detection and Unbalance Voltage Ratio.

The system can be used for identifying power quality of
the distribution system, safe-guarding the industries
from the penalties by monitoring PQ and providing
detailed running data including Voltage, Current,
Frequency and Harmonics. The intelligent use of real-
time power quality measurement can definitely lead to

impulse transient with peak amplitude of 360.1 V p-p
with the duration of 1.6 msec and the result showed
agreement with the power explorer (Standard Meter).
This work was supported by DIT, New Delhi.

Power Quality Analyzer Set-up
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PUMP EFFICIENCY MONITORING SYSTEM

The project for the development of Pump Efficiency
Monitoring System (PEMS) is sponsored by DIT, New
Delhi. Studies have shown that 30% to 50% of the
energy consumed by pumping systems can be saved
through monitoring their efficiency. At present, the
efficiency of the pump is calculated off-line by taking

measurements of power consumption, head and
dimensions of the pump. Efficiency was calculated
from flow measured by using high cost ultrasonic flow
meters. The cost of flow meters increases as the pump
Size increases.

.:E) PUMP (31»
Motor
Suction Side u Discharge Side
Unit Unit
| Power Meter

RS485 Network

Master Unit with
Display

{smjy

Block Diagram of Pump Efficiency Monitoring System

PEMS is a tool for on-line monitoring of the pump
efficiency. The developed system is based on the
thermodynamic principle to find thermal losses in the
pump from which the efficiency is calculated. By
monitoring the electrical input to the motor, the pump
flow rate can also be calculated. The PEMS, using the
thermo-dynamic principle of flow measurement can
solve the aforesaid problems. The pump losses can be
calculated from measurement of inlet and outlet fluid
temperature and the dynamic head developed by the
pump. The feasibility studies of the system have been
successfully carried out at Southern Head Works
(Pumping Station) at Valluvarkottam, Chennai.

~ Results of the field test of prototype model conducted
at Metro Water Works, Valluvarikottam Pumping
Station, Chennai have been compared with that
obtained through theoretical calculation. The system
can measure flow rate and its performance can be

e PC with PUMP
e Monitor
< Software
potential applications in Water Works and

Municipalities for Energy Auditors and Energy
Managers. '

PUMP EFFICIENCY MONITORING SYSTEM

S—— !
) .~.‘_BJ“?" - |}

T

compared with an ultrasonic flowmeter. It finds

Pump Efficiency Monitoring System
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FUTURE R&D ACTIVITIES

Providing technological solutions for improving the
productivity both at the pre-harvest and post-harvest
levels is main concern of this Unit. It will be achieved
through development/implementation of sensing
mechanisms, networking & control instrumentation as
well as information technology along with intelligent
" systems for quantification of quality with focus on the
following areas of agro-sector:

¢ Plant health monitoring
. Storage under controlled atmosphere
¢ Quantification of quality

Modern disaster management systems, continuous
disaster monitoring networks, fast communication
facilities for information dissemination and relief are
important for minimizing impact of Natural & Man

made disasters. Towards development of such
systems, following areas under geo-seismic activities
have been identified:

* Instrumentation for early warning systems for
earthquake, landslides, snow avalanche
and glacier response for the study of climate
change

¢ Instrumentation network for health monitoring
of civil structures

In the area of Energy Management Instrumentation,
the Service & Maintenance Centre of CSIO at Chennai
plans to continue efforts in developing instruments &
systems for monitoring energy and creating energy
benchmarks for different industries like textile, leather,
paper, etc.

—e 0:4» B
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

DU-2: Medical Instrumentation, Linear Accelerator, Medical Imaging
and Prosthetic Devices for disabled

Owing to advancements in medical sciences in the
areas of measurement and analysis, diagnostic
imaging, surgery, critical care monitoring and therapy,
state-of-art equipment involving better man-machine
interface by incorporating “intelligence” have become
available in the recent times. Medical Instrumentation
has been one of the thrust areas of R&D at CSIO since
its inception and several technologies developed here
arein production. The focus of this Group has been on -

> Medical Instrumentation for Diagnostic &
Therapeutic Applications

>  Intelligent Prosthetic Devices for Rehabilitation
of the Disabled

The 6 MeV Medical Linear Accelerator developed under
Jai Vigyan Programme of Govt. of India was
successfully installed at the Mahatma Gandhi Institute
of Medical Sciences, Wardha. Other activities of this

CURRENT R&D ACTIVITIES

Group include development of Electronic Portal
Imaging Device for Radiation Therapy as a joint
development programme with M/s TSG Integrations,
New Delhi. Under diagnostic instruments,
Sodium/Potassium Analyzer underwent successful
clinical trials at Post Graduate Institute of Medical
Education & Research (PGIMER), Chandigarh. A sleek
Puilse Oximeter for measuring oxygen saturation
in the arterial blood with power output of 3W was
developed.

Various prosthetic instruments have been developed in
the recent past. An Artificial Knee and a Myoelectric
Arm are on trials at National Institute for the
Orthopaedically Handicapped (NIOH), Kolkata. A novel
hand-held scanning device for reading by the blind has
been developed and is undergoing demonstrations /
trials.

INTEGRATED MEDICAL LINAC SYSTEM FOR
CANCER THERAPY (JAI VIGYAN PROGRAMME)

The 6 MeV Medical Linear Accelerator (Siddharth-1)
developed under Jai Vigyan Programme of Govt. of
India was successfully installed at Mahatma Gandhi
Institute of Medical Sciences, Wardha. The machine
has been operational with a normal load of 40 patients
per day. It is under evaluation by the Atomic Energy
Regulatory Board (AERB), Mumbai for Type Approval.
The Society for Applied Microwave Electronics
Engineering & Research (SAMEER), Mumbai has been
the Nodal Agency. Other participating organisations
are Panacea Medical Technologies (PMT), Bangalore

and TSG Integrations, New Delhi besides CSIO.

Another 6 MeV (Siddharth-2) machine is in the
process of being commissioned for installation at
Regional Cancer Institute, Adyar, Chennai. Testing and
integration of Gantry & PSA (Patient Support
Assembily) is being done for movement controls for the
machine. Field optics and a range finder are also being
integrated in the machine. This project is sponsored
by Department of Information Technology (DIT),
New Delhi.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

ELECTRONIC PORTAL IMAGING DEVICE FOR RADIATION THERAPY

The primary aim of this project is to provide
instrumentation, control and analysis of radiation
based cancer therapy using various CT data, portal
digital X-ray images and on-line planning strategy. It is
funded by DIT, New Delhi The project involves
development and integration of the exit X-ray image
sensor with the existing Linac, provision of software
for image enhancements and analysis besides
assistance in dose planning and strategy. The scope of

Linacs in the hospital setting, a project for such
development in collaboration with M/s TSG
Integrations was initiated in April 2005.

An experimental prototype for a camera based EPID
has been fabricated. A scintillator has been developed
that converts X-ray radiation into the visual range for
use in the conventional cameras. Software for
radiation-triggered acquisition was developed. It
allows a series of images to be acquired with the onset
of radiation. The advantage of this approach is to allow
working with a third-party Linac such as the one in
Delhi State Cancer Hospital. Initial tests were
conducted in the lab for stabilisation of results. Some
experiments with lead blocks and phantoms were
conducted at Delhi to ascertain the minimum dose to
trigger, depth of imaging and noise levels. Results

the work supplements the existing Linac systems and
may be extended to other systems.

The Electronic Portal Imaging Device (EPID) has
several advantages including patient position and dose
verification. The device can be used for immobilization
verification alongwith organ motion detection and to
assess the errors in dose specification, machine
parameter & field positioning. With the success of

Sample Image using camera based EPID for the
Phantom and Lead Block (6 MeV. 250 MU/min, 50 MU) at
Delhi State Cancer Hospital

obtained can be used for further work on high
resolution camera integration in the system.

Electronic Portal Imaging Device
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

HAND HELD SCANNER BASED HINDI AND ENGLISH
TEXT READING MACHINE FOR VISUALLY IMPAIRED

[ Printed Text

Hand Held
Scanner

USB Interface:

PC

= )=
/‘:\ \. \

il

f English/Hindi Integration
OCR on PC

\.

i

Audio Speech ASCII UNICODE

Block Diagram of Hand Held Text Reading Machine

Usually, Braille is relied upon by visually impaired and
blind for learning and education. Assistive technology
now empowers them to use other media for this
purpose. Electronic form of documents may suit the
blind but it requires all the documents to be converted
in electronic form. Due to the popularity of the print
medium and its advantages it becomes imperative to
provide them equal access and opportunities to read
such material. The work sponsored by DIT, New Delhi
focuses on reading print material scanned by a novel
device using Optical Character Recognition (OCR) and
converting into speech. Reading with the help of Text-
To-Speech (TTS) technology has been the recent
alternative for the blind and other aged people
including people having dyslexia or attention deficit
disorder.

The device using physical image sensing and step-
scanning technique allows reading by simple
interaction with the user rather than a complicated
human computer interaction. The device is designed
for reading by people without sight at their own pace
and control. The device is under trials and
improvements for English language. Integration of
scanner with Hindi OCR & TTS from CDAC is nearing
completion. It can further be extended to the
indigenous OCR and TTS for many Indian
languages.

The device with help of special application software

13

Hand Held Text Reading Machine for Visually Impaired

can also be used for all types of situations such as
address reading on an envelope or visiting cards, bar
code reading etc. It can also be used as a
portable text reader if connected with a laptop
computer using standard interfaces. With step-
scanning technique, it can further integrate other
devices such as soft-braille at the top for tactile
reading of the document below it. The device can also
provide calibrated and cascaded live video of the
documents. The document's full width view can be
displayed or projected on a bigger screen
with hand-motion and is suitable as a visual aid for
partially impaired or an audience. The device is also
suited for sighted people for image scanning
by parts. '




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

TECHNOLOGY UPGRADATION OF PULSE OXIMETER

The Pulse Oximeter developed earlier is now being
upgraded for portable operation. The electronic module
is being redesigned to incorporate automatic gain control
for signals in IR and red regions of the spectrum.
De-multiplexing of the Red, IR and ambient light signals
has been achieved along with the subtractor circuit for

" reducing the effect of ambient light. The peak detection
and pulse shaping circuit for puise rate calculation has
also been developed. The system software in C language
provides the menu driven keyboard for setting the alarm
limits of Sa0, (oxygen saturation) as well as pulse rate
and time interval for trend analysis. This project is
sponsored by DIT, New Delhi.

TR iR
Putsa. Oximeter

Pulse Oximeter

FUTURE R&D ACTIVITIES

The Group is actively involved in development of
instruments and systems for Clinical Diagnosis,

be a new area wherein two projects, namely,
Anaesthesia Controller, Computerised Cephalometric

Therapies and Prosthetic devices. New activities have
been planned to complement contemporary methods
and practices in these areas. National Programme for the
Deployment of Indigenously Developed Integrated
Medical Linac  System for Cancer Therapy shall be
realized in Phase-II.

Microsystems shall be considered for artificial devices
(artificial heart) with the exploitation of new materials,
bio-signal interfacing techniques and wireless working of

such devices. Biomechanics shall be
incorporated in various prosthetic devices on limbs for
autonomous control to the rehabilitating person.
Miniaturization and further portability shall be added to
the existing devices already developed, such as a
portable reading machine. Structure from imaging shall

Analysis for Orthodontics and Gait Analysis are already
proposed in the XI Five Year Plan.

Other new programmes scheduled to be taken up are:

e  Multileaf Collimator for conformal radiation therapy
with Linac

. Hyperbaric Oxygen Therapy System for treatment
of those suffering from respiratory distress,
congestive heart failure, etc.

e Efforts are underway for establishing Centres of
Excellence in the following areas:

¢  Computer Aided Detection and Diagnosis

e  Prosthetics with a variety of modern techniques for
biomechanics

_‘ .:’ ’_
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

DU-3: OPTICS BASED STRATEGIC INSTRUMENTATION

Optics is one of the growth areas of modern physics
and engineering. This Group has taken up the
challenge in the advanced area of optics. It has
established a strong infrastructural base and has made
significant contribution towards design & development
of sophisticated optical components, instruments &
systems. Some of the tasks have been successfully
completed for strategic instrumentation. The broad
areas of this Group activities are:

. Strategic Instrumentation for Defence & Civil
Avionics and Atomic Energy

¥

* Optics based Instrumentation for Medical and
Industrial Applications

The Group has its focus on the avionics based cockpit
display instrumentation like Head Up Display with
completion of few exemplary R&D issues thus
providing permanent solutions. This has given a new
dimension in establishing a platform for indigenous
technology to get an edge in the field of cockpit display
instrumentation of defence and civilian aircrafts. The
other significant achievements of this Group include
the development of indigenous Tele-Microscope and
Optics for near & intermediate vision aids.

N > & omt —
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R&D ACHIEVEMENTS

PC BASED OPTICAL INSPECTION SYSTEM FOR PCBs
MOUNTED WITH SMDs & CONVENTIONAL COMPONENTS

A PC based Optical Inspection System (OIS) has been
developed for inspection and location of faults on PCBs
assembled with SMD components. This project was
sponsored by DST, New Delhi. An OIS uses image
processing and pattern matching technique between a
known good PCB reference image with that of the PCB
under test to identify and locate the faults like
component absence, misalignment, positional error,
color code, polarity etc. of SMD components on the

PCB Inspection System

—

assembled PCBs. The system uses color CCD camera
and motorized X-Y controlled movement for acquiring
PCBimage. The PCBisilluminated through LED.

GrorngPatl
GrxplPatl
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

DEVELOPMENT OF LOW VISION AIDS
USING PLASTIC ASPHERIC LENSES

A large number of Indians (45 Million according to an
ICMR report) suffer from Low Vision and a majority of
them living in poverty cannot afford expensive
imported low vision aids. Also the problems related to
~ Low Vision cannot be satisfactorily cured by surgery or
conventional spectacles. Plastic Aspheric Lens (PAL)
based Low Vision Aid (LVA) can alleviate this problem
effectively. Hence, it is vital to develop PAL-based LVA
technology indigenously which is at a nascent stage in
the country. CSIO has taken up the programme of
“Development of Dedicated Low Vision Aids” under the
sponsorship of Ministry of Social Justice &
Empowerment (MoSJ&E), New Delhi. The initiative of
indigenous development of PAL-LVAs by CSIO is
expected to meet the requirements of persons with
Low Vision thus helping in their rehabilitation and
bringing them to the mainstream of the society.

In the 'Near Vision Aid Development Programme’,
the LVAs in dioptric range of 16D - 30D are explored. It
is observed that about 90% of Low Vision persons
require LVAs in dioptric range of 16-20 D. Novel
polishing techniques were developed and
standardized to meet the desired surface finish.
Procedure-based PAL development approach (rather
than skill-based approach) was developed and
perfected. The developed PALs were spectacle-
mounted, lab-tested and clinically-tried.

Low Vision Aids

Tele-Microscope for Intermediate Vision

Under the 'Low Vision Aid Development Programme’,
the Unit has developed PALs based Tele-Microscope
(TM) for Intermediate Vision. The students and elders
with low vision require intermediate vision to meet
their requirements while in class & commuting,
respectively. For such people, LVAs offer a magnified
and erect image of objects to be seen. The
performance criteria of Tele-Microscopes include erect
magnified image of a near / distant object, large field
of view, light weight, ease of operation and most
importantly, desired magnification & small system
length. Tele-Microscopes are based on Galilean
Telescope principle. To obtain desired magnification
within stipulated system length, a trade-off is pre-
decided as per users' needs. In order to meet the
system requirements and performance criteria, the
developed Tele-Microscopes employ a combination of
plano-aspheric positive objective lens and plano-
aspheric negative eyepiece housed in a unique dual
format, offering both hand-held and spectacle-
mounted versions of desired magnifications. The TM
prototypes were clinically tried successfully at various
Low Vision Centres.
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

Imported Sample Vs Csio's Indigenous
Tele-microscope Prototypes

Tele-Microscope Prototypes developed by CSIO have
simple optical & mechanical housing scheme with four
refracting surfaces compared to the existing ones with
complicated optical design & mechanical configuration
with 14 refracting surfaces. These surfaces cause low
light transmission resulting in tight surface tolerances
and increased production cost. The optical design is
optimized for 5461A wavelength, where human eye is
most sensitive, resulting in minimum chromatic
residuals. The prototype has lower reflection &
absorption losses, eliminating ghost images with
improved image contrast. Plano lens configuration in
the optical design allows liberal tolerances in the lens
thickness resulting in reduced fabrication costs. It
weighs 19-23 g (against 32g of existing sample)
resulting in low fatigue and increased usage time.
Using lightweight ABS / hard plastic for housing in
mass production, the weight is expected to reduce
further (14-199).

In the field of Medical Optical Instrumentation, the
Unit has developed PAL based Indirect

Near Vision - Low Vision Aid Spectacle Mounted

Ophthalmoscope precision lenses for corneal and
retinal examination of eye. The primary advantage of
using optical grade plastic materials is reduction in
weight and cost. Precision double aspheric lenses
with powers 20D & 28D for indirect ophthalmoscope
and a high power magnifier 45D have been designed
and developed indigenously, by using optical grade
PMMA plastics.

These precision lenses were subjected to clinical trials
at: Dr.Rajendra Prasad Centre for Ophthalmic
Sciences, AIIMS, New Delhi; PGIMER, Chandigarh;
GMCH, Chandigarh; Venu Eye Institute & Research
Centre, New Delhi.

20D & 28D Bi-aspheric Ophthalmoscope Lenses

The PMMA / PC based PALs are a low cost alternative to
the bulky glass spherical lenses with the desired
performance criteria.

Relay Lens System 1.5 X (Modified Version)

Relay Lens System 1.5X (Modified Version) was
designed to have transmission in the spectral
range of 400 to 1100 nm. The lenses of the system
were given Multilayer Broad Band Anti-Reflection
Coating for the above operational wavelength
range. The system was assembled and fine-tuned
(for alignment) using laser beam centering of the
Relay Lens. The relay lens was finally integrated
in the gimbal of Remotely Piloted Vehicle (RPV) for
field trials successfully. The project was funded by
Aeronautical Development Establishment (ADE),
Bangalore.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

OPTICS BASED STRATEGIC INSTRUMENTATION

CURRENT R&D ACTIVITIES

HEAD UP DISPLAY (HUD) FOR LCA

This breakthrough indigenous technology was further
evolved during the year with the delivery of Units
S/No. 007, 010, 011, 012 and 013 to Aeronautical
Development (ADA), Bangalore as per the MOU signed
with them. These units have been integrated in the
aircraft and are flying successfully in LCA TD2,
Prototype Vehicle 1, 2 and 3 Aircrafts. The following
breakthrough technological up-gradations were
implemented during the year:

Mixed mode feature (Cursive in Raster Fly back) was
successfully demonstrated in Raster HUD Prototype.
The HUD with this modification passed two high
temperature thermal cycles thus solving the most vital
issue of thermal suitability associated with the Raster
implementation. The prototype unit has been
successfully integrated with Mission Computer for
actual flight conditions and the demonstration of

mixed mode with cursive features have been made
available to the pilots at ADA, Bangalore.

One of the major RFA (request for action) issues of the
Sun Glare problem has been solved by providing
temporary (Mechanical Sun Guard Plate) and
permanent (Optical with Narrow Band Multilayer
Coating on Folding Mirror) solution after carrying out
detailed theoretical analysis and field trials on HUD
Unit-005.

The other four RFAs raised by LCA Test Pilots for
problems observed during LCA flights and ground trials
have been solved and implemented on one of the HUD
units. These RFAs have been solved on HUD Unit-005
by implementing major modifications on HUD
Software after carrying out detailed theoretical
analysis and field trials.

—— % e B ——

HUD FOR INTERMEDIATE JET TRAINER AIRCRAFT (HJT-36)

Head Up Display (HUD) forms an important part of the
cockpit of the Intermediate Jet Trainer Aircraft (HJT-
36). It displays flight information of several modes in a
collimated form enabling the pilot to view this
information superimposed on his outside world view
without having to change the line of sight. The HUD
provides the primary flight display and thus the quality
of image seen by the pilot becomes very important.
The system involves multi-disciplines like optics,
mechanical engineering & electronics and thus its
development is quite a challenging task. The HUD
system basically comprises of a Pilot Display Unit, HUD

Processor and Up Front Control Panel.

The Engineering unit of the HIT-36 HUD has been
designed, developed and demonstrated at HAL,
Bangalore under simulated conditions of the Mission
Computer. The Engineering Unit/Form Fit & Function
(FFF) Unit has been successfully integrated with
Mission Control Computer at Hindustan Aeronautics
Limited (HAL), Bangalore for actual demonstration of
the working of the Unit and clearance. This project is
sponsored by HAL, Aircraft Research & Development
Centre (ARDC), Bangalore.
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

OPTICS BASED STRATEGIC INSTRUMENTATION

High Precision Optical Components for High Power CO, Lasers

This project deals with the development of various
spherical & aspheric laser resonator mirror prototypes
for high power CO2 lasers. The mirrors are required to
focus beams of the indigenously developed lasers by
Raja Ramanna Centre for Advanced Technology

various surface profiles. Preliminary profile studies of
OFHC copper prototypes have been conducted and
laser mirror prototypes of desired surface quality
developed with protective hafnium oxide coatings. The
prototypes were tested at RRCAT for reflection and

”:7;

Laser Resonator Mirrors

(RRCAT), Indore to deliver high energy density in a
prescribed diametric spot to meet various laser
applications.

Machine Parametric Study (MPS) on Oxygen-Free
High-Conducting (OFHC) Copper was conducted with

laser damage. The high-power laser test results are
encouraging. This project is funded by Board of
Research in Nuclear Sciences (BRNS), Department of
Atomic Energy (DAE), Mumbai.
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OPTICAL GRADE NEW MATERIAL LENSES (12D & 26D) FOR VISUALLY IMPAIRED

This project explores the utility of Optical Grade New
Material Lenses for Low Vision Aids for Visually
- Impaired using state-of-art Aspheric Technology and
has been sponsored by MoSJ&E, New Delhi. For this
exercise, the most uncommonly required powers (12D
& 26D) have been identified for development of LVAs
in consultation with Low-Vision Experts (LVES). Optical
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Grade Poly-Carbonate (OG-PC) for Low Vision Lenses
is being explored. For this exercise, optical design and
machining parameter study on OG-PC is being
undertaken. Fabrication of 25 numbers of 12D lenses
(both surfaces) has been completed, while the other
power PALs are under development.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

SUPER PRECISION BALL-END-SHAFTS AND CUPS (FEASIBILITY STUDY)

Single Point Diamond Turning (SPDT) technology is
being used for the development of super-precision
beryllium-hard=ned copper cups and special alloy steel

anomalies in Ra values are being analyzed. Series of

Machine Parametric Studies (MPS) for Cups & BESs
have been planned and conducted. The results are

Super Precision Ball-End-Shafts and Cups

ball-end-shafts for strategic applications meeting the
desired quality criteria.

Machine tool parametric kinematics studies for
suitable diamond tools and CBN tools have been
conducted. Accordingly, diamond tools of various
types & makes have been identified for Super Precision
2% Be-Cu Cups and Special Alloy Steel (SAS) Ball-End-
Shafts (BESs). BES Fixtures with different collets have
been designed and maodified to suit Diamond Turning
Machine (DTM). Also, Al-mirror prototypes for
proposed Gamma-Ray Telescopes have been
developed. Metrology methodologies and results
achieved at BARC & CSIO have been compared for
analysis in terms of cut-off frequencies and the

being recorded and analyzed. In a special MPS with
least—to-most wear, an exhaustive Diamond Tool Wear
Analysis has been conducted on DTM with tool-wear
photo-capture (in Analog & Digital modes), with
simultaneous surface metrology reports of surface
figure (Pt) & roughness (Ra) after Single Point
Diamond Turning (SPDT) for each combination of MPS.
CBN tools are modified for final machining based on
simulation of available CBN insert-shank combinations
and machining logistics. A series of exploratory
exercises for DTM have been planned, and conducted
for (a) cost-effective development of Cups & BESs and
(b) optimal use of tools. This work is sponsored by
Bhabha Atomic Research Centre (BARC), Mumbai.
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

FUTURE R&D ACTIVITIES

Keeping in view the Road Map of CSIO, the following
technologies are being aimed at to meet the future
challenges and requirements:

¢ Technology for generation of precision
aspherical surfaces on different types of optical,
plastics and metallic components

S e Technology upgradation for developing various
types of precision optical components &
systems and high efficiency optical thin film
coatings, specially multi-layer hard coatings for
strategic applications

¢ Development of techniques for testing &
evaluation of various types of precision
spherical and aspherical optical components,
assembly & system integration and testing of
complete systems

. Establishment of Centre of Excellence for
Cockpit Display Systems

The following activities are also planned for Strategic
Applications including Defence:

¢

Head Up Display for Light Combat Aircraft
(LCA) (Naval Version), AJT Aircraft, Civilian
Aircrafts

Helmet Mounted Display (HMD)

Zoom Lens System for use in High
Nuclear Radiation Environment for BARC,
Mumbai

Cameras for Process Monitoring & Viewing
Hazardous Environment

Active Target for Measurement of Position
Coordinates and Angle of Small Caliber
Projectiles

MFDs using Ruggedised Active Matrix Liquid
Crystal Display

____.‘ §:‘, £y —




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

DU-4: PHOTONICS

For the last several years, the Photonics Group has
been working in the area of fibre optic sensors,
Extrinsic Fabry Perot Interferometric (EFPI) sensors,
fibre optic systems and holography. A reasonably
good expertise and infrastructure has been created in
these areas and various interferometric and non-
interferometric sensors and sensing techniques have
been developed and investigated. During the year
‘under report, the Group has been engaged in the area
of Fibre Bragg Grating (FBG)/Long Period Grating
(LPG) studies for Sensors, EFPI Sensors and
Aprlication Specific Fibre Optic (FO) Systems.

The FBG/LPG writing system facilitating grating writing
using interferometric/ holographic and phase mask
techniques is being established. FBG/LPG sensor

characteristics have been studied and investigated for
bio agent detection and fuel level gage applications.
Work has also been carried out for development of
phase mask for writing of FBGs. Holographic gratings
using Argon ion laser have been recorded on
photoresist plates and further work for recording of
gratings on chrome plates is in progress. Work has
also been carried out for development of fibre optic
beam delivery system for high power lasers. High
power optical components have been designed,
fabricated, assembled and tested for laser beam
delivery applications. The fibre optic tail rotor
control system for advanced light helicopter (ALH) has
been developed, tested and delivered to HAL,
Bangalore.

el e—

R&D ACHIEVEMENTS

FBG BASED SENSORS

Wind Impact Measurement

Wind speed has impact on the health of structures
which include buitdings, vehicles, aircrafts and ships.
Keeping this aspect in view, investigations were
carried out in this direction by simulating wind impact
with the help of an air compressor. An FBG was bonded
to an aluminum plate and placed at a distance of about
5.0 cm from the outlet of an air compressor and

Experimental Set-up for Wind Impact FBG Sensor

exposed to impact of different air pressures. A linear
performance is observed between the pressure and
the wavelength shift. The air pressure was varied from
0 to 45 psi and a measurement sensitivity of about 2.2
pm/ psi was achieved. There was, however, a little
error caused by cooling of the grating due to water
vapours coming out from the compressor.
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Temperature Sensitivity Enhancement

The coefficient of thermal expansion of silica based
FBG is very small. Efforts have been made to enhance
temperature sensitivity of FBG sensors. For this
purpose, a suitable metallic encapsulating fixture was
designed & fabricated and its performance was
investigated. The transducer was dipped in a hot water
bath and the effect of temperature on the Bragg
wavelength was monitored. An improvement of
sensitivity from 11 pm/°C to 20pm/°C was observed in

Experimental Set-up for Temperature Sensitivity Enhancement of FBG Sensor

the temperature range of 25-65 °C. The design of the
fixture is being modified to obtain higher multiplier
effect of longitudinal expansion of the FBG. This study
is important for fire safety sensors for aircrafts,
railways, industrial building complexes and also as
tunable components for sensors and communication
applications. The above study has been carried out
under the project sponsored by National Programme
on Smart Materials (NPSM), Aeronautical
Development Agency (ADA), Bangalore.
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Temperature Response of Encapsulated FBG Sensor

FLY-BY-LIGHT TAIL ROTOR CONTROL SYSTEM
FOR ADVANCED LIGHT HELICOPTER (ALH)

This system has been developed to control the
helicopter motion by means of light-signals,
transmitted through an optical fibre cable link laid from
the cockpit to the tail rotor area. This system will be
useful for fly-by-light technology. Fibre Optic Electrical
to Optical (E/Q) Signal Conversion system, Fibre Optic
Optical to Electrical (O/E) System, Fibre Optic Cable of
10 meter length with connectors have been
satisfactorily tested after being developed.

Reliability testing of the system was carried out at
Centre for Reliability, VSI Estate, Thiruyanmiyun,
Chennai with desired results. The O/E module has
exhibited an MTBF of 1,95,814 hrs and failure rate of
5.10 failures per million hours and the E/O module has
MTBF of 2,74,602 Hrs and failure rate of 3.64 failures
per million hours. This project was sponsored by
RWRC, HAL, Bangalore.

FIBRE OPTIC HIGH POWER LASER BEAM DELIVERY SYSTEM

Objective of this project was to develop fibre optic
cables and components for high power laser beam
delivery system. It was sponsored by Terminal
Ballistics Research Laboratory (TBRL), Chandigarh.
Various high power optical and opto-mechanical parts
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like multi component lens systems, single and
branched fibre optic cables, high power sapphire
fibres, fibre tapers for beam coupling, beam dividers
were designed, fabricated & tested. The system was
assembled and delivered to the users for test & trials.




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

MULTIZONE OPTICAL FIBRE BASED PERTURBATION SENSING SYSTEM

The inherent distributed property of the fibre plays an
important role in sensing external perturbations. A
uniform circular pattern is observed when coherent
light is transmitted into a multimode fibre and the
output is projected on a screen. The output speckle-
intensity distribution from a multi-mode fibre is very
sensitive to any perturbation in the fibre due to
displacement, vibration, pressure, stress, strain,
temperature, intrusion, acoustic wave, etc. They
generate a change in path of light in various

Fibre optic sensor device is an array of 2-D
speckle pattern sensing systems having 4x3
multimode fibres for sensing perturbation in multiple
zones. The speckle image pattern is captured in
parallel by a charge coupled device (CCD) camera.
These speckle patterns are analyzed to determine
the perturbations and are displayed by individual
graphs.

The number of zones can further be increased beyond

Fiber Optic PC & Image
Laser Source >  Sensor Device > Processing Unit
" (FOSD)
MMF

Transmitter Module

transmission modes. This property is used for various
sensing applications. An image analysis of the changes
in the speckle pattern output from a multimode optical
fibre is used to obtain information about the
perturbation factor. The localization of the
perturbation is achieved by multiplexing the fibre
sensors in 2-D array formin the field.

The system consists of transmitter module

(comprising of laser diodes source), receiver module
(comprising of a fibre optic sensor device) and PC-
based image acquisition and process sensing unit.

Receiver Module

12 by reducing the spacing to the physical limits of the
standard connectors and appropriately changing the
high resolution camera. It allows sensing of many
different environmental perturbation parameters at a
time and is suitable for monitoring & controlling of
various perturbing multiplexed factors.

The system finds applications in multi-zone intrusion
detection, temperature monitoring for engines &
machinery or processes, landslides detection and
similar other situations. This project was funded by
DST, New Delhi.
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

CURRENT R&D ACTIVITIES

Investigations are being carried out for development
of FBG based liquid level gauge for fuel tanks. FBG
based transducer are being designed and a
preliminary experimental bench set up is being
developed for low pressure (using syringe concept)
and for high pressure (using Bourdon gauge concept).
Investigations are being carried out for low pressure
liquid level monitoring. Attempts are being made to
enhance LPG sensitivity by etching technique for
kerosene contamination detection in petrol and diesel
and improvements of 0.2 nm in wavelength was
observed. Investigations were carried out for

immobilizing BSA antibody on LPGs for bio-sensor
applications. After immobilization, the transmission
spectrum of the LPFG was observed and recorded
using an Optical Spectrum Analyser (OSA). The grating
was further kept in antigen solution and the spectrum
observed after removing the solution and drying. A
typical wavelength shift of 2 nm was detected
indicating antibody-antigen bonding. Small volume
glass cuvettes for mounting LPG sensors for bio-sensor
work have been designed and got fabricated and
further studies in this direction are in progress.

_.‘ ‘:. ._

FUTURE R&D ACTIVITIES

Photonic technologies are gaining importance due to
their various advantageous technical features over the
existing systems. The Group is aiming in the near
future for the following activities:

. Establishment of the writing technologies of
FBGs and LPGs

¢ Study of new & innovative materials for FBG &
LPG sensors

¢ Development of optical signal processing
techniques

¢ Development of fibre optic sensors &
systems based on EFPI, FBGs & LPGs and
application specific fibre optic systems for
agri, food, health, environment, power and
strategic sectors

\/
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R&D ACHIEVEMENTS AND CURRENT ACTIVI

DU-5: ANALYTICAL INSTRUMENTATION

Analytical Instrumentation is the thrust area of R&D at
Decision Unit-5. It has a large infrastructural base and
its contribution towards design and development of
sophisticated instruments and systems is significant.
The R&D achievement of this unit is under two distinct
areas namely

(i) Analytical and Cold Plasma Instrumentation
(i) Micro-electro Mechanical Systems (MEMS) &
' Sensors.

The aim of the program is to develop expertise and
technologies in the above area through R&D Projects
in the area of spectroscopy, cold plasma based
Instrumentation, Narcotics, Detection of explosives
through the collaboration with Industry and academia.

The aim of the program is to develop analytical
techniques for the analysis of solid, liquid, gas and
plasma. It has undertaken developmentin the area of
atomic and molecular spectroscopic instrumentation
in the spectral range of ultravoilet to near infrared and
X-Ray region. The Unit has also established plama
etching process to obtain high aspect ratio in Silicon

structures for MEMS application using Inductively
Coupled Plasma-Reactive Ion Etching (ICP-RIE)
system. Infrastructural facility for the characterization
of plasma processing techniques covering etching and
deposition has been established.

The Unit has also developed expertise in the detection
of explosives by developing an explosive detector
based on the principle of gas chromatography.
Another technology for explosive detection based on
Ion Mobility spectrometry is under development, The
group has also developed Infrastructure for testing
and characterization of thin films for a metal oxide gas
sensor. A number of instruments in the area of micro
electronics have been developed such as Molecular
Beam Epitaxy (MBE) System, Reactive Ion Etching
system, Reactive Ion beam etching set up, RF/DC
sputtering, electron beam controlled evaporation
system.

In the area of cold plasma, the Group has collaborated
with CEERI for the development of ion textured
microwave tube components.

P e b——

R&D ACHIEVEMENTS

AlGaAs/GaAs BASED QUANTUM WELL LASER DIODES STRUCTURES

Growth and processing of laser diodes using Molecular
Beam Epitaxy System in the operating wavelength of
0.7 um to 0.9 um for Optical Data Recording, Laser
Sensors, etc has been carried out. The objective of this
project funded by DST, New Delhi was to develop
semiconductor laser diode structures based on
AlGaAs/ GaAs with operating wavelength 0.7 to
0.9um. One of the most important advantages of
Group III-V semiconductors is that they allow band
gap engineering. The band gap of GaAlAs can be
increased by increasing the mole fraction 'x' of AlAs in
AlxGal-xAs. AlxGal-xAs shows a direct band gap for x
at 0.47<x<0 and for x>0.47, it shows an indirect band

gap.
Growth parameters were optimized for the deposition

of AlxGal-xAs for which x<0.4. Beryllium is a well-
behaved acceptor in MBE-GaAs producing a shallow

level donor at ~19 MeV above the valence band. It has
a unit chemical incorporation coefficient and electrical
incorporation coefficient, an electrically active
solubility upto 1.3x10*° cm™ before surface
topographical degradation occurs, a convenient cell
temperature-effusion flux relationship, and a high
resistance to diffusion. Adequate precautions are
taken ex-situ and operating pressures in-situ are
sufficiently low. It was also observed that Al tends to
“wet” the crucible internal surface and also moves by
capillary action through the growth lamellae of the
Pyrolytic Boron Nitride (PBN) crucible. Therefore,
extreme care and precautions were taken during
installation and degassing of Al cell. Experimental
studies have been carried out and the growth
parameters such as flux calibration, deposition rate,
uniformity, doping concentration etc. have been
optimised for GaAs/AlGaAs laser diode structures.




R&D ACHIEVEMENTS AND CURRENT ACTT'

PROTECTIVE BIOCOMPATIBLE COATING ON
OPHTHALMIC SURGICAL INSTRUMENTS

In recent vyears, the focus of the medical
instrumentation has changed from longer life and
cutting-edge retention to reduction in the cost of
disposable implant devices. Commonly used materials
for surgical instruments & orthopaedic implants are
300 series, 400 series and precipitation hardened
stainless steel (SS) which is corrosion resistant and
‘biocompatible. These instruments experience
corrosion after prolonged use and autoclaving
process. High alloy steels release heavy metal ions
generating negative influence on the immune system.
Instead, high strength, low weight, better
biocompatibility and outstanding corrosion resistance
properties of Titanium and Titanium alloys have led to
wide acceptability of this material for this purpose.
Titanium develops a thin, tenacious and highly
protective surface Oxide film which is stable over a
wide range of pH, temperature and oxidizing
environment. But the cost of such instruments is very
high as compared to SS.

Surface engineering modifies the surface of the
components to improve their performance, working
lifetime, aesthetic appearance and reduces the cost of
production. Surface Engineering Process was

developed using titanium & its alloy coating to
enhance the useful life of these instruments. The
deposition process was standardized in terms of
coating thickness, film stoichiometry, hardness and
adhesion.

TiN was selected for coating on SS ophthalmic surgical
instruments using Physical Vapour Deposition
technique. Film adhesion, micro hardness,
stoichiometry and thickness were measured. The
coated instruments underwent large number of
autoclaving cycles during users' trials at reputed
medical institutes including PGI, Chandigarh; AIIMS,
New Delhi and GMCH, Chandigarh and the
performance was found satisfactory. Adhesion tests
and hardness measurement have been done to
validate the integrity of coating and examine the
absence of the vulnerability to stress failures.

The stoichiometric analysis was carried out at NPL,
New Delhi. The sample had the composition: Ti
22.5%, N 25.9% C 28.8% and Oxygen 23%. The
preliminary Ti/N ratio suggested a stoichiometry close
to TiN with hardness of 2900%200 HV. This project was
funded by DST, New Delhi.

TiN Coated Ophthalmic Surgical Instruments
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PLASMA SIMULATION STUDIES

Studies have been carried out for reactor & feature
scale simulation of SiO, etching in C,F, plasma using
inductively coupled plasma-reactive ion etching
system (ICP-RIE) and using a commercial
Computational Fluid Dynamics (CFD) code called ESI-
CFD. The optimized process parameters for etching
are usually found through trial and error test runs
which are quite time consuming. This problem can be
-overcome if a systematic and efficient approach is
employed for achieving the optimum process
parameters. A simulation model has been developed
that takes into account the relationship between
controlled characteristics of inductively coupled
plasma source and operating process parameters for
SiO, film etching using C,f.
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Schematic Geometry of ICP Etcher

To develop the simulator, associated simulation
modules have been judiciously tuned in CFD-
ACE+/TOPO by selecting appropriate reaction sets
and adjusting kinetic parameters for the gas phase as
well as surface reactions. Using the simulator,
the effects of operating variables including RF power,

bias voltage, and chamber pressure on the profile
evolution were investigated. The energy and
angular dependence of the incoming species flux have
been computed after reactor scale simulation is
coupled to feature scale simulation module (CFD-
TOPQ).

Plasma process simulation studies using ESI-CFD have
been carried out for ICP etcher as shown in the figure.
CFD-ACE-GUI allows users to define the physics of the
problem. These phenomena are numerically modeled
by a set of partial differential equations called the
Navier-Stokes equations using CFD-ACE+.

The multi-scale solution is made possible in the
integrated CFD-ACE+ and CFD-TOPO, by

FLOW
CFD-ACE+ CFD-
TOPO
HEAT
TRANS, ¢
PLASMA FEATURE

SIMULATION | > gg\%f}m -
CHEMISTRY —

ELECTRIC & Computational
MAGNETIC Modules

CFD-ACE+/TOPO for Multi-physics Simulation

automatically passing the species flux of the reactor-
scale solution, the incoming boundary flux to the
feature-scale solution, at any location on the wafer.
The feature-scale simulator, CFD-TOPO solves the
species transport and surface chemistry to track the
Jfine feature evolution on the wafer.
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REACTOR SCALE SIMULATION

The process parameters used for simulation studies
are: RF Power=1000 watts, Process pressure=20
mTort, gas flow rate (C,F,)=40 sccm & Platten dc-bias=
-100 volts. Figures given below show the fluid model
simulation results for the number densities of CF,’,

radicals increase with applied RF power whereas the
CF," number density remains almost constant. CF, & F
radicals isotropically diffuse to and stick on the oxide
surface to form a polymer layer and the etching on the
bottom surface is carried out by energetic CF,"

Fluid Model Simulation Results: Number Densities of (a) CF,", (b) CF,’, (c) F’

CF,” & F in the C,F, plasma. The influence of different
process parameters on the number densities of the
above mentioned species was studied at a fixed point
marked (+) in the process chamber having co-ordinate
(12x0.1 cm).

-Relative behaviour of these species in the reactor
shows the variation of CF,", CF,’, & F* with RF power
which suggests that the number densities of CF, & F
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accelerated by the applied platten bias voltage. It also
suggests that the number density of CF, & F radicals
increases with pressure whereas the CF,” number
density does not vary so appreciably. This increase in
radical density is attributed to the availability of
more C,F, gas molecules with increase in
pressure and contributes significantly towards the SiO,
etching.
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FEATURE SCALE SIMULATION

The feature scale solver, CFD-TOPO, utilizes a
continuum description of the feature material
interfaces with gas phase species transport described
by fluxes. The reactor scale simulation data, shown in
Table, for RF Power=1000 watts, Process pressure=20

Species Flux with C,F, Chemistry

Species  Flux(m™ sec’
CF,* 3.97x10"
CF," 4.84x10™
F* 1.57x10"

mTorr, gas flow rate (CF,)=40 sccm & Platten
dc-bias= -100 volts was used for feature scale
simulation of SiO, etching.

The initial model geometry is a developed resist
(0.25 pm opening, 1.5 um height & 0.5 pm of gas
above resist) on top of a SiO2 substrate. Initial and the
final simulated feature profiles are shown in Figures.
The simulated etch profile has a depth of ~ 0.8 pm
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(a) Initial (b) Simulated Feature Profile

based on the input species and ion flux parameters
from the reactor scale model and SiO, etch rate ~2.29
nm/second has been achieved.
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CURRENT R&D ACTIVITIES

ION TEXTURING EXPERIMENTAL SET-UP

Development of Ion Texturing experimental set-up has
been undertaken and the complete equipment is being
integrated and testing of various subsystems such as
vacuum system, electronics/electrical assembly such
as RF/DC supply, thin film monitor etc is under
progress. The achievement of high collector efficiency
is a primary requirement of high-efficiency microwave
amplifier traveling wave tubes (TWTs) for space
communications and aircraft applications. The
invention, development and use of the multistage

depressed collector (MDC) for these tubes have been a
major contribution in the area. The most significant
factor in maximizing the MDC efficiency is use of
electrode material having low secondary electron
emission characteristics. To recover the maximum
kinetic energy from the electron beam entering the
MDC in TWT, the electrodes must have low secondary
electron emission characteristics, so that the electrons
are not excessively reflected from the surfaces. Copper
which is the most commonly used material for MDC
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electrodes, exhibits relatively high secondary electron
emission, if its surface is not treated for emission
control.

Process Chamber Integrated with Magnetron

Various methods including, coating the surfaces with
materials of lower secondary electron emission and
roughening the surface have been used to reduce the
secondary electron emission properties of the copper
MDC electrode surfaces. Some forms of graphite or
carbon have also been recognized for MDC electrodes,
as they have lower secondary electron emission than
copper. Ion-texturing of these graphite surfaces
further improves the said property.

The objective of this project is to develop the set-up for
conducting experiments on ion texturing of copper/
graphite collector electrodes of high efficiency space
TWT. The project is funded by CEERI Pilini.

EXPLOSIVE DETECTOR BASED ON ION MOBILITY SPECTROMETRY (IMS)

The electron capturing nature of nitro compounds
emanating from organic explosives is used for this
system. Sample ions formed in the ionization chamber
using Ni-63 ionization source are made to drift under
the influence of uniform electric field (in 'Drift / IMS
tube” against drift gas flow) with velocity based on
their mass/ mobility. Sample vapour injection, carrier
gas & drift gas (flowing in opposite direction to the
movement of ions) flow are optimized. Lighter ions
move faster and are collected earlier at the Faraday
plate collector; whereas the heavier explosive ions
having low mobility are detected later. The difference
in the arrival time at the collector is calibrated for the
detection of explosive vapours. The signal strength is
very small of the order of pico-amp and is very critical
in handling & processing. The challenge of technology
involves mechanical design of sample inlet system,
drift tube, ion gates/ shutters, aperture and electronics
for low current signal processing & switching of ion
shutter biasing at high voltage at the speed of < 1
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msec.

One of critical components in the IMS system, known
as Bradbury Neilson gate, is a set of two co-planar
parallel wire grids with inter-digigated distance of less
than 1 mm. Alternatively, an arrangement of two
closed spaced grids separated by ~ 0.5 mm (hand

woven wires) on ceramic frame was attempted which
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were subsequently replaced by parallel wire grids
fabricated using EDM machining.

IMS peak of the air has been detected and the set-up

Qee

Wet Etching Process

Electrode Discharge
Machining (EDM)

Critical Components Fabrication

Ion Gates

for detection of standard explosive vapour sample is
under process. This project is funded by the Office of
Principal Scientific Advisor (PSA) to the Govt. of India,
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AUTOMATIC COUNTERFEIT CURRENCY DETECTOR

An automatic counterfeit currency detector cum
counting machine dynamically senses spectral
reflectance and transmission (including fluorescence)
of currency notes and distinguishes between the
genuine and fake currency notes under visible Ultra
Violet (UV) illumination during counting/stacking
process. A novel time and space integration technique
has been developed for this purpose.

This technique is already patented for detecting
genuineness of a note under static condition. A novel
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Counter pulse and Reflected signals (three wave bands)
for a number of currency notes

" Counter |

Sensor Head with three wave band filters

Automatic Counterfeit Currency Detector

feature of the machine is that it uses multiple detectors
for both transmission and reflection in time and space
integrated manner and facilitates transaction of the
hard currency. A set of signals (signature) received is
shown in Figure. Some of the important specifications
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

include upgradation for newer security features and cooperation of RBI, Chandigarh which provided fake
foreign currencies. notes. After successful lab trials, the testing was

The initial trials were carried out in the lab with the carried outin Bl and RBI, Chandigarh.

@
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FUTURE R&D ACTIVITIES
Analytical Instrumentation has been one of the thrust aims at the development programme of Analytical
areas of R&D at CSIO. The Group has established a Instrumentation using MEMS & Sensors and
large infrastructural base and significant contribution spectroscopic technique for sectoral & strategic
towards design and development of sophisticated applications. Also, in the area of cold plasma, the
instruments and systems in the following main areas: group has a vision for instrumentation development

activity for Ion texturing, surface modification; its
characterization and plasma processes for new
materials.

D Analytical and Cold Plasma based
instrumentation

(II) MEMS & Sensors

Proposals have been submitted under XI" Five year

plan covering broad areas of Explosive detection, Agro

sector and cold plasma based instrumentation.

Based on the expertise generated through various
R&D projects / activities in the above areas; the group

—H 0:0 & ——




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

The main activities of this Group include fabrication of
sensors/biosensors using new materials for Health
Care, Strategic, Food, Agriculture and Bio-Molecular
fields. The Group is working in two major research
areas, namely, Materials Research and Bio-
Nanotechnology.

~ Conducting polymers, their copolymers/ composites
and nano particles of different metals (e.g. Pd, Au, Ni,
Zn etc) and their oxides/ sulphides are being
synthesized in powder and thin film form. These
materials are being characterized and used for taste
(electronic tongue) and aroma (electronic nose)
detection. Ceramic materials and their composites are
being synthesized for safety sensor applications
especially for aircraft, armored tanks, strategic
systems, etc.

The Unit is taking multi-disciplinary integrated
approach to various R&D activities related to the area
of Bio-nanotechnology. These include DNA nano-wire,

DU-6: MATERIAL SCIENCE, BIO-MOLECULAR ELECTRONICS
& NANOTECHNOLOGY

Bio-MEMS for disease diagnosis, biomolecular motors
for nano electronic switching & nano-robotics, carbon
nanotubes interfaced with biomolecules for new nano-
sensor development. The developed devices would
have applications in the fields of electronics, life
sciences, medicine, agriculture, etc.

This Group is well equipped with advanced facilities
such as Scanning Probe Microscope (SPM), Optical
Tweezers, Fourier Transform Infra-Red (FT-IR)
Spectrometer, UV-Visible Spectrophotometer,
Fluorescence Spectrophotometer, Langmuir-Blodgett
(L-B) Trough, Differential Scanning Calorimeter/
Differential Thermal Analysis/ Thermal Gravimetric
Analyzer (DSC/DTA/TGA), Atomic Absorption
Spectrophotometer (AAS), Gas Chromatograph (GC),
Carbon and Sulphur Analyzer, Femto range Current-
Voltage Probe Station, Nano-Calorimeter, Four-Point
Probe Current Measuring System, etc.
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R&D ACHIEVEMENTS

BIO-MEMS BASED MICRO-DIAGNOSTIC KITS

The objective of the project was to develop disposable
micro-diagnostic kits for diseases in place of
conventional techniques as ELISA (enzyme linkage)
and RIA which require radio tagging of bio-molecules.
The micro-cantilever based micro-diagnostic kit has
high specificity provided by the bio-molecular
recognition characteristics of antigen-antibody, probe
DNA-target DNA, protein-receptor and enzyme-
substrate. It uses the fact that the change in strain of
the micro-cantilever surface due to the binding of the
analyte molecules is directly proportional to the
deflection of the micro-cantilever. Experiments were
carried out on Human IgG-goat anti human IgG pair

Antibody Coated Cantilever




R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

and polyclonal antibodies obtained from kala Azar
positive patients against leishmania antigehs. Greater
than 65% surface coverage of the binding antibodies
has been achieved on cantilever. Technology for
fabrication of cantilever with dimensions 450x150x1

micron has been successfully carried out at Semi-
Conductors Limited (SCL), Mohali. The cantilever
fabrication with required electrical connections and
doping for measurement is in progress. The project
was funded by NPSM, ADA, Bangalore

. @
L

- CURRENT R&D ACTIVITIES

HOT AIR LEAK DETECTION SYSTEM FOR
ENVIRONMENTAL CONTROL SYSTEM OF LCA

Detection of hot air is important for environmental
control in LCA. The leak detection system comprises of
7 sensors each of 7 feet having 3.5 mm diameter linked
through connectors and made up of 0.22 mm thick
Seamless Stainless Steel tube (SS316). A Nickel wire
fitted with Eutectic mixture (having melting point
around 300°C) is fixed in the centre of the pipe. The
impedance of the developed material is in the range of
mega ohm at ambient temperature and it drops to
about 10 ohm at 300°C. An electronic control system
to sense the impedance change has been developed.
The completed prototype has been tested at ADA,
Bangalore. It is proposed to carry out assembly and
testing of the prototype as per MIL standard.

Hot Air Leak Detector

BIO-MOLECULAR MOTORS

Various kinds of movements of vital organs and
muscles take place through different systems of
molecular motors, such as, myosin-actin,
microtubules-kinesin, microtubules-dynein,
microtubules-bacterial flagella motor etc existing in
living systems. It is possible to extract motors from
their native environment and prepare assemblies of
them on a plane surface. For these motors to be useful
in nanofabrication, it is essential that external control
can be applied to the following properties: (a)

translocation speed; (b) translocation direction; (c)
activation and arrest. These characteristics can be
controlled by altering the chemical and/or the physical
environment of the motors. In-vitro studies were
performed on myosin-actin systems responsible for
the muscular movements. It will help in control of the
movement of actin against myosin in predictable and
reproducible manner using myosin coated channels on
silicon/glass wafer. The aim of this project funded by
DST, New Delhi is to study of this system under various
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electromagnetic fields, electrolyte, pH, etc. which help
in (@) Targeted drug delivery, (b) Designing molecular
switches with ultra-high density, using low cost
fabrication technique of molecular biology and (c)
Nano-robotics.

Myosin was immobilized on different solid substrates
like gold-coated glass slide, mica, silicon which involve
both covalent binding using cross linkers like EDC,
APTES, silanes and non-covalent binding employing
protein A, surface adsorption. topological
characteristics of different surfaces were investigated.

The velocity of actin filaments sliding over myosin
heads is calculated using tracking program
developed in MATLAB. Velocity of actin filament on
myosin tracks immobilized on gold coated glass
surface, mica surface and on glass slide cleaned with

0.1M KOH in ethanol is found to be 1.81 um/sec, 2.99
pm/sec and 3.65 pm/sec, respectively. In-vitro studies
show that average velocity of the actin molecules was
ranging from 1.0-1.5 ym/secatpH8.0. Micro -
channels are fabricated on gold coated glass surface
by ablating the surface using laser micro dissection
system to control the: position of the actin
filaments.

Nanorobotic application of the system has been
demonstrated by transportation of carboxylated
polystyrene microbeads attaché#® to actin fila
ment.

Experiments are in progress to control directionality as
well as the movement of actin filaments by varying
environmental conditions in terms of electrical and
magneticfield, pH, temperature etc.
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R&D ACHIEVEMENTS AND CURRENT ACTIVITIES

CARBON NANOTUBES BASED SENSORS AND TARGETED DRUG DELIVERY

Carbon Nanotubes (CNTs) are tiny molecular tubes
made up of hexagonal carbon rings joined together
with dimensions ranging from 1 nm to 50 nm
depending upon their structure i.e. single wall or multi-
wall. These tubes have wonderful electrical behavior
which can be tailored by changing orientation or angle
of bending. CNTs are one of the most dominant
materials for fabrication of molecular electronic
devices with ultra high packing density and
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SEM Imége of Amidated CNTs Immobilized with Lipase

performance. CNTs filled with medicines are well
suited for study of targeted drug delivery.

CNTs are functionalized with functional groups such as
COOH’, NH, and OH' for binding bio-molecules such as
DNA, antibody-antigen, bio-receptors and proteins for
developing nano-sensors and actuators. Work is in
progress for study of bio-activity of bio-interfaced
CNTs and their toxicity. This project is funded by DIT,

- New Delhi.

AFM Image of Dispersed CNTs
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FUTURE R&D ACTIVITIES

¢ Agro-Chemical Instrumentation & Bio-sensors:
Biosensors and chemical sensors represent most
plausible and exciting application for nano-
biotechnology and quantification of quality of tea,
juice and beverages based on aroma and taste.
Development of instrumentation and sensors for
classification based on electronic interpretation will
be major activity of the Unit. Nano-Biotechnology
takes advantage of interfacing functional bio-
molecules for development of devices with higher
performance in terms of seiettlwty, sensitivity and
€Cconomics.

¢ Molecular Devices: DNA can be tailored for its
length, sequence and orientation to obtain desired
electrical properties. The Group proposes to study
electrical properties of DNA with respect to the
sequence, length, environment, orientation etc. by
interfacing DNA with micro/nano electrodes
covalently. This will find applications in molecular
electronics, sensors & actuators and non-

S BTO AR RGPOT 200607/ e 37

conventional predictive diagnosis. Biomolecular
motors will be studied in-vitro for nano-robotic and
drug delivery application. The electrical
characteristics of biomolecule-coated surfaces will
be explored for diagnostic and sensor applications.

¢ Organic & Inorganic Nanoparticles (CNT, Metal &
Semiconductor Nano-particles): Another important
activity proposed is to synthesize metal and
semiconductor nano-particles for applications relating
to fabrication of magnetic sensors, electro
luminescence devices of semiconductor nano-particles
for optical sensors, alignment and coupling of CNTs
with different molecules for disease detection.

¢ New materials for thermal sensors based on
transition metal oxide having negative or positive
thermal coefficient for sensing strategic areas in
combat aircraft and armoured tank.

¢ Analytical techniques for characterization of
different agro-food produce.
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NETWORKED PROJECTS WITH CSIO AS NODAL LABORATORY

ELECTRONICS FOR SOCIETAL PURPOSES

Participating Laboratories: CRRI, New Delhi; CBRI,
Roorkee; CFTRI, Mysore; CEERI, Pilani; CMERI,
Durgapur; NGRI, Hyderabad and NPL, New Delhi with
CSIO as the nodal laboratory.

This networked programe hasthe following three components:

(I) Electro-Optical System for Sorting, Grading,
~ Packaging and Storage of Agricultural Products

(II) Prosthetic Devices & Medical
Calibration

Instruments

SECTORS

CSIR LABS

csio
(Nodal Lab)

Natural
Hazards
Mitigation

(III) Instrumentation for Natural Hazards Monitoring
and Early Warning Systems

Keeping in view the relevance and societal impact of
the overall programme in different sectors viz
Agriculture, Health and Natural Hazards Mitigation as
well as the core strengths of each of the participating
laboratories of CSIR, following projects were identified
for execution in the networked mode.

OBJECTIVES

The broad objectives of the projects under the
networked programme are as follows:

1k Electro-Optical System for Sorting, Grading,
Packaging and Storage of Agricultural Products

CSIO Annual Report 2006-07

> To develop technology package for sorting and
grading on the basis of size, shape, color, weight,
damage and maturity etc

» To develop system for monitoring and control of
food storage house, which can help in extension of
shelf life and maintain consistent quality

> To develop suitable technologies for testing suited
to the Indian agri-environment for small and
medium scale producers and traders

NETWORKED PROJECTS

Electro-Optical System for Soriing, Grading,
Packaging and Storage of Agricultural Praducts

1.1 Electro-optical System for Sorting, Grading and Packaging of
Different Fruits, Vegetables and Grains like Rice

| 1.2 Monitoring & Control System for Food Storage Houses and
Optimisation of Process Parameters

1.3 Advanced Off-line & On-line Measurement Systems for Quality
Assessment of Agri-Produce

Prosthetic Instrumentation and Medical Instruments Calibration

2.1 Intelligent Prosthetic Devices for Rehabilitation of Physically
Challenged (including Speech Synthesis System)

2.2 National Facility for Medical Instruments Calibration

Instrumentation for Natural Hazards Monitoring & Early
Waming Systems

3.3 Seismic Alert System to Avert Colossal Losses during the
occurrence of Major Earthquakes

3.4 Design, Development and Installation of Instrumentation for
Detection and Early Warning of Landslides

3.5 Test & Calibration Centres for Seismic Instruments and
Networks
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II. Prosthetic Instrumentation and Medical Instruments

Calibration

> To undertake development of state-of-art assistive

aids for physically challenged.

> To establish and provide services for periodic

calibration, performance and safety testing of medical
instruments so that the equipment performance
parameters as measured conform to stated
performance parameters

III. Natural Hazards Mitigation
» To develop suitable systems and create facilities for

mitigation of natural hazards like earthquakes,
landslides, etc




Component I: Electro-Optical System for Sorting, Grading, Packaging and Storage

of Agricultural Products

TASK 1.1 ELECTRO-OPTICAL SYSTEM FCR SORTING, GRADING AND PACKAGING
OF DIFFERENT FRUITS, VEGETABLES AND GRAINS LIKE RICE

Task 1.1 (a) Electro-optical System for Sorting, Grading and Packaging of

Different Fruits and Vegetables

OBJECTIVE

To develop technology package for sorting and grading
of apples on the basis of size, shape, colour, weight,
damage and maturity

ACHIEVEMENTS

System has been designed for sorting, grading and
packaging of fruits and vegetables using electro-
optical techniques with an initial throughput target of 6
apples per second. Apples are fed to a conveyor belt
through a feeding mechanism and then to the
singulation unit. The conveyor belt has a series of bi-
cones rollers placed on it. The rollers are rotated along
their axis at a particular speed with the help of a motor.
The stem of the apples were kept parallel to the axis of
the rollers during the measurements.

The opto-mechanical assembly consists of the
illumination system with multiple cold light sources (15
Volts, 150 Watts halogen bulbs) operated with dc
power supply. Uniform transmission diffusers have
been provided at fiber end connectors to provide
uniform illumination throughout the field of view. The
illumination level has been set at 8 equidistant
positions on the conveyer portion within total Field of
View (FOV) inside the illumination chamber
maintaining a range from 48,000 to 53,000 lux.

A machine vision system images the fruits on a roller

type conveyer and induces forward motion at a
predetermined fixed speed. The opto-mechanical
assembly of the imaging chamber was made with a
provision for a single 3-CCD chip camera and a
compatible image grabbing card with inputs channels
inserted in a remotely located computer. A software
with different algorithms/sub-routines has been for
different shapes, sizes, colourss and defects for
grading the apples based on these parameters. The
sorting unit finally segregates the different graded
apples which then packaged in different bins.

The complete machine has been assembled at CMERI,
Durgapur. The placement of illumination chamber on
the conveyer line has been completed with final
alignment of illumination chamber providing highly
intense uniform illumination more than 4500 lux
(calibrated and checked with a lux Meter) has been
achieved at various positions within the total FOV.

Each individual module of the machine has been fully
tested for its working after the integration with other
modules. A setup page to enable the user to enter the
grading criteria for colour and the size of the fruit and
an integrated multi-threaded program for grading have
been developed and tested.

A separate common utility for transfer of fruit grading
information from imaging station to PLC/DCS
workstation has been tested.

Image Taken with 3CCD RGB Camera during field trial
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Image Taken with 3-CCD NIR Camera during Field Trial

Participating Labs: CSIO, Chandigarh; CMERI,
Durgapur and CEERI, Chennai Centre

Linkages: The research work has carried out potential
for academic & research collaboration with various

agencies including Directorate of Horticulture,
Navbahar, Shimla and Dr YS Parmar University of
Horticulture & Forestry, Nauni (Solan) with scope of
commercial utilization by apple exporters.

Task 1.1 (b) : Off-line System for Classification/ Grading of Rice

OBJECTIVE

¢ To devise an image proé':essing system for assessing
rice quality as per Indian Standard norms

ACHIEVEMENTS

An automatic rice grain classification system for
assessing refractions and grades as per an Indian
Standard has been completed. The standard offers
uniform specification for marketing of grains all over
the country. A flat-bed scanner is used for imaging the
samples so as to allow remote operation. The system
initially trained for raw rice uses both colour and
geometrical attributes of each grain.

A rule-based classifier distinguishes grains into ten
refractions with small number of inputs. An
exhaustive-input  artificial neural network (ANN)
classifier provides results in a better way. Initial results
show the advantages and performance of both the
approaches with high degree of classification accuracy
for common refractions and grades.

CSIO Annual Report 2006-07
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A part of typical image after blob analysis
showing each kernel labelled uniquely.
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Classification accuracy (%) for ten rice refractions using ANN for samples acquired from MARKFED

Participating Lab : CSIO, Chandigarh

Linkages: MARKFED is the potential user of the
development.

— = .:. & —

TASK 1.2 MONITORING AND CONTROL SYSTEM FOR FOOD STORAGE
HOUSES AND OPTIMIZATION OF PROCESS PARAMETERS

OBJECTIVE

To develop system for monitoring & control of food
storage house which can help in extension of shelf life
and maintain consistent quality

ACHIEVEMENTS

A controlled atmosphere system has been developed
which has been integrated with sensors, solenoid
valves, nitrogen generator and scrubbers to maintain
the level of set parameters of atmospheric conditions.
The system is computer controlled operated with
LabVIEW Software. The five control parameters,
namely, temperature, humidity, oxygen, carbon

dioxide and ethylene are displayed on a computer
monitor and controlled through computer. The system
is under performance trials with different fruits and
vegetables.

The developed system comprises of sub-systems
including Transmitter & Display Unit, Gas Sensing
Chamber, Scrubbers and Gas Flow & Control System.
The system has following broad features:

=  Fully Programmable Controlled Atmosphere
Storage System ( 250 Kg ) integrated with sensors,
solenoid valves, nitrogen generator & scrubbers to
maintain the level of required parameters with
Intelligent Networking

= Computer controlled and operatable with
LabVIEW software

= Automatic control of storage parameters-
temperature, humidity, oxygen, carbon dioxide &
ethylene
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= All the control parameter concentrations are in the storage chamber and maintaining their level

displayed on computer monitor and controlled through LabVIEW.

through computer Participating Labs: CSIO, Chandigarh; CFTRI,
» Control of carbon dioxide & ethylene through Mysore and CEERI, Pilani

scrubbers temperature, humidity, oxygen, carbon Linkages: The activity has led to academic

Controlled Atmosphere Storage System

dioxide & ethylene discussions/ collaboration with Punjab Agricultural

» Al the control parameter concentrations are  University, Ludhiana; Dr YS Parmar University of

displayed on computer monitor and controlled Horticultu_re and_Forfestry, Nauni(SoIap) with scope for
commercial applications by M/s Sudhir Industries Ltd,

through computer :
Ludhiana.
=  Control of carbon dioxide & ethylene through
scrubbers
Performance testing of the system has been
checked by introducing knawn concentration of gases
>
—® *0 ®—
4
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TASK 1.3 ADVANCED OFF-LINE & ON-LINE MEASUREMENT SYSTEMS
FOR QUALITY ASSESSMENT OF AGRI-PRODUCE

OBJECTIVE

To develop a system for Off-line measurement of
Quality Assessment of Agri-produce

ACHIEVEMENTS

An Off-Line Non-destructive Quality Assessment
System based on absorption of IR at selective
wavelengths for fingerprinting of different attributes of
apples using Fiber optic Probe has been developed.
System uses 10 NIR filters in the wavelength range of
0.8 - 1.7 microns for measurements of NIR reflectance
from the apple. Incident radiation is modulated to non

Task | 3Advanced-Of-Line «Measurament Svstem forQuality s

Agri-Products

harmonic of mainline frequency to improve Signal to
Noise ratio and the reflected signal is detected using
lock-in-amplifier. Evaluation of the instrument was
carried out by measuring brix value of different
varieties of Indian apples. This was accomplished
using the calibration curve for known sample and
chemometric technigue and then evaluating unknown
brix values of apples by comparing with the calibration
curve. The brix value of different apples was predicted
with minimum value in a non-destructive method. The
unique feature of the developed system is that it uses
non-destructive method and is easy to operate and
user friendly.

"II“(.‘!" “"

Set Up for Off-line Measurement of Quality Assessment of Agri-produce

Participating Labs: CSIO, Chandigarh; CFTRI,
Mysore and CEERI, Pilani

Linkages: Dr YS Parmar University of Horticulture and
Forestry, Nauni(Solan) and Punjab Agricultural
University, Ludhiana

— st e—
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Component II: Prosthetic Instrumentation and Medical Instruments Calibration
TASK 2.1 (a) INTELLIGENT PROSTHETIC DEVICES FOR REHABILITATION

OF PHYSICALLY CHALLENGED

(1) Artificial Knee

* OBJECTIVE 7 T S
To develop a fixed pivot, hydraulic artificial knee joint = ~
for knee ) e
ACHIEVEMENTS '

An artificial knee joint has been developed. It consists
of two cylinders : One is a master cylinder filled with
thin oil and the other is for compensation. When the
knee flexes, a piston is pushed up into the oil filled
cylinder which results into oil being forced out through
the valve openings. Small area of the opening
decreases the fluid flow giving resistance to flexion
thus providing stance phase stability to the joint.
During extension of knee, piston goes down and forces
the oil back into the upper side of the cylinder through Artificial Knee Joint
the valves, giving a jerk free movement.

The compensation cylinder receives the hydraulic oil b) Required extension speed matching with the
from master cylinder during the extension and releases healthy leg

it during flexion of the joint. A cam-operated valve is o) Locking the movement of the joint, making it
employed in this cylinder which can be operated from suitable for the patient having both legs
outside with a screw driver. Fully opened, partially amputated

opened and closed position of the valve provides

following features to the joint: Participating Labs : CSIO, Chandigarh and CMERI,

a) Full speed HETIRR

(2) Functional Electrical Stimulation System

OBJECTIVE spinal cord injuries, to enable them to perform

Development of a Functional Electrical Stimulation functions of standing and sitting.

(FES) System for paraplegic patients, suffering due to
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ACHIEVEMENTS

provides programmable six- channel stimulation for

Engineered units of the FES System were developed gpplication to. identified mL_JscIes il e
e S R R Thals. ete - corduckEd von instrument also has an application for physiotherapy.

Based on 8051 microcontroller, the unit Participating Labs: CSIO, Chandigarh

Functional Electrical Stimulation System

Function PO, A —
Selection Micro-controlier
Switches [:a Board |
(Stand/Sit T

Display Carbon rubber electrodes
applied to patient

Block Diagram of FES System
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NETWORKED PROJECTS OF CSIR

(3) Myoelectric Arm

OBJECTIVE
To develop Myoelectric Arm for below-elbow prosthesis

Orthopaedically Handicapped (NIOH), Kolkata on
actual patients.

Myoelectric Arm with Electrodes

ACHIEVEMENTS

An SMD Surface Mounted Devices based compact &
light weight myoelectric arm has been developed. The
mechanical assembly of the arm consists of gripping
fingers, palm, wrist and lower portion of upper limb.
Other components include Electromyogram (EMG)
sensors to pick up muscle signals from the stump of
amputee, microcontroller circuitry to process and
condition the signals, a dc motor for opening and
closing of hand and a glove to provide the cosmetic
appeal. The developed arm has been tested
successfully at National Institute for the

Myoelectric Arm with Electrodes

FEATURES

Microcontroller based operation

= Variable grip force on the object depending on its
weight

= Intelligent prosthesis with variable hand speed
setting according to the user's preference

A myotrainer kit has also been developed which

displays the RMS value of the collected EMG signal on a

graphical LCD. This is required to locate the optimized

position of electrodes on the stump of the amputee.

Block diagram of this Kit is shown in the Figure.

ParticipatingLab: CSIO, Chandigarh

=
\

Differentiol —» lowPass —» AMStoDC —» DC
Amplifier Filter Convgn:gr; Amp

AD DH]'H‘

e "‘1_% 1'-‘ Microcontroller
Graphical Display < 89G1

Input from
electrodes

Block Diagram of the Myotrainer Kit




(4) Electronic Hand (Voice Operated)

Development of low cost voice operated Electronic
Hand having near natural shape i.e. size, weight,
cosmetics etc. for the person having lost his one or

operated mechanical hand has been undertaken at
Saket Institute for Orthopaedically Handicapped,
Chandimandir. The lab trials of three commands voice

Voice Operated Electronic Hand

both hands have been undertaken. Two units of the
Electronic Hand with two fingers movement based on
Voice Recognition Technigue have been developed.

The developed Electronic Hand consists of a
mechanical hand and voice operated electronic
control system. The mechanical hand has two
fingers movements with stationary thumb, gripping
mechanism. It comprises of parts fabricated from
Aluminum and Gun-metal, fitted with a 6V DC motor
having two stages of reduction gear. The voice
command recognition module is an isolated word
recognition system that uses neural network technique
for voice pattern matching to recognize correct voice
commands. It consists of voice command recognition
module, electronic control system and a 9.6 V DC, 1.6
AH, NiMH battery pack.

A satisfactory performance evaluation of switch

47

control system (Open, Close & Stop) have been
conducted successfully.

Voice Operated Electronic Hand

Participating Labs: CMERI, Durgapur and CEERI
(Delhi Centre)
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Spoon Feeding Robot System

OBJECTIVE : To design and develop a light weight,
low cost voice/switch operated Spoon Feeding Robot
System (SFRS) which could feed three different dishes
(semi-solid) to physically challenged persons.

ACHIEVEMENTS

A prototype model of switch controlled SFRS has been
developed and in-house trials have been conducted
successfully. The SFRS has four degrees of freedom

and six voice commands i.e. Start, Reset, Feed 1, Feed
2, Feed 3 and Stop. Electronic control system based on
microcontroller has been developed. Development of
an isolated word recognition system that uses neural
network technique for voice pattern matching to
recognize correct voice command has been
undertaken. Work regarding programming of voice
commands is in hand.

Participating Lab: CSIO (Delhi)

S .:. & —

TASK 2.2 NATIONAL FACILITY FOR
MEDICAL INSTRUMENTS CALIBRATION

OBJECTIVE v

To establish and provfde services for periodic
calibration, performance and safety testing of medical
instruments so that the equipment performance

CSIO Annual Report 2006-07
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parameters as measured conform to stated
performance parameters.




ACHIEVEMENTS

An ISO 9001-2000 certified National Facility for Medical
Instruments Calibration has been established at CSIO's
Delhi Centre. This facility enables calibration of a wide
range of medical equipment to manufacturers
spedfications and the measurements are taken using
equipment that have intemational/national traceability
- with certification from the agencies like National

. | .
National Fadility for Medical Instruments Calibration
Institute of Standards and Technology (NIST),
USA/Association for the Advancement of Medical
Instrumentation (AAMI)/Underwriters Laboratory
(UL)/International Electro-technical Commission
(IEC)/ Vashisth Calibration Centre, Faridabad, etc.

On-site and in-house test / calibration services are
provided. All calibrations are optimized thereby
helping the benefidaries in saving their money. The
beneficiaries of this fadlity include hospitals, health
centres, medical institutions and industry. The societal
benefits of the Medical Instruments Calibration Facility
are as follows :

° Improving the quality of health care in the:

Medical Instruments Calibration

country since in the absence of calibration, the
outcome of the diagnostic equipment and the
effects generated by therapeutic equipment
would be error prone and may adversely affect

the health care of patients.

° Enhancing the confidence of public in
hospitals, primary health centres and medical
institutions

° Ensuring patient safety and welfare of human
life

. Providing comparability in measurements and
global equivalence

o Increasing the reliability of test results

o Acting as a check for any spurious electro-

medical equipment entering the market

Participating Lab: CSIO (Dethi Centre)
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ComponentIIl: Instrumentation for Natural Hazard Monitoring and Early Waming
Systems '

(
TASK3.3 SEISMICALERT SYSTEM TO AVERT COLOSSAL LOSSES DUE TO
THE OCCURRENCE OF MAJOR EARTHQUAKES

OBJECTIVE

To develop suitable system and create facilities for
mitigation of natural hazards like earthquakes and
landslides.

ACHIEVEMENTS

The performance of the developed field station
instruments i.e weak motion recorder (WMR) has been

checked by installing the instrument at CSIO
Seismological Observatory and the recorded data have
been compared with already installed imported digital
seismic recorder. The waveform of earthquakes which
were recorded by CSIO developed instruments are
exactly similar to that recorded by Reftek make
instrument. The results of cross correlation are shown
as under:

1 S—

Cross-corvelation
16-08-2005

06

058"
0 60
‘Sample Number

Central Recording Station (CRS) has been installed at
CSIO S&M Centre New Delhi along with FTP protocols.
VSAT link between developed Weak Motion Recorder
and Central Recording Station at Delhi has been
tested. Finally, all the field stations have been linked
with CRS through VSAT connectivity for recording
seismic events for further transmission and
processing. Recorded data are being collected for
further analysis and computation. Algorithms for the
computation of location and magnitude required to
generate alert command have been developed and
tested.

The magnitude has been estimated by determining the
predominating period using Fast Fourier Transform
(FFT). The following figure shows the calculated
predominated period by using FFT analysis of recorded

Wave form obtained by cross correlation

The 24-bit weak motion recorders were developed
after testing the performance and communication link
i.e. VSAT connectivity between Chandigarh and New
Delhi. It was then finally installed at the field stations
situated at Sri Nagar, New Tehri and Dehradun. The

CSIO Annual Report 2006-07

data. The difference between estimated and actual
values of magnitude varies between =+ 1. These results
would be upgraded on the basis of availability of site
specific data.
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Predominating Frequency (f,"" ) = 1.40625 Hz

Predominating Period (T,"™ = 1/ (;,"™ )
=(0.7111 sec

Estimated Magnitude = 5.514

Actual Magnitude = 5.300

Error in Magnitude =0.214

[ s v e

T el ot Tata

FFT of Input Data
In order to estimate the location, an algorithm has been Participating Labs: CSIO, Chandigarh; NPL, New Delhi
developed from the travel time of first P-wave from three and CBRI, Roorkee

field stations using grid search technique. For
technological perfection, correct estimation of seismic
parameters, reliability and channels to issue authentic
warning, more site specific field data are required.

Linkages: Wadia Institute of Himalayan Geology
(WIHG), Dehradun

————
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»° Algorithms & Signal Processing ~
\
Data Transfer , Event Detection , \

Magnitude Estimation, Location Estimation, \
Alert Commands Generation
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Central Recording
Station (CRS) at Delhi

Sri Nagar

Seismic instruments installed at field sites
In Uttranchal

Seismic Alert System
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TASK3.4 DESIGN, DEVELOPMENT & INSTALLATION OF INSTRUMENTATION
FORDETECTION AND EARLY WARNING OF LANDSLIDES

(a) Instrumentation Comprising Standard Sensors and Advanced Associated
Electronics for Monitoring, Detection and Early Warning of Landslides

OBIJECTIVE e To generate the comprehensive data base so

« To design and configure a landslide monitoring that the early warning commands may be
network by incorporating modern instruments issued to mitigate the damaging impact of
alongwith necessary low power consuming landslides

hardware modules, interfaces and to integrate

A View of Landslide Monitoring System installed at Mansa Devi (Haridwar)

these with the sensors to realise the conceived ACHIEVEMENTS
instrumentation system A PC architecture based Data Acquisition System has
« To develop the instrumentation software modules been designed, developed and tested. Various sensors
for putting the proposed system into operation as such as - load cell, piezo meter, stress meter, rain
- per design objectives gauge, inclinometer, tilt meter, crack meter and

« Commissioning and operationalisation of the borehole extensometer have been interfaced along

instruments developed ‘as an. experimental with required signal con@t@gmng. Instrumentgtlon
—— software for Data Acquisition, Data Analysis &
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Interpretation have been tested. Laboratory testing of
the whole system has been completed and has been
made operational on solar panel and complete system
nas been installed at selected field site near Haridwar
(Mansa Devi). The system is operational round the
clock and is under observation. The field data are being
collected for further analysis by CSIO and CBRI team.

Instrumental Data Based Performance

- Analysis:

The data of five sensors namely Rain- Gauge,

Crackmeter, Inclinometer, Tiltmeter & Earth Pressure
cell have been collected by the instrumentation
network installed at the site.

It is observed that in the rainy season, there is more
inclination, crack, and tilt. Consequently, pressure is
induced in the site which may lead to landslide.

Participating Labs: CSIO, Chandigarh;
Roorkee and CRRI, New Delhi

CBRI,

Sensor Data Comparison
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(b) Optical Fiber Sensing System for Early Warning and Detection of Landslides

OBJECTIVE

To design and develop fiber sensor system for early
warning and monitoring initiation of landslides.

ACHIEVEMENTS

This system has been designed and developed. It
‘provides early warning of landslides and prevents
damage to hillside structures as well as loss of human
life.

A unique configuration for enhancement of
microbends in optical fibers due to landslide has been
developed and a prototype using wood has been

fabricated so as to verify the mathematically predicted
results.

A data logger for unmanned monitoring and alarm
enunciation for the system has also been developed.
The data logger has a standard RS232 interface with a
PC and logs signals along with the date time stamp.
This system has been installed along with the
conventional instrumentation at a test site in Haridwar
and also at Lab Test Site at CRRI, New Delhi

Participating Labs : CSIO, Chandigarh; CRRI,
New Delhi and CBRI, Roorkee

Installation of the System

Landslide Warning System

_‘. ‘:0 ._._.

TASK 3.5 SETTING UP TEST & CALIBRATION CENTERS FOR
SEISMIC INSTRUMENTS & NETWORKS

OBJECTIVE

To establish National Facility for Testing & Calibration
of Seismological Instruments which will facilitate
reduction of errors in determination of Hypo central
Parameters (Earthquake magnitudes etc) and Source
Parameters by way of calibrating the equipment and
generating accurate Calibration files and Instrument
Response files. The proposed Center aims to utilize
the already available expertise generated by CSIO as a
result of its long sustained R&D efforts in
seismological instrumentation.

CSIO Annual Report 2006-07

The center will take up the following activities in the
area of seismological instruments

¢ Testing and Calibration of Seismological
Instruments & Sensors

. Training of personnel from user's departments

. Design & Development of some user's specific
Interfaces

. Minor fault rectifications




Calibrated Parameters

Test & calibration undertaken by checking various
parameters such as - Frequency Response, Excitation
Amplitude, Inherent Noise Level, Filter Response, S/N
Ratio, Natural Frequency of the Sensor, Damping of
Sensor, Dynamic Range, Calibration ADC and Clock,
Full scale range etc. Absolute calibration of the seismic
sensors is carried out using a Shake Table.

Test & Measuring Facility

The required test and measuring equipments such as-
AC/DC voltage/current source, Frequency Counter, 82
Digit Multimeter, Digital Oscilloscope, Logic Analyzer,
etc. have been procured & installed at CSIO
Chandigarh along with a Shake Table.

Significant Scientific & Technical Achievements

A full fledged calibration facility for calibration of
seismic recorders & sensors has been set up and made
operational. The facility is available to the users along
with the required test & measuring equipments,
reference sensors and Shake Table. Traceability of the

Test Equipments In Calibration Centre

55

test & measuring equipments availale at the Centre is
with NPL, New Delhi. Calibration procedures have
been adopted as per requirement. A number of
seismometers, accelerometers; analog and digital
recorders have been tested and calibrated. Some
hardware modules have also been developed for the
calibration of seismic instruments. Users have been
informed about the calibration facilities available and
the Centre has also started receiving seismic recorders
and sensors from some of the user departments such
as IMD, New Delhi; GNDU, Amritsar; WIHG, Dehradun
and CBRI, Roorkee for calibration.

Participating Labs: CSIO, Chandigarh and NGRI,

Hyderabad
Linkages

Research & academic linkages are expected to be
enhanced with various organizations like IMD, New
Delhi; WIHG, Dehradun; CBRI, Roorkee; GNDU,
Amritsar; CWPRS, Pune; IITs, BARC, Mumbai;
Kurukshetra University, Kurukshetra, etc.

Shake Table

CSIO Annual Report 2006~07




NETWORKED PROJECTS (WITH CSIO AS PARTICIPATING LABORATORY)

KEY TECHNOLOGIES FOR PHOTONICS & OPTO-ELECTRONICS

OBJECTIVE

Development of (i) Fiber Bragg Gratings (FBGs) and
Long Period Gratings (LPGs) writing technology based
on phase mask and interferometric/holographic
techniques for sensors & other applications and (ii)
diffraction phase mask for FBG writing

ACHIEVEMENTS

FBGs and LPGs are important fiber elements
possessing novel characteristics like self referencing,
ease of wavelength division multiplexing & distributed
sensing that have made them attractive for sensor
applications in the areas of structural health
monitoring, agri & food, power, geophysical research
and biosensing. In view of this and the expertise &
infrastructure available at CSIO in fiber optic sensors,
this networked project was undertaken. A Fiber
Grating Lab has been created and the FBG/LPG Writing
System has been inspected at source in Canada and
hands on training undergone there by two scientists.

LPG Sensor for Detection of Fuel Adulteration &
Humidity

Adulteration of petrol and diesel with kerosene is a
common malpractice in India. Adulteration of petrol
and diesel results in increased pollution, decrease in
engine performance or failure of machine

components.
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One of the significant factors responsible for rampant
practice of adulteration is non-availability of standard
technique for on-the-spot detection of adulteration
level. All the existing techniques require taking out the
sample for measurement and are thus time
consuming, not very reliable and are unable to detect
adulteration level less than 20%. Fiber optic sensors
are quite promising in this case because optical fibers
have desirable properties like light weight, small size,
low attenuation and can be multiplexed besides being
chemically inert and immune to electromagnetic
interference. These last two qualities make optical
fiber sensors the safest devices to implement, as
hydrocarbon environment is intrinsically hazardous.
Long Period Grating (LPG) sensor has been
investigated for detection of kerosene contamination
of petrol and diesel. LPGs are in-fiber spectrally
selective loss elements in which a periodic refractive
index modulation with periodicity in hundreds of
micrometers is introduced in the fiber core. This type
of modulation couples the fundamental guided mode
to different order cladding modes that attenuate
quickly resulting in multiple loss resonance bands in
the transmission. The spectral response of LPGs is
highly sensitive to the refractive index of the medium




surrounding the cladding and this property has been
exploited for the purpose of detecting fuel adulteration.

To detect petrol adulteration using LPG sensor, a glass
cell was designed and got fabricated for holding the
grating.

The set-up was calibrated using standard refractive index
~ liquids. Mixtures of petrol and diesel with different levels
of kerosene contamination were studied. In the case of
petrol, a 10% addition of kerosene resulted in 0.6 nm
shift in resonance wavelength while a change of 10 to
20% of kerosene resulted in @ maximum wavelength
shift of 1.2 nm. Though the maximum sensitivity
obtained is small (0.2 nm/ % of kerosene), it is possible
to detect the presence of 10% kerosene in petrol. As

Refractive Index (RI) sensitivity of the grating has been
reported to be inversely proportional to third power of
cladding radius, attempts were made to improve the
sensitivity by reducing the fiber diameter using etching
technique and slight improvement in the sensitivity was
observed and work is in progress for its further
enhancement. In case of diesel, the behaviour of the
grating is drastically different. Use of increasing
percentage of kerosene in diesel resulted in red shift in
contrast with the case of petrol and a maximum
wavelength shift of 31 nm for kerosene percentage
change from 20 to 40 was observed indicating a
sensitivity of 1.55 nm / % change. Thus, in this range it
can detect minimum concentration change of 1% in
diesel.

Long Period Grating Sensors for Humidity Sensing

Due to the high sensitivity of LPG sensors to refractive
index of the medium surrounding the cladding, they
have also been studied for sensing humidity. This study
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has been carried out by coating LPG sensors with
polyvinyl alcohol (PVA) and HEC (gelatin).
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In order to make indigenously coated photoresist
plates required for making phase masks, experimental
investigations were carried out for the optimization of
various process parameters such as substrate
preparation, photo resist concentration, spinning
speed and time, photoresist coating thickness, baking
of coated plates etc. Experimental investigations were
further carried out by using the indigenously
.developed photoresist plates to record holographic
grating patterns, where different parameters such as
exposure energy, developer concentration,
development time, fixing and baking etc were studied.
A typical holographic set-up realized for phase mask
recording is shown below.

Nodal Laboratory: CGCRI, Kolkata

CHROME
PLATE

Holographic Setup for Phase Mask Fabrication

Participating Laboratories: CSIO, CEERI, NPL, RRL (Now NIST), IICT

CUSTOM TAILORED SPECIAL MATERIALS

OBJECTIVE

. Development of non-linear photorefractive
semiconductor materials based on AlGaAs/ GaAs
with MBE System and their characterization for
optical devices

. Development of DNA nanowire based devices

o Synthesis and characterisation of nano-
materials

ACHIEVEMENTS

Non-Linear Photor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>