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Central Scientific Instruments Organisation (CSIO), a constituent unit ofCouncil ofScientific & Industrial Research 

(CSIR), is a premier national laboratory dedicated to research, design and development of scientific and industrial 

instruments. It is a multi-disciplinary and m1-tlti-dimensional apex industrial research & development organisation in 

the count'l)' to stimulate growth ofInstrument Industry in India covering wide range and applications. 


Established initially at Delhi in 1959 and later shifted to Chandigarh in 1962, CSIO has R&D Laboratories, Workshop, 

Indo-Swiss 1i'aining Centre (ISTC) ,Administrative Block and a Housing Complex. 


The R&D facilities are being continuously upgraded and modernized to the international standards in major areas of 

inst'l'umentacion covering mechanical, optical, electro-optical, electronics and ITsolutions and providing technology based 

total solutions in Agriculture, Health, Defence, Strategic and Societal sectors. ISTC, started in 1963 through Swiss 

Foundation for Technical Assistance, Zurich, Switzerland, is a unique institution towards quality human resource 

generation and offering technological solutions in Die and Mould making using ultra-modern facilities. 


A variety ofinstrvtments have been developed in close association with apex bodies like Space, Defence & Health and ImolV

hows have been transferred to the industry. Close tie-ups are maintained with the industry for technological knowledge 

generation and dissemination. 


Mission 
To be a leader at national level for designing and developing scientific 
and industrial instruments) instrument systems and devices; playa lead 

role in providing repair; maintenance & calibration services and 
training of instrument technologists and be a custodian 
instrumentation activity in the country 
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It is my privilege to present the Annual Report of CSIO 
forthe Year 2005-06 on its Foundation Day. 

Ever since I took over the reins of CSIO, I have been 
greatly impressed by its immense potential. This 
potential needed to be harnessed and channelised so 
that CSIO is able to scale new heights. In order to do 
so, a Road Map of CSIO and restructuring was 
necessary. Interaction with Chairman, RC facilitated 
constitution of R&D area-wise expert teams drawn 
from industry, academia, R&D agencies and 
government departments. These expert teams met in 
February and March, 2005 and deliberated at length . 
The draft Road Map of CSIO (2005-10) was 

presented to the Research Council in its 30th Meeting 
held on August 2-3, 2005. The Hon'ble Chairman and 
Members made couple of suggestions and proposed 
the outline of a new organizational structure for 
implementation of the Road Map. In the proposed 
structure, concept of 'Horizontals' (Think Tanks) was 
introduced to support the 'Verticals' (R&D areas) in 
terms of technological expertise and state-of-art 
infrastructural facilities for contemporary research. 
Implementation of Kelkar Committee 
recommendations would have stimulating effect in 
exploring unchartered areas and exploiting emerging 
opportunities. Establishment of 'Autonomous 
Business Units (ABUs) in known areas of CSIO's 

strength would enable CSIO become 'Custodian of 
Instrumentation' in the Country. It was unanimously 
felt that the Road Map when fully implemented would 
mean CSIO being reinvented into a 'New Avtar'. 

Realising that enhancement of human resource is 
vital for contemporary research, a new Decision Unit 
(DU) on Human Resource Development was created 
as a part of 7x6 matrix Organizational Structure . Indo
Swiss Training Centre was made part of this DU. 

Periodic review of CSIR Networked Project
Electronics for Societal Purposes led to dividends with 
almost all tasks becoming tangible outputs with 
identifiable outcomes. In this regard, MoU with the 
National Institute for the Orth opaed ica Ily 
Handicapped (NIOH), Kolkata was a shot in the arm 
with several prosthetic devices developed under the 
project being field tried on patients under the direct 
supervision of N IOH experts. Subsequently review by 
CSIR and Planning Commission Teams led by Dr RA 
Mashelkar, DG-CSIR at NCl, Pune in March 2006 
won accolades for the state-of-art developments 
under the project. 

In strategic instrumentation for defence avionics, 
CSIO successfully developed an engineered unit of 
Head-Up Display (HUD) System for Intermediate Jet 
Trainer Aircraft (HJT-36) for HAL, Bangalore. This 



HUD has special features of new opto-mechanical 
design for tihe ease of pilot to view the projected 
imagery from CRT and of outside world superimposed 
on each other. 

For light combat aircrafts, CSIO also successfully 
developed fire safety sensors using the concept of 
Negative Temperature Coefficients (NTC) of 
materials. The sensor output relates only to the 
temperature at the hottest point along the cable and 
gives advance warning of the impending trouble . The 
technological challenges involved development of 
custom tailored special NTC material with long term 
thermal stability and critical design implications to 
maintain precise gap between the sensing wires. The 
sensors are awaiting final acceptance by the user. 

Generation of Seismic Database of all local, regional 
and distant earthquakes is not only necessary for 
study of seismicity in and around Chandigarh but also 
for development of algorithms for the Seismic Alert 
System. Under a project funded by the Department of 
Science & Technology (DST), Govt. of India; CSIO 
established and is continuously running three 
Seismological Observatories at Chandigarh, Sunder 
Nagar (HP) and YS Parmar University, Nauni, Solan 
(HP) which are first of their type in this region . These 
observatories are equipped with short period & broad 
band seismographs having GPS timing facility and 
strong motion seismic data recording systems with 
triaxial accelerometers. The seismic data is being 
recorded round the clock in these observatories and is 
being shared with user departments like India 
Meteorological Department and Wadia Institute of 
Himalayan Geology. 

Having found CSIO developed temperature sensing 
probes highly suitable for snow bound harsh 
environment for study of snow avaianche and snow 
parameters, the Snow & Avalanche Study 
Establishment (SASE) - a DRDO organization sought 
a number of these IR based sensing probes from 
CSIO which were duly complied with. 

CSIO's substantial expertise in developing 
sophisticated analytical instruments once again 
received stimuli when it successfully developed and 
commissioned custom designed Scanning Force 

Microscope at liT, Kharagpur. The user is highly 
satisfied with this cost effective research tool. 

Under the National Programme on Smart Materiat5 
(NPSM)), CSIO successfully completed development 
of Plasma Etching Processes for High Aspect Ratio 
Structures for MEMS applications. This will facilitate 
studying the kinematics of plasma etching for the 
fabrication of MEMS and establish plasma etching 
chemistry for semiconductor materials for realization 
of high aspect ratio structures. 

In medical instrumentation, the 6 MeV Medical Linear 
Accelerator installed at Mahatma Gandhi Institute of 
Medical Sciences, Wardha was under type approval 
by Atomic Energy Regulatory Board by the year end. 
The project on sodium/potassium analyzer was 
successfully concluded after undergoing clinical trials 
at the Post Graduate Institute of Medical Education 
and Research, Chandigarh. 

Determination of gossypol, a toxic compound present 
in cotton seed which makes cottonseed oil and 
cottonseed de-oiled cake unfit for human and animal 
consumption is necessary. CSIO successfully 
developed a portable instrument that directly 
determines gossypol concentration at ppm level. The 
instrument has wide applications in edible oil industry 
and quality control laboratories. 

In Coherent Optics, a rugged Extrinsic Fabry Perot 
Interferometric (EFPI) Sensor was developed for 
health monitoring studies of aerospace and civil 
structures. Applications specific fiber optic systems 
have been developed for fire detection and warning 
system for aircraft, nuclear penetration assembly and 
tail rotor control for advanced light helicopters. In 
addition, mastering techniques based on phase, 
moire and holographic optical elements in embossed 
security holograms yielded positive results. 

CS iO possesses state-af-art national aspherics 
facility. In this area, project on optical grade new 
material lenses for visually impaired, aspheric I'enses 
for indirect ophthalmoscope and aspheric metal 
components for ball-end-shafts and cups were 
successfully concluded. While the former were 
successfully field tried, the latter were handed over to 
the user. 



In instrumentation for industrial applications 
successful development and testing of night driving 
filters by the automobile industry evolved immediate 
response from internal glass manufacturers for 
transfer of technology. These filters help in removing 
glare from the headlights of the incoming vehicle 
during night. 

In order to promote academic interaction and to take 
up newer R&D projects, MoU was entered into with 
Wadia Institute of Himalayan Geology (WIHG), 
Dehradun for sharing of seismic and landslides data, 
exchange of domain knowledge for joint R&D projects 
and training of their personnel on instrumentation. As 
a follow up, CSIO's developed data acquisition 
system has been installed at WIHG for data 
generation. 

With a view to contributing towards growth and 
development of different States, CSIO entered into 
MoU with Rajasthan State Industrial Development 
and Investment Corporation Ltd . (RIICO), Jaipur for 
establishment and turnkey operations of agro-based 
testing laboratories in Rajasthan. 

The frontline area of bio-molecular electronics and 
nano-technology has immense potential in the 
emerging S& T scenario. The Institute has established 
state-of-art facilities for undertaking contemporary 
research in Bio-MEMS for clinical diagnosis, 
pathogen detection and agricultural applications, bio
molecular motors for nano robotics & targeted drug 
delivery and carbon nano tubes based bio-nano 
sensors for health care and agriculture applications. 

CSIO Scientists are becoming increasingly conscious 
of the value of their innovations. As its contribution to 
new knowledge generation, CSIO filed 18 new patents; 
13 of them abroad. Its 5 patents filed abroad earlier 
were also granted besides many of the publications 
finding place in refereed journals of good impact factor. 

A contract was also signed with Rajasthan Health 
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Systems Development Project (RHSDP), Jaipur for 
conducting training programmes for paramedical staff 

on operation and maintenance of sophisticated 
medical equipment. 

CSIO gratefully acknowledges the encouragement 
and support it received from the industry, academic 
and research institutions and users particularly 
RHSDP, DIT, DST, DBT, DAE, RIICO, HAL, NPSM, 
ADA, DRDO labs, SASE, TBRL, etc. for reposing their 
confidence in CSIO's strength and expertise by 
sponsoring various R&D programmes. 

All round growth of CSIO could be achieved not only 
because of the dedicated and painstaking efforts of all 
my colleagues but also because of the congenial 
environment and collegial style of management 
wherein all colleagues enjoy freedom and autonomy 
in their work. Each one of them has his own 
importance in running CSIO as a team. 

No words are adequate to express our gratitude for 
immense support provided by CSIR headquarters 
particularly our Director General, Dr R A Mashelkar, 
FRS who has been a source of strength to CSIO. 
Leadership and constant guidance provided by Dr. 
Kota Harinarayana, Chairman and Hon'ble Members 
of the Research Council of CSIO inspired my 
colleagues to take up newer and challenging 
assignments and come out with flying colours. 

Instrumentation, being a multidisciplinary area with 
faster technological obsolescence owing to 
continuous inflow of newer technologies, the area is 
constantly under pressure to innovate and intimately 
track technological trends in various other industries. 
The Road Map of CSIO is a means towards that end. 
Going by the present trends, I have no reservations in 
saying that times to come shall see CSIO playing a 
more stellar role in the overall national S& T scenario 
and to be known as a force to reckon with as an 
'Advanced Measurement Science Laboratory' . 

/~~~ 

(Pawan Kapur) 

Director 
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Intelligent Instrumentation: Agro• 
Sector, Geo-Seismic, Condition 
Monitoring and Energy Management 

Medical Instrumentation, Linear• 
Accelerator, Medical Imaging & Medical 
Expert Systems 

Optics based Strategic Instrumentation• 
Photonics• 
Analytical Instrumentation• 
Material Science, Biomolecular• 
Electronics &Nanotechnology 





R&D Activities & Achievements •
INTELLIGENT INSTRUMENTATION: AGRO SECTOR, GEO-SEISlVIIC, 

• 

CONDITION MONITORING & ENERGY MANAGEM ENT :IM.<' ' 

.' ......;:: .•, 	 ," ,~.-.r.:'. .. 

India is an agro-based economy feeding a very large 
population residing over a vast land of varied agro-climatic 
conditions. Also country's landmass and the surrounding 
waters are prone to almost all kinds of natural and 
manmade disasters. CSIO has been playing an important 
role for the development of instrumentation both for 
agricultural applications and for monitoring parameters 
related to natural disasters such as earthquakes and 
landslides. Development of intelligent instrumentation is 
the need of the hour for these very applications and the 
major R&D programmes with current focus of the 
Decision Unit (DU)/Group are: 

• 	 Instrumentation for Agro Sector 

• 	 Instrumentation for Geo Scientific & Disaster 
Mitigation 

The Service & Maintenance (S&M) Centre of CSIO had 
been engaged on R&D in the area of Energy Management 
Instrumentation 

AGRIINSTRUMENTATION 

The present day need is to provide technological solutions 
based on advanced instrumentation for improving 
agricultural productivity both at the pre-harvest as well as 
post harvest stages besides facilitating quantification of 
quality. Agro based activities are broadly classified in three 
categories : field level work, storage & processing and 
quality assessment. All these sectors need modernization 
through development of application specific 
sensors/transducers , networking and control 
instrumentation, virtual instrumentation , and intelligent 
machine for quantification of quality. 

CSIO has been actively engaged over the years for the 
development of instruments used in agriculture and 
related industry. Some of these instruments include hand 
held soil pH meter, aflatoxin meter, NIR based grain 
parameter monitor, automated liquid media dispensing 
system. The Group proposes to focus in future on 
instrumentation R&D related to the following areas: 

• 	 Quantification of quality 

Storage under controlled atmosphere • 
• 	 Precision farming (Soil quality, Crop health monitoring) 

Machine Vision System for Sorting, Grading and• 
Packaging 

GEO-SCIENTIFIC INSTRUMENTATION 

India is prone to almost all kinds of natural and man made 
hazards viz earthquakes, landslides, snow avalanches, 
cyclones, floods etc, The impact of these hazards is 
enormous as they cause widespread destruction and 
damage to human life and property. In view of this, 
investigations of these activities and development of 
instrumentation for monitoring and early warning has 
become of prime importance. 

Realizing the commercial importance and strategic need 
of these instruments for India, the Group at CSIO has been 
engaged in design, development and batch production of 
seismological, snow avalanche, landslides, and other 
geophysical instruments for the last two decades, As a 
result , a good infrastructure and expertise has been 
created in this important area and a number of instruments 
of national importance have been developed . These 
include 24-bit seismic data acquisition system, IR based 
snow surface temperature measuring probe, monitor and 
analyzer for geotechnical applications, force balance 
accelerometer and intelligent data logger for processing 
snow parameters. In addition , a network of seismic 
observatories has been established in Chandigarh at 
CSIO and in Himachal Pradesh at Solan and Sunder 
Nagar. The R&D thrust is envisaged in the following areas: 

• 	 Development of early warning systems for disaster 
mitigation & sensors for earthquake monitoring and 
snow sensing 

• 	 Instrumentation for civil structure health monitoring 

In the area of Energy Management Instrumentation, the 
technology of "On-line Energy Monitoring & Control 
System" developed by CSIO's Chennai Centre is making 
good impact on energy conservation in industries. The 
user agency, namely, M/s Bharat Heavy Electricals 
(BHEL), Ranipat reported that the technology has helped 
them to reduce their (i) Specific Energy Consu mption 
(SEC); (ii) Energy cost per turnover (%) and (iii) Annual 
Energy Bill as well as to increase the capacity utilization of 
their sub-stations. BHEL has retained the developed 
system used for technology trials . M/s I-Iogicon Control 
Automation Pvt. Ltd" Bangalore has taken the know-how 
of the system from CSIO. With the support from Indo
German Energy Efficiency and Environment Programme 

Ammai fupoPt'200~6 . .... _ .'. . '. . '. 1 ' : 
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R&D Activities & Achievements , 
INTELLIGENT INSTRUMENTATION: AGRO SECTOR, 6EO·SEISMIC, 

CON~~:!.~~ MONITORING & EN~R::.~AGEMENT:~~'· .. 

(IGEEP), New Delhi , CSIO had initiated the ESCO concept estimate the daily energy consumption in its unit operation 
technology feasibility exercise in Indian industries for sections and to estimate the energy losses. 
Energy Management Systems. Under this programme, an 

Gossypol is a toxic phenolic compound present inOn-l ine Energy Management System has been brought 
cottonseed , which makes cottonseed oil and cottonseed into operation at MIs Sun Paper Mills Ltd ., Tirunelveli to 

Road Map 

L Intelllgen! "\ 
Instrumention " 

R&D ACHIEVEMENTS 

DEVELOPMENT OF PORTABLE INSTRUMENT FOR 
THE DETERMINATION OF GOSSYPOL IN COTTONSEED DEOILED CAKE 

deoiled cake unfit for human and animal consumption. The 

toxicity of gossypol limits its use in many areas. Gossypol 

exists in cottonseedldeoiled cake in free as well as in 

combined forms. Its toxicity level is different for animals, 

human beings, ruminant animals etc. It causes loss of 

appetite, weight loss, diarrhea, hair discoloration , lowering 

of hemoglobin, lungs heart problems, antimale fertility. 

The Instrument works on the basis of Beer-Lambert Law 

expressed by: 

Optical Density = C I =log IJ I, 

where C is extinction coefficient and I is path length, which 

are constants, 10 and I, are the incident intensity and 

transmitted intensity, respectively. Strength of gossypol is 

directly proportional to optical density, which is a direct 

measure of concentration in mgll (ppm). 

A portable instrument has been developed for the 

determination of the gossypol in cottonseed deoiled cake. 

The project had been funded by Technology Mission on 

Oil seeds, Pulses & Maize (TMOP&M), New Delhi. The 

prototype of the instrument is also shown below. The 

instrument is portable, battery operated having LED (635 

nm wavelength) as light source and a detector for the 

green colored complex produced with 3-ami no-1
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Coloured Complex of Gossypol with Ferric Nitrate in Propanol 

propanol, ferric nitrate and gossypol. The battery operated 

direct display instrument directly determines the Gossypol 

.::&. 

GOSSYPOL MEASURING SYSTEM 

CSIO 
Cl-lANOIG ARH 

POWER 

Gossypol Measuring System 

concentration at ppm level in the range 5-75 ± 0.5 ppm. It 

is a dedicated type of instrument which is quite useful for 

edible oil industry and quality control laboratories. 

- - /f'-

STUDY OF SEISMICITY IN AND AROUND CHANDIGARH BY ESTABLISHING 

A NETWORK OF THREE BS SEISMOGRAPHS 


Generation of Seismic Data Base of all the local, regional 
and distant earthquakes is required for study of seismicity 
in and around Chandigarh, future research work and 
algorithm development for the Seismic Alert System. This 
establishment is of a high social value as this is a part of 
disaster preparedness and mitigation program of the Govt. 

of India . 

Three Seismological observatories have been set up 
under the project funded by Department of Science & 
Technology (DST), New Delhi, to study seismic activities in 
and around Chandigarh. These are located at CSIO, 
Chandigarh, Sunder Nagar (HP) and Dr YS Parmar 
University of Horticulture & Forestry, Nauni, Solan (HP) 
and are first of their type in this region . These 
observatories are equipped with Broad Band (BB) 
Seismographs, GPS timing facility and short period as well 
as strong motion seismic data recording systems with 
triaxial accelerometers . In this configuration of a network of 
three seismological stations, 24-bit Seismic Data 
Recorder (130-2 DAS of Reftek, USA) alongwith Broad 
Band Sensor (CMG-3T) has been installed at Sunder 

Nagar & Nauni and Short Period & Strong Motion 
Recorder (ETNA Model) installed at CSIO, Chandigarh 
observatory. All the observatories have been specially 
designed based on isolated sensor pillars . 

The observatories are capable of recording short distance 
as well as long distance earthquakes. CSIO developed 
analog and digital seismic recording systems are also 
installed at CSIO, Chandigarh observatory. The seismic 
data is being recorded round the clock in all the three 
seismological observatories for computation of various 
seismic parameters and seismiCity of the region. The 
recorded data is being shared with the leading user 
departments such as India Meteorological Department 
(IMD), New Delhi , Wadia Institute of Himalayan Geology 
(WIHG), Dehradun and other research institutions. A 
schematic giving configuration of the three observatories 
established and photographs of the instruments/ set-ups 
being used are indicated in the Figures below. 

Seismological bulletin of recorded data available from 
these observatories, is prepared regularly after every six 
months and supplied to IMD, New Delhi, DST, New Delhi 

Annual Re-poh200S-06 .,' .~ .. ' . . ' . ". .. 3 
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and WIHG, Dehradun . Various seismic parameters such 
as source parameters, earthquake parameters and hypo
central has been computed and shared with various user 
agencies and used for National Disaster Mitigation 
Programme at National Seismic Data Center of IMD, New 
Delhi. Seismic data has been used for research purposes 
such as for the testing of various algorithms developed for 
Seismic Alert System . Seismic data information of 
earthquakes magnitude more than four is sent 
immediately to IMD, New Delhi and WIHG, Dehradun for 
computation of earthquake location and magnitude with 
other data available with them, so that more accurate 
location and amplitude can be computed. Recorded data 
has been analysed and computed by using standard 
software SEISAN. Various phases such as P-Phase, S
Phase, magnitude and spectral parameters like corner 
frequency, stress drop, flat spectral amplitude, seismic 
moment and source radius of various earthquakes were 
calculated and stored in database for research work. 

Sunder Nagar 
14·bir Sc:ismk 

Data 
.\CllUh ilioll

Iun S(> nsor ~ S~'Slcm 

RO 
Km, 

Ion 

Kms 


Nauni 
Chandigarh 

14·bi! Sdsmje 1="""",,""""l1 
Dntn BBSensor 

AC(IUiliitilJll.. ',I~ I Ode~, I ~rSlt'llI--...-...-
-'

E}----. 
IShort Poriod 1-+ 

KillS 

24-hh S ('i~m i(' 

Ditt;'! 

Acquisition 
.sy:-;tcm 

'==~_---l 

Block Diagram of Configured Seismic Network 

Several technical papers have been published on this 
work. 

Specifications 

Configuration of a network of three seismological station by 
installing 24-bit Seismic Data Recorder alongwith Broad 
Band Sensor (CMG-3T) at Sunder Nagar & Nauni and Short 
Period & Strong Motion Recorder at CSIO, Chandigarh 
observatory. All the observatories are equipped with the 
following facilities: 

• 	 Specially designed isolated sensor pillars 

• 	 Broad-Band seismic recorder systems with GPS 
timing facility 

• 	 Laptop and palm top computers 


Dial-up facility for remote access
• 
Short period seismometers• 

• 	 Strong motion recorder with tri-axial accelerometer 

8 -, 
s 

16" August, 2005 Uttarkashi Earthquake 
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Nauni 

Seismic Observatory at Nauni Broad Band Seismographs at Nauni and 
Sundar Nagar Observatories 

Instruments Set-Up at CSIO Observatory
Seismic Observatory at Sunder Nagar 

.:,u
---$-

DEVELOPMENT AND FABRICATION OF INFRA RED lECHNIQUE BASED SNOW 
SURFACE lEMPERATURE SENSING PROBE (11 NOS.) WITH ACCESSORIES 

The Infra Red (IR) technique is quite powerful to study Under the IR measurement technology, the snow surface 

snow properties and an IR based snow surface can be treated as a black body, which emits radiation in 10 

temperature probe is quite an important device required for to 12 microns region of the electromagnetic spectrum. 

the study and prediction of snow avalanche in deep Temperature of snow surface normally varies between 0 to 

Himalayan region. -40 °e and the emitted electromagnetic energy has 

wavelengths in the range of 10.6 11 .9 microns. Therefore, 
It is a compact and small size, portable and low cost 

IR sensor has been used to detect the energy of radiations 
temperature measuring probe based on IR thermometry 

emitted by snow surface. The total probe is quite small 
providing a conversion range from -40oe to 1000 e with a 

having a weather proof mechanical design and it can be 
resolution of 0.1 ce. 

Substance being 
Measured r----. Optical 

System r-----. Band 
Pass Filter 

-----. IR 
Detector 

-----. Amplifier 
Circuit 

•
Ambient 

.. 
Signal Conditioner & 

I 

~a 
I 

Temperature Processor 
Correction Element 

Block Diagram of IR based Snow Surface Temperature Sensing Probe 
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mounted with a mast at a height of 5 to 6 meters above the 

bare surface on which snow is falling continuously. The 

system can be directly interfaced to data acquisition 

system. The sensor can operate under conditions of high 

relative humidity upto 100% and wind speeds of the order 

of 200 km/h . The sensor can operate under conditions of 

high relative humidity up to 100% and wind speeds of the 

order of 200 km/h . 

The temperature sensing probes are highly suitable for 

snow bound harsh environment for the study of snow 

avalanche and snow parameters. The produced systems 

under the project sponsored by Snow & Avalanche Study 

Establishment (SASE), Chandigarh are installed at many 

places in J&K and Siachen for continuous monitoring of 

snow avalanche parameters . The data recorded by these 

systems have been received from J&K and Siachen 

regions at SASE, Chandigarh through satellite on hourly 

.';..' :": ~~!\:.~ , ," . . '~'. 

basis . The results were found very satisfactory and 

meeting the user's requirement. The electronics circuitry 

attached with the IR detector provides the temperature 

directly in degree Celsius. The block diagram and 

photograph of the probe developed are indicated below. 

Specifications 

Range 

Optical Configuration 12.7 mm 

precision, double 

germanium optics 

Ape , 

coated, 

rture 

Spectral Band Pass 8"",m <wavelength < 14 "",m 

Response Time 0.25 seconds 

Emissivity 0.2 to 0.98 selectable 

IR Probe 

Animal RePOT"'r--2~5-06 . . .. ...". '.' ...... . . : :: . ..... . '. 
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DESIGN, SUPPLY, INSTALLATION, COMMISSIONING AND PROVING 

THE ENERGY SAVING CAPABILITY OF ENERGY MANAGEMENT 


SYSTEM AT MIS SUN PAPER MILLS LTD., TIRUNELVELI 


Energy Management System has been conceived and 

developed under the project funded by Indo-German 

Energy Efficiency Project and MIs Sun Paper Mills Limited 

with the objective to demonstrate the ESCO concept 

around Energy Management Systems and develop energy 

management system for pulp & paper industry. The system 

has been built around various operational units in a paper 

mill like Chipper, Cutters Digester, Raffinator, Beaters, 

Bleaching, Washing, Refining, Stock preparation, Mixing 

Chest, Paper Mill, Dryer etc. The system is based around 

LonWorks Fieldbus technology. The system consists of 

industrial computer, energy nodes, physical parameter 

nodes, steam flow meters, water flow meters, pulp flow 

meters, consistency meter, temperature transmitters and 

pressure transmitters, The system provides daily 

electrical energy balance and steam balance. The system 

also provides specific energy consumptions of overall and 

various sub-units of the paper mill. The system software 

facilitates configuration of nodes, monitor display of real

time graphics, of electrical and physical parameters and 

historical trends, provides various types of reports like 

daily, weekly and monthly reports and enables export of 

data to different database formats . The above work is very 

relevant as ESCO concepts are just entering into energy 

conservation business in India. 
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The importance of medical instruments and equipment in 
health care in terms of diagnosis, therapy, patient 
monitoring and rehabilitation cannot be over emphasized. 
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 appeared. There is 
enhancement of equipment capability for detection, 
automatic diagnosis, auto-calibration and failure 
diagnosis. 

Medical Instrumentation has been one of the thrust areas 
of R&D at CSIO since its inception and several 
technologies developed by CSIO are in production . In this 
area, the focus of the Group has been on

• 	 Medical Instrumentation 

• 	 Intelligent Prosthetic Devices for Rehabilitation of the 
Disabled 

During the year 2005-06, 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. The 
machine was under evaluation by Atomic Energy 

Regulatory Board (AERB) for Type Approval. The 2nd 

machine under Phase-I progressed towards integration. 
The Society for Applied Microwave Electronics 
Engineering & Research (SAMEER), Mumbai has been 
the Nodal Agency and other development agencies are 
Panacea Medical Technologies (PMT), Bangalore, TSG 
Integrations, New Delhi besides CSIO. The programme 
has been sponsored by Department of Information 
Technology (DIT), Govt of India. Further activities in this 
area also include development of Electronic Portal 
Imaging Detector for Radiation ~herapy as a joint 
development programme with TSG Integrations. 

Under diagnostic instruments, Sodium/Potassium Analyzer 
underwent successful clinical trials at Post Graduate 
Institute of Medical Education & Research (PGIMER), 
Chandigarh and is now ready for transfer of technology. A 
sleek Pulse Oximeter for measuring oxygen saturation in the 
arterial blood based on state-of-art technology with power 
output of 3W was developed . It is being improved in terms of 

It1IJIlIol Ut/JOl't--2 ()S~O() 

power output, size, weight and features to become 
contemporary. The collaborating agency is Semiconductor 
Complex Limited (SCL), Mohali and the programme has been 
approved by DIT 

Various prosthetic instruments have been developed in the 
recent past. An Artificial knee and a Myoelectric arm have 
been tried on patients at National Institute for the 
Orthopaedically Handicapped (NIOH), Kolkata. An MoU 
has also been signed with NIOH for further trials and 
benchmarking with similar imported gadgets. 

A novel hand-held scanning device for reading by the blind 
has been developed. An integrated system with OCR 
(Optical Character Recognition) and TTS (Text-to
Speech) modules in English provides seamless reading in 
a 
step-scanning mode. A similar system for Hindi modules 
from Centre for Development of Advanced Computing 
(C-DAC), Noida is nearing completion. 

During XI Five Year Plan, it is proposed to undertake the 
following R&D projects besides completing the on-going 
programmes: 

Development of Multi-leaf Collimator (MLC) for 
Medical Linac 

Intensity Modulated Radiotherapy (IMRT) requires MLC 
because beam intensity is modified across each beam in a 
complex manner (excludes wedges, includes iterative few 
segment IMRT). In general , each beam treats only a 
portion of the target and can be planned by either standard 
forward or inverse iterative methods. Computer controlled 
motorised leaves provide clinicians with increased 
conformation to target volume that results in increased 
delivery of dose to target volumes while reducing dose to 
nearby normal tissues and critical structures. 

Development of Hyperbaric Oxygen Therapy (HBOT) 
System 

In HBOT, a patient is subjected to 100% oxygen 
environment above normal atmospheric pressure. This 
way, the oxygen is directly absorbed by body tissues 
instead of total dependence on blood flow. HBOT is very 
successful in recovery of tissue celis, which die because of 
unavailability of oxygen due to blood loss or poor blood 

~. 	 e· 
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The increased pressure combined with 100% oxygen 
intake results in dissolution of sufficient oxygen into blood 
solution, so that tissue needs can be met without sufficient 
contribution from O2 bound to hemoglobin. 

The equipment is a pressurized transparent chamber, in 
which patient is laid down. The chamber is equipped with 
vital accessories like high pressure Ventilator, ECG & 
pulse monitor, temperature monitor, IV infusion lines, 2
way communication system, blood pressure monitor, etc. 

HBOT is mainly used for thermal burns, decompression 
sickness, accident case involving blood loss / crush 
injuries, closed head injury, slow healing wounds , 

traumatic brain injury, diabetic wounds and bone 
infections, etc to mention a few. 

Digital Holter Recorder with Analyser 

Continuous monitoring of ECG over prolonged period of 24 
hours or more helps the cardiologist to diagnose, in 
advance. It is an impending cardiac problem for which 
patients shall face lower cost of test due to indigenous 
development. Digital Holter Recorder with Analyser will 
also help in mass screening of the suspected patients for 
preventive diagnosis of abnormalities that cannot be 
detected by conventional ECG or TMT. It will also provide 
archiving of obtained data for trend analysis. 

Road Map 
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R&D ACHIEVEMENTS 

DESIGN AND DEVELOPMENT OF SODIUM/POTASSIUM ANALYSER 

Sodium/Potassium Analyser is used for the determination 
of sodium and potassium accurately and rapidly, in whole 
blood, serum, plasma and urine. The marketability of this 
instrument is very high due to the large workload of sample 
analysis in clinical labs . 

Sodium/Potassium Analyser is a sophisticated medical 
instrument based on Ion Selective Electrode Technology, 
which is a better technique than the conventional 
technique of flame photometry used for measuring sodium 
and potassium ion concentration in biological fluids. 

The manufacturers of imported electrolyte analysers have 
monopoly in marketing of various accessories e.g. 
calibrant solutions, reference & ion selective electrodes, 
septum, tubings, cleaning solutions, conditioning solution 
etc required for day-to-day use and proper maintenance of 
the instrument. These accessory items are available at 
exorbitant price. For instance, each ion selective electrode 
costs around Rs. 20,000/-. Similarly, a reagent pack costs 
about Rs 16,000/- which runs for approximately 400 
sample tests. This makes the running cost of the analysers 
very high. 

The instrument has a microprocessor based control 
system . The control system controls the process 
sequence of the instrument through Function Keypad, 
LCD Display Module, Control Board and Memory Board 
interface. The microprocessor circuit displays the process 
sequence on LCD Display Module, takes user's command 
on Function Keypad and performs the necessary task as 
per the process/mode by controlling the other electronic 
hardware i.e. Control Board and Memory Board . 

The analyser is based on two-point calibration using two 
standard solutions having known concentrations of 
sodium and potassium in it. The instrument incorporates 
in-house developed Ion Selective Electrodes (ISEs) for 
Sodium and Potassium. These ISEs consist of a polymer 
membrane, with incorporated respective ionophores, fitted 
at one end of a narrow tube filled with electrolyte and 
containing a reference element. The patient's sample is 
aspirated through a probe and stays in a flow through 
chamber, fitted with Ion Selective Electrodes (ISE) for 

sodium and potassium alongwith double junction 
Reference Electrode. The developed potential on the 
individual ISE, with respect to the Reference potential, is 
processed and used to calculate the concentration of 
sodium and potassium in the sample. The results are 
displayed in millimoles per litre on front panel LCD module . 
The system is menu driven and operates with the help of 
two touch keys only. The developed analyzer is a 4
channel instrument. It gives accurate results at very low 
slops of electrodes with drastic reduction in cost per test. 

The Sodium/Potassium Analyser, developed by CSIO 
under a project funded by Department of Science & 
Technology (DST), New Delhi is based on indigenous 
technology. Ion selective electrodes can be fabricated at 
much lower cost (approximately Rs 600/- to Rs.1 000/- per 
electrode). Similarly, one unit of reagent pack can be 
prepared at the cost of Rs 200/- approximately. This will 
bring down the maintenance as well as running cost of the 
instrument resulting in drastic reduction in the cost per test. 

All the Clinical Laboratories of private and government 
hospitals are potential users of this instrument. Post 
Graduate Institute of Medical Education and Research, 
Chandigarh was the collaborating organisation for deciding 
the specifications of the instrument and conducting its 
clinical trials. Efforts are being made to transfer the know
how to industry. 

..

Sodium/Potassium Analyser 
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DEVELOPMENT OF ANNOTATED SPEECH CORPORA FOR 
THREE INDIAN LANGUAGES (HINDI, MARA THI &PUNJABI) 

The project aims at the development of (i) an annotated 

speech corpora, study of the acoustic, phonetic structures 

of Indian languages, analysing the selected samples of 

speech and extraction of the important acoustic 

parameters, segmenting & labelling of different phonemes 

and other units of speech & sound, and (ii) to use the 

database of speech corpora which can be used for 

development and testing of speech recognition/synthesis 

system. C-DAC, Noida is the implementing agency for 

Hindi and Marathi Languages while CSIO is the 

implementing agency for Punjabi Language. The project 

has been funded by DIT, New Delhi. 

Experiments have been carried out to set a procedure to 

segment the speech wave files into units such as syllables, 

phonemes, diphones and sub-phonemic units. 

The speech database is being created for Punjabi 

language. The database of multiform speech units would 

be useful for speech recognition as well as speech 

synthesis process. The set of rules for tagging of speech 

units are being implemented. 

ili--"'-

DEVELOPMENT OF ADAPTIVE NEURO-FUZZY CONTROLLER FOR ANAESTHESIA 

On-line monitoring of the depth of anaesthesia (DoA) is 

important to estimate and control the level of 

unconsciousness of a patient during surgical operation 

and thus development of such instrumentation is an 

essential requirement. Such a system would also have 

wide scale applications in other related engineering areas. 

The primary aim of using such a monitor is two fold: (i) It 

improves patient care. Irrespective of its reportedly low 

incidence, awareness with explicit recall of pain still occurs 

as a result of inadequate anaesthesia and is often reported 
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by the victims as the worst experience of their life. It is 

essential that anaesthetic practice protects the patient 

against such avoidable harm and (ii) It saves cost, either by 

reducing the level of anaesthesia or time to recovery. 

Based on the expertise available at CSIO in the area of bio

medical and process control instrumentation, 

development of an Adaptive Neuro-Fuzzy Controller for 

Anaesthesia was undertaken under the project funded by 

DST, New Delhi. The participating institutes in the project 

comprise of liT, Delhi and Post Graduate Institute of 

Medical Education & Research (PGIMER), Chandigarh. 

The test and trials of the developed system have been 

carried out at PGIMER, Chandigarh. 

Electroencephalogram (EEG) and mid-latency auditory 

evoked potential (MLAEP) of the patients was recorded 

during awake and anesthetized states of patients. Time 

domain, frequency domain, bispectral and wavelet 

features were extracted from EEG . Five parameters viz. 

approx. entropy, average frequency, Lempel-Ziv 

complexity, delta band power and beta band power were 

found to give accurate status of the DoA. Some of the 

important conclusions from this work are: 

• 	 Application of Prediction Probability results in a more 

optimal set of parameters than Stepwise 

DiscriminantAnalysis. 

• 	 It was established for the first time that components of 

Bispectral analysis did not estimate the depth of 

halothane anaesthesia in human patients. 

Peak Power Frequency of the Mid Latency Auditory • 
Evoked Potential (MLAEP) signal was the most 

suitable parameter of this signal to define the depth of 

anaesthesia. 

The system offers the following important features, like 

providing Initial anaesthetic dose (Induction dose) to be 

given to the patient based on age, gender and body 

surface area using fuzzy logic, continuous display of 

numerical index corresponding to anaesthetic state of 

patient during surgery, automatic control of the drug 

delivery to the patient without anaesthetist's intervention 

when combined with dosage-signal transfer function. 

Specifications 

Input Signals EEG,Auditory Evoked Potential 

Controller Type Fuzzy Logic Based 

No. of Parameters 21 

Analysed 

Outputs 	 DoAlndex, Initial Induction Dose 

Software Menu-driven, MATLAB® platform 
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Over the past few decades, this Group has established a 
strong and large infrastructural base and made significant 
contribution towards design and development of 
sophisticated optical components, instruments and 
systems. CSIO has been providing consultancy and 
technical assistance to industry, educational institutes, 
private and public sectors. In this core area, the laboratory 
has established sustaining interaction with foremost R&D 
organizations like, Indian Space Research Organisation 
(ISRO), Defence Research & Development Organisation 
(DRDO) , Hindustan Aeronautics Limited (HAL) , 
Aeronautical Development Agency (ADA), Department of 
Atomic Energy (DAE), Naval Headquarters and other 
institutes in private and public sectors for the development 
of internationally competitive instruments involving 
innovative technology. 

A National Aspheric Fabrication and Testing Facility was 
also established catering to the national need for design & 
development of advanced precision optical & electro
optical systems, The Group has been actively involved in 
the following areas: (a) Strategic Instrumentation for 
Defence Avionics, Civil Avionics and Atomic Energy, (b) 
Medical (Optics based) Instrumentation, (c) 
Instrumentation for Industrial Applications. 

In the area of Strategic Instrumentation for Defence 
Avionics, especially for the cockpit instrumentation, work 
has been carried out for different variants of Head Up 
Displays (HUDs). Significant achievements have been 
made for the successful development of engineering unit 
of HUD for Intermediate Jet Trainer Aircraft (HJT-36) being 
developed by HAL, Bangalore. The HUD has some of the 
special features like new opto-mechanical design for the 
ease of pilotviewto the projected imagery from CRT and of 
outside world superimposed over each other. This design 
also automatically takes care for the sun glare problem 
encountered during the full bright sun at noon time. Based 
on these trials conducted successfully, the final primary 
and secondary beam combiners with 21 multilayer coating 
design have been developed. 

The Sun Glare problem of LCA HUD has also been 
successfully solved by providing multilayer narrow band 
coating on folding mirror. For the day/night operation, the 
mixed mode Raster version of the HUD has been tested 

successfully for thermal tests for its implementation in the 
HUD unit-15 onwards. The software for LCA HUD has 
been modified and upgraded to take care of various 
technical issues or Request for Action (RFAs) like HUD 
blanking during flight, Switch on-off problems, Switching of 
HUD to autonomous mode etc. 

Based on the work in Aspheric Surface Generation, three 
projects in the area of Medical Instrumentation on low 
vision aids (LVAs) were completed successfully. The 
projects on aspheric lens based telemicroscope LVAs for 
indirect ophthalmoscope, optical grade new material 
lenses (12D & 26D) for visually impaired are nearly in 
completion stage . In the area of strategic instrumentation, 
precision metal components for ball-end-shafts & cups, 
aspheric laser mirrors have been successfully developed 
and are in field trials. 

In the area of instrumentation for Industrial applications, 
the Night Driving Filters have been successfully developed 
and tested for automobile industry which can help in 
removing glare from the head lights of incoming vehicle 
during night. Design and development of PCB inspection 
system for small scale electronic industries has also been 
undertaken. 

The Group has developed a strong core strength as well as 
established ultra modern facilities and infrastructure 
required for the development of optics and Electro-Optical 
Instrumentation/Systems and further looks forward to 
create the Center of Excellence in the areas of Optical and 
Electro-optical Instrumentation involving state-of-art 
technology to meet the Strategic applications for Defence, 
Civil, Atomic Energy as per the Road Map in the next 5 to 
10 years and plans to work in the major areas e.g. 
Strategic Systems for Defence such as Head Up display 
for LCA (Naval Version); HUD for AJTA / SU-30; Helmet 
Mounted Display and HUD for Civil Aircrafts; MFDs using 
ruggedised AMLCDs and also Strategic Components / 
Systems for Atomic Energy Programmes, such as Zoom 
Lens System for use in hazardous radiation areas for CCD 
Cameras with Non-browning glasses and instrumentation 
for explosive detection by using Tera Hertz laser pulse 
technology. The Group also plans to have technical 
collaborations with academic institutions, public sectors 
and industrial sectors in the nearfuture. 
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R& ACHIEVEMENTS 


DESIGN, DEVELOPMENT AND SUPPLY OF IMPROVED 

COLLIMATING OPTICS OF HEAD-UP DISPLAY FOR LCA 


The main objective of the project was to design and 
develop improved collimating optics for Head-Up Display 
(HUD) for LCA as the initial system was using high 

/ 

refractive index exotic glasses which may attract import 
restriction . The production could be withheld due to non
availability of these exotic glasses. The initial design of 
HUD collimating optics was having 7 components with 
very high refraction index glasses, while the modified 
collimating optics for HUD has been designed by using 
ordinary glass available off-the-shelf. The number of 
components in the design has been reduced to six. The 
optical performance was at par with original system. The 
project was funded by ADA, Bangalore. 

/,-*DESIGN & DEVELOPMENT OF SURGICAL MICROSCOPE FOR CATARACT SURGERY 


At the international level, the various firms like Carl Zeiss, 
Leica, Nikkon etc. are manufacturing the above instrument. 
In the country some of the firms are engaged in 
manufacturing of eye surgical microscopes but they are not 
fully meeting the requirements of the eye surgeons. The 
country needs. in bulk eye surgical microscopes at 
reasonable cheaper rates in order to carry out number of 
cataract operations performed every year in all the 
government and private eye departments. Therefore, largely 
the need of quality microscopes is being met through 
imports. With enough expertise and infrastructure available 
at CSIO in the areas of optical design, & fabrication, 
mechanical design & fabrication, the proposed instrument 
has been developed successfully at much cheaper cost 
under the projectfunded by DST, New Delhi. 

Since, one of the principal criterion in a surgical 
microscope is large working distance at relatively low 
magnification, the optical system correspond to that of 

telescopic magnifiers. The front lens microscope 
objective, which is infinity corrected according to the 
modular construction principle, acts as a long focal length 
magnifier relative to the field of operation arranged in its 
object focal plane. The objective provides the magnified 
image of the object field of view according to the focal 
length selected in the design of the front lens system . 

The virtual magnified image produced at infinity by the 
front lens objective system in eye surgical microscope 
would be magnified by an attached tube lens objective to 
form the real image of the object at intermediate image 
plane. The real image formed on the intermediate image 
plane in surgical microscope would be picked up by the two 
eye-pieces in two channels which could be viewed by both 
eyes for stereoscopic observation. 

For magnification change, a special optical sub-assembly 
unit (magnification changer) has been arranged between 



the front objective and the aperture diaphragm. 

Televising surgery through CCTV enhances the standard of 
teaching, documentation, coordination , surgery via monitor. 
A provision through beam splitter has been made through 
one of the arm of the surgical microscope. A separate 
illumination system using fibre bundle and halogen lamp by 
designing illuminating optics for efficient co-axial object 
illumination has been developed. 

The instrument has been developed with some of the novelty 
features such as, a sufficiently large working distance 
between operation field and instrument, a true 
stereoscopic observation for reliable acquisition of the 
three dimensional structure of the object field, a high 
resolution of 8 microns at the highest magnification, 
uniform illumination ofthe field of operation also in depth of 
cavity, position and diameter of the exit pupil to portrait an 
easy and reliable acquisition of the entire field of operation at 
different angles also for spectacle wearers and a quick 
magnification change within a relatively wide range of 

magnification without much readjustment. The instrument is 
undergoing field trials. 

Specifications 

Common front objective EFL : 200 mm 

Tube lens EFL : 144 mm 

Eye piece magnification : 12.5X 

Illumination : >80,000 lux using fiber optic 
bundle with 15 volts, 150 
watts halogen bulb 

FloorStand : Hydraulic arm, regulated power 
supply, motorized fine focusing 
with remote footswitch 

Accessories : CCD camera attachment 
forvisual display 

Inter-pupillary Distance : Min 56 mm; Max 75 mm 

Magnification range : 3.6 to 22.50 X 

Surgical Microscope for Cataract Surgery 

--*/1'- 

DESIGN AND DEVELOPMENT OF VASCULAR MICRO-ENDOSCOPES OF VARIOUS DIAMETERS 

A Vascular Micro-Endoscope incorporating wide angle 

objective (FOV 57°) having image focus from small to 
longer conjugate has been developed under the project 
funded by DST, New Delhi. The diameter of the 
Endoscopes is of4 mm. The instrument is under field trials. 

It is a light weight instrument with a clear field of view for 

easy inspection by Doctors. 
The Objective lens is a three 
component system with a 
plano-convex type and 
covers a large field of view of 
5r. 

Micro-Endoscope of 4mm Diameter 
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DESIGN AND DEVELOPMENT OF LOW VISION AIDS USING PLASTIC ASPHERIC LENSES 

Low Vision is a visual impairment currently affecting about 

45 million Indians, with a majority living in poverty. This 

visual defect includes either a reduced refractive power of 

eye (with Visual Acuity better than 6/120 but poorer than 

6/18), limited field coverage (tunnel vision) or reduced 

retinal sensitivity or a combination of any of these three. 

This defect is neither correctable by surgery nor by 

conventional spectacles. The solution lies in providing 

enhanced stimuli to the retinal layer with improved 

refractive powers, without compromising on visual quality 

and with ease of use. Dedicated Low Vision Aids (LVAs) 

using Plastic Aspheric Lenses (PALs) are the ideal 

prosthetic devices for this purpose, as these dedicated 

Visual Aids provide an enlarged retinal stimulus pattern 

that calls into play additional nerve receptacle. 

The imported PAL-based LVAs are too expensive and are 

not affordable by the needy in the country. Hence the only 

way to rehabilitate and bring this multitude of Low Vision 

Persons (LVPs) into the national mainstream is to provide 

them with affordable and low-fatigue dedicated LVAs. The 

challenge involved is the indigenous development of low

cost, light-weight Plastic Aspheric Lens based Low Vision 

Aids for Near Vision meeting the visual requirements of the 

Low Vision Persons. 

At the National Aspheric Facility (NAF-CSIO), 

technological options for prototype production and low, 

medium and high volume production are explored and 

evolved. 

160 and 200 PMMAAspheric Lens-based Low Vision Aids 

for Near Vision are developed at NAF-CSIO using 

Aspheric CNC Milling followed by special polishing 

techniques and by Single Point Diamond Turning (SPOT) 

methods . 

The lab trials and clinical trials of the prototypes are 

completed at National Association of Blind (Mumbai), LV 

Prasad Eye Institute (Hyderabad), Rajendra Prasad 

Centre for Ophthalmic Sciences, All India Institute of 

Medical Sciences (Delhi), PGIMER (Chandigarh). The 

committed number of LVA prototypes have been submitted 

to the Funding Agency (Ministry of Social Justice & 

Empowerment, New Delhi). 

The salient features of the lenses developed include: light 

weight high refractive power lenses with better aberration 

correction offering low fatigue and longer usage times. 

The beneficiaries of this technology are the large number 

of LVPs in the country. 

200 & 160 SPOT & Injection Moulded Plastic Aspheric Lens based Low Vision Aids 
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DESIGN AND DEVELOPMENT OF HAND-HELD ILLUMINATED 

LOW VISION AIDS USING PLASTIC ASPHERJC LENSES 


The main objective of this project was to provide an Prasad Eye Institute (Hyderabad), Rajendra Prasad 
affordable and light-weight illuminated Low Vision Centre for Ophthalmic Sciences, All India Institute of 
Reading Aids (LVRAs) for Low Vision Persons (LVPs) for Medical Sciences (Delhi), PGIMER (Chandigarh). The 
use . under varying illumination (photopic/scotopic) committed number of LVA prototypes have been submitted 
conditions. to the Funding Agency (Ministry of Social Justice & 

Challenges include: a) development of light-weight, easy
Empowerment, New Delhi). 

to-use & ergonomic PAL-based LVRAs meeting WHO The salient features of the lenses developed include: light 
quality criteria; b) to provide fatigue-free readability with weight high refractive power lenses with better aberration 
uniform light intensity with varying ambient illumination correction offering low fatigue, and longer usage times. 
levels to low vision persons; c) to develop affordable The mechanical housing design ensures that the hand 
LVRAs with production oriented technological options and vibration (due to age) of the holder does not affect the 
with chargeable light sources. readability. 

The lab trials and clinical trials of the prototypes are The beneficiaries of this technology are the large number 
completed at National Association of Blind (Mumbai), LV of low vision persons in the country. 

G) 
EYE 

Reading / 
/_ Material . 

Schematic of Hand-Held Plastic Aspheric 20D & 16D Hand-Held Plastic Aspheric Lens 
Lens based Low Vision Reading Aid based Low Vision Reading Aids 

;,!/ 
--/l~--

DESIGN AND DEVELOPMENT OF PRECISION ASPHERIC 
LENSES FOR INDIRECT OPHTHALMOSCOPE 

The indirect ophthalmoscope offers an alternative means is usually provided by an electric lamp mounted on the 
of examining the retina and vitreous giving a different view observer's head. Light from this source is rendered 
of the retina compared with that obtained with the direct convergent by condensing lens. Thus a convergent beam 
ophthalmoscope. Indirect method of ophthalmoscopy enters the patient's eye and is brought to a focus within the 
offers larger field of view, stereoscopic view and facilitates vitreous by the eye's refractive system. The light then 
teaching compared to direct ophthalmoscope. diverges again to strike the retina. The illumination is, 

therefore, bright and even, as it comes from the real image 
In the indirect method of ophthalmoscopy, a powerful 

ofthe light source within the patient's eye. 
positive lens, called the condensing lens, is held in front of 
patient's eye to examine the retina of patient. Illumination The advantages of using optical grade plastic materials 

. . . 
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are reduction in weight and cost. A plastic lens having 

power and aperture equal to that of glass lens is normally 

three times lighter than the glass lens. Second advantage 

of cost will come from the fact that plastic lenses can be 

produced in large quantity by the process of molding . The 

cost of theses plastic molded lenses will be less by an 

order of magnitude than those of glass lenses. The 

technology development will lead to reduction in import of 

these lenses. 

Designing good plastic optics requires a through 

understanding of the material properties and the 

manufacturing processes. The advantages of plastic 

optics can be realized only when the design is optimized 

for plastic manufacturing . The design rule for plastic optics 

is qu ite different from that of the glass optics because of the 

significant differences in the material and the 

manufacturing processes. Specific knowledge and design 

expertise are needed to take full advantages of what 

precision plastic optics can offer. The project was funded 

by DST, New Delhi. 

Illumination 

System 


Features 

• 	 These are large diameter lenses and they provide a 
large field of view 

• 	 The advanced double aspheric designs provide 
incomparably clear fundus imaging and precise laser 
beam transmission . 

• 	 These lenses are made from optical grade plastic 
(PMMA) providing long lasting durability and superior 
optical quality. 

Specifications 

The 200 & 280 lenses are to be corrected for field curvature, 
astigmatic aberrations and coma to deliver the best retinal 
image. The double aspheric design provides linear image 
magnification and perfect image clarity across the entire field 
of view for unsurpassed fundus examination . The 200 lens 
is used for general diagnosis & treatment purpose. The 280 
lenses provide exceptional resolution and fundus scanning 
capability for small pupil diagnosis and treatment. The 
following Table summarises the specifications of the lenses 
designed and developed at CSIO. 

Power 
of Lens 

Focal 
Length (efl) 

Field 
of View 

Lens Size Image 
Mag. 

Laser 
Spot Mag. 

WID from 
cornea 

Applications 

200 52.23 mm 46° 50mm 3.1 3X 0.32X 50mm General diagnosis & treatment 

280 37.86 mm 53° 41 mm 2.27X 0.44X 32.9 mm Small Pupil diagnosis & treatment 

Microscope 
Obj c:clh ' c: 

Schematic Ray Diagram of Indirect Ophthalmoscope 	 Double Aspheric Lenses (20 0 & 28 D) 
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DESIGN AND DEVELOPMENT OF NIGHT DRIVING FILTER (PHASE-II) 


The Night Driving Filter (NDF) is an improved Antiglare The Filter has been successfully tested by: 
Optical filter for automobiles and it is most useful during 
night driving. The filter is mounted in front of the driver on 
the automobile's windshield. The device is used during 
night driving to protect eyes from the blinding glare 
(excessive visible and UV radiation), 350-400 nm, 
produced by the headlight of approaching vehicles. It is 
also necessary for preventing the road accidents during 
night. The frequent blinding glare not only makes the 
driving difficult but also impairs the vision. The device has 
the provision to be flipped on the windshield at the eye level 
when in use and can be latched on to the vehicle's ceiling 

when not required . 

The device comprises of a gradient density absorbing film 
deposited upon glass / plastic substrate by vacuum 
cQating and also antireflection coating on both surfaces of 
the substrate. Experimental gradation profile of NDF for 
Maruti, Ambassador, Esteem & Bus/Truck are also 

indicated below. 

NDF Fitted in Ambassador Car NDF Fitted in Bus 

The Filter can be easily mounted and it is for the first time in 
the world that the glare is being reduced by this type of 
filter. An international patent has been granted . The 
uniqueness of this filter is that it has a special type of 

graded coating. 
Required 
Ambassadot/Esteei'll 
Mawt; 

/0';'-- 

///

.,/// 
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Horizontal Distance (mm) o n Substrate 

Experimental Gradation Profile 'of the Night Driving 
Filter for Maruti, Ambassador & Esteem Cars 

• AutomobileAssociation of Upper India , New Delhi. 

• Govt. Departments, Police Deparments. 

• Punjab & Haryana Roadways, Chandigarh 

• CTU, Chandigarh 

• TCI and other agencies 

The user trials have been conducted by mounting the 
improvised device on the windshield of the Ambassador 
and Maruti cars, Buses & Trucks driving on the city roads 
and on the highways in the night. On-line testing of filters 
was also conducted by Automobile manufacturers & their 
associations. NDF fitted in Ambassadar Car & Bus during 
its tests and situation & on-line testing without and with 
fitted filter in the car is indicated below. The reports shows 
that glare from high beam is reduced to about 30 percent & 

low beam to 40 percent. In general , the glare / excessive 
light of the oncoming vehicles using high & low beams is 
reduced to comfortable viewing. The scattering of rays 
from the headlights of oncoming vehicle is also 
suppressed. The headlight of oncoming vehicles is viewed 
like a dipper whereas the left hand side view in front of 
driver is clearly visible while driving on the dark roads. The 
driving becomes stress / strain free by using night driving 
filters in the vehicles. 

On-line Testing without 

Filter in the Car 


On line Testing with 
Filter in the Car 

. ........ Req.1®d 


-~ 

-------_••• _ •• > Distance (mm) on Substrate 

Experimental Gradation Profile of the Night 
Driving Filter for BuslTruck 
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The Photonics Group has been working for the last several 
years in the area of fiber optic sensors, Extrinsic Fabry 
Perot Interferometric (EFPI) sensors, fiber 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 were developed and investigated . 
During the year under report, the Group has been engaged 
as per the approved Road Map in the area of Fiber Bragg 
Grating (FBG)/Long Period Grating (LPG) Writing and 
Sensor Systems, EFPI Sensors and Application Specific 
Fiber Optic (FO) Systems. 

The FBG/LPG writing system facilitating grating writing 
using holographic and phase mask techniques is being 
established and FBG/LPG sensor characteristics have 
been studied and investigated for different applications. An 
FBG based sensor for instantaneous detection and 
location of petrol leak in pipes was developed. FBG 
sensors were investigated for wind impact measurement 
on structures in lab conditions, temperature sensitivity 
enhancement and measurement of multiplexed strain and 
temperature. High precision LPGs were designed, 
fabricated and investigated for bend sensing in structures 

and measurement of concentration & refractive index of 
solutions. LPGs have also been investigated for 
determination of humidity, contamination of petrol and 
diesel by kerosene and sugar content of cane juice. Work 
has also been carried out for development of phase mask 
for writing of FBGs. 

A rugged EFPI sensor has been developed for health 
monitoring studies of aerospace & civil structures and a 
large number of sensors were fabricated and delivered. 
Application specific FO systems have been developed for 
fire detection & warning system for aircraft, nuclear 
penetration assembly, tail rotor control for Advanced Light 
Helicopters. Mastering techniques based on phase, moire 
and holographic optical elements in embossed security 
holograms were investigated. Collaborative research 
programs with international and national organizations are 
being planned in the area of FBGs and LPGs based sensor 
systems . The Group has published several papers in SCI 
journals. In the area of HRD, thesis work of B Tech 
students related to fiber optics FBG/LPG based sensors 
was undertaken and 4 Nos. of thesis were supervised 
during the year under report. 

Road Map 

Application Specific 

Configuration 

Development 


• 	Holographic and phase 
mask FBG/LPG writing 

• Phase mask development 
• 	Grating interrogation 

system development 

• Structural Health 
Monitoring 

• ShockWave Gaging 

• Structural Health Monitoring 
• Power Transformers 
.OIl&Gas 
• Blo Sensors 

• Avionics 
• Atomic Reactors 



R&D ACHIEVEMENTS 

DEVELOPMENT OF RUGGED EXTRINSIC FABRY PEROT INTERFEROMETRIC (EFPI) 

SENSOR FOR HEALTH MONITORING STUDIES OF AEROSPACE & CIVIL STRUCTURES 


Fiber optic sensors have recently emerged as the key 
enabling technology for health monitoring of advanced 
existing and futuristic civil & aerospace structures and 
materials. Fiber sensors serve as nerves of structures and 
materials when buried in them for monitoring their 
characteristics over the lifetime. This is due to the inherent 
advantages of fiber optic sensing methods over 
conventional electrical techniques, namely, immunity from 
electro-magnetic interference (EMI), small size, geometric 
flexibility and the possibility of using these sensors in harsh 
environments. 

As the area of structurally embedded optical fiber sensors 
is evolving quite rapidly, it is important to reduce and to 
eliminate the sensitivity of various leads. An Extrinsic 
Fabry Perot Interferometric (EFPI) sensor provides a 
system in which a single optical fiber acts both as the lead 
in and leads out fiber and it has evolved recently as an 
extremely useful embeddable and bondable senSing 
configuration for health monitoring of structures. Strain 
and temperature measurements in structures may be 
carried out employing various fiber sensing methods and 
recent developments in that category have been EFPI 
devices and in-line fiber gratings. EFPI devices, in 
particular, are being extensively investigated in a wide 
range of measurement problems in composites, metal and 
civil structures where point measurements are important. 
Embedded Fabry Perot (FP) fiber optic sensors can 
provide accurate and reproducible measurements of 
three-dimensional strain within a material containing 
complex damage states and offer a tool to interrogate the 
health of structures and an instrument to study the basic 
physical behavior. Such strain measurements would 
facilitate enhanced understanding and detection of 
composite failures modes (such as de-lamination), 
sensing for adaptive structural control, and structural 
health-monitoring systems for civil structures. The latter 
application could involve remote monitoring of structural 
integrity during and after an earthquake. These embedded 
sensors can be subsequently used for in-situ 
characterization of the host material or structure. An EFPI 
sensor prototype was developed earlier for structural 
health monitoring applications 

The EFPI sensor geometry is shown in Figure. As 
depicted, EFPI is an axial sensor with a well-defined gage 
length and width of the Fabry-Perot air cavity. The EFPI is 
an interferometric sensor in which the detected intensity is 
modulated by the measurand. A schematic depicting the 
principle of an EFPI is shown in Figure. 

SEt.lSOR liE.-.o 

Schematic of Extrinsic Fabry Perot Interferometric (EFPI) Sensor 

The sensor system consists of a single-mode laser diode, 
which illuminates an FP cavity through a fused bi-conical 
tapered coupler. The cavity is formed between an 
input/output single mode fiber and a reflecting single mode 
or multimode fiber. The distance between the input/output 
and reflector attachment points in the silica capillary tube 
defines the gauge length 'L' of the EFPI sensor. The first 
reflection, R1 called the reference reflection, is 

independent of the applied perturbation. The second 
reflection, R2 termed the sensing reflection, is dependent 
on the length of the cavity's' which, in turn, is modulated by 
the applied perturbation. Operation of the EFPI revolves 
around the air cavity. The interference between the two 
signals is observed at the output of the 3 dB coupler as 
sinusoidal variations in optical intensity in response to 
micro-displacements in the air gap of the FP cavity and the 
sensor signal thus provides a relative measurement of 
strain induced in the sensor head. Any strain occurring 
over the gage length of the EFPI gage will cause a change 

in size of the EFPI air cavity length, s. The strain £ is 
determined as the ratio between the end face 

displacement measured, e.g M and the gage length L. 
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e =Lls!L 

where LlS is determined from the number of interference 
fringes shifted due to the applied strain. If m is the number 
offringes shifted, then 

LlS =mA!2 

The extrinsic Fabry-Perot sensor output is not affected by 
transverse strains and it only monitors axial strain 
components, since the cavity consists of only an air gap 
formed between two fiber end faces . They provide a nervous 
system capable of sensing change while being part of the 
structure itself and will allow critical parameters of materials 
and structures to be sensed while offering light weight, 
immunity to EMI , flexibility, geometric versatility, the ability to 
be embedded under hostile environments with ease and 
extremely high bandwidth capability. Additionally, optical 
fiber sensors may be interrogated simultaneously using 
several methods to allow both multi measurand and 
distributed sensing capability on a single fiber. 

The EFPI sensor developed under the project funded by 
Aeronautical Development Agency (ADA), Bangalore, can 
be used for health monitoring of civil and aerospace 

Compressive Loading at PEC 

structures, shock wave! blast gage based on EFPI sensor 
for strategic applications and for detection of blockage in 
arteries for medical applications. Sensors with different 
gage lengths of 2 mm, 5 mm & 10 mm for different strain 
ranges were designed and fabricated using polyimide 
coated fibers and also steel braided fiber cables. Some of 
the specimen sensors were tested in the lab at CSIO & also 
Punjab Engineering College (PEG), Chandigarh and the 
performance was found satisfactory. The photograph 
sensor test set ups realized are shown in Figures below. 
The sensor test results are indicated in Figure below. 

Cantilever Mode Testing at CSIO 
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DESIGN & DEVELOPMENT OF FIBER OPTIC BASED FIRE 

DETECTION AND WARNING SYSTEM FOR AIRCRAFT 


The existing imported systems for fire detection and 
warning consist of fire wire type sensing cables filled with a 
material sensitive to temperature changes . The developed 
system uses optical fibers which has increased level of 
protection against Electro Magnetic Interference (EMI), 
Electro Magnetic Pulse (EMP) and High Intensity Radio 
Frequency (HIRF) and has less overall maintenance. 
Moreover the system is light-weight, flexible and easy to 
route. Being intrinsically safe it is possible to route the 
sensing fiber in close proximity to critical areas like fuel 
tanks, armaments etc. The fiber optic sensor designed is 
based on intensity modulation in a multi mode fiber induced 
by temperature change. The fire safety sensor developed 
not only gives fire detection warning but also narrows down 
the zone where the fire hazard is located. 

Fiber optic based fire alarm systems are distributed and 
intrinsically safe. Futuristic FO sensors are likely to be 
even more robust as these will be based on novel devices 
such as Fiber Bragg Gratings (FBGs) and Extrinsic Fabry 
Perot Interferometric (EFPI) sensors. 

The system comprises of the following : 

Optical Fiber Fire Sensor Cable Assembly 

Multi-Mode optical fiber with core/clad of 80/125 micron 
and Graded Index profile terminated with standard SMA 
(Sub Miniature Amphenol) or FC (Face Contact) 
connectors. The attenuation of the fiber is 4 dB per 
kilometer and its Numerical Aperture is 0.25. The cable is 
immune to EMI and Radio Frequency Interface (RFI) and 
there is no radiated RF. The ground loops, short circuits, 
explosion and fire hazards are eliminated in the case of 
optical fiber. 

Sensors 

The underlying principle of the sensor is through 
production of microbends in the fiber. The microbends 
induce excess transmission loss in an optical fiber and this 
property is exploited to detect/measure displacement, 
pressure, strain, temperature etc. If a portion of fiber is 
deformed, the fi ber would exhibit excess light loss. 
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Sensors for causing Microbends in fiber on heating for sensing fire 

EIO and OlE Modules and Control Unit 

The electrical to optical (E/O) module converts the 
electrical signal into light signal. Actually an LED (840 nm) 
is driven electrically through direct modulation of its 
current and the light generated is launched into the fiber. 
The optical to electrical (O/E) module uses integrated 
circuits and photo diode as detector to convert the optical 
signal coming out of optical fiber cable into an electronic 
signal. 

ADCCircuit 

The output voltage signal is converted into digital signal 
using Analog to Digital Converter (ADC) circuits. The 8-bit 
AID converter used is based on successive approximation 
as the conversion technique. The 8-channel multiplexer 
can directly access any of the 8-single ended analog 
signals. It operates on single supply of 5 V DC and 
consumes low power of the orderof 15 mW. 

Embedded Software using Microcontroller 

Software has been implemented in native assembly of 
MCS 51 and the code is optimized so as to accommodate 
in the on-chip memory of 89c51. After hardware IC 
directives and software register directives, the ports are 
reset to 0 so that all alarm and keyboard lines are cleared . 
Depending on the initial conditions of the optical fiber 
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Fiber Optic Fire Detection & Warning System for Aircraft 

",- * 

The developed system uses fiber optic cable as sensors 
instead of powder filled capillary based fire sensor and the 
system is totally intrinsically safe. It can be used in 
aircrafts, tanks, armoured vehicles , engines and power 
plant manufacturers/ agencies. The project was funded 
by AR&DB, Ministry of Defence, New Delhi. 

sensors, the initial thresholds are set after interrogating all 
the ports of the ADC by sequentially giving the address 
and ALE signals and storing the outputs. The program 
keeps on interrogating the eight inputs and sets the alarm 
flags ifanyone crosses the threshold values. 

Block Diagram of Microcontroller Unit 

DESIGN, DEVELOPMENT, FABRICATION, TESTING AND DELIVERY 

OF LEAK TIGHT PENETRATION ASSEMBLY FOR FIBER OPTIC CABLES 


Current Nuclear Penetration Assemblies use electrical 
conductors which have small bandwidth and poor EMI/RFI 
immunity. Due to use of shielding cables, their size becomes 
quite bulky. Fiber Optic Nuclear Penetration Assembly 
having air tightness, high mechanical strength, ability to 
withstand heat, vibration, pressure and give an effective 

signal transmission in severe environmental conditions was 
designed and developed as per requirements of Indira 
Gandhi Centre for Atomic Research (IGCAR), Kalpakkam. It 
offers an air tightness of one bubble leakage per year. A 
compact and cost effective design was conceived and 
fabricated using indigenous components. 

DEVELOPMENT AND INVESTIGATION OF HIGH SECURITY 

EMBOSSED HOLOGRAM MASTERING TECHNIQUES 


In recent years, the problem of counterfeit goods/ 
documents has attained a serious dimension. Optical 
techniques are increasingly finding their usefulness in the 
fields of security and product authenticity verification. The 
conventional embossed hologram technology has been 
used as seals to check duplication of products, and 
counterfeiting of valuable documents, but currently it faces 
a serious problem from counterfeiters, as the holographic 
pattern/image can be acquired from a security hologram 
(photographed or captured with a Charge Coupled Device 

Camera) and a new look-alike hologram synthesized using 
commercially available hologram producing equipment. It 
is difficult, for a normal eye, to determine whether such a 
hologram is genuine or counterfeit. Asimilar need exists for 
machine-readable technology to determine an authentic 
hologram from one which may be visibly indistinguishable 
from the original. The techniques of making holograms, 
therefore, need to be enhanced continually so as to 
increase the difficulty of counterfeiting the security 
holograms and making them counterfeit proof. 



The development and investigation of various novel, 
simple and cost-effective experimental methods/ 
techniques related with high security embossed hologram 
mastering techniques hold a great promise for their 
scientific, technical, commercial and industrial 
applications in the enhancement of anti-counterfeit ability 
of high security holograms. It is further visualized that 
these techniques/methods in conjunction with the other 
established techniques, such as dot matrix techniques etc, 
and a suitable machine-readable device may lead to the 
generation of counterfeit-resistant high security 

holograms. It is to be emphasized that the investigations in 
this direction are currently being vigorously pursued the 
world over, keeping in view of their immense commercial 
and strategic importance. In view of CSIO's expertise in 
holography and importance of this study, work was 
undertaken for the development and investigation of 
different techniques and simple and cost effective 
methods for high security embossed holograms mastering 
techniques. A brief summary of the salient R&D 
achievements made in the project is as follows: 

Techniques Developed and Investigated for Encoding 

Anti-counterfeit Features in High Security Embossed Hologram Masters 


Colour-Assigned Rainbow Security Holograms 

In these holograms, different parts of the image of the 
object are presented to a viewer in different pre-chosen or 
assigned colours such that a novel in-built security 
verification/identification feature is encryptedlincorporated 
into these holograms, which can only be read/verified by 
using an encoded key hologram. The security holograms 
provided by this method are suitable for both visual and as 
well as machine inspection . 

Security holograms readable with an encoded key 
hologram 

These holograms recorded using a simple and cost 
effective two step method developed, contain an additional 
security feature which can be read / decoded only by using 
an encoded key hologram. In the final reading process, the 
sharp focus spot emerges only when the security 
hologram is illuminated by the decoding reconstructing 
beam generated from the encoded key hologram. Since 
the verification/identification pattern in these holograms is 
a sharp focus spot rather than an image pattern, this type 
of security holograms are suitable for both visual as well as 
machine inspection. They can also be used as security 
codes for better protection against counterfeiting in the 
embossed holograms. 

Encoded reference wave security holograms with 
enhanced features 

These holograms can be read only by using an encoded 
key hologram. Two spatially separated sharp focus spots 

(bright spots) emerge only when the security hologram is 
illuminated by the decoding, reconstructing beam, 
generated from the encoded key hologram. In addition, 
these focused spots upon divergence in the longitudinal 
direction further generate variable interferometric 
features. Since the verification/identification pattern in 
these security holograms are variable interferometric 
features in addition to the spatially separated sharp focus 
spots, this type of security holograms are suitable for both 
visual and as well as machine inspection. They can also be 
used as security codes for better protection against 
counterfeiting in the embossed holograms. 

Holographic optics based compact and robust 
interferometers for real-time testing of phase 

objectsase objects 

The conventional optical interferometers generally use 
expensive and precise custom-made bulky optics and also 
involve rather tedious and time-consuming alignment 
procedures, which make them impractical in some 
applications. The use of holographic optical elements 
instead of the conventional optics can drastically reduce 
the bulkiness and high costfactors. 

Recording schemes for the formation of holographic optical 
elements and the related techniques forthe realization of the 
interferometer set-ups have been investigated and 
developed. The optical arrangement of the interferometer 
realized involve a very simple alignment procedure besides 
the use of inexpensive conventional holographic recording 
material for formation of holographic optical elements. In 
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addition, the 2-beam interferometric set-ups are relatively 
sturdy and any perturbation caused in anyone of the test 
arms does not have any effect on the other arm. They, in 
infinite-fringe mode set-up, facilitate studies of phase objects 
in real time. Further, the geometries of the interferometer set
ups are very simple and can be realized with relative ease and 
the vital components of the interferometer could be produced 
in great numbers using hologram-copying methods. 

Concealed moire pattern encoded security holograms 

These holograms contain moire patterns as a concealed 
security code, which can only be read by using an encoded 
key hologram. In the final reading process, the desired 
verification moire pattern appears only in the case of an 
authentic security hologram, when the security hologram 
is illuminated by the decoding reconstructing beam 
generated from the encoded key hologram and the 
inspector is required to use only the decoder for verification 
of the concealed code in the security hologram. These 
security holograms, though quite suitable for visual 
inspection, possess high degree of anti-counterfeit ability 
and do not require expensive reading machines. They can 
also be used as security codes for better protection against 
counterfeiting embossed holograms. 

Holographic interferometry patterns encoded security 

holograms 

These holograms incorporate holographic interferometry 
as verification feature in addition to spatially separated 
sharp focus spots. They can be read only by using an 
encoded key hologram. In the final verification process, 
specific interferometric fringe patterns of random profile 
emerge as additional visual verifiable feature due to 
divergence in machine-readable sharp focus spots, only 
when security hologram is illuminated by decoding 
reconstructing beam generated through the key hologram . 
These machine readable and visual verifiable features can 
be used for better counterfeit-resistant security codes in 
embossed holograms. 

Interferometric moire pattern encoded security 
holograms 

These holograms contain multi-fold concealed and 
encoded anti-counterfeit security features which can only 
be decoded by using an encoded key hologram in the final 
reading process. Here, the encoded key hologram is in the 

A Typical Security Hologram Recording Geometry 

form of special encoded complex holographic optical 
elements based. The concealed codes in these holograms 
are recorded with an encoded feature, so that they remain 
invisible to the counterfeiters thereby enhanCing the anti
counterfeiting ability of security holograms. These security 
holograms contain complex sinusoidal phase diffraction 
grating patterns, which makes them very difficult to 
counterfeit. In the final reading process, specific moire-like 
fringe pattern gets formed on the security hologram only 
when a reconstructing beam generated from the encoded 
key hologram illuminates this hologram. Further, a careful 
spatial filtering results in the generation of a specific moire 
pattern in the observation plane and it gets disappeared 
when perfectly repositioned. These holograms are 
suitable for both visual as well as machine inspection and 
they can also be used as security codes for better 
protection against counterfeiting in embossed holograms. 
A typical security hologram recording geometry alongwith 
view ofthe patterns recorded is indicated below: 

In this work, several research papers have been published 
in SCI Journals and presented in national and international 
conferences. The project was funded by Department of 
Science & Technology (DST), New Delhi. 

Typical Moire Verification Patterns 



The R&D activities of this programme fall under two distinct 
areas, namely (i) Analytical & Cold Plasma Instrumentation 
and (ii) Micro-Electro Mechanical Systems (MEMS). The 
objective of this programme is to develop expertise and 
technologies in the above area through several R&D 
projects, partnerships and collaborations with industry, 
government and the academia. 

The major effort of the programme is to develop generic 
instruments for the analysis of solid, liquid, gas and plasma. 
Besides these instruments, a large number of equipments 
for sectoral applications such as water, air quality monitoring, 
food processing and oil industry have been developed. 
Surface topography has also been developed for analysis 
based on microscopy such as AFM, SEM etc. It has 
developed programme in the area of atomic and molecular 
spectroscopic instruments in the spectral range starting from 

ultra violetto near infrared and X-Ray region . 

This Group has established itself in the area of 
microelectronics and developed instruments such as 
Molecular Beam Epitaxy System, Reactive Ion Etching 
System, Reactive Ion Beam Etching System, RFIDC 
Sputtering System, Electron Beam Controlled Evaporation 
System. The Group has also developed infrastructure for 
testing and characterization for th in film deposition using 
this system. During the last few years, this Group has 
generated expertise and capabilities in the area of metal 
oxide gas sensors. 

Dr IW Rangelow, University of Kassel, Germany, presently at 
Technical University, IImenau visited CSIO during October, 
2005 under CSIR-DAAD exchange of scientists programme 
and a collaboration with CSIO in the area of MEMS based 
Instrumentation has been initiated. 

Road Map 

Analytical 

Instrumentation 


Deposition Etching 

• Cantilever based 
• IMS .ICP·RIE Instrumentation 
• Metal Oxide Sensors • Plasma Sterilization • Porous Silicon LED 

R&D ACHIEVEMENTS 

DEVELOPMENT OF PLASMA ETCHING PROCESSES FOR HIGH 
ASPECT RATIO STRUCTURES FOR MEMS APPLICATIONS 

Plasma etching has had a considerable impact on the 
semiconductor industry and the recent establishment of 
micro-electro-mechanical systems (MEMS) has required 
further developments in plasma etching for achieving high 
aspect ratio structures. Inductively coupled plasma (ICP) 
sources coupled with the reactive ion etching (RIE) 
systems, namely, ICP-RIE have recently been widely used 

for the fabrication of high aspect ratio structures for MEMS 
realization. Plasma etching processes have been suitably 
modified as per MEMS requirements to have very high 
etch rates, good uniformity and high selectivity over the 
masking layer. Reactive ion etching (RIE) system was 
developed in the institute and based on this expertise and 
the facilities available, a project on the design & 
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development of ICP-RIE system was sanctioned under the 
'National Programme on Smart Materials (NPSM)'. The 
objective of this programme was to study the kinematics of 
plasma etching for the fabrication of MEMS and establish 
plasma etching process chemistry for silicon, Si02 etc. and 

realization of high aspect ratio structures. 

II'l ICP-RIE, the plasma is driven by the inductive coupling 
of the ICP source by rf-power (13.56 MHz) which is more 
efficient as compared to capacitive coupling. The 
advantage of this coupling method is the higher plasma 

density (1 011 _1 012 cm-3
), compared to a capacitively coupled 

plasma (1010 cm-3). As the plasma is generated and excited 
by inductive coupling, therefore the plasma density, and 

hence the density of all plasma species, such as ions and 
radicals, is determined by the ICP power supplied to the 
inductive coupler, i.e. the coil apart from processing 
parameters such as pressure or gas flow rates. An 
additional rf-generator (13.56 MHz) powers the cathode on 
which the sample is placed (platen power, cathode power). 
The aim of this capacitive coupling arrangement is to 
extract electrons from the plasma in order to generate a dc 
bias at the cathode. In this way, positive ions are 
accelerated towards the cathode, resulting in an ion 
bombardment of the sample. The power of both 
generators can be adjusted independently, resulting in an 
independent adjustment of plasma density and ion 

bombardment of the sample. 

The developed instrument consists of a stainless steel 
process chamber, substrate electrode with cooling facility. 
This process chamber has been integrated with an ICP 
source and coupled to a turbo-molecular pumping system 

in order to achieve a base vacuum of the order of 1 x1 0-6 

Torr. The gases/gas mixtures are fed from the top of the 
ICP source through mass flow controllers and the process 
pressure is maintained in the chamber using a throttle 
valve and capacitance manometer in the closed feed back 
loop through throttle valve controller. 

The plasma is then ignited in the ICP source by the rf 
source (13.56 MHz, 1200 watts) through inductive 
coupling. The lower electrode is then powered with the 
second rf source (13.56 MHz, 600 watts) so as to extract 
ions from the plasma with energy corresponding to the dc
bias produced by this capacitive rf coupling. These 
accelerated ions & other species in the plasma then 
contribute towards the etching of the silicon substrate. 

Applications of this technology include the realization of 
high aspect ratio structure for advanced MEMS device 
fabrication. Users of this technology are the agencies who 
are dealing in the semiconductor and MEMS device 
fabrication. This technology becomes relevant in the 

Inductively Coupled Plasma-Reactive Ion Etching System 
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present day scenario where advanced MEMS devices are 
being manufactured for different applications. 

The uniqueness of this technique is to allow the wafer 
platen ' to be powered independently of the source, 
providing significant decoupling between the ion energy 
(wafer bias) and the ion flux (plasma density primarily 
driven by source power) . This provides an independent 
control over the energy of ions which impinge on the silicon 
surface to produce highly vertical sidewalls, high etch rates 
and enhanced selectivity. 

Gas Chopping Technique: (SFiC.Fs -Ar) 

(CF2-species) 

L.~J 
Deposition 
C4F8 

t 
I=~i.. ~ ~~~ 

Sputter Etch 
SF6/Ar 

t 


Si Etch 
SF6 

t 

Three-step process was used to optimize the silicon etch 

).- ~ process. The first step was to optimize the passivating ).- ~ 

). ..(layer deposition using C4Fa. The . second step was to 

optimize the sputter etch process to remove the 
passivating layer from the trench bottom by using SF s + Ar. 

The final step was to etch the sil icon surface from the 
trench bottom using SFs. Silicon etch rates of the order of 

3-4 micron/min and aspect ratio of 20 : 1 was achieved . 

High Aspect Ratio Structure in Silicon 

Plasma Simulation Studies 

Plasma simulations were carried out using the CFD-ACE+ to the wafer. Process parameters used in the simulation 
software package under different process conditions for studies are: coil current = 6 amps, 13.56 MHz, ICP Power 
ICP-RIE system. Two dimensional reactor scale =200 watts, negative bias to platen =-15 volts, gas flow 
simulations for CF4 gas was carrieCl out. Reactor scale =15 sccm and process pressure =10 mTorr and the results 

model produces electric fields, ion and neutral densities as obtained for different species are given below: 

a function of position and ion and neutral fluxes incident on 

CF2 Number Density F-atom Number Density 

Annual Repm'72005-06 .' 29 
. . 

. - -'~~- '. :~\-



--

CF3+ Number Density CF2+ Number Density 

~ 
--~--

FEASIBILITY STUDY AND DESIGN OF IMPATT DIODE BASED ON 
GaAs WITH OUTPUT PULSE POWER OF 10 WATTS AT 94 GHz 

This project funded by Research Centre Imarat (RCI), 
Hyderabad was undertaken with the objective of 
development of IMPATT diode based on GaAs with output 
pulse power of 10 watts at 94 GHz (Feasibility Study 
Report). IMPATT Diode is a p-n junction diode reverse 
biased to break down, in which an avalanche of e-h pair is 
produced in the high field region of the device depletion 
layer by impact ionization. The project had relevance for 
strategic applications. Doping levels and thickness of p 
and n layers were selected and optimized so that transit 
time delay associated with the holes and electrons moving 
across their respective drift regions will generate energy in 
a chosen frequency band. When reverse bias voltage 
increases, some of the electrons and holes in the region of 

the peak field gain enough energy and this makes them 
impact and knock electrons off, or ionize, atoms in the crystal 
lattice. This creates an electron-hole pair. These pairs are 
accelerated by the field in opposite direction and cause an 
additional impact ionization events which result in large 
multiplication of current. The fundamental operational 
principle of I MPATT diode is based on two regions: (a) The 
avalanche multiplication or injection region and (b) the drift 
region. The negative conductance occurs due to two 
processes causing the current to lag behind the voltage by 
1800 in time (i) 90 delay due to avalanche process, (ii) 90° 
delay due to transit time of carriers across the drift region. 
The work is useful for device engineer working in the area of 
process applications. 

;:,!/ 
/i~--

FABRICATION OF POROUS SILICON LIGHT 

EMITTING DIODES USING CONDUCTING POLYMERS 


This project was funded by Department of Science & 
Technology (DST), New Delhi under Fast Track tenure 
projects for young scientists scheme. The objective of the 
project was (i) fabrication of porous silicon light emitting 
diodes using Polyanilines conducting contact layer (ii) 
optical and electrical characterisation of LEDs. The project 
deals with the fabrication of porous silicon light emitting 
diodes using polyanilines conducting contact layer. Porous 
silicon based LED could be used to make optical 
interconnects within silicon chips, between chips and even 
between neighbouring circuit boards. It could be integrated 

with electronics on chip, which can perform logic 
operations and transmit the results directly by light. By 
changing the preparation condition of porous silicon, the 
emitted light can be tuned to visible region. Polyaniline 
/porous silicon heterojunction based LED was developed 
which have the I-V characteristics like a schottky junction. 
The device shows good rectifying behaviour. This 
structure emits visible Electroluminescence (EL) in the 
broad wavelength region of 500-800 nm with a peak at 640 
nm at room temperature when forward biased. The 
luminescence starts at the bias voltage of 7V. The EL 
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mechanism can be interpreted as a result of electron and 
hole injection from polyaniline and n-type porous silicon. 
The study suggests that polyaniline /porous silicon can 
become a potential candidate for optoelectronics 
applications relevant for development of optoelectronic 
devices on silicon chip . The work is of immense 
importance for optoelectronic device development. The 

Prototype of Fabricated Porous Silicon LED 

developed device and its characteristics are indicated in 
Figure below. 

Salient Features 

• Polyaniline/porous silicon Heterojunction contact 
showing rectifying characteristics . 

• Emits visible electroluminescence. 
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I-V Characteristics of the Fabricated Porous Silicon LED 
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DEVELOPMENT OF PORTABLE METAL OXIDE SENSOR FOR THE DETECTION OF FOUL ODOUR 

Low power solid-state sensor has been developed under 
the project funded by DST, New Delhi for detecting low 
concentration of H2S (~ 20 ppm) for foul odour 

applications. Sn02 based metal oxides were tested for the 

detection of volatile sulphides. The objective of the project 
was (i) Development of the portable, cheap, rugged , 
selective metal oxide sensor for the detection of volatile 
sulfides and (ii) Utilization of knowledge and experience 
gained by this research for work on "Sensor Array and 
Electronic Nose". Rheotaxial Growth and Thermal 
Oxidation (RGTO) was used to deposit film for sensor 
applications. The sensor thus prepared was analyzed in a 
test system. Planar type sensor based on alumina was 
used to meet the requirement of low power consumption . 
The sensor characteristics, namely, sensitivity, selectivity, 
response time, and long stability, were optimized by 
loading gas sensitive oxide films with small amounts 
foreign oxide (CuO). The project has relevance for sensor 

applications environmental pollution control and foul odour 
detection (in food & beverage industry). 

The developed sensor based on thin film technology which 
offers certain advantages like high sensitivity, low cost, 
portability etc. The developed metal oxide gas sensors 
prototype for foul odour detection and its sensitivity 
characteristic are indicated below. 

Features 

• 	 Comprises of a gas sensing element, heater, contact 
array; all integrated on a single substrate 

• 	 Compact, cheap and easy to use 

• 	 Low power dissipation 

• 	 Electrical resistance of the order of Kilo Ohms 

• 	 Foul odour detection limit >20 ppm 

• 	 Response time about 180 secs 

Metal Oxide Gas Sensor 
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Sensitivity Characteristic of Metal Oxide Gas Sensor 
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DEVELOPMENT OF MICROCONTROLLER BASED OZONE MONITOR 


An engineered model of microcontroller based portable 
ambient air ozone monitor has been developed under the 
project sponsored by Department of Environment & 
Forests, Govt . of India. 

The instrument is based on the principle of absorption of 
UV light by the ozone molecule. It consists of a UV lamp 
source, optical filter, a medium path column of absorption 
cell and a photodiode detector with a broad pass band 
centered at 253.7 nm wavelength . The absorption 
coefficient of ozone molecule at this wavelength is very 
high. In general , Beer Lambert's Law has been used to 
determine the ozone concentration. The agencies likely to 
benefit from the outcome of the project are Pollution 
Control Boards, R&D and Academic Institutions, Chemical 
and Textile Industries, Departments of Environment, State 
Councils of Science & Technology, etc. 

Specifications 

Range : 0 -1 ppm 

Filter Peak : 253.7nm 

Resolution : 0-0.01 ppm 

Flow Rate : 21itres Imin 

Electronic Programming : 80511lC based 

Power 	 Mains and battery operated, 
12V,500mA 

Ozone Monitor 

DEVELOPMENT OF FAKE STAMP PAPER DETECTOR 

CSIO has been involved in detecting genuineness of 
currency. Therefore, it became natural to develop 
methodology for comparing other similar security 
documents such as stamp papers, bank drafts, etc. It was 
observed that the techniques of detecting the genuineness 
of currency may not be applicable and an independent 
image processing approach had to be developed . Also the 
fake stamp papers generated due to stealing or theft of 
machine parts could not be objectively handled by an 
engineering solution. The objectives of this in-house 
project were, therefore, set as follows: 

• Detection of fake document, due to high resolution 
computer based scanning-printing process 

• Detection of fake 
ingenuine printing 

stamp papers , primarily due to 

Many algorithms have been integrated in the system for 
comparing a pair of images. Though one of the images is 
in-genuine, both appear to be same, i.e. have similar 
geometry as well as colour appearance (see Figure). 
These algorithms are a mix of both Fourier and space 
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Fake Stamp Paper Detection System 

domain. For the former objective, primarily, Fast Fourier 
Transform (FFT) based approach has been developed for 
comparing two images from documents for defect 
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detection. The tests indicate the feasibility of the technique 
for detecting original printing in contrast with laser/inkjet 
printed documents. The space domain features include 
correlation coefficient of the pair and variance and contrast 
measurement of each image. A log of data for the 
measurements taken provides evidence for detection . The 
technique can be used for forensic investigative situations 
where forged deviations due to electronic printing or others 
are to be detected . 

FFT Peaks of Original Document (left) and Laser-Printed Document (right) 

DEVELOPMENT AND SUPPLY OF SCANNING FORCE MICROSCOPE 

Scanning Force Microscope (SFM) is a basic tool for dependence ofthis force upon the distance between the tip 
imaging and profiling surfaces from micrometer to and the sample can be plotted through force curves. The 
nanometer scale. Imaging surfaces at this scale opens up instrument was commissioned at liT, Kharagpur and is 
opportunities in the miniaturization of devices/machines. under use. The photograph of the SFM developed and 
Keeping in view the expertise of CSIO in the area of some of its test results are given below. It offers the 
specialized microscopic instrumentation like Scanning following features : 
Tunneling Microscope (STM) and Atomic Force Microscope • 3D Topography image at nanometric scale 
(AFM), development of an SFM was undertaken with the • Tip-sample interaction force 
objective of supplying one custom designed unit of SFM to 

• 20 cantilever deflection detection Indian Institute ofTechnology (liT), Kharagpur. 
• Built-in video system for laser spot alignment 

The developed SFM technology is an upgradation of the 
• Crash free tip sample approach operation 

earlier developed AFM. The developed microscope 
• Modular & open frame design probes the surface of a sample with a sharp tip, often less 

than 100 Adiameter. The tip is located at the free end of a • User friendly menu driven 

cantilever that is 100 to 200 IJm long. Forces between the • 3D display, slope correction , surface analysis, zoom, 
- tip and the sample surface cause the cantilever to bend or rotation, etc 

deflect. An optical detection scheme measures the 
cantilever deflection as the sample is scanned under the 
tip. The measured cantilever deflections allow the 
computer to generate a map of surface topography. 

Several forces contribute to cantilever deflection. The 

force most commonly associated with force microscopy is 

an inter-atomic force called Van der Walls force. The Scanning Force Microscope installed at liT, Kharagpur 
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Image of Standard Calibration Grating Image of Thin Au Film Sample Plot of Force Curve Measured using 
Showing Pitch 3 Ilm, Depth 102 nm Range: 2988x2988 nm Step: 11.7 nm Silicon Nitride Cantilever Kn =0.6 N/m 

on a Standard Sample 



This Group has been engaged primarily on the 
development and characterization of new materials 
(organic/inorganic) for the fabrication of sensors for 
strategic, food, agri & high tech area of R&D and 
bimolecular devices in the field of medicine, defence, life 
science & electronics. The areas of presentfocus are: 

Conducting Polymers : Fabrication of conducting 
.polymers based sensors with different dopants for specific 
flavor and taste detection applications. These sensors will 
be used for qualitative & quantitative estimation of different 
produce based on the data output and pattern recognition 
i the form of Principal Component Analysis (PCA) or 
Artificial Neural Network (ANN). 

Nano Materials: Nano materials of metal, metal oxides, 
and metal sulphides (Pd, Au, Ni , ZnO and ZnS) are being 
synthesized in the powder form and thin film on a 
substrate. These materials will be used for nano coating on 
biosensing devices, fabrication of sensors especially 
based on surface plasmon resonance for the detection of 
compounds such as pesticides residue . 

Ceramic Materials: Ceramic materials based on oxides 
of Manganese/conducting polymers as composite 
materials are being synthesized and characterized. These 
materials are being used for safety sensor applications in 
aircraft, armoured tanks and strategic systems. 

8io Nano Technology 

A variety of molecular devices created by nature are working 
k1 living systems ranging from micro-organisms to human 
beings. Nature creates these devices by seif-assembly 
process and does not require billions of dollar lithography 
based fabrication facilities as used in VLSI devices. The life 
processes and materials have been perfected by nature in 
millions of years. At CSIO, above life processes are being 
studied for use in bioengineering to develop devices that will 
find applications in electronics, life sciences, medicine, 
space, defence, bio-warfare and security to improve quality 
of human life. Presently, research is being done on the 
following areas ofBio-molecular Engineering: 

DNA based Nano-wire devices • 
Bio-MEMS for clinical diagnosis 

Bio-molecular Motors for nano-robotics, molecular 
switching and target drug delivery system 

Carbon Nano tubes based bio-nano sensors for• 
healthcare and agriculture applications and 
targeted drug delivery 

Efforts are underway to develop tailored materials by 
hybridizing different cell lines to produce composites with 
various tissues and non-biological materials . Nanoparticles 
of metals, nano-tubes are proposed to be interfaced during 
stem cells culture for growing composites for required 
properties. These composites can be grown under different 
media and on membranes including soiid surfaces. 

The research group is well equipped with latest facilities like 
Scanning Probe Microscope (SPM), Optical Tweezers, 
Fourier Transform Infra Red (FTIR) Spectrometer, UV
Visible Spectrophotometer, Electro-Iuminscence 
Spectrophotometer, Langmuir Blodgelt System, Differential 
Thermal AnalyserlThermo Gravimetric Analyser 
(DTAfTGA), Atomic Absorption Spectrophotometer (AAS), 
Chromatograph , Carbon & Sulphur Analyzer and 
Metallurgical Microscope. The Group has strong interaction 
with universities and engineering institutions in the region 
and a good number of Ph. D students have been enrolled. 
The facility is proposed to be updated with the addition of 
Field Effect Scanning Electron Microscope, Confocal 
Microscope with Correlation Spectroscopy, Nano 
Calorimeter. Plasma Resonance Spectroscopy, Femto 
Range I-V/C-V Measurements etc. 

The future programmes envisaged include Instrumentation 
for Quality Assessment based on Ultra-fast 
Chromatography coupled with Surface Acoustic Waves 
(SAW) Detector, Development of Electro-Chemical System 
for the determination of Quality of Fruit Juices based on Poly 
Phenol Oxidase (PPO) Activity, Nickel & its Alloy Nano
materials for Bio-sensing Devices for Diagnostic & Drug 
Delivery, Twenty feet long fire safety sensor (working 
temperature 250 ± 10°C) based on thermal detection with 
welded end connectors for applications in armoured tanks & 
vehicles, Magnetic Properties of Ni and Alloy Nano-particles, 
Magnetic Reading Head & Memories based on Magneto
resistance Property, Fluorescence Imaging Lab on Chip 
Integrated System, etc. 

Road Map 
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DEVELOPMENT OF FIRE SAFETY N OR FOR LeA 

The system utilizes the concept of Negative Temperature 
Coefficient (NTC) of materials and works as a continuous 
thermocouple. It is a sensor which is in the form of thin 
metal cable and is used as timely warning signal to prevent 
Joss of life and aircraft due to overheat or fire. The sensor 
output relates only to the temperature at the hottest point 
along the cable. Th is system is highly stable, gives the 
advance warning of the impending trouble and is free from 
false alarm. The main feature of the device is that 
measuring junction is not formed by joining two wires but it 
is formed automatically within the insulator at the hottest 
point on the cable sensor. The challenges which were 
cvercome during the realization of the special NTC 
material based sensor include (i) development of custom 
tailored special NTC material with long term thermal 
stability, workable at desired temperature with the 
specified parameters and (ii) critical design implications to 
maintain exact gap between sensing wires, packing 

Design of 10 Feet Long Sensor 

NTC Sensor with End Connectors 

density, thermo-mechanical treatment, welding of sensing 
wires with end connectors , Qualification as per MIL grade. 
Two research papers and one patent filed in US, PCT, India 
have emanated from th is work 

Features 

• 	 Continuous thermocouple for Fire Waming & Fire 
Conditions 

• 	 Outer Sheath: SS 316; Sensing Wires & Connectors 

• 	 Ceramic material : Custom-developed NTC material , 
Critical Design Review, Kit Clearance 

• 	 Sensor Length: 10' or 20-50' by joining 10' sensors 
through end connectors. Testing at Southern 
Electronics, Bangalore 

• 	 Two Sensor Sets for Qualification Test (QT) as per MIL 

• 	 Weight of 50' Sensor: 700 gms; Bend radius : 1" 

• 	 Results repeatability; QT in next Phase 

Complete Sensing System of 50 Feet Length with Control Unit 

f '4" I ~~' IUTAII I 

; 
~ ,: 
I' 
:~, 
: 
~ n 

~ 

"'.. 
~ ::-.:: 

W 

Exposure Tempenltur& (C') 

NTC Behaviour of the Developed Sensor 

. I 1111 lilt! H'p(I'" ..! (}/h Olt 	 .i/, 

~ 	 ., ~ - ~ ---- -~-=-.--.. 



FEASIBILITY STUDY FOR THE DEVELOPMENT OF BIOSENSOR WITH ASSOCIATED 

INSTRUMENTATION FOR BACTERIAL PATHOGEN DETECTION IN WATER AND FOOD SAMPLES 


This project funded by OST, New Delhi was undertaken 
with the objective to carry out feasibility study on the 
development of biosensor-based instrumentation for 
pathogens through demonstration of the proof of the 
concept using non-pathogenic bacteria (such as non
pathogen ic form of E.coli) and then its utility in 
identification of pathogenic bacteria (EPEe, Shigella and 
Salmonella). It is one of the first attempts to construct 
such an instrument in a generic manner so th at with slight 
or no modifications it could be adapted to a variety of 
situations. This is possible because the instrumentation 
incorporates well-proven concepts popular with laboratory 
detection of bacterial pathogens, namely, specific 
antibodies to provide specific biosensor surface and 
fluorescence mode for sensitive detection. The novelty 

however was in selecting a membrane-specificfluorescent 
probe common to pathogens. By selecting probes that 
work in the visible region has simplified the instrumentation 
design to single wavelength excitation and emission 
detection wh ich is a novel feature of the instrument. Using 
readily available blue LED as source and fabricated 
detection system using photodiode a much less-expensive 
indigenous instrumentation has been made possible. 
Several methods for purifying IgG for biosensor surface
to-surface treatment and sample treatment have been 
standardized in this protocol. Such methods can be also 
utilized in other experimentations involving microorganisms. 

It is the first indigenous cost-effective instrument of its kind. 
providing instantaneous detection Availability of such an 
instrument wou ld be quite beneficial to control the infectious 

diseases. This concept can be extended to an array set up 
for simUltaneous detection of several pathogens and final to 
a totally automated high throughput machine for pathogerr 
detection. 

Display 

....,.......1- 5 ignal 

Processing 
t!Jnit 

Laboratory Set-up of the Instrumentation 

Specifications 

• 	 2000 cps at operating light level 

• 	 SNR is about 3 at 50 nM fluorescein & about 2 with 
actual fluorescent pathogen 

Sensitivity: 5x1 05fluorescent cells • 
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DEVELOPMENT OF MICROGRAVIMETRIC DIAGNOSTIC KIT FOR HEPATITIS-B 

The objective of the project was to develop simple, reliable, 
highly sensitive, easy to use and cost effective micro
gravimetric diagnostic kits based antibiody/antigen interaction 
for Hepatitis-B. Keeping the above in view, a project funded by 
OST, New Delhi was undertaken for Development of 
Mlcrogravimetric Diagnostic Kit for Hepatitis-B. 

Biochemistry has been developed for interfacing 
biomolecules with quartz crystal. Some experiments have 
been conducted on change in frequency of quartz crystal 

due to immune complex formation. These results are 

encouraging and further work is required for establishing 
optimum conditions. 

The conventional techniques for diagnosis of Hepatitis-B 

are costly, time consuming, use radio labeled components, 

require sophisticated instruments and expertise. 

Therefore, an urgent need existed for development of cost

effective, simple & reliable clinical diagnostic kits which 

can be used in remote areas where establishment of 

clinical laboratories is difficult. 



Electronics for Societal Purposes • 
Development of Key Technologies for• 
Photonics and Opto-electronics 

Custom Tailored Special Materials 

Upgradation of S! Base Units, National 
Standards of Measurements & Apex 
Calibration Facilities and Creation of High 
Quality Network of Testing & Calibration 
Laboratories and Preparation & 
Dissemination of Certified Reference 
Materials 

Industrial Waste Minimization and Clean• 
Up 

Developing Capabilities in Advanced 
Manufacturing Technology 
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ELECTRONICS FOR SOCIETAL PURPOSES 


The nodal laboratory for this networked programme is 
CSIO, Chandigarh. Other participating laboratories in this 
programme include CRRI , New Delhi; CBRI , Roorkee ; 
CFTRI , Mysore ; CEERI , Pilani ; CMERI, Durgapur; NGRI, 
Hyderabad and NPL, New Delhi. 

This networked prowamme envisages the following 
major projects : 

(i) 	 Electro-Optical System for Sorting , Grading , 
Packaging and Storage ofAgricultural Products 

CSIR LABS SECTORS 

CSIO 
(Nodal Lab) 

1. Agriculture 

2. Health 

3. Natural 
Hazards 
Mitigation 

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

I. 	 Electro-Optical System for Sorting, Grading, 
Packaging and Storage ofAgricultural Products 

• 	 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 

(ii) 	 Prosthetic Devices and Medical Instruments 
Calibration 

(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. 

NETWORKED PROJECTS 
Electro-Optical System for Sorting, Grading, 
Packaging and Storage otAgricultural Products 
1.1 Electro-optical System for Sort ing, Grad ing and 

Packaging of Different Frui ts, Vegetables and Grains 
like Rice 

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

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

Prosthetic Instrumentation and Medical Instrumonts 
Calibration 
2.1 Intell igent Prosthetic Devices for Rehabilitation of 

Physically Challenged (including Speech Synthesis 
System) 

2.2 National Facility for Med ical Instruments Calibration 

Instrumentation for Natural Hazards Monitoring & 
Early Warning Systems 
3.3 Seismic Alert System to Avert Colossal Losses during 

the occurrence of Major Earthquakes 
3.4 Desi gn, Development and Installation of 

Instrum entation for Detection and Early Warning of 
Landslides 

3.5 Test & Cali bration Centres for Seismic Instruments 
and Networks 

the Indian agri-environment for small and medium 
scale producers and traders 

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

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

TASK 1.1 (a):ELECTRO-OPTICAL SYSTEM FOR SORTING, GRADING 
& PACKAGING OF DIFFERENT FRUITS & VEGETABLES 

Participating Labs: CSIO, CMERI, CEERI (Chennai) 

The main objective of the Task is to develop an automatic 

sorting and grading system for apples based on color, 

shape, size & surface texture. The various tasks required 

to be accomplished include an Optical system with 

Illumination & Imaging systems and Image Grabbing card 

with Camera Control Interface (CSIO, Chandigarh), 

Machine with washing, drying , singulation, conveying and 

orientation units, and bin actuation for apples (CMERI 

Durgapur) and PLC based system for Machine Control, 

Image Processing & Decision making Algorithms with 

operator & user Interface screen (CEERI, Chennai). 

The development of feeding, singulation, conveying , 

orientation units causing no damage to the apples has 

been developed . A fully automatic machine vision system 

for simultaneous imaging processing of the four apples at 

four intervals of time within wide field of view (FoV) of 600 

mm (H) and for making decision for grading based on 

shape, size, color and external defects has been 

developed . The uniform illumination through DC operated 

power supplies and multiple fiber cold light sources with 

diffuser at fiber bundle end and having provision of spare 

halogen bulb has also been developed . 

The distortion free digital imaging through 3-CCD multi

spectral camera with digital camera link output using wide 

angle aspheric lens at close conjugate has been achieved 

with low thermal noise of the camera within the illumination 

chamber for perfect imaging. A simplified operator & user 

interface screen has been designed and developed. The 

machine can have a variable high throughput from 3 to 6 

apples per second with a provision of varying the speed of 

the belt, number of revolutions per sec and processing time. 

The development of the machine having washing, drying, 

singulation, conveying, orientation, and bin actuation for 

the apple sorting and grading system has been completed . 

The optical system has been fully developed with 

illumination, imaging system and Image grabbing with 

computer interface. The opto-mechanical assembly of the 

illumination system has been completed incorporating 

multiple DC power supplies operated cold light sources (15 

Volts, 150 Watts halogen bulbs) with diffusers at fiber ends to 

provide uniform illumination throughout the FOV. The opto

mechanical assembly of the imaging chamber has been 

made with an alternate provision of 3-CCD (RGB) or 3-CCD 

(CIR) multi-spectral camera at a time with a wide angle lens 

to image at close conjugate of nearly 500 mm of total FOV of 

600 mm (H). The installation of PCI-1428 frame grabber 

(image acquisition card), camera link cable, camera control 

and NI software has been done successfully. 

The PLC based system for machine control has been 

finalized with hardware and software for monitoring and 

control of operations like pre-washing , conveyer, packing, 

etc. The user interface/display screens for each stage for 

the fruit color, shape, size for grading/sorting system and 

drying/singulation , orientation, imaging and sorting have 

been developed and tested. The PLC/DCS system has 

been interfaced with CMERI developed control panel and 

tested both in manual and screen based controls . 

The image processing software development has been 

finalised with Algorithm developed for color, size and 

shape in C code and implemented. The 3-CCD Camera 

has been installed and new software developed for image 

grabbing as well as camera control through external 

synchronized capture. The limited design exploration has 

been carried out using available hardware (EVM DSP 

module with PCI bus) and CCS code for developed 

algorithms executed and tested . Grading criteria has been 
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tentatively fixed . Software with interface to Camera DLL 

functions have been written and tested . 

The total system development and module level testing is 

in progress and the complete machine is being assembled 

at CMERI, Durgapur. Each individual module of the 

machine will be fully tested for its working after its 

integration with other modules. The complete illumination 

and imaging system has been assembled at CSIO, 

Chandigarh and highly intense uniform illumination more 

than 4500 lux has been achieved and checked with lux 

Complete Set-Up for Illumination & Imaging Chamber Developed 

meter at various positions within the total FoV. Finally, the 

complete machine will be tested for user trial. 

The deliverable is the Automatic Sorting, Grading and 

Packaging Plant based on Machine Vision System for 

Apples from 3 to 6 apples per sec throughput and after 

completion and field trials extendable to other fruits and 

vegetable crops. Data Generation & Documentation of the 

complete system will be done within a short period . The 

users / beneficiaries of the machine include Horticulture & 

Forestry Departments and Apple exporters . 
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TASK 1.1(b):SYSTEM FOR CLASSIFICATION/GRADING OF RICE 

Participating Lab: CSIO 

The rice grains appear in varying sizes and shapes. Grain 
length and shape are simple and visual ways are used for 
categorizing the rice grains based on their relative size. 
The rice grain could be described as being in either the 
long or extra long range, or the shape as being either 
slender or medium. The grain translucency and 
chalkiness refer to the visual characteristics of the grain. 
Translucency is the colour of the endosperm. It is rated as 
clear, intermediate or opaque. The chalkiness refers to the 
presence or absence of a white belly, white centre or white 
back. 

A project on System for Classification/Grading of Rice was 
undertaken with an aim to design and develop an 
automatic rice classification and grading system using 
image processing. The proposed automatic visual 

inspection system for rice classification and grading shall 
have the following two major functions : (i) Rice variety 

. classification based on the comprehensive (quantitative 
and qualitative, size and shape) visual parameters such as 
length , width, projected area, perimeter etc, and (ii) Rice 
grading based on the milling quality i.e. broken ratio. 

The system being developed shall provide the following 
features : 

• Report generation for statistical sample testing for 
multiple tests 

• Image and parameter database generation for training 
of the system for a specific experimental study 

Following off-line measurements on the sample image 
have been implemented: 

• Physical size (length, width, perimeter, projected area , 
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.and related statistics) 

• 	 Anatomy (shape) 

Whiteness/colour• 
Grain weight • 
Translucence• 
Chalk• 
Cracking• 
% whole grain i.e. damage level • 

For complete analysis and classification, some other 
instruments such as measurement of moisture, protein, 
amylase content etc shall be interfaced for special purposes. 

Overall 

• 	 Measurements of rice size (length and width) 

• 	 Sample weight 

• 	 Colour, whiteness 

• Sample testing time 

Based on the interactions with Central Rice Research 
Institute (CRRI), Cuttack and Markfed, Chandigarh, 
National Rice Certification Requirements were collected 
as follows: 

• 	 National Supply Chain for 'Grade-A & Common Rice' : 

Procuring Agencies: FCI and State level Food 
Supply Departments 

Cooperative Supply & Marketing Agencies: 
Markfed, Hafed 

Rice Shellersl Mandis 

• 	 Export requirements seek absolute rice dimensions 
and accumulative stringent percentages in broken and 
undesirable items 

• 	 National requirements are only seeking for allowed 
large percentages of broken and some tolerances for 
other undesirable items 

• 	 Basmati Rice for Export/Consumers in India: Limited 
certifying requirement, met by internationally certified 
agencies such as SGS India and Geo Chem India 

• 	 The sorting machines work at sheller's level for 100% 
inspection. CSIO's system is a sample-based 
analytical instrument primarily for buyers . It presently 
meets export/superior quality requirement by 
including moisture test 

• 	 National testing requirements are met by 'Grain Labs' 
associated at each level, which conduct tests 
manually and visually as per BIS standards 

Accordingly, CSIO's efforts were focused to achieve the 
following: 

Development of a method for determination of the colour 
(whiteness and chalkiness), size, shape & size distribution 
of rice and the amount of broken rice kernels using Flatbed 
Scanner (FBS) & image analysis software. 

Some parameters were extracted from the rice kernels' 
structure in the image while the others were measured 
from their reflective properties. Similar measurements 
were taken by other commercial instruments on a 
"wholesome" manner, for example, infrared whiteness 
measurement is made for a whole or powder sample. In 
contrast, here the measurements were made on each rice 
kernel and also in integrated manner as desired . 

Following monitoring parameters to grade the rice grain 
were identified and achieved: 

• 	 Rice: colour, shape and size 

• 	 Undesired items: broken, discoloured, chalkiness, 

Length Measurement of Rice Grain Breadth Measurement of Rice Grain 
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.cracking, foreign matter, etc 	 unreliable reporting 

• 	 Grain-wise measurements and histogram • The cost to the user is nil as the system utlises the 
standard scanner and computer. There may only be • 	 Rule and Neural network based classification 
licensing fee. 

• 	 Image and database of various varieties 
• 	 A server-based system with complete 'knowledge and 

• 	 Storage of knowledge from B IS Standards 
data', that can provide sample testing over the internet, 

• 	 Remote sample submission through internet and leading to national 'uniform procurement 
obtaining certified statistical report specifications and uniform testing' 

The Figures show how length and breadth (mm) of each • The same system can be customized to suit export 
grain of rice is measured. Two plots indicate histograms for requirements & BIS standards including annual 
these parameters as perthe population. relaxations applicable to all farmers during bad 

Societal Impact seasons. 

• 	 Eight Visual Grading Tests (BIS No. IS:4333-1967 and • Transparency in the testing procedure among various 
terminology for food grains IS :2813-1995) take more public and private agencies 
than 30 minutes of manual labour. The developed • More frequent, more locations and more people can 
system does it in a few seconds. connect to the system, submit sample by employing 

• 	 The long process of conducting a test manually does their own scanner, computer and internet for a certified 
not allow enough 'repetition' of a test often leading to report. 

~ - - /R- 

TASK 1.2: MONITORJNG AND CONTROL SYSTEM FOR FOOD STORAGE 

HOUSES AND OPTIMIZATION OF PROCESS PARAMETERS 


Participating Labs: CSIO, CFTRI, CEERI (Pilani) 	 harvest. Harvesting of crops occurs infrequently. 
Therefore, it is necessary to devise means to maintain the 

Post harvest technology refers to the handling, sorting , 
quality of biological products as long as possible.

storage, transportation, marketing and management of 
Refrigerated transport, understanding of microbiological 

horticulture and agri-produce. Majority of such products 
infection and more recently the development of controlled 

have living organisms, which continue to respire after 

Grain-wise Length Variation in a Rice Sample 

Grain-wise Breadth Variation in a Rice Sample 
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atmosphere storage systems have effectively revolutionized 
the food supply chain. Due to these efforts, many fruits & 
vegetables are becoming available around the year. 

India is the second largest producer of fruits & vegetables. 
However, the loss level lies between 20-40 % which 
amounts to loss of Rs 20,000 to Rs 40,000 crore per 
annum. This is due to poor handling, improper storage, 
packaging & transportation etc. 

In poor storage the most quantitative losses are reduced 
weight, partial or total product decay. A qualitative loss is 
deterioration in texture and flavor resulting in quality 
deterioration and lower market price. Mechanical injury 
may be due to tender texture, high moisture. Poor handling 
or transportation may also result in mechanical damage. 
Physiological deterioration may be due to living tissues, 
mineral deficiency, undesirable atmosphere conditions 
such as high humidity, etc. 

The project aims at design and development of Controlled 
Atmosphere (CA) System for fruits & vegetable storage, to 
extend their shelf life to maintain intemal quality attributes as 
compared to normal cold storage house. The necessary control 
parameters are temperature to prevent growth of 
microorganisms, humidity to maintain surface and skin 
freshness, oxygen to keep tissues alive, carbon dioxide to 
maintain intemal quality and ethylene control prevents ripening. 

A controlled atmosphere system has been developed, 
integrated with sensors, solenoid valves, nitrogen 
generator and scrubbers to maintain the level of required /- - /, *

parameters. The system is computer controlled & 

operated with LabVIEW Software developed by CEERI, 
Pilani. The five parameters e.g. temperature, humidity, 
oxygen, carbon dioxide and ethylene concentration levels 
are controlled through computer. Performance testing of 
the system has been checked with different gas 
concentrations. The system offers a capacity of 250 Kg 
extendable upto 2500 Kg and is under performance trials 
different fruits and vegetables. 

Controlled Atmosphere System 

Features 

• 	 Fully Programmable CA Storage System, Intelligent 
Networking 

• 	 Storage Capacity : 250 kg, extendable up to 2500 kg 

Benefits 

• 	 Post Harvest Storage 

• 	 Shelf-life Extension 

• 	 Retention of Flavour & Firmness 

• 	 Reduced Weight Loss 

-

TASK 1.3 :ADVANCED OFF-LINE AND ON-LINE MEASUREMENT 

SYSTEM FOR QUALITY ASSESSMENT OF AGRI-PRODUCE 


Participating Labs: CSIO, CFTRI 

The Task aims at developing an Off-line & On-line 
measurement system in the I\JIR region to measure the 
internal quality attributes of horticulture and agri-products 
based on diffused reflectance and its spectral study. An 
Off-line Non-destructive Quality Assessment System 
based on selective absorption of IR for fingerprinting of 
different attributes for fruits using fiber optic probe with 
interference filters has been developed and its calibration/ 
validation with standard solution is in progress. NIR System for Internal Quality Attributes 
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Component II : Prosthetic Instrumentation and Medical Instruments Calibration 


Task 2.1.a: Intelligent Prosthetic Devices for Rehabilitation of Physically Challenged 


(I) ARTIFICIAL KNEE 

Participating Labs: CSIO, CMERI 

Fixed pivot, hydraulic artificial knee joint for above knee 
prosthesis is proposed to be developed under this sub
task . Hydraulic system is based on the principle that 
liquids are incompressible. The knee joint has a cylinder 
filled with thin oil. As the knee flexes, a piston is pushed up 
into the oil filled cylinder. As piston moves up, oil is forced 
out through the valve openings. As the area of the opening 
is very small, fluid flow decreases giving resistance to 
flexion which provides stance phase stability to the joint 
which is 60% of the gait cycle, in extension same 
phenomenon happens. Piston goes down and forces the 
oil back into the upper side of the cylinder through the 
valves . 

Artificial Knee Joint 

Hydraulic mechanism employed in the joint consists of two 
cylinders, one is master cylinder whose working principle 
has been described earlier and the other is compensation 
cylinder. A cam-operated valve is employed in the 
compensation cylinder which can be operated from 
outside with screw driver. Fully opened, partially opened 
and closed position of the valve provides following features 
to the joint: 

(a) 	 Full speed 

(b) 	 Required extension speed matching with the 

healthy leg 

(c) 	 Locking the movement of the joint, making it suitable 
forthe patient having both legs amputated 

There was a dire need of development of this kind of knee 
joint because in India conventional type of knee joints are 
manufactured only from wood or carbon fiber. The 
contemporary Otto Bock, Germany manufacture hydraulic 
knee joints, ensures stance phase stability of the gait cycle 
but is very costly. They commit speed adjustment in their 
gadget but that is very negligible. That does not have 
locking arrangement. So this knee joint which has been 
developed in CSIO obviates all those defects discussed 
earlier. Its cost is less whereas the quality is high. 

A prototype of fixed pivot hydraulic knee jOint has been 
developed and tried on patients for evaluation at National 
Institute for the Orthopaedically Handicapped (NIOH), 
Kolkata. Giving desirable results, two more prototypes are 
nearing completion. 

(ii) Functional Electrical Stimulation System 

Patient Trials of Artificial Knee Joint 
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The deliverable of this sub-task would be Functional 
Electrical Stimulation (FES) System for Paraplegics to 
perform sitting-standing function . Laboratory Model of a 
Functional Electrical Stimulation System was developed. 
The same was tried extensively on patients at Government 
Medical College & Hospital (GMCH), Chandigarh. A 
modified version of the stimulator with 4 channels was then 
designed and developed, optimizing the dimensions and 
the weight of the unit. The system is built around an 8-bit 
microcontroller. The patients were able to perform 
standing and sitting functions with grade 5 contraction of 
muscles. Three engineered units of 6-channel stimulator 
are underfabrication for trials on patients . 

ELECTRONICS FOR SOCIETAL PURPO 

(II) FUNCTIONAL ELECTRICAL STIMULATION SYSTEM 

Participating Lab: CSIO 

Patient Trials of FES System 

- - *- 
(III) MYOELECTRIC ARM 

Participating Lab: CSIO 

The Myoelectric Arm for below-elbow prostheSiS would be 
the deliverable of this sub-task. 1\/1 yo e I e c t ric arm 
consists of gripping fingers, palm, wrist and lower portion 
of upper limb . The arm further has a DC motor for hand 
movement, sensors to pick up myoelectric signals from the 
stump, circuitry to process and condition the signals to 
perform the opening and closing of hand, and finally a case 
in which the entire set-up is placed to provide a cosmetic 
appeal. 

Patient Trials at National Institute for the Orthopaedically Handicapped, Kolkata 

(b) Signal conditioning 

(a) Acquisition of Myoelectric Signals 

Electromyogram (EMG) is the electrical signal generated 
The functioning of myoelectric arm may be broadly 

by muscles during contraction or relaxation. This electrical 
classified into two major parts : 

activity comes from the muscle itself. Three muscles were 

(a) 	 Acquisition of myoelectric signals identified after the preliminary examination of some 
amputees. Their exact location varies from person to 

Myoelectric Arm 
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person according to the level of amputation and the period from a patient for hand opening and closing appear as in 
after which the arm is being replaced . Signals acquired Figures below. 

EMG signal of relaxed muscle 

b) Signal Conditioning 

The raw EMG differential signal is of the order of few 
microvolts. It is amplified by a differential amplifier. The 
frequency components of EMG signal which vary due to 
contraction and relaxation of arm muscles in the process of 

Differenlial _ Low Pass ........ AC coupled RMS 10 DC DC ADC 

Amplifier Filler Amplifier -. Converter --. Amp ........ RO DATA 


P3.4 - M- icr-oco- ntr- O'-Ier-..,...---------lf I
LIMIT SWITCH 'OPEN' ----Jio> 

P3.5 89C2051 IIIIp1 
LIMIT SWITCH "CLOSE: -----... P3.3 P3.2 P 3.1 P 3.0 

Arm 

Block Diagram of the Myoelectric Arm Set-Up 

EMG signal of contracted muscle 

opening and closing of hand fall in the range of below 30 
Hz. The signals are, therefore, low-pass filtered in this 
range only, thus rejecting the irrelevant frequencies. This 
signal is further processed with the help of a 
microcontroller 89C2051 which finally drives a DC motorto 
open or close the hand. 

Features 

• 	 Microcontroller based operation 

• 	 Intelligent Prosthesis with variable hand speed 
setting according to user's preference 

• 	 Variable grip force on the object depending on its 
weight 

Clinical Trials 

The developed arm has been tested successfully at 
National Institute for the Orthopaedically Handicapped 
(NIOH), Kolkata on actual patients . 

--/,* 
(IV) ELECTRONIC HAND (VOICE OPERATED) 

Participating Lab: CSIO 

The 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 both the 
hands has been undertaken. 

A mechanically operated Electronic Hand with two fingers 
movements (to open and close the hand) has been 
developed and tested . Its performance evaluation was 
done at Saket Institute for the Orthopaedically 
Handicapped, Chandimandir (Haryana). Based on the 
feedback, some modifications were incorporated in the 
design and second prototype unit was assembled in the 
laboratory. Preliminary lab testing of the first unit with 

Electronic Hand (Switch Operated) 

Voice Control System having three commands (Open, 
Close & Stop) has also been done. 
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(V) SPOO FEEDING ROBOT SYS EM 


Participating Lab: CSIO 

Spoon Feeding Robot System (SFRS) is an attempt 
towards rehabilitation engineering and assistive 
technology. SFRS is one such prosthetic device to be used 
for persons who have lost both hands or arms or the 
person is unable to use arms. Since the speech is the 
fastest method of communication between people, SFRS 
has been designed to have vocal control system along with 

In-house Trials of SFRS 

switch control system. The main objective is to design and 
develop a light weight, low cost voice/switch operated 
SFRS, which could feed three different dishes (semi-solid) 
to physically challenged persons. The SFRS has four 
degrees of freedom and six voice commands i.e. Start, 
Reset, Feed 1, Feed 2, Feed 3 and Stop. The system may 
also be operated using three push button switches with the 
help of foot. Prototype model of switch controlled SFRS 
has been developed and tried in-house successfully. 

Schematic Diagram of SFRS 

Central Scientific Instruments Organisation (CSIO), 
Chandigarh entered into an Memorandum of 
Understanding (MoU) with the National Institute for the 
Orthopaedically Handicapped 
February 1, 2006 related to 
Generation, Embedding and 
Intelligent Prosthetic Devices 
Project. 

(NIOH), Kolkata on 
Domain Knowledge 

Benchmarking of the 
developed under the 

MoU being signed between CSIO and NIOH 

~~ - -/i'-

TASK 2.2 : NATIONAL FACILITY FOR MEDICAL INSTRUMENTS CALIBRATION 

Participating Lab: CSIO 

The first of its kind national facility for medical instruments 
calibration has been established at CSIO's Delhi Centre. 
Today the patient care is dependent on a wide variety of 
medical equipment for diagnosis as well as for 
therapeutics and follow-up actions. Periodic calibration & 
proper maintenance of these equipments assumes great 
importance while drawing operative conclusion from 
measurements, counts, · images or pulses generated by 
these equipments. Regular calibration of these 
equipments against appropriate standards becomes an 
essential function to be carried out as error prone 
equipments tend to adversely affect patient treatment. 

The following standard calibration equipments have been 
installed: 

Ultrasound Wattmeter • 
Ventilator Gas Flow Analyser • 
Pulse Oximeter Simulator • 
Infusion DeviceAnalyser • 
Multi-parameter Simulator • 
Safety Analyser • 
Defi brillator Analyser • 
Electro Surgical UnitAnalyser • 
Incubator Analyser • 
Precision Multimeter (7% digit) • 

Amlltal RePOl't 2005-06 .
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Component III : Instrumentation for Natural Hazards Monitoring 
and Early Warnfng Systems 

TASK 3.3 . 	SEISMIC ALERT SYSTEM TO AV RT COLOSSAL LOSSES 
DURING THE OCCURRENCE OF MAJOR EARTHQUAKES 

Participating Labs: CSIO, CBRI, NPL 

It is true that occurrence of earthquakes cannot be 

predicted accurately even today. Therefore, some 

scientific efforts based on modern technology are required 

to be made at least to minimize the losses by realizing the 

intelligent data telemetered seismic networks based on 

modern seismic instruments, digital communication 

facilities, and powerful digital computers. The operational 

purpose of these networks is to generate and send Alert 

Signals to the vital places at least few tens of seconds 

before the actual ground shaking starts at these places. 

Seismic Alert System can now be designed and configured 

around - Modern Seismic Sensors (Seismometer & 

Accelerometers), High Resolution Digitizers, Pentium 

Processor based Computers, Satellite based 

communication facilities (Information Technology), etc. 

CSIO, Chandigarh has played a leading role in the 

development of indigenous technology for a good number 

of seismological instruments. The objective of the project 

is to design, configure and install a Seismic Alert System 

(SAS) at strategically vital region. The region for the 

( I n Progress) 

STRATEGIC SITES 

• Atomic Power Slatton 
Narora, 

MalhurtJ Refinery, 

CENTRAL RECORDING & PROCESSING • Panipal Refinery, 
FACILITY BEING INSTALLED AT DELHI 

• Ai orts, Melro Trains 

Block Diagram of Seismic Alert System 

RS232 Cable 

lO:\lBPS .. • 
I 

Ethernet Cable: 

~ IT '"._
Sensor 

Calibration 
Card 

PCI &:.lSADUS 

Tbl"H Components 
St-lsmlcSentror 

Memory 
Modulo 
(HOD) 

Block Diagram of CSIO Developed Weak Motion Recorder 

installation of Seismic Alert System has been finalized in 

consultation with CBRI, Roorkee for protection of critical 

and strategic installation in the region of Delhi and around. 

The team aims to design & configure SAS by incorporating 

advanced sensors, high resolution Data Acquisition 

System (DAS), PC, Seismic Alert Switch and telemetry link 

in association with other participating labs. 

Field Station Instruments 

The field station instrument i.e Weak Motion Recorder 

(WMR) has been designed around PC- Architecture and 

24-bit digitizer to measure the output of a weak motion 

sensor. The field station instruments have been designed 

around the following main modular hardware cards: Back 

Plane Card, Processor Module, Disk-on-Chip (DOC) 

Module, Pre Amplifier and Signal Conditioning Module, 

Analog-to-Digital Converter (ADC) Modular Card, Sensor 

Calibration Card, Global Positioning System (GPS) 

Modular Card with Active Antenna, Memory Module (Hard 

Disk). The designed system has 'Ethernet Interface' for 

transferring the data to Central Recording Station (CRS) via 
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CRS at Delhi 

1 
1J Independent IP 

address has been 
assigned to Weak 

W••kMolionRecordor Motion Recorder 

CSIO, Chandigarh 

Communication between Field Station and Central Recording Station 

VSAT link. The system software has been designed around 

VC++ and the system software takes care for the operation 

ofWMR as per field parameters programmed by the user. 

Communication Link 

Communication link has already been tested with the 

existing VSATfacilities available at CSIO, Chandigarh and 

Central Recording Station (CRS) at CSIR Complex, New 

Delhi shown in Figure. The CSIO realized Weak Motion 

Recorder has been used for this purpose. The VSAT 

connectivity has been established using existing 'Ethernet 

interface' of WMR. The recorded 'X' file on detection of true 

seismic event is transferred to CRS using 'ftp' protocols 

and VSAT connectivity. 

Algorithms for CRS 

Algorithms have been developed and tested on the earlier 

recorded true event at various users seismic observatories 

i.e i) Estimation of earthquake magnitude from first arrival 

of two seconds of data. ii) Computation of location of 

earthquake from first arrival times. Magnitude of an 

earthquake is an important parameter for estimating 

the size of an earthquake and has been computed from 

the first arrival of two seconds of data. There is linear 

relationship between frequency content of p arrival and 

magnitude for local earthquake i.e 

M = a log (T max) + b 

where a and b are constants and T max is predominating 

period in the p wave packet of 2 seconds. The developed 

algorithm has been tested on twenty earthquakes 

recorded by seismic network working in Himachal region 

andtheresultsvaryfrom ±O.2 to ±O.7. 

Estimating a hypocenter (xo, Yo' zo) is a complex 

mathematically inversion problem. Initially, for SAS, 

software for auto-location of earthquake has been 

designed based on Grid search method for the 

computation of location from the travel time of first P-wave 

(very half space velocity model) and efforts are in progress 

for development of this algorithm by other method. An 

Encryption & Decryption Algorithms have been developed 

CSIO Developed Weak Motion Recorder at CSIO Developed Weak Motion Recorder at 

Hemvati Nandan Bahuguna Garhwal University, Srinagar Wadia Institute of Himalayan Geology, Dehradun 
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i.e Geo-additive & shuffling technique . shown in the Figures. 

The developed systems are installed at Wadia Institute of After field installations of instruments with VSAT link, lot of 

Himalayan Geology (WIHG), Oehradun, Ram Tirath efforts are required in testing - for technological perfection, 

University Campus, New Tehri and Hemvati Nandan correct estimation of seismic parameters, reliability and 

Bahuguna Garhwal University, Srinagar withoutVSAT link channels to issue authentic warning. After estimation of 

for recording the field data to be used for computation and magnitude and location, alert command will be generated 

regression of the results . The VSAT link is to be installed in for vital installations using seismic database maintained at 

the field station shortly. The photographs of the CSIO CRS. The full system will be integrated and tested as per 

developed weak motion recorder at field installations are the objective. 

;,-'* 

Task 3.4 : Design, Development and Installation of Instrumentation 

for Detection of Early Warning of Landslides 

TASK 3.4.a :DEVELOPMENT OF INSTRUMENTATION COMPRISING STANDARD SENSORS 
AND ADVANCED ASSOCIATED ELECTRONICS FOR MONITORING, 
DETECTION AND EARLY WARNING OF LANDSLIDES 

Participating Labs: CSIO, CBRI , CRRI 

Landslides cause numerous deaths and destruction every 

year worldwide with a property damage of about US $ 4 

billion, and pose serious threats to settlements and 

structures that support economy in general. It is, therefore, 

extremely important to monitor the causal factors and 

make reliable predictions for such an event. The 

occurrence of landslides is quite common on natural 

slopes and geo-dynamically active region showing high 

degree of rock instability. In India, the mountain regions of 

Himalayas and Nilgiris are facing serious problem of 

landslides which cause disruption of road and rail traffic 

besides loss of precious human lives. The main factors 

that initiate or trigger landslides (rock movement) are: 

Heavy and prolonged rainfall, Cutting and deep excavation 

on slopes for construction, roads, canals and mining 

without appropriate disposal of debris and earthquake 

shocks and frequent tremors. 

The Himalayan region is seismically the most active 

segment of the Indian subcontinent. Its north-eastern and 

north-western ends are being repeatedly and violently 

rocked by earthquakes of considerable magnitudes. The 

seismic shocks have been found major triggering cause for 

landslides. The vibrations generated by the movement of 

heavy vehicles create oscillations of different frequencies 

in the rocks and thus change the stress pattern reducing 

the shear strength and including mass movements. 

Rainfall over some of the areas in Himalayan region is in 

excess of 200 cm/year. Sometimes, people also contribute 

to the slope failure by diverting rainwater and roof water 

which alters the hydrology of the slopes. An important 

cause of mass movements or surface failure is absence of 

surface drainage system or proper opening for seepage. 

This causes frequent occurrence of landslides during or 

after the heavy prolonged rainfall. 

Till date, in our country, we do not have a single modern 

network configured around state-of-the-art sensors and 

associated advanced electronics (field operated signal 

conditioners, modern data acquisition system, digital data 
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communication and personal computer etc), which can be 

made available indigenously. Some efforts are being made 

by some research institutes, using a few imported 

instruments to measure only some parameters. As such, 

there are no organized scientific efforts to acquire good 

quality instrumental data and its real time analysis for 

issuing early warnings to handle this natural hazards. 

In the advanced countries, a large number of landslide 

monitoring networks configured by incorporating state-of

the-art standard sensors and associated modern electronics 

are operational as early warning systems. By these 

networks, the data is collected and analysed in real time 

mode to issue the early warning information for public use. 

Under this project, the instrumentation network will be 

designed and configured around the standard sensors and 

the field operated associated electronics comprising of low 

power consuming compact signal conditioners and 

modern data acquis ition system, digital data 

communication and personal computer etc. The objectives 

of the project are: 

i) 	 To design and configure a landslide monitoring network 

by incorporating modern instruments alongwith 

necessary low power consuming hardware modules, 

interfaces and to integrate these with the sensors to 

realize the conceived instrumentation system 

ii) 	 To develop the instrumentation software modules for 

putting the proposed system into operation as per 

design objectives 

iii) 	 Comm issioning and operationalisation of the 

instruments developed as an experimental network 

iv) 	 To generate the comprehensive data base so that the 

early warning commands may be issued to mitigate 

the damaging impact of landslides 

A complete system has been designed & developed and 

installed at selected field site near Haridwar (Mansa Oevi). 

The system is operational and under observation round 

the clock and the data is being collected for further analysis 

by participating labs. 

VSAT Link VSAT Link 

PC for Database Management 
(National Data Center) 

2"" ElIaS 

Sensors 
I 

Optical Fibre Link 

PC for Off-line 
Procrssing and Alarm 

Management 

1 Phase 

Schematic of Instrumentation for Landslides 
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TASK 3.4.b: DEVELOPMENT OF OPTICAL FIBRE SENSING SYSTEM 
FOR EARLY WARN I G AND DETECTION OF LANDSLIDES 

Participating Labs: CSIO, CRRI 

Optical Fiber Sensing System for Early Warning and 
Detection of Landslides has been designed and 
developed. Optical fibers are inherently immune to 
electromagnetic interference, chemically inert, 
inexpensive, light weight, flexible, easy to install, 
disposable, In this system there is no need to clean debris 
from the borehole before taking measurements and no 
need to physically visit the site for collection of data since it 
can be remotely monitored from multiple locations. 

To detect the beginning of land mass movement, a 
displacement sensing fiber optic cable has been designed 
and developed. The early displacement of the landmass 
situated on a known landslide prone slope can be sensed 
veri effectively. For monitoring early stages of landslide, 
the relative magnitude and rate of displacement and the 
location of the zone of deformation need to be determined 
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Block Diagram of Fiber Optic Landslide Monitoring 
System under Realization 

immediately and accurately. This is accomplished by 
sensing of deformations of a suitably designed fiber optic 
underground laid cable using Optical Time Domain 
Reflectometer (OTDR) techniques. 

,~--,,,-
TASK 3.5 : SETTING UP OF lEST & CALIBRATION CENTRE 

FOR SEISMIC INSTRU ENTS AND ETWORKS 

Participating Labs: CSIO, NGRI 

In our country, large number of seismic instruments and 

dense networks are in operation. Accuracy and 

authenticity of determination of earthquake parameters 

depend on correct data recording, which can be ensured 

with the instruments, which are periodically calibrated. In 

view of this, CSIO, Chandigarh has set up a test and 

calibration facility for seismic instruments and sensors. 

Important parameters such as frequency response, 

dynamic range, natural frequency, signal-to-noise ratio, 

damping , filter response, generator constant, noise level , 

etc. have been considered for calibration of seismic 

sensors & recorders. For this purpose, latest test and 

measuring equipments such as Multifunction Calibrator, 

Digital Multimeter (8% digit), Logic Analyzer, Universal 

Frequency Counter, Digital Oscilloscope, Pulse Pattern 

Generator, etc. have been installed and Shake Tablewill 

100 OHM 
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= 
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Set-up for Calibration of Natural Period 
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be installed shortly. The facility is in use at CSIO for the 

calibration of seismic recorders and sensors. Some 

Seismic instruments have already been received at CSIO 

from IMD, CBRI, WIHG and GND Universityforcalibration. 

Calibration of Natural Period 

If the seismometer is connected to a recorder, the period 

(\. 
I \ x~ 

_ _,J- \ ..-\y------- 

Typical Record Typical Record 
With Rx = Infinity With Rx adjusted for 

Overshoot ratio = X2/X1 = X3/X2 About 113 critical damping 

Records for the Measurement of Damping 

Generator Constant 

The generator constant or output of the seismometer can 

be computed from the equation 

where Go = the output in volts/meter/second 

can be measured by pulsing the calibration coil (see 

Figure) and recording the oscillations of the mass. The 

time-per-unit cycle is the natural period , Tn. A better 

method that avoids the influence of damping is driving the 

calibration coil with a sine wave and observing the phase 

shift between input and output on an oscilloscope. The test 

set-up for this method is shown in the Figure on previous 

page. 
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Test Set-up for Natural Frequency 

M = seismometer mass in kilograms 

(1.45 nominal) 

fn = natural frequency of the seismometer in 

hertz or 1/natural period 

CDR = critical damping resistance (ohms) 

Internal View of the Seismic Calibration Centre at CSIO 
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DEVELOPMENT OF KEY TECHNOLOGIES FOR PHOTONICS AND OPTO-ELECTRONICS 


The objective of the networked programme is to establish 

key fabrication technologies for Photonics and Opto

electronic Components and Systems in India. The nodal 

laboratory for this networked programme is Central Glass 

& Ceramics Research Institute (CGCRI), Kolkata. The 

role envisaged for CSIO in this programme is 

establishment of fabrication technology of Fiber Bragg 

Gratings (FBGs) and Long Period Gratings (LPGs) for 

sensors and other applications. 

Fiber Bragg gratings and long period gratings possess all 

the important characteristics of optical fibers besides some 

other novel features which have made them quite 

attractive for various sensor applications such as 

structural health monitoring, oil and gas exploration wells, 

power transformers , railways and geophysical research. 

Over the years, CSIO has acquired expertise and created 

infrastructure in the general area of fiber optics, fiber optic 

(FO) sensors and application specific FO systems. 

Keeping this in view, the above project has been 

undertaken with the objective to establish the fabrication 

technology of FBGs and LPGs for sensors and other 

Schematic of FBG based Petrol Leak Sensor 

applications by developing both phase mask and 

holographic grating writing techniques. 

A Fiber grating Lab has been created and several of the 

identified equipments have been installed. The FBG/LPG 

writing system is being established enabling grating 

fabrication using high precision holographic and phase 

mask techniques. An FBG based petrol leak sensor has 

been developed for instantaneous detection and location of 

leal< in pipes and this work has resulted in a research paper. 

The schematic of the sensor and its response curve are 

shown below. Investigative studies have been carried out to 

study wind impact measurement on structures in the lab and 

to enhance the temperature sensitivity of FBG by metal 

encapsulation. Studies on FBG sensors have also been 

undertaken related to sensing of distributed strain & 

temperature measurement using multiplexed FBG sensors. 

The schematic of multiplexed FBG sensors and their 

characteristics are also shown. FBG sensors have been 

designed for measurement of distributed strain in structures 

upto maximum of5,000 and 10,000 microstrains. 

High precision mechanical LPGs have been designed, 
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fabricated and investigated for sensing bend in structures 

and measurement of concentration & refractive index of 

solutions. This work has resulted in an international 

research publication. LPGs have also been studied for 

sensing relative humidity (RH), sugar content in cane juice, 

and determination of contamination of petrol & diesel by 
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Schematic of Multiplexed FBG Sensors 

kerosene. Work has also been carried out by recording 

holographic gratings in photo resist for development of 

phase mask for writing fiber Bragg gratings. Several 

research papers have been published in SCI journals. 

Besides, a number of research papers have been 

presented in national and international conferences. 

rnlcro~tr~ln ~~) 

1549.02 

1548.92 

1548.82 

1548.72 

Sensltlvlty= 11.1 pm J·C 
1548.62 

1548.52 

1548.42 

1548.32 -!--~--~-~--~--.--, 

15 25 35 55 65 75 

Temperature (0G) 

Response Curves of Multiplexed FBG Sensors 

Multiplexed FBG Sensors Set-Up 

. -. ~. - , '. ,. .." - .' -. - .',' ~!--"'-.'. ".- 'J f' - ,- - • 

.' An1tual1}~01~-06 "'" '" '-':.:,,' . '. ' ,'.' . '::....-'- '-' " 54 · 
. " " J..'W1' ":. ". ~:':._.' ",.' ":~""'" 

•• • , .... " • .',.-' t' " 

' . '. ...I...iaa :... -. ~ ~ Ir. -' '." " '_ • t~ r:.4J-' .. ':_ _ 



SPECIAL MATERIALS 

CUSTOM TAILORED SPECIAL MATERIALS 


The main objective of the networked programme is to 

develop technologies related to high-tech materials 

including Organic/Inorganic Optical Materials and 

Molecular Modelling; to synthesize Electroactive Polymers 

and their applications; Molecular Electronics, Nano 

Structured Inorganic Materials for Novel Electronic, 

Magnetic, Optical Structural and Transducer Applications, 

Super Hard Material Coatings, Novel Composite 

Materials, Bio- Materials, Plasma Processing of High 

Temperature Materials and Nano-Structured Porous 

Materials. The nodal laboratory for this networked 

programme is Central Glass & Ceramics Research 

Institute (CGCRI), Kolkata. 

The Tasks/Sub-Tasks planned for CSIO in collaboration 

with other CSIR laboratories are as under: 

(i) 	 Organicllnorganic Non-linear Optical Materials 

and Molecular Modelling 

- Development of Non-linear Photorefractive 

Semiconductor Materials/Structures based ' on 

AIGaAs/GaAs with MBE System & their 

Characterization for Optical Devices 

(ii) 	 Molecular Electronics 

-	 Design and Development of DNA based Molecular 

Logic Gates 

(iii) 	 Development of Nano-structured Inorganic 

Materials for Novel Electronic, Magnetic & Optical 

Applications 

-	 Synthesis & Characterization of Nano-materials 

The scientific & technical achievements made by CSIO 

under each of the abovementioned Tasks/Sub-Tasks are 

given below: 

Development of Non-linear Photorefractive Semiconductor Materials/Structures 
based on AIGaAs/GaAs with MBE System & their Characterization for Optical Devices 

The objective of the project is development of non-linear 
photorefractive semiconductor materials/structures 
based on AIGaAs/GaAs with Molecular Beam Epitaxy 
(MBE) System and their characterization for optical 
devices, Low temperature growth and defect 
engineering techniques are employed for altering the 
properties of the material. By reducing the substrate 
temperature during MBE, excess arsenic is incorporated 
into the substrate. As much as 2% excess arsenic can be 

incorporated at the substrate temperature of 200°C. This 
excess arsenic is in the form of point defects-arsenic 
antisites and gallium vacancies. The Low-Temperature 
(L T) grown epi-Iayers are annealed at temperature of 

500°C and above, so that the excess arsenic 
precipitates. After the formation of As precipitates, they 
coarsen with further annealing . Annealed LT-GaAs is 
semi-insulating in nature and has carriers having lifetime 
of the order of 1psec. These are the properties that make 

LT GaAs attractive for the use as high-speed 
photoconductive switches. 

Several experiments were carried out at different 
substrate temperatures to optimize the growth 
temperature of photorefractive semiconductor 
nanostructures using GaAs and GaAs/AIGaAs 

semiconducting materials . It was found that at 250°C, the 
surface of these structures is better as suggested by 
Scanning Electron Microscopy (SEM). growth 
parameters such as substrate temperature, thickness, 
annealing temperature, and annealing time. K-cell 
temperature was varied to realise the optimized 
thickness and growth procedure. AIGaAs/GaAs layered 
structures were grown at low temperature as well as at 
normal growth temperature. The low temperature grown 
layer is crystalline in nature as determined by X-ray 
diffraction . 

. 	 . 
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SPECIAL MATERIALS 

In LT-GaAs, the excess As incorporates both interstitial 
and AsGa antisites related defects. When it is doped with 
Si, there is a competition between Si andAs for the Ga Site. 
Si occupies exclusively Ga sites at these low temperature 
and that leads to preferential incorporation of Si at Ga 
sites . Also due to smaller atomic size of dopants (Si), it is 
incorporated preferably over As. The behaviour for the 
1x1 019 cm-3 Si doped layers is indicated below. It is clear 
from the graph that even for the highest Beam Equivalent 
Pressure (BEP) equal to 6, the layer was still conducting 
and it has n-type conductivity 
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Design and Development of DNA based Molecular Logic Gates 

The objectives of the project include-simulation of charge 

transport and I-V characteristics of DNA nanowire, 

Measurement of I-V and Mechanical properties of DNA 

nanowire, Manipulation of DNA nanowire using SPM and 

optical tweezer, Evaluation of theoretical and experimental 

results for DNA nanowire based devices. 

The major achievements during this period are 

nanoelectrode designing and trapping primers in between 

and AFM imaging of DNA on micro gold electrodes as 

shown in Figure. Amplification of primers and a good 

theoretical progress has been made. 

Ionization potentials and electron affinities of all the 

nucleotides A, T, G, C of DNA have been calculated and 

then pairsAT and GC have been calculated. 

The electrical conductivity of DNA is being studied with the 

aim of producing nanoscale devices such as molecular 

wire. Several Groups have studied current-voltage 
characteristics of lambda-DNA as a whole and chemically 

synthesized segments of DNA for varying length and 

bases. There is a considerable effect of factors like DNA 

sequence composition and the length of sequence. The 

increasing number of guanine bases in the DNA sequence 
with minimum spacing between them has shown potential 

role in charge transfer properties. CSIO has taken 

naturally existing lambda-DNA and its segments for this 

study. Segments of lambda-DNA are obtained by 

Polymerase Chain Reaction (PCR) using specific thiolated 

primers. The sequences taken were of overlapping 

regions to each other with varying length and hence , the 

Nanoelectrode designed using Optical Tweezer 



SPECIAL MATERIALS 

effect of segment length factor on conductivity has also comparative current-voltage characteristics features of 

been accounted . The amplified sequences are guanine lambda-DNA and its segments varying in size and differing 

rich . This study has been designed to investigate the in guanine base composition . 

Atomic Force Microscope Image of DNA 

Synthesis and Characterization of Nano-Materials 

Synthesis of Nickel nano particles in aqueous medium 
using Cetyl Trimethyl Ammonium Bromide (CTAB) 
surfactant and lower alkalyl ammonium bromide has been 
carried out. These nano particles have been characterized 
by Transmission Electron Microscopy (TEM), X-ray 
Diffractrometry (XRD), Infra Red (IR) & Thermal Analysis. 
The same material has been used as catalytic material for 
the reduction of nitrophenol. The materials are being 
characterized for their magnetic properties. 

Transmission Electron Microscopy Image of Nickel Nanoparticle 
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PHYSICO MECHANICAL, ELECTRI 
AND ELECTRONIC STANDARDS 

UPGRADATION OF 51 BASE UNITS, NATIONAL STANDARDS OF MEASUREMENTS & APEX CALIBRATION 

FACILITIES AND CREATION OF HIGH QUALITY NETWORK OF TESTING & CALIBRATION 


LABORATORIES AND PREPARATION & DISSEMINATION OF CERTIFIED REFERENCE MATERIALS 


The objectives of the networked programme formulated by 

the Task Force on 'Physico Mechanical, Electrical and 

Electronic Standards' are as follows : 

Task-1 : Upgradation of the Base Units and l\Jational 

Standards of Measurements at NPL for Mass, Luminous 

Intensity, Time, Chemical Metrology 

Task-2 : Upgradation of Apex level calibration facilities at 

NPL viz Mass, AC Power & Energy, AC Voltage & Current, 

Length, Force, Temperature , Ultrasonics and Acoustics 

Task-3 : Networking of calibration and testfacilities existing 

in 12 CSIR laboratories for providing high quality testing & 

calibration facilities to users in all parts of the country at a 

reasonable cost and in a reasonable time 

Task-4 : Preparation, certification and dissemination of 

certified reference materials 

The nodal laboratory of this networked programme is 

National Physical Laboratory (NPL), New Delhi. CSIO is 

involved in Task 3 of the above networked programme. 

The achievements made by CSIO under this programme 

include Establishment of Laser Interferometer facility for 

on-line dimensional metrology, Upgradation of measuring 

& reference standards/equipments, Upgradation of 

Metrology Lab (Civil works) and Interaction with several 

industrieslinstitutions for calibration of measuring 

equipments. This facility has benefited CSIO for in-house 

calibration of machines and measuring equipments. 

Calibration of reference standards has improved the 

machining capabilities of the organisation . 

PROCESS OPTIMIZATION 

INDUSTRIAL WASTE MINIMIZATION AND CLEAN-UP 

The main objective of the networked programme is to 
reduce different types of environmental burdens from 
industries. The nodal laboratory of this networked 
programme is National Environmental Engineering 
Research Institute (NEERI), Nagpur. 

Under this networked programme, CSIO's task involves 
design & development of Web-based Waste Minimisation 
System and its Installation in a Textile Dyeing Unit. The 
project aims to investigate the probable relationship 
between energy consumptions and different discharges to 
environment on-line. The objective of the project is to 
reduce the environmental burden generated by textile 
dyeing units with the help of on-line web based waste 
minimization system. It will help the textile dyeing units to 

operate in an optimum way. 

An industrial site (Mis Classic Knit Processors, Tirupur) 
has been identified for field trials. The system has been 
conceived and designed by CSIO. The part of the system 
has been given to CSIO's Licensee for fabrication. Initial 
waste minimization studies were conducted at Classic Knit 
Processors . Energy balance and water balance have 
been established. Investigations are to be carried out 
further for exploring the relationships between energy 
consumptions and environmental discharges. For 
demonstration of the technology, additional grant has been 
obtained from Pertoleum Conservation Research 
Association(PCRA), New Delhi and Mis Classic Knit 
Processors, Tirupur. 



ADVANCED MANUFACTURING 

DEVELOPING CAPABILITIES IN ADVANCED MANUFACTURING TECHNOLOGY 


The main objective of the CSIR Networked Programme on 
Developing Capabilities in Advanced Manufacturing 
Technology (AMT) is to generate indigenous expertise in 
the area of manufacturing automation, reduce the 
throughput time in new product realization through 
simulations, process modeling and new material 
development. The nodal laboratory of this programme is 
Central Mechanical Engineering Research Institute 
(CMERI), Durgapur. 

CSIO is involved in the development of Ultrasonic Range 
Sensor, Laser Range Sensor and Opto-vision System for 
integration with Autonomous Mobile Robots used in 
manufacturing environment. The development of control 
software encapsulating sensors data processing module, 
decision support module and real-time actuator level control 
module is being carried out. The image processing software 
modules based on stereovision techniques for environment 
mapping & object identification and sensor data acquisition 
& sensor fusion algorithms are being developed. 

Out of the abovementioned three sensors , the 
development of Ultrasonic Range Sensor for Autonomous 
Mobile Robot has been completed. 

Range sensors are used for robot guidance and obstacle 
avoidance where estimating the distance to the closest 
object is of interest or more detailed applications in which 
location and general shape characteristics of object in 
robot workspace are desired. 

The ranging process starts by generating a burst of16 

pulses (25 !ls time period) at a port bit of microcontroller 
AT89C2051 . This pulse is amplified upto 12 V. It is given to 
the transmitting crystal Tx - a 40 KHz piezoelectric crystal 
which converts electrical impulse into acoustic burst. This 
ultrasonic packet, after traveling through air hits the target. 
The reflected acoustic energy is collected by another 
piezoelectric crystal of 40 KHz which converts it to 
electrical signal. This is amplified and compared with a 
reference of about 2 volts. The resulting pulse packet 
interrupts the microcontroller after which the transmission 
of 16 pulses takes place again. A counter of the system 
determines the time-of-f1ight which is proportional to 
range. It is converted into analog voltage which is available 
at the output of the module. 

Ultrasonic 
Transducers Object 

Tx ..(C(((~
~~~-~~ I)))))) 

o 

Block Diagram of Ultrasonic Range Sensor 

The Ultrasonic range sensor developed by CSIO has been 
successfully tested at CMERI, Durgapur. The developed 
sensor can be used as micrometer and non-contact profile 
gauge as well as for robot naVigation, obstacle avoidance, 
robot path planning, robot guidance and object imaging . 

Features 

• 	 Output is analog voltage which is most suitable for 
robot navigation 

• 	 Compact and lightweight 

• 	 Visual indication for presence of object 

• 	 Output configurable as per user requirement 

• 	 Single 12 Volt battery operation 

~::::==;======:~~ 

Analog Voltage 
To Host 
Computer 

Ultrasonic Range Sensor 

The development of Laser Range Sensor and Opto-vision 
System for Autonomous Mobile Robot is under progress. 
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Intelligent Instrumentation : Agro Sector,• 
Geo-Seismic, Condition Monitoring and 
Energy Management 

Medical Instrumentation, Linear• 
Accelerator, Medical Imaging & Medical 
Expert Systems 

Optics based Strategic Instrumentation • 
Photonics• 
Analytical Instrumentation • 
Material Science, Biomolecular Electronics • 
& Nanotechnology 

Instruments Database Management • 





INTELLIGENT INSTRUMENTATION: AGRO SECTOR, GEO 

CONDITION MONITORING & ENERGY MAN 


DESIGN AND DEVELOPMENT OF CHLOROPHYLL MEASUREMENT SYSTEM 


The principle of Beer-Lambert i.e. the amount of 
absorption of light energy is dependent on the molecules 
present in the absorbing materials, has been exploited in 
the development of this system . Accordingly, the intensity 
of the radiation transmitted throug h the substance is used 
as an indication of the concentration ofthe material and the 
absorption is expressed quantitatively by the following 
equation: 

lElia= e· kC
' where Ie is the intensity of emergent light, 10 is 

the intensity of incident light, k is a constant, c is the 
concentration of coloured substance and t is thickness of 
the layer. 

The system basically consists of light source (660 nm 
LED), sample holder, photodetector, signal conditioning 
microcontroller and display unit. The plant leave sample is 
excited by light from a light source and the output intensity, 
correlated with chlorophyll of the sample is detected by the 
photodetector. 

The system under development has been funded by DST, 
New Delhi and it finds applications for the areas: study of 
the performance and effects of fertilizers and herbicides;, 

Current to 
Voltage 

Converter 

Sample 
Holding 

Cell 

Photo 
Detector 

measurement of relative chlorophyll content of intact plant 
material noninvasively, study of leaf senescence, 
detection and study of environmental stress factors and 
quantification of subtle changes or trends in plant health 
not detectable by the naked eye. 

A prototype of the system developed, its block diagram and 
the test results are indicated below. Testing, calibration 
and modifications of the prototype is in progress. 

Chlorophyll Measurement System 
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Block Diagram of Chlorophyll Measurement System 
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DEVELOPMENT OF AN AUTOMATED LIQUID MEDIA DISPENSING SYSTEM 


Work Surface Area 
(384,96 well 
plates,Reservoirs) 

Automated Liquid Media Dispensing System System Block Diagram 

--*-
DEVELOPMENT OF OFF-FLAVOUR DETECTION SYSTEM FOR EDIBLE OILS (PHASE-II) 

Liquid handling includes diluting and moving test samples 
to secondary plates that contain as little as microl itres or 
even less quantity of a liquid and then to conduct 
biochemical analysis. An automated biochem ical 
dispensing system with computer assisted controls is an 
important requirement in the country. The system will 
enable researchers to automate certain standard 
operations and routine operational steps in liquid handling . 

The automated liquid media dispensing system being 
developed has been funded by DIT, New Delhi. It is a 
versatile computer controlled multi-probe system capable 
to handle dispensing or synthesizing of fluids in milli and 

micro-litre for a variety of applications in the areas of Plant 
sciences, Biotechnology, Bio-molecular chemistry, 
Chemical engineering, Pharmaceutical industries, 
Immunology and Microbial technology etc 

The system comprises x-y-z motion control , syringe fluid 
control mechanism, z-control for positioning, micro-probes 
over reagents source or reaction vessel plate, x-y 
positioner for well-plate tray for keeping solutions and 
micro controller based electronic control system. A 
schematic and block diagram of the system are indicated 
below. Testing and calibration ofthe system is in progress. 

The oxidation of oils & fats leads to the formation of 
peroxide compounds , which subsequently decompose 
resulting in the formation of aldehydes and ketones . Such 
compounds are responsible for off-flavours. Therefore, an 
off flavour detection system of edible oils becomes quite 
significant. This project funded by TMOP&M, New Delhi 
aims at development of a compact off-flavour detection 
system in edible oils . The system comprises of a 
headspace to generate vapor at controlled temperature; 
Set of chemical sensor arrays in a test chamber coupled 
with head space; Carrier gas system nitrogen; Data 

acquisition system in resistivity mode and Pattern
recognition algorithm and results interpretation . Sensors 
on Ceramic gold coated patterned multi array electrodes 
pattern have been fabricated . Patterns gap of 10 to 15 
microns was maintained on both gold coated glass & 
ceramic surfaces . 

Electro-deposition of conducting polymers films such as 
polypyrrole, and poly thiophene were carried out on ITO 
surface & on multi array electrode surface using 
potentiostatic techniques . The head space, gas flow 
system, sensing chamber with 4 set of sensors and 
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resistivity measuring systems were integrated together. been carried out and the change in resistance of polymeric 
Evaluation of the presence of 1-octen-3-one (odouring films was found in the range 59-62%. The block diagram of 
compound) present in soyabean oil using a poly thiophene the system being developed and multi array electrode 
sensors doped with perchlorate & several other ions has pattern realized are indicated below. 
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Schematic Diagram of Off-flavor Detection System Multiarray Electrode Pattern of 10flm Inter-digit Gap 
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DESIGN AND DEVELOPMENT OF MICROPROCESSOR BASED PORTABLE 


SPECTROPHOTOMETER TO DETERMINE NUTRIENTS IN SOIL, WATER & PLANTS 


The system to be developed under this project is based on nutrients in soil water and plants. Fabrication & assembly of 
Beer-Lambert's law for absorption of light that determines opto-mechanical system, assembly of electronic circuitry for 
different nutrients in soil, water and plants. The project has ~etection has been carried out and dedicated chemistry 
been funded by Indian Council of Agricultural Research developed for Nitrate, Nitrite, Ammonium, Iron, Manganese, 
(ICAR), New Delhi. The project aims at development of a Molybdenum & Zinc. 
microprocessor based portable spectrometer to determine /


- - / ,-*
DESIGN & DEVELOPMENT OF OSCILLATION MONITORJNG SYSTEM FOR RAILWAY VEHICLES 

Oscillation Monitoring System is an advanced portable 

instru ment to monitor, detect and record the horizontal and 

vertical acceleration of the railway vehicles (Railway 

coaches, wagons and locomotives, etc .) as well as of 

railway tracks . The instruments have been designed 

around 89C52 low power Micro-controller. 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 working in non air-conditioned harsh 
 Oscillation Monitoring System
environment and withstands vibration of '1 g' in all three 
orthogonal axes. The system is designed with large trials in Indian Railways and providing necessary 
storage capacity and displays locations of bad spots along feedback. The know-how document has been prepared & 
with other required information . submitted to the funding agency. The system being 

developed under this project has been funded by ROSO, A fully engineered model of Oscillation Monitoring System 
Lucknow.developed has been handed over to ROSO, Lucknow for 
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DESIGN, DEVELOPMENT & SUPPLY OF MUL TI·PARAMETER PROBES ALONGWITH ASSOCIATED 

ELECTRONICS TO MEASURE TEMPERATURE &PRESSURE IN SNOW MICROSTRUCTURE 
(INCLUDING DEVELOPMENT AND SUPPLY OF INFRA-RED BASED SNOW SURFACE TEMPERATURE SENSORS) 

DESIGN, DEVELOPMENT & SUPPLY OF SNOW MOISTURE SENSORS ALONGWITH ASSOCIATED 

ELECTRONICS TO MEASURE SNOW DENSITY & LIQUID WATER CONTENT IN SNOW PACK 


Two numbers of Infra Red based Snow Surface 
Temperature Sensors have been developed and supplied 
to Snow & Avalanche Study Establishment (SASE), 
Chandigarh for evaluation. This work has been funded by 
SASE, Chandigarh . Field-testing of the unit has been 
completed at SASE, Manali and the results obtained are 

comparable with the 
imported instrument 
already available with 
SASE. As per feedback 
& suggestions made by 
users, some 
modifications are in 
progress, after which 

Prototype of Multiparameter Probe 

The system being developed under this project is funded 

by SASE, Chandigarh. A laboratory model has been 

developed in association with SASE. Field-testing of the 

developed unit has been completed at SASE, Manali, and 

the result was compared with imported instrument already 

IOATALOGGING UNIT I
1 _ __ _ _ ____ __ _______ __ J 

Block Diagram of Snow Moisture System 
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Prototype of Snow Moisture System 

four more units will be developed & supplied to SASE as per 
commitment. The system being developed under this project 
has been funded by SASE, Chandigarh. 

DATA LOGGER 

Block Diagram of Multiparameter Probe 

.ill.7.,- 

available with SASE and found comparable . As per 

feedback & suggestions made by users, some 

modifications are in progress and after that two more units 

will be developed & supplied to SASE as per commitment. 
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UPGRADATION OF EXISTING NETWORK TO STUDY 

THE SEISMICITY IN AND AROUND CHANDIGARH 


The three observatories established by CSIO at Nauni, 

Sunder Nagar & Chandigarh are recording seismic data round 

the clock of local, regional & distant earthquakes. Strong 

Motion recording has been started at CSIO seismological 

observatory at Chandigarh for study of Peak Ground 

Acceleration (PGA) for structural response. Recorded data 

has been analyzed by using standard software and shared 

with other leading user institutes such as - IMD, New Delhi, 

WIHG, Dehradun, and liT, Roorkee.Aseismic database ofthe 

entire local, regional and distant earthquakes recorded at 

these observatories, which will be used for future research 

work. A Seismological Bulletin has been prepared and 

supplied to IMD New Delhi, DST New Delhi and WIHG 

Dehradun by computing various seismic parameters 

pertaining to source, earthquake and hypocentral. The system 

under development has been funded by DST, New Delhi . 

DESIGN AND DEVELOPMENT OF LOW COST POWER QUALITY 

ANALYZER FOR INDUSTRIAL AND COMMERCIAL APPLICATIONS 


This project funded by DIT, New Delhi aims at Design & 

Development of a cost-effective Power Quality Analyzer 

for monitoring various parameters like surges, swells, 

transients, harmonics, imbalance etc 

The power quality analyzer based on DSP technology has 

been successfully developed for the measu rement of above 

said parameters alongwith normal power & energy 

parameters. The developed instrument is within the reach of 

SMEs also. Field trials of the instrument are in progress and 

transfer of technology docu ments are under preparation . 

The instrument will be highly useful for industrial and 

commercial applications. 

--*/l'-

DESIGN AND DEVELOPMENT OF PUMP EFFICIENCY MONITORING SYSTEM USING 

THE STATE-OF-ART INSTRUMENTATION AND INFORMATION TECHNOLOGIES 


This project funded by DIT, New Delhi aims at design & 

development of a single instrumentation system for the 

measurement of pump efficiency, flow rate, motor 

electrical power consumption, suction & discharge 

pressures etc. 

has been used to make the instrument compact and cost

effective. Software has also been developed for 

downloading the data. Field trails have been initiated at 

Southern head works, Chennai Metropolitan Water 

Supply, Chennai. 

Pump efficiency monitoring system has been developed 

using thermodynamic principle. Embedded technology 

Chennai Metropolitan Water Supply and Sewerage Board, 

Chennai is the collaborating agency in this project. 



MEDICAL INSTRUMENTATION, LINEAR ACCELERATOR, 
MEDICAL IMAGING & MEDICAL EXPERT SYSTEMS 

DESIGN AND DEVELOPMENT OF ELECTRONIC PORTAL 

IMAGING DEVICE FOR RADIATION THERAPY 


The goal radiation therapy is to accurately deliver a 
prescribed radiation dose to the tumor and spare the 
surrounding healthy tissues . The geometric accuracy of 
patient positioning relative to treatment beam is crucial and 
there are a number of factors that could affect this 
accuracy, such as: incorrect patient alignment relative to 
the treatment beam, mis-alignment of the light field versus 
radiation field, shift of skin marker and patient movement. 

Block Diagram of EPID in LlNAC EnvironmentElectronic Portal Imaging Device (EPID) provides 
numerous advantages of digital images, in particular the and analysis, assist in dose planning and strategy. The 
possibility of performing patient position verification. This scope of the work is suiting to the existing CSIO LlNAC 
device can be used to check errors pertaining to dose systems and may be extended to other systems. 
specification, machine parameter, field positioning, and for 

During the last year, identification of X-ray detectors for patient immobilization verification and organ motion 
detection. With the success of Linac in the hospital setting, various LlNAC energy levels and situations has been 

a project for such development in collaboration with MIs completed. An experimental design for camera based 

TSG intergrations was initiated in April 2005 with funding EPID has been conducted leading to the finalisation of the 

from Department of Information Technology. fabrication of such detector. Further, mechanical design of 
detector platform has also been completed . Computer

The primary aim of this project is to provide interface for EPID has been finalised considering the 
instrumentation, control and analysis of the radiation synchronisation based acquisition. Requirements for 
based cancer therapy using various CT data, portal digital geometrical setup of portal imaging device on the linear 
X-ray images and on-line planning strategy. In this manner, accelerator and for physical fabrication of the device 
the project involves the development of exit X-ray image analysed. Some lab experiments using the camera-based 
sensing using flat panel detector; integrate it with the EPID were performed. A prototype for off-line verification 
existing LlNAC, provide software for image enhancements has also been completed using MATLAB. 

' !<:.--'1'- 

DESIGN AND DEVELOPMENT OF HAND HELD SCANNER BASED HINDI 

AND ENGLISH TEXT READING MACHINE FOR VISUALLY IMPAIRED PERSONS 


Due to technical limitations of developing hand-held image 
scanning devices, even these days, such machines use 
flat bed scanners, where a blind user has to keep a book 
inverted on the flat bed. 

Assistive technology now empowers the blind to use 
media other than Braille also. Electronic form of 
documents may suit the blind but would require all material 
to be in that form. For many reasons and the advantage of 
print medium, most sighted people prefer reading from 
printed material. In such situations, it becomes imperative 
notto create special material for visually impaired people 

Hand-held Step-Scanner for Reading by the Blind 
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and thus provide equal access and opportunities with 
appropriate technology to read the printed material. They 
need to read and write in real world dealing with printed 
matter. Further, reading using text-to-speech (TTS) 
technology has been the recent alternative for the blind and 
other aged people including a large number of people having 
dyslexia or attention deficit disorder. It has also taken over 
tactiie sensing, otherwise well established as Braille. 

With the above background, design and development of 
Hand held based Hindi and English text Reading Machine 
for visually impaired persons was jointly initiated by CSIO 
and C-OAC, Noida in May 2003. The device with the 
associated technique for handling various languages to 
provide seamless text generation and the overall 
integration was CSIO's responsibility. C-OAC, Noida was 
entrusted to develop Hindi OCR and TTS and English TTS 
with the Indian accent. 

USB2.0 and IEEE 1394 Interface imaging module were 
identified as per the required specification and accordingly 
the housing of the device was designed. Fabrication of 
hand held scanner led to various models using different 
types of imaging modules i.e. IEEE & USB interfaces, both 
in single and double imaging modules. A keypad was 
integrated with the device handle for complete control by 
the user's hand. White light LED illumination was also 
designed that works in the power saving mode. 

Hand held step-scanning device software was completed and 
itwould acquire image snap form the reading material and feed 
the OCR module in terms of image format or buffer of raw 

image data. Errors are handled by the calibration/configuration 
utility by a sighted person. The whole integration was been 
proven for a standard OCR and TTS. 

The result is a compact and removable device, scanning 
document/picture with no motion actuators or sensors, in a 
hand-held step-scan manner. It is a unique device using area 
imaging sensors and a free-hand orthogonal and discrete 
step-scanning, useful for imaging a document for text 
conversion in languages, written horizontally. The device is 
primarily designed to scan documents for text as a 
continuous process rather than scan pictures as a single 
task. The device allows a quick scanning of a document text 
as an alternative to a flat-bed scanner which is bulkier, not 
easily portable . The device provides a compact alternative to 
flat-bed scanner which poses difficulties to visually impaired 
people while reading books. 

Two techniques i.e. image template search based step
scanning and alternative text template search based step
scanning have been developed. The device can be used as 
a portable text reader if connected with a laptop computer 
using standard interfaces and an external power supply. The 
device with step-scanning technique can further integrate 
other devices such as soft-brail at the top for tactile reading of 
the document below it. The device can provide calibrated 
and cascaded live video for a document's full width view 
which can be displayed or projected on a bigger screen with 
hand-motion for scanning in direction of length, suitable as a 
visual aid for partially impaired or an audience. A patent 
application has also been filed. 

--,*-
TECHNOLOGY UPGRADATION OF PULSE OXIMETER 

A Pulse Oximeter is an important instrument for 
diagnostics of hypoxia in neonates and it forms an 
essential part of the ICU. This instrument measures 
oxygen saturation and pulse rate by non-invasive 
technique. CSIO had worked on the development of such 
an instrument in the past that was compatible with Nellcore 
finger probe having two LEOs of 660 and 940nm on one 
side and sensed on the opposite by a single photo
detector. The conventional technology for Pulse Oximeter 
was developed and assigned to M/s Pranavam Lifecare, 
Cochin. This needed further improvements in terms of 

g
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Pulse Oximeter 
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portability with hand-held operation and obvious weight on 89C52 I-lC has been carried out and a model based on 
and power reduction. 89C52 I-lC alongwith software with 3W power requirement 

was realised and demonstrated. However, the
Based on the expertise available in this domain, a project 

development of the pulse oximeter around MSP430 micro
funded by DIT, New Delhi was undertaken for technology 

controller in progress
upgradation of pulse oximeter with the objectives of 

Specificationsdeveloping five fully engineered prototypes of hand held 
pulse Oximeters. There is a great demand for this Oxygen Saturation(Sp02) 
instrument if it can be made easily portable and cost 

• Range 40-100 % 
effective. 

• Accuracy : ±3digitat70-100% 
Keeping this in view, a project was initiated in collaboration Pulse Rate 
with Semiconductor Complex Limited (SCL), Mohali in 

30-250 bpm• RangeApril 2005 with the above objectives. System design is 
• Accuracy ±3bpmbased on 16 bit RISC (Reduced Instruction Set Controller) 

and it will be both mains and battery operated. Further Display Digital LED 

improvements in terms of new features is the incorporation Numeric Data Display: Current and set limits for Pulse 

of trend facilities. Five fully engineered prototypes of hand rate and Sp02 

held Pulse Oximeters shall be developed by the end of Alarms Audible and Visual : Probe failure, 
project duration. Poor signal, Powerfailure 

Trending facility For at least 12 hours for pulse,
During the last year, study of the latest hand held & Sp02and alarms 
conventional model of Pulse Oximeter was undertaken. 

Battery Inbuilt rechargeable battery with 2
Design & development of a i) constant current bridge 

hrs capacity at full charge with low 
circuit & its coupling with Nellcore probe, ii) filters for noise battery indicator 
suppression & AC signal separation and iii) software for Supply 220/240V, 50Hz 
oxygen saturation and pulse rate measurements based 
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Block Diagram of Pulse Oximeter 
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DESIGN AND DEVELOPMENT OF HUD FOR INTERMEDIATE JET TRAINER AIRCRAFT (HJT-36) 


Head Up Display (HUD) is an airborne equipment fitted in 
the cockpit of the Intermediate Jet Trainer Aircraft (HJT
36). The HUD displays flight information of several modes 
in collimated form so that a pilot can view the information 
superimposed on his view of the outside world without 
having to change his line of sight. The HUD involves multi
disciplinary activities involving Electronics, Optics 
including the Beam Combiner and mechanical design and, 
therefore , it becomes very challenging . Being the primary 
flight display, the quality of image as seen by the pilot 
becomes very important. 

The HUD as a part of the complete display system will 
present flight information such as altitude, airspeed, angle 
of attack , artificial horizon, navigation, take off and landing 
data, weapon aiming and delivery, radar or forward looking 
infrared pictures etc. The display is a monochromatic CRT 
display, with provision for raster or cursive presentation of 
information provided by appropriate electronics. This 
display equipment is hard mounted to the airframe and 
bore sighted to the datum line of the aircraft. 

The HUD system comprises of the following major units such 
as Pilot Display Unit (PDU), HUD processor and Up Front 
Control Panel (UFCP). The HUD processor interfaces 
electronically with display processor of the aircraft and 
generates deflection signals i.e. symbology and characters. 
The PDU which interfaces electrically and mechanically with 
the aircraft accepts the deflection signals and converts them 
into the optical image seen by the pilot. 

Essentially the PDU system consists of a Collimating 
Optics module (collimating the CRT image) and the beam 

combiner for folding / directing the beam to the pilot's eye in 
line with his line of sight to the outside world scene. The 
main specifications of the system are: 

Total Field ofView (TFOV) : 25 degrees 

Instantaneous Field of View : 20° Azimuth, 18° Elevation 

CombinerAssembly Adual beam combiner 

Outside World Transmission: Transmission of visual light 
>85% 

The Form Fit and Function (FFF) Unit of HUD has been 
completed and demonstrated successfully at Aircraft 
Research and Development Centre (ARDC) HAL, 
Bangalore in presence of pilots. The unit was carried to HAL 
Hanger for fitment analysis on HJT-36 aircraft and mounting 
of the HUD carried out successfully. The demonstration of 
the imagery with static and dynamic modes of symbology 
display was very successful in all respect. In view of this, 
fabrication of Safety of Flight (SOF) unit is under process. 
The special features of the HUD are its Novel Optical design 
(6 Elements) in comparison with LCA HUD, New opto
mechanical system design for ease of pilot's view and 
automatic Sun Glare Protection to the pilot during day time at 
full noon position of the sun, Electronic Stand By Sight (SBS) 
for safe landing of aircraft in case of failure of mission 
computer and Light Weight in comparison with 11.9 kg of the 
LCA HUD. The integration of FFF unit, Beam Combiner 
mounted in a coating fixture and tests patterns, dynamic 
symbology of CRT and lens & mirror systems for HJT-36 
under development are indicated below. The volume of the 
HUD is significantly reduced by using FPGA technology in 
the electronic assembly. 

HUD for HJT..36 

10 1 

Integration of Form Fit and Funtion Unit Beam Combiner Mounted in Coating Fixture 
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Display of Test Pattern Dynamic Symbology at CRT 

--*~--

DESIGN & DEVELOPMENT OF HEAD UP DISPLAY FOR LeA (TEJAS) 

The project Design, Development and supply of 11 Nos. of 
Head-Up Display for LCA is sponsored by Aeronautical 
Development Agency (ADA), Bangalore. The HUD 
provides the essential flight information, navigational and 
targets/weapon release etc. projected at the optical infinity 
superimposed on outside world by means of wavelength 
selected with combiners. So far, LCA has completed more 
than 400 flights with different units of CSIO-HUD. 

The Sun reflection problem was observed during LCA flight 
made in noon conditions . A halo effect was observed by the 
pilots during the flight trials . It was, therefore, difficult to see 
through the beam combiners and read symbology. So 
pilots were not able to fly the HUD during noon . During 
Landing pilot used peripheral vision to spot the runway. 

A temporary solution was provided by introducing the sun 
guard hood or plate on top of beam combiners. This guard 
is designed according to the cockpit size. The sun guard 
plate is a mechanical plate which blocks the sun light 
entering optical system of HUD. The HUD Unit-11 
underwent random vibration tests successfully with sun 
guard plate. The plate has been integrated in HUD Units
11,12, and 14. 

The narrowband optical coating has been provided on the 
folding mirror and tested in bright sun as a permanent 
optical solution for sun glare problem. Samples with 
different types of coatings were tested for sun glare in noon 
conditions in presence of ADA team and Flight Test Pilots 
and engineers and they cleared Coating type 2 out of three 
coatings for further testing in actual flight conditions. 
Hence, accordingly coating of sample type 2 has been 

provided on MIL STD folding mirror. This will be 
implemented from HUD unit No.15 onwards after field 
trials by pilots on unit No. 005. 

The advanced form of multi functional UFCP (MF-UFCP) 
is another feature in the HUD for LCA. This MF-UFCP has 
number of Multi-functional keyboard (MFK, Multi-

HUD Unit for LCA 

functional Rotary Switch (IVIFR) and the existing UFCP 
controls, that allow the pilot to interface with aircraft sub 
systems through a number of illuminated programmable 
key and control. with push button pads and a LCD panel 
also to display the necessary information. 

Implementation of raster has been one of the major design 
challenges owing to short CRT and high coil inductance 
resulting in large deflection currents. This poses problems 
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in realization of 12 ~sec retrace during horizontal scanning and optimum solution possible. 

in raster mode of operation. Hence the following tasks 
The Problem of HUD blanking during start up and HUD went 

were carried for raster realization. 
off after start and required power recycling has been solved. 

Based on the design analysis and experimentation, single The permanent solution to this problem is provided by 

opamp based V-I based configuration was implemented in replacing the existing microcontroller with pin compatible 

the raster prototype version of HUD. Alot of fine tuning was processor with built in watchdog timer which resets the 

required in the design to optimize the performance from microcontroller in case of software watchdog failure. 

faithful reproduction of the signal as well as to achieve Accordingly, software modifications have also been made. 

optimum thermal design by fine tuning the power supply 
The Aperture setting on the HUD camera is difficult to 

voltages to horizontal and vertical deflection amplifier. 
adjust manually hence an Auto IRIS CCD camera (RSC 

With above modifications, a satisfactory HUD image in 384) with motorized IRIS control has been identified to 

mixed mode and pure cursive mode was obtained. The solve fading/contrast problems during day and night flying . 

HUD unit was subjected to thermal cycles at High 
To solve various software related issues like intermittent 

Temperature(+25°C rise to +65°C) at temperature rise rate 
switching to autonomous mode, HUD blanking during 

of 5°C/per minute and then soaking the unit at 65°C startup, image brightness modulation/fluctuation with MF
soaking with unit operational throughout the test) and the UFCP, day/night switch functioning, single character 
performance was found to be satisfactory. tuning, HUD safety in case of DP/OAC failure leading to 

In view of the feedback received from Piiots and ADA in continuous high DC current etc, the software has been 

form of Request for Action (RFA) after flight trials, a totally revamped to resolve all the software related issues. 

thorough analysis was made into the problems, their cause 

..>U --7i"- 

LENS ASSEMBLY FOR HUDWAC SYSTEM 

The objective of the project is to design , develop and mirror is in progress. The mechanical design &coating jigs 
supply of lens assembly (Optical Block) for HUDWAC for have been completed while optical fabrication of two more 
Hindustan Aeronautics Limited (HAL), Korwa. The special sets and thin film is in progress. Some of the optical and 
features of the lens assembly is that it is a retrofit table in mechanical components designed and fabricated are 
the existing HUDWAC and incorporates Optical Stand BY indicated below. The work pertaining to multilayer coating, 
Sight (SBS). An SBS unit splitter is quite a challenge . In the polishing, dimension control, cementing, assembly and 
optical block, three sets of lenses with centering & edging performance evaluation (ESS Testing) is in progress. The 
have been completed and coating of lenses & folding project has been funded by HAL, Korwa. 

" 
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Mechanical Components Optical SBS Beam Splitter Module Optical Components 
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In the field of conventional Optical Instrumentation , 
aspherics is a niche area offering vital advantages over 
spherical-optics viz: well-controlled weight and volume 
budgets due to lesser number of optical elements involved 
offering enhanced optical performance with well
controlled aberrations. The result is a multitude of 
applications in various branches of optical 
instrumentation. Sample application areas include 
avionics and space optics, medical optics, laser optics, 
entertainment optics, atmospheric optics, miniature optics, 
industrial optics etc. 

All aspherics follow the generic equation: 

where c is the base radius of curvature, h the semi 
aperture, z the sag and k is the conic constant varying from 
o (sphere) ; -1 (parabola); <-1 (hyperbola); and other 
values of k represent ellipsoids. However, the practicality 
of realizing the aspheric designs in terms of fabrication, 
assembly and characterizations outweigh the benefits 
offered, resulting in a compromise of performance and 
system layout. 

Keeping the ever-increasing demands on the system 
performance and shrinking weight-volume budgets in 
modern optical instrumentation, CSIO has invested wisely 
in this specialized area through its Modernisation Program 

in the early part of this decade. The infrastructure created 
includes the basic Aspheric Surface Generation Nanoform 
250 (Taylor-Hobson make) equipment with both Single 
Point Diamond Turning Option and Aspheric Grinding 
options with matching Aspheric Polishing (Precitech 
make) equipment for fabrication and for aspheric 
characterization: contact profilometer (Talysurf - Taylor
Hobson make), 3D-Coordinate Measuring Machine 
(Brown-Sharpe make) plus a Fizeau phase-shift 
interferometer (Zygo-make) with aspheric accessories. 
Along the way, CSIO has also developed necessary 
expertise and acquired suitable skills towards the 
development of Aspheric-based optical instrumentation, in 
terms of design, fabrication and characterisation . 

CSIO is the first R&D laboratory in the civilian sector 
having the necessary expertise and infrastructure towards 
the development of Aspheric-optics by establishing a 
National Aspheric Facility and remains that way. 

Having setup the infrastructure, CSIO is currently pursuing 
the development of Aspheric-based optical 
instrumentation in the form of Grant-in-Aid Projects in the 
areas of a) Medical Optics; b) Laser Resonator 
Development; c) StrategiC Optics and d) Industrial Optics 
besides constantly upgrading its R&D facilities. 

A brief summary of the Aspheric based projects being 
pursued is as follows: 

DEVELOPMENT OF TELE·MICROSCOPES USING 

PLASTIC ASPHERIC LENSES AS LOW VISION AIDS 


The main objective of this project funded by MSJE, New 
Delhi is to provide an affordable and suitable Low Vision 
Aid forthe Low Vision Persons for use in medium distance, 
particularly students in class rooms and old persons on 
streets to read the road signs and bus number etc. 

A unique Galilean Telescope format is deployed in the 
design of Tele-microscope with 2X and 4X magnifications . 
The challenge is to develop indigenously a light-weight 
compact and easy-to-use tele-microscope for dual use 
(hand-held and spectacle-mountable). In the Galilean 

configuration magnification is the ratio of focal lengths of 
objective and eye-piece, with the separation between 
them being the difference in their focal lengths. Hence high 
magnification results in longer and heavier devices. In the 
optical and mechanical designs this issue is accounted for 
and a compact device is developed , meeting the desired 
features and specifications. 

The novelty of the CSIO-prototype is its two-lens plano 
convex/concave aspheric plastic lens schematic 
compared to the 7 optical elements in the imported tele
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Schematic of Galilean Telescope 

Dual Format of Tele-Microscope 

microscope, resulting in reduced light losses, light-weight, 
reduced production costs and improved performance. In 
addition they offer features such as low fatigue, longer user 
time and dual usage options. The large number of LVPs in 
the country shall be greatly benefited. 

2X PMMAAspheric Lens-based Tele-microscopes for use 
as Low Vision Aids are developed at NAF-CSIO using 
Single Point Diamond Turning (SPOT) method and light 
weight mechanical housing. The lab trials and clinical trials 
of the prototypes are completed at National Association of 
Blind (Mumbai), LV Prasad Eye Institute (Hyderabad), 
Rajendra Prasad Centre for Ophthalmic Sciences, All India 

Institute of Medical Sciences (Delhi), PGIMER 
(Chandigarh). Fabrication of committed number of 
prototypes is in progress. Development of 4X PMMA 
Aspheric Lens-based Tele-microscopes is also in 
progress. 

The salient features of the lenses developed include: light
weight, better aberration correction, reduced production 
costs with larger fabrication tolerances, low fatigue and 
longer usage times, dual usage options. 

The beneficiaries of this technology are the large number 
of LVPs in the country. 

CSIO-Developed Prototypes 

Exploded and Assembled Versions 
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DEVELOPMENT Of OPTICAL GRADE NEW MATERIAL LENSES 120 & 260 

FOR VISUALLY IMPAIRED USING STATE-Of-ART ASPHERIC TECHNOLOGY 


In the design and development of Plastic aspheric lens 
based Low Vision Aids, the refractive index and other 
optical properties of the plastic pay a major role. Hence, in 
this project, new materials with higher refractive indices 
are explored to cater for unusual powers of 120 and 260 
as advised by the Funding Agency. It is expected that the 
Lenses developed with state-of-the-art aspheric 
technology using high-index optical grade new materials 
offer better peripheral aberration correction. 26 Diopter Plastic Aspheric Lenses for Low Vision Patients 

Vision Aids for Near Vision using ii) use of high index
plastics which are process-friendly (machinability and 
mouldability) while meeting the visual requirements of the 
LowVision Persons. 

At the National Aspheric Facility (NAF-CSIO) 
technological options for prototype production and low, 
medium and high volume productions are being explored. 

120 and 260 PMMAAspheric Lens-based Low Vision Aids 
for Near Vision are being developed at NAF-CSIO using 
Single Point Diamond Turning (SPOT) method. 

Optical design of the lenses is completed. The fabrication 
of the same is in progress and it is expected to be 
completed soon. Later it is proposed to try these 
prototypes at National Eye Care Centres of repute. 

12 Diopter Plastic Aspheric Lenses for Low Vision Patients 

In view of its high index and dimensional stability under 
varying thermal conditions, Polycarbonate (PC) is 
selected as candidate material for this developmental 
work. Also, PC has very high impact strength making it 
more durable in longer usage. 

The imported PAL-based LVAs are too expensive and are 
not affordable for the needy in the country. Hence, the only 
way to rehabilitate and bring this multitude of Low Vision 
Persons (LVPs) into the national mainstream is to provide 
them with affordable and low-fatigue dedicated LVAs. The 
challenges involved are a) indigenous development of 
Low-cost, light-weight Plastic Aspheric Lens based Low 

The salient features of the lenses developed include: light 
weight high refractive power lenses with better aberration 
correction offering low fatigue, and longer usage times . 

The beneficiaries of this technology are the large number 
of LVPs in the country . 

..ill. --/i<:"-

DEVELOPMENT Of PROTOTYPES OF HIGH PRECISION 

OPTICAL COMPONENTS FOR HIGH POWER CARBON DIOXIDE LASER 


Raja Ramanna Centre for Advanced Technology from the secondary lobes for optimum utility. However, to 
(RRCAT), Indore (Department of Atomic Energy) has focus this energy, Laser Resonator Mirrors of high 
indigenously developed high-power CO2 lasers for a wide precision are required. To account for the Gaussian 

spectrum of applications. In these lasers, it is vital to focus distribution of the laser energy, the profiles of these mirrors 

the energy not only from the central maximum but also need to be complimentary to the wavefront and hence their 
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shapes are quite unusual, though rotationally symmetrical. 
Conventional optical mirror fabrication techniques don't 
deliver the mirrors of desired profiles, while normal CNC 
machines don't yield the desired surface quality. Hence, 
RRCAT and CSIO are collaborating in the design and 
development of these laser resonator mirrors. 

Since the laser resonator mirror profiles are modelled after 
the emerging wavefronts, they assume near-Gaussian 
shapes. Fabrication and characterisation of such shapes 
form one major challenge . Another challenge involves the 
need to retain high reflectivity while maintaining their 
dimensional integrity, while exposed to high power lasers. 
Hence the coating needs to be of high precision. The 
continuously changing shapes present an ever changing 
SPOT and characterization plan with repeatability 
requirements meeting the desired profile accuracy. 

CSIO has developed and delivered Graded Phase Mirrors 
and Un-Obscured Phase Mirrors as per the design 

provided the desired surface quality. These mirrors are 
protective coated with Hf02 and Zr02. These mirrors were 

lab tested at CSIO and field tried at RRCAT and withstood 
more than double the incident energy without any 
degradation in wither protective coating nor in terms of 
dimensional stability. This confirmed an excellent match 
between design and fabrication phases of the resonator 
development. 

These unique types of Laser Resonator Mirrors with 
Gaussian shapes are developed and have confirmed the 
design and fabrication methodologies . 

The laser spot diameter delivered by the resonator mirrors 
matched with the designed spot, thus validating the SPOT 
methodologies. 

CSIO developed resonators have delivered desired beam 
focus and withstood high-power CO 2 Laser with desired 

dimensional integrity 
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Schematic of Graded Phase Mirror Resonator 
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FEASIBILITY STUDY FOR DEVELOPMENT OF SUPER BALL·END·SHAFTS AND CUPS 


Bhabha Atomic Research Centre (BRC), Mumbai has 

developed high-speed rotors for strategic Applications. In 

this conection, the technology for Super Precision near

hemi-spherical Be-hardened Cu cups and matching Ball

End-Shafts with adequate clearance and with desired 

surface quality is to be established. An MoU was signed 

between CSIO & BARC in this connection and the work was 

initiated. 

The cup and shaft form a complimentary pair and are to work 

togetherwithin a 5-1 O~m clearance between each other. 

The challenges/ opportunities in this project are numerous: 

a) 	 Exploration the diamond tool Parameters to generate a 

small near-hemispherical cavity was a premier challenge. 

Selection of suitable diamond tool has given an 

opportunity to study and understand the tool dynamics in 

small work-piece turning in diamond machining. 

b) 	 The best ranges of combinations of Machine 

Parameters to obtain desired surface profile and 

accuracy were explored and estimated by a series of 

Machine Parametric Studies conducted under varying 

tool and machining conditions . 

c) 	 To qualify the tool-wear with photo-capture and 

metrology was another major task accomplished . Th is 

study gave an insight to the tool dynamics in SPOT 

MPS & Regression Analysis 

under optimum machining conditions, while 

maintaining the desired quality criteria. In view of the 

hard materials to be processed, the tool-wear analysis 

assumes greater significance. 

d) 	 Diamond tools of different makes, configurations and 

prices were used to develop the cups to assess the 

component of tool cost per work-piece. This helps in 

optimizing the development costs and thus 

economizing large volume production without 

compromising on surface quality. 

e) 	 Different Metrology equipment (3D-CMM, different 

Surface Profilers , Interferometers) were explored for 

detailed metrology of the prototypes, with significant 

amount of success. The matching metrology reports 

(within allowable measurement error margins) on 

different equipments confirmed the validity of the 

SPDT machine plan onASG. 

f) 	 50 sets of Be-Cu Cups and Ball-End-Shafts are 

delivered to BARC along with detailed metrology 

reports. Also, a comprehensive metrology report was 

also prepared and submitted to BARC. 

g) 	 A regression analysis was conducted based on 

Taguchi method to qualify and quantify the 

contributions of machine parameters to the surface 

quality. 
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SEMI·AUTOMATIC OPTICAL INSPECTION SYSTEM FOR SMDs 

A PC based Optical Inspection System (OIS) is required Specifications 

to be developed for inspection and location of faults on Camera : ColorCCOCamera with768*576pixels 

PCBs assembled with SMOs components. OIS uses Illumination System: LED based Illuminator with power 

image processing and pattern matching technique supply 

between a known good PCB reference image with that of PCB Size (max) : 320(W) * 240(0) mm 

the PCB under test to locate the faults like component Mechanical Stages : Motorized movement for CCO camera 
& PCB in x and yaxes. absence, misalignment, positional error, color code, 

Inspection Method Image Processing & Pattern Matching polarity etc. on the assembled PCB's . This project has 

Defects Reporting 0 etect co mpo n e nt a bs encelbeen funded by OST, New. The brief specifications of the 
misalignment, polarity, color code 

system to be developed are indicated below: etc. on assembled PCBs 

Semi-automatic Optical Inspection System for SMDs 
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DEVELOPMENT OF TECHNOLOGY FOR DIRECT WRITING OF FIBER BRAGG GRATINGS (FBGs) AND 

LONG PERIOD GRATINGS (LPGs) FOR HEALTH MONITORING OF AEROSPACE & CIVIL STRUCTURES. 


Fiber grating sensors have recently become quite 
important in view of their specialized feature for various 

. applications such as structural health monitoring, oil and 
gas exploration wells and railways. In view of this and the 
expertise available at CSIO in the area of FO sensors, this 
project funded by National Programme on Smart 
Material (NPSM), ADA, Bangalore was undertaken with 
the objective of I) Development of Technology for direct 
writing of FBG/LPG based on contact phase mask 
technique including packaging, characterization and 
qualification & ii) Development of Technology for direct 
writing of FBGs based on Interferometric technique 
including packaging, characterization and qualification. 

An FBG Laboratory has been created for housing a 
specialized KrF excimer laser, FBGI LPG writing system 
and other equipment The different equipment such as an 
optical spectrum analyzer (OSA), fiber Bragg gratings 
interrogator, fusion splicing machine, grating annealing 
chamber, broadband light source, stereo zoom 
microscope, optical powermeter etc have been installed 
and commissioned. The basic design layout of FBG/LPG 
writing system based on both holographic and phase mask 
modes of writing was worked out and the integration of the 

laser with FBG/LPG writing system and total system 
assembly is in progress. The complete integrated system 
shall be installed at CSIO in the near future and FBGs and 
LPGs will be fabricated. In the mean time, studies were 
carried out pertaining to designs, characteristics and 
fabrication technology aspects of FBGs and LPGs 
employing both phase mask and holographic techniques. 
High precision mechanical LPGs were designed, 
fabricated and studied for their characteristics. LPGs have 
been studied for measurement of bend in structures, 
concentration & refractive index measurement of liquidsl 
solutions, determination of humidity and detection of 
kerosene contamination in petrol for process control and 
sugar concentration in cane juice. Investigative studies are 
in progress using LPGs for bio sensing applications. The 
available FBGs have been investigated for Simulating in 
the lab measurement of wind impact on structures and 
vehicles. An FBG based petrol leak sensor has been 
developed and studies were pursued to enhance 
temperature measurement sensitivity of FBGs for 
structures and other applications by fabricating suitable 
encapsulation. Investigations have also been carried out 
related to multiplexed FBGs for distributed sensing of 
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strain and temperature. Multiplexed FBG Sensor systems 

have been designed for maximum strain values of 5,000 jJ€ 
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and 10,000 jJ €. The Group has published several research 
papers in refereed journals and conference proceedings. 
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DEVELOPMENT OF FLY-BY-LiGHT TAIL ROTOR CONTROL SYSTEM FOR ADVANCED LIGHT HELICOPTER 

In view of the growing important advantages 
offered by Fibre Optics specially for aerospace 
systems and keeping in view the expertise of CSIO in the 
area of Fibre Optics, this project funded by RWRC, HAL, 
Bangalore was undertaken with the objective to develop 
and demonstrate fly-by-light technology on Tail Rotor 

Control System of Ground Test Vehicle (GTV) ofAdvanced 
Light Helicopter (ALH). The E/O (Electrical to Optical) and 
OlE (Optical to Electrical) Units have been designed & 

fabricated and handed over to HAL, Bangalore and the 
developed prototype has been tested with GTV. 

.ill. 
--~--

DESIGN, DEVELOPMENT AND SUPPLY OF FIBER OPTIC BEAM DELIVERY SYSTEM FOR HIGH POWER LASERS 

Use of Laser beams with Fibre Optics guidance to initiate 
explosives offers numerous advantages over the 
conventional electrical techniques. In view of CSIO 
expertise in Fibre Optics and importance of Fibre Optics 
guided systems, this project sponsored by Terminal 
Ballistics Research Laboratory (TBRL), Chandigarh was 
undertaken with the objective to i) Design & development 
of fiber optic single port beam delivery system for low to 
medium power lasers (Phase-I) and ii) Design and 

development of fiber optic single port and multi-port beam 
delivery system for high power lasers (Phase-II). 

Phase-I of the project has been completed wherein i) 20 
sets of high power laser beam delivery system for laser 
diodes with energy upto 100 mJ and ii) 5 sets of high 
power laser beam delivery system for Nd-Glass Laser with 
energy upto 500 mJ have been supplied to the sponsoring 
agency(TBRL). 
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Indigenous Launch and Target optics for higher power 
laser has been designed and is under fabrication. 
Mechanical housing for the Launch and Target optics has 
also been designed and is under fabrication. Further, 
experimental trials have been carried out at TBRL for 

launching of high power from laser diodes in optical fibers 
for blasts initiation. As a part of Phase-II, laser beam 
delivery system with 1 :2 splitting ratio for high power laser 
has been designed and the components are under 
procurement and fabrication. 

*/- - / , -

DESIGN & DEVELOPMENT OF MULTIZONE OPTICAL FIBRE BASED PERTURBATION SENSING SYSTEM 

It is well known that the output speckle-intensity 
distribution from a multi-mode fibre is very sensitive to any 
perturbation of the fibre, and this property can be 
beneficially used for various sensing applications. Image 
of a typical speckle pattern is indicated below. 

These perturbations include, but not limited to, 
displacement, vibration, pressure, stress, strain, 
temperature, intrusion, acoustic wave etc and they 
generate a change in path of light in various modes. An 
image analysis of the changes in the speckle pattern 

Even though it is difficult to predict the speckle distribution, 
an approximate relationship between the perturbing factor 
and the speckle intensity distribution may be developed for 
which the perturbation of the fibre may be determined. 

Speckle Image 

output from a multi mode optical fibre could be used to 
obtain information about the perturbation of the fibre. In all 
the cases reported till now a single multi mode fibre is used 
and a single speckle pattern analyzed for perturbation 
sensing. Therefore, the localization of the perturbation 
always remains a problem. 

A system for sensing perturbations in a distributed manner 
using an array of multimode fibres and its localization 
(zone identification) has been developed. It comprises of a 
two dimensional array based speckle pattern sensing 
system having 4x3 (12) multimode fibres for sensing 
perturbation in multiple zones as indicated below. The said 
multi mode fibres are imaged in parallel by a charge 
coupled device (CCO) camera and their speckle pattern 
analyzed by a conventional image processing hardware to 
determine the perturbations. 

Two Dimensional Arrays of 4x3 Sensing Zones 
Image (768X574 pixels), w;th 12 Segments of 191X191 Pixels A CCD Camera with US Patented two Dimensional Array Device 
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12 Channels of Multimode fiber terminated on sensor 

This speckle based sensing has also been exploited and 
developed for intrusion detection. It involves the use of an 
optical signal transmitter unit, the sensing fibre and a 
receiver unit. The sensing fibre is remotely deployed while 
the active components like the transmitter and the receiver 
units are to be located in control room. The entire sensing 
region is divided into multiple, easily detectable and 
identifiable zones. This requires a multiplexed speckle 
data arising from different fibres . A CCO camera housed in 
the receiver unit receives the multiplexed speckle data, 
which in turn is grabbed by image acquisition hardware 
into the computer for analysis. 

Transmitter and receiver system has been designed. The 
transmitter and receiver units have been fabricated. The 
transmitter system consists of 12 pigtailed laser sources 
enclosed in a box. The receiver unit consists of a camera 
with a "diffuser glass in tube arrangement". The software 
for real time processing has been developed and is under 
testing .and optimisation. Preliminary measurements for 
temperature have been made using the Matlab tool. The 
graphs were plotted for the corresponding observed 
readings using the 3 Image processing Algorithm 

developed.The Data collection of temperature sensor has 
been carried out with the newly developed design of the 
temperature sensor probe. Some favourable results have 
been ontained. The design of stress/strain and vibration 
sensors will be improved according to the results that have 
been observed from the experiments performed. 

Optimization of the Real Time Image Acquisition and 
Processing is continuing . Statistical analysis of physical 
parameters from image pre processor stage is continuing . 
Initial testing of the complete system with physical 
parameter is continuing . Some results of displacement, 
temperature and vibration are available. 

Some of the important features of the system include, 
simultaneous sensing of multiple zones and/or parameters 
for environment perturbations, the number of array 
elements can be further increased beyond 12 by reducing 
the spacing to the physical limits of the standard 
connectors and appropriately changing the spacing of the 
glass, allows sensing of many different environmental 
perturbation parameters at a time, and suitable for 
monitoring and controlling of various perturbing 
multiplexed factors. 

Intrusion 
Detection 
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DEVELOPMENT OF EXPLOSIVE DETECTOR BASED ON ION MOBILITY SPECTROMETRY 


Ion mobility spectrometry (IMS) is now a well established 

technique for the detection of trace quantities of gaseous 

organic compounds at atmospheric pressure in ppb/ppt 

range. Development of an explosive detector based on ion 

mobility spectrometry (IMS) was funded by the Office of 

Principal Scientific Advisor to G.O.I. with ECIL, Hyderabad 

as the collaborating agency for its production . The objective 

of this project is to develop a portable, field operational, 

explosive detector system based on IMS. An analyte 

introduced in the system undergoes ionisation in the 

ionisation region . These ions pass through an ion shutter 

which controls passage of ions into the drift / IMS tube, 

Carrier gas 
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Block Diagram of Ion Mobility Spectrometric System 

wherein they move under the influence of constant electric 

field and gets separated according to their mobility 

depending on their mass. The resultant current in the range 

of pico-ampere, is detected using a Faraday plate collector 

and processed by signal processing electronics. The critical 

components of IMS system are: drift tube, associated 

electronics circuitry and calibration software. Electric field 

distribution using SIMION simulation software has been 

studied for various applied potentials and diameter of the 

tube and mobility spectrum of air has been obtained. The 

block diagram of the IMS System developed and results of 

the investigative studies under taken are indicated below. 

axial variation of E-field 

• 
axial distance (mm) 


Axial Distribution of Electric Field Inside the Drift Tube 


Experimental Set-up of the Developed Ion Mobility Spectrometric System 
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DEVELOPMENT OF MOLECULAR BEAM EPITAXY SYSTEM (JOINTLY BY CAT AND CSIO) 


This project has been undertaken in collaboration with the 
Raja Ramanna Centre for Advanced Technology 
(RRCAT), Indore with the objective to provide technical 
expertise and assistance in setting up the necessary 
infrastructure at site and training of the personnel in its 
operation and maintenance. The project was funded by 
RRCAT, Indore has been completed and the completion 
report is under preparation. The MBE System has been 
assembled at RRCAT. 

Features 
• Growth Chamber (550 mm) 

• Analysis Chamber (350 mm) 

• Buffer Chamber (200 mm) 

• Load Lock Facility 

• Modular Approach 

• No. ofK-Cells:10 Nos 

• X, Y, Z, Substrate Manipulator 

GROWTH AND PROCESSING OF LASER DIODES BASED ON AIGaAsIGaAs 
QUANTUM WELL STRUCTURES USING MOLECULAR BEAM EPITAXY SYSTEM 

Assembled Molecular Beam Epitaxy System at CAT, Indore 

• RHEED, OMS, Flux and AES Systems 

• Ion Source 

• Can accommodate upt010Wafers of3" Size 

*~~,--

This project was funded by DST, New Delhi with the 
objective of growth and processing of semiconductor laser 
diode structures based on AIGaAs/GaAs with operating 
wavelength 0.71-1 to 0.91-1m for optical data recording, laser 
sensors etc. One of the most important advantages of 
GaAs technology is that it allows band gap engineering. 
The band gap of GaAs can be be increased by increasing 
the mole fraction 'x' of AlAs in AlxGa 1-xAs The growth • 

parameters for the deposition ofAl xGa1-xA. for which x<O.4 
were optimized. Beryllium is a well-behaved acceptor in 

MBE-GaAs producing a shallow level -19 meV above the 
valence band. It was also observed that AI 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 
AI 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/AIGaAs laser diode structures. 

.ill. 
--/~--

DEVELOPMENT OF RF BUG DETECTOR 

Spy paraphernalia these days range from supersensitive 
microphones hidden in pens to video cameras that will fit 
behind a tie and take pictures through the tie clip . Bugging 
devices can be made to look like, and actually function as, 
fountain pens, clock radios, desk calculators, telephone 
jacks, and even teddy bears. Spies do not steal visible 
objects, only products ofthe mind: INFORMATION. 

Information targeted by spies generally include: Take

over Strategies, Buying and Selling Programs, Computer 
Codes, Work Schedules, Marketing Plans, Project 
Assignments, Product Designs, Manufacturing 
Techniques, Litigation Tactics, Research Plans, Financial 
PrOjections, Material Costs, Contract Bids, Sales 
Statistics, Profit Margins. 

This Project funded by DIT, New Delhi aims at developing 
an RF bug detector. The device is basically a radio receiver 
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which helps to detect, identify and to locate hidden Specifications 
transmitters used for eavesdropping purposes. The device 

Detection Capability : All types of Transmitter including will detect signals in the range from 8 KHz to 5 GHz. The 
NBFM, WBFI\I1, AM, FM , FSK,receiver will have capability of handling two different band 
ASK, PSK, BurstTransmitter Signals with separate antenna inputs. 

Frequency Range 8 KHzto 5 GHz The likely end user(s) and beneficiaries include: Indian 
Army, National Security Guard (NSG), Special Protection Sensitivity Better than -90 dBm 
Group (SPG), Research Analysis Wing (RAW), 

Weight Approx4 kg .
Intelligence Bureau (I B), College of Military Engineering ( 
CME, Pune), Law EnforcementAgencies, Indication Audio Alarm & Field Strength 

Display. 
Study of various blocks has been carried out and Low End 
Receiver Section «10 MHz) has been successfully Power Supply + 12 Volts, Ni-Cad Rechargeable 
developed. Battery 

Battery Life 5 Hrs. 

--*~--
DESIGN AND FABRICATION OF 8X8 ARRAY OF MICRO·MACHINED PATCH ANTENNA AND 


DEVELOPMENT OF FABRICATION TECHNOLOGY COMPATIBLE WITH MEMS FOUNDRY AT SeL 


The project funded by NPSM, ADA, Bangalore aims at the also be utilized during the execution of this programme. 
design and fabrication of 8x8 array of Micro-mechanical The design of the antenna has been completed and the 
patch antenna. The facility is available at SCL, Mohali will data has been passed on to SCL, Mohali for mask making. 

;,!,:--/1'- 

DESIGN AND DEVELOPMENT OF PARTICLE SIZE ANALYSER FOR TEXTILE INDUSTRY 

Design and development of particle size analyser has the num ber concentration of particles in channels of different 
been undertaken under a project funded by DST, New sizes. Particle size analyser is very useful for rapid 
Delhi. This instrument works on the principle of scattering of determination and analysis of number concentration of 
light by aerosols. When a particle passes through the light particles of sizes ranging from 0.5 mm to 25 mm in seven 
beam, an amount of light proportional to the size of the different channels per m3 of sampled air. Data gets 
particle is scattered. This scattered light is collected by the refreshed after every 6 seconds. The development of opto
optical system and allowed to fallon the sensitive area of the mechanical system, software and hardware part has been 
sensor. The corresponding signal from sensor is further completed. The integration of SUb-systems and calibration of 
processed by signal processing electronic system to display the complete system is yet to be done. 

' t<:: 
--,~--

AUTOMATIC COUNTERFEIT CURRENCY DETECTOR 

Keeping in view the increasing circulation of the fake feasibility study of the same. A novel application of the 
currency, an urgent need was felt for development of an principle of reflection and transmission of UV illumination 
efficient and cost effective instrument for detection of fake through the currency note as shown in figure below was 
currency. An in-house project was thus initiated soon for exploited for development ofthis instrument. Two models 
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Reflection 

Block Diagram of Automatic Counterfeit Currency Detector 

for automatic detection of genuineness of the Indian 
currency taking one note at a time were developed. While 
of the technique supplemented the visual inspection of a 
note under UV illumination along with a novel reflective 
sensors, another currency genuineness detection system 
using plurality of opto-electronic sensors with both 
transmission and reflective (including fluorescence) 
properties of security documents was also developed. 
Both detection sensing strategies utilise integrated 
response of the wide optical band sensed under UV visible 
along with optional near infra red light illumination. A 
security document is examined under static condition. A 
window signal signature is thus possible from 
photodetectors responses for various kinds of documents 
of different denominations, kinds and country of origin. A 
programmable technique for checking the genuineness of 
a security document is possible by feeding a unique code 
of the currency under examination . 

After successful development of the technique, it was felt 
that the same could be suitably modified to develop an 
instrument for automatic detection of fake currency notes 
during counting/stacking process. In addition, it was 
realised that a model for counting and inspection should 
help the banking industries and business community and 
most importantly it will help our country's economic 
stability. All countries invariably face the counterfeit 
currency, though the problems encountered have different 
origin. Therefore, the need for such a solution in a generic 
manner was felt especially for India where hard currency 
transactions are a commonplace . The schematic of the 
automatic detector and photograph of model of the 
instrument developed are shown below. 

The machine is based on the principle of sensing both 
transmission and reflection properties of the currency 
under UV and/IR illumination under a narrow band 
illumination and wide-band sensing. The technique is 
already patented for detecting genuineness of a note 
under static condition and another patent for counter 
version is on its way. The developed machine is designed 
with generic principle of handling any currency through the 
protected firmware which stores a desired number of 
denominations at a time. The provisions for data 
acquisition, storage, and algorithm fortine-tuning accuracy by 
currency specific weights are all provided. A novel feature of 
the machine is that it uses multiple detectors for both 
transmission and reflection in both time and space integrated 
manner and facilitates transaction of the hard currency. Some 
of the important specifications include, Loose and soiled notes, 
thickness and dimensions of Indian Notes, 300-400 maximum 
notes that can be accommodated, 600-1000 notes counting 
speed, and upgradation possible for newer security features 
and foreign currencies. 

Automatic Counterfeit Currency Detector 

Three units of the machine were fabricated so as to 
conduct trials at RBI, Chandigarh and other nationalized 
banks. Initially trials were carried out in the lab with the 
cooperation of RBI, Chandigarh who provided fake notes 
on daily basis. After successful lab trials, the testing was 
carried out in RBI, Chandigarh. The report point out that 
machine meets the objective of both currency counting 
and genuineness detection. 



MATERIAL SCIENCE, BIOMOLECULAR 
ELECTRONICS & NANOTECHNOLOGY 

INVESTIGATION OF ALIGNMENT & CHARACTERIZATION OF CARBON 

NANOTUBES (CNTs) FOR TARGETED DRUG DELIVERY AND NANOSENSORS 


In view of CSIO's expertise in the area of microelectronics electrophoresis (PAGE) has been carried out. The CNTs 

and nanotechnology, a project funded by DIT, New Delhi has were dispersed by sonication and by laser micro

been undertaken by the Institute with the objective to dissection system. Different functional groups have been 

develop a technology based on carbon nano tubes with created on the surface of CNTs and then covalently binding 

suitable binding of bio/nano molecule of the desired to bovine serum (protein) using EDC cross linker. The 

compound workable as Targeted Drug Delivery System. CNTs-BSA hybrid was separated according to their 

charge/mass on Native-PAGE. Binding of Cl\lTs with
Carbon nano-tubes (CNTs) prepared by different 

protein was confirmed using native-PAGE. Binding oftechniques contain impurities like amorphous carbon, 
CNTs on microelectrodes for electrical characterization metal catalyst and smaller fullerenes . Size selective 
and nanomanipulation using SPM is in progress. 

purification of CNTs uSi,ng polyacrylamide gel 

' k 
--~i'--

STUDY OF MOLECULAR MOTORS FOR TARGETED 

DRUG DELIVERY AND NANO-MOLECULAR SWITCHING 


Study of molecular motors is quite important for targeted glass using hetrobiofunctional cross linker EDC has been 

drug delivery and Nano-Molecular Switching applications. characterized using AFM. The in-vitro motility of actin was 

The present project funded by DST, New Delhi has been carried out on the immobilized myosin. It has been 

undertaken with the aim to carry out preliminary observed that velocity of the actin over myosin increases 

investigations of motility of actin-myosin motor on artificial with increasing actin concentration and found to be in the 

surface so that the system may work as Molecular Motors for range of OAO to 3.25IJm/s. 

Targeted Drug Delivery and l\lano-Molecular Switching. 
Further, non-covalent immobilization of myosin on 

The motility of actin-myosin motor on artificial surface is of nitrocellulose coated glass surface and in vitro motility of 

immense importance for developing nanodevices for actin-myosin biomolecular motor has been done . AFM 

healthcare and engineering applications. Covalent imaging of the experiment has also been carried out, while 

immobilization of myosin on glass surface and in-vitro the work related to the study of biomechanical properties of 

motility of actin-myosin biomolecular motor has been actin-myosin is in progress. 

done. Myosin was immobilized on poly-L-Iysine coated 

--*~--
DEVELOPMENT OF BIO-MEMS BASED MICROCLINICAL 


DIAGNOSTIC KIT FOR TUBERCULOSIS 


This project funded by NPSM, Bangalore has aimed at Biochemical techniques have been established for 

developing a technology for the fabrication of Bio-MEMS immobilization of anti-body/antigen on microcantilever in 

based cantilever for diagnosis of tuberculosis. desired orientation for obtaining maximum surface 
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MATERIAL SCIENCE, BIOMOLEC 
ELECTRONICS & NANOTECHN 

'1/
--~i~--

DEVELOPMENT OF HOT AIR LEAK DETECTION SYSTEM 
FOR ENVIRONMENTAL CONTROL SYSTEM OF LCA 

coverage for optimum sensitivity and selectivity. The major 

challenge was development of methodology for handling 

fragile microcantilever during biological processing 

without damaging it. Image processing techniques were 

developed for precise calculation of surface coverage of 

biomolecules including antibody/antigens. Based on 

simulation results cantilever with dimensions 450 x 150 x 1 

micron has been fabricated at SCL, MohalL This includes 

development of total process technology for fabrication of 

cantilevers using 6" wafer processing facility. The cantilever 

has been fabricated with desired doping but gold 

metalisation for making external connections is under 

development. The bending of the cantilever due to immune

complex formation has been tested using standardAFM . 

The project aims at development of sensors of 2 meter 

each length along with end connectors & electronic control 

units to provide actuating signal for the leakage of hot air 

from the engine of the aircraft. The sensor works on 

sudden impedance drop (mega/kilo ohm to below 10 ohm) 

between core wire & outer sheath at 300 C +/- 6 %. 

Detection of hot air leak is quite important for 

environmental control in LCA. A project for development of 

a system for this purpose funded by ADA, Bangalore has 

been undertaken with the objective to develop sensors of2 

meter each length along with end connectors & electronic 

control units to provide actuating signal for the leakage of 

hot air from the engine of the aircraft. The sensor works on 

sudden impedance drop (mega/kilo ohm to below 10 ohm) 

between core wire & outer sheath at 300 C +/- 6 %. 

A PDR was cleared & developmental work undertaken. 

The sensor comprises of outer sheath of SS dia 3mm , 

central core wire of nickel & closely packed with the 

ceramic / eutectic salt workable for desired temperature. 

Eutectic salt mixture with Porous Alumina has been 

tailored to meet the required properties of the material has 

been synthesized . The sensors has been fabricated using 

electromechanical filling technique of eutectic salt & 

desired properties has been obtained by thermo

mechanical treatment. The Control Unit for impedance 

measurement has been fabricated & tested successfully at 

Gas Turbine Research Establishment (GTRE), Bangalore . 

The design & fabrication of End Connectors has been 

completed. The further work in progress includes: 

• 	 CDR cleared & assembly of the sensing system 

• 	 Interconnection of connectors with sensor tubes, 

sensor tubes having connectors 

• 	 Integration of sensor tube with Control Unit with MIL 

grade components 

• 	 Integration of complete set & testing for airworthiness 

(Pending) 

Design of End Connector 



INSTRUMENTS DATABASE MANAGEMENT 

DEVELOPMENT OF DATABASE ON SCIENTIFIC INSTRUMENTS 

AND COMPONENTS MANUFACTURED IN INDIA 


A database on scientific instruments and components 
manufactured in India is an important requirement of the 
instrument users from various sectors . CSIO has been 
playing an active role in this area in the past by publishing 
"Directory of Scientific Instruments and Components 
Manufactured in India" from time to time. Keeping in view 
the utility of this activity, the Department of Science & 
Technology (DST), Govt. of India, New Delhi has funded 
the above project to CSIO. The objectives of this project 
included creation of database on scientific instruments and 
components manufactured in India and dissemination of 
information to the different user segments like industries, 
instrument users , R&D institutions , educational 
institutions, policy makers, etc. 

The deliverables under this project include hard copy of the 
Directory as well as user-friendly CD. The Directory/CD 
would contain detailed information in respect of Indian 
manufacturers of scientific instruments & components. 
The Directory would, inter-alia, include the following 
Sections: 

• 	 Overview of Instrument Industry in India 

• 	 Classified List of Instruments & Components and their 
Manufacturers 

• 	 Alphabetic List of Instrument & Component 
Manufacturers 

• 	 State-wise Instrument & Component Manufacturer 
Profiles 

• 	 Advertisements 

The user friendly, searchable CD would contain options viz 
listing & searching of manufacturers as well as their 
products as per user requirements . 

In order to collect the data, a specially designed 
Questionnaire was used. The data were collected through 
direct mailing, advertisements, hiring of survey agency, 
personal visits to manufacturers, etc. The filled-in 
Questionnaires received from the manufacturers were 
scrutinized and information in respect of nearly 1700 
manufacturers has been processed for inclusion in the 
Database. In this regard, entry of information contained in 

the Questionnaires has been done in the Computers . The 
product catalogues/leaflets have also been studied and 
the various products have been assigned HS Codes as 
well as Generic Names/Sub-types and entered into the 
Computer. 

The software for this Database project has been 
developed using Oracle 9i at the Back End and Visual 
Basic 6.0 at the Front End. The various modules 
developed include Dispatch Module, Address Entry 
Module, Manufacturer Entry Module, Product Master 
Module, Manufacturer/Product Entry Editing Modules, 
Conversion Mod ule for preparation of CD, etc. 

The data entered into the computer would be validated 
through proof reading , collation, compilation, regrouping 
and rationalisation of HS Codes/Generic Names/Sub
types , wherever necessary. The Directory/CD would be 
brought out after completion of the ongoing activities and 
preparation of software for various sections of the 
Directory. 
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• 	 Technology Transfer 

• 	 Participation in Technological Expositions 

• 	 Memoranda of Understandi ng and 
Contracts 

• 	 Service Tax 





Given the increasing competition in today's tough 
business climate, it is vital that organizations provide cost
effective and rapid access to business information for a 
wide range of business users if they are to survive in the 
new millennium. A significant portion of CSIO's revenue is 
generated through contract R&D projects/services. 
Therefore, business planning, contract signing, 
consultancy, intellectual property and events management 
form a important part of Business Development. 

Th 	 a tivltles 1m t: 

• 	 Providing a technology database 

• 	 Improving information access in the organization 

• 	 Attending to queries raised by various agencies, 
customers, etc expeditiously 

• 	 Faster response and follow up on customers 

• 	 Providing on-line formats for entering and retrieving 
information 

Technology Transfer 

CSIO is continuously focusing on emerging opportunities 
in the area of technology licensing. The technology for On
line Energy Monitoring & Control System was transferred 
on 30th October, 2005 to M/s I-Iogicon Control Automation 
Pvt. Ltd ., Bangalore. The technology was transferred for a 
total premium of Rs 12 lakhs with 3% royalty payable on 
the manufactured products. The technology has potential 
to save crores of Rupees in manufacturing sector. Efforts 
were also made for the transfer of several technologies 

developed by CSIO. 

articipa iOI1 in Technological Expositions 

Activities in this regard comprise industrial liaison, 
publicity, exhibitions, seminars, conferences and business 
meetings. During the period, CSIO participated in the 

• 	 lACS 2005 (Instrumentation, Automation & Control 
System 2005) held on May 30 - 31,2005 at Mumbai 

• 	 Northern India International Trade Fair (NIITF) held 
during March 11-19,2006 at Chandigarh 

In these events, publicity material, handouts, pamphlets, 
brochures, etc were displayed to effectively build up the 

image of organization at large. 

Memoranda ofUnderstanding and Contracts 

CSIO believes in the concept of networking to optimize its 
resources as well as its expertise as it helps in keeping the 
research relevant and focused on real world problems. 
MoUs and contracts form an integral part of this exercise. 

During the period, three Memoranda of Understanding 
were signed : 

• 	 National Institute for the Orthopaedically 
Handicapped (NIOH), Kolkata for domain knowledge 
generation, embedding and bench-marking of 
prosthetic & orthotic devices for physically challenged 
on February1, 2006 

• 	 Rajasthan State Industrial Development & Investment 
Corporation Ltd. (RIICO), Jaipur for Establishment 
and Turnkey Operations of Agro-based Testing 
Laboratories in Rajasthan on July 25,2005 

• 	 Wadia Institute of Himalayan Geology (WIHG), 
Dehradun for scientific collaboration in sharing of 
expertise, geo-scientific database/domain knowledge 
and available facilities on October 30, 2005 

A contract was signed with Rajasthan Health Systems 
Development Project (RHSDP), Jaipur for conducting 
training programmes on operation & maintenance of 
medical equipments. 

Service Tax 

Paying Service Tax is the legal obligation of the 
Organisation. At present, the following activities of the 
Institute are covered under Service Tax l\Jet: 

• 	 Scientific & Technical Consultancy Service (All 
Projects other than Grant-in-Aid) 

• 	 Repair & Maintenance / Job Work 

• 	 Technical Inspection & Certification (Calibration of 
Instruments & Tools and Energy Audit Activity) 

• 	 Technical Testing & Analysis Service 

• 	 Intellectual Property Service (IPR, Transfer of 
Technology, Royalty, etc.) 



Service & Maintenance Activities • 
Training Programmes Organised • 
Other Activities of the S&M Centres • 





SERVICE & MAINTENANCE ACTIVITIES 


Repair & maintenance service of scientific and industrial 
instruments is one of the important activities of Service & 
Maintenance (S&M) Centres at Chennai, Delhi & Jaipur 
and S&M Division at Chandigarh. Its objective is to reduce 
downtime of sophisticated instruments in different 
Hospitals/Medical Institutes, Universities/Research 
Institutes, etc. and to create awareness about preventive 
maintenance. Repair of some of the instruments involve 
developmental work by redesigning circuits with available 
components and sometimes it is carried out to improve the 
performance of the instruments. These Centres not only 
put back to use defective instruments but also contribute 
towards saving of a large amount of foreign exchange 
which would have otherwise been spent on import of the 
substitutes. Thus, these Centres are playing a stellar role 
in revitalising instruments worth several crores of rupees 
and bringing about considerable savings in national 
resources. 

Major Service Activities 

• 	 Repair & maintenance of instruments on job to job 
basis 

• 	 Annual Maintenance Contract (AMC) servicing of 
instruments ensuring minimum down time to the extent 
possible by conducting periodic visits wherein repair & 
maintenance responsibility with respect to 
instrumentation is that of the S&M Centres 

• 	 Undertake design & development work necessitating 
circuit modifications in respect of instruments where 
spares are either too costly or are not available 

• 	 Provide test and calibration services 

• 	 Undertake installation and commissioning jobs 

• 	 Offer services for establishing instrumentation facilities 
including advice on procurement of appropriate type of 
instruments 

Other Activities 

• 	 Undertake Entrepreneurial Development Programmes 
(EDPs) by organising regular programmes with a view 
to generating a cadre of private S&M entrepreneurs in 
the Country (This is done as a step towards solving the 
perennial national problem of instrument 
maintenance) 

• 	 Conduct training courses for users on operation, 
handling and preventive maintenance of instruments 

• 	 Impart on-job training to students of Polytechnics & 
Engineering Colleges 

• 	 Organize Management Development Programmes on 
Operation, Maintenance & Repair of Bio-Medical and 
Analytical Equipment for the participants from the third 
world countries 

• 	 Provide energy audit services 

S&M I CALIBRATION SERVICES RENDERED 
(Rs. in lakhs) 

S&M Centrel No. of Instruments* Approx. Value of Instruments Service Charges levied 
Division Repaired Repaired (including Contract Servicing) 

I-
Delhi 900 223.500 10.354 

Jaipur 61 28.460 4.230 

Chennai 2896 235.000 21.697** 
I-

Chandigarh 239 65.000 2.150 

Total 4096 551.960 38.431 

* Including instruments calibrated 
** Excluding energy audit charges of Rs. 5.970 lakhs 

0..... 



SERVICE & MAINTENANCE ACTIVITIES 


CONTRACT SERVICING 
S&M Centre, Delhi 

(Amount in Rs.) 

Name of the IParty 

Computer Division, 
CSIR, New Delhi 

Dr. Ram Manohar Lohia I 
Hospital, New Delhi 

Name ofthe 
Instrument 

Voltage Stabilizer & CVT 
UPS 

Qty 

95 
60 

I 
Period 

01 .01 .05
31 .12 .05 

01 .04 .05
31 .03 .06 

AMC Charges 

-!- -
50,000 
50,000-! . 
1,33,600 

I 

Eye Department 

Bio-Chemistry 
-

Slit Lamp (Zeiss) 
Slit Lamps (Techno Optical Model) 
Slit Lamp (Gardian) 
Operating Microscopes 
i) OPMI 1 Zeiss (1 No.) 
ii) OPMI 6 Zeiss (1 No.) 
iili) OM 5 Takagi (2 Nos) 
Synaptophore 
Indirect Ophthalmoscope 
Keratometer 

Cell Counter Digital 
Photoelectric Colorimeter 
Cell Counter Mechanical 

02 
02 
01 
04 

01 
05 
01 

05 
02 
26 

20,000 

Pathology, 
Histopathology, 
Skin, Blood Bank, 
CCU, Cytology & 
Microbiology 
Departments 

Water Bath 
Hot Air Oven 
BOD Incubator 
Incubator 
Centrifuge Machine 
Microscope 
(Monocular & Dark Ground) 
Microscope (Binocular) 

21 
11 
05 
06 
35 
35 

40 

1,88,500 

Cardiology Deptt. 
Nursing Home 
Emergency Ward 

Physiotherapy Deptt. 

ECG Machine 

Microwave 
Diathermy Phyaction Unit 

30 

02 
01 

1,05,000 

-
10,500 

Deen Dayal 
Upadhayay 
Hospital , 
New Delhi 

Pathology 
Department 

.. 

Hot Air Oven 
Centrifuge Machine 
Water Bath 
Microscope (Binocular) 
Tissue Flostation Bath 
UPS 
Rotary Microtone 

02 
08 
04 
11 
02 
08 
03 

I 

05.07.05
04 .07 .06 

05.07 .05
04.10.05 

59,875 

14,969 



SERVICE & MAINTENANCE ACTIVITIES 


(Amount in Rs.) 

Name of the Name of the Qty Period AMC Charges 
Party Instrument 

-
Chemical Balance 01 
Digital Incubator 01 
Digital Colorimeter 04 
pH Meter (Digital) 01 14.10.05 61,525 
Spectrophotometer 02 13. 10.06 
Electrophoresis Apparatus 01 
Warming Table 03 

-
Microbiology Deptt. Centrifuge Machine 03 14. 10. 05 27,950 

Incubator 05 13.10.06 
Water 8ath 02 
Hot Air Oven 02 
Microscope 03 
VDRL Rotar 03 
Autoclave 06 -

Eye Department Lensometer 01 
Keratometer 03 10.07 .04 1,41,180 
Slit Lamp 09 .07 .05 
-Hagg Streat Model 01 
-Appaswamy Model 03 
Synaptophore 01 18. 11 . 05 1,70,530 
Welch Allyn 17. 11.06 
Examination Light 02 
Indirect Ophthalmoscope 06 
Ophthalmoscope (Welch Allyn) 14 
Streak Retinoscope (Welch) 12 
Auto Refractometer-110 (Zeiss) 01 
Wall Charger 24 
Desk Charger 05 
Operating Microscopes 02 
~ 

Guru Nanak Eye Centre, Keratometer 10 01 .04.05 2,06,400 
New Delhi Slit Lamp 20 31 .03 .06 

Synaptophore 06 
Lens Screen 02 
Operating Microscope 08 

Lady Harding Medical Microscope 100 01 .09.05  60,000 
College & Hospital, (Monocular) 31.08.06 
New Delhi 

NPL, New Delhi EPR Spectrophotometer 01 20 .11 .05 25,000 
19 .11 .06 



TRAINING PROGRAMMES ORGANISED 


CSIO Centre, Jaipur 
(A.,mount in Rs.) 

Name of the 
Party 

Name of the 
Instrument 

Qty Period AMC Charges 

Santokba Durlabji 
Memorial Hospital, 
Jaipur 

Balanced Cell 
Colorimeter 
Flame Photometer 
Electrophoresis Power Supply 
Spectrophotometer 

2 

1 
1 
2 

01.01 .06
31 .12.06 

16,000 

Sarthak Manav 
Kushthashram, Jaipur 

Microscope 1 01 .08.05
31.07.06 

500 

Frozen Semen Bank, 
Bassi, Jaipur 

Incubator 
Cold Handling Cabinet 
Electronic Monopan 
Balance Spectronic-20 
Hot Air Oven 
Autoclave 

2 
2 
1 
1 
1 
1 

01 .08.05
31 .07.06 

29,500 

S&M Division, Chandigarh 
(Amount in Rs.) 

Name of the 
Party 

Name of the 
Instrument 

Qty Period AMC Charges 

The State TB Officer, 
Chest Clinic, 
Sector 22, Chandigarh 

Binocular 
Microscopes 

11 01.10.2005 
30.09.2006 

11,000 

State TB Society, 
Punjab, Chandigarh 

Binocular 
Microscopes 

72 01.01 .2006 
31.03.2006 

18,000 

TRAINING PROGRAMMES ORGANISED 

S&M Centre, New Delhi 


Title 13th Management Development Programme on Operation, Maintenance & Repair of 
Bio-Medical Equipment (Under ITEC/SCAAP Programme) 

Organised by S&M Centre, New Delhi and S&M Division, Chandigarh 
(4 weeks at each place) 

Sponsored by Ministry of External Affairs (Govt. of India), New Delhi 

No. of Delegates 14 

Countries Represented Tanzania, Kenya, Mauritius, Iraq, Ecuador, Philippines, Ethiopia, Myanmar & 
Afghanistan 

Period September 14 - November 8, 2005 (8 weeks) 

Broad Schedule Lectures, Hands-on Sessions and Study Tours 



1RAINING PROGRAMMES ORGANISED 


Title 6th Management Development Programme on Operation, Maintenance & Repair of 
Analytical Equipment (Under ITEC/SCAAP Programme) 

Organised by S&M Centre, New Delhi and S&M Division, Chandigarh (4 weeks at each place) 

Sponsored by Ministry of External Affairs (Govt. of India), New Delhi 

No. of Delegates 25 

Countries Represented Guyana, Lebanon, Benin, Sri Lanka, Philippines, Bangladesh , 
Afghanistan, Cuba, Mauritius, Tanzania & Kenya 

Iraq, Russia, 

Period January 18  March 14, 2006 (8 weeks) 

Broad Schedule Lectures, Hands-on Sessions and Study Tours 

Shri Lal Dingliana, Joint Secretary (TC), Ministry of External Affairs 
and Dr Pawan Kapur, Director CSIO during the Inaugural Session 

Title Training Programme on Repair and Maintenance of Bio-Medical Instruments for 
Hospital Technicians/Doctors atArmy Hospitals of Leh, Sri nagar and Delhi. 

Organised by S&M Centre, New Delhi 

Sponsored by DST, New Delhi 

No. of Participants 25atLeh 

Period September 29,2005  October 8,2005 

Broad Schedule Lectures and Hands-on Sessions 

CSIO Centre, Jaipur 

Title Training Programme on Preventive Maintenance and Repair of Bio- Medical 
Instruments for Hospital Technicians / Doctors 

Organised by CSIO, Jaipur Centre 

Sponsored by Rajasthan Health Systems Development Project (RHSDP), Jaipur 

No. of Participants 100 per programme 

Period • Jaipurfrom 6.12.05 to 22.12.05 

• Alwar from 23.1.06 to 09.2.06 

• Ajmer from 21 .2.06 to 9.3.06 

• Kota from 20.3.06 to 01.4.06 

Broad Schedule Lectures and Hands-on Sessions 



TRAINING PROGRAMMES ORGANISED 


Title Training Programme on Maintenance & Repair of Bio- Medical Instruments 

Organised by CSIO , Jaipur Centre 

Sponsored by Entrepreneurship Development Cell , Malviya National Institute ofTechnology (MNIT), 
Jaipur 

No. of Participants 20 

Period July 25 -August 19, 2005 (4 weeks) 

Broad Schedule Lectures and Hands-on Sessions ./ 
S&M Centre, Chennai 

Title Training Programme on Repair and Mintenance of Bio-Medical Instruments for 
Hospital Technicians/Doctors at Salem, Thanjavur, Kanyakumari and Tuticorin 

Organised by S&M Centre, Chennai 

Sponsored by DST, New Delhi 

No. of Participants 25 each atThanjavur, Kanyakumari and Tuticorin 

Period • Thanjavur May 16-27, 2005 

• Kanyakumari September 26 - October 7, 2005 

• Tuticorin November 21 - December 2, 2005 

Broad Schedule Lectures and Hands-on Sessions 

Training Programme at Tuticorin 

Training Programme on Technology based Entrepreneurship Development I 
Programme (TEDP) on Repair & Maintenance of Electronic Test & Measuring 
Instruments 

Organised by 

Title 

S&M Centre , Chennai 


Sponsored by 
 DST,NewDelhi 

rNa.of Participants 19 


Period 
 July25-Se	ptember 02,2005 
d Hands-on ""::S-es-s'":'"io-n-s--------------------iLectures anBroad Schedule 



OTHER ACTIVITES 


S&M Division, Chandigarh 

Title Training Programme on Repair and 
Maintenance of Bio-Medical Instruments 
for Medical Doctors, Paramedical Staff and 
Technicians of Govt Hospitals I Medical 
Colleges in Punjab 

Organised by S&M Division, Chandigarh 

Sponsored by DST, New Delhi 

No. of Participants 25 at each place 

Period • Ropar March 28 -April 7, 2005 

• Bhatinda April 18 - 28,2005 

• Ferozepur June 7 -17,2005 

Broad Schedule Lectures and Hands-on Sessions 

Dr Pawan Kapur, Director CSIO, 

Inaugurating the Programme 


OTHER ACTIVITIES OF THE S&M CENTRES 
Establishment of National Facility for Medical 


Instruments Calibration at S&M Centre, New Delhi 


The National Facility for Medical Instruments Calibration has 
been established at Delhi Centre of CSIO with the 
installation of state-of-art test and calibration equipment with 
traceability to international standards. The laboratory follows 
ISO/IEC 17025 guidelines. This facility is first of its kind in the 
country. 

The Facility would provide test & calibration services for the 
following key medical instruments: 
• ECG Machine 

• Patient! Bedside Monitor 
• Defibrillator Monitor (A Life Saving Device) 

• Pulse Oximeter 
• Ventilator 
• Electro-surgical Units (Surgical Diathermy I Cautery) 
• Infant Incubators 
• Infusion Devices 
• Ultrasound Therapy Units 
• Safety Analysis for all Medical Instruments 

Energy Audit Activity at S&M Centre, Chennai 

CSIO Chennai Centre is an Accredited Energy Audit Agency 
of Bureau of Energy Efficiency. PCRA, New Delhi and Tamil 
Nadu Electricity Board (TNEB), Chennai have recognized 
the Centre as one of their em panelled Energy Audit 
Agencies . 

Energy Team at the Centre is not only undertaking energy 
audits but also has become an integral part of Energy 
Management Instrumentation development team. This 
composite team has developed a unique methodology for 
providing highly cost-effective energy management system 
solutions to the industries. 

During the year 2005-06, the CSIO's Chennai Centre provided 
energy audit services to various parties. These included Avant 

Garde, Chennai; Electro-Steel Casting Ltd, Kolkata; C-DAC, 
Kolkata; IICB, Kolkata; NIO, Goa, etc. 

Energy Study at Mis Electro Steel Casting Ltd, Kolkata 



Laser Interferometer for Dimensional• 
Metrology 

Pneumatics & Electro-pneumatics Facility • 





LASER INTERFEROMETER FOR DIMENSIONAL METROLOGY 


Calibration of CNC Machine using Laser Interferometer • Validity of the machines 

--/,/- *
PNEUMATICS & ElECTRO-PNEUMATICS FACILIrrY 

Central Mechanical Workshop of CSIO has excellent 
metrological facilities to facilitate the calibration of 
machines and standards generally used by the industries 
and institutions in and around Chandigarh. The measuring 
equipments and reference standards contribute 
substantially in linear dimension measurements for the 
preCision components developed by the organisation. 

Recently procured Laser Interferometer has widened the 
scope of calibrating in-house machines and reference 
standards. The system enables to measure, monitor and 
improve machine performances. It combines the best 
available mechanical, electronics, and opto-technologyfor 
easy use, flexibility and portability. 

The instrument has capability for measuring precisely the 
following parameters: 

• 	 Linear Measurements 

In modern day instrumentation for industrial automation, 
pneumatics/electro-pneumatics is being employed 
increasingly to control the process as per specific 
Programmable Logic. The Pneumatics & Electro
pneumatics facility has been created at Department 
of Mechatronics and Industrial Automation , ISTC to 
imbibe the concepts of Pneumatics/Electro-pneumatics. 
Working of Pneumatic components e.g. Cylinders, Valves, 
Solenoids alongwith their interfacing with Programmable 
Logic Controller (PLC) is demonstrated explicitly. 

has been created to imbibe the concepts of 
Pneumatics/Electro-pneumatics. Working of Pneumatic 

components e . g . \, 
Cylinders , Valves, 
Solenoids alongwith 
their interfacing with 
Programmable Logic 
Controller (PLC) is 
demonstrated explicitly. 

Features 
Pneumatics & Electro'pneumatics Facility 

Pneumatic Control has inherent advantages of being fast, 
tidy, non inflammable and easy to maintain . The facility 
includes PLC control , pneumatic components & electro
pneumatic circuits. 

• 	 Angular Measurements 

• 	 Straightness 

• 	 Squareness 

• Flatness etc. 


Major specifications of Laser Interferometer are: 


Source Helium Neon Laser (Dual Frequency) 


Wavelength 633 nm 

Power 1 mW 

Resolution + 1 nm 

Angle 0.1 arc of a sec. 

Straightness +0 .2 micron 

Flatness +0 .5micron 

Overall Accuracy 1 ppm 

Power Supply Single Phase, 230 V 

It is a unique facility in the Northern Region capable to 
support various dimensional parameters in Metrology. 

Benefits 
• 	 Improves dynamic and real time measuring capability 

of the machine 

• 	 Improves performance and machine design parameters 

• 	 Reduce cycle time and gain visibility of engineering 
problems 

• 	 Provides professional maintenance overthe system 

• 	 Grade the performance of machines 

• 	 Extend life of the machines 
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• Indo-Swiss Training Centre 

• Talks and Lectures Delivered 

• Workshop Organised 

• Co nfere nces/S ym posi a/Wo rks ho ps 
Attended 

• Visits Abroad 

• Student Training 

• Honours and Awards 





INDO-SWISS TRAINING CENTRE 


This important activity broadly covers Manpower 
Planning, Development & Training. A few of the functions 
carried out are: 

• 	 Assess the manpower requirements in different 
Decision Units (DUs)/Groups/Sections of the Institute 
at different levels 

• 	 Periodically review the manpower situation in the 
Institute in order to recommend suitable re
deployment keeping in view the on-going R&D 
programmes 

• 	 Plan and recommend filling up of posts for the various 
DUs/Groups 

• 	 Advise on R&D - Academia linkages and decide / 
review of MoUs with them 

• 	 Recommend training of the existing staff to outside 
institutions 

• 	 Plan in-house training programmes for continuing 
education of the existing staff members 

• 	 Provide necessary inputs for creation of panels of 
experts 

In addition, manpower database is updated regularly 
which helps the Institute in retrieval of data useful for 
manpower planning, generation of varied reports which is 
used by different Divisions/Sections of the lab and for 
attending to the queries of outside agencies including 
CSIR. 

Indo-Swiss Training Centre (ISTC) is also a part of Human 
Resource Development (HRD) activity. 

INDO-SWISS TRAINING CENTRE 


Established under the patronage of Swiss Foundation for 

Technical Assistance and being run under the aegis of 

Central Scientific Instruments Organisation (CSIO), 

Chandigarh, Indo-Swiss Training Centre (ISTC) is held in 

high esteem by private industry both in India and abroad, 

R&D Institutes and custodians of technical education. 

Formally inaugurated on 18th December, 1963 by the then 

Prime Minister, Pt. Jawahar Lal Nehru, the Institute is 

dedicated to serve the industrial sector by producing 

highly skilled and competent manpower. 'ISTC' in the true 

sense stands for 'Innovative-Scientific-Technological

Commitment' to the nation as a whole and the industry in 

particular. As a professional training centre of repute, 

ISTC continues to meet the needs of the country in the Unnati Stambh 

field of training technical manpower. The basic aim of this Objectives 

training centre is to produce young technical personnel • To infuse thorough knowledge and impart industry 
oriented practical training to make the trainees awith practical background to fill the gap between the 
breed apart engineer/designer and the skilled worker. 

• 	 To inculate the sense of discipline and responsibility 
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.coupled with logical thinking so that they are an asset for 
their employers 

• 	 To instill a high level of self confidence to make them 
successful in all walks of life including 
entrepreneurship 

• 	 To emphasize their all round development by 
ensuring participation in cultural activities, NCC 
camps, trekking and blood donation etc, 

Admission 1st Year 2nd Year 3rd Year 4th Year 

3-year 
Diploma in 
IT 

1\ 

, 
v 

4-year 4-year 
~Advanced r---J\ Advanced 

Diploma in Diploma in 
MIA I--v' I"MIA 

4-year ---l\Advanced 
Diploma in -----v 
OM 

4-year f-----!IAdvanced 
Diploma in 
OM r----v 

NCC Activities 

• Intake: 70' 
• Qualifica

tions: 10·h ~ • All India 
Entrance 
Examination J 

• 	 To imbibe qualities that make them better citizens 

• 	 To create professional competence 

Training Courses 

• 	 3-Year Diploma in InstrumentTechnology 

• 	 4-Year Advanced Diploma in Mechatronics & 
I ndustrial Automation 

• 	 4-Year Advanced Diploma in Die and Mould Making 

Placement 

Private 
Seclor 

Public 
Sector 

Govem
ment 
Jobs 

Self-
Employ
ment 

Abroad 

-
IT-Instrument Technology 

MIA-Mechatronics & Industrial Automation 

OM-Die & Mould Making 

Sports Activities 

Inter-class matches-indoor and outdoor were arranged 

for the trainees. Indoor matches included Badminton, 

Table Tennis and Lawn Tennis and the outdoor games 

included Volleyball and Cricket. Girl trainees also 

participated in the sports . Prizes were awarded to the 

winners in various activities . 

Placements 

Employment has never been a problem for the students 

trained in this Institute. Placement Cell is being looked 

after by a group of senior faculty members who organize 

regular campus interviews. Most of the trainees have 

been absorbed by reputed companies during the past 

years with attractive pay packages. 

Annual NCC Training Camp was held at High Ground, Air 
Force Station, Zirakpur in October, 2005 which was 
attended by 40 cadets. On the occasion of Republic Day 

on 26th January, 2006, 35 students took part in the parade 
and presented Guard of Honour to the Director CSIO. 

ISTC Students presenting Guard of Honour to the Director CSIO 
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TALKS AND LECTURES D ELnffi RED 

Blood Donation 

ISTC students have always been coming forward for this 
noble cause. Apart from donating blood twice a year in 

the camps organized with assistance from Post Graduate 

Institute of Medical Education & Research (PGIMER) and 

Govt. Medical College & Hospital (GMCH), Chandigarh, 
they are always on emergency rolls and have been saving 

lives ofthe patients by donating blood in emergency cases . 

This year, too, over 240 students and staff members donated 

blood during two camps organised on November 21, 2005 
and March 2, 2006 repectively at the Institute. These events 

/ 
Students Donating Blood were sponsored by State Bank of India, Chandigarh. 

--/ , -*
TALKS AND LECTURES DELIVERED 

Sr. 
No. 

Topic Eventl Venue Date Presenter 

1. Optical Waveguides NITTTR, Chandigarh May 10, 2005 NS Aulakh 

2. Emerging Trends in Chemistry 
(Nanotechnology) 

Kendriya Vidyalaya Sangathan, 
Chandigarh 

May 18, 2005 Dr Lalit M Bharadwaj 

3. Bionanotechnology for Healthcare 
and Engineering Applications 

National Conference on Nanomaterials 
Applications, Amity Institute of 
Nanotechnology, Noida 

May 27,2005 Dr Lalit M Bharadwaj 

4. Tea Instrumentation National Seminar on Vision & Strategies 
for Tea Development in Hilly States, Almora 

May 29, 2005 Dr Pawan Kapur 

5. Strategic Instrumentation at CSIO Nuclear Science Centre, New Delhi June 6, 2005 Dr Pawan Kapur 

6 Industrial Automation and Process 
Control 

IHBT,Palampur June 19, 2005 Dr Pawan Kapur 

7. Vision & Strategy for Tea 
Development in Hilly Areas of 
Himachal Pradesh & Uttaranchal 

IHBT,Palampur June 19,2005 Dr Pawan Kapur 

8. Electronic Nose for Agro-based 
Applications 

National Workshop on Polymeric 
Sensors at Hindustan College of Science 
and Commerce, Chopde, Jalgaon 

June 27, 2005 Dr Pawan Kapur 

9. Biomolecular Electronics & 
Nanotechnology 

International Conference on Advances 
in Network SCiences, Singapore 

June 29
July 1,2005 

Dr Lalit M Bharadwaj 

10. Biomolecules in MEMS and 
Nanotechnology 

ISSS International Conference on 
Smart Materials, Structures and 
Systems, IISc, Bangalore 

July 28-30, 2005 Dr Lalit M Bharadwaj 

11 . Image Processing and its 
Applications 

NITTTR, Chandigarh Sept. 8, 2005 Dr HK Sardana 

12. Optical Fiber Fabrication 
Techniques 

NITTTR, Chandigarh Sept. 16, 2005 SC Jain 

I 



TALKSANDLECTURESDELnffiRED 

Sr. Topic Event! Venue Date Presenter 
INo. I 

13. Fiber Optic Test Equipments NITTTR, Chandigarh Sept. 19, 2005 SC Jain 

14. Image Processing and its CPYLS Program, CSIO, Chandigarh Sept.r 27, 2005 Dr HK Sardana 
Applications 

15. Industrial Automation-Some Easwari Engg. College, Chennai Oct. 21, 2005 Dr Pawan Kapur 
Case Studies 

16. Earthquakes : Causes, Predictions Rotary Club of Chandigarh Midtown Oct. 21, 2005 Dr. Pawan Kapur 
and Precautions Function: Hotel President, Chandigarh 

17. Human Resource for Workshop on Nanotecnology, SRM Oct. 22 , 2005 Dr Lalit M Bharadwaj 
Nanotechnology Institute of Science & Tech., Chennai 

18. Modernisation of Tea Industry : CPYLS Programme, CEERI, Pilani Oct. 27, 2005 Dr Pawan Kapur 
Indian Scenario 

19. Embossed Holograms: an IRDE, Dehradun (ICOL-2005) Dec. 12, 2005 Dr AK Aggarwal 
Anticounterfeit Device 

20. Bio-Nano Devices International Conference on "MEMS IDec.20-22, 2005 Dr Lalit M Bharadwaj 
& Semiconductor Nanotechnology", 
liT, Kharagpur 

I 

21. Physics of Biomolecular Recent Development in Physics & Dec.21,2005 Dr Lalit M Bharadwaj 
Electronics Material Science, TIET, Patiala 

22. Synthesis of Nano Material TIET, Patiala Dec. 28, 2005 Dr ML Singla 

I 
23 . Sensors based on NTC Materials TIET, Patiala Dec. 28,2005 Dr ML Singla 

24, Agri-Electronics - Challenges and CFTRI, Mysore Jan. 20 Dr Pawan Kapur 
Opportunities National Symposium 21 , 2006 , 

on Sensors and Instrumentation 
for Food Processing 

25. Challenges and Opportunities in International Conference on Challenges Jan. 22,2006 Dr Lalit M Bharadwaj 
BioMEMS and BioNano Device & Opportunities in Electronic Manuf-
Manufacturing acturing at Electronics India-2006, 

Pragati Maidan, New Delhi 

26. Intelligent Instruments INITTTR, Chandigarh Feb. 1,2006 Dr HK Sardana 

27. Biomolecular Electronics and Nano- Workshop on Quality Improvement Feb. 6,2006 Dr Lalit M Bharadwaj 
technology for Hybrid Devices Programme (QIP)- UGC, liT Roorkee 

28. MEMS Technology and Workshop on Quality Improvement Feb.6, 2006 Dr Lalit M Bharadwaj 
Applications Programme (QIP)- UGC, liT Roorkee 

29. Agri-Electronics - Challenges and JMIT, Radaur iFeb. 2,2006 Dr Pawan Kapur 
Opportunities National Symposiurr 
on Sensors and Instrumentation 
for Food Processing 

30. Critical Issues in High Aspect Ratio JMIT, Radaur Feb. 9-11, 2006 AK Paul 
Dry Etching for Micro-Electro-
Mechanical systems (MEMS) , 

31. Biomolecular Electronics & National Conference on Communication Feb. 10-11 , 200! Dr Lalit M Bharadwaj I 

Nano-technology & Computational Techniques: Current 
and Future Trends, Dehradun Institute 
of Technology, Dehradun 
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WORI(SHOP ORGANISED 

Sr. 

No. 

Topic Event! Venue Date Presenter 

32 . Current trends in Explosive 
Detection Instrumentation 

6th International NBDC Seminar at 
Gurgaon 

Feb.16-17, 200E RR Dongaonkar 

33. Bionanotechnology IMS-2006, Kurukshetra University Feb.18, 2006 Dr Lalit M Bharadwaj 

34 . Process Control and 
Instrumentation-Trends & 
Opportunities 

RAPCIE-06, Kurukshetra University Feb.25, 2006 Dr Pawan Kapur 

35 . 

, 

Nanotechnology & Defence National Science Day, TBRL, Chandigarh Feb. 28,2006 Dr Lalit M Bharadwaj 

36 . Nanotechnology and IPR issues Conference on Indo-US Economic Coop
eration organized by CII , New Delhi 

March 3, 2006 Dr Lalit M Bharadwaj 

37. Practical Applications of Artificial 
Neural Networks 

NITTTR, Chandigarh March 7, 2006 Dr HK Sardana 

38 . Physics of Biomolecular Electronics National Workshop on Nano and Novel 
Materials, Physics Department, PU, 
Chandigarh 

March 8-9, 200E Dr Lalit M Bharadwaj 

---*-
WORKSHOP ORGANISED 

A Workshop on Bioinstrumentation sponsored by the Dr U N Behera, Joint Secretary, DBT, New Delhi also 

Department of Biotechnology (DBT), New Delhi was expressed his views on this occasion. The workshop was 

organized at CSIO, Chandigarh during April 29-30, 2005. attended by more than 50 participants coming from 

The workshop was inaugurated by Dr IVIK Bhan, leading institutes in the country. The workshop was 

Secretary, DBT. Dr Bhan in his address talked at length coordinated by Dr Lalit M Bharadwaj, Senior Scientist, 
how things should be done differently to develop globally CSIO, Chandigarh. 

competitive products by having close interaction between 

academia, R&D organisations and industry. He also 

emphasized the need to accept challenges to take 

calculated risks based on successful company models. 

Dr Pawan Kapur, Director, CSIO while welcoming the 

Chief Guest and the delegates stressed on the 

importance of measurement and instrumentation. He 

gave details of expertise and facilities available at CSIO 

and how CSIO can playa key role in development of 

bioinstrumentation in the country. Dr Kapur remarked 

that the workshop will lead to working out a road-map in 

this highly lucrative area with a tremendous potential. 
Dr Pawan Kapur, Dr M K Bhan and Dr U N Behera, during 

the Inaugural Session of the Workshop on Bioinstrumentation 



CONFERENCES/SYMPOSIAjWORKSHOPS ATTENDED 

S. 
No. 

Name of Conference! Seminar! 
Symposium! Workshop 

Venue Date particiPa~ 

1. National Conference on Emerging Trends 
in Wireless Technologies (NCETWT-2005), 
organised by Institution of Electronics & 
Telecommunication Engineers(IETE), 
Chandigarh Chapter 

Sri Sukhmani Institute of Engineering 
& Technology, Dera Bassi (Punjab) 

April 16-17, 
2005 

VP Giridhar and 
RC Arora 

2. Short Term Training on Press Tool Design Central Tool Room, Ludhiana May 1&-20, 2005 Mange Ram 

3. Introduction of Electronics & Instrumentation 
in Tea Factories for Improvement in Quality 
& Quantity of Tea, organized by TRAI 

Tea Factory, Kausani May 28,2005 VP Giridhar 

4. Uttranchal Tea-Vision & Strategies for 
Tea Development in Hilly States 

Nainital May 28-30, 20C PVP Giridhar 

5. Quality Control in Agro-based Industries" 
organised by Rajasthan State Industrial 
Development & Investment Corporation 
Ltd (RIICO), Rajasthan 

Agro Food Park, Kota June 6,2005 VP Giridhar 

6. Laboratory Quality System, Management 
& Internal Audit Course 

Bureau of Indian Standards, Noida June 6-9, 2005 HK Pir 

7. Negotiating Technology Licensing Agree
ments, organised by World Intellectual 
Property Organisation (WIPO), in 
cooperation with CSIR, New Delhi 

India Habitat Centre, New Delhi July 4-8,2005 Jagvir Singh 

8. Executive Development Programme on 
Value Added Tax & Service Tax 

Indian Institute of Materials Manage
ment, Chandigarh Branch 

July 9,2005 PS Negi 

9. IV ISSS International Conference on 
Smart Materials, Structures and Systems 

Indian Institute of Science, Bangalore July 28-30, 2005 Dr Lalit M Bhardwaj 

10. Advanced Characterization Techniques 
on Nanomaterials 

Indian Institute of Technology, 
Roorkee 

August 24-26, 
2005 

Dr M L Singla 

11. Short Term Training on Press Tool Design Central Tool Room, Ludhiana August 29
Sept.5,2005 

Mange Ram 

12. Advances in Manufacturing Technology National Institute of Technical Teachers 
Training & Research, Chandigarh 

Sept.9-11, 2005 VPS Kalsi 

13. Training Programme on Uncertainity in 
Measurement, Surface Roughness and 
Roundness Measurement and 
Temperature Metrology 

National PhYSical Laboratory, 
New Delhi 

Sept. 13-14, 
2005 

Gurdial and 
VK Khanna 

14. 11th Technology Summit & Technology 
Platform 2005 

CII and Deptt. of Science & 
Technology 

Sept. 21-22, 
2005 

Dr Lalit M Bharadwaj 

15. International Conference-cum-Trade 
Fair on Industrial Automation 

IEC, Greater Noida Oct. 2-3, 2005 VK Sharma and 
RCArora 

16. Quality Control in Agro based Industries, 
organized by Rajasthan State Industrial 
Development & Investment Corporation 
Ltd (RIICO), Rajasthan 

Agro Food Park, Sri Ganga Nagar 
(Rajasthan) 

Nov. 11, 2005 VP Giridhar 

17. National Conference on Sensors 2005 TIET, Patiala Nov. 25-26, 2005 Dr Sun ita Mishra 
and NS Aulakh 



VISITS ABROAD 

S. 
No 

Name of Conference! Seminar! 
Symposium! Workshop 

Venue Date particiPan~ 

18. International Conference on Physics for 
World and Society 

Engineering College, Bikaner Dec. 2-4, 200S Subhash Chander 
Jain 

19. Workshop on Uncertainty Measurement 
in Calibration 

ETDC, Mohali Dec. 8-9, 200S Vijay Kumar Khanna 
and Dr AK Aggarwal 

20. International Workshop on Emerging Areas 
of Fibre Optics and Future Applications 

CGCRI, Kolkata Dec. 8-10, 200S Dr AK Aggarwal, 
NS Mehla & SC Jain 

21. International Conference on Optics and 
Optoelectronics 

I 

Optical Society of India & Insiruments 
Research & Development 
Establishment, Dehradun 

Dec.12-1S,2ooS Amit Kumar Sharma, 
G S Singh, Sushil 
Kumar, PP Bajpai, 
PK Goel, Dr A K 
Aggarwal & NS Mehla 

22. 6th International NBDC Seminar Gurgaon Feb. 16-17,2006 RR Dongaonkar 

23. R&D Management Conference (RDMC-OS) New Delhi March 3-4, 
2006 

Sushi I Kumar and 
Randhir Bhatnagar 

--*-
VISITS ABROAD 

Dr Lalit M Bharadwaj, Scientist F, CSIO visited 
Singapore during the period November June 29-July 
1, 2005. He was invited to deliver a talk on 
"Biomolecular Electronics & Nanotechnology" on the 
occasion of International Conference on Advances in 
Network Sciences at National University of 
Singapore. He presented the work being done at 
CSIO in the area of DNA Nanowire, Biomolecular 
Motors, Carbon Nanotubes, Stem Cells for 
Engineering and Healthcare Applications and 
emphasized the need to use functional biomolecules 
which have been refined in billions of years for 
development of bionano-devices for sensor, 
electronics and communication. 

Shri AK Paul, Sc. 'F' visited Institute of Microstructure 
technology and Analytics, Univ. of Kassel, Germany 
during July-Sept. 2005 (under CSIR-DAAD exchange 
programme). 

Dr AK Aggarwal, Emeritus Scientist. CSIO visited 
China during the period November 6-9, 2005. He 
presented a talk on "Multi-Method Machine Readable 
Security Holograms" as invited speaker at Instrumental 
Conference on "Holo-Pack, Holo-Print 2005 New 
Horizons-Global Opportunities held during November 
6-8,2005 at Shenzhen, China. Dr Aggarwal also visited 
Institute of Opto-Electronics, Shenzhen University, 
China and delivered a talk on "Coherent Optics 
Activities at CSIO, Chandigarh" on November 9,2005. 

- -*-
STUDENT TRAINING 

As a part of HRD activities, CSIO has been imparting 
short-term training to BE/B Tech, MSc/MCA or 
equivalent students from Engineering Colleges, etc. 
This is in tune with the mandate of CSIO to 
disseminate knowledge in the domain of 
instrumentation and also forms a part of CSIO's 

endeavour in bringing the benefits of science and 

technology to the society. On-job training was 

imparted to the students on projects in different areas 

of R&D of the Institute. The period of training normally 

ranged from six weeks to six months. 



HONOURS AND AWARDS 


WISITEX International Institutional Award 
Dr Pawan Kapur, Director, CSIO received the 
ANUSANDHAI\j VIBHUSHAN Award given by Wisitex 
International , Mumbai to CSIO, Chandigarh for 
Outstanding Contribution of the Institute in the field of 
Instrumentation. This programme was held at lTC, Grand 
Maratha Sheraton, Mumbai on May 30,2005. 

Director, CSIO receiving Anusandhan Vibhushan Award 

Felicitations by Tea Research Association 
The Tea Research Association and the Tea Community 
felicitated Dr Pawan Kapur, Director, CSIO during the 34th 
Tocklai Conference on Strategies for Quality in Digital Era , 
held during November 28-30, 2005 at Jorhat. This honour 
was conferred upon him in recognition of his pioneering 
efforts in introducing Electronics and Information 
Technology in Tea Processes. The earlier technology on 
intelligent withering through automation developed by him 
at CEERI, Pilani is already in commercial production and 
about 20 units are in operation in different tea estates. 
Subsequent work on Model Tea Factory carried out by Dr 
Pawan Kapur is in full use by the tea community in 
establishing optimum conditions for production of quality 
tea. This work, supported by Ministry of Commerce, 
Ministry of Communications & Information Technology 
and CSIR was jointly carried out by CEERI, C-DAC, 
Kolkata and Tea ResearchAssociation. 

In order to regain its position in the global tea arena, the 
country is emphasising upon quality aspect in tea 
manufacturing. This puts CSIO in the frontline for 
development of advanced measurement techniques and the 
associated instrumentation system for quantification of quality 
during different stages of tea manufacturing. This includes 
flavour detection, liquoring characteristics in tea and 
estimation of bio-chemical parameters through advanced 

techniques of instrumentation and information technology. 

IETE Hari Ramji Toshniwal Gold Medal Award 
Dr Lalit M Bharadwaj, Scientist F, CSIO, Chandigarh has 
been awarded 16th IETE Hari Ramji Toshniwal Gold 
Medal. This award was conferred upon him , in recognition 
of his distinguished contribution in initiating research 
activities in the domain of nanotechnology which will lead 

Dr Lalit M Bharadwaj receiving the Award 

to design, development and production of electronic 
instruments for drug delivery and other related systems, 
by Shri Santosh Mohan Dev, Hon'ble Minister for Heavy 
Industries, Govt. of India on September 23, 2005 at Delhi 
during Inaugural Ceremony of Annual Technical 
Convention of IETE. 

IETE-CDILAward forIndustryfor Best Technical Paper 
The Institution of Electronics and 
Telecommun ication Engineers 
(IETE) has awarded IETE- CDIL 
Award for Industry in the year 2005
06 to Dr MA Shamshi for his 
technical paper titled 'Technologies 
Convergence in Recent Instru
mentation for Natural Disaster 
Monitoring and Mitigation' being 
adjudged as the best technical paper 
contributed by him. Dr MA Shamshi is 

currently working as Emeritus Scientist under CSIR at CSIO, 

Chandigarh after his superannuation as Scientist 'G' and 

Head, Geo Scientific Instruments Division of CSIO. 


Best Technical PaperAward 
Shri NS Aulakh, Scientist B, CSIO received the best 
technical paper award at National Conference on Sensors 
held at Thapar Institute of Engineering & Technology 
(TIET), Patiala during November 25-26, 2005. 
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PATENTS 

Patents Granted Abroad 


No. 
NF No. Title Inventors Date of Filing 

(Application No.) 
Grant 
Date 

Patent No. 
(Country) 

1. 0581 NF2002/US A ceramic mixture having 
negative temperature 
coefficient, a thermistor 
containing the ceramic 
mixture and the process 
for preparing thereof 

Madan Lal Singla, 
Baldev Raj, 
Vijay Rajaram 
Harchekar, 
Ram Prakash 
Bajpai 

31/03/2003 
(10/403594 ) 

12/04/2005 6878311 
(USA) 

2. 0457NF2001/SG Fiber optic temperature 
switching immersion probe 

N Singh, SC 
Jain, AK Aggarwal 

25/09/2004 
(200405383-1 ) 

31/05/2005 106860 
(Singapore) 

3. 0204NF2000/US Opto-electronic device for 
angle generation of 
ultrasonic probe 

Surjit Singh 
Ahluwalia 

31/03/2003 
(10/403990 ) 

20109/2005 6946648 
(USA) 

4. 0236NF2002/US Device useful for signal 
transfer from static surface 
to rotating surface and 
vice-versa 

Surjit Singh 
Ahulwalia, Sanjeev 
Verma, Sunil 
Ratan Taneja 

31/03/2003 
(10/403547) 

27/09/2005 6950003 
(USA) 

5. 0400NF2001/US Cu-Zn-AI (6%) shape memory 
alloy with low martensitic 
temperature and a process 
for its manufacture 

Vijay Rajaram 
Harchekar, Madan 
Lal Singla 

25/10/2001 
(101051877) 

20/12/2005 6977017 
(USA) 

Patent Applications Filed Abroad 


No. 
NF No. Title Inventors Date of 

Filling 
Application 

No. 
Country 

1. 0004NF2001/US Improved version of semi
automatic pick and place 
machine for surface mount 
devices (SMD) and fine 
pitch components 

Vyakaranam Mohana 
Lakshmi Narasimhan, 
Randhir Bhatnagar, 
Bipin Dev Sharma, 
Shravana Kumar 
Ramarao Rayagond, 
Anmol Kumar 

06/07/2005 11/174545 USA 

2. 0581 NF2002/JP Development of new 
ceramic mixture for thenmall 
temperature sensor working 
on the principle of negative 
temperature coefficient 
(NTC) at 330°C ± 6% 

ML Singla, B Raj, 
VR Harchekar, 
RP Bajpai 

25108/2005 2004
568702 

, 

Japan 

3. 0581 NF2002/KR Develop. of new ceramic 
mixture for thermal/temp
erature sensor working on 
the principle of negative 
temperature coefficient 
(NTC) at 330°C ± 6% 

ML Singla, B Raj, 
VR Harchekar, 
RP Bajpai 

25/08/2005 2005
7015865 

Korea 
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PATENTS 

~ 
No. 

NF No. Title Inventors Date of 
Filling 

Application 
No. 

Country 

4. 0581 NF2002/EP Develop. of new ceramic 
mixture for thermal/temp
erature sensor working on 
the principle of negative 
temperature coefficient 
(NTC) at 330°C ±. 6% 

ML Singla , B Raj , 
VR Harchekar, 
RP Bajpai 

08/09/2005 03702967.5 European 
Union 

5. 0581 NF2002/CN Develop. of new ceramic 
mixture for thermal/temp
erature sensor working on 
the principle of negative 
temperature coefficient 
(NTC) at 330°C ±. 6% 

ML Singla, B Raj , 
VR Harchekar, 
RP Bajpai 

26/09/2005 03826216.9 China 

6. 0200NF2003/JP DNA based steganography Lalit M Bharadwaj , 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai] 

29/09/2005 2006-506420 Japan 

7. 0200NF2003/IL DNA based steganography Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

29/09/2005 171176 Israel 

8. 0200NF2003/DE DNA based steganography Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

30/09/2005 112004000562.0 Germany 

9. 0200NF2003/GB DNA based steganography Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

18/10/2005 521163.6 Great 
Britain 

10. 0255N F2003/EP DNA based number system 
and arithmetic 

Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

31/10/2005 03816519.7 European 
Union 

11 . 0255N F2003/CA DNA based number system 
and arithmetic 

Lalit M Bharadwaj, 
AK Shukla , AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

17/11/2005 -- Canada 

12. 0255NF2003/CN DNA based number system 
and arithmetic 

Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

28/12/2005 D004800 18367.a China 

13. 0255NF2003/JP DNA based number system 
and arithmetic 

Lalit M Bharadwaj, 
AK Shukla, AP 
Bhonkekar, Rakesh 
Kumar, RP Bajpai 

12/01/2006 -- Japan 

..) 



Patent Application FII d In Indl 


IS. 
No 

NFNo. Title Inventors Date of 
EiliaQ 

Application No. 

1. 0200NF2003/IN A method for strong 
information in DNA 

Lalit M Bharadwaj, 
AK Shukla, AP 
Bhondekar, Rakesh 
Kumar, RP Bajpai 

26/08/2005 03822DELNP2005 

2. 0406NF2003/IN System for calibration of 
gas sensors 

RK Mohan Rao, 
Kota Srinivas, 
Meenalocahni Chander, 
D Krishna Moorthy 

26/08/2005 03825DELNP2005 

3. 0154NF2004/IN A portable microcontroller 
based apparatus for mon
itoring railway tracks 

Sudesh Kumar Mittal , 
Mehar Alam Shamshi, 
Sandeep Kalra, Bal 
Kishor Sharma 

18/11/2005 05377DELNP2005 

4. 0001 NF2004/IN Improved fake currency 
detector using integrated 
transmission & reflective 
spectral response 

Murli Manohar Joshi, 
Ram Prakash BaJpai, 
Gautam Mitra, Harish 
Kumar Sardana, Hari 
Narayan Bhargaw, 
Saroj Batra 

13/02/2006 00719DELNP2006 

5. 0332NF2005/1 N Hand-held device & step-
scanning technique for 
reading by the blind 

Harish K Sardana, 
H N Bhargaw, 
Paramvir Bali 

13/02/2006 0390DEL2006 

./ 

P per Publi h d In Journ I 


Sr. 
No. 

Title Journal Author(s) 

1. Covalent immobilization of myosin 
for in-vitro motility of actin 

Pramana, Vol 65(5), pp 967-972,2005 Ellis Bagga, Sunita 
Kumari, Rajesh Kumar, 
Rakesh Kumar, RP 
Bajpai and Lalit M. 
Bharadwaj 

2. 

, 

Characterization of transition metal 
oxide ceramic material for conti
nuous thermocouple and its 
use as NTC fire wire sensor 

Sensors and Actuators A Physical, 
Vol 120 (2), pp 337-342, 2005 

ML Singla, Shweta 
Sharma, Baldev Raj 
and VR Harchekar 

3. Intelligent low cost moisture-meter Journal of Instrument Society of India, 
Vol 35 (2) pp 243-248, 2005 

Naresh Agarwal, SS 
Sadistap & Pawan Kapur 

4. Design of high power pump source 
of eye safe laser for geo-scientific 
application 

Indian Journal of Pure and Applied 
Physics, Vol 43, pp 517-521,2005 

PK Singh, SK Mittal, 
Manjit Singh and 
BK Sharma ..I 

. '. 
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PAPERS PUBLISHED IN JOURN 

Sr. Title Journal Author(s) 
No. 

5. Thermal stability of tantalum nitride Microelectronic Engineering, Mukesh Kumar, Raj 
diffusion barriers for Cu metalli- Vol 82(1), pp 53-59, 2005 Kumar, Dinesh 
sation formed using plasma Kumar and AK Paul 
immersion ion implantation 

6. Design and implementation of Journal of Scientific and Industrial RC Gupta, SR Taneja, 
controlled drug infusion system Research, Vol 64 (10), pp 761-766, 2005 KK Thariyan and 

Sanjeev Kumar 

7. Refractive index and concentration Optical Engineering (USA), Vandana Mishra, 
sensing of solutions using mech- Vol 44(9), 094402-1- 4, 2005 Nahar Singh, Subhash 
anically induced long period Chander Jain, Palvinder 
grating (LPG) pair Kaur, Ruchi Luthra, 

Himani Singla, VK 
Jindal and RP Bajpai 

8. Design and development of micro- Journal of Automated Methods & SR Taneja , RC Gupta, 
I 

controller based clinical chemistry Measurement in Chemistry, Jagdish Kumar, KK 
analyser for measurement of various Vol 4, pp 223-229, 2005 Thariyan and Sanjeev 
blood biochemistry parameters Verma 

9. Development and experimental Current Science, Subhash Chander Jain, 
investigations of extrinsic fabry Vol 89(2), pp 255-256, 2005 Nahar Singh, JK 
perot interferometric sensor Chhabra,Veto Verma, 
bonding techniques for strain JJ Charan, KK Vaze , 
measurement in concrete and AK Aggarwal, HS 
metallic structures Kushwaha, SC 

Dhawan and RP Bajpai 

10. Design improvements in digital Journal of Scientific and Industrial BK Sharma, Satish 
seismograph for recording long Research , Vol. 65(1), pp 36-41 , 2006 Kumar, SK Mittal 
duration seismic events & after shocks and MA Shamshi 

11. Fiber bragg grating based sensing Current Science, Nahar Singh, Subhash 
device for petrol leak detection Vol 90(2), pp 219-221 , 2006 C Jain, V Mishra, GC 

Poddar, P Kaur, H 
Singla, AK Aggarwal 
and Pawan Kapur 

12. Interferometric moire pattern Journal of Optics A: Pure & Applied Sushil K Kaura, DP 
encoded security holograms Optics (UK), Vol 8(1) , pp 67-71,2006 Chhachhia & AK Aggarwal 

13. Concealed moire pattern encoded Optics & Laser Technology (UK), AK Aggarwal, Sushil 
security holograms readable by a Vol 38(2), pp 117-121, 2006 K Kaura, DP Chhachhia 
key hologram and AK Sharma 

I 



PAPERS PRESENTED IN CONFERENCES/S 

S. 
No. 

Title of the Paper Name of the Seminar/Conference Venue Author(s) 

1. Advancement in Seismic 
Monitoring and Networking 
in Himalayan Region 

National Seminar on Kangra Earthquake 
Centenary Seminar (KECS 2005). 
April 4-6, 2005 

H.P. 
Agriculture 
University, 
Palampur 

BK Sharma, Satish 
Kumar, VK Pandey, 
SK Mittal, and MA 
Shamshi 

2. Robotic Vehicle Movement 
Control using Bluetooth 
Connectivity 

National Conference on Emerging Trends 
in Wireless Communication, Ap ril 
16-17,2005 

Sri Sukhmani 
Institute of 
Engineering 
& Technology, 
Dera Bassi, 
(Near Chd.) 
Punjab 

VK Sharma, RC 
Arora, RC Agnihotri, 
Dinesh Pankaj 
& Neelesh Kumar 

3. Smart Antennas & 
Terminal Development 

National Conference on Emerging Trends 
in Wireless Communication , 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engineering 
& Technology, 
Dera Bassi , 
(Near Chd.) 
Punjab 

Inteshwar Singh 
Tiwana, Shilpa 
Sharma, RC Arora 
and VK Sharma 

4. Role of Smart Antennas 
in Telemedicine 

National Conference on Emerging Trends 
in Wireless Communication, 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engineering & 
Technology, 
Dera Bassi, 
(Near Chd.) 
Punjab 

Shivani Phogat, 
Preeti Tyagi, 

RC Arora and 
VK Sharma 

5. Wireless Networking and 
its Applications 

National Conference on Emerging Trends 
in Wireless Communication, 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engineering & 
Technology, 
Dera Bassi , 
(Near Chd .) 
Punjab 

Harmeet Kaur, 
RCArora and 
VK Sharma 

6. Smart Antennas in Mobile 
Communication and Wi-Fi 
Systems 

National Conference on Emerging Trends 
in Wireless Communication ; 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engineering & 
Technology, 
Dera Bassi , 
(Near Chd.) 
Punjab 

Kratika Singh, 
Navpreet Kaur, 
RCArora and 
VK Sharma 

7. Multi-method Machine Read 
able Security Holograms 

Holo-Pack Holo-Print 2005, 
November 6-8, 2005 

Shenzhen, 
China 

AKAggarwal 

8. Energy Management 
System and its Utility in 
Industries 

National Symposium on Energy Conser
vation Measures in Generating Sector; 
November 17-18, 2005 

Central Power 
Research 
Institute 
(CPRI), 
Bangalore 

RK Mohan Rao 

9. Knee Joint Angle 
Measurement for 
Feedback in FES 

National Conference on Computational 
Intell igence in Electrical Engineering; 
November 18-19, 2005 

Sant Longowal 
Institute of 
Engineering & 
Technology, 
Longowal (Pb) 

VK Sharma, RC 
Agnihotri, RC Arora, 
Neelesh, Inteshwar 
Singh,KD Chattopadhyay 
and Dinesh 
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PAPERS PRESENTED IN CONFERENCES/ 

S. Title of the Paper Name of the Seminar/Conference Venue Author(s) 
No. 

10. Investigations and Deve- Scientific & Technical National Seminar; Terminal GC Poddar 
lopment of Fiber Optic November 23-24, 2005 Ballistics 
Point Temperature Sensor Research 

Laboratory 
(TBRL), 
Sec 30, Chd 

11 . Fabrication of Porous National Conference on Sensors-2005; TIET, Patiala Sunita Mishra and 
Si/Polyaniline Heterojuncti November 25-26, 2005 C Ghanshyam 
on for light Emitting diodes 

12. Design of Patterned Sub National Conference on Sensors - 2005; TIET, Patiala C Ghanshyam, 
Sun~ ~ 

strate for Foul Odour Gas November 25-26, 2005 Mishra, N Ram , 
Sensor Applications Satinder Singh and 

KI'\. neal 

13. Reflection-Diffraction National Symposium on Instrumentation Cochin Univ. R Kumar, Sushil K 
Schlieren Instrument for (NSI-30) ; Nov. 30 - Dec. 2, 2005 of Science & Kaura, AK Sharma, 
Study of Phase Objects Technology, DP Chhachhia 

,-,Ul,;r 111' eutU 1"\'" I"\YYi:::1 r vvCl r 

14. Fiber Bragg Grating Tech International Conference on Physics for Regional Subhash C Jain 
nology & Application for World; December 2-4, 2005 Engineering 
Sensors College, 

Bikaner 
tKaJasman) 

15. Holographic Optics based National Symposium on Instrumentation Cochin Univ. AK Sharma, Sushil 
Interferometric Instrument (NSI-30) ; Nov. 30 Dec. 2, 2005 of Science & K Kaura, R Kumar, 
for Studying Transparent Technology, DP Chhachhia 
u DJecls lJOCnin ana AI'\. Aggarwal 

16. Fiber Bragg Grating International Conference on Optics and IRDEI Vandana Mishra, 
based Sensor for Petrol Optoelectronics (ICOL-2005) ; Dehradun SC Jain, Nahar 
Leak Detection December 12-15, 2005 Singh, GC Poddar 

& I-'awan Kapur 

17. Holographic Optical International Conference on Optics and IRDE, AK Sharma, Sushil 
Elements Based Dual Optoelectronics (ICOL-2005) ; Dehradun K Kaura , R Kumar, 
Channel Interferometer December 12-15, 2005 DP Chhachhia and 

AI'\. Aggarwal 

18. Knife-edge Diffraction International Conference on Optics and IRDE, R Kumar, Sushil K 
Interferometer: Study of Optoelectronics (ICOL-2005); Dehradun Kaura, AK Sharma, 
Phase Objects December 12-15, 2005 DP Chhachhia, 0 

lVIonan &AKAggarwal 

19. Embossed Holograms: International Conference on Optics and IRDE, AKAggarwal 
an Anticounterfeit Device Optoelectronics (ICOL-2005); Dehradun 

uecemDer lL-lb, LUUb 

20. Industrial Energy National Symposium on Sensors and CFTRI , RK Mohan Rao 
Management Systems Instrumentation for Food Processing; Mysore 

January LU - [I, LUUO 

21 . Ultrasonic Range Sensor National Symposium on Ultrasonics; NPL, Sanjeev Kumar, 
for Navigation of February 16-18, 2006 New Delhi, Amod Kumar 



PAPERS PRESENTED IN CONFERENCES/ 

Additional 


S. 
No.I 

Title of the Paper Name of the Seminar/Conference Venue Author(s) 

22. Bluetooth technology vs 
wirless LAN standards, 
carious challenges 

National Conference on Emerging Trends 
in Wireless Technologies (NCETWT-2005) 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engg. & Tech 
Dera Bassi (Pb.) 

Shiv Kumar Goel, 
Neena Gupta and 
SK Mittal 

23. 3D simulation for capacitative 
tuner effect on resonant 
frequency of a reentrant 
cavity 

National Conference on Emerging Trends 
in Wireless Technologies (NCETWT-2005) 
April 16-17, 2005 

Sri Sukhmani 
Institute of 
Engg. & Tech 
[)era Bassi (Pb.) 

Shiv Narain, SK 
Mittal, Manjit Singh, 
BK Sharma and 
LM Joshi 

24. Design & development 
of data acquisition system 
for landslide monitoring 
using virtual instrumentation 

Recent Advances in Process Control & 
Instrumentation Engineering (RAPCIE
06) 23-25 February, 2006 

Deptt. of USIC, 
Kurukshetra 
University, 
Kurukshetra 

Parkhi Kapur, SK 
Mittal and MA 
Shamshi 
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• 	 National Technology Day 
• 	 EntrepreneurshipAwareness Camp 
• 	 Thirtieth Meeting of the Research Council 

(RC)ofCSIO 
• 	 40th Convocation of Indo-Swiss Training 

Centre 
• 	 Workshop on Behavioural Competencies 

forTeaching Effectiveness 
• 	 CSIR Foundation Day and Hindi 

'Pakhwara' 

• 	 CPYLS Programme 
• 	 CSIO Foundation Day 
• 	 Vigilance Awareness Week 
• 	 National Technology Day Celebrations 

(International Year of Physics-2005) 
• 	 26th Meeting of Management Cou ncil 
• 	 Tree Plantation 
• 	 National Science Day 
• 	 Implementation of Right to Information Act, 

2005atCSIO 
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NATIONAL TECHNOLOGY DAY 


Technology. An Entrepreneurship Awareness Session in Progress 

Central Scientific Instruments Organisation (CSIO) 
celebrated "National Technology Day" on May 11,2005 by 
organising an open day from 9.30 am to 1.00 pm . All the 
laboratories of the Institute were kept open for the general 
public & students. A large number of visitors , over 1000, 
including students from various engineering colleges, 
universities and general public went around various 
laboratories of the organisation. They directly interacted 
with the scientists and were given exposure to the 
technologies developed atthe CSIO. 

Later in the afternoon, Shri Anand Kumar, General 
Manager, Bharat Electronics Limited, Panchkula delivered 
a lecture on "Different Dimensions of Technology". He, in 
his address, talked about the varied perception of science 
and technology by different professionals i.e. Doctors, 
Engineers, Scientists, Teachers etc. and the common 
man. He also presented a brief overview of various 
technological capabilities built up in the country over the 
years and advocated appropriate technologies for our 
country e.g. "Harnessing Solar Energy and Resources" 
cited in our scriptures. He also gave examples of light 
weight rickshaws, which require less muscle power for 
pulling it. Our technological advances in the field of IT and 
other areas are being acknowledged world over, he added . 

Prior to this, Dr Pawan Kapur, Director, CSIO while 
welcoming the chief guest highlighted the contributions of 
the Institute in different areas such as Medical, Societal 
and Defence. He called upon the staff to make concerted 
efforts in research & development in the areas directly 
related to the masses which may improve quality of their 
life style. 

The programme concluded with the vote of thanks by Shri 
JKChhabra. 

Shri Anand Kumar, General Manager, Bharat Electronics 

Limited, Panchkula delivering the Lecture 


--,',- *

ENTREPRENEURSHIP AWARENESS CAMP 

To create awareness regarding self-employment and 
simultaneously motivate the students to consider 
entrepreneurship as an alternate career avenue, a 2-day 
Entrepreneurship Awareness Camp (EAC) was organized 
for the final year students of ISTC during June 23-24,2005. 

Experts from academic, financial and banking institutions, 
and a self-made successful entrepreneur interacted with 
the participants over a number of sessions during the EAC 
meet. The programme was attended by over fiftyfive 
trainees from the disciplines of Mechatronics and 
Industrial Automation , Die & Mould Making and Instrument 



THIRTIETH MEETING OF THE RESEARCH COUNCIL (RC) OF CSIO 


The Thirtieth Meeting of the Research Council (RC) of 
CSIO was held on August 2-3,2005 at CSIO, Chandigarh. 
The meeting was chaired by Dr Kota Harinarayana, 
Raja Ramanna Fellow, Structures Division, National 
Aerospace Laboratories (NAL), Bangalore. Dr Pawan 
Kapur, Director, CSIO extended a hearty welcome to the 
Chairman and Members of the Research Council. Dr 
Harinarayana, on behalf of the RC, welcomed Dr Pawan 
Kapur as the new DirectorofCSIO. 

Dr Pawan Kapur made a presentation on "Road Map of 
CSIO 2005-10". He informed that CSIO had visualized to 
take up a flagship project on "Advanced Instrumentation 
based Technological Solut10ns for Indian Agro-based 
Sectors". The Road Map was approved in-principle by the 
Research Council. The RC advised that in the 
restructuring exercise at CSIO, the Decision Units (DUs) 
could be formed based on the concept of Verticals and 
Horizontals. The Verticals may have application oriented 
DUs like Strategic and Defence; Ago-Based Sectors; 
Medical Instrumentation; Security; Safety and Energy 
Management, etc. The Horizontals may have DUs based 
on different disciplines such as Mechanical; Optics; 
Electronics; Bio-Molecular Electronics & Nano 
Technology; Planning & Technical Information, Business 
Development, etc. 

Shri SR Taneja, Scientist G & Secretary, RC made a 
detailed presentation on Review of Activities and 

Achievements of CSIO during the period August 2004 to 
July2005. 

The progress and achievements of the networked 
programmes of CSIR in which CSIO is involved was 
reviewed by the Research Council. In this regard, 
presentations were made by the Lab Coordinators/Project 
Leaders of different networked projects. 

During the course of presentations and discussions, the 
Chairman and Members of the RC made useful 
observations/suggestions . The Council members 
appreciated the excellent presentations made in the RC 
meeting and thanked the Director for the warm hospitality 
extended to them . 

Meeting of the Research Council of CSIO in Progress 

'\! I" 
--'i~--

40TH CONVOCATION OF INDO-SWISS TRAINING CENTRE 

"In today's competitive world, high quality at competitive 
cost is the mool-mantra of success", said Dr Kota 
Harinarayana, Chairman, Research Council of CSIO and 

40thRaja Ramanna Fellow, on the occasion of 
Convocation of Indo-Swiss Training Centre of CSIO held 
on 3rd August, 2005. Certain abilities are required to 
become a good professional which include time & stress 
management, planning, continuous learning and ability to 
handle the complexities of life, he added. Values and 
ethics play an important role in imbibing these qualities in 
one's personality and without these no success is 
permanent, he emphasized. Congratulating the passing-

Chief Guest lighting the Lamp 



Dr Pawan Kapur giving Diploma to the Passing-out Student 

out students, some of whom have decided to be 
entrepreneurs, Dr Harinarayana said that they will be 
contributing a lot to the society by becoming job providers 
instead of job seekers. 

Earlier, Dr Pawan Kapur, Director, CSIO highlighted the 
activities of ISTC and welcomed the Chief Guest. 

Shri HS Gupta, Principal, ISTC while presenting the 
annual report of the Training Centre, informed the 
gathering with pride that this year all the 54 passing-out 
graduates had already been picked up for employment by 

A view of the Audience 

various industries of repute and many of them have been 
offered starting salary of over Rs. 12,000/- during training 
period . He further said that the Centre had produced over 
2700 graduates in various streams so far. 

Later, graduating students were awarded Diplomas and 
Advanced Diplomas by Dr Kapur. The Chief Guest, Dr 
Kota Harinarayana gave away the prizes & medals to the 
students who had excelled in various fields . 

The programme, compered by Shri RC Arora, concluded 
with the formal vote of thanks proposed by Dr RK Jain . 

--*~--

WORKSHOP ON BEHAVIOURAL COMPETENCIES FOR TEACHING EFFECTIVENESS 

A 3-day workshop on "Behavioral Competencies for 

Teaching Effectiveness" was organized for the staff 

members of Indo-Swiss Training Centre during August 16

18, 2005. The programme was highly interactive & 

beneficial and was appreciated by all the participants. This 

workshop was conducted by EDIC Department of NITTTR, 

Chandigarh. 

Expert Faculty interacting with the Staff Members 

--*~--
CSIR FOUNDATION DAY AND HINDI'PAKHWARA' 

CSIO celebrated "CSIR Foundation Day" by holding an 
Open Day from 1 000 Hrs to 1300 Hrs on September 26, 
2005. All the labs of CSIO were kept open for general 
public. About 1000 visitors, including students from various 
schools, engineering colleges, university and general 

public went around different laboratories of the 
organisation. This provided them a opportunity to see the 
live demonstration of the instruments developed at CSIO 
and a chance to interact with the scientists . 

Like every year, 'Hindi Pakhwara' was organized at CSIO 



· - - -... ... ~---. 

during September 13-26, 2005. The Pakhwara began with 
the lecture delivered by Dr Anil Bhansali, Head, 
Department of Endocronology, PGI, Chandigarh on the 
topic of Diabetes. During the fortnight, competitions were 
organized for CSIO Staff members in the areas of Hindi 
Typing (Computer), Essay Writing, Hindi Dictation and 
Translation , Paper Reading on ScientificlTechnical Topics, 
Handwriting, Declamation Contest, Poetry Recitation and 
Debate (for ISTC Students). 

In the afternoon, Prof Harsh Vardhan, Former Director, 
CSIO, delivered the Foundation Day Lecture. In his 
address, he traced the history of CSIR during the years of 
its inception. He gave a vivid account of how Dr Shanti 
Swaroop Bhatnagar conceived and implemented facilities 
for Sceintific and Industrial Research in India. Prof Harsh 
Vardhan emphasized the importance of quality research 
and development of world class instruments through hard 
work. He appreciated the efforts being made for the 
increasing use of Hindi in day-to-day work by the staff 

Prof Harsh Vardhan delivering the 

CSIR Foundation Day Lecture 


members ofCSIO. 

Prizes were awarded to the winners of various 
competitions held earlier as a part of CSIR Foundation Day 
and Hindi Pakhwara Celebrations. 

Dr Pawan Kapur, Director, CSIO while welcoming the 
Chief Guest highlighted the aims and goals of CSIR and its 
contribution in the field of science & technology. He also 
talked about various incentives and awards schemes of 
CSIR for young scientists and school children. Dr Kapur 
also presented an overview of the on-going projects and 
future plans of the organisation. The staff members of 
CSIO, who had completed 25 years of regular service in 
CSIR or those who retired during the period September 
2004 to August 2005 were honoured by Dr Pawan Kapur 
by presenting them mementoes and shawls. 

The programme concluded with formal vote of thanks by 
Shri MR Masan, Controller ofAdministration, CSIO. 

Dr Pawan Kapur and Dr Anil Bhansali during 
the Hindi Pakhwara Celebrations 

.:&.--/F-

CPYLS PROGRAMME 

CSIR Programme on Youth for Leadership in Science 
(CPYLS) was organized at CSIO, Chandigarh during 
September 27-28, 2005, to inspire, attract and encourage 
meritorious students of Secondary School Examination (X 
Class) to pursue the Science Stream. Fiftyfour students 
accompanied by a parent from remote corners of the State 
of Haryana participated in the programme. 

The Chief Guest Prof JS Sandhu, FNA and Former 
Director, Regional Research Laboratory, Jorhat in his 
inaugural address emphasized that Science must change 
the Quality of Life. He encouraged the students to develop 
scientific approach through proper guidance. He said that 
the oldest chemistry lab was the kitchen and one can come 
up with innovations starting with the bare essentials . 



Before this, Dr Pawan Kapur, Director, CSIO in his 
welcome address highlighted that the aim of this Scheme 
is to attract the best young school students towards 
science through a unique "Hand Holding" experience and 
to encourage youth to discover science as an exciting, 
rewarding and fulfilling career. He said that this scheme is 
at the grassroot level and further facilities are available in 
case students wish to pursue higher-level research in 
CSIRlabs. 

Dr Pawan Kapur, Director, CSIO; Dr HK Sardana, Shri 
GS Singh, Shri JK Chhabra and Shri NS Aulakh, Scientists 
delivered lectures and interacted with the students and 
apprised them of the achievements of CSIO in various 
fields of scientific R&D activities. Shri JK Chhabra 
highlighted the aims and objectives of CPYLS. 

In order to give young students a feel of how an actual R&D 
work place looks like and to see all those instruments, 
which they had only read about, the students were taken 
around various labs of CSIO. The participants interacted 
with the scientists. Film shows on related subjects were 
also arranged. A multi-media Quiz Competition was 
organized during the programme. 

The valedictory session was chaired by Shri Rajeev 
Ranjan, lAS, Secretary, Board of School Education, 
Haryana, Bhiwani. He, in his valedictory address, brought 
home to students that a career in science is not only 
rewarding, it is also satisfying and gives meaning to life. He 
being a career consultant, also dealt with their problems 
and suggested solutions. He gave away the quiz prizes 
and the participation certificates to the students. The 
participants at the end of programme felt that CPYLS had 
exposed their minds to the exciting world of science and 
motivated them to build up a scientific temper. 

Students visiting the CSIO Laboratory 

'!-::.--'''-

CSIO FOUNDATION DAY 

CSIO celebrated its 4thFoundation Day by organizing a 
Guest Lecture by Prof BR Arora , Director, Wadia Institute 
of Himalayan Geology (WIHG), Dehradun in CSIO 

Auditorium on 30th October, 2005. 

Prof BR Arora in his Foundation Day Lecture said that 
natural disasters like landslides, earthquakes, cloud bursts 
etc. cannot be totally prevented but significant 
technological advances have made it possible to reduce 
the societal risk of these disasters considerably through 
planned, systematic and sustained efforts. Availability of 
low power digital seismometer that can work unattended 
for weeks can help in strengthening the seismic networks 
in the hard terrains of Himalayas. 

Prof B R Arora and Dr Pawan Kapur signing the MoU 
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Talking about the predictions of earthquakes, he said that 
no single parameter can be considered a diagnostic 
parameter for the prediction of earthquakes but certain 
earthquake precursory changes in seismic velocity, 
ground water fluctuations , geo-magnetic field intensity, 
electrical resistivity etc. have been reported from different 
seismogenic belts ofthe world. 

Earlier Dr Pawan Kapur, Director, CSIO welcomed the 
Chief Guest and highlighted the significance of CSIO 
Foundation Day. He, while mentioning the achievements 
of CSIO, informed the august gathering that this has been 
a year of successes and achievements for CSIO as the 
organ isation has witnessed significant advances in a Mr M Shashi Kumar, Dr Pawan Kapur and Mr Hari Mohan 
number of its efforts. Business Development Activity also during signing of the Technology Transfer Agreement 

received a lot of fillip, major being an MoU with Rajasthan 
State Industrial Development and Investment Corporation CSIO by Mr M Shashi Kumar, Managing Director, I-Iogicon 

(RIICO), Jaipur for establishing agro-test laboratories in Control Automation Pvt. Ltd , Bangalore. 

the food parks being set up by RIICO. The programme concluded with a colorful cultural programme 

In the morning, CSIO signed an MoU with Wadia Institute presented by CSIO Staff Club. A vote of thanks was proposed 

of Himalayan Geology, Dehradun . On this occasion a byShri Hari Mohan, Controller of Administration, CSIO. 

Technology Transfer Agreement was also signed with 

.:,1/
--/i~--

VIGILANCE AWARENESS WEEK 

Vigilance Awareness Week was celebrated in CSIO during November, 2005 by Shri AS Antil, Chief Vigilance Officer, 
November 7-11, 2005. The programme formally began Council of Scientific & Industrial Research (CSIR), New 
with the 'Oath Taking Ceremony', an oath of honesty and Delhi. The Programme concluded with distribution of 
integrity which was administered to the staff of the prizes by Shri S R Taneja, Scientist G, CSIO to the winners 
Organisation by Dr Pawan Kapur, Director, CSIO. A of 'Essay Writing Competition', organised as part of 
meeting of CSIO Officials was also organized with the Vigilance awareness week. 
Contractors/Suppliers and representatives of various firms 
providing materials & civil and electrical services to CSIO 
to discuss the problems, if any, being faced by them while 
dealing with the Institute. This effort proved very 
successful as a number of representatives from different 
firms attended the meeting. Thereafter, on November 10, 
2005, an open discussion session was organized wherein 
the staff of CSIO interacted with senior officers of the 
Organisation and gave various inputs to improve upon the 
system. A lecture by Shri SP Singh Bhalla, former GM 
(HR), Gas Authority of India Limited , was organised to 
apprise the staff about Conduct Rules during this week. 

A lecture on 'Vigilance Aspects' was delivered on 11th 
Dr Pawan Kapur administring the Oath to the CSIO Staff Members 
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NATIONAL TECHNOLOGY DAY CELEBRATIONS (INTERNATIONAL YEAR OF PHYSICS-2005) 


In an effort to inspire young minds to take up science, and 
to first arrest and then reverse the alarming trend of brilliant 
minds being distanced from the fascinating world of 
science, CSIO organised one-day brain storming 
workshop on November 9, 2005 and celebrated 
International Year of Physics-2005. Sixtyfour students 
and teachers from the state of Punjab and UT, Chandigarh 
partiCipated in the programme. This programme, the first of 
its kind in this region, endeavoured to familiarize the 
students with the conceptual foundation of applied physics 
by displaying physics based models on optics , electronics, 
basic science and instrumentation. 

This occasion provided the bright senior school students, 
with a strong motivation towards science, physics & 
instrumentation , an opportunity to come in close contact with 
scientists and researchers and of CSIO, Panjab University 
and National Institute of Technical Teachers Training and 
Research (NITITR), Chandigarh. Various topics e.g. X-ray 
Spectroscopy and Applied Physics ; Environmental Pollution 
Monitoring Instruments, Fiber Optics , Agri-electronic 

Instruments and Reliability & Calibration of Instruments were 
discussed during the programme. 

During the inaugural session , Dr Pawan Kapur, Director, 
CSIO emphasised the need of physics based science and 
technology to inspire the young minds. Through such 
programmes, the brilliant students would get an exposure 
on the basics of physics, he said . Dr Neelam Gulati Sharma, 
the Programme Coordinator and other faculty members of 
Punjab State Council for Science and Technology (PSCST), 
UT, Administration, Chandigarh expressed that such 
programmes would inculcate a correct understanding of the 
evolution of scientific theories . 

An interactive session to discuss the effectiveness of the 
programme and to assess the status of scientific 
awareness among the students and teachers was 
organized during valedictory function. Dr NS Tiwana, 
Executive Director, PSCST gave away certificates to the 
participants. The programme concluded with a formal vote 
of thanks proposed by Dr Neelam Gulati Sharma. 

;,.!/
--/i~--

26TH MEETING OF MANAGEMENT COUNCIL 

The 26th Meeting of the Management Council (MC) of CSIO the Institute were discussed in the meeting. 
was held on 10th January, 2006 at CSIO, Chandigarh. The 
meeting under the chairmanship of Dr Pawan Kapur, 
Director, CSIO was attended by Dr RK Jain, Scientist F; 
Shri AD Kaul , Scientist F; Dr (Mrs) Sunita Mishra, Scientist 
C; Shri Jagdish Kumar, Scientist 8 ; Mrs Sangeeta Garg, 
Technical Officer C; Shri Kulvinder Singh, Scientist F & 
Head, PTID; Shri Sukh Ram , Controller of Finance & 
Accounts and Shri Hari Mohan, Controller of Administration, 
CSIO. Several items pertaining to administrative & 
personnel matters, works & services, policy matters, etc of 

Meeting of the Management Council of CSIO in Progress 

"t/ 
--~.~--

TREE PLANTATION 

To make the CSIO Campus further greener and to check 

the environmental pollution , a tree plantation activity was 

carried out in a big way on the occasion of the Republic 

Day on January 26, 2006 . The CSIO staff members and 

their families participated in this event enthustically. 

The meeting concluded with a vote ofthanks to the Chair. 



" 
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Major Events & Accivlfi~~ __ _ _.~ _.. 

NATIONAL SCIENCE DAY 


CSIO celebrated "National Science Day" on 28th February 
2006 by holding an OPEN DAY. All the labs of CSIO were 
kept open for general public from 9.30 am to 1.00 pm. A large 
number of visitors including students from various schools, 
colleges, university and general public went around the 
laboratories of the organisation . They interacted with the 

Shri K Nagachenchaiah and Dr Pawan Kapur during 
the National Science Day Celebrations 

scientists and were given exposure to the technologies 
developed and under development in the Institute. 

Later in the evening, Shri K Nagachenchaiah, Chairman
cum-Managing Director, Semiconductor Complex Ltd, 
SAS Nagar (Mohali) delivered a lecture on "An 
Introduction to Remote Sensing Technology". He traced 
the history of remote sensing and brought out how ISRO, 
with the help of Indian Remote Sensing Satellites, can 
image objects as small as 1 metre in size from a satellite. 
Through satellite images, he brought home to audience 
the usefulness of remote sensing and also explained the 
instrumentation developed at ISRO for such applications. 

Prior to this, Dr Pawan Kapur, Director, CSIO while welcoming 
the Chief Guest highlighted the significance of National 
Science Day and talked about our rich scientific heritage and 
appealed to scientists to take this heritage forward . 

The programme concluded with a vote of thanks proposed 
by Shri JK Chhabra. 

*/, 
IMPLEMENTATION OF RIGHT TO INFORMATION ACT, 2005 AT CSIO 


Right to Information Act, 2005 received the assent on 15th 
June, 2005. It was implemented in CSIO like all other 
Government Departments within 120 days of its 
acceptance i.e. on 12th October, 2005. CSIO has 
nominated following officers as a first step towards its 
effective implementation : 

Public Information Officer (Pia) 

• 	 ShriAmod Kumar, Scientist 

• 	 Shri Alok Mukherjee, Administrative Officer 

Assistant Public Information Officer (APia) 

• 	 DrC Ghanshyam, Scientist 

• 	 Ms Neeru, Senior Hindi Officer 

Under Section 4 of the Act, it was required to publish all the 
information relevant to general public. CSIO has complied 
with this requirement by putting the following information 
on CSIO website. This information includes: 

(i) 	 Particulars of the organisation, functions and duties 

(ii) 	 Powers and duties of its officers and employees 

(iii) Rules, regulations, instructions and other documents 
that are in possession of CSIO 

(iv) Directory of all employees 

(v) 	 Particulars of facilities available to citizens for 
obtaining information 

More and more information is being put on CSIO 
website (www.csio.res.in) 

For seeking information under the Act, one has to make a 
request in writing or through e-mail in English/Hindi with a 
nominal fee of Rs.1 0/-. Information will be provided by PIO 
within 30 days of the request. If one is not satisfied with the 
reply of PIO, he may appeal to the Appellate Authority 
(Director, CSIO). Certain information is confidential in 
nature which may not be given . 

http:www.csio.res.in






RESERVATION 

CSIO is one of the constituent National Laboratories of 

Council of Scientific & Industrial Research (CSIR) which is 

an Autonomous Body working under the Department of 

Scientific & Industrial Research , Govt. of India (Gol). The 

reservation for Scheduled Caste/Schedule Tribe/Other 

Backward Classes/Physically Handicapped and other 

notified categories as prescribed on percentage basis, by 

the Govt. of India from time to time, have been adopted by 

the CSIO (CSIR). Reservation for reserved category 

. SC/ST/OBC/PH etc. are given on prescribed percentage 

of reservation by the Govt. of India applicable from time to 

time. The reservation for reserved categories is applicable 

in direct recruitment as well as in promotion to all the 

regular posts as well as certain other posts where the CSIR 

has prescribed such reservation . In promotion to S&T 

posts, relaxed standard is being applied for reserved 

categories i.e. SC/ST etc in assessment. The relaxation in 

threshold marks in scientific posts has since been 

withdrawn by the CSIR in assessment promotion w.e.f 

POLICY IN CSIO 

07.04.2004 in respect of Gr.IV Staff. For direct recruitment 

on all India basis by open competition as well as otherwise 

and recruitment made on Regional level, reservation is 

applied on the basis of % of reservation prescribed for 

each mode and each reserved categories 

(SC/ST/OBC/PH) . Reservation rosters are being 

maintained as per instructions issued by Goi/CSIR. 

For direct recruitment to the reserved posts for SC/ST/PH, 

application fee is exempted . Further, in order to effective,ly 

monitor the reservation for SC/ST /OBC/PH and other 

reserved categories, separate Liaison Officers for SC/ST 

and OBC have been nominated as per the instructions 

issued by Goi/CSIR. 

Reservation is also given in the House Allotment, as per 

instructions issued by the Goi/CSIR to SC/ST staff 

members. Reservation is also given to the candidates of 

SC/ST/PH categories for admission in Three-Year 

Diploma course in ISTC (CSIO). 
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• 	 Group/Categorywise Sanctioned Strength 
& Staff Position 

• 	 Pay Scalewise Position of Total Filled-up 
Posts 

• 	 Area-wise Deployment of Staff (As on 31 st 
March, 2006) 

• 	 Actual Expenditure for the Year 2005-06 

• 	 Total External Cash Flow (ECF) Generated 
during the Years 2003-04 to 2005-06 

• 	 Position of Lab Reserve during the Years 
2003-04 to 2005-06 
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GROUP/CATEGORY-WISE SANCTIONED STRENGTH & STAFF POSITION 

(AS ON 31 sT MARCH, 2006) 

Sanctioned Strength Filled-up Posts~o Group/Category of Staff 
Regular Isolated Total Regular Isolated Total 

A: S&T Staff 

(135+1 ) 1. Group-IV 13 6 
136 -:--- 
160 160*2. Group-III - i

3. Old By e-Law 71(b) - -
'- -

4. Group-II (120+2) 12 2 
122 

5. Group-I 45 45 

Total A 463 463 

B:Admn. Staff 

110 110 

110 

20 

96 

110 
20 
96 

37 

373 
37 

373 

5 

8 

42 

37 

42 

134 
507 

2 

2 

7 

8 

19 
19 

5 
10 
44 

44 

50 
153 
526 

6. Group--A (Gaz.) 5 3 - 8 

7. Group-B (Gaz.) 10 1 11 

458. Group-B (NG) 1 .1 46 
44 9 539. Group-C (NG) 

62 9 7110. Group-D (NT) 

Total B 166 23 189 - r- - 
Grand Total (A+B) 629 23 652 

---..; 

~"fCl1ll~ (31~, 2006 cnT) 
Total Staff Strength (As on 31 s1 March, 2006)

Total Staff : 526 

Admn. Staff 
297%) 

\
Group-IV 
110(21 %) 

~~ : 526 
Total Staff : 526 

71(b) 
20(4%) 

G~up~1 

96 



alt1lPi Cfl ~ dCfl;flq)) ~ CfiT -m~ ~q(OI (31 'lfRl, 2006 <it) 
Qualifications Profile of Scientific & Technical Staff (As on 31 st March, 2006) 

B .Sc./3 Yrs Diploma 

91 (24%) 


~ aotllHCfl ~ dCfloi1cfi) ~ : 373 

Total S&T Staff : 373 


aot1lPiCfl ~ dCfl;flq)) ~ CfiT 3lfS ~q(OI (31 'lfRl, 2006 en) ) 
Age Profile of Scientific & Technical Staff (As on 31 st March, 2006) 

Above 50 Yra. Below 30 Yrs. Between 30-40 Yrs. 
219 (59%) 28 (8%) 43 (12%) 

~ aotllHCfl ~ dCfl41cfi) ~ : 373 

Total S&T Staff : 373 
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PAY SCALE-WISE POSITION OF TOTAL FILLED-UP POSTS 
(As on 31 st March 2006) 

S. 
No. 

1. 

2. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Designation Pay Scale Scientific & Technical Staff Administrative Staff 
(in Rupees) Gr.!V Gr.!l1 71(b) Gr.1I GrJ Gaz. Non-Gaz. Gp.-D 

Director 18400-22400 1 - - - - - - -
Scientist Gr.IV(7) 22400-24500 1 - - - - - - -
Scientist Gr.IV(6) 18400-22400 3 - - - - - - -

Scientist Gr.IV(5) 16400-20000 32 - - - - - - -

Scientist Gr.IV(4) /Technical 
Officer (TO) Gr. 111(7) /0Id(7) 14300-18300 25 3 1 - - - - -

Scientist Gr.IV(3)/T0 Gr.III(6) 
& 0Id(6)1CoA/ CoF&A/ COS&P 12000-16500 6 14 2 - - 3 - -

Scientist Gr.IV(2)/T0 Gr.III(5) 
& 0Id(5)/Administrative Officer 10000-15200 12 25 15 - - 2 - -

Scientist Gr.IV(1 )ITO Gr. 111(4) 
& 0Id(4)/Sr. Hindi Officer 8000-13500 30 25 1 - - 1 - -
TO Gr.III(3) & OLD(3)/Techni
cian Gr.II(4) Section Officer & 
Eqv!. / Sr.Steno (ACP) 6500-10500 - 28 1 44 - 9 5 --

Tech.Asst!. Gr.III(2)/Technician 
Gr.II(3 )IAssistant (G/S&P/F&A) 
Gd.l/ Asst!.Gd.II(ACP)/Sr.Steno/ 
Jr.Steno(ACP)/ Sr.Sec.Asst!. 5500-9000 - 2 - 45 - - 42 -

Jr.Hindi Translator / Tel. Operator 5000-8000 - - - - - - 2 --

Tech.Asst!. Gr.III(1 )/Technician 
Gr.II(2) / Tech. Support Staff 
Gr.I(4) / Security Asst!. 4500-7000 - 13 - 5 18 - - -

Assistant (G/F&A1S&P) Gd.11I 
Jr.Steno 4000-6000 - -- - - - - 18 -

Canteen Cook, Halwai, Coup n 
Clerk & Counter Clerk (ACP) 3200-4900 - - - - - - 4 -

Technician Gr.II(1)/Tech. Support 
Staff Gr.I(3)/Assistant (G/F&AI 
S&P) Gd.1I1I Record Keeper/ 
Staff Car Driver/Jr.Sec.Asstt.! 
GH Asstt./ Safaiwala (ACP)/ 
Canteen Bearer & Tea-Coffee 
Maker(ACP) 3050-4590 - - - 2 17 - 17 6 

Tech. Support Staff Gr.I(2)/Chair 
Canner Gd.IIIPeon Gd.IIISafai
wala Gd .11 / Security Guard 2650-4000 - - - - 2 -- - 22 

Canteen Wash Boy/Girl & 2610-3540 - - - - - - - 2 
Safaiwala (ACP) 

Tech. Support Staff Gr.I(1)/ 
Peon Gd.IIFarash Gd .IIGH 
Cook Gd.IIChowkidar/Safai
wala Gd.IICanteen Bearer 2550-3200 - - - - -- - - 20 

Total Staff: 110 110 20 96 37 15 88 50 

Total 
Staff 

1 

1 

3 

32 

29 

25 

54 

57 

87 

89 

2 

36 

18 

4 

42 

24 

2 

20 

526 



fctth ctt *' 54 it I'( a~ I(ft (31 '1Wif, 2006 q;l) 
Area-wise Deployment of Staff (As on 31 st March 2006) 

Area Group 
IV 

Group 
III 

Old Bye~ 
Law 71(b 

Group 
II 

Group 
I 

Admn. 
Staff 

Total 

Director's Secretariat 1 - 1 - - 5 7 
Intell igent Instrumentation: Agro Sedor, Geo-Seisimic, 
Condition Monitoring & Energy Management 16 16 - 2 1 2 37 
Medical Instrumentation, Linear Accelerator, Medical 
Imaging & Medical Expert Systems 12 5 - 1 2 1 21 
Optics based Strategic Instrumentation 17 12 2 19 1 1 52 
Photonics 5 5 - - 1 1 12 
Analytical Instrumentation 11 9 3 4 2 2 31 
Material Science, Biomolecular Electronics & 
Nanotechnology 12 3 ~ - 1 2 18 
Human Resource Development (ISTC) 7 20 5 10 1 4 47 
R &D Sl!pport Services (BDG/PTID/Library/MIS) 6 6 1 6 3 2 24 
Central Mech. Workshop and Standards & Calbration - 8 4 18 2 - 32 
S&M Divn./Centres (Chandigarh/Delhi/Jaipur/Chennai) 22 13 3 14 4 5 61 
Engineering Services (Civil/Electrical/Refrigeration ) 1 9 1 14 5 4 34 
Administration - - - 6 2 46 54 
Finance & Accounts - - ~ - 1 19 20 
Stores & Purchase - - - - 3 17 20 
Auxiliary Services (Clinical Centre/Horticulture/ 
Security/Guest House/Canteen) - 4 - 2 8 42 56 
Total 110 110 20 96 37 153 50/ 

qlffiMCfi ~ ~~3lR~ ~~ fti:rcl) : 2005-06 
Actual Expenditure (CSIR Funds & Lab. Reserve) : 2005-06 

Works & Services 
(Inc l . Staff a ....-Capltal 

& IRR-C lvll Constructio n) 
140.568 (7.34% ) 

Chem'.,.. & 
Coneum.bIe. 
27.391 (1.4J%) 

Library Books & Journals 
30.565 (1 .60%) 

Contingencies 
147.024 (7.68%) 

~ : ~ 1915. 572~ 

Total : Rs. 1915.572 Lakhs 

Apparatus & equIpment I 
Computers 

100.198 (5.23·Ao) 

Office EquJpmenls & 
others 

2.574 (0.13%) 

MAlI....nanee & HRO 
~--- 64.682 (3.38%) 

Networked Projects 
...----135.120 (7.05%) 

Salaries 
1267.45 

(66.16%) 

¢iWT NR<Jl"iI 
Rupee:; In ukhs 



~ 2005-06 # cUftlFctCfi ~ 
ACTUAL EXPENDITURE FOR THE YEAR 2005·06 

(Rs. in lakhs) 

Source of Expenditure 

Head of Account CSIR Funds Lab Reserve 

RECURRI G 

Pay of Officers 392.691 · 
Pay of Establishment 220.903 -
Dearness Pay 292.193 · 
Allowances 361.626 0.037 

Contingencies 130.000 17.024 

Maintenance 53.199 10.689 

Chemicals & Consumables 20.022 7.369 

HRD 0.794 -
Total Recurring 1471.428 35.119 
~ 

CAPI A 

Works & Services 3.583 7.228 

Apparatus & Equipment (Including Computer 
Equipment! Major Computer Software) 100.198 -
Workshop Machinery - · 
Office Equipment 2.000 · 
Furn iture & Fitt ings 0.574 -
Library Books & Journals 30.001 0.564 

Vehicles - · 
Tools & Plants . -
Models & Exhibits . · 
Staff Quarters Exp . (Cap ital) 15.143 -
Total Capital 151.499 7.792 

TOTAL (RECURRING + CAPITAL) 1622.927 42 .911 

IRR-Civil Construction 69.823 44.791 

Networked Projects 134.607 0.513 

GRAND TOTAL 1827.357 88.215 

Total 

392.691 

220.903 

292.193 

361.663 

147.024 

63.888 

27.391 

0.794 

1506.547 

10.811 

100.198 

. 
2.000 

0.574 

30.565 

-
-
. 

15.1 43 

159.291 

1665.838 

114.614 

135.120 

1915.572 ../ 



Cf':i 2003 - 04 ~ 2005 - 06 c6 ~(I'" ~ (SU~14 ¥tCf)~ gcUg 

TOTAL EXTERNAL CASH FLOW (ECF) GENERATED DURING 


THE YEARS 2003-04 TO 2005-06 


(Rs. in lakhs) 

Actual Receipt 2003-04 2004-05 2005-06 

i) ECF Generated under Sponsored/ 
Grant-in-Aid/Collaborative/ 
Consultancy Projects 

651.857 591.385 760.654 

ii) S& T Receipts 
(under Royalty/ Premia, Job Work, 
Testing & Analytical Charges and 
Other Technical Services) 

68.445 44.650 52.611 

Total ECF 720.302 636.035 813.265 
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~~~~ (~~lf)) : 2003-04~ 2005-06 
Total External Cash Flow (ECF) [2003-04 to 2005-06] 

-m~~ 
Rupees in Lakhs 

D~ 
ECF Generated 

~~tT~ 
S&T Receipts 

D~~ 
Total ECF 

2003·04 2004·05 2005·06 




~ 2003 - 04 ~ 2005 - 06 cff J\(I~ ~ R\l14 c6l ~ 
•

POSITION OF LAB RESERVE DURING THE YEARS 2003·04 TO 2005-06 

(Rs. in lakhs) 

Year Opening Balance Generated Total Utilised 

2003-04 603.435 238.825 842.260 126.120 

2004-05 716.140 141.460 857.600 89.134 

2005-06 768.466 180.780 949.246 88.215 

~~ ctt C1M.... ,fliCfl w.mt : 2003-04~ 2005-06 
• ...:l 

Comparative Position of Lab Reserve: 2003·04 to 2005-06 

m~~ 
Rupees in Lakhs 

o ~fcmrr 
Utilized 

. ~ 
Generated 

~~ 
Opening 
Balance 

2603-04 2004-05 2005-06 
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\'IT1T a;1it Cfi1 m ~ ~/c.:iM<[B~ q;- fcfcnm, 
~c.:Clfq:f'l 3W ~ aqCfl{OlfcHm, OllIClQIRCfi aqCfl,(OI fC!"<:im , 

~c.:CI fctl'l 3W 1JU1CffifT q;- 11f1R q;- full: ~~ Cfi1 ~ 
Cfil: :m'1f1 Cfi/ Cfl {O 1 ~~ 'CfiT 3"11 c'l!( II Cfl ("11 % 1 

~~3TI cp;ff "B ~~ "B ~ ~ OO'1«f cnrm -q m 
-q ~~ "ct"ffi a q Cfl '( 0 n q;-~ Cfi1 m Cfil: WI % 1 ~"B 

~~ % - m?:f -q ~ Cfil: ~ fcn<rr ~ "CITffi 1¥f 
~ l=fTlTI, Q>(h(1IdfCf'81 ~, ll:1'~3ffi :mmfur &F1 

qRJOtlqCfl ~,~ f<.1fCfCl'5 ~ f.sf~fB'1 fu"R"q1 31R 
"ct"ffi "fI11lJ" -q ~~ q;- 3ffi ~ 'it m f1 1011 j'8l { itrr : 

• 	 1JUlCf'dT qft l1l?IT Cfi1 R~ 
• 	 ~ ClI("1 ICI ,(01 -q ~~ 

• 	~~ (1¥f ~, 1flm1" BffiVT 'CfiT JOtYf1c.:R' I) 

• ~,~(M1~q;-~~~fuW1 
~l-~~ fcp:rm 

'I1T«f CfiT ~, ~~, fu11 31Cfmcr, ~, ~ ~ 

~~TTT "B'I=it ~ qft SlICfldCfi ~ ~ bRf ~ qft "1l{ 

~ 3fT1l<!J-m Cfi1 "BTlf1T "CflBT ~ %1 ~ 3"lT1:RT-m Cfi1 

>r~1JCI" \lIR 3ih: "l1T(1" q;- mm 3W m q;- "BT?:f ~ CZfT11Cfl imT 
%1 ~ ~ ~ 't:fZ"IT-m qft ~-~ 3lR ~ 
JOtTf1c.:R'1 q ~~ q;- full: ~ Icf;:<;rm ~ JOtQCfCI'[uf %1 

~ 	aqCfl,(oll q;- ClIICI'8lfllCfl ~ ~ ~'1:fCfl" 3"lICI!(llCfl(11 CfiT 

W<f ~ ~~~ "Wra-1 Cfi1 '1Q ~ 1TIf ~ 
~ "B 'l{~'fllf1Cfl aYCfi{Oll, fQJOtf@(1"1 aqCfl{On, ~~ 
3Pl ~~ aqCfl,(oll qft qf{Cfl<:"Y"I1 3W fcfcnm Cfi1 m Cfil: 

WI %1 qROIiJOtfCl{C\q ~ JOtQCfCI'[uf &hi -q ~~ ~ 
fC!!(l"l'fl(11 ~ Cfil: ~~ q;-~ dYCfi,(oll Cfi1 ~ 

fcn<rr TT<IT % 1 ~ 2 4 ~ fuft:l:rct:;- -tc.:r Q>fCf CI f"j !( 1"1 fu"R"q, ~ 
3ffi :mmfur fu11 ~ (ff11l1T1" 11f1R ~, ~L(1Cfl1/Cfil ~ q;
full: 11'if.:0: 3W fC!!( <il "l Cfl, m ~ Q>Cf '8 <:'1 ~)1141 20 { 3W fu11 
qf{JOt 1qCfll q;-~ q;- full: ~ -tc.:r ffiTn: wfi:K;r % 1 

~~~ ~ ~ ~~3TI, "'I0'51'1~ (fm ~ 
~ -q mm 3lR 'Ij"<:HI,( -q ~l~'flIf.iCfl ]-~ q;- full: ~ 
~ "f~ fcn<rr %1 ~Tfcrx:r -q f1I01f<.1f{9("1 3ffi ~ 'it a;1it 
~ wm:r ~~ 'CfiT ~ %: 
• 	 3lIW ""141Cfl{OI q;- ~ ~ ~ ~ ~ ~ ~ 

~~ q Wr cpr -qm w1R cf;- ~~~ 
cpr fcrcI:;"rn 

• 	 ~-m qft ~ Cfi111cIT ~ cf;- full: ~~ 

"3WIf~~~ 

"3WIf >rof~ ~ fcPm:1 cf;- &hi -q ~~3TI cf;- ~ ~ 

bRf fC!Cflf.(1("1 "~~ JOtYf1c.:R'1 ~ ~ fu"R"q" Cfi1 

~ -q "3WIf m~ cf;- ~~ -q ~ >r~1JCI" ~ WI %1 ~ 

fu"R"q qft dql:{l'ICfl("1f ~ -4. <I11Q>"'I{Q>(1, ~~ ~ fcn<rr 
% fc:p ~ ~l'E:llflICfil "B ~ - (Cfi) ~ "3WIf '{5J'1l'(1" (~) 
-q ; (<Sf) >rfu c;:f~ (~) "3WIf (1l1l'(1" ; (fm (Tf) CJTflfCfl
"3WIf ~ -q ad@;{Ill CfilTI :m{ % (fm "BT?:f 'QT ~~-mAT 
qft PJl1dT ~ -q ~ ~iT ~ %1 csnQ>"'I{Q>(1 ~ ~'EilfiICfi/ 

cffi&TuiT cf;- full: ~~ TT<l: 'fcrct;'ft:rcf ft:rw:r CfiT w fu<rr %I 

-4. ~-ct"jACflY1 ~ 3"lYc.:l ihI1 'SIT. ffi., ~~ _~3TI 
"B ~ >fUTT"ffi qft ("1 Cfl;:j) Cfi/ "II1CflI'U ~ qft % I _~3TI ~ 

~-~ ~ Q>f4:ifi<1Q;81 -Q:s l!>"~:WHqc.: >Ih:Jn::r (3"lI~"1/{{41), 
~ ~ qft ~ u ~~ ~ -q "3WIf >rof~ 

Sl Ollf<.141 cf;- full: ~~ ~Cf1'I(1T\i11 Chlf"1f"kc/ m >rrt~T 
fcn<rr %1 ~~ cf;-~ -4. "fA ~ fl:R;r ffi., fd{C\1(1~ct9 
-q ~ -qf=rc.: ~ 31j'I-wTI CfiT ~ "3WIf '{5J'1l'(1" 3lR "3WIf 
8Jfu cf;- 31jJOfR cf;- full: ~ 3lR ~ "3WIf ~ >f1JTTffi CfiT 
>rrt~T fcIi<:rr TT<IT %1 



Wit Cf)T <rnT wTR, m ~, ~ ctft f:vru;:iT ~ ~ ctft 
~ -B ~Vl ~'I-~ cf; ~ -it ~~ cf; ~ 0liT 
~~ fcl:;<n- ~~1 "J:fT"CR" 3ffi ret ~ cOl "1 01, i'rT f.RR ~, 
~~,~ f.:r"m;ft ~ ~ cf; ~ -it ~ 
~ cf; ~ cf; qRoll'""l{"CI{O'q 31('<:!~ ~ Cf)T ~ 

~.:m %1 ~ ~ ctft ~, ~: ~, ~: ~ 
3ffi ~ Cf)T <rnT wTR ctft ~ or6ft %1 

~~ fcr;:<:rm ~'l-T -B m~ cf; '""I~<:'C'cl'iuf .am ~ 
~ $it -it -B ~ m %1 ~ bRT f<:rcf;fu"a- ctft -rr{ ~ 
.,nill PIFcti41 Cf)T ~mm %1 ~~ fcp::rm -it 'Wl<R 
cf; >T<ml f.r::;:r 1R ~W%: 

• ~~fcp::rm 

• fetCf)("liln cf; ~ cf; ful:!: ~m~ <l5! 

CfI'f 2005-06 cf; WR 'l-Tl\il mom: cf; ~~~ cf; ~ 

f<:rcf;fu"a-~ 'ffisrq; ~ (~ mf.:rn: l!;rcHtfl{c{) 0liT 
~ Tlfm ~~W~, crrm -it +1'hfldl'iqq; "(1"1TT R<n
Tf"lIT ~1 .m=A Cf)T ~~ cf; ful:!: ~~ bRT ~ 
fcl:;<n- ~ m %1 ~ -.:r\OT -it ~ .m=A Cf)T ~ fcl:;<n- ~ m 
%1 ~ "Cfil'f -it ~ 1fiil: ~ '""I1~i*il~CI ~flCf<::IF1Cfft 
~,"nFl<1Rll ~ ft1:r:cf (~), ~ ~ ~ m, 3'lh: 
~~~cf;~~~%~~ 
~Cf<jYfllf"1,,! (~) 3'lh: ~~I ~ ~ cf; ful:!: 
fcrroT<:r ~~ .,nillrlcfll fcr'l-TfTT, 'l-Tf{(f mom: -B >IT'd" ~.:m 

~I ~ ~ cf; ~ '""I~(fCIT'f C!iT<if -il" ~~ cf; ~ 
~t1Cfa:rF1Cf) -q)-fu-~~ Cf)T fcrCflm ~ % ~ "Cfil'f 'l-ft 

~~ cf; "ftT2l ~~~ -fr fcl:;<n- ~ m %1 

i'rT f.RR ~ cf; ~~ 4'ld~I<1'""1 ret~M"1Cf) cf; 

HldCfihl{ ~ man ~ 31JB'I1R W2!R (~~.am), 
~ -it ~ 11Uarcrr m¥ % 3ffi 3'jq" ~ .,n~:M)ICfil Hdid{OI 

cf; ~ t<m: % 1 ~~ ~ cf; "{CRf -it 3llCfffhH ctft ~ 
cf; l'JllR cf; ~ cml 3llrcf ft 141 c{ Cf)T ~ fcl:;<n- % 1 31~ 

~dlfllCfi1 1R .:mmfur ~ ~ ctft "YIcf< ~ 3crr. %1 ~ 
~~ -fr ~m cf; ful:!: ~ "YIcf< ~, 3WfiT\, 

'l-TR 3ffi TiT ctft ~ -B ~~~ m %1 

QR'f mcf; CfISif -it m~~ cf; ~ -it fc;rf'l-R fcrCflm "Cfil'f 
~ %1 ~ -it fcrct;ft:m ~ ~ 3'lh: '""I1<11~t1rcfaCfi :rrr cf; 

~~ 1fiil: ~ 3lT14fClfsCfitvll ~ (1l:f~~), 
Cfi'lflCfildl -il ~ "Yl: 11Uarcrr fcnt:!: ~ %1 31'1-ft 3'lh: .:3TI'tTCfi' -m~ 
cf; ~ 'Cf!~~ cf; "ftT2l ~~ 1R ~an: ~ ~ W%1 
~ -m1l1 0liT ~ -il Wl'TdT cf; ful:!: ~ 1cfR m2l -it ~ Cfil: 

~ fcl:;<n- ~~ CfT(1T <l5! fcrcf;"fuo fcl:;<n- %1 3=iTm.am (Optica I 

Character Recognition) 3ffi ~ -it ~~ -fr ~ 
~ <l5! Rcr ~~ -it~ -it ~ iRrr tl W<ft ~ cf; 

ful:!: m-~, ~ bRT ffi fcl:;<n- ~m~ -Q:m m<:tr "PT ~ 
0liT tl 

1left ~~ cf; WR ~ -B m'ifTft qr{<1hHI3lT 0liT "PT 
~ cf; ~ F18Ij<8l{ ~~~ Cf)T ~ t: 
f:q fChC'fl I ~ cf; ~~-m Ch\I(Vil~2:{ (QAI&I«l) 

~ '""I'fl'lMrc::s ~r.s4l~~41 (~amit) -q ~ "Cf>1 3lIq~<1Cfidl 

mm t ~ mur"Cf>1 illwrr fi:tfswr WI -B (~ c8~, ~ 
~amit ~ ctft ~ c8 ~ Cfi"@ SQ:) ~ mur -q 
~ mm %1 Bf!1P1 em: "Yl:, ~ mur ~~ cf; ~ i%"W 
Cf)T mdtFm Cfil:dT %cr~ ~~ <1T cIT '~" -wren ~ 
~~ WI "Cf>1 ~ %1 ~ Hiff5Rr ~ 3lTmfur 'ffic{l 

rilfctli*Ftll c8 (1&<l <n: ~~ -B ~ ~ 'irq ~ "5lR ctft ~ 
~~%~~ 3ffil11m cf; Bf!1P1 ~~~W 
"Yl: st;r c8 Cfi11 -fct;<:rr "'5fffiT %1 

QI~q{~n:Cfl 61ITCf'8\J11 ~ (~M) <R 

~3l1it -il, ~ 0liT "ftTlW1l qlgl"iS<:1I<1 ~ -B 3lfuq:; 

ffi->rftrmr 3l1ct'81\;j<j ClldICl{OI ~~~ \lITdT tl ~ >I"CfiT"<: 

"TIfR ~m~ m31ICf'81'51<j ~~ % cr~ ~ "{CRf ~ 1R 

~: R'l-n: ~ WIT ~I ~31Tit ~ ~3lT, "l'r fcf;

"{CRf ~ 31~ f.r::;:r "{CRf ~ cf; 'CflRUT 31Ict '81 \;j '1 ctft 
~'t:fdT -B lfil m"5fTd1 t, ctft ~ cf; ~~ (1T'l-TCl'iTft 

tl ffi-~ 31ICf'81'51<j ~ cf; "ftT~ oomr ~ -fr "(CRf -il 
~ 31ICf'81\;j<j "fc!wR iRrr t ~ 0 , ~ q ~Iqllfllf"l<j cf; 

3lfuq:; ~ cf; f.f;rr m~ 3lICl~<1Cf)dl~ ~m%1 

~~~ c;<iM gCfd ~ Cfi'aJ t, fm:t-il ~ 0liT ft;r;:r R<n
\lITdT tl Cfi'aJ 3l('<:lICl~I:lCf) ~ <l2lT ~ ~ ~,~ 
~ cml ~, Cff'Yll"R ~, IV ~''h",,,[,,!<j ~, 2-cT 

Cf)'1Plcf;~I<j fuR11, ~ m ~ ~ -B ~ %1 

~3l1it Cf)T ~~: ~ ~, :glCfi~m fuct2m, .:3TI'tTCfi' 

"{CRf WCf~ c:rrM-~~, ftr< ctft ~, tift-tift 'l-T8 crrM
mer, ~ ftr< ctft ~, T!~ cf; mer cr2lT ~ Cf)T ~ 
~ Wit -il fcl:;<n- \lITdT %I 

24 tR: 311'lCfT ~ (fCIi' cf; ~ cf; fc.;m: ~ "Cf>1 ~~ 
~~c8m"Cf>1~~-q~~'Cfl'<ffi%1 ~~ 
3llT! ~ "WWlT t, ~ fc.;m: WiT c8 ~~mm- cf; "C.fi"RUT 

~ fc.;m: Cfi11 ~~~ Q'ritl Cl;"11f11~'l1,( cf; "W2f ~~ 

itCflTi< ~ -DfTr:IT "Cf>1 ~ "Cfl<: &! ~Jir "CflT ""CRlT W1A -q '>TI 

~ mrrr, ~ q'(AHIl Id ~ 311':fCIT ~ -fr ""CRlT -;@ '(11T 'YTdT1 
~ ftR:?A )ll1{f 3liCfliT c8 ~ -q ~ cf; fc.;m: ~~ -q '>TI 

~~ "Cfi1:rrr1 
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'h12'IRCfi ~ TfCf ~ Cff5if -n ~~~, Q}ff&r-'flCfi 

%m -trtrG ko(cfh'Il:nr~Cfi (~~) ~, ~ ~ 

~ (f2lT ~1C.'11'JI'hl cf; ~ it CfiT"lf Cfil: WI tl ~ ~ ~ atit 
it CfiTCfiT ~ fcl!?hCi1dl (f2lT ;:}1CJ:8r"l11,IOICfi ~~ "f2lTfur col t 

(f2lT fcjf'l-A $lO(~{jl:f&Cfi (f2lT -;:If;f ~l<~~I""lfa:Cfi ~ a:ih: "ficRt 
~~~ '1iT8J(1 col TT{ 1 ftcITi col 31Cff~ cf; c:'hR, ~ 
~ ~ ~ Wtrr (~)1ffiTT ~ Wtrr (~) ~ 
(f2lT "ficRt ~ullr~41 , ~~~ a:ih: ~~~ 
~ (q:non) ~ulfw:jl -en: ~ -m- ilcr cf; ~ CfiT"lf 
fc!i<TI 1 

~'ldl':::IIFhCfi ~ ~~ ~'Cfi1"lfli'rrr ~ ~ Wtrr ~ 
cf; m ~~~~ "f2lTf1:m col ~ w t (f2lT 

~~ "ficRt ~ 'Cfi1 31v:r:R fc!i<TI Tf<!T a:ih: fcjf'l-A 

~ cf; m ~ '1iTa:rur fc!i<TI Tf<!T 1 ~ it ~~ col 
cr~~ cf; m ~ anmfur "ficRt 'Cfi1 fcrCfi"m fc!i<TI Tf<!T 1 

~~ 'Cfi1 ~'"l1'1!?1IC.'11 ft~ it ~,m -en: ~ cf; 

)I'l-TfCf, ~ :8~C::1!?f)C.'1dl cf; "f"icr$:r (f2lT ~~ q.nq q (ll'1Ol1"ff"1 

cf; 1"fT1R ~ crita:rur fc!i<TI Tf<!T 1 ~,m it ~ fu-1 (f2lT 

li1T<:""L~I"'B col ~ q r{cf;rCflCJ ~ cf; 1"fT1R cf; m ~ 

~~ col q\1:Cfi<:"Y11 , f.r:rfuT (f2lT '1iTa:rur fc!i<TI Tf<!T1 

~ col ~ 3ffifuT, ~ q ~ it ~ col fl:R;rrcrG (f2lT 

cfn ~ it ~ col ~ cf; f.:mhur cf; m 'l-TI col TT{ 1 ~ 

col ~ cf; m ~ ~ cf; fcl'Cf11-B -n ~~ CfiT"lf 'l-TI fc!i<TI 
Tf<!T 1 

cITdftaJ ~ fufcRor ~,m cf; "fCrn'&f 31JCftaJUT 3W1lR cf; m 
~~~~ "ficRt 'Cfi1 fcrcm:r fc!i<TI Tf<!T (f2lT m~ m 
3'P1 ~ 'Cfi1 fcrcm:r Cfil: ~ col TT{ 1 ~~ cf; m 
~on ~ullr~41 'Cfi1 fcrCfi"m ~ it 3WT 'Cfi111dT ~ q ~ 

~, ~'l-TCfiT<:I 'l-R-1 ~,~~ ~R1CfiT~~l cf; m -m 
TR:h: ~ cf; m fc!i<TI Tf<!T 1 ~ W8JT ~1 C.'11 ~ 141 it ~, m<n: 
~ ~1C.'11'Jflf)Cfi ~ ~ -en: 31Tmfur ~~ col 
~ col TT{I ~ (f2lT ~ 31Tmfur ~ cf; ~ it 
~ Cfil: CfiT"lf ~ cf; m aid \<1 'iiI <1 ~ ~~ -n 
w<Wr cf; CfiT"lf col ~ *'m: col ''IT W t 1 ~ ~ ~~ 
"Yf;rCfiT,m it am-~ >rCfiTf.mr ~ t 1 1O!RCJ" -mn!:8 cf; ~ it, 
~~~~ anmfur ~ -n ~~ -.n. 
~ ~ cf; m~ >r<t~ ~ CfiT"lf m'l-T ~ ~ (f2lT ftq'j-i col 
31Cff~ cf; c:'hR 4 m~ >r<tm 'Cfi1 ~aJUT fc!i<TI Tf<!T 1 

~ ~ 'CfiT 3m: 'QYS it Q\1:'"lhl"1lQ: ~ f'l-R-f\-R atit 
(1) rcm;'t'lUII,IOICfi .3fu: ~ ~ ~ fc:p:Jm ~ 

(2) _-~ IOIchF1CfiC.'1 ~ (~) it ~ ''IT Wt %1 

~~ CfiT -z;r~ ~ 3m: 'QYS it QR'"1hHI31T (f2lT~, 

mcnn: ~ fu8JT m~ cf; m~ ~ .3fu: ~ -n ~ 
atit it fcdl"l'i1dl -q:ct sfi'ellrifCfi41 CfiT mm 'Cfi'BT tl 

~ ~ 'Cfi1 fcfficf 'S[<:fffi irn, ~, ~ .3fu: ~ cf; 

fCj:(t1'lUI cf; ~~ dQCfiO(on CfiT mm 'Cfi"f.r CfiT tl ~ 

dQCfiO(on cf; ~~~ ~~, ~ 'CfiT ~ 'CfiT IOITf"'Iln.'1 

.3fu: ~ >JCP11Uf ~ ~~ cf; fcfficf m cf; ~ 'l-TI qit 

'fi'&rr it dqCfi 0(0 n CfiT mm fcf;7:rr t 1 ~,~ anR ~ 
1OI1~""1f4l1q'"j 3TI'tfTfur fCHt1'l01 cf; ~~ G141'J1'h1 CfiT 'l-TI 

mm fcf;7:rr Tf<!T tl ~ ~ qO(lOI1 ulfClCfi ~ ~ 

f ihfa.lf4l'I4l dqCfiO(0ll cf; ~ it 'l-TI ~ -n >fRl".'l-T Cf)\ 

"WT'l-T'T ~ (fCfi' ~ 'Cfm1 3th: ~-t ~ it ~ CfiT 

mm fcf;7:rr tl ATC.'11Cf1<.1,( ofttr Q:fY~Cfftl, f{q:fCflCl 31fGR 'QftrT 

~, ftq:fCf2:Cl ~ ofttr 'QftrT~, ~Iitm wWT 
~, ~8Cfa:'f"1 o:fP:r fi541f"1~1"1 ~ ~ dqCfl{Un CfiT mm 
Cf)\ ~~ ~ ~a:q ~8Cfa:'ff'"1CfiI cf; ~ it 3lCRT fcfficf ~2lT4 0f1T 

fu<:rr t 1 ~ cf; -qrn ~a:q ~ cf; '1iTaJUT ~ 1JUT f.:f~ cf; 

~ 'l-TI 'lO@' ~ ~~ tl "Tcf ~ crif ~ ~ ~ ~ mu 

;:}1'fCfli1I~'5 ~~ cf; ~ it 'l-TI fq~l'l'i1dl 3th: ~ 'Wa' 

Cf)\ "ffi tl 

~~3m:-ST6 ~'i1lf'"1Cfll cf; ~ ~ cf; 3RfTfcr 
~ 2005 it 'i5f ~~~,~ fqNrq\!]I<:"1<1, "Ilf.::IT 
"IT C!WrR it dCflrflCfll fq~Clrq\!]IM;q , limenau it t , ~ ~ CfiT 

cm-r fcf;7:rr 1 ~~ &ref; m~ ~ 3TI'tfTfur ~ fc:p:Jm CfiT 

'll:Cfi' ~~ fcn<:rr tl \ 
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<ffi" "Tl ~ ~ ~ -;:ftftrrr(r, 'l-oo, ~ am am ~ it cf; 

~~ cf; a:tit cf; ~~ am f-CJ fchC'8 1 , ~~, ~ 
~ am ~8CfaTf1Cfil cf; ~ -iT ~~ <tit cf; f.:p:Jfur cf; 

~ ~ Blqrulll (~01~) cf; ~ am 1JUT 
R~ Cf>T Cf>T<f Cf>l: m ~I 'fCJ~ ~, ~ ~ 
~8Cfi!Tf1Cfil am ~"1)I~Cf'iT(1'I;;fl ~ ~ cf; 0lJlLICfl Cf>T<f~ ~I ~ 

~ ~~ f.:p:;, -q-{ 31'1'iT 'I:ZlT'i' ~ Cf>l: m ~: 

~~: ~~(fI'TI~~ ~cf;
" 

~ "fcrf'l-R ~ cf; "BT21 Cfi:gCf~ 1"1 ~ 31Tmfur ~ 

Cf>T f.:p:Jfur1 ~~ -:sm ~ (f1'TI ~~ Q;'ilf<:'1fBB 

(~) 3f2lm 3flflRhfi<lll(1 ~~ (~) cf; ~ -iT 

~~ cf; 3fT!:ffi -q-{ "fcrf'l-A ~ <fit ~OIl\J01Cfl q J01(5lkJ01Cfl 

~ cf; Cf>T<f -iT ~~~I 

t.=rr ~ : 'tlTTI, 'tlTTI (}lTCfBI~:g (f21T 'tlTTI B0hI~:S (Pd , Au, Ni, 

ZnO,ZnS) cf; t.=rr 'fCJ~ ~ -q-{ f21'i" ~ (f1'TI ~~ -iT 

B~MM(j ~ \lIT W~I ~ 'fCJm Cf>T ~qB~<:.l ~ -q-{ t.=rr 
Cfi'rRrT, ~ (fcM"qq: CfilG'iI~ICfl ~ ~~ Cf>T "l:!OT 

~~) cf; f.:p:Jfur, cf; ~ fct><lT ~1 

~ 1RT~ : ~~~ 'fCJ~ ~ ~~ cf; 

(}lICfBI~:S -q-{ 31Tmfur ~ 1RTm Cf>T B~<1I'jOI (f21T q.ffct>{OI 

fct><lT \lIT WI ~I <ffi" 1RT~ ~, aw.;r 'tiBf""1d ZCflT (f1'TI 

~ !>I ollfw:i1 -iT ~~~ cf; ~~ fct><lT \lIT 

WI~I 

~ t.=rr ~~)r"'f>l : ~ -2r "fcrf'l-A >rCflll: cf; ~~ 

~~ t, ~ 11T'iCf ~ ~ ~~ ~ ih:ft \iIlcr'i !>IollfW"il 

-iT Cf>T<f Cf>l: W~1 ~~~ Cf>T m ~~~ (f1'TI 

~ ~ ~ 6iW ~ <fit 'ffi~ 31Tmfur f.:p:Jfur 

~m31T, ~ fcn cft'«1QB~ ~ -iT ~ <fit \lfT"ct1 t, "Cfl1 

(}llq~llCfldl ~ m-ctll ~ -2r ~~31T ~ 'fCJm cf; ~ 

-iT ~ crm -iT "T*rr ~ "Cfl1 ~ 1 _~:m -iT d<Rf \iIlcr'i 
~31T Cf>T 3f~ "1lll1~"1lf111R' 1 cf; l1T'tZIll" ~ ~ ~ 

~ cf; ~ fct><lT \lIT WI ~ ~ 11T'iCf ~ "Cfl1 1JUlCfill -iT 

~ cf; ~ ~8Cfi!Tf1Cfil, \iIlcr'i ~, f-CJfCflC'8I , crtctfta:r, <:~, 
~~ (f21T ~ "CflT<lT -iT ~ fct><lT \lIT ~ I ~ 

-iT ~-~ 3ff'l-TlTif;rCfil cf; f1'""'if<:'1f@(j a:tit -iT Cf>T<f fct><lT \lIT 

m~: 

• 	 ~ 31Tmfur t.=rr-on: ~ 
• 	 crfra:roft<l f.RR cf; ~~-~ 

• 	 t.=rr {1~)lfNB, J01Tfc"'Cf1c1{ ~ (f1'TI c:rik 'W1 f,gf<:'1q,O 

fm:cq cf; ~iter-~ mw 
• 	 ~ ~'l-1T(1" (f1'TI ~~~ c:rik 'W1 f,gf<:'1q{l 

cf; ~ ~-t.=rr ~ 31Tmfur cwR t.=rr ~ 

~A ~ (f1'TI ~ 'fCJm <fit ~ ~ mu:rm cf; 

f.:p:Jfur cf; ~ fcTfcm >rCflll: "Cfl1 ~~ cf; ~ &m f.:Ifi:Rr 
'fCJm cf; mm cf; 1f<lTB ""1'T"U ~1 ;Wrr'a:ro ~ "Cfl1 ~ cf; ~ 

ufbfm cf; ~~ -wr ~~ cf; ~ 'tlTTI, t.=rr-~ Cf>T 

~ \JfRT !>I@fClct ~I ~ ufbfm Cf>T ~A~ (f21T ~ 

~ ~ f~f~41 cf; atcfrfu "Bfcrf~ fct><lT TflIT ~I ~ 

~'1ffi ~ ~ ~ J01I~cph:Cfi'lq (~), (}lTfQCfl(1 

~, ~ ~ ~ (~~am) fqCfril~lG{, 
~ fClf"!"1(1 fqCfril'fllc:14k{ , ~ ~AflB fqCfril'fllc:1~lG{, 

~ Q?BTY~1'i fQCfa'I'fllc:14k{, CPl~c:1lJl'h, cwR -Q::s-~ 
Q'1I<:'1I~,,!{, ~G(1f';Cfl<.1 J01I~CP'lfCfilq .:311"R .:311"R ~~maTI 

-B 'tiBf""1(j ~I ~ Cf>T ~ cf; fCl~qfClI;lI<:'141 (f1'TI ~;;flf1lJR' 1 

m21AT ~ ~~ ~ (f21T ~ -B&rr -iT fcmrm <@ ~. 
"it. Cf>l: W~ 1 

~ cf; 'l-TJCiT fCflllICfl<:'1IYl -iT ~ QCflTffGCfl ~ (QOBQ:g~ 

~ ~ ¥. 3mrT l:fiTfG cp'IMIW'fll -q-{ 3ffmfur 1JUTCfffi 
1[00iCfl'i cf; ~ ~ ~, -q'fffi ~ (}lTCffil,gB 

(cWft:m) m-r -q-{ 3ffmfur "'h(1 <:m "Cfl1 1JUlCfill R~ cf; ~ 

~-~ fuRi:r Cf>T fc:rCflrn, f-CJ fCfl C'81 f.RR ~ ~ 
fgf<:'1q{l cf; ~ iter WRt ~~ ~ ~ ~ t.=rr 
'fCJm -q-{ 3f~, m ~ ~ ZCflT ~ crwit -iT ~~ 
0"TWr ~ cf; 3ff!:ffi -q-{ 20 ~ ~ 3lfT.:r ~~ WRt 
(250±10°C CfTql"!R) Cf>T ~, Ni ~ ufbf~ t.=rr CflUit "Cfl1 

~~aTI, ~-<:tm ~ cf; 31T!:ffi -q-{ ~ i1fuTr 
h -Q::s- ~, fqq $fdifc::s >fUTT<.11 -q-{ 'h,,<.1'I'l'lflB ~, 

~ wfl:r<.1" ~ 1 
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'!-TflT fu<:rr 1 ~ ~ ~ 26 ~, 2006 q:ft TfUT"<i;;r R"crB Cfft 
m II '!-it '!-TflT fu<:rr 1 

cf;-;:s:: II ~ q ~ "@"ffi cf; ~8JT ~ '!-it ~ TTlJ:1 

~ "@"ffi II -rnit ~ ~, ~ if.:m a:ih: cvrR #m (l2IT 

~ II ClTC.1l&4I<.'1 q ~ ~fc1'4)lflldl.m II "-TflT fu<:rrl cf;-;:s:: 

Cfft ~.m ~ "-iT "@"ffi II '!-TflT fu<:rrl fcIf~ ~ cf; m-or.m 

CfiT ~ '!-it >r;R fcf;-Q: TTlJ: 1 

~~'* II 29-30 ~, 2005 CfiT +cr ~ fcr.::<:!rn ~ ~ 
Cfl14l?1 1(1 1 "CflT ~ fcli<:rr, m +cr ~dlfllCfil WTflT (it~), 
1{ fc::ttft &ro ~ fcli<:rr Tf<IT 1 Cfll4l? II (11 "CflT ~~ 

cf; "fIf;;rq 61. 1J;1. cf;. "-1R ~ fcli<:rrl ~ 31cfW ~ ~ ~ 61. 
-qq;:r ~, ~, ~~'* ~ ~ fcf> WT&r ~ II +cr 
dqCfl {Un cf; fcrCfl'rn II ~ '!-rjl1CflT R'l1T "WRIT t 1 Cfl14l? 11(11 II 
~ cf; :mruft w2ITiT -fr 50 -fr 3TI'/:lC.n "lffir'!-TIfTr:iT ~ mm ml 

Cfl14l?llfll "CflT ~ 61. ~ 1J;1. '!-m&f'lf, ~ ~, 

~~'* ~ f~;<jTI 

• 	 61. ~ ~. '!-~, ~ il;q1', ~~'* 
29 "B- 1 ~, 2005 cf; m ~ cf; ~ ~ TTlJ:1 ~ 
em +cr ~ a:ih: 't.=IT ~Cf<jl(1T;jjl ~ ~ cx:rr&:IR 

R<rrl 

• 	 m-q:. cf;. ~, ~, il;q1', ~~am-~~ cf; 

~ ~-ft:r&on:, 2005 cf; m ~fR:('iG alfq;; 

"iI~Sh'I-(-!tcr-q\ ~(Hl(1T;jjl ~. Q31f<'1fGCffl, ~ 
fq N fcl'Q 1(1 '"l, "flf.:ft "CflT ~ fcf)'"lT I 

• 	 61. -q:. cf;. ~,~~, ~~'* ~ ~ 
6-9 ~, 2005 CfiT ~ "CflT ~ fcli<:rrl ~ em l1ffi 
ir~ >rrfR ~ fBCf'41R2.1 t;1('f1"l1J008 ~ ~ cx:rr&:IR 

R<rrl 

WrcR Cfft :am: -fr w 61. "qcpf ~, ~, ~~'* ~ 
~ 30.5.2005 CfiT )Il1:{f fcli<:rrl 

61. ~ 1J;1. '!-~, ~, ~~'* CfiT 16cIT ~~ 
a1 l? lil Cli (1 ~ ~ >r;R fcli<:rr Tf<IT I <:fQ ~ &% 
~11~Cf<j'I(1T"1l cf; $ it ~~ cf; ~ R<rr Tf<IT1 

• 	 ~~~ (it fu:rtf tt(llfB~ 11) ID\T Wl1R 

~ ~'qR ~ (it ~ 1011fBtti?l1) (l2IT ~~ ~ 61. 
"qcpf ~, ~, ~~'* CfiT ~ 28-30 ~, 2005 CfiT 
~ II ~ 34cl "Tocklai Conference on Strategies for 

Quality in Digital Era" ~ II flUOflf'"id fcli<:rrl <:fQ ~ &% 
~~ cf; $ll ~(Y)fCf?Tf'"iCffl q ~ ~'2.lIflICfiI cf; flf'-"~!{I 
II ~ 3n:f1JiT ~ cf; ~~ fcli<:rr Tf<IT I ~ &ro mft, 
~ II fClCflfBd fq'CIf<'1d ~ fcfmtrT ~l'2.llflICfil "CflT 

OlIlqlf<Cfl ~mWI t (l2IT 20 ~ fcIf'!-A ~~ II 
"CflT4 ~ -wt t I 61. "qcpf ~ ID\T ~ it ~ II fcnll: TTlJ: 

"CflT4 "CflT ~ ~ ID\T ~ ~ cf; ~ cf; ~~ 

~~2ITfi:IO ~ cf; ~~~ fcli<:rr \;fT W tl ~ 

~,~~~ ~l'2.llflICfil ~ (l2IT ~~am ID\T 

~~ -fr oo<1cIT )Il1:{f <:fQ "CflT4 mft, m-iCfl, Cfil (1 Cfll dI (l2IT 

~ ~'qR ~ ID\T ~ fc!1'"lT Tf<IT t I 

• 	 ~ dCfl41Cfil -trR ~ 

m "Q3". ~. ~, ~ >on' CfiT ~ ~;jjlf'"i'"lf{'1 ~ 
sll'2.l'lflICfil ~,~ ID\T ~ 25-26 ~, 2005 CfiT 

~~~ II ~ dCflilCfiI -trR ~*1alCfl{ul t1 
~ >r;R fc!1'"lT Tf<IT I 

• 	 ~ cf; m ~--mit~ ~ dCfl11Cfil -trR ~ 

<:fQ ~ Cf1'f 2005-2006 II 61. 1J;1. -q:. 'lfTRfit, ~ 
~, ~~'* CfiT * "Technologies Convergence in 

Recent Instrumentation for Natural Disaster Monitoring and 
Mitigation" ~ dCfl1lCfll -trR cf; ~~ fcli<:rr Tf<IT1 

~ cf; ~ WT&r cf; ~'i1lf'"iCfil ~ fcIf"-A B'nfl'a'4l, 
~ fcF<lm cf; $ II ~ "CflT4 ~ cf; ~ ~~'* CfiT CflI4l?1I(11.m a:ih: ~ II WT&r "CflT >!fuf.:rf~ "Cfl«f ~ 
fClf"1~Cffl $2:{~!{"<:1 &ro ~'qR fcf"-!:fUT ~ R<rr Tf<IT1 ". m"-A ~~ cx:m9'1R ~ a:ih: dCflilCfiI -trR ~ fcnll:1 
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11 . .m~~ dCfi'ilChl ~ 1J:l 111(1) 25.05.2005 

12. .m~~ dCfi11ChI ~ 1J:l 111(1) 26.05.2005 

13. .m cftJ -eft q; dCfi-nChl ~ 1J:l 111(1) 26.05.2005 

dCfi-nChl ~ 1J:l 111(1) 30 .05.2005 

15. .m \l'I1 ~ d2'fi:fiChI ~ 1J:l 111(1) 02.06.2005 

16. .m efT it ~ (-mu, ~ -B "f~l'iid{ol '1\) dCfi-n~I<H 1J:l 11(4) 17.06.2005 

17. ~.m 3ffi TftdT ~=i1lf'"lCfi 1J:l IV(1) 18.07.2005 

18. .m "QJf "b,C(~<m1fH ~~lf'"lCfi 1J:l IV(1) 18.07.2005 
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25. .m ~ ~ (~H$q:~ql2.l ! QI<'.1I1g)'( -B "f~l'iid{ol '1\) 31T-WT 31f~ (fc«r -q:cf B.) 03.10.2005 

26. .m Qft ~ (~! ~o'5111~ -B "f~I"Iid'(OI '1\) ~~ 17.10.2005 

27. .m ~ "b,f1I,( ~ ~ -?g 1 ('l-1. -q:cf ~.) 21.10.2005 

28. .m 3ffi q; ~ (f'"lf~S,,'8 , ~ fc::ffit -B "f~l'iid'(ol '1\) m -q:cf "ffisrr 31f~ 08.03.2005 

14. 



1. 30.04.2005 

2. 
 (1Cfl11~llf'i -g;q 11(4) 30 .04.2005 


~ (m.) ~ J 01.07.2005 

~iillr"1Cfl Wl IV(4) 31 .07.2005 

19. ~ii1lr"1Cfl Wl IV(5) 30.09.2005 

3. 30.04.2005 

4. 30.04.2005 

5. 31.05.2005 

6. 31.05.2005 

7. 31.05.2005 

8. 31.05.2005 

9. 30.06 .2005 

10. 30.06.2005 

11. 

12. 

13. 31 .07.2005 

14. 31 .07.2005 

15. 31 .07.2005 

16. 31 .08.2005 

17. 31 .08.2005 

18. 30.09.2005 

20. 30.09.2005 



21. m ~ ~ (lCfi41~lll'i 1(rl 11(4) 30.09.2005 

22. -* -3ffi ~ ~ (lCfi'ilCfll 31f~ ~(5) 31 .10.2005 

23. m ~ ffiC1 dCfi··il~lll'i 1(rl 11(4) 31.10.2005 

24. m~ ffiC1 dCfi41~lll'i 1(rl 11(4) 31.10.2005 

25. m ~ cf; ~ 29.11.2005 

26. tJ;m 'l-~ cn'h: dCfi41~11l1 1(rl 1(3) 30.11 .2005 

27. m~ cf; ~cm~q (~f-bJCfi) dCfi41~lll'i 1(rl 11(3) 27.12.2005 

28. m ~ ~ WTTR dCfi41Cfll 31f~ 1(rl 111(5) 31.12.2005 

29. m -wn: ~ ~ 1(rl 11(4) 31.12.2005 

30. m 'it1 ~ dCfi11~lll'i 1(rl 1(4) 31.12.2005 

31. m ~ ~ ~ ~~lIF1Cfi 1(rl IV(5) 31 .01.2006 

32. m~ ~ dCfi'ilCfll 31f~ ~(5) 31 .01 .2006 

33. m ~"ill m dCfi11Cfll 31f~ ~(5) 31.01.2006 

34. m ~ ~ (lCfi41~ Ill'i 1(rl 11(4) 31.01.2006 

35. tJ;m ~ mcn: ~ (W.) ~ 1 31.01.2006 

~~lIf1Cfi 1(rl IV(5) 28.02.2006 

37. m it ~ "fu"<1R ~~lf1Cfi 1(rl IV(4) 28.02.2006 

38. m ~ ~ dCfi41~lll'i 1(rl 11(4) 28.02.2006 

39. m"ill -3ffi WR ~~lf1Cfi -qq IV(4) 31.03.2006 

40. m ~ ~ ~ dCfi41Cfll 31f~ ~(4) 31.03.2006 

41. m ~ (~f-bJCfi) (f0 "BQTO ~ ~ 1(4) 31.03.2006 
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2. m \iflI %W ~ 
(m~H3~,m, :qosIJI~ -B ~, :qoslJI~) 

3lJ~WT 31f~ (fcm1 ~~) 07.11.2005 

3. m l:!:l {(l""ll t{~ 

~~,m, :qosIJI~ -B fnl!>Lfl2.l-3ffi~, ~) 

~ (fcm1 ~ ~) <Js -I 25.11.2005 

4. m~'U~ 

~~,m, :qoslJI~ -B ~-3ffi~, CflI~Cjj,sl) 

~~lf1Cfl 1J1:f IV(4) 31.12.2005 

5. m~~~ 
(Bffi, :qoslJI~ i:r ~ -q-{) 

~ 

• 

~ 1J1:f 11(4) 

~~lf1Cfl 1J,11 IV(1) 

~~lIf1Cfl 1J,11 IV(5) 

13.03.2006 

qtf 2005- 06 cfi ~ ~I~ Iq5! ~ qWf Cfif4~1 Ch1 ~ 

~:B. ';fll1 ~ fuf~ 

1. ~m~~ ~~ If1Cfl 1J1:f IV(1 ) 24.08.2005 

2. m ~ CflI~~1 ~ ~ I f1 Cfl 1J1:f IV(1 ) 30.11.2005 

3. m ~ Cjj,f"lJl{lfli ~~ 1f1Cfl 1J1:f IV(1 ) 07.02.2006 

4. m l:!:l ~fP:rr ~ ~ I f1 Cfl 1J1:f IV(1) 31 .03.2006 
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