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SUMMARY OF THE REPORT

TITLE OF THE PROJECT :  DEVELOPMENT OF MICROPROCESSOR
BASED AGRO DAIRY INSTRUMENTS
IND/81/025/A/01/37

Electronic Systems Punjab Ltd.
Chandigarh through the Deptt.
of Industries, Government of
Punjab, India

United Nations Industrial
Development Organisation
(UNIDO)

Project Number
Government Implementiang Ageancy

Executing Agency

The Project was approved omn 5th January, 1982 for a period of two
and a half years. As per the Project Document, the contribution
of Govt. and the UNDP to the Project was Rs. 2,000,000 and US §
2,92,000 respectively. The Project”s duration had to be exteanded
upto December 1986 due to circumstances beyond the coantrol of
Project Authorities. The previous UNDP inputs of US $
2,92,000 were also revised to US $ 3,59,350.

The Project envisaged two immediate objectives as enumerated in
the Project Document:

(a) To design and fabricate prototypes of Microprocesscr based
Grain Quality Analyser, and Microprocessor based Milk
Analyser, and;

(b) To develop indigenous expertise in Instrumentation for Agro-
Dairy Applications through the training of National Persomnel.

Jnder the Project, a Microprocessor Near Infra-red based Cereal
Grain Analyser capable of measuring percent protein and moisture
contents in Cereal Grains has been successfully designed aud
developed. The fastrument, developed for the first time in India
has been calibrated omn wheat and has been field tested at Indian
Agricultural Research Institute (IARI), New Delhi. The design
of the Milk Analyser is similar to that of the Grain Analyser
subject to some nodifications.

For developing indigenous expertise in instrumentation for Agro-
Dairy Applications, experts in {nfra - red Agro — Dairy
Instrumentation were identified and their visits to the Project
site were arranged. Based on their recommendations, project
engineers were sent abroad under fellowship training programme.
Thus the necessary infrastructure for the development of
Microprocessor based Agro- Dairy instruments has been created
which can take uj development of similar sophisticated
Microprocessor based Agro-Dairy instruments in future.




I. OBJECTIVES AND LOGIC OF THE PROJECT

I.1 OBJECTIVES
The immediate objectives of the Project were :

i) To design and fabricate prototypes of the following
two instruments :

(a) Microprocossor based Cereal Grain Quality
Analyser, and
(b) Microprocessor based Milk Analyser

ii) To develop indigenous expertise in Instrumentation
for Agro-Dairy Applications through the training of
National Personnel

1.2 PROJECT LOGIC

Increasing agricultural and dairy production continues to be a
priority in India. Although advances have been made in the field
of production of grains and cereals in India, these are not yet
enough to offset the effect of rising population pressure in the
country. To increase the level of agricultural production to
a suitable level, it is vital that all agricultural processes be
optimised to wutilise all material 1inputs with as high an
efficiency as possible. Therefore, it becomes necessary to
provide adequate instrumentation that can measure the appropriate
agricultural parameters and help in a more effective control of
agricultural processes.

Due to lack of quantitative weasurement at critical points in the
production and distribution of agricultural materials, a
significant quantity of possible produce is being lost. Examples
are :loss of grain in storage due to inadequate wonitoring cf
storage conditions and grain quality; loss of dairy production
due to poor control of nutriti{ve contents of fodder fed to the
cattle and poor storage methods etc. Although these factors are
not unknown to the agricultural community, there is a dearch of
reasonably priced wmeasuring instruments. A few {instruments
that are available are being imported at a high cost and the
measurements are also  Jually expensive. There has  been
therefore, an urgent need to develop and manufacture agricultural
instruments that are capable of making agricultural measurements
needed by Tndian faruwers and are , in addition; capable of
operating under Indfan field conditions.




To prevent grain loss in storage due to decay, it is necessary to
continuously measure the nutrition ceantents of stored cereal
grains. An instrument capable ¢f quantitative evaluation of grain
quality by wmeasuring the wmoisture, protein and oil contents in
grain samples would go a long way towards solving this problem.
In addition, such an instrusent can be used for grading of
grains being brought into the market. Similarly, to operate the
wodern dairy 1industries efficiently, it is necessary to wonitor
the quality of raw wmilk being supplied to users and also to
maintain the nutrition and fat contents of processed milk. For
this purpose,instruments like wilk analyser are needed in large
numsbers to rapidly determine the composition of given samples
of wmilk.

Both the instruments amentioned above can be built using the
technique of near infrared spectroscopy, coupled with latest
nicroprocessor based techniques. Because of the univarsal
applicability, this weasurement technique was chosen for
development in the Project. Therefore, the objectives of the
Project, as stated earlier,include the design and fabrication of
prototypes of Cereal Grain Analyser and Milk Analyser based on
near infra-red, microprocessor based technique.

Due to lack of competence for manufacturing these instruments
indigenously, it was considered necessary to create expertise in
the related areas among the national personnel. Therefore, the
second objective of the Project was to develop this expertise
among national personnel through training at places abroad where
this technique has already been well established.




1I. METHODOLOGY ADOPTED

I11.1 STATUS OF TECHNOLOGY :

Primarily, there are two types of aqear infra-red spectroscopy
based food quality analysis instrumeants, namely Fixed Filter Type
Instruments and Tilting Filter Type Instruments. Some of the
companies cosmercially producing such instruments in the world
are:

(a) M/s Pacific Scientific of U.S.A. using optical filters in a
tilting mode and making grain analysis instruments;

(b) M/s Technicon using fixed filter technology and making agro
dairy analysis instruments;

(c) M/s Foss Electric, Denmark using fixed filter technology to
make dairy analysis instruments;

(d) M/s PERCON using fixed filter technology to make grain
analysis instruments;

(e) M/s MULTISPEC making milk analysis instruments using fixed
filter technology etc.

In the the beginning, therefore, a detailed survey of these
technologies and the different products built on these
technologies was made to determine their relative werits and
demerits. As a result of the survey,it was found that the use of
optical filters in a cilting mode configuration was  more
suitable. The advantages of tilting filter technique over the
fixed filter technique are as under :

i) Products based on tilting filter technique are less costly
as compared to those based on fixed filter technology as
they use lesser number of optical filters;

11) Tilting filter technique allows the use of a variety of
mathematical treatments on the optical data; whereas 1in
fixed filter instruments, generally, delta log l1/R technique
only is used.
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As the effective wavelength passed by an optical interfereance
filter in tilting mode can be shifted by 10 I without serious
distortion, large number of discrete wave lengths can be
generated for scanning the sample using oune filter onmly.
This means lesser number of optical filters have to be used
in tilting mode. In contrast, for the fixed filter technique,
one filter is needed for each measurement wavelength. Use
of tilring filter techmnique, thus, reduces the cost of
instrument, particularly as these filters are not
manufactured in India and have to be imported.

light of the above, it was decided to proceed with a near

jnfra-red spectroscopy mlicroprocessor based instrument using
tilting filter optical technology.

11.2 IMPLEMENTATION

The

development of the Grain and Milk Analysers involves both

electronic and near infrared optical designs.

(a)

(b)

As Electronic Systems Punjab Limited (ESPL) had adequate in-
house facilities in the field of electronic design and
developuent,it was decided that ESPL itself should take up
the design, development and fabrication of electronic sub-
system. The electronic sub-system as used in the instrument
consists of three major circuits:

i) Microprocessor and its associated Logic Circuits
ii) Analog-to-Digital Convertor
iii) Analog Amplifier

All these circuits are described in detail in Annexure 1
“"Electronic Subsystem Description” of this Report. The
complete circuit diagrams of the instrument are given
in Diagrams D3 - D15 in this Report.

As the necessary expertise for the development of optics
sub-systen did not exist with the Project Authorities at the
time the Project was conceived, it was decided that experts
from abroad in the field of near {nfra-red {nstrumentation
should be identified and {nvited to the Project site for
help 1in developing the opto - mechanical portion. In
addition,collaborative programmes should be established with
the national institutions for fabrication of the electro-
optical subsystem.




(c)
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The Diagram I gives details of the optical sub system. This
is briefly explained in Annexure II.

The light energy is generated by a tungston halogen lamp(6V)
being cperated at 5V. The 1light is then collimated by a
quartz lens.The parallel beam of light after passing through
the interference filters mounted on the encoder wheel, falls
on a blocking filter. The blocking filter blocks out any
external light and allows only the measurement wavelengths
to pass through. The wavelength after passing through the
sample cup window falls perpendicularly on the sample,
A pair of lead sulphide detector: are mounted at an angle of
45 degrees to collect the diffusely reflected radiaton.
Please refer to Annexure 11, Technical Specifications
of the optical subsystem are given in Annexure III.

The second objective of the Project was to develop
indigenous expertise in related fields. This was sought to
be accomplished through the training of national personnel
in suitable places abroad as suggested by the 1invited
consultants and experts to the Project. In addition, these
experts were to train the Project personnel on  various
aspects of near infra-red technology during their visits
to the Project site.

To create the necessary infrastructure for achieving the
Project”s immediate objectives, various test equipment were
identified and requisition for the same were placed with
UNDP, - During the period, the Project was under
implementation, these items were duly procured by UNDP and
supplied to ESPL. The complete list of all such equipment
is given in Annexure 1IV.




II1. ACTIVITIES CARRIED OUT AND OUTPUTS PRODUCED

II1.1 Design and Development Activities

1)

i1)

111)

It was decided to proceed with the design and development of
a Cereal Grain Analyser initially. The development of the
Milk Analyser is similar to that of Grain Analyser which can
be used as Milk Analyser but with sowme modifications.

The specifications of the proposed instrument were finalised
after indepth discussions with the potential customers like
NDDB. The technical specifications of Cereal Grain Analyser
are given in Annexure V.

The Cereal Grain Analyser design can be divided into two main
stages :

a) Electronics Sub system design; and
b) Opto-mechanical Sub system design

II1.2 Electronic Sub-System Design

The

electronic sub-system design further consists of different

design activities :

a)

b)

c)

d)

e)

On the hardware side, the sub-system design includes printed
circuit board design, circuit design, identification of
electronic components, wiring diagrams etc;

The software design involves development of software in
assembly language for the system and testing it
simultaneously with the hardware, sorting out any bugs
present and improving the software to make 1t as user
friendly as possible.

All these activities were successfully carried out.

Instrument software was developed for performing complex
regression analysis on the optical data picked up by the
optical subsystem.

All the electronic components were identified along with
their sources of purchase, with effort being wmade to keep
the import content in the components as lictle as possible.

Hardware design was also finalised and three major printed
circuit boards were developed for the assembly of electronic
components. These boards were : Microprocessor Board, the
Analog-to-Digital Convertor Board and the Amplifier
Printed Circuit Board. Detailed description of the electronic
subsystem can be seen in Annexure 1.
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I11I.3 Optical Subsystem Design

As mentioned earlier, after making a detailed study of optical
designs of commercially available instruments in the world
market, a near infra-red (NIR) tilting filter design was chosen.
As the visit of foreign experts to the Project site and the
training programme of project engineers was delayed, it was
decided by the Project Authorities to contiaue on their own, the
development of the optical systea design waich could be further
upgraded or modified after the experts” arrival, based on their
advice. Accordingly all the optical components were identified
and the complete design of opto-mechanical subsystem was done.
Annxure II describes the optical subsystem.

111.4 Eng!aeering Activities
Electronics

1) All the identiffed electronic components were procured.
Some of these components had to be imported from different
countries since they were not available indigenously.

1i) Orders were placed with UNDP for the purchase of Test
and Production equipment required for the fabrication,
testing and calibration of the Cereal Grain Analyser,

iii) Complete Printed Circuit layout and design was done for the
three Printed Circuit Boards(PCBs) as described in Aunnexure
1. The PCBs were then fabricated as per the design.

iv) The printed circuit boards were then seperately mounted with
electronic components and were fully assembled alongwith
their power supply.

v) All the electronic printed circuit boards fabricated earlier
were tested separately and as a whole for testing of thne
complete electronic subsystem.

Opto-mechanical

1) As ESPL did not have facilities for fabrication of complex
opto-mechanical parts, it was decided to carry out the
fabrication of the electro- optical subsystem with the
technical assistance of Central Scientific Instruments
Organisation (CSIO), a national laboratory under Council of
Scientific & Industrial Research (CSIR). A sub contract was
given to them for this purpose with the understanding that
all optical components would be supplied by ESPL. Many of
the optical components were not readily available in the
world market and were purchased after considerable joint
efforts of ESPL and UNDP.
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ii) The visit of UNDP experts in near infra-red technology to the

Project site was delayed and they could visit the Project
only in 1985. However, their visit could not contribute much
towards achieving the Project’s objectives. in the absence
of any concrete proposal for an alternate optical design,
it was decided to proceed ahead with the original optical
design and conplete fabrication of opto-mechanical subsysten
was done with the technical assistance of CSIO.

111.5 Integration

The electronic and opto mechanical subsystems were integrated
together and the system was tested successfully as a whole to
produce the first prototype of Cereal Grain Analyser.

111.6 Calibration Activities

i)

11)

iii)

Before the instruwment could be put to field use, it had to be
properly calibrated. Realizing the importance of calibration
of the instrument, the Project Authorities requested UNDP for
provision of an international expert in calibration for the
Project. The name of Mr. S.A. Nexo was approved in this
context and he visited the Project site during May 1986.
After his visit, the Project Authorities requisitioned
UNDP for purchase of equipnent for calibration based on his
advice.

In addition to advising about calibration methods for the
prototype, Mr. Nexo had also suggested some improvements in
the first prototype design. As the Project Authorities found
his suggestions useful, a second prototype sinilar to the
first one but incorporating the modifications suggested by
Mr. Nexo was fabricated afresh and tested.

Calibration of Cereal Grain Analyser involved collection of 3
large nunber of grain samples. These samples not only
had a representative range of constituents to be measured
but also had many different varieties and were from as many
different places of the country as possible. Realising the
importance of good calibration, the Project Authorites
established contacts with many agricultural {astitutions all
over the country and thus collected various samples of wheat
of different varieties with varying percentages of protein
constituent.
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iv) In view of the importance of calibration in such instruments,
Project Authorities requested UNDP for a second visit of
Mr. Nexo to the Project. Mr. Nexo visited the Project for a
short duration again in December 1986. The second prototype
of the Cereal Grain Analyser was successfully calibrated on
the grain samples collected for protein and moisture.

v) Field testing of the two prototypes was done over a period of
five days at the Wheat Project Directorate, IARI, New Delhi.
The letter certifying the performance of the instrument is
attached as Annexure VI in this Report.

I11.7 Training Activities

1) UNDP experts iun infra-red technology were to visit the
Project in 1984. However, their visit could be arranged
during 1985 only. The Project was visited by Mr. John Shield
in February 1985 and by Dr. H A Gebbie in April 1985.
However, their visits were not useful towards meeting the
Project objectives.

ii) The training of the project personnel was originally suggested
in 1984. Because of difficulties faced in the placement of

this personnel, the training of selected persons was delayec
and the first two engineers were able to under go their training
during the period November 1985 - April 1986. ancé the third
engineer could only receive training in Mav - July 1986. Tue
fourth engineer was sent abroad for training in February 987
for a three month period.

1V. ACHIEVEMENT OF IMMEDIATE OBJECTIVES

i) The Project’s immediate objective of design and development
of a suitable Cereal Grain Analyser has been achieved. The
Cereal Grain Analyser has been calibrated on wheat samples
and the field testing of the prototypes has been done at
IARI, New Delhi.

11) The design of the Milk Analyser is similar o that of the
Grain Analyser. With wodifications, the Grain Analyser can
be used as a Milk analyser. (Annexure VII).

111) The Project’s second objective of training national personnel
for developing indigenous expertise has also been achieved.
Four Project engineers have been trained abroad in the field
of near infra-red instrumentation and a well equipped
laboratory has been established at the Project site for
undertaking development of such sophisticated instruments.
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V. UTILISATION OF PROJECI RESULTS

Keeping 1n view, the importance of the product in enhancing the
quality of agro-dairy products, ESPL has taken several steps for
effective utilisation of the Project results.

1)

i1)

i11)

Commercialisation and Future Development

As a result of keen 1interest evinced by various user
agencies, ESPL {is going shead with plans to manufacture a
Near Infra-red wmicroprocessor based Grain Composition
Analyser. Initially, the target is to manufacture about 1000
number of such anaylsers every year.

In order to update the existing {aostruments, ESPL has further
taken up the development of an oil analyser for oil
mseasurements in oil seeds. This iastrument will also be
based on near infra red technology and will incorporate the
latest technology.

Creation of Necessary Research Environment

Because of the fast changing technology in the field of
microprocessor based electronics and optical techniques,
there is an imperative need to keep pace with the state-of-
art technology in these areas. Therefore, ESPL is keeping
track of the developmental activities being wundertaken
elsewhere 1in the world. For continuous updating of the
existing technology, a well equipped research laboratory has
been established at the Project site. The laboratory 1is
staffed by well qualified engineers trained abroad under the
Project. Thus, the necessary environment for development of
similar near infra-red mi~..processor based instruments has
been created in the countr,.

Applications of Project Results

The Grain Analyser developed under the Project can be
utilised in a number of applications to benefit the
agricultural community by increasing the quality of agro-
dairy products in the country through

a) monitoring of grain quality during storage,

b) wmonitoring the quality of grains being brought for sale
to the agricultural markets in the country. This will
help in gradation and price fixation of the grains ;

Besides the instrument can be used in agricultural research
{nstitutions all over the country to check the quality of
grain produce in various parts of the country, New methods
e.g adding a particular type of fertiliser to improve the
protein content can then be suggested by these research
{nstitutions and the result can be monitored by checking the
protein content of grain sanples by the instrument.




VI. FINDINGS

i)

i1)

iii)

iv)

v)

vi)

Projects of this nature are of high relevance,
particularly to countries like India which are largely
dependent upon agriculture as a base for their
economic development.

During implementation of the UNDP Project, a well
equipped laboratory with well trained staff got
established. With the assistance provided by UNDP, it
was possible to develop a Grain Analyser capable of
measuring protein and moisture content in cereal
grains. During the process of development, various
problems were encountered, solutions to which were
found through inhouse RS&D of ESPL which has a strong
base in the field of electronics and cowputers
design and also through exchange of information with
local as well as foreign sources. The successful
development of the ianstrument besides creating
expertise in this area has also been able to
generate a high degree of confidence in the group for
undertaking similar other projects. This has thus
paved way for undertaking development of many more
such sophisiticated instruments.

The techno—economic benefits expected from the field
trials provided an outlet for creating awareness about
the product in the relevant segment of the market. As
a result, the Project has till date evoked 1lot of
interest and enthusiasm among the potential wusers
thereby adding to its demand in the ultimate analysis.

The support provided by UND?P in this area which is of
great relevance to the country has been considered as
a matter of prestige by the Ccmpany. This, along with
successful developuent of the instrument, has boosted
Company”s image considerably in other areas of 1{its
market.

Having been the first company in India to 1introduce
micro/mini computers and data acquisition & control
systems based on state-of-the—art technology, the
development of this instrument once again based on the
latest & contemprory technology and for the first time
in the country added yet another dimension ¢o
conmpony”s countrywide corporate image of being the
“High-tech pioneers”,

In 1its endeavour to create high -tech environment by
introducing products based on latest technology-
contemprory to that available in international market
the company created a strong R & D base for computer
hardware and software {ncluding separate software for
real time applications. To keep pace with
international developments in the area ,this base got
further strengthened both in terms of sophisticated
equipment and the technical expertise through the
trafining and development of wmanpower under the
project.




VII.

RECOMMENDATIONS

i)

ii)

111)

iv)

Due to the interaction, the Project Authorities had,
particularly with the local sources and the response
which was thus received during the fimplementation of
the Project, it is felt that UNDP wust support
developaent of similar froat line technology products.
Such front line technology projects should be
undertaken through UNDP assistance because of :

a) Ready access to the latest and 1innovative
technology as available 1in tha advanced
countries.

b) lemediate availability of effective channels for

exchange of information with the concerned
ceatre of excellence elsewhere in the world.

c) Ready availability of assistance in terms of
men, materials, and money which are so very
vital for successful completion of the Projects.
Now,since a well equiped laboratory,with trained
personnel and suitable expertise is available at
ESPL, it is recommeneded that there should be a
mechanism for constant interaction of ESPL with
UNDP for implementation of similar projects.

It is strongly recomaended that in order to enable
the third world countries to reap the benefits of such
intensive technology development efforts, a suitable
mechanism for dissemination of knowledge must  be
evolved by UNDP.

Although the Project has been able to create
sufficient base for further development in this area,
{t 1is strongly recommended that UNDP should continue
to play an active role at least in the exchange of
{nformation so that Project authorities remain upto
date with latest developments taking place on the
international scene. One of the mechanisms
recommended could be through the constant exchange of
personnel.

A suitable mechanism should be evolved by UNDP to
assess the iwmpact made through the development of this
technology and the benefits accruing from the
commercialisation of the technology.




ANNEXURE 1

ELECTRONIC SUB-SYSTEN DESCRIPTION

The electronic sub-system is divided fnto following three
printed circuit boards and a power supply unit as can be seen in
Diagram I.

1. Amplifier and Detector PCB

2. Analog to Digital Converter PCB

3. Microprocessor based Memory and Control PCB
4. + 14 V Power Supply (SMPS)

A brief description of these PCB“s is given below:
1. Amplifier and Detector PCB:-

The electroaagnetic radiation after passing through the
blocking filter is allowed to fall on the grain sample
enclosed in a sample compartment. The diffusely reflected
light 1is picked up by two lead sulphide detectors mounted at
an angle of 45 degrees. These detectors are fixed on an
aluminium block mounted on the amplifier and detector PCB.
Since lead sulphide detectors are extremely sensitive to
temperature, these are cooled by thermoelectric cooling
units wmounted on the Aluminium block which serves as a heat
sink. The temperature of the detector is sensed by a
thermistor mounted on the heat sink. The lead sulphide
detectors convert the weak light signal iato electric signal.
As this signal is extremely weak, it is further amplified and
converted into log 1/R by a logarithmic amplifier. The
temperature control system is also mcunted on the PCB. The
first amplifier and the 1log amplifier are temperature
controlled by this coatrol system. All the amplifiers use
F.E.T. {input linear integrated circuit (771) for better
performance and S/N ratio.

2. Analog to Digital Converter PCB

The amplifier and detector PCB is connected to the analog to
digital converter PCB by a 20 pin connector. The log 1/R
analog signal is given to a 12 bit "successive approximation"
analog to digital converter IC working in bipolar mode with
an input signal range of +/- 10V. All the A/D timing
signals are also generated in this PCB with the help of two
nos. CA 311 and an optical source and sensor assembly. An
optical encoder wheel having very fine metal etchings is
fixed on the circumference of the rotating filter wheel. As
the filter wheel rotates, the alternate black and white
etchings pass through the slit of the optical source and
sensor assembly.




This results in generztion of timing pulses. With the help
of an index pulse on the encoder, the position of the filter
from the time they avre in front of the light beam to the time
they are blocked from the beam can be fixed. Each filter is
rotated by an angle of 36 degree in front of the light bean
and in this period, one hundred pulses are generated by the
enccder or 1in other words 300 readings are taken in one
rotation. These pulses from the optical encoder are shaped
by two mnumbers 311 integrated circuits and provide the
read/wurite pulses for the analog to digital converter. To
synchronise the aicroprocessor to the A/D converter, these
pulses are further shaped by monostable wmulti vibrators and
fed to the microprocessor card along with the 12 bit digital
signal,

This PCB also contains the filter wheel motor control circuit
and the regulated + 5.0 V d.c. supply for the quartz halogen
lamp. Two numbers IC 3524 pulse width tracking regulators
form the basis of + 5V logic power supply and the lamp power
supply. The + 15 V power supply is generated by MC 1568
dual regulator integrated circuit.

Microprocessor Memory and Control PCB:-

The Microprocessor Unit uses a 8 bit microprocessor TINTEL
8085" for processing of the large amount of spectral data
input from A/D PCB. The software program 1in assembly
language 1is contained in 4K byte EPROM chip mounted on the
PCB. Two 5101 RAM IC"s (256 x 8 bit) are used for storing
the calibration constants and the wavelength values at which
readings are to be taken. They also serve as a scratch pad
for the software program. The RAM”s are provided with a
separate + 3 V d.c. supply from alkaline cells to prevent
erasure of calibration constants at switch off, This card
also contains the digital display with the display logic
circuit and the buzzer. It also contains seven no. of
L.E.D.s which 1light up to 1indicate the status of the
fnstrument. The software program controls the working of the
instrument 1including the keyboard and the amplifier card.
The spectral data 1is 1input to RAM and is processed by the
microprocessor according to the linear wmultiple regression
equation program stored in the EPROM. This PCB {s connected
with the help of a 44 pin connecter to the Analog to Digital
Converter PCB and through a 10 pin connector to the keyboard.

Power Supply Unit:-

A + 14V Suitching Mode Power Supply Unit is the main d.c
sunpply for the analog to digital converter card from where
all the other supplies are generated. The ~250V d.c. supply
for the lead sulphide detectors is generated using a d.c. to
d.c. converter (+5V/250V).




OPTICAL SUB-SYSTEM DESCRIPTION

The Instrument works on the principle that all counstituents
in a compound are capable of absorbing electromagnetic
radiation. Also each constituent: has a unique Absorption
Band or in other words absorbs 1light of a particular
wavelength only which is characteristic of the wolecular
structure of that constituent. Therefore, measurement of
this absorbed wavelength can serve as a signature of the
presence of a particular constituent in a compound. It has
been obser—sd that the absorption of light by a particular
constituent in the sample is directly proportional to the
concentration of that constituent provided the path length of
light remains constant. This is given by Beer’s Law as:-

ALl = log 1/Ti = aibe

Where ~Ai~ is light absorption at a particular wave length;
“Ti~ 1is the percent of light transwitted through the grain
sample; ~ai” is the absorption co—-efficient for a particular
constituent 1i.e a constant; ~b” is the path length of the
light; and “c¢” is the concentration.

As 1t is relatively difficult to measure the light
transmitted through the solids, 1instead the diffused portion
of the light reflected from the sample is measured and
collected. This is the light which is first absorbed by the
sample and then reradiated diffusely in all directions. Now
Beer’s Law is modified as:-

Ai = log 1/R = aibc
Where R is the percent reflected radiation.

It has been shown that water, protein and oil have unique
absorption wavelengths in the near infra-red region of the
spectrum e.g. water has absorption bands at 1.45 and 1.94 um,
protein has absorption band at 2.06, 2.18, 2.30 um and oil
has absorption bands at 1.725, 2.35 and 2.345 um.

Out of these,the best possible wavelengths are selected by
statistical analysis on a computer wlere absorbance by the
desired component 15 mazimum compared to other constituents
and also there is minimum interference from other physical
effect 1like particle size effect etc. The cereal grain
analyser wmeasures the protein and water contents at select~d
wavelengths of 1.94,2,05,2.14 and 2.25 un and uses narrow
band interference filters {in a tilting filter system
described later in this annexure.

ANNEXURE 11




- 18 -

The light absorption "AL" is thus measured at these
specific wavelengths and a linear multiple regression
analysis equation {s solved to predict the percentage
composition. The linear regression model wused 1is the
straight line wmodel.

i.e. Y =CO0 +Cl (X)

Where Y is the percent composition of a particular compound,
X 1is the 1independent variable 1i.e. the absorbed light
radiation measured earlier. CO and Cl1 are calibration
constants obtained by statistical analysis of a large number
of samples by plotting the sample chemical results on Y axis
and the instrument reading on the X-axis. CO is the
intercept of the straight line and Cl is the slope of the
straight line.

OPTICAL SUB-SYSTEM OF THE CEREAL GRAIN ANALYSER

The optical diagram of the Cereal Grain Analyser is shown 1in
DIAGRAM I1. The Grain Analyse- is used for the simultaneous
determination of moisture and protein in cereal samples.
Infra-red spectroscopy technique is used for this purpose.

A quartz halogen lamp coupled with a reflector, focusses the
radiation 1in the front focal plane of a2 collimating quartz
lens. The parallel beam of light after passing through a
monochromator consisting of three narrow baad pass (10 nm)
interference filters of central wavelength 2,08 um, 2.19 um
and 2.32 um, a broad band pass blocking filter, and two
quartz glass windows, falls perpendicularly on the sample.
A pair of leadsulphide detectors are positioned at 45 degrees
to the sample to receive the diffused reflected light from
the sample.

The principle is that the effective center wavelength of the
filter shifts towards shorter wavelength as the filter {s
tilted in the light bean. The wavelength allowed to pass is
governed by the following equation,

AR

M=

Mo (Nz‘ S‘N:‘G)l _ vheve A= Wavcﬂtr% *)‘h‘”%‘ 4
T e v e gl ©

LNOVV“R)

N = gtf..,..g)ci ve Tvdenr

Wavelength 3can ¢ NIR region is obtained by rotating a
multi-filter wheel mounted on a position detector encoder.

The standard interference filters used in the instrument and
their scanning ranges are given below:-

Filter No. Pulse Point Filter in Scanning Constfituents
normal position Range(NM)

B SEESSArSSESESS N S EESIEEEN S EEE RN AEE SR AN SN SN SE N SIS AN EESESENNESESSEERERES AN

l. 223-222 2080 NM 1901-2080 Moisture
2, 566-665 2190 NM 2000-2190 Protein
3. 899-998 2320 NM 2210-2320 Protein C.M,

(L PP Y P P I T PP F Y Y Y YR PP R TR Y P PRSP RIS RESES S SRR 2 2 2 0 2 2 0 2 2 2 2 2 R YRS 2 R L 5 2 J
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ANNEXURE III
TECHNICAL SPECIFICATIONS QE_THE OPTICAL SUBSYSTEM ARE:
i) Halogen lamp »f Tungsten Filament = 6V/10W
i1) Collimating lens:
Focal Length =32 om
Diaamcter = 34,9 om
Central Thickness =13 sa
Radious of curvature (Rl) = 31.002 mm
Radious of curvature (R2) = 31,002 mm
Material used = Quartz Glass
iii) Interference Filters:
a) Central Wave Length = 2080 nm
Half Band Width = 10 nm
b) Central Wave Length = 2190 nm
Half Band Width =20 am
c) Central Wave Length = 2302 nm
Half Band Width =20 nm
iv) Encoder Disc
Frequency = 500 slits/Circle
v) Quartz Windows:
1. Diameter = 54 aom
Thickness = 1,2 mo
2, Diameter = 35 om
Thickness = 1.2 mm
vi) Infra- red-Broad Band Pass Filter
(Blocking Filter):
Central Wave Length = 2150 nm
Half Band Width = 61 nm
Cut on Wave Length = 1750 nm
Cut off Wave Length = 2530 nam
Peak Transmission = 80%




DATE
09/20/82

10/05/82
10/05/82
10/05/82
10/05/82
10/05/82
10/05/82
10/05/82
10/05/82
11/03/82
11/03/82
11/03/82
11/03/82
11/23/82
11/23/82
11/23/82
11/23/82
11/3/82
11/23/82
11/23/82
11/23/82
11/23/82
11/23/82
11/23/82
11/23/82

11/23/82

P.0.NO.
1520055

15-2-K0565
15-2-K05%65
15-2-K0565
15-240565
15-2-KC3%65
15-2-K0%5
15-2-K0565
15-2-K0565
15-2-K0682
15-2-¥0682
15-2-K0682
15-2-K0682
15-2-K0737
15-2-K0736
15-2-K0736
15-2-40736
15-2-K0736
15-2-K0753
1520753
15-240753
15-2-K0753
15-240753
15-2-K0753
15-2-0753

15-2-K0753

5 SEIS

126PCS

1PCE

IeCE

130

1PCE

IPCE

ICE

1PCE

DESCRIPTION
(MODEL 192) PROGRAMMABLE DIGITAL MATIMEYER WITH TR'S AC OPTION

ROTORORMER(RFSS0)AXIAL LEAD CUTSFORM MACHINE(230V SQHZ)FIXED BA-202.
STRIPPER/QJTTER HAND TOOL(HAND WIRE STRIPPER)PSC-1 DE-0006.

PSE-1 STRIPPER CABLE DE-0003.

PRINTED CIRQUIT BOARD HOLTER (Wi—40) DE-0014.

WS3 FORER WITH TRANS/CAP KIT 0-109 LSOI(CUTTERSFORMER LEAD MANUAL)
STRIPPER FLAT 230 VOLT SOHZ(DI09,WIRE STRIPPER) DE-0045

WL FYB PAIR 1/4*1/4(335AH 640FL)

1P3 QUTTING & BENDING TOOL(TOOL COMPONENTS LEAD BENDING).

U BIX V3R COPYING M/C WITH A DRUM,UNIVERSAL & A~4R CASSETTE

U BIX V3 COPY KIT DEVELPR(900G),TONER(225%4)S0THER ACCESSORIES

U BIX V3 DRUM (EXTRA)

SPARE PAKTS .

SPL CALIBTOR(PORT DIG MILDMIR CALIBTR W/RECHARGBEL BAT PACK MDDL5154)
CAROUSE. S-AV2050 SLD PRQJECTOR

CAROUSEL S-AV2050 SLD PROJECTUR

REOTE QONTROL W/4M CABLE(CRSL RMT GNTRL).

RETINER F3.5 85MM LENS 66121(PRIN RTINR LNS 85M4).

GRAIN MOST DETECTOR MODEL G-6/56-E MODEL G-6 W/56-E DBL DISC ELECTOE
¥-121 GRALN THERDMETER.

CARRYING CASE #1502 (G-6).

# 830-2 10" PROD (BALED HAY).

# 830-3 18" PROD (HAY IN MOWS).

# 830-3 3" PROD(HAY IN MOWS).

# 831 SHORT PIN PROD(CHOPPED HAY HAY IN WLNDROMS).

# 832 LONG PIN PROD(SEEI*GRAIN IN BAGS).




11/23/82 15-240753 IPCE K3 ELECTRODE HANDLE

12/23/82  15-2-%07107 I LOGIC KIT 10529-A (HEWLITT PACKARED)

12/23/82 1520707 ISET 10 CARDS PCBs 10529-20005-2(16 PIN)(AS A ACCESSORY WITH LOGICXIT)
12/23/82 1520707 1 ASSEMBLED CARD PCB 10529-600017(AS A AOCESSORY WITH LOGIC KIT )
12/23/82  15-2-R0707 1 ASSEMELED CARD PCB 10529-600046-2(AS A AOCESSORY WITH LOGIC KIT)
12/23/82  15-2-K0707 1 MANUAL OF KIT (AS A ACCESSORY WITH LOGIC KIT)

12/3/82 15-2-R0707 ) LOGIC PROBE 545A (AS A AOCESSORY WITH LOGIC KIT)

12/23/82  15-2-R0707 1 CURRENT TRACER S47A (AS A ACCESSORY WITH LOGIK KIT)

12/23/82  15-2-X0707 1 LOGIG PULSER S46A (AS A ACCESSORY WITH LOGIC KIT)

12/23/82  15-2-KD707 1 LOGIC CLIP 5484 (AS A AOCESSORY WITH LOGIC KIT)

01/05/83  15-2-K0620 1 MODEL 8001 19" HIGH RESOLUTION QULOUR GRAPHIC TERMINAL.
01/05/83  15-2-RD754 1 MODEL V=581 PLATO VACKIT.

01/05/83  15-2-K0754 IPE  01-0030 MJFFLER(ACCESSORY WITH VACKIT)

01/05/83  15-2-K0754 IPCE 010032 HANDLE QOLLECTOR.

01/05/83  15-2-KD754 IPCE  01-0033 COLLECTOR GLASS.

01/05/83  15-2-KD754 IPE  01-5000 TIP QLEANER.

01/05/83  15-240754 IPE  O1-7200 HEATER/COLLECTOR ASSEMBLY.

01/05/83  15-2-K0754 IKE  01-9995 HOK UP KIT,AIR.

01/05/83 1520754 1IPCE 01-9996 FILTER,AIRLINE

01/05/83  15-2-KD897 1 MICROPTIC VISUAL AUTOCOLLIMATOR TA-121.

01/05/83  15-2-K-897 1 SURFACE PLATE STAND 142/22(ACCESSORY WITH AUTOOULLIMATOR.
01/C5/83  15-2-¥0897 1 SET OF EIGHT ANGLE GALKGES.

01/05/83  15-2-K0897 1 LAMP TRANSFORMER FF2.

02/14/83  15-2-K1102 1 MODEL101 CEREAL GRAIN ANMLYSER,+ ACCESSORIES,CYCLON SAMPLE MILL-1312
03/12/83  15-2-D01401 1 RLC DIGIBRIDC W/100 HZ AD IKHZ TEST FREQUENCIES 1658-9800.
03/31/83  15-2-00133% 1 256 MULTL -BUS 1AM MDOULZ WITH ERROR CORRECTTION.

03/25/83 15-2-D01469 2SET  GRAPHIC DM\ 7RSION BOARD PR TELEVIDIO 910+ TERMINAI, R.G.1000 & TV61




05/23/83

05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83
05/23/83

/10/83
06/10/83
06/10/83
06/10/83
06/10/83
06/10/83
06/10/83
08/16/83
m/ 16/83
08/16/83
11/19/83
12/11/84

12/31/84

15-2-K0517
15-2-K0517
15-2-K0517
15-2-K0517
15-2-K0517
15-2-K0517
15-2-¥0517
15-2-K0517
15-2-K0517
15-2-K0517
15-2-K0517
15-2D0517
15-2-K0517
15-2-K0517
15-2-K0967
15-2-K10967
15-2-K0967
15-2-K0967
15-2-K0967
15-2-K0967
15-2-K0967
15-3-¥0238
15-2-¥0238
15-2-K0238
15-3-80904
15480637

1540723

1

1

7704A OSCILLOSOOPE SYSTEM.

7A22 DIFFERENTIAL AMPLIFIER.

7A26 DAL TRACE AMPLIFIER.

7885 DELAYING TDE BASE.

7002 LOGIC ANALYSER (QPTION 01,0PTION 03).

PMIOl GENERAL PURPOSE PERSONALITY MODURE.

MIDEL3 OPT-O1 SCOPE MOBILE CART WITHOUT PORER MIDULE.

010-6055-01 PROBE P6055,10K,6QMIZ+010-6055-03 PROBE P6056 10X,3.5GHZ
464 CPT.Al 100MIZ PORTABLE STORAGE OSCILLOSOOFE.

T S06 MAINFRAME FOR SIX PLUG INS(POWER MODULE)

DCS04 COUNTER/TIMER

PGB8 PULSE GENERATUR.

PGS01 PULSE GENERATOR.

DM SO1A DIGITAL MILTRMETER

CROMEMOO D.P.U BOARDS

CROMEMOD M.C.U. BOARD

CROMEMO 256 MSU BOARD

CROMEMOO 512 MSU BOARD

CROMEMOD CSO SERIAL PARALLEL INTERFACE BOARD

CROMEMO0 QORT (OMP. BOARD

CGROMEMD WD T BOARD

6063 PONERLINE DISTURBANCE ANALYSER S/N 172209293

QPTIOl FOR SERIES 606(ACCESSORY WiTH POWERLINE DISTURBANCE ANALYSER)
PTI02 FOR SERIES 606(ACCESSORY WITH POWERLINE DISTURBANCE ANALYSER)
mmmucmmmzmmmmrm

SOLDERING EQUIPMENT AND TOS.

2NOs.  PRECESION COLOR DATA. DISPLAY BARCO CDCT 51378 SN.10213,10214.




12/31/83
12/31/84
09/20/85
02/08/85
02/08/85
02/08/85
02/08/85
02/08/85
02/08/85
02/08/85
02/08/85
02/08/85
08/12/87
+1/05/86
11/05/86
01/18/87
03/09/87
07/17/81
04/18/87
04/18/87
04/18/87
04/18/87
04/18/87
65/2&/87
07/17/81
07/17/87
07/17/87
07/17/81
05/24/81
07/17/81

07/11/87

15-6-8055
15-4-80556
15480683
15400206
15-6-Q0204
15-4-0020%
15-4-C0204
1540204
15-4-C0204
15-4-00204
15-4-00204
15-4-00204
15-6-00872
15-5-C1526
15-5-C1526
15-6-C1373
15-6-C1333
15-7-00286
15-6-Cl1443
15-6-C1443
15-6-C1443
15-6-C1443
15-6-Cl443
15~ CI584
15-7-C0429
15-7-00429
15-7-00429
15-7-00206
15-6-C1584
15-6-C1193

15-6-C1193

1SET

ISET

2KG

1SET

MODEL 29A PROM PROGRAMMER 16K*8—RAM 220V/SOHZ SRC/CRC/OPT SN.5400633
UNTVERSAL PROLAMMING MDOULE AIN-FL,MIS ,QS/PROMS

TOOL KIT,SOLDERING IRON.

HP-64100A MICRD-PROCESSOR DEVELOPMENT STATION

941 FLOPPY DRIVE AS.

64853AF ASSEMBLER 8086

64222 8086 BMJ.SUBSYSTEM

641565 32K EMILATOR MEM.SUBSYS. SN.2350403821

64302A CIAN INT ANA SN. 2350403821

645005 PROM PROGRAMMER W/271

64100AF OPER.SYS. MINT FL.

641634 32K EMIL.RAM SN,2266A02343,

ELECTRIC BALANCE MDDEL HC22

64249A 68010 EMUL.POD,

64845AF ASSEMELFR ANC LINKER FOR THE 68010-MICRO~PROCESSOR

FOSS LET QOMPLETE SYSTEM INCLUDING HOMOGENIZER & SPARE PARTS
KJELTEC SYSTEM 1(DIG.SYS.6 ,1002 DISTL.UNIT),BASIC ACCESSORIES
QRIMPING TOOL-1,TWIN LEAF HANDZANGE 2.RANGTERH-HANDZANGE.

DIGITAL MJLTIMETER STOM-S01A.

STO1002T100 PROBE VOLTAGE FLIKE 40KV.

60 MHZ DUAL TRACE OSCILLOSQOPE ST 22154

STO10660101 PROEE, TEMP.

STIM 503 VERSORGINGSEIN HEIT FUER 3El 220V VERSION

642035 8085 EMIL. SBSY.,64840AF ASMBR 8080/85,64151A MEMONTLR
VIDED PATTERN GENERATOR , CROMA-1000

VIDED SIGNAL DISTRIBUTOR, CROMA-101

SWITQH ANALYSER,CROMA MODEL-650

VELOSTAT WORK STN. (PRT.NOs.8030,1854,8210,3043,3040,2212,2222,2202)
64960A EMJLATOR/MEMORY CABLE(2NDs),64152S 32K '4JL.MEM.SYSTEM

NIR SPECTROMIR MDDEL70/7700 WITH ALL AQCES,PRINTER( 1NO) ,PLOTIER(ING)

TREBOR MODEL S0A N.I.R.ANALYSER WITH ALL REQUIRED INTERCONNECTIONS




l.

2.

Parameters to be Measured

Range of Measurement

Operating Tewperature

Precision

Power Requirement
Warm up Time

Accuracy

z
g
]

TECHNICAL SPECIFICATIONS OF CEREAL GRAIN ANALYSER

Protein, moisture in
Cereal Grains.

Protein : 8% to 20%
Moisture: 8% to 162

0 Degree C To 40 Degree C

Standard Deviatioa on
repeat readings of the
same sample better than
.12

: 50 C/s, 220V A.C.
Approx. : 15 Minutes
0.35
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ANNEXURE VI

Gesm : KRISHIPUSA
. Phone : 687285
s gfa ageem oo
INDIAN COUNCIL OF AGRICULTURAL RESEARCH
g fazara
WHEAT PROJECT DIRECTORATE

ALL INDIA CHORDINATED WHEAT IMPROVEMENT PROJECY
CAR (AICWIP)
Dr.S.K.CUGGAL

Principal Invcstigztor{(Quality)

yrta gfa wgeer &g
Indian Agricultura! Research Institute
gt fe=-qroetR

NEW DELHI-110012
June, 1987

Tne Cereal Srain hnslyser (RIR) for
moisturc né protein Geter—ination in cercels
Gevclecped by Electronic Systens Punjeb h=s
been tesied in this Lzb from 18th to 22nc
Nay,1987. It is giving SE+ 0.35 accuracy

accinst Kjeltec Auto analysis. ts repezt-

cbility is vithin SD 0.11.
Sﬂ%(‘ﬁ 7

( &£.K. DUG3AL )

Certificate regarding perforsance of the Instrument




ANNEXURE VI

0.7

0.57
-0.15

Q

—__-——-——o———————-_—--——_-——_——--——————-———-—

Prediction of Percent Protein content in unknown
semple besed on calibretion at IARI,
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ANNEXURE VI




ANNEXURE VII

The Cereal Grain Analyser can be used as a Milk Analyser with the
following modifications:-

Ry

INFRARED LIGHT SOURCE:—

Instead of tungsten halogen lamp, the nernst filament source
will be used. It is a most energy efficient l1ight source for
the spectral region of milk analysis and covers the range 35
um to 10 um.

INFRARED FILTERS-

The following wavelengths will be used in milk anslyser,
therefore, the infrared filters used In cereal grain analyser
will be replaced by these wavelength filters to get the nilk
analysis vavelengths.

C.W. “Protein” - 6.46 um Where

C.W. Fat” -5.73 un C.HW. = Central Wavelength
C.W. “Lactose” — 9.6 um H.B.W.= Half Band Width
H.B.W. = 10nm each filter I T = Percent Transmission
T T = 607 for each filter.

MILK SAMPLE CELJ. (CUVETIE) :-

A special kind of milk cell will be required to analyse the
milk in tcansmission mode. The milk sample tc be analysed
will be placed in wmilk cell. The milk cell of a0 um path
length with calcium fluoride windows, {s most suitable to
analyse the milk in MIR (Middle Infrared Region). The block
diagram of milk cell (Cuvette) is attached herewith.

HOMOGENIZER: -

Before analysis of milk can begin, it is first homogenized by
a mechanical device called “Homogenizer®.  The Homogenizer
will be used to break down the larger fat globules to
diameters of less than 3 um, thereby eliminating the problen
of scattering of IR energy.

INFRARED DETECTOR:-

Instead of pbs detector used in ceresl grain analyser, the
pyroelectric detectors will be used to detect the wmiddle
{nfrared radiation passing through the ni{lk cell. It may be
noted that in milk analysis f{s done in the middle Infrs
red reglon (MIR).

emplnying the above modifications {in the cereal grain

analyser, and keeping the electronic circuftry same, It cen be
used as a3 m{lk analyser.
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- 31 - ANNEXURE VIII

ELECTRONIC SYSTEMS PUNJAB LIMITED - A COMPANY PROFILE

ESPL-Ushering in a Computer Culture

Electronic Systems Puajab Limited, a State Government Enterprise
(a wholly owned subsidiary of Punjab State Industrial Development
Corporation) commenced operations in October 1980 with the objective
of developing, manufacturing, aad supplying Mini/Micro Computer Systems
for different applicatioans. April 1983, the Cowpany began production
and heralded an era of High Technology. The Company 1is proud of its
contribution to the ongoing endeavours of ushering in computer culture
in the country.

Internationally Matched... Made
Here...

At ESPL, the maxim has aluvays been “nothing but the state-of-the-art”,
comparable to the latest, worldwide. No wonder the pioneering product
line:

* Super Micro 32-16/32 bit Micro Computers using MC 68010/58020
Processors based on LEEE 696 bus with UNIX Operating System

* Super Micro 32V-32 bit Micro Computers using MC 68010/68020
Processors based on VME bus with UNIX Operating System

* Super Chip PC-XT/AT-the-1BM-PC compatible with MS DOS/XENIX/UNIX
Operating Systems

* Data Acquisition and Control Systems based on Distributed
Processing Technique 1in technical collaboration with WESTINGHOUSE
ELECTRIC CORPORATION of USA for Power and Industrial Applications

* SCADA & Energy Management Systea for LDC in collaboration with
WESTINGHOUSE SYSTEMS LIMITED, UK

* High Speed Modems for Data Transmission and Network Management in
collaboration with RACAL-MILGO INTERCONTINENTAL of USA-the world
leaders in data communication products, systems and services

* Microprocessor based Agro-Dairy Instruments (developed under UNDP
assistance)
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...Manufactured by the Most Advanced Production, Testing and
Quality Assuraace Infrastructure...

For the production of High-Tech Products ESPL has created wodern and
advanced facilities which match the fnternational standards in
manufacturing and quality assurance. The thorough Quality Coatrol
Cectification process through which every systes passes at all levels
of wanufacturing guarantees performance to meet the specifications

Among the modera manufacturing and testing factlities 1installed at
ESPL, (at a value of over Rs. 30 Millions) in an aircoaditioned and
anti-electrostatic environment are:

* Wave Solderinz Machine

* CAD Systeams for designing PCBs

* Fairchild Faulc-Finder FS-333 for fn-circuit performance testing
of assembled PCBs

* Dynamic and Static Burn—in-Systeas for environmental testing, for
eliminating PCB infant mortality and for ensuring reliability

* Performance Test System for performance monitoring of assembled
PCBs

bd Automatic Test & Repair Stations for Integrated Systems

* Automatic Calibration System for analog boards

* Peripheral Exerciser and Test Systenms

* Microprocessor Development System (M.D.S.)

Furthermore, the entire {nfrastructure and facilities are constantly
being upgraded to keep pace with rapidly growing technology.

.»oMatched by an Efficient After—Sales Service Network...

Even fully-featured products are incomplete without comprehensive
support. ESPL can and will service all your needs-before and after the
sale.

ESPL’s three—tier cus.omer support network already ensures more than
95% uptime for ESPL”s Super Micro Systens.
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* ESPL’s field engineers are located throughout the country. They
are qualified and highly experienced ian all areas of computer
system—hardware and software. Each one of them is supplied with
necessary test equipament, spare parts and specialised tools;

% Regional Customer Support Centres are staffed with speclalists who
can help solve many complex problems.

b Technical specialists at our Head Office provide further back-
stopping support to the Customer Support Enginers and Customer
Support Centres in the event of peculiar problesms.

ESPL has an experienced faculty which regularly organises "Customer
Training Seminars". These seninars combine preseantations with hands-
on 1instructions which help customers 1ia solving their coamon
operational problems.

ESPL"s field engineers act with speed and alacrity in resolving
problems. Quite simply because ESPL believes in customers getting full
benefit of capabilities built 1{into every product. For timely
availability of spares/back-up equipment, specialised air courier
services arvre deployed to enable our engineers take corractive action
in 32 matter of hours.

.«oFor an Ever Expanding Base of Custowmer lIunstallatioms...

Having a clear edge over others in fastalling 680:0/68020 UNIX based
systems, ESPL 1is breaking nsw grounds in broadening its user segment
base. Some of our prestigious and satisfied customers:

Departmenc of Electronics, Department of Science & Technolog, BHEL,
NALCO, NTIPC, Vizag Steel Plant, Bhilai Steel Plant, State Electricity
Boards, Indian Navy, IAMR, AIR, BBMB, CSIR, NIDC, Indian Army, General
Insurance, Nationalised Banks, R&D Organisations, Universities, IIT s,
Regional Engineering Collges, Commercial Organisations. And many more
are on their way to join the ESPL family,

+e.And With Our Confidence to Serve you on a Turn—-key Basis...

Today, ESPL has the competence backed by confidence to serve you on
turn-key basis covering,

* Working out your total requirements
* Hardware installation and commissioning
b System Software with complete Documentation




*
*
*®

Foreign Collaboration

Customer training for optimum use of the system

Application software packages to provide complete solutions
Deputation of staff on round -the-clock basis at your premises
Efficient After—Sales Services

ESPL has foreign collaboration with:-

*®

*

Westinghouse electric corporation U.S.A. for Data Acquisition &
Control Systems
Racal Milgo Intercoantinental for manufacture of wmicroprocossor
based modems required for networking of computers for data
communications.

ESPL has recently entered into technical collaboration with the
company for the manufacture of complete range of modems required
for the networking of computers for data communicating.

In addition ESPL has the technical back up from the following:

x

1

Cromemco Inc. U.S.A. for #ini/Micro Computer Systems.

Ironics Inc. U.S.A. for Super Micro 32 V Computer Systems

Our Success Factor

ESPL has a dedicated team of highly motivated qualified professionals

on

its rolls because it believes that 1in addition to advance

production, testing and quality control processes, what matters is
the people who man the cpompany. To these professionals goes the
credit of rapid indigenisation and diffusion of technology.

Performance targets set are closely monitered and reviewed. Modern
management techiniques and an open-door policy encourages both upward
and downward communication filling every employee with pride in the
organisation. Fuelling the motivation to do better still, to keep pace
with tomorrow--—--~—-today.




Tralaning 1is an essential part of personnel policies and many of the
young engineers have had training and hands-on-experience abroad so
that the Company can remain ahead.

While technology changes at a rapid pace worldwide, ESPL endeavours to
continuously upgrade its powers. May be, we have not yet ventured
into the bio—chip but who knows perhaps even that is at hand.

Turnover of the Company and its Future Projectioas

The turnover of the Company during the year 1986-87 was Rs.200 Millioms
as compared to Rs.l100 Millions during the preceding year thereby
registering a growth rate of 100X. The target for the year 1987 - 88
is Rs. 350 Millions. It would be pertinent to bring out that the
during the first full year of its working, the Company declared a
dividend of 8X.

-— R R R we
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CARO-T CONNECTOR DIAGRAM

© =

g e o ————— S ——————————————— = ¢ # ) &

vee W e Ve e 17913,
CO/V/;.:_'CroR A T '_""');,\/.' T ! '“/); ,,/(,/ﬂ Tr)/,/ | od b0 i
5 , .l,{’uf v - - ch
- 2/@25 130, 30 A ¢ LJ' A ¢ L-O—-—OA “ 2 S |
3 38 77 | YL PA !
6 Rif i ' o , 7 e ¥ & ‘ 4 !
4 T | - 4| roo 2 PO ST SUNPI
- 5 Ve |_) -{ b _i‘ i’l f -d } ’ I l on \ I— ekt 1o I
k. 7 i o CONLLECTOR ! ’ .
! (o] j _jl o l { o al 'é T ? T $ T ) / 6.4%& I
I2ios; I ‘ k . “ 1
I “ — o : ror p— 0 5 ’
~ ' %u_ Wik ! 1. ’ 2 Ay Kw oy O 414'1{“:|
LEFST DN SIDE . I, l 2* | I oor & o
’),'(J . s : ,'"
l (I(,/ i m"U/'l i Sy : /')"/‘-J o--ou olo |
' | ‘.
! v o-s o |
L Vo Vol e , B ;
PN AL Ty o-b 4
. & Qe
"';'," 9/,2,', ' ) n3 1.0 ’ - O— O —- -~ ).,,d}l
’_‘ 5/'\,",3 6(-’/ 2u12 14t ! 2 con e o I
A A |A ‘I‘ A * A 4 ? S < 4757
: i
: i >
l l L Jt & 1A Jl | Tangnsui
Fa c £ 3 i ’ ~ 1) & s 7]
| | 2t |y, CONNECTOR
! 3 5 7 9 1! !3 l ) 17 19 ' ' J2
| T iy I I NN 7 I | :
1
i I A ’
l M v 4 X Yy LYy 2 f iu ’* vfz, N
! iy | y A8f 20 14 . ; C :
,/UZI 3U ! /UI3 2/0/3 /05 :U Us 4U‘I{> {//0 /UIO (éa ‘UJS Ve
"y - ELECTRONC SYSTEM PE LID )
T CPU & MEMORY UNIT ORG cHo laprp | € :b{\\l'-l;’.fzsﬁ N

(Y4

E}.;\"‘ o\

L »
L
SRS

A" & oenc 0w ]




A Rlec we R6 C29
= ! (“ "-'—W -—MW--H']
1 [ &,
I i --—;—-—._E'f lEs5esa "
7 6 | !
| ! .r U4 vie
L 12 14 15 16} L V3 14 18 '..‘.J :
12 &) 1o !
€5 Rp ‘.
3 Ywee vece |
5/7 ‘% £.2
e . Aw
e AAAA e
s
' |
. Ty REI2 &
——————— I
— > | |
: e+ Bl& ’
i i
h ____| h.—:""‘ Y '
1 R5 L, i
: gl ANALOG TO DIGITAL |
i T CONVERTER i
i TONARDBS ] C/\ RD _HA
| LY 1 e e S—
: + souace n ae r - v e e 4 4 4 e -...-—...<,__J
| sLEchomc SYSTEM P8, LTD .
E ER
| SET semgor | CEREAL GRAN ANAL: 25R
| 3 o—o v DRG NO [orRg TcHn " [appo ]
! T 2. 80 000 034 . .
l Ti2.¢ -8y D_.7 | Cany I




> L
[+3AN /
[ P e —
N SO R v 418V
P <4V i 'ﬂ/'l’—;—""'—' > MOITOR (rVe) ~ 24, IS/Us Qf !
L 4 AN R A l 3
2 Tan "“[_‘/3'}. \‘.1,_..._[" . ,.r', b v/
o 2 e s Pl e 40
v 15 13 - :'—_} I (t/y Wy ouy) 52V pyoy ;‘ s ‘\ff.?__‘
o 2 SH w3z [ . J R '2'—]‘«---W__—
~! [ = Co3 e i ool A M= WA 2 13—
« ek ] < VI R ! Rap 4K U Ry
34 ‘J ' :} T e.2 i
‘ A 14 ya vl . =5 9
Vel & LN 2y CRg €13 "4 /U,
. :17’_’—‘4" ‘”—r—‘ gl o e/
——NN—9 5 ~-vw—--———] SN " | o MoOR ,/ Mdl —| 7
€3 R3» |6 9 Ran b lr_"" i ' Cve) ¥y caa A
RO : / : e *\AMf-—w a 5 Y ||.
EMFJ Pl S L._”A‘ \-“ ik SRR e /JJ( -"::"k R49
Ry ™cn AT Rse
[ R47
JUTUPAS S m
[ I €27
t -
LAMP ¢ Ve) Ug =56 2524
[
8/('/\';,\ Uy #1 I3, Uy-SG62%24
REGULATING PULSE WOl H .MO,V/'/"()?.‘S
| £LECTRONIC SY5TEMS FBLTD
+ SV L OGIC P .SUFFLY CEREAL GRMN  ANALYZER
+5.2V LAMP SUPPLY CARD [7-B DRG. ~o. DRG 8y |cHD APPD
T go oooo33| .
ANALOG TO DIGITAL CONVERTER 5.8 |5 e |
e e RIS P S R |




ﬁ' . \..\-l —‘ ﬁ\\w IQ
w.:u,..A; TN ) ]
o o8 S¢£0000 o

\J

Cad aHD Ag 90 'oN ' DYQg -0 dyv2

YTZATONG VYD NI
‘TLT Hd SWILSAS TINOYY ..qu..u ITLIIANOD TvL19/0 OL DOIINY

Iy

TIN5 'd dW6d0 AS/r

LYo 7 Ny o gytrd

LMo 3HIFTI0 90177130 SFd

- 44 -

U ‘g B * . n . ’
M A.nh _ : TN 1s ...,,... Lo
mr At :\\M\m«.d‘ a W .u.;... S

.ﬁ. I ‘

wpeni v

£ ..._.!:v a3 N
© 1 -
LOOY NI d v .H % ) h f/,. ﬁ et
: il
_ v _
. i
!
(o]

JOULY SANDD)

i) 1 |
L. TQ ClL 2a

;.,: gl

G
kS S 4
T~




45 -

Q -
. § N !
- \ '-)1
3 Y X he
] N
< |
PO : I
: x" &! >
P L -~ ~ ‘ix‘ | Q¢ Q i
| nj . Qi 3, Sl N 3
3/ ~N N 2 R . u 4
! EISEENE o R ——_— N X < ¥ R
a -~ AN
H 03, SR ol *
) A Temmo;  Jc w i N >
i O—e-m - ----e-e . - um arh S R ~1 a N Q
i . 3 ; ) % Vs
i in | Rl & $ )
|~ TR —— L b of 3 N Q .
o LI, v NI :
- —--— - —amfg Al w| %
by g l\l = o 2 —17 tn\_’
- - —— - ——— - - 8y v r
> Q > [ o ‘ 2! ’S : 2 ¢
~ Y o T3 G P Qo | % c
- el oy ixE gl
RENY HEVTERCEE I B
- . R4 o &
-_-___--——-——-6n,'5: o ! 3’ ! % ! ((,
o W ; [
L3 L l ! §
-~ V' am o T
i -
! 205 wm < -
[y
s " < un 3‘;’_'_9
- ~ i: M
H -3 .-, v \ ko ‘J.‘
e < L)
- = Cmm ~ - ~
« oEenemd . 2
vy - ‘o N osewer Vo - -
. - . f:s
; - . . o 1s)
b T : 37 - o -
n ,s’ [ -] al) <- “ . #Icsy ".',- ¢ b{ O’AL
. , - $ oo . L) )
OfLio wm 3 Y- ' PR T n - - - - Em OnoTHos
o { : ] Cagr>
- " cf <amm ,9(7"':- - ;= = ‘N ‘,u
N T U
b - , [ W V.1
L |c um 9 e S &j‘ oL swm s 3 - oz
~b ~
- { l -
2 . <.
“nlcs mm 2 ~mm ‘ ~rem” g -=9%im
! i
0 - - | [ J U C
Nigr wm O ‘mm - ! 7/9¢c A * - o1/a
) [}
' ’
z © ] x ! (rﬂ],’:)o,.,: -m-- 'n- %/
njg mm o= : < /9
) ~
W ~ '
g'c/omm - - © (Onfsiyng, W -— — - - _ _gm
1
S -
S2u0)s wm - Yem v v A-dojow B - - — — —- — “um
Q J
=
) N oA
9 .




ST T T }
oo >H.». - .. ﬁ Rm‘ \OVEQ K .,...._‘..\ w XA 7oty 90 N
on oyg || aHINA &.j TP?J #‘ -0 057D

b Y o :

.«u TAFINY NYED TIYTO

..'.....Q
P
|

-~
o

F:,._ a®
N._ v _x\\ !
-, .
Lt «wrs
——y >>>,< — In:i.l .\
-
. —— e . ';(!. .
| € v»L 5 o .;:Jn 5 J
{ oW 1950
U r'-!l.‘lv* N . IA:II \
J AR g

- 46 -
-
G —
&
e |
-
-
Nme *
1 :
| S W
U
v

&
f—{
T

¥

|
|
l

. N 0.0 ﬁ-u'\» 1779}
f ey

--‘"
~L

el -—-%
r__

1

1
I
t
. L

B ]

1
/€N
<

\ »>
N
<
‘ ‘?g
!
(4

5]
3
3

i
S S —
oL
u_l, Tﬁ
.
0
-
E!——L——/\I'IA_ -
L ¢
L

Al g1y Lo e e e e )
¥ 0o _onIwny +A






