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VISI,T TO CHINA APRI,L TgAO

Kanl Johan Âstriirn

T. INTROÞUCTION

or'¡ the invitation of prof Kwen chao-chih r visited the
Laboratory sf Control Theory of the Lnstitute of Ëystem
Seienee and l"lathematies of Aeaderaia siniea in peking, The
rnain purFose of the visit was to give a series of leeture oÌ1
stoehastie control theory and to dieugs with the r*eseårehers
of the labonatory. ttuning rûy visit there wås also
opportunitíes to visit universities and industries. I would
like to expners ritt sineere gratitude to pnof Kwan for
inviting me and to the Swedish Board of rechnical
Development (sru) r,¡ho pnevided travel support (contnEct
79-3752). r åm also most grateful to r*y ehinese eolleaguesr
r¡ho spent r¡ueh time talking to rne and for the great
hospitality that was alr,.lays given to rne. r, Ë¡fir pantieu!,arly
greatful te prof Chen Han-fur whe aeeompanied rrtel on several
trips, This gave å good opportunity to persue culturer
Chinese history¡ Chinese ehessr êr1d table tennis Ëts t¡el1 ès;
stoehastie eontrol theory.

?. THE LABORATORY OF CI)NTROL THEORY

Tlle cantrol Theory Laboratory wês founded in 1g62 as part of
the rnstitute of I'lathernatics of Aeadernia siniea on a
suggestion frorn prof rsien. r,n oetoben 7g7g a new rnstitute
of System Scienee and l4athematics was formed and the Contnol
Theory Labonatory became pant of it, The new institute has
the following labor¿tories:

Control Theory
CIperations Fleseanch l"lathemat ics
Operations Reseanch Hanagement Ëeience
Stat istica 1 Hathen¡atieg
Hathenratieal Physies
Computen Seienee

Prof Kwan chao-chih is dinector of the Laboratony of contnol
Theory. At the time of my visit the laboratony had zå staff
rnembens and å students, A survey of the aetivity over the
past two years ånÊ given in the activity report tll r which
also esntains e publ ications l ist, The rûaJon t.eseêrch areË¡s
Ë¡ rE|:

Linear systeor theory
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Stoehastie contnc:l. theony
Distributed pararneter systems
Nonlinear systems
Infonrnation pnoeessi ng
0ifferential ganr€rs
Applications af modern eontrol theory

The groupleader in låneaf__Eysleü___lbeefy is prof Han
Jing-qing. One ma¡or activity of the gnaup is to unify the
different approaches to linear systern theory and to provide
suitable algorithors for nurnerieal eoroputationg. Arnong
speeifie pnoblems that have been investigated ðne linear
polynotnia I equatiotrs.

Prof Chen Han-fu is the leader of the grtruF in sloghs=tåË
gûngtg!__lhegty. The LôG problern has been inveEtigated,
Problems with unknown initial, eonditions and singulan
eontrol pnoblems have been studied. Stochastic reelízation
theoryr systenr identificationr and gtochastic diffenential
gðrneÊi have been itrvestigated. €itrrne reeent wonk in stochastie
eentrol theony is Listed in the refereneeg of this geetion.

The nesearch in çlist¡¿Þg!Êd_Eå.fÊûËlgl_gyglerns is directed by
prof Ku¡an. The prob}er'rts that have been investigated include
cont rol and stabi I i sat ion of elast ie bearrs r tenrperatu re
control in gyroseopesr sensor and heater plaeernent for
temperature contnol. of f loating gyl.os r optin¡al power
distribution in nueLear reactonsr and control of slenden
spaee vehicleg.

Dr Chin Hua-shu leacls the research in non!!r1eðf__sy5lemg.
Current researeh is eentered on bifureation and stabitity
theony, Rigorous eonditions for the val, idity of deseribing
funetícn analysis have al,so been established.

There are several pno¡eets whieh are devoted to explore the
practical åpplication of nrodenn eontrol. tlreony. Apptieations
to navigation and guidancer to tander¡ eold rolling have been
irrvesùigated. Stability theory and nonlinear estimation
theory have been applied to powelr systerns.

$gfelggegg

1. Kwan Chao-ehihr Rapport d'Activité 1978 and !979.

2. Chen Han-fur Stoehastic Control Prc¡blerr¡ with the
Êuadratic Perforrûar¡ce Lndex,
Acta l"lathernatica Sinica 32(1979) 43A-447

3 Chen Han-fur Stoehastie Contnol under the Hinirnax
Penforrnance Index of the Quadnatie Type,
Chinese Seience Special Isgue (1?79) {63-7'77.

4. Chen Han-fur On the Statistieal Chanaeteristics of
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Estimates t+ithout the Knswledge of Initial Velues.
Acta I'laternatica Siniea ?2(797qr 11å-1?2.

5. Chen Han-fur The Stochagtie Observability and the
Estimates without the Knowledge of.Initiat Values
fon the Continuous-Time Siystems.
Seientia Sinica Speeial Issue ?ßq7qr?g{-?ç3.

à Chen Han-fur Ctptinrality of Estimates without the
Knowl,edge of Initial Values (E[¡KIV).
Scientia Sinica 22tLq7q1 âl,3-â27.

7 . Chen Han-fu r Ot'r Stoehast ie CIbservêbi t ity.
Scienta Sinica ?.CICIq77j3B5-324.

a- Kwan Chao-ehi and Chen þ.lan-fur Contnoll,ability and
Observability of LineåF Systerrs.
Acadernia Sinica r Peking 1?25.

L Chen Han-fur Reeursive Estimation and StochaEtie
Control of Þiserete Tir¡e Systems.
Aeademia Sinicar Peking 1988,

3. THE LECTURES

Eight leetures h,ere given on stochastic contrsl theory and
its åpplieations. A résurneé of the leetures is given in
Appendix A of this Èrip nepont. The overhead transpaneneies
used in the lecturrs are avãilable ås a repont. see tll. Ageiner€l lecture on trends in autonratie eontrol wås alsogiven at the InEtitute of Systern Seienee and l"lathernatics.The
leetures lasted for a morning ol. an aftennoon eaeh. r spoke
in English and prof clren Han-fu tnanslated gimultaneously.
After some experirrentation this worked very well.. I arn ¡nostgreatful to pref Çhen Han-fu for his exeellent help. Thene
were about 150 pensons in the audienee. They cËrrrre frorn nranypants of chína. Thene were representatives both fnorn the
research institutes of the Aeademia Sinicar tl'¡e universities
and the industries. The audience was vcrry captive. sevenalof the p€pers whieh forrned the basis of the leetures had
been translated to chinese beforehand, There h¡ere rrråny good
and penetrating questions. A substantial part of theleetures deart with ûìy own reselêneh that had been supportedby sru, The leetures gåve ån excelLent opportuníty to
erganize al l the rnatenial into a eoherent pieture. r wðsalgo fortunate to lrave tirne to wríte up the rnaterial and to
work it into the fortheorning Chinege translation of rny TqZtbor¡k rntroduction to Stoehastic control rheory. The
t nanglation is rnade by prof pan yu-huan of shenyangrnstitute of Auton¡ation and r had good opportunities to
discuss with hirn, The clrinese translation wi I l thus be up todate. rt ¡¡ill eontain five new chapterE. r found pantieular
interest fnorn the audienee in those pants of the theony that
had found praetical êpplication,
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I re nds_i n_Ag!orng!Ås_ Çe¡!ro!
Pnof Kwan wanted rne to give a speeial lectune
personal penspective on the future devel,oprnent
of automatic cantrol. This leeture h,ë¡s¡
beforehandr neither did I have tirne to wnite
aceount of the rnain eente¡rts of the leeture
listed below.

outlining my
of the field
not planned

it up, An
is therefore

Int roduct ion
Relations to othen fields
General theoretical problems
Modeling and identifieation
Corrputer aided design
Mone eonplex regul.aters
Ctrnclusions

rn su¡nrnary the lectures were Ë very stimulating expenienee,
organizing thern presenting them and writing thern up gêvel ðn
excellent opportunity to get a coherent pietune of research
that stnetehed over sÊver;¡1 years.

Eefeteree

7. Agtrðmr K Jr Ovenhead slides fer eight 1ectures c¡n
stoehastie eontrol theony and åpplieations,
Report TFRT-7?O4r ttept of Autornatie Contnolr .Lund Institute
of Teehnologyr Lund 198U.

4. DTSCUSSTONS

There were tôåity oppot'tunities for discussions both formal
and informal. clne nrorning and one åftennoon wene set aside
for organized discussions. There wene also rûany informal
diseuEsions in eonnection r^rith the lectures and at during
the tin¡e r b¡ås at the institute. CIne of the fonrnal
diseussions was devoted to neseareh at the rnstitute of
system scienee and Mathematies. The other to work in my own
aneas of specialization. Some of the topics diseussed ane
listed below:

Ternperature control of ovens,
Identifieatísn of asyrnnretric systÊrrrs.
Stability of adaptive control systerns.
Solution of linear equations in polynomial ¡.natriees,
Systems with rapidly ehanging pararneters.
Approaehes to contnol of rnultivariable systenrs.
Control of ship steering.
Impaet of mieropFocessors on contnol systems,
Adaptive eontnol.
Self-tuning regulators.

The né¡mes of some of the Feseênehers r discussed with are
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listed in Appendix B. Hn NiLs Ekbtad of the Swedish
also partieipeted in one of the diseussions.

Embassy

5. VISIT TO PEKTNG STEEL RESEARCH INSTITUTE.

There were severð I ¡.eseå rehers f nom the pek i ng steel
Researeh rnstitute who attetrded rny lectures, Dr Zhong kindty
invited rne te visit the institute. r h,åE received by prof r
Kor viee President and Dean of the Faeulty of Hetat physies
and chernistry. He had organized å generêl tour of thedifferent laboratonies of the rnstitute. There was a
eomputing eentre with å Rs 131 cemputer (J? k ió bit wordssimilan to DG Nova), There was also a speeial labenatory foridentifieation of nolling mill dynamics. The techniques used
were based on eoFrelation methods. The ingtrunrents wet*e
manufaetuned at the rnstitute. They had been used forlaboratory experiments and for pl,ant experimentg. A typiealêpplieation was to detennrine the relation beetween Eheet
thiekness and screw-down position. A particular problern that
had been eneeuntered waE that the dynamics depended on the
sign of the derivative of the input signal.,

Eefe¡qnggs

t. Lee Bai-lang and Clrong Yan-yoner Hultifunetion
Pseudorandonr Binary Sequenee correlator and tn*Líne
rdentif ication of contnol systems of cold Rolt,ing t*iílLs.
Acta Autornatiea Siniea 5({97?)lS-??.

2. Zong Yen-¡ener Inverge-repeat m Sequence and
System Ident i fieat ion.
Acta Autonratica Sinica 5(197?)tOZ-tlS.

3. Zang Yong-guangr Liang Guo-pingr Zhang Jin-zhi
Zheng Xue-feng. r A New Method for Sirnulating the
Tandem Rolling Process by Digital Computen.
Aeta Automatica Siniea 5(1?7?) 772-tA6-

and
Cold

4. Prospect describing the eorrelation equiprnent.

5. Lee Bai-leng and Chong Yan-.¡one. r Application of
m-sequenee and Inverse-repeat m-seguence for
Identifieation of Nonlinean Systerns.
Report Peking rnstitute of rron and steel Technology.

âN PEKTNË ORGANIC CHEHICAL PLANT

A visit was annanged to the plant beeause they had
experimented t¿ith self-tuning regulators (developed undensru eontnaet 7g-337luz7o). The pLant pnodueespolyvinylacetate, The pl.ant has a nornitral eapaeity of lBBoutons. rt was started in 1965. The produetion has been
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doubled since then. The ptent has eonventional
instrumentation' A pncreslss eoroputer was ingtalled in ,gzo.
The plant has € researeh depertnrent which does advanced
contnol ¡¡ork, l^lork on sçllf-tuning regulatons have been made
in eollaboration with the Matherneties [tepart¡nent of Nankai
University' A selftuner based on minirnu¡n variance eontnol
and least squånes parameter egtimation has been tried, The
regulator has been appl.ied ts level control, Ín an acetic
aeid evaperator and ta tenrperature eontnol in å vinyl
aeetate synthesis reaetor. Good nesults have been reported.

Refereneeg

1. Yuan Zhu-ehi¡ Lu Gui-zang and l.lang
SeIf-tuning Adaptive Control of two
Chemical Industry,
Report Nankai Univensity. Subrnitted

X iu-feng r
Installations in

to IFAC.

7. TSI,NGHUA UNIVERSITY

The university g rew out of Tsinghua Col lege ¡¡hieh wag
founded in 1911. It received university gtatus in l??9,
Today the univensity has a faculty of about 3000. There are
ovelt. óCIOB undergraduates and ahout åtE graduates- The
university has the foll,owing departments,

CiviI Engineening and Architecture
Hydraulic Engineering
HeehanieEI Engi neering
Preeision Inst nurnents
Thenmal Enegy Engineering
Electrical Power Engineering
Radio Electronicg
Conrputen Engineering and Science
Autornat ion
Engineering Physies
Chemieal Engineer.ing
Engineering Mechanies

There are I researeh institutes and I workshops within the
university. The workshops support teaehing and reseaneh but
trial productions åre ålso done in them. The university has
Êr Jounnêt (J of Tsing Hua Utrivensity) and å report series
called Seienee Reports of Tsinghua University.

I visited the labc¡ratories of Systenrs Engineening r
rndustrial control. and r,ndustrial rnstrumentsr äÌld the
laboratory of Preeigisn rnstrurnents. r arso had discussisns
t+ith sc,rûe menrbers of the Depantrnent of Autonration, The
university hag good eonrputen facilities. The Department of
Automation has an analog eornputer DMJ-34 r+ith about 40
integratons and a minicoraputen DJS 131 with 32 k {å bit
wonds. There hrere plans to connect them to a hybrid system.
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The Depantrnent of cornputer seienee has € ptrp !l/4jr six Lsrltr and sevenal crornenco rnicroeomputens. r algo s€¡w ên Applerr with eolor graphies fon speeeh reeognition. rt waspartieularly interesting to sc!€r that the university hadmanufaeturing faei l ities. A 4 k RoH was for eiarnpleproduced. rn the oepartn¡ent of Pnecision rnstruments ånel,eetrostatieall.y suspended gyro hras also rnade.

8. SHANGHAI SHIP DE5I6N AND RESEARCH I,NSTITUTE

The institute is the national institute for ship design. rtalso has reselarell missit¡ns whieh are simiLar to thoge of
ssPA in sweden. There are about tåBo pelrsons working at theinstitute. There is a group of about ?4 pensons fon research
in problems nel,ated to automatic contnol, Dr sun songhe isthe manager of this group. r wås kindly invited to discusswith the group.

The institute works with all aspeets of ship design,
Automation has only reeently been eonsidened as an irnportåntpart of shÍpbuilding. This explains why the pnoportion ofthe total staff that wonks on automation was so srnall, Tl.reinterest in automation is however steadi i,y ineneasing. rt
wåE eonsidered to make extensive use of mieropnoeessorË for
eutomating fiðny funetions on the ship. An overviËru, wË¡s given
of soírçr pro¡ects that weFe considered " These inãluoe
autornation of

engine t*ctclrn
cËrgo handIing
stabiIization tanks
steeri ng

The possibiIities of having unettended engine
investigated. Cost effeetiveness of different
automation was also studied.

t"OOmS
degrees

wå5
of

The feasibi I ity of having
unloading was explored both
and ehemicals, Sinee lange
wås needed the conrputers
possibilities of integnating
the ship operation was also
of oil handling was one of
in the êrea.

fu t ly autonrat i e load i ng and
for eargo lrandling and for tril

infonrnetion proeessir.rg capaeity
will be land based, The

cårgo handling with contnol of
i nvest igated, Autorrrat ie eont nol

ttre impontant researeh pro¡eets

In the field of steeritrg work wës eurnently concentrated on
dynamic position keeping.

The rnethods used by the autornatie control grÞup was rnostly
elassieal eontrol theony but thene wag substantial interestto investigate the possibi lities of n¡odenn contnol theory.
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I also gË¡ve an infonrnal serninan about ouF researeh in
identification of ship steening dynanrics and adaptive ship
steering. Thene was eonsidenable intenest in both aneË¡s.
There were mË¡ny questions on the r¡srk on adaptive shipgteening that we did ¡ointl.y with Koekum AB-

g. SHANGHAI JIAO TON6 UNT,VERSITY.

Pnofessor Chang Tsun-tsing had kindly invited rrre to visit
the university. The universityr which was founded in tå?år
is ¿¡n institute of technology organized gimi lar to HIT.
Thene are 13 depantmentsl

Naval Architeeture
I'tarine Power Engineering
Electnicat Engineering and Computer Seience
Elect ronic Engi neeri ng
l{aterial Eìeienee and Engineening
I'lechaniea I Engi neering
Appl ied I'lathernat ies
Preei siori Inst nufirents
Appl ied Physics
Engi neeri ng l"leeha¡rieg
IndustriaI Engineening
Appl ied Chemistry
Foreign TeehnieaI Languages

A gehool trf Hanagenrent and Industriel'EngineerinE has also
been added.

Sepeflgen!_ef _E!eq!¡lga I _Engånee n!ng-E nd_!orrrpu t et_geåeBgg

The department has 4O prefessorsr 130CI undergraduatesr and
5B-å0 graduate students. The undergraduate eurriculum takes
4 yearE and a MS degnee an additienal ? years. Prof Chang is
the departrnent ehain¡tÌên, The departn¡ent has thnee rûËJoF
reseåreh groups: Power Systernsr Control Systenrs and Çornputer
Sicience, There êre ð1so severaL laboratories.

The pawer systems group has a lange analog power systerrs
Eirnulator, Thene åre å generators¡ l ines and dif ferent
loads. The generatons' powen arei in the Fånge 5-3O kl"J.
Analog eornputers åFEr used to sirnulate governors and vol.tage
negulators" The lines are sirnulated using Large LC-networks.
The loadg ane simulated using rrotonsr nesistor.s and Lanrps.
The faeility is used both fon reseaneh and teaehing, Nine
persons are nequired full time to run the faeitity,

The control gnoup has also good experirnental facilities.
There is a eomputen lab with an DJS-130 witlr discfiles and
26 terminalg, The languages Basicr Fortnan and Atgol ane
used tegether with ë real tirr¡e openating systerrr sirnilar to
Angus. An analog eomputen laboratory has a Dl-,lJ-3A with 4O
arnplifiens and several 6 amplifier DHJ-1å8. The analog
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cclmputers ane used fon counseg and reseêneh, Tlrere is also agenvolabonatory with senvorootors and speeial sinrulatons fonlow order systerns.

The eoroputer scienee group has lrlang eoroputens withpeniferalsr printensr plettersr discs and tenrninals,
used to be the dorninant language but ê switeh to
Fontran and Cobol rdâÉ recently rnade.

The eontrol gptrup had eollabgration with r,Ìêny otherat the univensity. rdentification of gyno drift wås
done together with åpplied r¡athËfiiatics"

frreny
Atgol

Basie r

r hed ê long discuggion r¡ith the teaehens in the eontrel
gFc}Up on edueation and reseereh in autornatie Control. A list
of the partieipants åre given in Appendix B, hle diseusged
teaching of nrodern and elasgieal eentrol in depth. r alsogåve Ë¡n inforn¡al ser¡¡inåF ûn Reseaneh in Autonratie Control in
sweden. strfie ef the reseaeh pre¡eets under investigation are
listed below.

Adaptive control. using microprocessoFs
Contnel, of SCR's
Control of Speed dnives for paper mills
DÍgital and hybrid gimul.ation
Cornputeraided design of eontrol systerns
Large Eeale systerns
f"licropnocessons fon contnol

g roups
ê"p.

1T]. SHANGHAI SOCI,ETY f.¡F AUT0I"IATIoN

The goeiety serves universitiesr eol.leges and industnieswith interest in autornatie eontnol, . rt wonks I iheprofessisnal organizations as rEEE and rEE, r, wås invited togive ,å leetune on adaptive control to the society, Anoutline of the lecture is given below.

Int reduet ion
Prineiples of adaptive eontrol
Exanrples
Theory of adaptive relguLatons
A review of applieations of adaptive eontrol
Conelusiens

About {OO
quest íons

persc}ns
related

attênded the lectune. There .were several
to pnaetieal aspeets of adaptive eontnol.
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APPENDIX A

EI6HT LECTURES T]N STTCHASTIC CONTRC¡L THEORY

AND IT5 APPLICATIONS¡

K J Âst riirn

LECTURES T & ä - LI,NEAR STOCHASTIC CONTROL THEORY

The ma¡or nesults of linear stoehastie eontrol theory are
reviewed. Emphasis is given to the pnoblern fsnrrrulation and
to the main mathernatical models used. The topies covered
include r¡inir¡urr vaniance contnoL r Kaln¡an f i ltering r and the
sepåration theorern, The pnoÞlerns are discussed both fnoro the
input-output 'and the state sFåeE point of view. The
pnesentation is based on nefenences tl.lr [3]r and [3f .

LECTURE 3 - Í{OT'ELING ANÞ SYSTEFI IDENTIFICATIC'N

The pnoblem of obtainitrg the. rnathen¡aticaL rnodels used in
linean stochastic eontrol f rorn, 'experimental plant data is
discugsed, PrincipLes of pararneten estirnation are diseussed.
The teehniques ínelude maximurn likelihood and pnedietion
error methods. Theoretical results ft:n large sample
properties are diseugsed together with eornputational and
practieal aspeets, The presentation is based Õn referenees
I4l and [5].

LECTURE 4 - APPLICATICIN OF PARAHETER ESTIMATI,ON I"IETHODS TO
TIETERI"{I,NE SHIP STEERING DYNAHICS

Appl ieation of the rnethodg deseribed in leeture ?. to
determination of nratlren¡atieal. nrodel,s for ship steening
dynamies. The topies diseussed inelude! rnathernatieal rnodels
for ship dynarniesr distunbanees due to wind and hraveist
panarneter estimation and practieal aspeets on paraoreter
estirnation. The presentation is based on references tål r
877 ¡ and t8l ,

LECTURE 5 - NONLINEAR STOCHASTIC CONTROL THEC,RY

Some irnpontant regults in nonl inear stoehastic control
theory are digcussed. The structune of the optirnal feedbaek
is derived fon proeesses desenibed hy Plarkov chains using
Dynamie programming, Nonlinear filtering and the nature of
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the solutions for rnoFE! general pnoblerns are treated.
coneepts of eertainty equivaleneer Êaution and pnobing åneintroduced. The presentation is based on referenee t?1.

LECTURES 6 & 7 - SELF-TUNING ANT¡ ADAPTIVE CCINTRCIL

Principles of adaptive eontror ãrgl introduced based Ërn
nonl inear stochastie control, theony, self-tuning regulEtonsêre introdueed ås Ën åppr"c¡ximation to the genenêI nonlinearproblem' rt is also shown that self-tuning genenatons ear¡ bernotivated in more generå1 cages. Relations to n¡odel
reference adaptive systerns is discussed, Theory of adaptiveeontrol and its short-corrrings and åpplieations are reviewed.
The presentation is hased on referenee tgj,

LECTURE 8 OESIGN OF AN
STEERING

ADAPTIVE AUTOPILOT FÙR SHIP

Oescribes the application of adaptive eontrsl to a practical
problem. The autopilot ineludes gain scheduling to eliminate
inf luenee of velocity variationsr a Karman f i lterr ¿¡nd äself-tuning regulator" The design tnade-offs are diseussed.Results f rom ful l-seale E xp€rrirnents on severð1 ships ênËrdegcribed' The presentation is based c¡n referenee tlol.
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