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I.Summary 

In order to meet the objectives of the mission JS 1efined in 2.here 

the E..<pert has 

I. visited the Project Centres in New Del'.!i, Tri·1:in<1r;.Jm an·J '~-:Jlcutta, 

2. informed rimself about the running Project ac~ti1ities 'o'llithin 

the Centres and has planed the new acti 1itie_:; f'Jr ~he ne.Jr fJt'.Jre, 

3. visited some research institutions for proces~ -iut·Jmation, 

4. consulted some users of plant automation from the industr1, 

5. delivered a series of internal and public lectures durin'J the 

seminars on computer-based process automation systems. 

The findings of the Expert during his mis~ion as wel I as the 

corresponding recommendations for future work within the Project 

Centres visited are extensively discussed in the fol lowirg Tech­

nical Report and once more summarized at its enc. 



J b i e c T i v es o f r ~ e '-1 i s s i on 

As per JOO Jescriptior of UNiJO, rne J~rJose a~ :ne Mission o· 

,). 

t o ,,<!'P p r i s e n i m s e ! f of industrial 

controi tec1noiogy, 

au;menrarion of T~e process controi labor3-ory,to 

evolve the course of industrial control technology for 

developins countries, 

partici::iaTe as a faci.;lty on the :ourses. 

3. Activiries of T~e Exoerts during 1is ~ission 

In order ro meeT tne oojectives of his ~ission, 3S defined ir 

here, The Expert has 

visirec The =roject Centre in ~ew Geini and -. connection 

with tne ~AE?-?roject, also the Central Elec-ronics Engineerir: 

R e s e a r c h 1 n s T i T u t e P I L A ~·l I ( R a j a s t h a n ; a n J t n E :; o r p o r a t e Re s e a r c -, 

and ~gveloomenT of BharaT Heavy ElecTricals _;mire~, Hydera~a~, 

- visiTed the ~roje=t Centres in Trivandr~m an: Calcutta. 

During the visit of Project Centres, tne foilow·1g activi-ries na;e 

been carried out by the Expert: 

- review ot The on going work within each Cent;e, 

discussions a~out the main difficulties in t-e Project work, 

advisino Hie pers:Jnnei of the Centres in pro:iem solving G1nd 

plaring of future activities, 

- 'florking out of detailed plans for the f:.;ture education and 

training of Project staff, 

he I p i n 0 t t1 e Project Cent res i n p I an i n 9 ::i rd c.;, r r y i n g out of 

training and ether educational courses ~or e-gineers from the 

industry, 

I e c "'.":.. r inc; Ii"': I ; :1 -

oreJ~n i .?::)ti :.r:: in 



FinJiras concernina +:ie state-of-the-art of automation 1n the 

1n his :::st Techni:ai ~eJor-:-(l:H-l; the Exoert :ias Jescri:ie·J tne 

s:ate-of-tne-art in lnaian industry basea on his ~ission 1934 1n :ndia. 

I n h 1 s T e c h n i c a I R e o o rT \ I 9 8 5 l ci n J P I I :rn I 3 4 I 0 3 0 I A / O I ( 3 7 ) t n e E x p e r : 

nas i imi-:-ad his impressions to the changes in the above ~entioned 

state-o~--he-art since nis last visit.The main impressions ~i Ii be 

summari:::ej as follows: 

I. Tne general tranc; in automation of Indian industry I ies 

in increased application of most moaern, multi-cor.iputer 

svstems which wi 11 be imported or prodUcea in the cauntry 

:n co-operation ftith the foreign companies. 

,·, i t h : h 1 s i n c o n n e ::: t i o n , ma n y lnjian companies try to use 

-:-ne mcjerr: 3ut.:crra-:-ion systems installed in the ;:;iar<t- +.'Jr 

:rocess optimi:::aTion in order to 

increase the productiviT/, the ,:iel:J er t~.e ciro-

Jucti·1i:y, 

- save tne energy or/and tne ra·..i ~a Te ii a!, 

re~uce -:-re production costs. 

~re tendency jus: mentioned is oovious ..iithin tne industrv 

::-anches I i~e 

- steel a:i.:J iron, 

fertilizers, 

- chemicais, 

- shugar 

- cement, etc. 

Similar tendencies are noticable 'iiithin the 

- power generation plants, and the 

- enersy distribution systems. 

3. There is the te1dency of instrumentation vendors to produce, 

distribute and maintai~ the most modern automation systems in 

co-· ope r z r i on w i t tJt he i n tern at i on a I we I I known i n st r u rr.e n tat i on 

vendors.Such svsrems are for instance tne programmable con-

tr:>!lers, microcomputer-ba·;;ed data c.icquisition S/Stem:;, dis-

i r i D 1.J t e 1 cc rr, .:i t_; t e r:; c 0 n t r (J I "''Is t ems ' •:?tr: . I n th i s ... d l 0 n I l tr, Cj 



:iur in no way the more lmporta:1t prob!em:tne technologi=31 !::::k 

' . 
~' 

' . 
'·-..JOn7!0 I I nsTrumenta"'." i ::rn lndustr/. 

J .nere is a Jeneral impression Tnat 3lso many Indian Resear:-

lnsTiturion an ~esearch and Development Centres of Indian 

companies intenj seriously to ~ark in the field of 

- iJ r o c es s '.1 ode I I ; n :; , 

- Systems Identification, 

- Parameter Estimation, 

- Systems Simulation and 

- Optimal ana ,.;daprive Process Conrrol. 

- Tne same tendencv is also r.oticable in the field of educatio~ ' . ' 
of en'.jineers at Indian Uni·1ersities and Col legc~: in H.e sense 

of modern systems theory.This is an essential change since r~e 

last Mission cf the Expert cur ~iTh the imitation that the 

practical component of this education is sti I I not there as 

it should oe.This is, naturally due to the insufficient or 

our-of-aate laboratory equipment in the Control Departmer.ts -- -.nc: 

high schools. 

::i. The establishment of Project Centres of AP..?P can in 3 smalle: 

degree improve the practical component of education and training 

of Indian engineers in the future if 

the training laboratories of Project Centres are at least 

minimal equiped with the control instrumentation as re-

commended here(Annex A.3), 

- as much as possible teachers and lecturers from the Uni-

versities and Colleges participate in training courses ::d 

F'roje,..t Cer.tres. 
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The establishment of Regional Project Centr=s ·.ii thin the AAPP has 

created new possi:Ji I ities for a wide, appl i:::-ion-oriented edu­

caTion and training of engineers from Tne ;-:~stry in process 

conTrol and plant automation.Here, differen- :curses have been 

hald a-r differenr technical levelslMicrocom:_-er, input/output 

programming, Jata acquisition, real-rime sys-=ms, eTc).ln the pas-:-, 

approximately 100 partitipants from the ind~s-ry have been trai­

ned each year.Furtheremore, in most of the F-oject Centres there 

already exist the corresponding course mater·a1s written by very 

we! I ski I led Project st:lff. 

However, the lack of interconnections :Jeh•es- The microcomputer 

system and the conrrol instrumentation is o:. eus in nearly all 

Centres.That was the reason for the Expert r: recommend in his 

last Technical Report(l934) for each ProjecT :entre a minimum 

amount of control equipment, a smal I analog ::::mputer and the re­

levant Project i ibrary.Thus, the Expert recc~~ends here once more 

to fol low his lasr recommendations and orGer -ne items as defined 

in Annexes A.I to A.3 here. 



5.1 Southern Regional Centre, Trivandrum 

In the past period, e.g. 3ince the last visit of the Expert tie 

Project CentreCsituated vith Electronic Rese3rch ana DevelopmenT 

Centre of KELTRONl has concentrated its activity mainly on 

- tr3ining of eng;neers from the local industry, 

- sponsorin~ and co-sponsoring of National ~orkshops on 

Computer Applications for Power Plants, 

- further development of 1 usic system, now covering over 

16 modules and a 6800 microcomputer boa1·d, 

- development of a Data Communication Netwcrk for process 

control application. 

Based an extended discussions with the Projec~ staff during his 

stay in Trivandrum, the Expert recommends the following activities 

to be c3rried out in the next future: 

- Data Transport Networks for Process Autc~ation 

Comparaiive analysis of the most suitable bus systems for 

daia exc~ange within a widely distributej, multicomputer 

plant auTomation sysrem. 

Developement, test and application of one (or two alter­

native) ~us systems, which should be the main communication 

I ink3 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 
1

us1C-based system for monitoring of dis­

tributed systems I ike power generation or power distribu-

ti on systems.A color graphic CRT as wel I as some remote d3-3 

eicqu is it i o i f8atures shou Id be inc I 1Jded into the system. 



In addirion to tnis, a modular anJ e~sy expandacle sofr-

~are should be developed tor process jata acquisition anj 

plant moniroring purposes. 

- Aavanced Programmable Controller 

A multi loop field station should Je .::eve loped as a b.'"Jsic 

element of modular Distributed ComcJters Control System. 

Here, a Project engineer should be sent abroad for trainins. 

The training abroad should include also his work on main design 

problems of the Microcomputer-Based Process Monitoring Sys-

tern as stated aDove. 

- Systems Modeling and Simulation 

l~ithin tr,is acrivity, the fol lowing should be studied: 

- Methods of Model Building ar.d Parameter Estimation 

and their implementation on a microcomputer(genera-

tion of corresponding software packages) 

- Simulation Languages ~nd Si~ulation Systems tor 

analog simulation on digital systems 

As a result, the adaptation of some existing parameter 

estimation and simulation packages should be adapted to 

the 
1

us1C-System. 

Here also, an engineer should be sent for training abroad. 
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5.2 E3stern Regional Centre, Calcutta 

lhe activities of rhe Cenrre, situated flithin the Jadavpur Uni1~r-

sity at Calcutt3, c3n be su:rimarized for the last period of 1::: 

months as fo I I ows: 

Education and trainin~ in the field of microcomputers 

~pplication to process control, including application 

to the chemical industry 

- De~lopment of a microcomputer-based 

- pH-Control !er for ACCI 

- temperature control !er( including a correspond ins 

case study in this f ieldl 

- stepper mater control !er 

- Design and setting up ot a process model Cinco-operatic~ 

with the Department of Chemical Engineers of the Univers'7; 

- p re p a r a t i o n o f ~, s u r ·.; e y on /J ·u I e Te a I n d u s t r i e s f o r t h e ::: ~ : -

pose of a microcomp~ter-based process automation of tea 

plants 

- Development ot a microcomputer-based multi loop station 

for automation in chemical industry 

- Development of a temperature monitoring and sequence con-

trol ler of a kettle in painting industry 

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

the fol lowing wi 11 be recommended by the Expert: 

- al I co1trol lers, developed thus fas as laboratory versior.s 

only should be brought to a final industrial version and 

on-line tested in a local chemical plant 

- the process modE:!:J, -::e1elope,:J in the pc.:st an•J described 

3 s t h e t h i r d i t em a c '.) ,, e s h o u I i b e p r o v 3 rJ e rJ '"' i t r, t h e f i n 2 ~ 

' I 

v e r ·~ i 0 n 
1 

0 f c 0 r1 t r ;1' I 
1

1 :-·. r s t 'J ~ 8 d e / ~ I o G c:: 1 



- t h e m u I t i I o o p c o n t r o I I e r , d e v e I o p e d t h u s f a r a s h a r j ., a re 

only shoul ce provided with t~e corresponding software(~;a­

r37ing sys7em, I ibr3ry of f~ncTions, loops configur3-or 3~J 

par3met~::er, etcJ 

- rhe con~.-::;'lers and model set ups jeveioped within tne 

Centre shou, J be interconnected vi a a ,jata co:nmun i caT ion 

link( a long-distance data highway) to be deve!oped in t~.e 

next future 

For rhe purpose of future Project activities, recommended here, 

t~o advanced engineers shoula be sent abroad for training. 
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5.3 N0rthern Reaional Centre, New Delhi 

stay wiTh the Electronics Commiss;on in New Oelni 

a s ~ N I :J 0 :: x p e rt f o r "-1 i c r o comp u t e rs App I i cat : on ( MAE P- P r o j e ct ) 

the Ta!ks nave been possible wi~the staff and tne Chief Project 

:o-orJina7or of AAP 0 -Project on activities ;oing on w~thin the 

Centre and aoout t~e activities planed tor 7ne ,ext future. 

Here, the following can be stated: 

A :;eri•3S of training courses and application seminars 

ha~e been oFganized by the Centre in ~ew Delhi as wel 

a-:- some other locations(Pi lani ,etc) for people from 

ji fferent industrial branches, so that the Centre has 

t~e best results in this area withi~ the Project.This 

hclds also for the diversity o+ tra:~ing areas covered 

d~ring the courses which includes digital lcgic circuits, 

microcomputer hardware ana software, organization of 

i~put, outpuT and interr~pjs, connec7ion to electrical, 

electromechanical and pneumatic elements( sensors, actu-

arors, switcr.es, valves, etc) which about trie completed 

course printed materials for the participants are avai-

I ao I e. 

Hardware and software wds jesigned for a series of smal I 

industrial automation projects, like for instancea micro-

computer-basPd inertial track monitoring system for rai 1-

ways, a data acquisition system for gas distribution 

within a steel plant, many developments in the erea of 

microcomputer-based input/output controllers, etc. 

- Model building of industrial processes( in co-operation 

w:th thE: inj.;stry anj some research organizations/. In me:rn 

.. - . _, .=;: r ...._,.... .-. - r ' 
~ , I 

I j ; ~ " •: ,,- -~ ~I .+-
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r r i a I b ranches ( cement, s re e I , sh u gar, Te a , fer T i I i z er s , 

chemicai, railwciys, etcl.:leside tnis, tne ~enrre nas 

excel len- ::onnections to 11ar ious :;esear::n !nsti-rutes 

of rne country which are application-oriented 1n the 

field of :omputer-based plant automation. 

Gutgoin~ from tne aoove srarements, the Expert recommends for 

the Centre in the next future: 

- continuation of work on smal I automation systems for 

differen: industrial branches as desired by clients 

- mode I :::; u i ! Jing for precesses ~ i thin the cemenT, st'­

sh uga r ar.J fertilizers industry in cooperation with 

the concerned companies and the relevant research anj 

developme~t sentres 

- developme~t of a system for simulation and parameter­

estimatic~ of continuous process models on a microco~pu­

ter syste~. available within the centre(Here, tne adap-

t at i on o f an ex i st i n g p r o g r a.rn me package , av a i I ab I e a: 

Universir: Department of the E>~ert, can De of great 

3dvantage 

- work on s;stem analysis, model building, etc. oriented 

toward some processing units( Blast Furnace, Basic Oxy­

gen Furnace, Continuous Casting, Finishing Mills, etc.) 

of Bhi lai Plant as a preparation and technical support 

of future Project in this field(the INCOS-Projectl. 

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 !eater than within one year. 

The study tours should update the technological and the theoretical 

informations of the Centre (and of the AAPP itself) concernino 

t~e modern auToma-;on approaches in the indust~;. 

Ir, r,.:i·.> to ::e po1r,-:-t:J out th.:it the :wrthern r:;e<jioncil Cer,ter r1c.;:.; 

net uS8j :t::; possi::iiliti•?s fer tr:.iininJ an stud; to•Jrs i'1 the past. 
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8. Summary of Findings 

I. In al I Project Centres, especially in t~.e Northern Regional 

Centre in New De I hi the work on mode I Ii .~g of processes in 

different industrial branches is going on. 

2. There is a multiple intersection between the on going activi­

ties of the Project Centres (programmable controllers, fiel·j 

station, data communication systems, etcl and the future na­

tional Project INCOS. 

3. The Project staff working on mathematical model bui I ding neec 

some technical and methodological help as soon as possible. 

4. Project activities to be carried out in the near future are 

well-known and defined here in 5.1 to 5.3. 

5. In some cases the products of Project work (equipment, programmes) 

are brought up to the laboratory only.Tnere is not in all cases 

completed technical documentation about ihe products. 

6. There is sometimes the case that some microcomputer systems 

wi I I be chosen as a basis for further developmen~ instead of 

1us1c system,already developed within tne Project.This needs ~~­

necessary imports of equipment and costs additional fondgn 
; 

currency,which can be saved by u~ing the 
1
us1c system. 

7. Not al I trainings abroad and study tours, as originally planed 

within the Project have been used up to now. 

8. There is the tendency to spend the training time abroad with the 

microcomputer vendors in participation in a system course(hard­

ware and softwarel.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 useful I. 

9. 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. 

10. It has proved, that the tot-al 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 pui"po­

ses that can not be finished in 3 months exactly. 
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I I. The Projecr st3ff needs more frequent ~elp from the UNIOO ex­

~erts than once a year, as ir was the case in the past.More 

frequent jiscussions wiTh the experts acceler3te The work w1-

tnin the Cenrres anj avoij unnecessary irritations in de-

·Jeloping of new items. 

1_. It has proved that more gener-al purpose equipment has origi­

nally been planed for The Pro~ect tha:i the special equipmenr 

that wi I I rely be needed for the future activities.Furthermore 

re, some of such equipment are already available on the domestic 

market. 

On the other side, it has also proved that more direct exchange 

of know-how by training abroa:, srudy tcurs and visits of ex-

pertswil be necessary than original I/ planed. 

13. The total duration of the Project( 4 years l seems to be to 

short due to the long-rome acTivities necessary for develop­

ment of equipment re:illy applicable in the industry and due :o 

the initial difficulties of r:--e organization ot Project worK. 

!.:!. In his 13st Technical ~eport i934l, the Expert has ma.je some 

recommendations which have proved to be essential for further 

Project progress and "",ich ha·/e Dd°t been realized unti I now. 

The recommendations are: 

10.2 For practical tr~ining 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 bui 1-

ding, process parameter and state estimation, optimal 

and adaptive control, DOC, etc., provide each project 

centre with an analog simulator( analog computer l, which 

technical specifications are given as Appendix A.4 of this 

Report.' 

10. 12.General ly, enlarge the project I ibraries of the 

centres according to the list of recommended journals, 

proceedingc and books(see Appendix A.51. 1 

The above cited Appendices are included in this Report as 

Appendices A. I to A.3. 

The recommendations 10.2, 10.~ and 10.12 as gi·18n in the lasr 

?eports are sti I! ur3e~t. 
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Summary of Recommendations 

I. T:ie ·.oior,<. on moael building anj s1s-e-s simulation shoulj go 

on in al I ::enTres of .-\APP, • I espe:1::i. , the work in the ::irea 

of steel power plants as we! I as of :1emical, cement, ferti-

1 i:er, food\incl. tne teal and of s:1-Jar industry.With this 

in connection, The connections ~o r~e relevant companies 

shouldbe spread out and tightned so -1at the models, develo­

ped in different areas wi 11 be of pra:tical use. 

2. Special attention should be paid to The close co-operation 

with the 81-,i lai steel plant due to 1:-.e INCOS-Project to come. 

rlere, al I Centres of AAPP (as ·..iel I as some Centres of MAEP, 

like the Centre in Bangalore, Ranchi and in ~Jew Delh!lshou!:.; 

cnecK There activities against the ..;seful lness of the resulTs 

to the bigest Indian automation prcJe:t to which also the 

UNlJG support of AAPP and of ~AEP ca· directly contribute. 

3. Special cou1ses in model building, ~arameter estimation and 

systems simulation should be held Dy JNIDO experTs for the 

Project staff of al I Centres( of ~or· Projects) 

4. P~oject activities to be carried our in the Centres, visitec 

by the Expert , should be as st~ted :, 5. I to 5.3 here. 

5.Special attention should also be oa;: -:-o the fact, that each 

Project activity containing the deve.opment component for 

hardware or software should final!/ ;ive an industrial ver­

sion of the equipment or of a progra~ developed.For this, 

also the completed technical documenration should be gene­

rated and the equipmentCthe program) itself tested within a 

plant e.g. under normal industrial c:nditions.The best suc­

cess of the Project work w i I l, natura I I y, be in the case that 

the developed items wi 11 later on pr~duced by a vendor. 

6. for development of microcomputer-based automation systemsthe 

1
us1C-System, developed within the Project should be used in 

all cases where it is possible.The use of other microcomputer 

systems should always be an exception. 

7. It is urgent to send the Project sta~f for training and the 

Project Coordinators for stud/ tours abroad as recommended in 

5. 1 to 5.3 in this Report.A delayec ::ction in this area ..iii 

na1e negative concequences to man/ a:-:-ivities within the Project. 
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3. ln the future,tne institutions applying the computer techno­

logy and t~e aJvancea engineering methocs f~r ~recess auto­

~ation shoulj oe cnosen for training cf ?roject staff, rather 

tne ~icrocomputer ~enJors.Only a short ~isit to the microcompu­

ter ~reducers shouij be planed by trainees. 

?. This shoulJ not holj for study tours, .. ".ere the Project Coorji­

nators shoulj inform rhemself about tr.a microcomputer and in­

strument.at ion tecnno I O']Y as we I I as accut their app l i cat i ans. 

10. It must be possible - when especially useful l smal I project 

works during the training abroad should be finished - to auto­

matically prolonge the stay abroad at an additional month. 

I. In tt-.e future also, the int'3rnational experts should be invited 

more frequently for a shorter time rat:--er than in long time jis­

t a n c e d f o r a I o n g e r t i me T h i s i s n e c e s s a r y f o r b et t e r re v i e w 

of Project work ana for planing of new activities within the 

Project.Beside this, the more frequent -its of the experts 

wi I I help to organize more special tra:njng courses, seminars 

and symposia for Project staff as wel I as for en9ineers from rne 

industr/. 

12. It is also recommendable to review once more the Project buaser 
/ 

t r om i he po i n t o f v i e w o f p r op o'r t i on a I : i y :::i et·,; e en the UN I D 0 i '' -

puts for the procurement of equipment and for training abroaa, 

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, study tours ana expert visits by decrea-
/ 

sing the expences reserved for the equipments.The Expert is con-

vinced that the know-how transfer process by direct contact be­

tween the Project staff (a)road or at homel and the international 

experU is a more efticiert 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 to really intensify the process 

of know-how transfer. 

13. It is finally questionable whether the total duration of a com­

plex Projeci I ike AAPP should be I imited, as planed,to 4 years. 

It is at this point recommendable - especially in view of the 

activities within the l~JCOS-Proj3ct - :'.)extend this duration 

for J f0rrner year.This wi I I anyhow be necessary when the to-, 

t CJ •I 
..;:11:=io input :.nouiJbe in::reased. 

I 



14. Rel i=e as soon as possible the recommendations of the Ex:er7 

given i1 nis lasr qeport an~ attached to this Report as 

Appendix A. I to l ~ 

Extend ~or this purpose the ?reject buaget. 

I I I 
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.~ppendix .~.I.: List of con:rol instrumen~~~ion equipment for 

training in computer-based orocess centre 

Objectives 

The equioment shoula ne:p io 

- u~Jerstand th~ wcrking princip'.es and technical cha­
r3cteristics of individual ins~rumentation elements; 

- aesign and manufacture of sma!:-scaie control-loop~ 
for temperature, flow, pressure, and ;Jressure contr::I; 

- realize the experiments in the area of system identi­
fication and direct digital control CODC>; 

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

Instrumentation list 

a) Sensing elements 

- Thermoresistivities 

- up to 150°C 

- up to 400°C 

- Thermoelemenis 

- Fe-CuNi Cup to 300°C), 

- NiCr-Ni Cup to 400°Ci 

- NiCr-Ni (up to 1100°C/ 

bl Transducers 

- For thermoresistivities 

- non-isolated 

- Isolated 

- For thermoelements 

- non-isolated 

- isolated 

;;umber 
8 

2 

4 

4 

2 

4 

4 

4 

4 

us g 
120 

160 

320 

320 

160 

1 • CJOO 

1.200 

1.000 

1.400 

us z 5,680 . 
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""' , ...; . -. 

- For pressure and pressure-difference 

- range:0.1-lmbar 
- range:0.4-4mbar 
- rangeCabsol ute) :0.9-1.1b3r 
- for level 

- For flow 

- pulse output 
- analog output 
- inductlve(for tubes) 

- Pressure-to-current converters 

- for pressure-difference 
- for f I ow 

- Instrumentation amplifiers 

- DC-current<isolated) 
- DC-voltage<isolatedl 
- resistivity 

- Mu I ti channe I recorders 

- 3 channe I recorder 

- Contra Ii ers 

- pneumatic P-control ler 
on-off controller 

- indicating controller 
- universal P-,Pl-,PID-

contro I I er 

- Ac"tuators 

- positional valves 
-positional motors 
- stepping motors 

number 
4 
2 
2 
2 

2 
4 
4 

2 
2 

8 
6 
4 

2 

2 
2 
3 

4 

us g 
2,400 
1I600 
2,200 
3,000 

1,600 ~ 

3,600 
4.000 

2,500 
3,000 

2,000 
2 I 100 
1I000 

3,000 

2.000 
2.500 

500 

5.000 

5,000 

---------------------
us s 

(from p • 1 ) 
47,000 
5,680 

us s 52,680 

Note:The prizes correspond to the relevant instrumentation prizes 
in Germany • 
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rppenaix A.:.: -:-ecnni:a1 s;:iecificaTiJns ;:7' an a:iaiog simul3tor 
(,.\nalog CcmO'.JTerl fr.r- Training purposes 

Objectives 

By the use of the simulator 

mathematical mode~ of dynamic sysTems'.i.e. of simple i:i­
dustrial plants) should be simulated, 

- parameter and state estimation as well as optimal and adap­
tive control schemes for the simulatea systems can be re­
alized by o ~icrocomputer, connected To the analog simu 
lator, and 

- the corresponding software can be designed, implemented 
and on- I i ne tested. 

An example ii'l this sense shaws the fol lowing Figure. 

Microcomputer 

Technical specifications 

al Specifications of the system 

Generally, the system should be mc-d.-lar, i.e. extendable. 

- Reference voltage unit of the svstem 

- output voltage 
- output current 
- thermal stabi I ity 

5 - 1 ov 
20mA 

• 01 % 

- Repetitive operations timer 

- control modes 

... run peri'ods 

- Patch board 

- remouvable 

- Display 

CONT.OPER.-HOLD-REPET.OPER. 

lmsec - 10sec 

- for analog functions LED 

7-segment LED 
3-4 digits 

- for addresses 
- accuracy 

- Keyboard selection 

- selectable 
- addressing 



-
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~JJt::iJ:x-" 2..,~.:. 

- ~oten7:ome1er setting 
- mode 
- mode speed 

- System inputs/ouiputs 

- video display 
- teletype 
- xy-plotter 

instrumentation bus IEEE 488 for conneciion 
to a microcomputer system 

bJ Specifications of analog part of the system 

- General :Number of elements 

- integrators 
- summers 
- multipliers 
- comparators 
- analog switces 
- free functions generators 

4 - 16 
4 - 8 
4 - 6 
2 - 4 
2 - 4 
2 - 4 

- potentiometers 

- Integrators and summers 

number of inputs 
- input gain 
- accuracy 
- output current 

- Multipliers 

- type 
- operational modes 
- accuracy 
- output current 

- Comparators 

- type 
- function 
- switching error 
- switching time 

- Analog switch 

10 - 20 

5 
1, (5_), 10 
0.1 - 0.25% 

5mA 

4 quadrant 
MUL, DIV, SQRT 

0.5% 
5mA 

dua I input 
A>B for logic 1 

+ (5 - 10)mV 
20µsec 

- type single-pole,double-throw 
- static error O. 1% 

- Free functions generators 

- type 
- number of segments 
- output current 

diode 
5 - 10 

5mA 
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- ?orentiometers 

- resistance 
- number of revolutio~s 

- accuracy 
- linearity 
- output 

Analog Computers Examples 

:.. J J e n .J : .< .; . 

iOKOhm 
10 

0.01 - 0.05% 
0.01% 

buffered 

- EAi 1000 of Electronic Associates Ltd., USA 

- Dornier 960 of Dornier System GmbH, Germany 

Prize spectrum 

- 20.000 - 40.000 g 

- . . . ... . - . 
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~.::-:.1::x .. ~.: ..... ::;• :,; ~ecomma;i~t:?~ :a~:--:~·:3~ jc:..Jrial5, :.Jn­
farance ~roceeaincs ana :cc~s for I ~or3r~es .. 
or cr~·ac cenrres 

. 't 

al Journals 

- Automatica CIFACl 
- Control Engineering CUSAJ 
- IEEE TransacTions on Au"tomaTiC Con7rol (USA) 
- International Journal of Control (t.;K) 
- Optimal Control Applications and \1athods (IKACl 
- Systems and Control Letters <UK) 

bl Proceed i ng_s 

- Proceedings of IFAC (International Federation of 
Automatic Control l World Congresses and International 
Symposia, especially of Symposi1Jm on Identification. 
and System Parameter Estimation. 

- Proceedings of IFIPC International Federation for 
Information Processing) l~ternaticnal Conferences. 

- Proceedings of IASTED ( ln~ernational Association of 
Science and Technology for Development) International 
Conferences an~ Symposia. 

cl Handbooks 

- Considine, D.M.: Process lnstrumenis and Control 
Handbook(2nd Ed.), McGraw-~ill, 1974. 

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

- Korn, G~A. and Th.M.Korn: \lathemaTical Handbook for 
Scientists and EngineersC2ij Ed.l, McGraw-Hi I I, 1980. 

d)Sooks 

- Instrumentation Engineering 

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

- Gregory, 8.A.: An lntroductic.'n to Electrical Instru­
mentation and Measurement SysTemsC2nd Ed.l, 
Macmi I Ian Press, 1981. 

- Rangan, C.S., G.R.Sarm~ and V.S.V.Mani: lnstrumen­
tation:Devices and Systems CT-Ml, McGraw-Hi 11, 1982. 

- CHEMICAL ENGINEERING MAGAZINE: Practical Process 
Instrumentation and Control, McGraw-Hi 11 Pub Ii­
catlons Co., 1980. 

- Carrick, A.: Computers and lns~rumentation, Heyden 
and Son Ltd., London, 1979. 

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

- Garrett, P.H.:Analog Systems for Microprocessors 
and Minicomputers, Res-ton Publ:shing Company, 
Inc., 1978. 

1 
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- Harrison, T.J.: Minicompuiers in lndu::trial Con­
irol: An Introduction, 'Ni ley, 1980. 

- 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, Macmi I Ian Press, 1973. 

- Schwartz, M. and L.Shaw: Signal Processins, McGraw­
Hi 11, 1975. 

Data Filtering ~ 

- Terell, T.J.: Introduction to Digital Filters, 
Macrili I lam Press, 1980. 

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

- Random Data Analysis 

- Bendat, J.S. and A.G.Piersol: Random Data:Analysis 
and Measurement Procedures, i'4i ley, 1971. 

- Afifi, A.A. and S.P .. "zen: Statistical Analysis:A 
Computer Oriented ApproachC2nd Ed.>, Academic Press, 
19 79. 

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

- Systems and Control Theory 

- Kai lath, T.: Linear Systems, Prentice-Hal I, 1980. 

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

- Wiberg, D.M.: State Space and Linear Systems,McGraw­
Hi II, 1971. 

- Fossara, H.J.: Multivariab le System Control, North­
Hol land 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, 
WI ley, 1981 • 

- Ray, W.H.: Advanced Process Control, McGraw-Hi 11, 
1981 • 

- Frankl in, G.F. and J.D.Powel I: Digital Control 
of Dynamic Systems, Addison-Wesley, 1980. 
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- Cnarj, R.A.: Introducing Software ::ng:neering for 
Process Control, Wiley, 1983. 

- Optimal and Adaptive Control 

- Blatt. J.M.: An Elementary Introduction to Opti­
ma I Control, Pub I ished by Computer System?. 
Sudney, 1981. 

- 2!"'yson,Jr., A.E. and Y.C.Ho: Applied Optimal Con­
trol, Bl~isdel 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. Inc •• 19/9. 

- Narendra, K.S. and R.V.Monopol i (Editors) :Appl ica­
tions of Adaptive Control, Academic Press, 1980. 

- Unbehauen, H.CEditor): Methods and Applications of 
Adaptive Control, Springer, Berlin, 1980. 

- System Modeling and Identification 

- Eykhoff, P.: System ldentificatio:-.(Paramet.:ir and 
State Estimation), Wiley, 1974. 

- Mendel, J.: Discrete Techniques of Parameter Esti­
m a t i o n , M a r c.: e I D e :< k e r , 1 9 7 3 • 

- Eykhoff, P. {Editor): Trends and Progress in System 
Identification, Pergamon Press, 1981. 

- Mehra, R. and D.G.Lainiotis: System IJ~niification: 
Advances and Case Studi..es, Academic Press, 1976. 

/ 

- Ljung, L. and T.S6der~tr5m: Theory and Practice of 
Recursive Identification, MIT Press, 1983. 

- System Simulation 

- Bekey, G.A. and W.J.Karplus: Hybrid Comp~tation, 
Wi fey, 1968. • 

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

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

- Gajda, W.J. and W.E.Bi les: Engineering:Model ing 
and Computation, Houghton Mifflin Company, Boston, 
1978. ' 
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- Mathematica I Bac~crounds 

- Kaplan, W.: Advanced Mathematics for Engineers, 
Addison-Wesley, 1983. 

- Spencer, A.J.M. et al.: Engineering Mathe~atics, 
vol.1 and 2, Van Nostrand ReinholdCUK), 1'377. 

- Methods of Numerical Computation 

- Wi I Iiams, P.W.: Numerical Computation, Van Nostrand 
ReinholdCUK), 1972. 

- Davis, J.Ph.: Interpolation and Approximation, 
Dover Publications,lnc., 1975. 

- Jennings, A.: Matrix Computation for Engineers 
and Scientists, WI ley 1~77. 

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

- Statistical 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 Models, Estimation and 
Control, Academic Press, 1979. 

- Anderson, B.D.0. and J.B.Moore: Optimal ri ltering, 
Prentice-Hall, 1979. 

- Systems Re Ii ab i Ii ty Method~ 

- ~ 
- Billington, R. and R.Allan: Reliability Evaluation 

of Engineering Systems, Pitman, 1982. 

- Anderson, T. and B.Randell: Computing Systems Re­
l iabi I ity, Cambritfn<> University Press, 1979. 

- Rau, J.G.: Optimiz ' and Probabi I ity in Sys-
tems and Engineeri1. an Nostrand ReinholdCUKl, 
1970. 




