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Fiber 
 
The work carried out on the Head Up Display (HUD) was brought to the level of 
acceptance by the test pilots after the testing of the HUD at the world�s highest airfield at 
Leh under intense cold conditions, thereby testing the full capabilities of the unit as per 
international standards. This made India the fifth nation in the world with the capacity to 
produce the Head Up Display. The HUD technology was transferred to Bharat Electronics 
Limited (BEL), Panchkula with the signing of an agreement on October 30 2008 in the 
presence of the then Honourable Minister of Science and Technology, Shri Kapil Sibal. 
During the year the HUD cleared further rigorous, gruelling testing in the form of low 
temperature storage-cum-operational tests and high altitude flight trials in Leh, some of 
which were not cleared by other Head Up Displays. About 1100 successful test flights of 
the LCA have proven the ruggedness of the CSIO Head Up Display.  
 
The first of the HUDs with Raster (night mode capability) was delivered and has been 
cleared for flight. A Head Up Display for the HJT-36 Intermediate Trainer Aircraft also 
cleared Limited Qualification Tests (LQT) and the first unit is scheduled for delivery in 
July 2009. Ongoing work in this field includes a night mode capability Head Up Display 
with additional raster features and a Head up Display for Weapon Aiming Computer. 
 
In Photonics, this year the laboratory fabricated Fiber Bragg Grating (FBG) Sensors for 
strain and temperature measurement in metal and concrete structures in collaboration 
with SERC, Chennai. Under another program FBG sensors were tested for detecting 
hotspots in electrical equipment such as transformers. Other research areas include 
design and fabrication of overlapped FBGs and chirped LPG, fabrication of LPG on 
erbium doped fiber, fabrication of Gain Flattening Filter (GFF) for EDFAs, Micro-fiber loop 
with sub-micron fiber and FBG sensor studies for petrol, CNG and hydrogen gas tested 
at IIP Dehradun. 
 
The laboratory has been providing sensor support to various agencies and delivered  
sensors for measuring snow moisture, temperature and hardness of snowpack. New 
sensors for soil properties and photosynthesis measurement are being developed under  
the Supra Institutional programmes. Five improved Analog Seismic Recorders were 
delivered to the Indian Meteorological Department (IMD) New Delhi in January 2009. 
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“LCA Tejas will be part of IAF and delivery of 20 LCAs will be done to IAF by 2011”  
- Hon’ble AK Antony, Minister of State for Defence, October 25 2008 at ADA, Bangalore 
 
The above remarks put the laboratory on a strong footing to take up further tasks in the 
field of cock-pit instrumentation. The Head Up Display forms an essential component of 
the cockpit display by providing the pilot with essential flight information, navigational and 
target/ weapon release cues superimposed on the window to the outside world. Thus a 
HUD is a transparent display that presents data without requiring the user to look away 
from his viewpoint. The user is constantly able to view information with his head "up" 
while simultaneously looking at the outside world through the aircraft windscreen rather 
than periodically glancing down to look at the instrument panel. 
 
Through a series of tests conducted to full specifications, the research design was frozen and 
documented into several volumes of know-how and delivered to BEL for commercialisation. 
Broad features of the CSIO HUD are:  
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• A Total Field of View (TFOV) exceeding 25o  
• Symbol brightness exceeding 2700 fL, maintaining contrast of over 1.2 throughout the 

brightness level of the outside world  

• Free from sun glare at strong noon conditions 
• Optimum viewing in all weather conditions 
• Optimum parallax positional accuracies  
• User friendly Multi Function Up Front Control Panel (MF-UFCP)  
• Open architecture computer interface compatible with RS 422 protocol 
• Optimal thermal management avoiding forced air-cooling  

• Ease in maintenance due to modular design approach 
• Conforming to standards MIL STD 810D, MIL STD 704D and MIL STD 461C 

• Raster version for night flying conforming to cockpit geometry and power constraints 
The accompanying photograph depicts a typical Symbology and explains some symbols; 

 
About 1100 successful test flights of the LCA 
carried the CSIO HUD on TD2, PV1 - PV3 
and Limited Series Production series like 
LSP1-LSP2 aircraft, have proven the quality 
and ruggedization of technology of the CSIO 
HUD. Based on these test flights, various 
Request for Actions (RFAs) reported by 
National Flight Test Centre (NFTC) pilots 
during test flights of LCA with CSIO HUDs 
were also attended to and resolved 
successfully.  
 

Based on the design perfection, testing under 
all weather conditions and fulfilling 

requirements as per military standards, the HUD technology was transferred on October 
30, 2009 to Bharat Electronics (BEL) Panchkula in presence of Honourable Minister of 
Science and Technology Shri Kapil Sibal. The Hon�ble AK Antony, then Minister of State 
for Defence had earlier announced on October 25 2008 at ADA, Bangalore that �LCA 
Tejas will be part of IAF and delivery of 20 LCAs will be done to IAF by 2011�. India has 
now become one of only five nations in the world that possess Head Up Display 
technology, priced less than comparable HUDs. 
 
In a letter of appreciation dated March 27, 2009, the Programme Director (CA) and 
Director, ADA stated that �I would like to pass on my sincere appreciation to your team 
for having succeeded in the development, flight testing and technology transfer of the 
Head Up Display for the indigenous Tejas aircraft program� We are privileged to have 
your premier organization as a partner in the national team that achieved many 
milestones in the Tejas aircraft program.� 
 
On 16 and 17 December 2008 the CSIO HUD completed successful test flights, during 
20 sorties, on two Light Combat Aircraft (LCA) Tejas. This was a low temperature 
storage-cum-operational test, the aircraft having been soaked under snow at 
temperatures ranging from -5oC to -20oC for 24 hours. The unit was also part of weapon 
trials � weapon aiming, bomb drop conducted at Pokhran. 
 
In order to meet the urgent requirement of more HUDs for flight trials, ADA last year 
sponsored a project for design, development and supply of seven more cursive HUD 
units, modified as detailed in the RFAs (Request For Action). Four of these units have 
been delivered. The units are undergoing test flights with LCA PV series aircraft. The 
assembly, testing, calibration of the next two units is complete and evaluation is under 
progress.  
 

Symbology of CSIO HUD (photo courtesy 
of ADA) 
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The Hindustan Jet Trainer-36 (HJT-36) is an Intermediate Jet Trainer aircraft (IJT) under 
development by Hindustan Aeronautics Limited (HAL). The HUD for HJT-36 is an 
enhanced version of the LCA HUD incorporating a number of modified, and some new 
features like: opto-mechanical lay out with tilted CRT plane from vertical in order to 
reduce the overall weight, volume and size as per the new requirement of fitment in HJT-
36 aircraft, stringent requirements of NCL and ECL adding critical tolerances, new 
features of Electronic Stand by Sight (SBS) and provision of Raster feature. 
 
The HUD for the HJT36 is aimed to be compact, free from sun glare and lightweight as 
compared to the LCA HUD and will use a dual beam combiner with multilayer linear 
coating (the LCA HUD has graded coating). A drawing for the jig designed for mounting 
the Beam combiners is depicted in the figure.  
 
After successful integration of Engineering Unit with Mission Computer at ARDC, HAL 

Bangalore, the Electronics and Optical 
block of Safety of Flight (SOF)/LQT Unit H-
002 were successfully assembled and 
finally the Unit has been integrated and 
tested with Mission Computer at ARDC, 
HAL Bangalore.  The LQT unit has cleared 
the stringent electrical & environmental 
tests as per MIL STDs 704D, 461C and 
810D. The tests cleared by the HUD are: 
Power Supply tests; a series of EMI/EMC 
test CE01, CE03, CE07, RE01, RE02, 
CS01, CS02, CS06, RS01, RS02 and 
RS03. After passing these tests the unit 
was subjected to a series of Environment 
tests like Sinusoidal Vibration, Random 
Vibration, Mechanical Shock, High 

Temperature Storage cum Operational Test, Low Temperature Storage Test, Humidity 
Test, Acceleration Functional & Structural Test, Rapid De-compression Test etc. at 
various locations like, BEL, Panchkula & BEL, Bangalore, RCI, Hyderabad, Institute of 
Aerospace Medicine (IAM), Bangalore etc. Software versions definition and Standard of 
Preparation etc have been prepared for qualification of airworthy units.  
 
With the design being frozen after successful testing, the first airworthy unit will be 
offered for ESS by August 2009. 
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The objective of this project was to design and develop a lens assembly for the Head up 

Display for Weapon Aiming Computer 
(HUDWAC) as a retrofitable system which 
can be used with the existing electronic 
block of Jaguar aircraft currently in use by 
the Indian Air Force.   
 
The optical system offers the additional 
feature of optical Stand by Sight (SBS) for 
safe landing in the event of failure of the 
mission computer. The system is optically 
corrected for narrow wavelength of CRT 
(546 nm) and also for avionics red colour 

A jig was designed for mounting Beam 
Combiners 
 

Optical Performance Evaluation Test 
facility was designed (at left) 
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for SBS (625 nm). The optical system for HUDWAC was assembled along with Beam 
Splitter and the target illumination lens in a single barrel. The effective focal length and 
back focal length of the optical system have been checked and found within the required 
tolerance limits of theoretical values. The fiber illuminated graticule was assembled along 
with fiber bundle. The beam combiner assembly of Jaguar HUD has been carried out on 
the optical module. A schematic showing the optical performance is depicted in the figure 
 
The optical system of the HUDWAC was tested at HAL Korwa. The image through the 
optical system was found to be better than the existing optical block available with HAL.  
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A Hot Air Leak Detection Sensor Along with the electronic control module for an 
Environment Control System (ECS) in the Light Combat Aircraft was developed and 
tested. The module is used as an early warning system.  
 
Eutectic salt, sensors with end connector and electronic control box were developed as 
per MIL Grade specifications. These were subsequently tested and ADA/RCMA 
clearance has been obtained. Future work plan is for qualification of these sensors for 
airworthiness.  
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Qualification testing of two sets of Fire Safety Sensors for environment and endurance 
were also successfully completed. This included low temperature  test at-40°C for 24 
hours,  high temperature test at 85°C for 7 days, 90% Humidity testing for 7 days, 18 km 
altitude, altitude test, salt fog test, 300 cycles upto 350°C testing and Flame test at 
1100°C for 50 cycles. 
 
The sensors will be put through vibration tests during the coming year, after which it will 
be ready for use in the LCA trials. TBRL and IRDE scientists provided necessary testing 
and other related coordination activities. 
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The laboratory established a complete R&D infrastructure on photonics based sensors 
which was formally inaugurated on June 15 2008 by Prof SK Brahmachari, Director 
General, CSIR. Various design approaches were realised in fabrication of of FBG and 
Long Period Grating (LPG)  based sensors along with the measuring setup to cover a 
wide range of applications. 
 
Several applications were attempted for monitoring the health of civil structures like 
bridges and buildings, moisture content and temperature measurement in agro soil and 
prediction and prevention of hot spots in power transformers.  
 

FBGs are fabricated using special light sensitive single 
mode optical fiber which is doped with the element 
Germanium to enhance its photonic or light  sensitivity. 
A portion of the fiber segment is stripped of its protective 
acrylic covering jacket before to writing the FBG pattern. 
The Ultra Violet (UV) light source is typically a Krypton 
Fluoride (KrF) gas based laser source of wavelength 
248nm which is used with either a phase mask or 
holographic techniques. The accompanying figure 
illustrates the phase mask technique. The pitch and 
periodicity are varied to achieve distinct FBG�s. Typical 
period followed was 1060 nm designed at 1550 nm 
peak wavelength. 

 
The process of fabrication involved stretching the uncoated fiber segment under tension. 
A phase mask was appropriately placed to obtain vertical and horizontal alignment. UV 
light was directed on the exposed fiber portion for a fixed duration of time to inscibe the 
desired pattern of varying refractive index (10-5 to 10-3). Multiple scans are applied to 
achieve 90% reflectivity. For device protection, acrylate coating is done followed by 
thermal annealing at elevated temperatures beyond 150oC. 
 
Depending on the pitch, refractive index difference between the core and the cladding 
and particular wavelength of excited light, a resonance condition is created which reflects 
back this wavelength, hence producing a dip in the output spectral response. The 
adjoining figure highlights the Bragg condition. The shift in the wavelength before and 
after the applied perturbation gives a measure of unknown parameter. 
 
 

 
 
Reflected light spectrum and FBG schematic diagram             Transmitted light spectrum 

Phase mask technique 
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FBG Sensors for Structural Health Monitoring  

In recent years, FBG sensors due to their various attractive features have become 
attractive for use in Structural Health Monitoring. Under a joint R&D activity involving 
CSIO and SERC, Chennai, studies were carried out on strain and temperature 
measurement in metal and concrete structures using FBG sensors developed in-house. 
The results were compared with similar commercially available sensors and are depicted 
in the adjoining figure. The concept of dual grating configuration was followed for strain-
temperature discrimination for different civil structures. 
 
 
Measurement of Tensile Strain in Mild Steel (MS) specimens:  
A strip of mild steel having central length 250 mm and central width 25 mm with holding 
ends of sizes 65x50 mm on both ends and overall thickness 6 mm was taken as a test 
specimen. The surface of the mild steel specimen was first cleaned with fine emery paper 
and then well finished by Isopropyl alcohol. Afterwards a single indigenous FBG of 15 
mm length having Bragg wavelength of 1545.618 nm and �� 0.122 nm was bonded on  
to the surface of specimen along with a conventional electrical stain gauge (ESG) with  

 
 
Tensile Strain Measurement on MS 
Specimen using both the CSIO-Developed 
FBG Sensor and Micron Optics FBG sensor 
with Electrical Strain gauge  

 

 
Performance comparison for tensile strain 
between FBG sensors and electrical gauge  
 

 
the adhesive, An FBG Sensor of Micron Optics, USA was also spot welded on the other 
side of the specimen for comparative evaluation. Desired bonding strength was achieved 
after three hours stabilisation on period and was finally mounted on the Universal Testing 
Machine (UTM). FBG Sensor and ESG were interfaced with the Optical Interrogator and 
Strain gauge Indicator respectively and initial stabilization was carried out at 40 Kg. After 
this tensile load was applied up to 2000 Kg with an interval of 400 Kg  and data was 
recorded for wavelength shifts in the FBG Sensor along with the corresponding change in 
the value of microstrain obtained from ESG. Data was also recorded during the unloading 
cycle. The same procedure was repeated several times to establish the reliability and 
repeatability of the measurement. Results are presented  in the figure which show 
satisfactory performance of FBG�s.  
 
Measurement of Thermal Strain using Dual FBG Sensor:  
 
Another study was made on the  measurement of thermal strain in mild steel specimen 
using a dual FBG Sensor configuration, each with grating length of 15 mm and Bragg 
wavelengths at 1551.495 nm and 1556.454 nm producing ��=0.150 nm and 0.153 nm 
respectively. One FBG sensor with a central wavelength of 1551.495nm was bonded with 
the adhesive on the surface of second mild steel specimen of the same dimensions as 
stated in the first experiment to measure the thermal strain and the second FBG sensor 
with central wavelength of 1556.454 nm was kept on the surface of specimen without 
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adhesive bonding for sensing temperature. Conventional strain and temperature gauges 
were also fixed side by side at equal distance with the FBG sensor.   
 

This specimen with instrumented FBG 
sensors and electrical strain gauge were 
placed inside the oven and temperature 
initialization was done at 26.4
C. 
Recording of the initial values of FBG 
sensor, electrical gauge and temperature 
gauge were made as shown in the figure. 
The temperature was steadily increased 
up to 65
C at 5
C intervals and  
corresponding wavelength shifts in both 
FBG sensors and strain values of the 
electrical gauge were recorded and are 
shown in the figure.  
 
The temperature values were estimated 
from the wavelength shifts using  
calibration factor for silica fibers 
(11pm/oC). The results agreed well with 
other standard approaches. The Bragg 
wavelength shifts in both the FBGs were 
observed to be the same under change in 
temperature. However, additional effect of 
strain results in larger wavelength shifts 
for the FBG which is bonded to the 
specimen. Wavelength shift due to 
temperature is subtracted from total shift 
of the first FBG and divided by 1.2 
(standard calibration factor for bare silica 
gratings) to get the absolute thermal strain 
due to thermal expansion of mild steel. 

The above experiments were repeated several times in both the specimens to establish 
the reliability in measurement. The proposed technique can be used for temperature-
strain discrimination studies for civil structures. 
 
Measurement of strains developed by the applied compressive load on the 
Concrete Test Specimen using FBGs and ESG 
 
A solid concrete cylinder with diameter of 150mm and length 300mm was selected for 
bonding multiple FBGs along with strain gauges. In the first instant, surface of the 
concrete specimen was well finished with emery paper before applying adhesive to 
eliminate the loose dust particles and free multiple air bubbles from micro cracks. On the 
lateral (longitudinal) surface of the specimen, three points were located at an angle 120
 
each for bonding FBGs and strain gauges. The three FBG sensors each having length of 
30mm, interspacing of 300mm, nominal wavelengths of 1545.49 nm, 1550.410nm and 
1555.348 nm and  �� of 0.083nm, 0.088nm and 0.085nm respectively were bonded on 
the indicated points. Three conventional electrical strain gauges of 30mm gauge length 
each were also bonded along with the FBGs for comparison. A Cyno-acrylic (CN) 
adhesive was used to complete the bonding process and the specimen was allowed to 
stabilise for 24 hours to achieve the desired bonding strength.  

 
Set-up and response for Thermal Strain 
Measurement in Mild Steel using Dual FBG 
sensors
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Average strain responses from FBG 
sensors and Electrical resistance strain 
gauges 
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The specimen was loaded on the Universal Testing Machine (UTM) for compression. The 
FBG sensors and electrical strain gauge sensors were connected to FBG optical 
interrogator and strain gauge indicator respectively. Initial stabilization was done at 1 
Ton. Further compressive load was applied up to 30 Tons at intervals of 5 Tons.  
Wavelength shifts in all the three FBG sensors and microstrain in electrical gauges were 
recorded for different compressive loads and a few trials were carried out. A data logger 
was employed to read electrical strain gauge output for comparison. The study was 
repeated for reverse process to study any hysterisis effects. The results obtained are 
depicted in the adjoining figures.  

                
 
Setup for measuring compressive load  
using FBG sensors on a concrete  
specimen 

 
Performance comparison for compressive 
strain between FBG sensors and electrical 
gauges  

 
Hot Spot Detection and Location in Electrical Equipment:  
 

 
Inside view of transformer with CSIO 
fabricated FBG mounted 

In yet another innovative study three Fiber 
Bragg Grating (FBG) sensors were designed 
and inscribed in a single fiber and supplied to 
Electrical Research and Development 
Association (ERDA) Vadodara for studying 
hot spot detection in power transformers. The 
FBG sensors were calibrated for 10 - 100°C 
range and used in HV winding of 25 KVA 
transformer  energized to 11 KV (HT side) at 
ERDA 

 
 
 

 
 
Concrete specimen with surface bonded 
FBG and ESG sensors 
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Temperature response of a transformer core 
using FBG 

 

 
 

Online monitoring of hot spot in power 
Transformer at ERDA Vadodara using CSIO 
fabricated FBG 

 
Temperature measurements in the transformer using CSIO fabricated FBG�s were 
undertaken at Ardison Associates, Mohali. The results obtained are depicted in the 
adjoining figure.  
 
A sensitivity of 10.1 pm/oC was achieved, which is well acceptable to the transformer 
industry.  
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 Seismographs are widely used to monitor 
and record feeble seismic signals with low 
frequency components at relatively low 
amplitudes levels under noisy environments. 
Analog seismographs with enhanced 
capabilities were developed having features 
of: internal clock synchronised with ATA 
timing signal transmitted by National 
Physical Laboratory (NPL) Delhi; low power 
consumption with MOS technology; solar 
panel based power packs and calibration 

facilities. The indigenous technology was perfected and several systems were supplied to 
Indian Meteorological Department for use in their Seismic Observatories. According to 
Director, Seismology Division, IMD, in a letter dated July 7, 2009 �more than twenty five 
such CSIO developed and supplied analog smoked type seismic recorders are working 
consistently and continuously and providing the data for earthquake monitoring in our 
Seismic Monitoring National Network from which we are immensely benefited. � More 
such recorders are required to meet the growing demand for replacing the existing 
photographic recorders. IMD is dependent on CSIO for supply of such recorders. We 
would also request CSIO to supply the analog recorders to met the requirement of IMD in 
future for the vital national cause of earthquake monitoring in the country� 
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The presence of liquid water in snow plays a major role in studying snow metamorphism, 
mechanics and hydrology. Knowledge of snow parameters is important for understanding 

Analog Seismic Recorders under long term 
testing 
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snow characteristics, climatology, meteorology, snow avalanche forecasting, flood 
prevention and hydropower energy. Measuring snow moisture is a complicated task 
because of the rapid snow metamorphism at and around melting point. Any perturbations 
in the snow may change its structure, texture and moisture rapidly. 
 

Research was carried out towards the development of a portable snow moisture 
measuring instrument for quick, non-destructive and in-situ determination of snow liquid 
water content (moisture) and compactness (density). The module was designed around a 
dedicated micro-controller which can withstand temperatures as low as �25”C. The 
sensor comprised a fork shaped structure at quarter wavelength dimensions and 
operating at micro-wave resonance. The sensor assembly was shaped with sharp edges 
for easy insertion into snow packs. The sensor is excited with a radio-frequency sweep in 
the range of 450-950MHz. The moisture content lowers the real part of the permittivity  
while the imaginary component broadens the resonance curve with a dip at the centre 
frequency. A micro-computer extracts features out of the response pattern for display as 
compatibility towards other communication protocols. The unit offers faster response 
time, enhanced accuracy and is designed for sub-zero temperatures and strong wind 
conditions. 
 
The modules were commissioned at Snow and Avalanche Study Establishment (SASE) 
observatories and long term field trials were carried out in association with SASE 
scientists. The design was frozen after incorporating feedback from user trials. The broad 
features are: auto calibration of Voltage Controlled Oscillator, enhancing resolution of 
power detector and RF coupling. The adjoining figure depicts the site installation and 
results obtained which meet the desired specifications. Several such modules were 
fabricated and delivered to SASE. 
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Snow is a fragile and cellular material with a distinct structural setup of ice crystals. Their 
mechanical properties and stability determine the stability of packs, which are related to 
avalanche phenomenon. Snow is a rapidly changing material with a complex structure 
and fast changing properties such as temperature, wetness, compactness and shape. 
One therefore needs a robust, reliable and eco-friendly gadget for the on-line 
measurement of these properties. The need for an integrated probe with multiple 
measurement capabilities has long been felt. 
 
The laboratory developed a Multi-Parameter Probe with built-in features as mentioned 
above for simultaneous measurement of bonding force between snow grains (vertical to 
snow layers) and temperature of different snow layers. The equipment offers high spatial 
resolution at high speed. It comprises a stainless steel rod having a conical tip of 20 
degrees, equipped with sensors. 

                     

Moisture & Density Profile
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Field Trial of Snow Moisture  
Measurement System in  
progress 

 

A comparison of Snow Moisture and Density 
profile measured with CSIO developed instrument 
and an imported instrument 
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A 490mm deep hardness and temperature profile measured the CSIO Multi-Parameter 
Probe 
 
The unit can easily be inserted into any snowpack to acquire the hardness and 
temperature profile. A DC motor of 120 Watt drives the steel rod inside the snowpack 
with user selectable speed (1 � 20 mm/sec) through a rack and pinion arrangement. The 
instrument offers combined measurement of hardness and temperature, aiding various 
snow based studies. The photograph shows an on-site installation of the unit which was 
subjected to long term trials for data capture, analysis and prediction.  
 

The feedback from user trials conducted 
at SASE observatories at Manali were 
incorporated in the design and its final 
version was frozen. Subsequently four 
units were fabricated and supplied to 
SASE labs at Chandigarh for long term 
installation and field applications.  
 
The above R&D activities have brought 
the laboratory to a level of technical 
acceptance both with IMD and SASE, 
thereby introducing indigenous units to 
meet the ever growing demands of the 

Ministry of Earth Sciences towards setting up more observatories in the Himalayan region 
for national level information recording and retrieval. 
 
 

 
 
Engineered unit of the multi parameter probe 
in use during field trials                

Hardness & Temperature Profile
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Agri-instrumentation research has been given special attention in the laboratory in view of 
its relevance to agriculture and the agro-based sector in a largely agrarian country. The 
focus of Agrionics research has been on the development of instruments, systems and 
processes which are of use to the farming community in applications like soil quality 
characterisation, pre harvest and post harvest technologies, plant health monitoring and 
efficient storage of agricultural produce. The aim is to produce devices at affordable 
prices that are easy to operate in field conditions.  
 
This year, the Agrionics team has worked on developing technologies for plant health 
based on photosynthesis measurements, soil health by monitoring soil salinity (a major 
cause for land turning infertile), quantification of quality of tea and honey using opto-
vision, e-nose and e-tongue measurement techniques. A prototype automation system 
for post harvest storage under controlled conditions has been developed and 
experimental trials in potato storage are in progress. 
 
During the past year four of our technologies, namely: Grain Moisture Meter, Iodine Value 
Meter, Oil Spectrophotometer and Formaldehyde Measuring System were transferred to 
Chemo Electronic Lab, a unit of United Phosphorus Ltd (UPL) in Vapi, Gujarat.  
 
Rajasthan Electronics and Instruments Limited (REIL) entered into an agreement to 
commercialise the Rice Grading and Classification System developed earlier by the 
laboratory. 
 
The expertise developed in the laboratory for potato storage under controlled conditions 
is proposed to be applied to mushroom cultivation in collaboration with Directorate of 
Mushroom Research, Solan. 
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Hybrid e-tongue and e-nose equipment for quantification of quality 
of Indian Tea: 

Due to the large number of organic compounds present in tea, it is difficult to process tea 
to an absolute standard. The aroma and taste of tea depend upon certain volatile organic 
compounds and polyphenols (theaflavins and thearubigins) which develop during the 
fermentation process. In conventional tea tasting, it is difficult to keep a consistency in the 
standard of tea quality which varies from batch to batch during production. 
 
Fabrication of multi array sensors: An electronic nose (e-nose) for aroma detection and 
electronic tongue (e-tongue) for taste detection in tea are under development. The 
electronic nose is being designed using 6 to 12 numbers of solid state sensors which are 
non specific in nature.  
 
In another study for developing an e-tongue, sensors having conducting polymers on 
Indium Tin Oxide (ITO) coated surfaces doped with different anionic dopants have been 
fabricated. The electrochemical behaviour of these sensors in different solutions has 
been evaluated in Cyclic Voltametric (CV)/ impedance mode. Metal and semi conductor 
nanoparticles have been doped to enhance the efficiency of polymer sensors. 
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Pattern Generation: Each odour or taste generates a characteristic pattern or fingerprint 
on the sensor array. e-noses and e-tongues are sensor types intended to simulate a 
sensory response, a specific flavour, sourness, sweetness, saltiness and bitterness. 
Various Indian tea samples have been studied using this sensing set up.  
 
An experimental set up for e-tongue has also been designed using metal and conducting 
polymer sensors to collect taste data is being taken in impedance measurement mode.  
 
Current R&D is focussed on optimisation of sample preparation, sensor data analysis and 
development of feature extraction algorithms. 

Physical properties of black tea for quantification of quality 

Physical parameters play an important role in the quantification of black tea quality. 
Hence a related set of studies of this project involves determining the physical properties 
of black tea samples like colour, particle size, brightness and moisture for estimation of 
tea quality. Image processing techniques are used for extracting these parameters. 
 
A two step image capturing process was adopted for image analysis: The first step was 
Metric Analysis consisting of acquisition of tea sample images keeping the grains at 
sufficient distance apart without overlapping. After correction on acquired camera images 
to remove lens distortion and perspective error, the acquired images were calibrated for 
conversion of camera information into real world units. Particle information from the 
acquired image was obtained by applying pre-processing tools like convolution, 
thresholding and reversing. The analysis provided tea grain characteristics such as: total 
count, average size, perimeter, circularity and slenderness ratio of tea grains.                                  
    

                 
          

 
The second step was Colour Analysis for which 32 bit colour images of the tea samples 
were acquired. The illuminant used was pure white LED Ring Lights embedded over the 
camera lens. To avoid the effects of external ambient light, the experiment was carried 
out by under the setup under black covers. The RGB model was used for colour 
processing of acquired images as it is an additive model, easily understood to machine 
and the machine vision can give direct values of the colour in terms of numbers. From the 
32-Bit colour image, the colour processing algorithm converts 24-Bit colour information 
into three colour planes Red, Green and Blue as per the RGB colour model. Information 
corresponding to each colour containing 256 intensity levels was calculated for each pixel 
and represented as a histogram. 
 
The average colour index value of the image was calculated with the formula: 
 
      Colour Index = � {P1×I1+P2×I2+… Pn×In} /    Total No of Pixels 

 

where Pn is the pixel at nth location and In is the colour intensity of that pixel, 
ranging from 0 to 255. The above formula was used to calculate Red, Green, Blue and 
brightness values of the tea sample image. 

Results after processing of image A view of  the experimental setup 
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This research involves the development of different types of sensors to monitor soil 
salinity; appropriate electronics for sensing and measurement and the development of 
algorithms to interpret the sensed data from the soil fields. This data will further be 
correlated with other soil characteristics like total dissolved salts, moisture, soil 
temperature and texture. 
 
This year the following R&D activities were carried out: development of sensors - both 
contact and non-contact type; selection of various soil sites in association with Punjab 
Agriculture University (PAU) Ludhiana, generating soil salinity data both in the lab as well 
as in the field.  
 

 
     of EC Vs Moisture Plot  
 
Electro-chemical (EC) conductivity measurements and surveys and generation of EC 
maps help in understanding physio-chemical properties of soil in enhancing agricultural 
productivity. From the EC data, various prediction models and other soil property 
mapping are also being carried out to build up site specific models for studies. 
 
The sensor was composed of a transmitter and a receiver coil installed 1 meter apart on 
a non-conductive bar at opposite ends. The transmitter coil was energized with an 
alternating current, generating a time varying magnetic field in the earth which produced 
proportionate emf in the receiver/ secondary coil, representing soil EC. 
 

  
Schematic diagram and experimental setup for measuring soil conductivity of soil using 
non contact methods 
 
EM coils of various geometries have been fabricated.  Experiments have been conducted 
to study sensor response by varying signal frequencies to optimise the design 
parameters. Field measurements have been carried out with DSP based gauss meter. 
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From the EC data various prediction models and other soil property mapping are being 
carried out to build up site specific models. GIS modelling to understand spatial variability 
of soil is in progress.  
 
Various soil sites have been selected in association with Punjab Agriculture University 
(PAU) Ludhiana and a fair amount of soil salinity data has been generated, both in the 
lab as well as in field.  
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In conventional cold storages, potatoes are not stored at suitably low temperatures 
polysaccharides (starch) in the potatoes convert to sugar. At these higher temperatures 
sprouting occurs followed by weight loss, resulting in spoilage and loss. To avoid the 
conversion of starch into sugar and other related problems, a modern storage house 
having sensors and electronic controls has been developed to maintain the quality of 
potatoes under optimum environmental storage conditions.  
 

 
Potato Storage chambers with sensors  
and electronic controls 
 

Under this program, four storage chambers 
along with an air handling system have been 
installed and tested. Each chamber is fitted 
with temperature, Relative Humidity (RH), 
CO2 sensors, electronic control and data 
acquisition system. 
 
Potato baskets of different varieties are stored 
in the chambers at preset environmental 
conditions. The samples are regularly drawn 
from the chambers and analyzed for sugar 
content, dry matter content, weight loss (if 
any) and sprouting. The storage parameters 

will be altered in the subsequent season to derive the optimum environmental storage 
parameters for specific varieties in close consultation with scientists of the Central Potato 
Research Institute, Shimla. 
 
The data generated will be used to establish optimum storage environment parameters 
for different varieties of potatoes. The knowledge base thus acquired will be embedded 
into the monitoring and control software as per the desired agro-climatic conditions. The 
system analyzes and computes desired environmental conditions and accordingly 
activates appropriate controls, thereby maintaining the quality of the potatoes with 
minimal possible weight loss.  
 
The facility created and techniques developed for the estimation of specific gravity, dry 
matter content reducing sugar (dextrose, sucrose) and chip colour are being 
standardized jointly with Central Potato Research Institute (CPRI) Shimla.  
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Variation of activity energy with 
percentage adulteration 

This study deals with the characterisation of honey 
in terms of its physical properties such as moisture 
content, colour index and viscosity. 
 
Measurement models are being worked out to 
quantify the quality and deterioration in quality due 
to adulteration. Expertise available in the laboratory 
on Infra Red (IR) and near Infra Red (NIR) 
spectroscopy is applied along with other sensing 
techniques to develop an instrument with immense 
applications in the herbal medicine industry. A 
typical plot showing activation energy in KJ/mole 

at progressive degrees of adulteration indicate the possibilities of detection of detection of 
adulteration in honey.  
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FBG sensors developed in the laboratory showed promising results for distributed 
temperature measurements in soil owing to their several advantageous technical 
features.  
 

       
Experimental and schematic set up for distributed temperature monitoring of soil. 
 
The study involved three FBGs at Bragg wavelengths 1545.941, 1550.781 and 1555.750 
nms with an inter-separation of 300 mm. These were fabricated, characterized and used 
to monitor soil temperature at different depths as shown in the figure. 

    
Temperature response of soil at three locations where soil has been heated from below 
(left graph) and in the middle (right graph) of the soil column 
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A structure was fabricated to house FBG sensors at specific depths to record the 
moisture retention capability of soil based on thermal mapping. Such studies are useful to 
soil scientists for characterising the suitability of soil for appropriate crops. Discussions 
with scientists of Punjab Agricultural University (PAU) in Ludhiana are in progress to use 
this information for different plantation practices. The results obtained are shown in the 
accompanying figure. 
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Pulsed electric field (PEF) technique is a non-
thermal method for food preservation which 
uses very short duration high voltage pulses 
for microbial inactivation. A stainless steel 
static chamber was designed with dimensions 
38 mm height, inner diameter 125 mm (5�), 
and electrode surface area of 75.4 cm2. All 
these components were assembled and 
tested. 
 
Bacterial growth kinetics were used to 
measure the concentration of bacteria in a 

particular liquid food using the turbidity method. The bacteria was isolated from milk and 
then inoculated in a specific broth. The sample was incubated for 24 hours to allow for 
the growth of the microbes. Bacterial growth was counted using the colony counter 
method. 

Bacterial growth on different media such as 
E.Coli in EMB media, lactobacillus in MRS Agar, 
salmonella in deoxycholate media, 
Staphylococcus in chapmann agar media 
 

 

Impact of pulsed electric field on bacterial 
cells 

 
Electrical stimuli were applied at room temperature for inactivating the micro organisms, 
at varying time intervals and voltages. The effects of such excitations on bacterial growth 
on different media, and the impact of the pulsed electric field on the bacterial cells are 
illuminated in the adjoining figure. This study has been carried out under a networked 
project with the Central Food Technology Research Institute, Mysore. 

Assembly of static chamber 
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The net photosynthesis rate of a plant is expressed as the rate of carbon dioxide uptake 
in the presence of sun light. A system is being developed to measure the photosynthetic 
activity of plant leaves on the oxygen exchange principle to determine the optimized 
environment required for plant growth.  
 
A light, transparent and air tight chamber was designed to hold single leaves of varying 
dimensions. The sensor monitors the flow of CO2 using CO2 adsorption sensor (NDIR 
analyser). The leaf can simultaneously be exposed to atmospheric air and sun light for 
adsorption of CO2 so as to calculate the photosynthesis rate. Algorithms for data 
acquisition, sequential control of gas flow and for calculations of the photosynthesis rate 
were developed on the LabVIEW platform. A modular system has been assembled and is 
currently under testing. The gadget finds extensive applications in precision farming. 
 

    
A view of the leaf sensor head in use        A screen from the software application 
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Medical Instrumentation has been an important area 
of R&D at CSIO. With two operational 6 MV LINACs 
and 513 patients treated at the two locations, CSIO is 
now working on 4 additional, improved LINACs with 
Beam Intensity Control in XYZ directions with 
advanced field and range optics. 
 
A prototype unit of the Electronic Portal Imaging 
Detector (EPID) has been fabricated and system 
integration including synchronisation of imaging 
modes is in progress. 
 
The surgical microscope developed for cataract 
surgery was put on patient treatment by the 
Ophthalmology Department, Government Medical 
College and Hospital at Patiala. Nearly 50 cataract 

operations were successfully performed using this unit at an Eye Camp held at Shah 
Satnam Multi-specialty Hospital, Sirsa during December 13 to 15, 2008. 
 
During the past year, our Hydraulic Artificial Knee Joint and Pulse Oximeter were 
transferred to PB Motors and Mono Blocks, Amritsar and to Rajasthan Electronics and 
Instruments Limited (REIL), Jaipur, respectively. 
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The Department of Information Technology (DIT) 
under the aegis of Jai Vigyan National S&T mission 
project initiated the development and deployment of 
6MV integrated medical LINAC (Linear Accelerator). 
This project was formulated with a view to establish a 
manufacturing facility in the country based on field-
proven technology. Under this program, 6 machines 
were to be fabricated and deployed in 6 different 
cancer hospitals in the country. During the first phase 
of the program, two machines have been developed 
and installed at Mahatma Gandhi Institute of Medical 
Science, Wardha in 2007 and Regional Cancer 
Centre, Adyar, Chennai in 2008. In the next four 
years, under the second phase, remaining four 
machines will be installed in four other cancer 
hospitals in the country. The lower cost and 
indigenous availability is expected to spur the latent 

demand in the country to the level of 10-15 machines per year. 
  
Our second 6 MV LINAC was installed at Cancer Institute, Chennai and inaugurated on 
April 8 2008 by the Chief Minister of Tamil Nadu. The two LINAC�s have treated over 600 
patients.  
 

 
Prototype Surgical Microscope 
for Cataract Surgery in use  
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Jai-Vigyan 6MV Medical 
LINAC Installed at MGIMS, 
Wardha 
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The development of two integrated oncology systems using 6 MV Medical LINAC 
�SIDDHARTH� and their type approval by the Atomic Energy Regulatory Board (AERB) 
has given a major boost to the national medical LINAC programme. Machines installed in 
phase II of the programme will have the additional feature of Beam Intensity Control in 
XYZ directions. It is further planned to take up development of Field and Range optics, 
along with improved field optics and optical distance indicator to enhance the 
performance. 
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In order to accurately deliver a prescribed radiation dose to cancerous tumours while 
sparing the surrounding healthy tissues, one needs a suitable portal device for 
appropriate treatment planning. The geometric accuracy of patient positioning relative to 
treatment beam is crucial and there are a number of factors which affect this accuracy. 

Incorrect patient alignment relative to the 
treatment beam, mis-alignment of the light 
field versus radiation field, shift of skin 
marker and patient movement are some of 
the prime factors. 
 
The Electronic Portal Imaging Device (EPID) 
being developed in the laboratory promises 
the above features and facilitates checking 
proper dosage. This device will complement 
the existing CSIO LINAC systems for 
enhanced performance. 
 
During the year, work was carried out on  

physical fabrication of a camera-based EPID, Graphical User Interface (GUI), 
synchronisation and  implementation of different image acquisition modes of operation 
and integration of EPID positioning, etc. 
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R&D activities on prosthetic devices included the electronic knee with various features 
required as per specific patient needs. Active association with organisations like the 
National Institute for Orthopaedically Handicapped, Kolkata, the Artificial Limbs 
Manufacturing Corporation of India (ALIMCO), Kanpur and Saket Hospital, Panchkula led 
to freezing of various design parameters which are being incorporated in various models 
of knee. 
 
Gait Pattern Studies: The initial experiments carried out with polyvinylidene fluoride 
(PVDF) film did not produce encouraging results. A prototype Force Sensitive Resistor 
(FSR) sensor  mechanism was developed to study gait patterns. Information derived was 
utilised to develop a rugged and robust sensor mechanism for prosthetic shoe design. 
This will help in determining the gait parameters for precise control of intelligent 
prosthetic devices.  

 
 
 
 

Placement of FSR 
sensors (at left) 

The CSIO 
Electronic knee 
(at right) 

The Electronic Portal Imaging Device 
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Swing acceleration studies: A sensing mechanism for precise 
measurement of acceleration of human body segments and knee 
joint angle for gait analysis was developed and tested. This 
mechanism consists of two indigenously developed tri-axis 
accelerometers. Experimental trials were conducted for walking at 
different speeds on electric treadmill to acquire knee flexion-
extension angles and acceleration of normal subjects. Experimental 
results were correlated to establish the relation between knee angle 
and acceleration of lower limb. 
 
Device design and fabrication: Mechanical design of pneumatic 
knee was carried out and and fabrication of the first prototype 
electronic knee was completed. The unit has three walking modes: 
slow, normal, and fast. Real time dynamic swing control of knee was 
generated for governing the gait of amputee.  
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In the Above Elbow Prosthesis developed at 
CSIO, the elbow assembly has been fabricated 
using worm and worm gear mechanism. The 
gear is attached to a DC motor for elbow 
movement. The device 
has a robust   
structure, providing a  
consistent speed of 45 
degrees per second 
with a load carrying 
capacity of 500 grams. 
The maximum working 
rotation angle of this 
joint is 0o�135o. This 

mechanism gave no backlash with the arm movements easily 
controllable with the help of EMG signals of the amputee. 

Electrodes pick up the surface EMG signals on the residual 
limb which after processing control the DC motor of the hand 
for closing and opening operations. 
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Various research activities were conducted to understand the bio-nano technological 
aspects leading to the development of bio-sensors based on several approaches. A 
multi-disciplinary team having active coordination with academic and research institutes 
investigated the basic mechanisms to facilitate further in the field of nano-sensors design.  
 
Studies were carried out on the transportation of Mesalamine / 5-aminosalicylic acid / 5-
ASA drug through molecular motors to observe the action behaviour. Mesalamine is an 
anti-inflammatory drug used to treat Crohn’s disease and ulcerative colitis. Conjugate of 
Mesalamine and polystyrene beads (Dia.: 3 µm) were prepared by amide linkage and the 
results were confirmed by FT-IR spectroscopy technique as depicted in the micrograph. 

 Experimental setup 
for Accelerometer 

Elbow joints of different design  
 

The CSIO above-elbow 
prosthesis and 
myoelectric hand 
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UV-vis spectroscopy revealed that about 93% of 5-ASA was loaded on polystyrene 
beads.  
 
 

 

 
 

(A)                                     (B) 

 
 
                                                            (A)   (B) 

 
FE-EM images of (A) carboxylated 
polystyrene beads and (B) 5-ASA 
loaded polystyrene beads  
 

(Left) Confocal images of drug 
loaded bead tailed actin filaments 
with rotational motion. 3-D view of 
actin filament attached to 
polystyrene beads showing the 
attachment of single bundle of 
actin filament to drug loaded 
beads. 
 
 
 
 

This conjugate was then covalently attached to actin filaments. Velocity of drug loaded 
beads attached with actin filaments in In-Vitro motility assay reduced to 0.89 µm/s as 
compared to the velocity of free actin, 4.64 µm/s. This work provides an insight into the 
actin-myosin based molecular motor mechanism as an efficient tool for drug 
transportation. 
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A cost efficient nanoassembly procedure was developed to selectively assemble actin 
filaments onto specific locations. Studies have been carried out on the effect of surface 
patterning, self-assembled actin filament tracks and electric field on motility assay 
confinement and unidirectional control of myosin. Nanotracks were fabricated as a 
patterned surface using 3-aminopropyltriethoxysilane (APTES) on glass surface. 
Patterned surfaces were prepared with a spot size of 80 µm with an interspacing of 50 
µm using microarray spotter. Structural polarity of F-actin was attained by capping 
negative end with biotinylated gelsolin which inturn convert F-actin into biotinylated F-
actin. F-actin was visualized as long fluorescent filaments while biotinylated F-actin was 
observed as fluorescent dots on optical tweezer. To use myosin as a fomites and aligned 
actin as a track, velocity of fluorescein isothiocyanate (FITC) labeled myosin sliding over 
actin filaments was estimated using tracking program developed in MATLAB. Velocity of 
myosin on nitrocellulose coated surface and APTES coated surface was found to be 3.50 
µm/sec and 2.97 µm/sec respectively. Lateral alignment of immobilized actin filaments 
along the desired direction was attained by applying 5.0 V electric field. Present study for 
nano- micro fabrication is efficient in governing control over molecular motor systems 


