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I.Summarx

ln order to meet the objectives of the mission 3s Jefined in 2.here
the Expert has

I. visited the Project Centres in New Delhi, Trivandrum and “alcutta,

2. informed pimself about the running Project activities within

the Centres and has planed the new activities for *he near future,
3. visited some research institutions for process iutomation,
4, consulted some users of plant automation from rthe industry,

5. delivered a series of internal and public lectures during the

seminars on ccmputer-based process automation systems.

The findings of the Expert during his mission as wel!l as the
corresponding recommendations for future work within the Project
Centres visited are extensively discussed in the following Tech-

nical Report and once more summar,zed at its enu,




Jtjecrives of rtne Mission
As per .ob Jescriptior Of UNIJU, Tne 24rgose o7f Tne Mission o°
ne Zxpert nas ceen
5 - . - ~ - - .
- to #borise nimself of Tne currenT sT27us S° industriazal
controi ta2¢nnoiogy,
- tTO 3UgQesT 2PPropriate 37aTe-0T-TNe-377 T=znnoicaies,

- evolve the course of industrial
developing countries,

- participare as a faculty on the

Zourses.

-z hardwars izor

sry,to

zhnology for

Activities of tre Experts during his Mission
in order to mesT the cobjectives of his Mission, 3s defined ir
2. here, the txpert has
- visiteg The “roject Centre in New Ueini and "~ connection
Wwith tne MAEZP-Project, also the Central Elec-ronics tnginesrin;

Research insTitute PILANI(Rajasthan, z2n3 tne Zorporate Ressarch
and Development of Bharat Heavy tlectricals _imited, Hyderala.,
- visited the Froject Centres in Trivandrum an: Calcutta.

During the visit of Project Centres, t

been carried outT by the Expert:

ne foilow!

1q activities nave

- review of the on going work within gach Centre,
- discussions asout the main difficulties in ¥-2 Project work,
- advising the personne! of the Centres in proziem solving and

planing of future activities,

- working out of detaited plans for the future education anc

training of Project staff,

- helping the Froject Centres in planing and carrying out of
training and cther educational courses for e-gineers from the
industry,

uring witnin the Projeczt ZTantras 3¢ well 32 within the in-
triz! ani orofessional arganizatisns in o fferent topics of
iteretazas olant sutomaticon,
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Findircs

concerning tha state-of-the-art of automation in the

industry

#1257 Technicai Rzoort(1334) the Expert has descrined the

=tne-art in ingian industry based on his Mission 1934 in i{adia.

N

echnical Report (1985) on JP/IND/84/030/A/01(37) tne Exper-s

cT-"he-art siace nis last visit.The main impressiaons wii!l be

summariz

iT2d nis impressions TO The changes in the above mentioned

i
el as follows:

ine general frenc in automation of Indian industry lies

in increased application of most modern, multi-computer
svstems which will be imported or producsa in the country

in co-operation with the foreign companies.

aiTh This in connection, many Indian companiaes tTry to uss
Tne modern zutcmzTion systems instaliled in the zlant for
crocess oprimization in order to
- increase the productiviTy, the vield or tha oro-
Juctivity,
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juce Tre production costs.,
"ne tendency jusT mentioned is covious within thae industry
zranches |ike '
- steel &na iron,
- fertilizers,
- chemicais,
- shugar
- cement, etc.
Similar tendencies are noticable within the
- power generation plants, and the

- enerqgy distribution systems.
There is the tendency of instrumentation vendors to produce, ' L
distribute and maintain the most modern automation systems in
co-operztion wiTQFhe international well known instrumentation
vendors,Such svstems are for instance the programmable con-

trollers, micrecomputer-based data acquisition systems, dis-

?

Tributed cecmputess control systems, e2tc.ln this way only the

proviem of eff cient meintiinance n3s parheaps Leen Solved,




SuT in no way the more important probiem:tne Technologizal tack
cf fadian Controi instrumentation Industry.

. Tnere is a Jeneral impression Tnaf also many lndian Researcr

La

tution an Research and Development Centres of Indian

inst
companias intand seriously to work in the field of
- Process Modelling,
- Systems ldentification,
- Parameter Estimation,
- Systems Simulation and
- Optimal ang Adaptive Process Control.

in the field of educaticn

(45}

The same tendency is also noticabl

AN

of engineers at Indian Universities and Colleges: in ths sense

N

of modern systems theory.This is an essential change since 7o
last Mission of the Expert tut wiTh the limitation that the
practical component of this education is still not thers 22

it should pe.This is, naturally due to the insufficient or
out-of-date laboratory equipment in the Control Departments 27 n:

high schools.

M

The establishment of Project Centres of AAPP can in 2 smaller
degree improve the practical component of education and training
of Indian engineers in the future if
the ftraining laboratories of Project Centres are at least
minimal equiped with the control instrumentation as re-

commended here{Annex A.3),

- as much as possible fteachers and lecturers from the Uni

versities and Colleges participate in training courses

(8]

Projert Certres.
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The establiishment of Regional Project Centr=: within the AAPP has

created new possinilities for a wide, applizz-ion-oriented edu-
cation and training of engineers from tne i-I.stry in process
control and plant automation.Here, diffaren~ zZourses have been

haltd at different technical levels(Microcomz.~2r, inpuf/oufput
programming, 3ata acgquisition, reai-time sys-zms, etci.ln the pasT,

(2]

approximately 100 partitipants from the indusTry have been frai-
ned each year.Furtheremore, in most of the F-oject Centres there

already exist the corresponding course mater'zls written by very

well skilled Project staff.

However, the lack of interconnections bSetwes- The microcomputer
system and the conTrol instrumentation is oz. 2us in neartly ail
Centres.That was the reason for the eExpert T recommend in his
last Technical Report(1384) for each Prcject Zentre a minimum
amount of control =2quipment, a small analog Zcmputer and The re-
levant Project iibrary.Thus, the Expert recc~mends here once more

to follow his tast recommendations and order —he items as defined

in Annexes A.|l to A.3 here.




5.1 Southern Regional Centre, Trivandrum

in the past period, e.g. s3ince the last visi* of the Expert The
Project Centre{situated vith Electronic Research ang CevelopmenT
Centre of KELTRON) has concentrated ifs activity mainly on
- training of eng.neers from the loca!l industry,
- sponsoring and co-sponsoring of Naticna! workshops on
Computer Applications for Power Plants,
- further development of /usic system, now covering over
16 modules and a 6800 microcomputer -board,
- development of a Data Communication Netwcrk for process

control application.

Based an extended discussions with the Project staff during his
stay in Trivandrum, the Expert recommends the following activities

to be carried out in the next future:

- Data Transport Networks for Process Autcmation
Comparative analysis of the mdgf suitable bus systems foi
data excnange within a widely distributed, multicomputer
plant automation sysTem.
Deve lopement, test and application of one (or two alfer-
native) ous systems, which should be the main communication
links in a distributed computers control system to be deve-
loped within the Project.
For this purpose one Project engineer should be sent for

training abroad.

- Microcomputer-Based Process Monitoring System
Development of a /USIC-based system for monitoring of dis-

tributed systems |ike power generation Or power distribu-

Il as some remote da<~3a

QO

tion sysTem

wn

A color grapnic CRT as «

scquisitior features should te included into the system,




ln addition to fnis, a modular 3nJ <33y axpandacla so0f7-

[¥))

ware should be developed for procsss jata acguisition and

olant monitoring purposes.

- Advanced Programmable Controiier
A multiloop fiald station should D¢ zeveloped 2as 3 basic
element of modular Distributed Comcuters Control System.
Here, a Project engineer should be sent abroad for training.
The training abroad should include also his work on main design
problems of the Microcomputer-Based Process Monitoring Sys-

+em as stated above.

- Systems Modeling and Simulation
Within this acTivity, the following shouid be sfudied:

- Methods of Model Building and Parameter Estimation
and their implementation on a microcomputer(genera-
tion of corresponding scftware packages)

- Simulation Languages and Simulation Systems for
analog simulation on‘digiTal systems

As a result, fThe adaptation of some existing parameter
estimation and simulation packages should be adapted To

+the ,USIC-System.

/

Here also, an engineer should be sent for training abroad.
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fastern Regional Centre, Calcutta

The activities of the Cenrre, situated within the Jadavpur Un:vs2r-

sity of

Calcutta, can be summarized for the last period of

12

months as follows:

Zzducation and training in the field of microcomputars

application to process control, including application

to the chemical industry

Cevelopment of a microcomputer-based

gesign

pH-Controller for ACCI
temperature controller{including a corresponding
case study in this field)

stepper motcocr controller

and setting up of 3 process model (in co-operaticn

with the Department of Chemical Engineers of the Univers! Ty

-~ preparation of u survey on Jule Tea I[ndustries for the c.r-

pose of a microcomputar-based process automation of tea

plants

Development of a microcomputer-based multiloop station

for automation in chemical industry

Development of a temperature monitoring and sequence con-

troller of a kettle in painting industry

Based on the development activities of the centre, described atove,

the following will be recommended by the Expert:

all coatroliers, developed thus fas as laboratory versions

cnly should be brought to a final industrial version and

on-line tested in a local chemical plant

the process models, Zeveloped in the pzst and described

3s the third item a2cove should be provaded with the finz!

nf controllars t2 Le deysioped
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- the multiloop controllier, developed thus far as hardware
only shoul pe provided with the corresponding software(szs-
rating system, library of funcTtions, locops configura®or z-3
parametrizar, etc)

- the con*-c'lers and mode! set ups developed within the
Centrs shou.d be interconnected via a data communicartion
link( a long-distance data highway) to be developed in -2

next future

For the purpose of future Project activities, recommended here,

two advanced engineers shouldg be sent abroad for fraining.
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Northern Regional Centre, New Delhi

Suring my stay Wwith the Eiectronics Commission in New Celni

as UNIDQ Zxpert for Microcomputers Application(MAEP-Project)

the talks nave been possible withthe staff and *tne Chief Project
So-ordinator of AAPP-Project on activities going 2n within the
Cenftre and about the activities planed for Tne next future.
Here, the following can be stated:

- A series of training courses and application seminars
have been ofganized ty the Centre in New Delhi as well
a+ some other locations(Pilani,etc) for people from
Jifferent industrial branches, so that the Centre has
the best results in this area within the Project.This
hclds also for the diversity of training areas covered
during the courses which includes dicital lcgic circuits,
microcomputer hardware ana software, organization of
input, outpuT and inferrupfs: connection to electrical,
slectromechanical and pneumatic elements( sensors, actu-
ators, switches, valves, etc) which about the completed
course printed materials for the participants are avai-~

laple.

- Hardware and software was Jesigned for a series of small
industrial automation projects, like for insvancea micro-
computer-based inertial track monitoring system for rail-
ways, a data acquisition system for gas distribution
within a steel plant, many developments in the erea of

microcomputer-based input/output controllers, etfc.

- Model building of industrial processes( in co-operation
w.th the industry and some research organizationsi.ln mean

+ime vary c3pablz people in this fiz:3 are availaple wi*nin
I | |
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trial branches( cement, steel, shugar, Tea, fertilizers,
chemicai, railways, 2tcl).Z2eside this, *tne Centre nas
axcellan~ connections to various =esearcn Institutas
of tne ccuntry which are application-oriented in the

field of computer-based plant automation.

Cutgoing from tne apove statements, the Expert racommends for

the Centre in the next future:

- continuation of work on small automation systems for
differenrt industrial branches as desired by clients

- model Suitding for processes vithin the cemenvy, st ',
shugar ara fertilizers industry in cooperation with
the concerned companies and the relevant research ang

development centres

- development of a system for simulation and parameter-
estimaticn of continuous process models on a microcompu-~
ter system available within the centre(Here, the adap-
tation of an existing programme package, available av
University Department of fHe Eynert, can be of great
advantage .

- work on system analysis, model building, etc. oriented
toward some processing units{ Blast Furnace, Basic Oxy-
gen Furnace, Continuous Casting, Finishing Mills, etc.)
of Bhilai Plant as a preparation and technical support
of future Project in this field(the INCOS-Project).

For each of the above 4 activities at least one engineer should

be sent abroad for training, whereby for the last activity even

2 engineers should be sent twice in the distance of one year(in
order to stay in close contact with foreign experts in the field

of analysis and modeling of different steel plant process units).
From the same reason, also a study tour must be undertaken as

soon as possible and repeated not leater than within one year.

The study tours snould update the technological and the theoretical
informations of the Centre (and of the AAPP itself) concerninag

tne modern automa~ion apprcaches in the industry.

In nas 1o e pointed out that the lorthern Pegional Center nas

3
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ilities for training an study tours in *the past.




Summary of Findinags

l.

fn all Project Centres, especially in tne Northern Regional
Centre in New Delhi the work on modelli-g of processes in

different industrial branches is going cn.

There is a multiple intersection between the on going activi-
ties of the Project Cenfres (programmabies controllers, fiela
station, data communication systems, etc) and the future na-

tional Project INCOS.

The Project staff working on mathematica! mode!l building neea

some technical and methodological help as soon as possible.

Project activities to be carried out in the near future are

well-known and defined here in 5.1 to 5,3.
In some cases the products of Project work (equipment, programmes)
are brought up to the laboratory bnly.There is not in all cases

completed technical documentation about The products.

There is sometimes the case that some micrccomputer systems
will be chosen as a basis for further developmen* instead of
/USIC system,already developed within the Project.This needs un-
necessary imports of equipment and costs additional foreign

currency,which can be saved by usfng the ,USIC system.
/

Not all trainings abroad and study tours, as originally planeg

within the Project have been used up t0 now.

There is the tendency to spend the training time abroad with the
microcomputer vendors in participation in a system course(hard-
ware and software).This is that can also be done in the Centre
itself by using the procured microcomputer system itself.Howe-
ver, the Project has an application character, so that the trai-
ning with the institutions applying the microcomputer systems

for process automation is more usefull.

This does not hold for study tours:the Project Co-ordinators
should also visit the microcomputer vendors in order to be in-
formed about the state-of-the-art in the field of microcomputer
technology.

It has proved, that the total duration time of 3 months is not
always enough for training abroad.This holds for the cases when
the trainee is involved in a small project for training purpo-

ses that can not be finished in 3 months exactly.




The Project staff needs more frequent help from the UNIDO ex-
perts than once a year, as it was the case in the past.More

freguent 1iscussions with The 2xperts 3cceierate The work wi-
tnin the Centres and 3void *tns unnecessary irritations in de-

velaoping of new items.

It has proved that more generz! purpos2 equipment has origi-
nally been pianed for the Pro ect than the special =2quipment
that will rely be needed for fhe future activities.furthermMore
re, some of such equipment are already available on the domestic
market,

On the other side, it has alsc proved that more direct exchange
of know-how Dby training abroac, sTudy tcurs and visits of ex-
perts will be necessary than originally planed.

The total duration of the Project( 4 years ) seems to be to
short due To the long-Ttome activities necessary for develop-

ment of equipment really applicabie in the industry and due 7o

the initial difficulties of Tre organization of Project work.

fn his last Technical Report [i9834), ths Expert has made some

recommendations which have proved to be essential for further
Project progress and which have ndt been realized until now.

The recommendations 3are:

' 10.2 For practical truining of personnel, augment the
training equipment of project centres as recommended in

Appendix A.3 to this Report.'

' 10.4 For software development in the area of model buil-
ding, process parameter and state estimation, optimal
and adaptive control, COC, etc., provide each project
centre with an analog simulator( analog computer ), which

technical specifications are given as Appendix A.4 of this

Report.'
' 10.12.Generalty, entarge the project libraries of the
centres according fo the list of recommended journals,

proceedingc and books(see Appendix A,5).,'

The above cited Appendices are included in this Report as
Appendices A.Il to A.3,

iven in the last

The recommendations 10.2, 10,4 and 10.12 as

W

reports are stil! urgent,
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Summary of Recommendations

w

The worx on model building and sysT2-3 simulation should 3o
on in all Centres of AAPP, especial.. the work in fthe ares
of steel power plants as well as of zhemical, cement, ferti-
lizer, foodiincl. ftne tea) and of sn.z2ar industry.With this
in connection, The connections Yo Tn2 relevant companies
shouldbe spread out and tightned so -a1at the models, develo-

ped in different areas will be of przctical use.

Special afttention should be paid To The close co-operation
with the Bhilai steel plant due to ftre INCOS-Project to come.
tHere, alil Centres of AAPP (as well as some Centres of MAEP,
like the Cenfre in Bangalore, Ranchi znd in New Delhi)should
check there activities against the csefullness of the resul7s

to the bigest Indian automation prcjzct to which also the
UNIDC support of AAPP and of MAEP cz- directly contributes.
Special courses in model building, pzrameter estimation and
systems simulation should be held oy JNIDO experts for tne

Project staff of all Centres( of po7- Projects)

Project activities to be carried ouT in the Centres, visitec

by the Expert , should be as staved 'n 5.1 o0 5.3 here.

.Special 2ttention should also be paiz 7o ftThe fact, that ezch

Project activity containing the deve.opment component for
hardware or software should finally zive an industrial ver-
sion of the equipment or of a prograr developed.for this,
also the completed technical documenvation should be gene-

rated and the equipment(the program; itself tested within a

plant e.g. under normal industrial cznditions.The best suc-
cess of the Project work will, naturzliy, be in the case that
the developed items will tater on prcduced by a vendor.

For development of microcomputer-based automation systemsthe
/USIC-SysTem, developed within the Froject should be used in
all cases where it is possible.The use of other microcomputer

systems should always be an exception.

It is urgent to send the Project staf for training and the
Project Coordinators for study tours abroad as recommended in

5.1 +0 5.3 in this Report.A delayeg zction in this area w#ill

nas2 negative concequences to many a:cTivities within the Project.
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In +he future,ftne institutions appl!ying the computer techno-
logy and *The agvancsd engineering methods for process auto-

=
h

ma*ion should pe cnosen for +raining of Project staff, rather
+the microcomputer sendors.Only 3 short JisiTt 70 the microcompu-

ter producers shoull be slaned by trainses.

5. This should not hold for study fours, anere +he Project Coordi-

natars shcould inform themself about Tne micrccomputer and in-

strumentation technoloay as well as atcut their applications.
i0. It must be possible - when especially usefull small project
works during the training abroad should be finished - to auto-

matically prolonge the stay abroad at an additional month.

Il. In the future also, The international experts should be invited
more frequently for a shorter time ratrer than in long time dis-
tanced for a longer time This is necessary for better review

of Project work and for planing of new activities within the

Project.Beside this, the more frequent -i+s of *the experts
will help to organize more special frainjng courses, seminars
and symposia for Project staff as well as for engineers from 7ns
indusTry.

)

. It is also recommendable to review once more The Project budge™
from the point of view of propo?fional]ry between the UNIDO in-
puts for the procurement of equipment and for training abtroaag,
study tours and visit of foreign experts.For the Project prog-
ress, it is of more use to increase the part of the budget con-
cerning the trainings, sfudy tours ana expert visits by decrea-
sing the expences reserved for ;he equipments.The Expert is con-
vinced that the know-how transfer process by direct contact be-
tween the Project staff (abroad or at home) and the international

’ expert§ is a more efficiert way to help a country in developmenT

than simply the procurement of a greate amount of equipment.The

Expert thas recommends to even increase the total UNIDO input

to the AAPP-Project in order 7o realiy intensify the process

of know-how transfer.

13. 1t is finally questionable whether the total duration of a com-
plex Project Iike AAPP should be limited, as planed,to 4 years.
I+ is at this point recommendable - especially in view of fthe
activities within the INCCS-Projesct = 723 extend this duration
for 3 further year.This will anyhow be necessary when the to-

tai SH|o0 input :nqulJbe increased.
|




l4. Relize as soon as possible the recommendations of the Zxcers
given i1 nhis lasTt Report and attached to this Report as

Appendix A, to A

(9]

Extend for this purpose the Project buaget.




.0.: List of conTrol instrumenz2-ion equipment for

Appendix A
training in computer-based orocess contrc
Objectives

The equioment should nelp TO

Instrument

u-nderstand the wcrking principias and technical cha-
racteristics of individual ins+trumentation elements;

gesign and manufacture of smali-scale control-loops
for temperature, flow, pressur2, and pressure confrcl;

realize the experiments in the area of system idenTi-
fication and direct digital control(0DC);

on-line test of microcomputer programms, developed
for above purposes.

ation list

a) Sens

ing elements

- Thermoresistivities

number us 8
- up to 150°% - 8- T 120
- up to 400°C 2 160
- ThermoelementTs
- Fe-CuNi (up to 300°C). 4 320
- NiCr-Ni(up to 400°C) 4 320
- NiCr-Ni(up to 1100°C) 2 160
b) Transducers
- For thermoresistivities
- non-isolated 4 1,000
- isolated 4 1,200
- For thermoeiements
- non-isolated 4 1,000
- isolated 4 1,400




Note:
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- For pressure and pressure-difference

. number us &

- range:Q.1-Imbar 4 2,4C0

- range:0.4-4mbar 2 1,6C0

- range(absolute):0.3-1.1bar 2 2,200

- for level 2 2,0GC0
- For flow

- pulse output 2 1,600 -

- analog output 4 3,600

- inductive(for tubes) 4 4.000
- Pressure-to-current converters

- for pressure-difference 2 2,500

- for flow 2 3,000
- Instrumentation amplifiers

- DC-current(isolated) 8 2,000

- DC-voltagelisolated) 6 2,100

- resistivity 4 1,000
- Multichannel recorders

- 3 channel recorder 2 3,000
- Controliers

- pneumatic P-controller 2 2.000

- on-off controller 2 2.500

- indicating controller 8 500

- universal P-,PI-,PID-

controller 4 5.000

Actuators

- positional valves : -
-positional motors - 5,000
- stepping motors -

us 3 47,000
(from p.1) 5,680

us & 52,680

The prizes correspond to the relevant instrumentation prizes
in Germany.




fppengix A.Z.: Techniza: specificarions 27 3n 3naiog simulator

{Analog Cecmputer) for Training purposes

Obiecfives

By the use of the simulator

- mathema*ica! modeis of dynamic systems{i.2. of simple in-
dustriai plants) should be simulateaq,

- parameter and state estimation as well as optimal and adap-
t+ive controf schemes for the simulatagd systems can be re-
alized by o microcomputer, connected To the analog simu
lator, and

- the corresponding software can be designed, implemented
and on-line tested.

An example in this sense shaws the following Figure.

Microcomputer

Technical specifications -

a) Specifications of the system

Generally, the system should be mrduiar, i.e. extendable.

Reference voltage unit of the svstem

- output voltage 5 - 10V
- output current 20mA
- thermal stabilifty .01%
- Repetitive operations timer
- control modes CONT.OPER.-HQLD-REPET.OPER,
~.run périods Imsec - 10sec

Patch board

- remouvable

» .
- Display
- for analog functions LED
- for addresses 7-segment LED
- accuracy 3-4 digits

Keyboard selection

- selectable
- addressing




- potentiomerer setting
- mode
- mode speed

- Systam inputs/outputs

- video display

-~ teletype

- xy-pnlotter

- instrumentation bus IEEE 488 for connection
to a microcomputer system

b) Specifications of analog part of the system

- General :Number of elements

- integrators 4 - 14

- summers 4 - 8

- multipliers 4 - 6

- comparators 2 - 4

- analog switces 2 - 4

- free functions generators 2 - 4

- potentiometers 10 - 20
- Inteqrators and summers

- number of inputs 5

- input gain 1, (5), 10

- accuracy 0.1 - 0.25%

- output current SmA
- Multipliers -

- type 4 quadrant

- operationai modes MUL, OItV, SQRT

- accuracy 0.5%

- output current SmA
- Comparators

- type dual inpuft

- function A>B8 for logic 1

- switching error +(5 - 10)mv

- switching time 20psec
- Analog switch

- type single-pole,double~throw

- static error 0.1%

]

- Free functions generators

- type diode

- number of segments 5 - 10

- output current S5mA




- Porantiometears

- resistance iOKCShm
- number of revolutichs 10

- accuracy 9.01 - 0.05%

- linearity 0.01%

- output buffered

Analog Computers Examplies

- EAl 1000 of Electrcnic Associates Ltd., USA

- Dornier 960 of Dorniar System GmbH, Germany

Prize specfrum

- 20.000 - 40.000 3




iocealix AL i3+ z¢ -~acommenze< T2gnn 2! icurn3dis, S30-
Tarance oroceedings 31d SSSKks for israries
Q7 poro:ec centres

a) Journals

- Automatica (IFAC)

- Control Engineering (USA)]

- |EEE Transactions on Autcmatic Convraol (USA)

- International Journal of Control {LK)

- Qptimal Control Applications and Ma2thods (1KAC)
- Systems and Control Letters (UK)

b) Proceedings

- Proceedings of IFAC (International Federation of
Automatic Control) World Congresses and International
Symposia, especially of Symposium on ldentification.
and System Parameter Estimation.

- Proceedings of IFIP( Internationai Federation for
nformation Processing’) Internaticnal Conferences.

- Proceedings of IASTED (ln+srnational Association of
Science and lechnology for Development) internationail
Conferences and Symposia.

¢) Handbooks
- Considine, D.M.: Process lnstrumenTs and Control
Handbook(2nd Ed.), McGraw=-Ailtl, 1574.

- Harrison, T.J.: Handbook of industrial Control Com-
puters, Wiley, 1972. .

- Korn, G.A. and Th.M.Korn: MathemaTical Handbook for
Scientists and Engineers(2ad Ed.), McGraw=Hill, 1980.

d) 8o0ks

- Instrumentation Engineering

- Johnson, C.0.: Process Control Instrumentation
Technology, Wiley, 1977.

- Gregory, B.A.: An Introduction fc Electrical Instru-

mentation and Measurement Systems(2nd Ed.),
Macmillan Press, 1981,

- Rangan, C.S., G.R.Sarma and V.S.V.Mani: Instrumen-
tation:Devices and Systems(T-M), McGraw-Hill, 1982.

- CHEMICAL ENGINEERING MAGAZINE: Practical Process
Iinstrumentation and Control, McGraw-Hill Publi-
cations Co., 1980,

- Carrick, A.: Computers and Instrumentation, Heyden
and Son Ltd., London, 1979.

- Bibero, R.J.: Microprocessors in Instruments and
Control, Wiley, 1978, '

- Garrett, P.H.:Analog Systems for Microprocessors
and Minicomputers, Reston Publishing Company,
Inc., 1978.




Ags=ndix AL I 2.0,

- Harrison, T.J.: Minicomputers in Induztrial Con-
trol: An Introduction, Wiley, 1380.

- Signals and Data Processing

- .

- Chatfield, C.: The Analysis of Time-Series, Chapman
and Hall, 1980.

- Paled, A. and B.Liu: Digital Signal Processing:The-
ory, Design and Implementation, Wiley, 1976.

- Lynn, P.A.: An Introduction to the Analysiys-and
Processing of Signals, Macmillan Press, 1973.

- Schwartz, M. and L.Shaw: Signal Processing, McGraw-
Hill, 1975.

- Data Filtering -

- Terell, T.J.: Introduction to Digital Filters,
Macmillam Press, 1980.

- Ackroyd, M.H.: Digital Filters, Butterworths, 1973.

- Random Data Analysis

- Bendat, J.S. and A.G.Pierso!: Random Data:Analysis
and Measurement Procedures, Wiley, 1971,

- Afifi, A.A, and S.P.Azen: Statistical Analysis:A
Computer Oriented Approach(2nd £d.), Academic Press,
1879. .

- Otnes, R.K. and L.Enochson: Bigital Time-Series
Analysis, Wiley, 1972.

- Systems and Control Theory .

7/

Kailath, T.: Linear Systems, Prentice-Hall, 1980.

Shiners, S.M.: Modern Control System Theory and
Application(2nd Ed.), Addison-Wesley, 1983,

- Wiberg, D.M.: State Space and Linear Svstems,McGraw-
Hillt, 1971,

Fossard, H.J.,: Multivariable System Controil, North-
Holland Publ. Co., 1979.

Strejc, V.: State Space Theory of Discrete Linear-
Control, Wiley, 1981,

- Applied Digital Control

- Deshpande, P.B. and Ash: Elements of Computer Pro-
cess Control with Advanced Control Application,
Wiley, 1981.

- Ray, W.H.: Advanced Process Control, McGraw-Hill,
1981,

- franklin, G.F. and J.D.Powell: Digital Control
of Dynamic Systems, Addison-Wesley, 1980.




- Opti

Chard, R.A.: Introducing Software ZIngineering for
Process Control, Wiley, 13983.

mal and Adaptive Control

Blatt, J.M.: An Elementary Introduction to Opti-
mal Control, Published by Computer Systems,
Sudney, 1981.

ryson,Jr., A.E. and Y.C.Ho: Applied Optimal Con-
t+rot, Blaisdel Publishing Company, Waltham, Mass,
1969.

Kwakernaak, t. and R.Sivan: Linear Optimal Control
Systems, Wiley, 1972.

Landau, Y.D.: Adaptive Control:The Model Reference
Approach, Marcel Dekker, lInc., 1979.

Narendra, K.S. and R.V.Monopoli(Editors):Applica-
tions of Adaptive Control, Academic Press, 1980.

Unbehauen, H.(Editor): Methods and Applications of
Adaptive Control, Springer, Berlin, 1980.

- System Modeling and ldentification

Eykhoff, P.: System ldentification(Parametar and
State Estimation), Wiley, 1974.

Mendel, J.: Discrete Techniques of Parameter Esti-
mation, Marcel Dekker, 1973.

Eykhoff, P.tEditor): Trends and Progress in System
Identification, Pergamon Press, 1681,

Mehra, R. and D.G.Lainiotis: System ideniification:
Advances and Case STu@Jes, Academic Press, 1976.

Ljung, L. and T.S8derstrdom: Theory and Practice of
Recursive ldentification, MIT Press, 1983,

- System Simulation

Bekey, G.A. and W.J.Karplus: Hybrid Compatation,
Wiley, 1968. -

Cellier,F.E.(Editor): Progress in Modeling and Si-
mulation, Academic Press, 1982.

Close, C.M. and D.K.Frederick: Modeling and Analy-
sis of Dynamic Systems, Houghton Mifflin Company,
Boston, 1978. -

Gajda, W.J. and W.E.Biles: Engineering:Modeling
and Computation, Houghton Mifflin Company, Boston,
1978. ~.




Appendix A0 . ,p.s.

Mathematical Bacxgrounds

- Kaplan, W.: Advanced Mathematics for Engineers,

Addison-Wesley, 1983.

- Spencer, A.J.M. et al.: Engineering Mathematics,

vol.1 and 2, Van Nostrand Reinhotd(UK), 1977.

- Methods of Numerical Computation

Williams, P.W.: Numerical Computation, Van Nostrand
Reinhold (UK}, 1972,
Davis, J.Ph.: Interpolation and Approximation,

Dover Publications,lnc., 1975.

Jennings, A.: Matrix Computation for Engineers
and Scientists, Wiley 1977,

Barnett, S.: Matrices in Control Theory, Van Nos--
trand Reinhold, 1971.

Statistica!l Methods

- Box, G.E.P. and G.M.Jenkins: Time-Series Analy-

sis:Forecasting and Control,Rev. Ed., Holden Day,
1976.

- Maybeck, P.S.: Stochastic Model!s, Estimation and

Control, Academic Press, 1979.

- Anderson, B.D.0. and J.B.Moore: Optimal riltering,

Prentice-Hall, 1979.

- Systems Reliability Methods

- BillingTon: R. and R.Allan: Reliability Evaluation

of Engineering Systems, Pitman, 1982,

- Anderson, T. and B.Randell: Computing Systems Re-

fiability, Cambridne University Press, 1979.

- Rau, J.G.: Optimiz - and Probability in Sys-

tems and Engineeri:. an Nostrand Reinhold(UK),
1970.






