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11. 5.1lcck , P. R. llirch , ;I. E .CoU(',h , A. Pl1111~.a.roki 

Thin po~r dcocribcu t he implementation or a feedback/ 
predictive control achcm on a pilot scale proceno vith dead-time, 
U3in~ a proceoa con t rol conputcr. Thin procea~ ia e r cprcacntati v 
or a brood cloao or proccosco vhcre dcad-ti~ mnkc3 nccurnto contr ol 
difficult vhon convontiono.l feedback control ia WJed. /1. perron:ence 
criterion vhich tnkco into account the cconr-.ic nnd aarcty requi rcoent.a 
or the proceao is UJed . /1. hill-climbinr, procedure optimiaes t he 
perfor~AOCe of a model rcprcuentinr, t he part Of t he proceso vith~ut 
thu time delay , t he optimum control oir,no.l is t hen ·utored ~or the 
duration O ( the time d.cloy before Bpplyin11 it t O the J:ll'OCCU , , 
'lariouo optimoinll procedures hhve been tried and it is oh <.,vn that a 
particular iterative procedure r,ivea aooured converr,ence vi t h a ohort 
computinp, time, which is aubstantio.lly independent or the order or 
t he oyotcn. 

The rred.ictivc control achcro ovcrcomca t ho probler:.:J o r 
otability in U3in~: rec<lbnck control, lco.vin~: a feedback loop to 
only correct ror proce~~ drift , Accepto.ble recdbnck control sottin~:o 
determined by a cornputer pror;ro.rn vhich per iodicnll;r calculates the 
peoceo~ controllability. 

A po.rtictuar feature io t hat t he nodel co.n be conrlctely 
GJV:ciricd by tho i npuloe reaponao Df the procesa. Dis creet poin~o on 
tho i~pulnc r cnponsc curve o.rc atorcd by t he computer and up-dntcd 
frbo ti r.c to time . A r~ow!c-rnndor:t binnry cequcnce tact Glr;!'l\1 ia 
uoed to deterrtin•J t he i 11pnloe rcoponoe I".Odcl, vhich cnn be co!'lputcd 
b;r di rect croso-corrclnti nn , or by n ncv leo.rning r.cthod . In t he 
l e iU'lli nr; mtho<i any' 'a " r l'iori" in!'ornati:on o.bout t he procean d;rn rur.ie 
behaviour i:J n::ed .aa an ini ti n.l pr occsn model. 'Illio i nitial proccnn 
oodol is up-do.te d by " leominr. pr ocedure to r.i 'IC an ur-<latcd procea<~ 
rmdel 10hich accurntcl.y :tatches t he proccaa. 

Computer rcqui r-~ocnta ror t he bo.a i c rccdbo.ci< / pre<ti ell VC 

control senor~ •o~i t.~ corre lation i dc.nt i ri cation n.rc , arrrox.i mate y , 
~.100 ~orda o r core s t ore , bctvccn I2 and 25 c a . cnlculntion ti~ 
rcr oo.cplin~; i nstcnt, plu.o 2 cecoodo calcula t i on vhcn o.n i<!t r. i rica tion 
ia required. 
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CONTROL OF SYST~~ ~ITH TIME DELAY 

by Gunner Nielsen lie. techn. 
Servolaboratoriet, Danmarks t eknieke Hejekole, 

The control of systems with time delay is of consider­
able impor -;ance . Several me thods to perform thle control 
have been published, but only very l i t tle concerning practi­
cal experience with the methods. 

This paper reports the results of a study where these 
methods are compared. The comparison is done quantitatively 
using the IAE performance index, The control obtained ... e 
dis~·uesed fo:- both aetpoint and load step changes. Resul te 
are given as functions of the relative delay i . e. the ratio 
of the delay to the sum of the delay and the t ime constants. 
Among the methods tested are ordinary I, PI and PID-control, 
sampled data control, the Smith lineur predi ctor and some 
! eedforward schemes. 
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SIN!!IZ3I!l OB' ~UA3I•OPT1M.AL 'IHNIKU14 'UID: 

CONTROL BY lAY 0? APPROXIMAT I NG SIGNUK­
FinlC'riON3 

L.At.Gwiohev 

The problem of approximating of the optimal minimum 

control function is considered. The poao1b1lity to ~ealize 

quae1-opt1mal control i nput for linear plants by meana of 

equivalent approximating tunctions i a shown. Equivalent 

building funotions are auggested in the class of praoticall1 

applicable functions. 
The posoi b1lity to design quasi-optimal control device 

using linear and realy components only ia demonstrated. The 

method suggested dete~1nea the structure and peraaetera of 
the quasi-optimal controller. The experimental data obtained 

confirm the effectiveness of the method of equivalent signum~ 
functions. 
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RI:LAY CONTROL OF S\STE.\15 IIJ111 

PARAI-IE11:R UNCERTAINTIES 

0. P. Lindorff 

Universit y of Connec t icut 
Storrs , Connecticut, USA 

The design of a re lay controller for mode l-track ing sys tems is 

deve loped, taking into account the effect of pnramcter uncertaint ies. 

By emplopng a scm1-dcfinite Llapunov funct ion, lt is possib le to 

treat multi -output systems, or more aencrally, systems whose st ate 

variab les are not necessari ly Jn phase-variable form . lt is shown 

that the plant can be fo:ced to track a mode l with bounded errt r if 

bounds on the pnrametcr deviations arc known. Tile method Js applied 

t o a sp~c·r; design problem involving an unst abl e plant. 
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DESIGN Oi" LrY.lTED-INSTR\JliDITA~ION CONTROL 

SYSTD-'S FOil DISTRIBUTED PROCESSES. 

' 'by Joi.J. HcC&nn, 
tmperial Chemical Induatriea Ltd,, 
Wilmalo~t, Cbeahirt, ~l.aJid, 

Bto~use the th~ory of optimal control of diatri'but ad 

processea loads tO extreN&ly difficult computational problems an 

a l ternative approach ia required, Thia paper descri'bea a method 

~thich can give dea1gna for 'both linear and relay ('bang-bang) 

control of linear diatri'buted proceaaes which are au'bject to 

di atri'buted diaturbancea, The designa are intended to Jield 

contr ol ayatema in llhich instrumentation (~oaurement) in the 

pr oceso is oxtro~ly liaited, The method requires, in an;y application, 

t ha t a aimulation or the diatri'buted proceaa 'be available which ah011a 

internal behAvi our and not juat an overall (input-o~~put) rtpreaentatioo, 

The method 1a a search and adjuatment procedlira llhich can 'be progr-4 

'but ia aimple enough to 'be done more eaail;y 'b;y tba uaer, 
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lc.1::1 of \ Llri ation i n t he fl' : n;.1cter cp!! ce . In t~ . c [..3CO!l:l Ct'O € 

i Ct nti!.'icotion S~C:.,s to u:/il dO\',TI t o oi::!)l O f' l"Oblci:l ·Of 

:'l'l'Su.e t.cr optimi::otion. EOI'ICVcr , · t i s sh0\'11'• U:o.t the 

;n, ci:ion o.r nn iocntification i:~ co:r,ectcC. \','i th t l:e i'orm 

:-f i t:o- c rror locus , that io to t he sensi ti\-i t ;; _of 
puro~.c ter s . 

So \'.'t! i nt r ofu ce t h e rela L ·.on odstir.c; l::ctl'.t.Cn 

:idcr.tifi cotion cn<l :::e::si d. vi t y coeffi cier.t o. ::~he!! we s~11ll 
ile.flr.c a !::t!1Si ti Vizat i on i ndex v:f!ich [;i VCS 3 : ~C'~GUrC l''( 

'.::e di ~tr'i bution o: in::'or.: "tion an::l pE: :·d t s to de:'ir.e 
in:"~uts cal led spl'criziq~ i.np,_:ts v.l:i.ch C.i ::;tri b\:tc it 

equally on oll t l.e para~1etcrs or ::;en si ti vi ;;iq ; ir~puts 

v:b c~ col·.ccntr otc it on a ..;i ven p r..;-:~~c<cr. 

'!o con:;i dcr i dc:,1ti f icotion unCL r t ~ i 5 a:1Llc cc·n~ti 1.~1 · ... S 

'ro,:,-.r t: .~s i n t il e s <.nsc lhc t f r oru ~1ow on it i s possi bl e 

t c c\':'lluot e the quality o f i l.lcntificotion :,u·,c tCI fix 

a tes t :'rotocol. 



·PROC r:JS DY!IA.MICD I!lE::ITIFICATIOII 

-BY THE IUILTI!.l'rfl' IIE'l'IIOD 

~ooi<l t4 Con t~le lluiley, ) 2 B4 !lenri t V 

Pm'ie 4° 
~1WICI'l 

The otep Nl" ponM l e·•t ia !l pt'l\c tiCIIl m'lthod widely u"•Jd for proco •• 

~Oil i dentlfieatl on, beo'\uae of j to n1~:~plio1 ty Md thiJ ei.ort t ill" roq •ired 

t.o ol.. t 11ill " ni gnlf1CNI1: ro3Ult , Bu t ir~ ""'"Y c•mee • xt ur nl d! nturoor ce!l con- •pt 

lbe ob, orved e!!:)Ull, ru,d H llll cone·• necett1111ry to rep1111t t he teu t rMII;I tl1118B Jn 

Otdor to obW n vlll u .. \Jl e e ·: t lr:vllee, 'l'hin Nlll11ltll i n " lor 1!6r to~t lf18 j()Mod or 
tic:G, " ' 'd M>'iucos by th? n•c::o t i me th" 1dvw t"ee of t he ll'ethod , l n t id e P'' P"r, 

M flll l6tlii10n or the nlep Mti.od , enll'Jd the rr•tl I nt~p r:l8tli od . 1'1 propceed . t'he 

1de~ tif1Ch~lon o l fP'III]. 111 ll :J0(\118nCil of ~lllfY.l np;.J I od to the ir.j\ll nt A fNI'I" III>-

1::7 l l;~,or thnn I/T
0 

(whore 'r
0 

re pre &nta the rlnJ .e crm:ory tlm•• of t he l :flltem) • 

• tvoin udV>Intn r;o of tloll r •;thod 11J Ulltt for 8 f l xod l 'l~ t · u: rerl otl or tll:le, 

::cm l r• (OnMtl on IDIIY \.o) ',,.., "Xl r ••r. t &d rroc thll o l ncl'"olt:<l. Bl{'nll.lo 

'r.e " <t hor •11 tU:;t1&' t i:IJ coopu tntton ~ror.•..d T & I ro ' . J ttr<K Jn the · ··•P 
NI 'IOO 11 11 l ch 10 r r'l ' Or.t. d l ro 1.\llT.lf l.t:d d nt 'l fq,) r11 d '-h 01t8 how the ChoJco of 

" <l'"if1e ~ '•'! o eo oicpl. Noa Lho ''-'"' ''" ~ of rompu llo\J one , l r, ! ACt , r.o bv'lrs l on 

• IT•'rl r. 'l, ,- Tll'l ·' rr.d, •·::ri , b:; M n-- .. ~, ., ., , M"J ; •>rl lor. or lenl;th To ntr-~ 

'l'1 froo t ' 'll o r ~~ r·"orrd n' -•11 vill ·he" rea .l t ( oone or le ·n co:T .plod 11; 

c • • :.1):'\" n~c. N. c ""'l er.ce~ ·~re u on ex enrl 't'i to the c·fure (J~ n crJ.l t.ih put 

-:."t!~'t"'i• ·; ., ,... :. :.,,:: :s:. .. .... , l ., . -; .r .. ·t ~ i C'n ot ~ ~ ~ tst&p r e o·1:te 'hro h UAJ col -

\,.. l)ti r- ~ Jl o :-s oe '·1 c;eOO . 



A THEORY OF PARAM~TER TRACKING APPLIED TO 
SLOWLY VARYING NOtiLINEAR SYSTEMS 

Boris SegerstAhl 
Automatic Control Laboratory 

Technical University, Helsink i , Finland 

A stoehastie system is defined using a set ot density 
!unctions. For this system a bayesian tracking problem is 
formulated and the solution is given as a reeureive 
algorithm. In the general ease the algorithm requires rather 
complicated computat ions. 

As a special case an exactly observable linear G~uss­
Mor kov system is invest igated, and in t his case t he al gorithm 
requires only matrix computat: ons. It is es sential tor t he 
solution that the system is exactly observabl e, oecause ~t is 
probably the only case where one can avoid products o ~ random 
ve riablea. 

The metho~ is applied to nonlinear systems where the 
variations in s i gnal amplitude are slow enough to ed~i t 

:tnearizet ion over short t ime int ervals, which makes it 
possible to l ook upon the e!!ects or the nonlinearit y as 
caused by va riations in per~~e ter val ues of the linearized 
sys tem. 

As an example the simul ated tracking cherac t eris tice o! 
a sa turating system and a system with exponential n~nl neerity 
e re investigated. The results are oatis!actory. 



mE .APPROXI!<lA'I'IOll METHOD O:F IDENTIFIC.A.TION 

H~ G6reek1 

.a.. !l.Uro\"licz 

s Ulllll18 r;r 
x:=::=z;: 

The" approximation method in the L-space for purpo­

ses of identification control processes ia oonsideres. Tbe 

method is based on theorems of Steinhaus, ~arkov and Sobo-

lev. 

I!l tile case of a function one variable f (x) , 1t 

we suppose that 1n the class of polynoma whose degree doea 

not exc~ed ll , exists the polynom Pn (x) auoh that 1° 

l b \f (x ) - Pn(x ) jdx • m1n , and 2° The difference t\_x)-Pn(x) 

changes tb.e sign in exactly b+1 points in [a , b J then the 

abscissas ~ of theae point . ~e zeroes of the Tohebysheta 

pol.;yJ&oll Tn+-1 (x) • cos Un+1) arc coax] • Hence one needs 

t o •••sure the fUnction f (x ) on u,r in these points. 

In the oaae of a convex function of n-variablea 

t he conditione for the optimal linear approxiaation in L­

r.paoe are given. 



o:; '1:1~ su..::C'rrou oF suncor,r, A::o 

Tm; US:> OF API:IO:::C IJ'/!:YJl·Y.P.TIOl'l I N L£t.!INI<~0 co·rrroL SYSTE:·!S* 

L. ~. J~neo, I II 
CruGunt'1 Ertr.t nccrir.c 

l;;duc:\ H \)n 3yJtcm, c~~::;s~ 

Un!vcraH;- e r H or1<1a 
Port. C:tr.-wcrAl , FJ.nr i dc. 

1(. s. Fu 
Scl•ool of Elor.:tric.J.l rn~;;lneor1ng 

Pu1~uo Univcrdity 
~fnyotto, Indi~~~ 

Nu:.\O.·ouo mcLho<l: 'hnvu been pr<~poncu fo r the clco!en of control systcmc 

vhlch lear n t o function 1n unkr.()>m or parLla.Uy lvlo1.n cnvi r:'nltl!nt&. ll.ost 

l c••.rn i u(l r~hcr-.co nre r;>.dicnl dcpa~rP.Il t rvm t he tcd nlq•Jcs us i ne; continu­

ouo tlllju r. t.mcnt ot t>4rnmeters whtch crcv out of ca.rly dcv~lor;n.~nts in 111odel . 
Tl! t'cr<'ncc 8y&tcr.,~. P.rlnclpAl. contrlbut!()nS to tto nr~n hnve l:ccn control-

ler l!'.odc•lo and alBorit hms. I n ~tuGyine; the cc rodcl..1, the sy3',C:'T 1o o.b· 

Gtracted tn ~u'h an e;(tcnt th!lt th~::-c io cxuitc often a. l oss o!' conta ct 

vl th pro.ctictLl cc nnidcrationn . The objc·cttvc or thin Jlllpt:l' 1~ t o pr~~ent 

come recultu in tho theory 'or lcarninn control, but elr.o t.o l ook s.r.o.i n s.t 

some of t he pructic.'\l vroule:•n~ encount ered i n npplyi11e a. lcarnlnc control­

l er to n probl e:m. 

Tl.ia pr.pcr dll!'h1co tt.o ~ubr.oa.l ~..~ n. subordinntc to tt • .:! p rimary coal 

o~ mlr.il:dzine the perfor.-anec index . It Mi st c•:n.'luute c:teh dceioion one 

control intc~~l otter it 11 instituted . Tnc cubzoal ~roblcm la to ch~oc 

a suur,c.nl vhich will direct the l cbl,Jtns procoon to t he cr-ti::.:U e.s prc• 

~crihcd by th~ civcn pcrl'o:n:nnce index. An ana.lycicnl tolutlon ill prc­

l.!ntcd c.ncl r :rtcn.Jcd hcurlctica.lly for t he ecn,ra.l ::1se. ','nin cxtcr.clcd 

14Ctho<l lllalt CL u•c Of tl10 llprlori infon .\C4t.ion llUC.Ut the plan\., 

T"JCJ ott.cr vro~lC'<1D arc also dl.&C\IG8cd. A tixt'd grid is uacd to 

po.t·tition the ctatc ~;pac~: into control cltucti" m:, n.nd a mt:t.ho<l or ex­

tcndine; t.ho grid io pro~occd and evaluated. Tnc control'lc~ i o in.t \'\l~ 

ized uoing the u.priori 1nfcmra.t1.o.l, too. A. ruu .:~ca.lc si:::ul:l\.iun con­

tirmo thnt tile proposccl mctl•odo' of c:h:~oaine tile cuheoal , e 'dct.d l ~5 tl:e 

fixed r,rid Md ini t1aliz1.ng the controller nrc lc;prc.>vc:ncr.t$ over p:-c-

v icu& l!'.et hoda • 

• '.'his "'Or~ 'O'il$ ~pport~ iD p.1rt by l!:lt iona.l Seicnc.o.: Foundo.tl ,, 
Gr.lllt CK-1970 



0'1 SOME CLASS OF ADAPTIVE ( SELl"-L!ARNl NC ) SYST&!S 

V .A. Talwbovio.b 

Leningrad State Un1 vereity 

u.s.s.R. 

Th~ report deals with tbe ~eory of one epeo1oC olaea of 

~aptive systems. The apparatue of finitely oonyer&ent algo -

r ytluns tor tl1e eolut1on ot t he intinite ayatews of inequal1U­

ee 1• taken as t be basis. The general outline ot ~e problem 1a 

as fol lows . The eystem i s eaitl to be uclop t1ve if ita tunot1on­

ing law changes ~ith the exper ience ac~uired. Some intormation 

is supplied 'o the eyatem on 'auooese• or 'ta1lure' ot ita con­

duet to eome a im contl1tion. It 1e eseential, that eo~e charoc -
I 

t or1Gt1os of the eurroundinge and the ayat.em as well u, probab-

l y, some paraiutors ot t he ai~ condition are assumed to be un -

known to the designer. They may be any of a certain olua M .The 

adap tive eyetem (AS) 1s laid to be reasonable 1n•claaaM • 1t 

t or any aim condition and any choraoter~st1oa or tb1a olaal the­

re ex ist.e an i natant after 'lfhich the aiut condition 1a tult1lled. 

every time. The problem oona1sts in construction or a sy1tam, 

reaeonable in the given clue M 
The report give• a torQalized etat1ng ot the eimpleat Yar1-

ant ot th i s problem, and, along wi th aowe additional ~ppoait1-

ons, the &elution et t.hil strictly to.rwulated problem. The re­

sults are given ot a1mulation on the co~puter of the self-learn­

ing proc ese et one a1e~p le JAathemo.t1oally styled system nrea1on-

able• in t he g iven rather convent~onal senae. 
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o:: THE ' GORITH!.I OF LEARJ;TilG v:ITR THE J.CCU :tJLATION 
OF EiERIE: ·::E 

Stefan Pe t r U 

Summary 

ln >O ving problems of opt~mum cont rol wi th incomp l c l e i n!cr­
m~tion on the controlled obj ec t there frequently aris~s the 
basic question o! how to determine a n appropr1ate algorithm 
o! control. especially when the system is multid1mensional 
and exposed to perturbation&. Deterministic methods c. re no 
lons e r suitable !o r these purpose~;, Stochast~c methods are 
USfld, 

The paper introc;u ea """' a lg'>n thma tJ! 1-:Jarning. These a I ~;o ­
riuuns ar11 chscrt'tcty s tocha&tic. Tlley rl.'present, as e rr.3t.ter 
o! !~e t, a compl1cated Mar~hovian proce s o! the ktb orJer, 
The r<.>.Jhta tion of lite random unlt)' vecl.or is dol.snuin ~d by 

t he conditioned proJability o! thb stur~ge ~aram ter, The de­
Cl i on prope r )& done on the basis of the Bayesian d ,clSlon or 
th max1m,l apo• ter1or1a l probubl l l ty princ1plo, rr• poctively. 

lt 111 proved that. under certe1u pros Ulllptions such process ia 

a martingal or serni~a tingal process. The converrence of such 
pro~e sea ia introduc d. 

One conert' ~e example t lc proeecuro or eeking t he est remum 
of the !u~Ctio iS sho•n tha t de cribes the (ODI.roll d ObJOC:t . 
The described al.llorit.hms are sui t~ble !or controlli~ stoacty­
• tat. e continuous produc~ion processes by means o! au tomal.io 
coCDputere , 



On the E1·godic 1ty and Dynamic ~havlor ot Fin •. e -S t ate Markov Cha i ns 

H. B. Yeh J .T . Tou 

Summnr) 

Learning theory has made e xtenuive u~e of M~rkov c hains as 

mathema tical models . It also has boe n esta blis hed that the 

stoc hastic finite-s tate a utoma ton which plays a n importan t role 

i n engi neer~ng systems l nvolv ing artificial int o l l ig nee i s 

rep1·esentable by a f i nite-state homogeneous ldarkov chai n . 

This paper s tudies the ergodic properties o f tinite-stat ~ 

!.!arko v chains vi::t the no t ion or norn1s of vectors a nd matrices, 

t he conr.ept of induced operatorR anti the prin ip l e ot contract ion 

mapp i ng In the fin ite dimensional linear space. 

I t ifi f ound lha t if the smalles t norm of tho induced tra nsition 

matrix o n t he I ovar Lan l s ubs pace S
0 

whose norma 1 is (1, 1 . . . . ) is 

l csR t han one, the chain Is ergodic and opera tes as a con trac t ion 

mJpp1 ng o n subspacc S0 . Convcrhcly, i f u finite-s tale homo~•neous 

Md r kov chain Is e r godl c it Is a cont r ac t i on mapp i ng on S
0 

The DO I'DI 

or th e induced lran~lt lon probabil} matrix s e rve s as a pc~s imis t lc 

c s t tma l i on of convergence rote . 

A N< noral test proc~durc Is summariz ed for determin i ng th~ 

~ rMod t cl lY and convergence rate of a fini t e-s tate homogeneous 

~3 rkov chain . A ncces~a ry and Aufflclunt condi tion for ergodlc lty 

1q do rlvcd fron this procc~ure toge the r wit h other e r godic lty 

c rt l~r l ~ for ~pc ' la l ca~•s. It i s foun that ergodic1t y is dete rm1oed 

~Y the r o~m ot tnc trans i tion matr i x dnu hd s noth t cg to do wi th 

tt>e numPrlcal values ot t he clem.,nts of the matrix . 



ll'.ltlji KOI\DO and Sh!gsru &IHO 

TrJG ~; er deals ' t h the s t atist ical decision eethod used as ~ le~:ning 

eeeho.t.. &<> in I.M opt1msl1z!r.g con~rol ~J t.e:.a . The 10ir...:ou decision f:metb c 

te :ur :tj wr.ere "~ heve l1 H le kr.ovled!:e atou~ the sycteo. 7he eut.-o"ti""'l 

~ n-~~ dec1aion fUnction ie ce~erally rtven ae a function of the data or ~&3t 

ex,-.r..ez:;cea vith the help of t~ •• theory of ga:nea and. the technique or l!near 

p'I'Cg'Tw:::>i08. T"n1 a e tra teS)' 1a available 'When the nUJ~>ber o!' dat1o h emaU. 

l'.ot'1lover, thia paper ~e&le vi th ~be learn!lli m•chanie:a vhich changu the 

d•ciaioo •~r~:ee:r !r o the llll a.-mu: eol~tion to the Ba.Yee eolutioo u the 

n~oer of da~ iocr•eea. 
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COimOLL.A:aiLITI AliD SYNTHESIS OF OPTll1AL, DTI;A!.::ICAL 

SYBT~ 

F.M. Kirillova, R. Gabasov, I.A. Po etajeva , 
S . V. Tzurakova 
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IN:E~.J.lil OF SET V.1LUSD l'UNC'I•!Ol<S Al<D LL'lEAR OPTllu.L COi7TnCL 

PROBL!US. 

Czes~e .,. Olecb 
!r.sti'tute o~ t!e.tl'.et.a~ics , Cracow Ii"'ancb , Polish Acade::lY o! Sci ences 

1~< P( ~ ) ~or t £ (0 ,1) = J ce a closed su~set o! f ini t e 
di:::!ensi oe:U. lioear spac e E . Ey l.a !' (t )dt "' ean the set 

{£~('t ) dt 1 , Vi!l!l..:'e u i s i n t egr" ble :n J and u ( t) E P(t) almos t 
everywbere i n So defined i nt esral o! set value~ funct i on 
Las applicat ions t o some l inear control pr oblems, 

Til l now only the case 5~ ( t )dt is a bound~d set 
0 

has bee t. s"tU6i ed. ! o the present p aper we exed.oe ! or the 
!'irs t time the cose '#t.~n the i ntegrt.: .:.a:l be an unbounded 
set . 
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OPTIMAL CONTROL SYNTHESIS USING FUNCTION OfCON'PO ';lriO~ TECHXfQU£5 

~·c . Al lvright, 

Control ~y~tem» Group, 

Centre for Computing ond Auto~tion 1 
Impertal College, 

London, 

E.lg.l and. 

Optimal control £Unction$ belonging to l inear ~n1folds of 

the control apace are synthesized from components or the boe1s­

Cunct1on s wh!ch 8pan the m. A lower bound for tho minimal por­

formnnce index is developed which c on be c o lcu.loted whon only 

non-optim~l controls aro available. Using t his, a 1mple 

condition la found for the optimal control bnlongl.ng to a lln e r 

manifo l d to bo an arbitrarily close approximat1on to the optima l 

control oolon~ing to the control space - for any particular 

ini tial c onllit.ion. A simple procedure ie outllneo for naurin<t 

that the linear manifold considered is such that the control 

law dotorllll.ning the ootimnl control belongir.g to the linea r 

manifold (aa a function or the in.ltial conditions) i:o an 

arbitr rlly close approximation to the control law whlch .e ter­

min8a th optimal control belonging to the control spac·. 
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~r in%. St~isla• Rao=.rnski 

KsteOra ~u~oms~k1 1 Elektroniki Przo~slowej 

.t\kademie 6rrd.ozo-Hu-roio u w Krakowia 

About the ne erminat1on o~ the zonee of emission 
===-==========::.==========:.~::.:::sca.::~a;.::..:.;.:t:. 

and optimal trajec t or ies for the n nliLear ccnt:·ol 

eystetll8 
:.~==== 

In ~he ~eper the ne~ method for the deter~no"to~ of the 

zones of e~isa!on fer ~he nonline ar contr ol syste~s le o o~1-

oer6~. fhi ~e~hod is based on t he ~heory of orientor f i elde. 

tit iil6 thia r.e ~b.od lt 1o }')OecH.le "to calculate toe 1-st order 

pqrt!6l dit~ere~ti l egatio~. Thie equation dexsori es he 

s..:-face which ia ooundery of t}.e z.one bf edseion. lt 16 poAsib­

!c to oalc~a:e rr.e opti~al trojeotory aiviLg the above ~~ua~!on 

b. tt~ ~e~hod cf on&rao~er!ctio stripse et Ca~c:~v. Fvllo~1ng 

tCif ~~ we con red~oe ~~e probleo to the sypte~ ot Bsmiltvn 

~pe or~.nary d~ferentisl e~uationa. Th~se c ~uatione are ena­

l~lOU8 tc .he eg~atic~s et Fontr _ogin, but t~ !nterpre~at1cn 

et t.nem 1 qu~.:te di.nerent. The ;.ro let: wllioh :.s oonsi:iared is 

o~c~e!y re_ated ~i·h the "bang-bang" ~o or control , and fer 

:bet r eason may h3Ve a great praotioal ce ~· 
I 



o-. WLTISTAGE GAMES 

A.I. Propo;r 

Tile discrete games w1tb fixed step number ere 
described in this paper . Using similar games ea an example, 
the different ways of putting the prblems are discussed. 
The problems ~ay pertain discrete and continaoua /dirter­
tntial/ gamaa as wall. 

Neaeaeary optimality conditione will be obtained 
when the game oonte1nes a saddle point. 

Sufficient conditions ere given to eesare the 
saddle point in the game. Individual oases are also discus­
sed. 

Necessary optimality conditions are obtained 
which allow to discribe the lower and upper game estimator, 
that i s to aay, for m1nimax end meximin stratgies. 

Numerical ~ethods for multistep games are also 
considered. The possibility of extending the obtained 
resalts for differential gemes are discussed. 



MAGD.riO ADA.PriVX OOJa'ONEN'lB .POR AIJ'l'OMA.TIO 
CONTROL St9rDB 

LA~ Roaenblat, JI~A. Boyarchellko 

(JIOSOOI) 

1'o CODAtruct an ade.ptive •78tem ~ automatic control, often 
neoeeaar;r eleJUJlts, which ~ltill tollowil:la function are &p'" . 

lleda · 

(l) 

x - .output uninterrupted varable, 
~ - actuating signal calling tor change et element 

transfer coefficient according to adaptive !un­
ction P ( ~ , t ) 

Pour typical adQptive !unctions can be extracted& 

., ( ~ , t ' ) t > t 0 • r I~ (t0 ) I • !: • ~ (to) (2) 
t ., 

( ~ ' t ) • K J ;ydt I (3) 
00 n ., 

( ~ ' t ) t .> t
0 • :r1. 1f.

1 
A ~ (t0 ) I 1 (4) 

r ·c ~ t ) t >to • K eign Y (to) (5) 

In the tirst event (2) adaptive !unction is reduced to remembe­
rance o! adaptive signal "Y" in some time period "t0"~ In the 
s econd event (3) adaptive !unction is equal to an integral of 
actuating eignal "Y", which often represents a differential o! 
given and actual meaning ot some o! the controlled control pa­

rameter. 
In the third event (4) adaptive function represents some sort 
ot aonotonuous /but not nece.asai,y l•ld!orm/ !unction o! ~ere­
aent aum o! control signals, which enter corresponding adapti­
ve eler-.ent at any molllent t 1 , t 2 , t 3, •••••• · •••• Adaptive tunc-



tion (4) usuall;yis used in systems, which are ada,pted by s­
quenti~ search method or by study. ~~~tiye funct ion (5) ta­
kes only three sampled meani.ng~t ( -k , 0 , +k ) , from which ve­
ry o:rten only two are used, f.i. 0 and k , or -k and k., 

Common for all four ada,ptive fimctions is this, that they have 
memory. P'or this, tor conveying of functions (2-4) necessar,r 
analogue memory elementsare necessary, for function (5) - samp­
led /double or treble/ are necessary. Therefore it is recommen­
ded t o use features of ferromagnetics and pithes with square 
aysteresis hinge in construction of adaptive elements; 

Any adaptive element can be constructed by corresponding in­

sertion of memory element, which fulfils adaptive function 
P ( y , t ) and that of a Etsndard analogue multiplyfying in­
stallation. 

But the most int eresting are elements where adaptive and 

multiplytying functions are combined in one installation. In 

this paper discussed are main points of solution of a/m ada,p­
tive functions on magnetic pithes with squarw hysteresis hin­
ge and of construction methods of magnetic adaptive elements 
with limited connection of adaptive an mult1plyty1ng :functions. 
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Er.I'ElUU.L S'UTISTIO .AND ITfNAJJIO RESpmSE OY INl'UT...OUTPUT 
SEQUEN'l!UL LOGICAL ELE!.!ENTS 

N.P. Vaeil eva 

Derintive q11eue1Dg sohemea can be made in a form ot a clo­
sed networks, conaiating ot oth~r closed networks, specially 
cd auoh as triggers., outaide charaoteristics of wl11ch, det'ine 
stabi lity of work as outside closed networks a.e well aa all 
queueing scheme as a whole. 

Outside characteristic is understood a.e a oharaoter1et1o 
ot input - output closed elements circuit with ret'erence t~ in­
put and output outside signals in distinguishing of internal 
1L put - output characteristics of opened circuit of those ele­
ments. 

Basing on anal~sis which was made on some trigger examples, 
typical for mostly used in logical element automatisation and 
on queueing schemes, was sho•n following• 
1 . Appearance of outside dynamical and statistical trigger cha­

ract eristics and other queueing schemes depends on the means 
of signals summation in 1'eedback networks. 

2. ~~ diode summation of input signals in triggers and other 
queueing schemes, feedback signals do not increase gain 

constant ot int.erual characteristics of those schemes. 
In outside statistical characteristics of triggers and other 
queueing schemes a relay jogging may occure. 
Unatability of queueing schemes are defined by the worst of in­
t ernal characteristics, i.e. separate queueing elements cha­
racteristics and o1' their cascade circuits which 1'orm scheme. 
).. lt arithmetic summation o1' input signals in triggers and 
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other queueing schemes, feedback signals violentl7 incre&­
se the gain constant o~ their outside dynamical charaote­
risttc, to. the extend that it can go into negative field. 
At tl11s scheme unstability at zero or one decreases. 



Such triggers atatiet!cal charaote~atioa have rol~ j og­
ging at abscissea of the unstable balance point of ~he o~t­
go1ng internal trigger oharacteriatioe. 
Therefore t he worat triggers charaoteristioe with arithme­
tic summation are their o~tside characteristics, critical 
pouts of which, m~t be uaed for triggers control. 

4. Outside dynamical eharacteria~ica of syncbro-dynamical 
triggers, specially of digital triggera, coincide with in­

ternal 41namical charaoteriet1oe of those tri ggers, which 
are t bemaelve functions of all trigger inputs including in­

put of feedback~ 
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PRI.W.RY DAT.I. PROCESSI NG DEVICES OF COllTROL COMPUTERS 

ON QUA.N'l'UM W.GNETOl!EASUREMENT PRINCIPLES 

pro!. Tit ehenko N.M., prof. Lisenko A.P. , 
doe. Kudrjavtsev V.B. 

M4.I Moscow USSR 

Incr easing requirements to the data quality about technolo­
gical processes in the objects checked out and control led by 
& central computer have demanded deve lopments of new electri­
cal value and angle - shift conversion fundamentals having ac­
curacy, realization simplicity , good dynamic values and conve­
nience of alignments with the central computer. 

The report shows that t he natural tendency towards the per­
fection of precision frequency converters both of the nanalog­
-coden and "angle - code" tJ:pes is tlle development , f or the 
purpose, of nuclear spectroscopy frequency fundamentals wide­
ly-known and used in magneto-measure~ent P• ectice. These fun­
d~entals are the basis for the developmbnt of the first quan­
t!Uil type devices /for instance, radio range masers/. 

The nuclear spectroscopy deals with atomic constants such 
as gyromagnetic nucleus or atom relationship • .l.t present 1n 

i .nvestigating the Earth magnetic field, the magneto-measurement 
technique makes use of highly stable quantum magnetometers 
/magnetic masers/, their characttrietio feature being the prac­
tical nondependence of their output frequency on t he ambient 
medium parameters. Such sensors are practically of an ideal ii~ 
nearity and a high sensitivity. They may rather efficiently 
applied for the production of large - scale pr ecision conver­
ting devices. The use of creogenic technique elements and non­
stationary phenomena of a nuclear magnetic resonance in quan­
·tum converters opens up particular posaibili ties to control 
little changes 1n the magnetic field strength playing the role 
of an intermediate parameter of the conversion process. 



Tli P. MEI\SUI~F:MENT OF SPECIFIC GRAVITY UY MAGNETIC REPULSION 

Knmoklchl SIIIOA end Todashl lCHINOSE 

Faculty or F.n~tineer-ing, T oyo Unive rsity 
2100 Nakanodrl, Kujlral, Kawaaoe-shl, 

Saltsma Prorecturo, Japnn 

A rJoat with n permanent magnet Is put In the liquid and another magnet 

(permanent magnet or oloctro magnet) Is placed outside the liquid to auspend the 

rlo:>t by magnntlc repulsion. A l~o this out!lide magnet Is hanged on one ann or a 

b.'\ lance. lt Is shown theor oticnlly that the nppnront Increase or m" ss or the our­

side mngnet Is equal to tho npparont mns" or the (!oat In the liquid. This la the 

mea suring principle or this method and Is proved through osporlmtJnts. In this 

method, it Is unnocos,.ary to know the position or Uoat in the liqu1d and tho 

str~>n gth or tho out:~ide m"gnet, thnt Is, the moa,.urc mcnt is not arrected by the 

c hnngo or tho ln.'\ftnetlc s trength by some r e asons, so lonJt os the magnet has sur­

ricle nt •t r .. ngth for :~uspendlng tho Uoar within the liquid . 

This mrthod l_s suitably applicable to rnoasure the spcclhc lfl'llYity or liquid 

In automatic c ontrol system, 
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A GENERAL 11ETHOD POR THE DESIGN OF LINEAR AND NOllLINEAR 

CONTROL SYSTEI~S 

P.M.Frank, University Karlaruhe 
Germany 

A method for the practical design of feedback control systems 
for linear nnd nonlinear plants is described, which is based 
on the following principle: 

1.) Parallel compensation of the plant by model!ing the 
plant (for the purpose of stabilizat1on of the control 
l~op and selection of the disturbance response) and 

2.) Cascade compensation of the plant (for the purpose or 
opt imal manipulat ing). 

Constructing the contr oller by this way, the design problem i s 
reduced to a pure open-loop problem, which can be solved bJ 
optimal approxim~tion or the inverse structure of the plant 
without considering the s:ability of the closed loop . lt will 
be shown , that , even for complex plant, the method gives an 
assertion about the respective limits of a control and leads 
conclusively to the corresponding structure of the cor.troller. 

The application of the method on linear plants with lumped or 
di& tributed parameters and on nonlinear plants is inveat1gated. 
As an e xample , t he design of a nearly time optimal continuous 
control system f or a first order plant with saturation is de­
monstrated. 
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Al'l llCE.i3l'LiiC Mi::THOD l~OR ~'OLLOW-UP SYS'.l'EMS COhU'ENSATIOlq 

by 

Kle.us Vi . Pl ess:no.nn 

Technica l HiGher School Aache:u 

Proc , eding from the pres~ntation of a aoquontial ay~tem 
as a no~~ polynomial form and a norm functjon fo1~ , a mP~hod 
i s u"'ing dorived , whi ch tran.qforms sequential systems i nto t his 
fortn. The compensation eloments necesaa:ry here r esult, with t he 
conditions of x·ealization being cons iJe .. •ed 1 direo,;ly from the 
syotem under co1~ineration. It turns out that , for application, 
ono may proceed from t ha locus of t he syctem. The parame ters 
of the cocpenautton e l ement ce.n be obtained here by means of 
a graphic method. It r esults furthermore t hnt t he investigated 
e l ement con l>e 1'1)pl ucod by approxil::tc.tion which, beiD5 easi l.J' 
app licable, p~oduces ~ood r esults . ~le derived mot hod is being 
presented by means of an example. 
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A J I !:P Lr. r'IWC;;DUIUi rOR TU,·: JY!ITH,·,.i l.:J OF JAlll'L,.O- ilATA- COii'•' ltOI - J YJ T...t·IJ 

l!Y ll:O:AIIJ OF Tilt! 30D.::- DIAG RAI-I- Ti::Cii'II., U.:: 

I o l f t;'\ng Lcnzol 

Dorn1cr-Wc rke 

Friedri ch ohafen 

orc:.ny 

A proc ulluro io pr opoDed by which ~he '"" <now•. ndv n~ ·•~;u o of lhd 

Bode- D in~rn~-Techn lqu c f or oon ~inuouo c on ~rol-syo ~~co can bu 

t rano f e rrod di roe Uy t O the Gyn t hou io of Ull1Dpl ad -d n t a- oon trol­

nyotc~o. Tho conul de r od sooplcd-d ntn-oyu t ~u c onol u L of con tro l 

uyutcno covo rnod by n di f fe r ent i al equa tion, 11 zoro o r der ~ o l d ip~ 

~av l co nnd a con t ro ller dcocri bod by o difforonco equa tion or u 

tronof or f~ncLion r e epect l vc !y 

C( z ) • 

of c l nouoa n • , 2 , }. 

/ur d roe ~ !Jpl lcat i on of t bo :!01t! - O !at; rua~ - 'rechn1 quo n Lrana fer­

fufi~t lon ~ ( p) • c1( p) • c2( p) dcuc rlbi nc ze r o or dur ho od a nd 

con trol le r 1n t t.u op••cc w • lJ ••• o lo G v .. n. c 1 (p ) a coc r lbu o '' " 

Jc enl , cont n~ou a control l or w1Lh l' n-, ~I D · , rJ
2

- o r ~ l Dz· :i ~o­

uaha vlou r , w~crons c2 ( p) con~mlns the pro pe rtlc~ I nhe rent I n 

~;.r.;;>l . t.,; . Con trol er s wl Lh L. c 1 • htlvc J - behaviour. 

~t.d' coc f fi c ·n t. o o r t.ho Oi-':i!)} Cd - d "\ t -c ontro l l e r :'0 t o )fJ 

Ct.~:. u~ ao t h t the c t~p fu nc tion reuponoo of the con tro l !oop 

'1:l i . Q r l y a *'de d L" "\ t r ca;>or.aon . ":"~ e pur :. tz •• r . ._; ... :n,~ rcr 

!~r.c:l c.r. f', (;;) of Woe o pen cor. tro l l oo jl l a ae r •cd tr.o ~cr roc 

~~d tn~er. no a ~ s 1n of ca ~ culn ~l on. ~1 th contro l syste~a o! 

t.:-.o Jc J :; ~ 2 ( J 1 t h r. -s; :; ) t i',c descri bed ;>rocod~ rc s r.ovo .;ood 

re~lJ ta . 
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SUBOPl'ItiAL REGO'IJ.TION 01 SECTION 01 HIGR~RDER, 

ESPICIALLY TAmlG INTO ACCOUNT ~P.A.SS PBOPERTIKS 

.. . : " '' .. 

i, 

"''· 

., ' 

1 L • ::-i. . 

·1 , .. : (,1 1 i. l:l ll l i~:.c l' cf.' ~· · ic:.l v ti •wlC ""' "l::ti-
o~ ' ~(. ... t ~ ,, • l'll it. t i ... i l; . i l.l!C. . ! . . rt~\l . c l i!" , , c. 

, • lJ u~;; J.a t 

_ ..; , I' • o;'lt · .nl c"' .. l t'ol ., J 

1:. i:.t .vr. l t. • .- ;·11 .... c:::. : • t ..: .. ~' h::;L 

, o u \ . o •. · · ll t.! l o t. i ... p,: .. i t t .. !! . .. :. 

t "Ill 1 o l 

'"': • t i t ~. J t.. j:.. d.n·,·.n 1.u1 o :'l'O C :..~ J .:o .. :.--,1 j \ : .,..; c '!" 

" .. i \ c'' l .. t, :\: . lt~ ... ir. 

: ;.~ •·u .. ~o u ·;,· .. u. t l.c o '' :.'-' : ·oc~. . ::. . 'l\C' ; .. yi., • · ;m 

er .. :1 :. V-: ~~c c :.;\, :; ,~ , t, .. i.1t.t:. 1' , J' "" 1~-' , iot. u.: t~ ic 

t o 1 ··o tttlo 1<:' ' u t trucLion . !:' C:• i. "'' ;, : .• '11' lu c 
• "fln j n ."ll - p l u - · .. I~,. -, nl - nl o- :. rj vu' · ·, eo.' rcl cr. ·:·, , c 

.f\, Jtncl: ' l ' 1. CU•1' 10l t:" ·-i ll tl. ' ·..,t ... t! 1 t' lOU h ' '1 i -
\"l"..~· t.c~ . - lh c tt t i ,:, , •o ~ ':t l i t ... . ~ :-- ~..>I .';·ol speed. 'i tc 

1 · ~,,, c•" t •. , c . .. trol l tr r ccul t oi::u.>ly Jro .. · ·,. c' ·.· ne-

1 Cl ~. ,i CJ 
,. . 

\\ t!'l 

Ll c cu:.:1·ul:l' _; :., .... l \.:J• 1. C" o.#.,., •. l Lt.: i:J ,~ t 
• tJ ...... 'll.J ' : . · t !.ior. ... ,t. "'; !' .... . c. • it l~:\ l :·o !" ""~ i :-.-

: !Jc· ... 1ri :; ,__, l .(..:"C o .. ~ an:, 1: ... ' ' · .'.lf" s. !~ t n r.··r;i. t-t'-

i. . l , n•r. l Ui. ~o. cbtni t::> ~' 1. l ne· n t wo- t \ .. 1 ~rrl t 1· ~::.. , h 

l u ~ i : .~ f,l.J' ne!: \;l.icl.1 !o._;.: h r \\ l t h t ... it. ~....;1 r l , ... u­

l ol' . • • ~.: ... ...... :.t i:. n .:-y 1.c.ur lo the l :i-t ~.. · r ."'rl'p:>·ti <>. r.l ­

rtuo- iJ.t ,, :t l c ot. l:'<,lln o ?ltt ::.C CJ t.t.r l',r;; 1.rc .. ~ . ,-.;:c 

clC)'u,~ h c. t l.:m ~h .. l i.nt: r rropo r t i o:tr l-p u.--i.~t,· ·:·nl t .. d 

..,ropor t i o. "11- pJ.u-- int .. :·• ·1-!>lu · · ~ l. ri:•: U ·. ~ cot. t · 1 !'s , b,. 

COil J'Cpl ncc t~ ot1cr •• e:JC. \C r t: .c cu:~tl'"llin ! -. '<'' . 

io a . fcct ~· ~l · c con tro l :.j'~o.cd , · :i t ·; · c>n:J • .'."' J c tt h-

nic:.l o :ld·.·uu, s o'i t :i s c quip~.cnt rr uti. l.i:: ... •1 t<1 o 

co; .. i:!crd.>l ~. c. -rcc 1 . (" c: r: 1c. J Lot: c ic. · : ;·~ tc :- : . .it -
t ru .c<. c uch U .. i t .~i0:. ::. t on ~:u h .:" ... :. . r .:xlcJ. t 1 · J·i t·. 
~Jlo,1uccc cecn~1~ · collj' .. ore rh .• , rt.to <'":;~ ·J.;4 ' 1 r ' 101~. 
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TilE RENICT!ON OF CYNNHC ERRORS UY Mr AliS 

Of D SCONT l NUOL'S ?1\11;\'tl:. r[R \1;\Rli\T ION 

a . H. Onvi"" • T. 11. Lamo~ rt, M. J. J oby 

Mu chnni cal Engin~crln g Dcpnrt~Pnl 

Universi t y Collc~c London 

1'hc purpos~ u ! mos t &crvooh..'cl ~tuli ems i ~ to c!fc- t·t l11t.! rep roduc ti on o f 

sane cc;nt r o l 1i gnal wi th pouc r gain. c,m&.·r at l y , t his is a,~ c u4np l i s twt! with 

an e rror aC ll.l atctJ device and t hi s p rcc l ud~a comph: lL' ccj un lit J IH' l ~t'\t\ i nrut 

and out put unde r dynomic cond i ri ontL 

f luggc-Lotz and \lunch SUKl:cs t ~d n mc tho tl o f r cducin :.~ <lyt • tmi c crnril 

by mc ,anJ o ( d i s c:ontinuou8 pnrnmt..'tt'r var i a ti on . Tlti• wns i nitill ll y dc vol•lp<:d 

fo r sct.ond o rde r systems and l nu• r t.•xtcndt·d t o t hinJ . The pre~t·nt syst em 

ol.ltil l l\8 Hi r'l i l.1 r rcuul t s t o t host..• of Jl lu g~,.-l.,,lt. .1nJ Wu n c. h f ur l ow o rd (' r 

sy:ll\':1!• , hut t he new ~•pp ro:u•l& n .· t.ttli l y pt· r mi..t tf (.• x t cnsi'' " t CI hi~;la '-• r orde r 

6 j"'il \::UG . 

Tin.~ pnpt· r n l so n ·ptJrl s I he t.•X JH'ri rncnt.:ll app l i c11 t ion of st..ti t C''teJ pa r ­

:o·u:t"r CI>IILnol t o nn clc c ~ r i c.1lly siRnall <•d inP rt ia l ly lo~<led ~ l cc trohydrau l i r: 

~ \: rv cmlf'rfhmi srn tll1~ it iH df•monstr .lt,·cl t iln t tlu.· unhnnt·cd r l•Hpun sc p r <' d ic:t c J by 

.u~ultll.' ll! si ·,"ullati o n i s obtnincd . The cf fcrts of s•,.,itch in~ de l y are d i scussed 

llP·I i t i ~ "ihc.MI th .Jt in urdt r tu i mp r u v<- t he r i '!J,JOOBl· o f hi gh pe rfo rmance 

._.) ti P'1 'l , IH'Vl:r t.• C.Ofl l'J lf lt l 0 l 8 a rc impC'mCd 00 t he a c tive ( ( lmponf:n tl O f the 

Witl• t l1i s mod ifi cat ion it i s possib l~ to i~provv 

t . a•• n·~· r-·ul ~" ,,f t he u~ ao l c s ys t '-!m Uy int rod~acing t he switch ing l ogic i..n the 

f l'\ !. H " f rHt 1. . C:uu~ i d,• r .lti on 15 p, ivcn to int r cxJ ucin6 this lo gic in the loop 

.trt .nd t h ! ,• l cct r CI'~ y Jr 'lJl i c: vJl•1c , bu t t r1c .~ i ghc r r esonant f re'lucnc ics 

r.·. if 1 1L~'~ ._.i th the l ow&.· r ln('rt iu o f it s mov i n B pa r t s ind ic:.3 t t- t hat an i mprove­

. nt t•ll\ 'Ju ly be expec t ed ,,,. a r \.'tk·sisn vf t he cont r ol l er t o mee t t he hi~"le r 

Sp· uJ .,, t \.:h l n*: r -:qu i r··r'!t:n ts. 

;\:..., "' '-' 11 ,, .1 f u ll dts c uss i on o f t !,,.se liauta ti ona , t he pape r c!("f:t()nttr•cc s 

Lu: ol t\pli r ,.., J l i t y ~t f l c ::»!11 ObOp .l Y ('{ '-.O!l t r o l by diSC OO tinUOU. pa.rarr~e t e r 

r .-Jndts t u r tnt: tJ-:.1 •• v:o!J r of auch " S)· :.< ~ o!h' 1ncluded .. 
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Adel !1 . El t l msahy 
Un i ve rsity o £ Toledo 
Toledo, Ohio 
U. S . A. 

AN OPTJHAl. H£ATING SY!>TEH 
lly 

l..ou l s P. Kn~da 
Unive rF !ty o f Hichl a n 
Ann Ar bor, Michigan 
U. S. A. 

ln t his p p~r a ~tncna tlcal model of t he a • ·fir r d fo r ced- air 
do::~ee ti c h~nt ng sy>tem dcv~l opcd prt·v i ouslyl is used t o f o r nulate a 
n,dhod £or t'p t imall y controlll n such sys t em ' ' ' ac r ordanc w!lh a pr.­
ecribed pe rforman e c r iter i on . h'-' opt i n.a problun i s one o f r cdur 1n ' 
t he roont l\.'nlpe rature dev i ..; t i on f rom a prttscribed r cf~rt.• nc c value to zero, 
while a t the Ban~ time minlmizi nK the valu of some prcd~ t r rmtned pet · 
£orman • o r cos t Cuncc ! o na l J . The deve l opment of the optima l control 
law pro <cds I n esnnttn lly four steps . a) Convetting the ma thema tical 
mode l t o a fo rm wh eh is more s uitab le fo r the app l ication of optimiza­
ti on tcchnl quH , b) De fin ln ~; Ln optl,,Jza t ion criterion which incor­
por at "• the r. n l n obJ e ti Je for mi n i mi> ins room tempe r a t ur e va r iuti ons 
with r s pcc t to a pres c ribed r• fer~nce t emperat ure , c) Choo•ing t h. 
bes t opltmi z• tion t ~chnique bes t sui t ed fo r t he o ptlmi • at\on probl ~m, and 
d ) Co nstructing an optintlll control sy•t~m cmpl.:>y in~ the o p t i miution 
te:.hniq , d , v ,· lop~d . finall y , this optima l syst,•m 11 analy~~d, and com• 
pu r ed wi th the c onventiona l heating ¥ys t em using a numerica l Px~mple . 
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WI/I'I :u.!E!lSlONAL .EA"'TR.A.FOLATION FOR OPTIMAL CONTROL AND 

DESI GUING 

t . A. Rastri.gin, V .s: Trabktenbera 

The change of situati on <.luring a .syJteZll des ign proceao 
as well llS th-9 paraoet or dri f t of controled ob ject ~d t o 
r epeated r ealization computa~ions i n order t o cos cribe 
opt imal paruoct c_•:J of a ayst~m or con-crol . Such a '/~ o! 
f oLlowing the ch!l.."\COil of :J ituations i s no"~; r ati onal and 
l oads to cons iderable ol oneution of thu ~esiGn periods ar 
to t he r eduction of effectiveneso and cont rol oper ativenoss. 

An alr;or i t hm of usage of information, 11hich is otor 11d 
as a r esult of completed opt imality computations, for ~ 
es timation of optimal '[HU'JJ!Iet ars in following new situations , 
i s wor ked out . The ba::~is for the estimat on i s a vecy l imi­
t ed learning s!lquence vnthout carcying out proceJw-c of 
~tiparamotric optimizatio~. 

hooret i cal invoot i3ation of recovery errors of oinple 
linear and nonlinear f unctions is real ized by me an:~ of ouJ. t; i ­
di mensiono.l ~inoo.r extrapolat ion method . ~he invcot~Jation 
of r ecovery er ror of a compl ex linear func t i on have boon 
done , us i ng clectro~ic computer, through e:J-cioat ion of a po­
l j nomial coefficio:1ts wnich approxi.t:!Ates the given uncticn 
i n a beot way. The values of the function are !mown for 
some points of observation interva ls! t he U2ber of sue 
points . a lcs~ t han t he degree of appro:~ted polyno~al . 

'l.'he multid1mensionl.\l e:ct.r apolation m9t b.o<.! is < pl i c ~t>le 
f or s earchlens pnraoet er t unin.:; of a s elf - o.pci·:e ;:zodel in 
a pr oblco of object i dentificat i on . As a .l-t'UB"Yi on de~· ... ·-!l3 

the object s-c&te , either an ~utocc=rclution OJ jcct ou-::,ut 
funct ion ar a out ual corr~l~tlon input and ou~put obje.~ 
f '.lllction i s chosen . E;cpcricents, concerned w.!. t h r.:.o el pnr:l­
ooter det&r_pdnation usins t he :ultidi~ensi onal CA~rapoln­
tion method were performed by me!lllS of e l <c • .:.- ... a.i c co.;:IJu-::er 
for t heoretical and choi ce co~lat!on fun~cions . :he expe­
r.1ment3 hs.\·e s ho\'tn good . re£ult c i n the senca o p.&.·o....i..Ui.y 
of th'.:l predicted model wi.t a :;he theoretical !:~ opt i mal one . 
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~!IN H:tJM VARlNKE ESTU'.ATION OF .PARAHr:TERS AND S!t.TES l N 
NUCLEAR POWER SYSTh' lS 

by ..... j, Habcgger, ;\rgonne National Laboratory~ Arg.onne . l ll'ino is , U.S . A. 
R. E. Bai1ey , Purdue University, Lafay.otte. loJ i .·; na, U. S ; A. 

EY.pe r i;nenta l i den tifica t ion of dyn•tmic cha racte ristics of nudear 

eactor sys tems by current. methods, s uch as 1/e p~riod mensurer:1ents or 

trans f er measure ment,; vis control rod oscillations or rondom noise i n­

put s , are limited by one or more of t he fol!ow ing : 

( l) .a capability o f g·iving infonnatJ on about onl y • few isolateti 

parame te rs , 

( 2) an inability t o deal with t he basi c non l inea rl t1es of nucleAr 

systems , 

(3) a long expe r imental running t lme which prohlbits monitoring 

dynamlc cha r scte rist ic changes whi ch f requen tly occur, and 

(6) a need for highl y speci " li:ed equipnent f or produc ing a 

par t icular system input. 

fn t his pape r. a min imum v a riance sequential z s tl mation procedure is 

sh01cn to b~ ca pable of bypa ssing these lim1t a L1ons. This procedure 

esti tr.a:t es· a sy s tem' s dynam:ic~ parameters usJr:g u1easurc!ments o f the. sys­

tem ou t put from an nrbi trar_y known i nput. 

Rcoults are presented from the ac t ua l exporit:wn tnl application o f 

t he proe~d ure t o three rea ctor sys t em: - t ltc !:~WR (t:.xperime n t al Boil i nR 

Water Re acto r) and !:BR-11 (Expe rimental Breeder Reacto r - 11 ) power 

f<!hCt a~~ and t he PUR-l (Purdue University - I) resea rch reactor . ln 

the t:f1'"1R ~xpe rimental app licati on, t he paran1eter estimutes were bas ed 

on sin.u l tnneous measureme nts of pO'•e r and pressure during rod drop tran­

sients . This e s timation wa$ r epeated in six diff~rent power ranges to 

de tenni ne. the pnrameters as a function of po\Jer. 1'he pr.oc.edur.e wa s 

s uc cc$R£ ul i n ob t ainir.s parameter estl.:nt:~tes "''hich ""'e re physically ree­

Gonabje and a lso gave, fo r bot h powe r and pr essure , n good agreement 

oerw<?en t he model predic ted transients and measured transients. Although 

less extensive, t.he a ddi~iona l applicat ions t o the I::HR-li and PUR-I 

reacto r t ypes dcr.~ons trate the broad range of i dent ificat i on proh lems 

which moy be sol ved using t his pr ocedure. 
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G. A. Phillipson* a;"C S. K. M:.tte:­
Syst~ Research Center 

Case Western Reserve University 
Cleveland , Ohio - 1111106 · 

This paper i s concerned with the state id~ntification problem far 

a class ('f linear distribl.n:ed para~~Eter syst~. Since the system is 

-: s -:ri bed by -!1 ?arti al differential eq1 ation, its solution requires 

l<no\.lled~e of initial conditions and envi..ronnent forcing tenns which in­

clue.'.~ the boundary conditions. The prob~ern studied here is the following: 

Given i) inexact meas\JT'el!lents of the initial conditions and envi­

l"'O!"a!lent al interactions ii) inexact and possihlv i..ncanplete meas\lrel!etts 

of the state of the system, determine on the basis of the above data the 

true initial and boundllry cc-ndit i ons associated with a dven ?artial dif­

ferential equation wh~ch is in some sense optimal with respect to the 

given d.,ta. 

The basi s for selecting the estimstec of the bou.'"Klllr'J and initial 

conditions associated with a given partial differential equation, that 

is, the criterion of optimality , is that of "least squal"es". Theoret­

ical results as ~ll as a canputational scheme with m.raerical results 

are presented. 

*Now at Shell Developnent ~. Ho-..ISton, Texas. 
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MEASUREMEHT OPTlloUZATTOII I N BATCil Pl!OCF.SS OPTIMAL C0:\1'f!OL 

Aklra Sano and Mitauru Terao 

U~ l vera l\y of Tokyo 

Tokyo , Japan 

In connec tion vlth the direct digital c on t rol tor batch proc eos•~ , the 

optiau.'liming or the meaauremento has beon pur ftuod t o roduee the r•quired 

ouaber and th e precision or the meaauremonto, Thl• paper ehova that the~ 

tiiOWD t lalng h strongly influenced not only by the proeeaa constant , the 

t on of the coe t func ti on and Ita parnmetcr, but &lao by the pr oda lon of 

aeaaurem~nta and t~e da dturbuneo algnBI to the proeoaa. Tho eo•t tunftlon• 

(control pertor .-.ances) vhl eh con• • l or quad ratic In the control and termi­

nal error or ftteady atate error are eval uated by the uae o r the l i near va Q­

aati on theory and atochaa tle optimization toehnlque. 

The dhcuulona arg divided Into the tro.n•l ent o\ah opt lmantlon, t'-1. 

la, the terrinal control probl em, and the et<!ady at&te optimlz&Uon. In the 

toraer eau, i r the llea• urement la aln~tl• and the proceu la diaturbed by 

r&ndoa noiae, it la aeen tha t for a atablo proeeaa havln~ ahort ti me con­

a\aat the optl11um timing approaches t o th e terminal tlm~ aoymptotlcally and 

tor a ••ry unatable process it approache a t o the middle or th~ control In­

terval. for a ot8ble process, t he optl11um tlmln~t Is to b• near tha tarmi nU 

tlna when the Initial unce rtA inty Is ne~tl l gible and tho t•••nR becom•• eAr­

ll<!r vh~n the initial uncertAinly la present. 

h h r•qul red more than ono "''' a•uum .. nt to tLchlen the s t eady alate 

Optl lzation And the Optimum t imi ng of ttea•ur ementa aUbJPCt tO external dia­

turbftncea bao a l ~o•t uni form lnterva la . Thla paper preoenta a comproaa sa 

be tween the numb• r and the preclalon or m•aaurementa tor aome apoc ltied pe~ 

for-.nce to r educe tha total measuremen t coat aa ta both atabla &nd unstabw 

Tbe oe dlscuoaiona have r a ther R"neral na tura a nd Inc lude not only tba 

~bl• proc•Aa but thw un~ table one such •• t•rment& t ioo proc••••• or nucw­

ar reac tor~ •~1 may be appll•d t o the meaoureDent optimizat ion tor mult1~ 

&ebl• proC'•"• ea. 
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OllS ;:!!V~.; J:.l '!',' Or' !..!N;: A.'l I;Y':AJ·<J:: !·ll·:;s\'n 1!;::; sv::;r :M 

Afh.l S~~ .. ; A..:"?:.. lCATHlS:; 

~·r!.kr:.shj s.~kig".;ct:i 

Yokoh•"':.'' N~t.i r nn.: Uni vur5.i ty 

Yoi: "': h -;zr,a, J .tpnr, 

c. r t. r· tn tHr.l t. t c r 1 FO 1 tr;~' cn0ugh to be it:~norcd in c .:>::iptU"i son with ti .o eh ~..ge 

c f 1,he m.,,\ At=!' i ng v ·,lUi!t,(in}Jttt va~ur-n t.o t~H.: mcru.au:-in;t de vice or transm.i~ t..er):t 

wf!' mus i. treat t h is ml'ntH~r ins !!y !!te:l a.:. th~ :i,m ·L-:~ c mt?~uwring Hyste:n. 

! n thi s cct~o ~he relH.ticr.~ :,e ·4 .. eon input r-~1<! out plJt valucu i s des::r:i boe--:1 

by cH!" !',~rential o~ d if!"e re r:ce equHt! o:-.~ ~. 

Ob,,e::-vllbi ll ty on such !l ~yst~m is an ex tcn-,J.or. of Y.r.l mnn'" Si.:1 t e {j~serv­

l!.bil:!.~y •tnd equiva l ent t o : >:o lr•put Obsr>rv~bil! y , 

l n this ;>s.~e:-, t\Uf!"! cient con!!i ~lon e fl-'1~ :-:ec2s~ary con\!J t.h>~"HJ nt"'e 

obtained in tr.e !orn, cf Thonrr1m to~ the!· ,..i t h ~orol i ary for t he di screte-timc 

Gyst.e::is , tho continuous-time syetem~ anJ thu '"~ ime-varyina' systems resp~ctlve­

ly , A.f ter th~t ::t o::ne e.p plic nticnH to t h it conz~· t..., pro't'le~r, su o!-, as ~ean·.:re­

ru~nt of dynnmic O:"' tr·~ni er,t mnto~ t.orquo bJ u~Je of Htra.in mot.CJ'r ~rJ dis­

cu~sed with ex?e~im~ntr. . 
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:n:.E:r.:F I~Al'IJN 0? T:-3 ?Af-u.:.~:::RS Oll' J. 'i'!D,\L 
CHAlo~.EL .?Ci~t.: S!Mui .. \TlOr. AND O'iliER APPRO~C",.,:zs 

X 
Sbzi K.K. B~~yop~dhyay 

and 

~ tido.l river is '1 l arge scal e nonllneU' phy.sice.l system 
with time varying distributed parn~et~rs. ~is paper 1~scusse1 
t~e doterwination o! soma o! i ta Lnpor tant parameters t or !irst 
order ap~~ximat10D4 The identiticatl~n ho.s bee~ achieved !rem 
/£./ annl og simulation, /b/ ph<tsor di agram &.S well as /c/ input 
- eu~ut relationship ar~roachsa. 

J.n 1..n:itru.tl!e ::ltat!on t.chame o! the analog set u~ tor the pa­
rw:::~ter i C.onti.ficnt1or. llo.s be!:n give~ 

S'-..:SJJ;. l e h£aa btten d ..Jr!V!Jd ! r o:1 t~e River Hooghl.J' o! India 

XI Senior ScJ.e :ltit1c O!'f1ee~,liydre:li1c Stud::' ;)t)pa..~Olt, 

Calcut t a I-.,rt Co=issioners, Cslcutta /!:Dill&/ 

~ ?ro!e~sor,Elcctric~l Snoicsering Da;~~~nt, 
.;l'.cl3V.1Jur ~o.iversi cy, Calcut-ca /lilillai 



by 

D. H. Ch·n.lr~e ,· Univer gtt;' " f I owa 

snd 

I n th\3 p9~"' lill i c.dic-9tiJ !lloci :ftcaticns to b~ made ! n ti1~ t !'<~0 1"'/ 

c!' VjJti::'.R l cc:- ~rol wb;;n t t:e ~ontrol:!.g d ~:r!! t.em model h8.! dep;;~dc:\CP. c~ 

b")t;: the pr~J ':i.OU9 hi 9t·C:'"'J cf Stst.e '/Oriat;; l e :i 90d control '/~ :·iablP.9 • 

More sr;oc1 ftcA lly, ·Je ct::-nsider .;y~t. e:-.3 which a r o :uo.:h:tled by l~ ,..:! :t r 

f u-.ct t onsl 1.! 1:'f~ rentlnl equatl.o~o . The ~yst.e:::~ me] hs vP. sddit1o~3l 

s tr..k ·:onatra 1.nt.s e r multlpl'l cost. f :Jn\!tic:1al.i. The ~~lest i on of' tr.e 

e :d. to~~ nct? of a n opt..irr.nl cont:-c,l l er t :j stuC:. 'J-:i , and t he neceessr-J s~~d 

.::~ f'i1 c1Gnt. ~1or:'.! ~t.lon~ f o r !I f ! o;-t!:r.ai cont:-oller a r "l dt~~!"iv~d. 



O?TI Iolt:U CO?.'TR01 0!' :I::t:J..P. Tlr.:i..-LAG PiiOCES;;::s 

WITH ~U./. Dl\J.'j!C ?5!'.?\l~~.A!lCE IlfD:::A.ES 

:,~· 

: ha i r c : Automat!c Co~trol 
':'e~~:-:icel U:-dve.:-ol ty o!' W~::-ea1~ , Pclar.c! 

A the~ry of opti!:u;n cor.trol !or rr::.ceseee desc:::! be:c! by 2. l::­

e~ ~ C!ffe~ent _al -di~~~r~~ce e~ue~ionE o! re tardeC type , wi~h 

~~~~st!c p erfc:::~cnce 1ndexe3, i s ~resented, Ea 31r~ ~pen t ne 
mex!~~" ~ri~ciple , t~e prob!e~ is :ed~ced t::. Fre~.olm 1ntegr ~l 
e c;:~at:cn of t he ee;: ~nci kin=. B~· application of Prf' d.'lol~ t !:Jecry 
-;he fo~ lC·I71r.g f ac ts e re e stotl !.s~ed: t he e:oti s t.ence ar.:i un:!.c:ue ­

.c::o e of solutions , the s enc!'el form of o;; tin:um control ! or va r -
i c uo Gltuat ic,;u; /for c e J. - and c:i. ot.:!ti-:co;J t,>e e;;:s , j)!'"C.!.ct e :! 
co:tt:.·vl / , ito : _near 'Y wit!-. r eepect t o .:oceeo co:;; ~le-;e state 
a:; nurr.ber of ot her nontrlvial ;;::: ope::-~ .'.ec. ~xirn c. ce of Sv!:le 

•. :a•:::i;.. Ke:::eJ. sup;;lyinc fu:.l ana~ytic eolutic:l t o toe p:-oble:n 
! s cerr.v~t=ate~ . l~~e ·~ul eq~a•io~s a~~ ?.icca:i ~&trix di~fer­
t::! . ~: - : e~ :.:atior. for : i ~ e ker1:e1 ure C.e:: ~ved . 

J:!.<:J .>e:- of ~ c aentit.:i ar.e:.ot::\.es to wel l known Kolman ~ta te rc­

c:.: l ii t " r rro!.l ~~ a:::e !::how •• ::::.- lin~ar p::oocssce · ... ·i thout delc.)·e 

tl: P. r<:uu: t o preor.>nt t:a ra."!~co trictly to Kelmen :-eculte , c iv-

'!..~ oo: .. e ~ew inci ~.1:.i . 

c,.:.. -;: c a .:~ ie ~ !: :. :: e~e re eul~s new co:11p;;tetional sl;:;o':'ittme 

c~ be r.eve :o~ed . 

70 



ON BOIIICDS OP P!IIPORMNfCE MEASURE AND HIM-MM COtl'rnOLLERS 

A. J. ICoivo•• 
PUrdua univeraity 
Lafayatta, Indiana 

IN TIHZ-LAG SYSTEMS• 

s. J. xahna H. N. Koivo•• 
l~ive=sity of Hinnaaota 
Hinnaapolia, Minneaota 

performance index deviataa fro11 tha noalnal one. '!'ha upper and lowe r 

bounda of tha performance index for tha time-laq eyst~ can be datar-

mined by the app t:.cation of tha optllliuaa control theory. Such bound!l 

es tablish a good meaaura of tha influsnca of poeaible diaturbancaa actinq 

on the oryatea. Since the optimal tee<!baclt control can rarely ba deurained 

tor tima-laq ayat~, · an approximately optimal controller that operataa 

on the currant atate and/or cSelayed atate vari&Dl .. o!!ara e practi cal 

solution. such controller. can ba deaiqned on tha buia of lllin-max 

criterion. A proced~~ra t~r · the duiqn 11 pruant:ed. 'l'tla prnantation 

ia illuatrat:lcS by ax~laa. 

0 Thil work wu aupported ·in pert by "ational Scianc• Foundation Grant 
llo. Ql:-1960 and NI'SA Grant : IGil-OOS-063 Project 34. 
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O!'TI.V..-'\L DISCR<."""TE COl\"l'ROL OP TD~ !JIG SY5ID'.S 

J OJ:let 'F. Ban as 
S: aff l~ember-Te~hnicel * 
S&r.~ia Cc~~o~ativn 

AJL;querqu~, !le,; Mexi co 
a-:e>O 
u.:. 

I 
Ar.dre G. Vacro~ 
As sistant Prof~s sor 
Dep• . ~f Electrlcal Engineering 
Illinois Institu~e of Tech~olobJ 
Chicngo, Illino~s 6o616 
U.S.A. 

The op:.imel ptecc..,ise ccnst~>.nt. contr~l of time lag systeJI!s " l th tue­

varylL£ ~elays 1~ st ate ani control is i nvestigatt d . The esse cf a ccley 

L~ state only 1h consider ed first; a Hatt~ lton!an t ype f~~ct1ona1 ~n~ a co­

etntt SY!'-em, ,..~ic'!'l l nc \.de the t.ime d~ ;:>en1enee or t he d~lay. nre defined; 

t he del ay i n s tate S(t) 16 assumed t o sat is . S(t) ~ 0 ~~d 0 ~ B(t ) < l 

fot: t.initial ~ t ~ tfinnl · 

Loca :.. Mcecssr y condiUona are f ound f ot: the opt !mal c.ontr ol cf sys ems 

~hich e.r-e not necesse.r-1ly linear ; o:1e such condit.ion i s that th ... H!!.C!il­

tonia.n s a local =imur.l or stat ionary " ith respect to the opt.i::J&l control. 
' A ~~~ princi,le is for~~at.ed f or linear time lng systecs with a quad-

ra~ic ind!.Y. :> f reriorcance; in th!s cu e , t he Ha.,ilton!a11 must be a global 

max~um w!th re~p~~t ~o the eptimal contr ol . 

The necessery conditions t or system optimality arc mod1f1Pn when tne 

system is a llowed t o h~tve a tl.me-ve.rying ·delay io cont r ol ~11 atl~t ion to the 

delay in state. 

An anal,{tic exrunple: is given to illustrat e the theor. • I~ r o!ut& out 

s ome of t ht aifficult.i es encountered in t he solution or optiaa control 

roolems ,. ith timt.- v ~:-ying delays. 

*Thls ... ork ws Guppo:-'. ed in JXlTt ': ;r the Ur.J. tcd Sta-.e s Atanic Ener gy C=iasion. 
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ON THE 'rHECRY OF OPTIMAL COIITROL 

WITH BOUIIDED Pl:ii..S6 COOP.DD ;ATES 

A.B.Kurzhanskii,Yu.s.Osipov. 
Svcrdlovsk 
USSR 

The r eport deals with cor ' a in prob~ems of opti ­
mnl control in .l inear syc1;ems ··1i L."l b::>1mded s t a te­
~- ~~c vcriablcc; by an a proach baacd on t e methods 
c: f~~c• ior.ul u~olysi~.It io • hus po~sible to indicate 
the necessary and s ufficient conditions f or the sol­
vability of tho problems conoorned, as ~ell ns to ob­
t ain an ncldi'tiono.l information on the funet1onn.l La­
gr ance multipl1ero. The approach also indicates certain 
moann of to.cklins the boundary-value problem o.nd coll!­
put ing the optimal control in cuse or singularities 
in the moxioum principle : Tho ('1 ven method!; nay nl.s o 
be o.;rplied to n cla!l!l of related pr oblems ~1ith in­
finito- lmensional propo=t1es , £uch, in particular, as 
the gu or a l terminal pro blcm in systems with tiD:o­

l acs or the problem of m1nimizinc the extrcna.l value 
of u function of the phac:c coordi nates . 
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PINl>ING OF INITI AL VALU E!; 0? THE 

.AIJXILIAR'i VARI ABL!::S I N OP'rHW, CO!iTROI. 

OP A CI.A!>S OP 1ItiE AR S'i::in:~.\3 

I.Tzve t anoT 

Inst i tu t e of Engineer l ng Cyborneticu, Dulgu~ian 

Academy of Sciences, Bl.IV - Sof ia 1J, Bultaria 

Summary 

A prec1oe eolu ~ ion to one o r the bas i c problems in 

t he optimal c ontrol the ory~a given in t h 1e papdrl find i ng 

ou t of an in1t1al vector Y:1o , !'or th e auxiliary sys te m, 

de f i n i ng tho optimal l:igh-o ; eed control or an important c a s s 

ot l inear plnnta by meano of t he m1uimum p-r1nc1pJ.e, 

The solution io built \n atagee . I n the f irst stage 

t ne br oa ki ng (switch 1nc ) moments c ,, r, , . , t 1 of tha op-

t 1mal c on trol are conoidor ed aa parameters satisfying the con-

diti on o .: I, ~ (. ~ ..- !
1 

1'h e apace '/ • oonoiating or initial vectors '1" ' 0 1 

1o di'li ded 1nt o JL non-intersecting auoaets /";'(( · o, ' • ~ • . 

· ~~ · 1) . : or each ( · o. '· .1 , , ~· · t the corresponding sub-
set ?; 'c ono iota or nll initial Y"' l 0 • • tor which the optiml.l 

e on•rol aa c breft~1ng (uwi tch ing)po ~ nts, 

?r opoo1 t 1 on 1 defines the e xac t k1:td or ~ • , 

n t he ooco:td stage it is s h own aa to how t . . ~ . 

I, can oe found, One ot t he ..l Jt transcende ntal syotemo 

dea ucea , connects t h e brea~ing moments or the optimal control 

a nd t r. e initial etato ..t '• or t h e contro~ l ed. plant 1n anal yt­

ic depcnoeno1es . The pre•:ioe solution ot t h e problem eorusi4er ­

cd 1e ro~ulated oy Proposition 2 and Le mma 3. 
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• .A'roRAL OSCILI.ATIOI\S OF PNEUJMTIO 1'-0'.'IE:R A.!lPLn'lKllS 
;Jr.) A SOLUTION ll'OR THEIR KL.I!.!INA.T!Olf 

by 

Dr. A.Boros 

UAdW ~do.pes~ 

Thoro is a pneumatic aJ:!Plitier - based on the well-known 
fc:ce-balnnce - s enerally used all over the world whi ch is dis­
cussed in this paper. There was a paper at the IFAC Oo~ese 1n 

1966, dealing with the r esults of theoretica l investigation ot 
c• :f- suetained oscillations by a similar type ot amplifier. 
~~ site to this mechanical procedure for the d~ping of osci­
llations described in tne !oresaid paper, our work introduces 
a pneunn~icnl solution of the problem. 

It ie possible to find a set of pneumatioel R-e members 
to the o~ paramet ers of the amplifier, on using o~ which the 
eelf-sustoinod oscillation is not able to develop itself. 
Because of the well-known non-linearity of the pnelll:latical base­
members /R and C.t, the e parameters are to be spccifi'!ld by wq 
of experiment only. 

The paper gives the main results and also a ~ort survey 
about the m~~hods of study. 
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DY! . ..ur.tO BE:-!AVIOUR 01 HYDRAULIC COMPOllEI:TS 

J.J. Hunter 

In order to aake realis tic s tudios of h;~d:roul!c ayotoms 
on ano.loque or digital compucers, modo la of lcydro.ullo compo­
nent• which a.re b uned on oxperinentol 1nvo_t igut1ons b.l:'e ue­
cesaary. ~oat intormc.tiou now available l a licitod to steady 
atata eharacteristios so that cont rol studieo on hydraulic 
systCI!IS have tended to bo mainly theoretical. The aboonoe of 
experimental results of the dynwnio behavi our o! hydrnulio 
oomroncnta has thus impeded t he a.pplica.tion of oontt·c. l the ory 
ot hydraulic ayatems. 

Some r esults of investigati ons made on a wa.tor hydraulic 
frequtJnc;J response rigeare prooented !or various hydraulic 
c:ocpononta 1nc:lud1Dg f lowmetorv . AB these components a.re gene­

r lly non-linoar, tr!Ulsf or !unct ions between !low and other 
va.riablee a.re obtained by ouporimpoaing a omall ainuaodi al va­
riation on the mean !lowrato o.nd meocuring the amplitude o.nd 

pha:)e o"! the othor variables relative to t he flowra :e . The fr '.J­
quonoy rn.nee o! the teat r ig is from 0 . 01 to 100 Hz o.n.d the 
m<Oon .f lon'allge froa 1 to 9 x 10-3 m3 /s. The modulat1ng wave 
form t s not rcotrictel to the olnuaod.ial · other waveforms can 

be uced to cocpare with computer simulation etudiea using the 
derivad model. Details are givon ot the design and t esta of 
the tr~ieat flowmeter doaignod for this work , which has a 
!roquancy r 'lo;Jonse cxtondfng up to about 300 Hz. Ita behaviour 
haa be en e~d with rapidly chancing !lows. Ita mean indi­
cated !lowrate, under the se conditions, is 1n good agreement 
with the average !low b:f coasuring he total mas s tlow over 
a m3asured interval of time. Sooe problems encountered 1n the 

' ' dee.ign ot the test rig 8Jld 1n t e noi!lo 1 :!her"-... the no~ 

call;y turlr.llent flow r egime ot water ~draulio ci.t'cui ta will 
also be ~acuased. 



SMALL AMPL! TtJDe Rl::S PC!'iSE CllAMC'TI:RISTlCS 111 
HYORAIILIC SERVO MECi'AN IS!'.S 

H. R. Martin H.Sc., Ph.D., C.Ena., ll . t.Hech .E • .nd 

J., Lichtarowic:t S.Sc., Ph.D., C.Ena., M. I.Hech.E. 

p~rt f rom development t eltina and a few extreme conditions, a 

s e rve 1yo:~m epends U'.Oit c f i t s li fo daalln11 wi th emd l excursi ons . Then 

l!ldY be ao 1mall that nun-linear effect• become of ~- • , ar,e orde r as r.ommand 

t ignAls , I n th l • paper an 4ttemp t is ...,de to •cudy the benllviour of 

hydraul ic servooechani•m. operating in thia region by :he theur~:ical 

. na l y•i • of tha equation• of t~e system. 

A digitnl compu te r h uted to analyn the performance of the syJtem 

~nd t he resul t • nre applicable ~cne rally e ince t ne e qua t ion• and resul tl 

are r rescnted in dimeneionleaa form. 

The re$ul ta, pre•enced ll<&phically, indicate the t ~end of performance 

ae th~ input t o the ayotem i a reduced and s tudiea tha e f fec t s of viscous 

damping, l eakage , and acal friction . Normal an$ly•i• o f auch &y•rems uasumca 

& lin~sr valve char£cteri• ~ic, however the ~aper drawa co~ •r \l~l b~~•een 

t h ia ayproach and a wore real is t ic repreaentGtion o~ the ' • >pl acement !low 

curve. 

le i s shown t hat after a certain level o! : :·~ut:. , .~n t:.:te inbe re:lt 

valve ~acping characteristic break• down and t he ~ys :ew c~ibi t4 a 

coocinuou1 sma ll amplitude osci llati on, 
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REDUNDANT E:LECTROHYDRAULIC 5 £RVOACT UA TORS 

WUllam J . T hayu 
l>looa Inc. 
Ealt Aur o r a , New York 
United Stdee of Am a r lc.t 

Current deelen appro ache1 for a c hlevlna 
conhnued aervoactuato: operation 1n the 
pnoence oC functional fal lureo a re de1crlbed. 
Examplu and 111pport lna data a re drawn 
f r om varlou1 ae r o tpa c e application•. 



MECI!AIIICAL O'I!Mi~ISSIO~ RATI O ~IJ!R£:.'\e!i'!'S 

IM Ml ,LKUM-TIKE POSITIO~:~ SERYOS 

B. L. So 

• ·~ ·Inc . 
!&1\ta · ..&ra • Ca l!~orr~a, US.l 

JIW\y l ndw.t"ial Jli)Sl tioru.:ll( d ri na •~.d aeMOIII cha:\! lll!lll tod~y a re r "'lui r "XX 

to operate in a ainl~tJ21 modo, r or th8~8 driYea, Csre =uat be e~erci led 

in aelect1ng the •~chanlcal t rane t daion connect:r~ th~ dri•er arA • ad 

leat t he po8i tlun1ng tae will d~lfl"ade. t.qu,.t lona 'L~d chart s ue ;. . • ... ,t~ 

to facilitate tbla dealsn probl•~ . The lGUda are oaaumed to be inerti al 

in nature; the drl•era are of the aoMomotor type and tna ~ot~~elutcb typa, 

Connnt1onally, th t rana• laalon ratto 1a :t• lected by l oed utchiO«, wmeh 

giYea a a&Xisua load ~cc '•"ation: it la anown tha t th!a pra~ti~e in genersl 

doea not g1 Ye a • nia~ t1ae perfonaanc~ f or tb& tTP•• of dri• era and l O&da 

cons idered, 
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:.: ·pe:ri:r.e~,u.l n.o t t ... e a ~ 1 :.1r~ ocntrol v ·lveo ::: or 
teo_n c:toc i ctl ,-:-~cr:;ses 

Dr . lng . ;{u.1:1er '!;ue!le r , Te c h:1.!.s oLe ilt ohoc r. ..tle Ilrr.cn1.1u 

DepE.T t r..e r t t e tec bnol oc:; of :::ut. o: .::: i.ic . control , 
Ger~·•m D"r.~ocr::~ tic Republic 

Vi t b t be c ~rreotivo flo~s of tec bnoior;1c~l rocoo:::e s it 1o 

often 1u ossibl e to .ro 1c t t Le e at~ r e;u1red i or t Lo 

oo:.tro: Vu-Ye s!. :!i!.Il£: :1!.tl. s u:!'f1c1ent. cc ur.:.o,y . b l..:.; l'llly for 

e>:t..mrlo .. c truo ~a u:lok t o 1ua.co ur ooJ e c 1n oalculn t !ll{; the 
beat eng i neel'in£ cf t bc pr ocess or i u o ::~l oulr•t1nc t l o 

~: es.ure drop o~ line~ . For t he i j oct1on of WLt er for t ho 

tr: ~•r;er:l tu. e c on';:r : rr! s J•vr bv .... ted o teu~• i n !'vwer J•l .• nts ns 
n t.Jp:.cnl eXU! J!>Je of a correot:!.-;o f l ow by 'm of o. or.l oulu­
t ion of crro:: t be 1nnccu:::;,oy f '..he 1 rec io t!lc !low hnd -c • a 

pressure cro1 ::1 t ho oon';;rol :>lve is s hown to be 1 O,lj. 

In s uob c e:c ~s t he C"":. to hi ne; of the oont:r ->1 valves in uo or d 
w~tb t~e tes t r s ult s !.s 1ne,. tnble . A nethod ia developed 

to i t e::-u.tively adapt tbo co ntrol vnl:ves l'<itb t he 11 d o! o. 
cbo.r t 1nc lud1ne u logari thmi c plmt of tbo f low nnd presaure 
dro.o (A:p- -C.1 o.~_;rtUn • Tbe c hart is ox}erioen t~ lly r ecorded 
by meun~ of sreci cl plotter. on t ho plunt equipped wi t~ a 
tempo::-ury control vo.lve . From t his J,Jensur1ne ol!o.r t t he 
neooaaa:ry s ite ~r.d a prJpr 1ate fl ew obor oteristio o! tbe 

control va lve o~n be de te::-m1ned • 

.r_~.~o..:1rJento.lly =-~corded 4ip- -obo.rts o! a water injecti on 
v..-·:e of n power plr.nt and a pressu: e con t r ol vulva of a 
s l· ~•m bcu t!.ns pl P.nt dem<"ns t r n t e t!1s a:;>pl 1oa tion et the 

r.Jetbod . 

Speci~l pr o l ~mc a ris ing whil e de tsr1 i n1ne t he oporntior~l 
!low obarac.t er i st.: o under ! l ov:-in.d epe: tdent pressure ob r~ges 

are di scussed . 
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"Iana~t.sauoa of D:1Jlaaic ~ellarlouraot Controlled 
!11,-riator &leotrio Dri na• 

by 
l.l.DDDIUDI, B. l.LIS!DGlRTD, S,I.BJ.GIROf• 

~ • 1. tll.IROU, and Y • • • nRDUIOf 

'!'be beb.aYioura Of the 1a41&Ct10.Il 110tor fed b:y & Yar1Jible frequ• 
e c • t- tnerter he•• be ea ~raate4. 'rile plot: of tbe freq~&eae;r con• 
'~ ' • •. 1relt86• with u 1oteraed1ata Il,C, &llpply hu the IJ)pearuce 
of at a1rcaae • • • • fora, ud beAee tb• ~oa•erter-Koto~• ayatea ·~ 
be eonai dared aa • a.-ple4-dat4 ay&t~a coas1atill8 of a Zero-order 
bold e d U aear plu~ oorreapOA41Jic to the equi Yalellt cireu.U of 
~ 1D41lotioa 110tor. 

! aae4 on the theory of aa.ple4-4ata a;ratea the QllUi-atationa­
rr u d dectroa86Jlet1o tranaient proceuea haTe beea atlld1e4. la 

ealrah of the aotor atart1Dc cond1t1ou hu been pertol'lle4 at 
different treq~&enc:iea IUI.4 IUlder load tor both t4e aiae ed the 

;:eae wueton of tbe Olltpllt woltece. 
• ; l oaed-loop ayatea of a~~toaat1c ap~ed control of 1nductioa 

aoto:r haa been d~Teloped ud atlldie4 witb the aotor beiJig opera­
ted f r om a otat;io freq~eaa,r ooaYerter at a coutant load power. 

A ealcul t 1oa proee~e ia preaented w1oh bu beea uae4 to 
e"Yalllate the eleotroaechuioal tr~~Uieu.t; proceaa 1a u 1ndllctioJ~~ 

aotor with the latter balD.& fed froa a atatic traquen~ eon••r­
te:r , roYided w1 tb a tllrea-pbue parallel illye:r~er. 'to p• • ora 
co~q~~atat1ou w1 th the' u .. of lA eleotroaie d1e;1 tal coaputor uae 
equations tor the iAdllotioo aotor are preaent~d in a aratea of 
• ar1eble-w.pee4 axea. 

fbe •ol tagea applied to the aotor are preaented ual,.ticall;r 
ia the fo1'11 or auiro ... fuactiou. 

J. D.C. th;rrietor eleotrio 4r1•e a~atea wi th a three-phaee 
halt-controlled reoti!ier haa beea de~elopet and ianatigated. 
!hie e;ratea ia intended for the riaains ••~~iaea uaed ia tyro 
a !UWfaotu-riDS pl~mta. 
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S'!ME!4 Or AtrrOL1ATIC GOVl::H:~:NG !H6 COITDIT ION OP 

Aa!SO W'U SLIP CONS'U!iCY Of AN lNDtJC':ION DRIVE 

11TH 'flKISTOR CONVEilUi CONTROLLED !!'RE tr"..:!IC! 

lhaalldkh&noY K.z. -doctor of technical aci enou, 
profeeaor, Uabek Inetit11te o! 
Energetic• and Alltomst1ca. 

l:amaloT t .. s. 

llwd.noT 1:. 

'fuhkent, USSR 

_.ciecti!ic worker o! 
the 1natitate. 

-eoientifio wo rker of 
the inaUt11te. 

SlllWII&r:f 
The ayatea to ba conaidered oona1ata of cloaed circ11ita !or 

rge11lation o! Yoltage, !req111nc1 ~rd cond.naer capacity of the 
oon•erter. 

Tbe conYerler •oltag;~ ia reg11L&ted according to derlatiotr 
of aoaol11te alip of the motor from a gi•en yalae in d~pendenoe 
11pon treqlleocJ, load and condeneer capacity. The Tallle or abao­
late alip ia aeuured by d1acrete deduction of proportional mo­
tor rotatioa •elooity frequency from maater generator frequ .. OJ 
of tha oonYerter with f ollowing conYeraion i nto feedback 'foliage. 

In addition to elimination of de~d &aae and decreaee of inertia 
i n the atatem at ti me of awitcbing, t he act1Ye reaiatance to be 
a• i tched betw .. n r eoU!ior and inve rt er by decreaaing the number 
or do~"llag pullea to a ain gle ·one allo•• to e1mp11!y t1r1ator 
arrange~enta !or control or rec~i!1er and inYerler bridge oircuita. 

The oontactleaa t1r1etor protection of the •t••~ a gainat 
eaceaa ou. renta ar1aing !rom abnormal conditione being peculiar 
to the g1Yen ayatem, ia baaed upon the principle of control nor­
mal tiriator action, protection againat auata1ned Yibrationa ia 
carried o11t by introdllction .of an elutic !eeclback 1n the fora 
or a abort ciroui t 1n the amoothing choke. 

lnYeatigationa of deYelo pped unite of automation- control- and 
protection ayetema haTe giYen reaulta, preYing their workabilitJ 
aad the poeaibili\7 !or practi cal ~e ot the 17atea llDder oonai-
4 araUon. 
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ON ~ THEORY OF CONCERNING PROBLEIJS INV.&.Rllm SERVOSYSTK:.G 

WITS 1'HR THYRI.S'l'OR V.A.Rl.A.Bla F~ENCY CONTROL BI ~ 
C.lGR 3 - PIUSB IlOUCT:tON MOTORS 

W.H. Jav oralcy 1 E.S. Avatkov, 'I.I . ll.ak.shanov, R.V. J.ld0%1;1!l1 

V. K. Dorokhi.n 

This paper discusses thuor7 of servodrivea which 

possesses in comp:ison with now widespreaded aerwordri-

ves with t h ree rotating a aahi nea the faat twice gr~ter 

e!!1oiencJ and essential &reater reliabilitJ. The absence 

o! engineer calcul ation aetbods bampera the elaboration 

of such a progreasivea, but coaplicateds, non-lineara 

i mpulse serwodri~ea. The pa er states one of engineer cal­

culat ion methods, which ensure• high atabilit7 and suffi­

o1entl7 precise shadowing. Ti th assistance of invariant 

1npnta of dis turbence aomeLta aaJ be compensate the 

inf luence of var i able part of objeot inertia aoaenta at 

aerwodrivea d:namics. '11th assistance of •nonlinear iso­

lated functions• it is pos sible to form t h e differential 

equations for dynami cs of nonlinear and linear var1antes 

and essential reduces the labour-consuming for calculation. 

Paper gives extracts of servodrive calculation with 10 kw­

motors, for which the type e ~ationa utlli&ed been. 

Calcula tion demonstrates oxpedienc7 of methods pape~ 

d11Jcuaaed. 



S.PE:ED CON'l'ROL OF HIDUC'l'IOII ~!<YrORS USING 

SELf -CONTROLLED THY R IS rOR t!Nio.il'rERS 

E11chi Ohno Masahiko Akamntou 
Central Research Laboratories 

~ltsubish i Elec tric Corp. 
Amagasaki , Hyogo, Japan 

In the static ocherblus syotem, tho rotattn~ speed ot an 
induc~ion motor is control led by r otor power feedback to the 
power source through the silicon rectifier and thyristor inver­
t er in its secondary circuit. 

The authors naltzed the powr r flow in the induction motor 
wi th secondary excitation, and get the conclusion that not only 
t he lower speed rP. ~ton below the synchronous speed , but aioo 
tho hi her opeod rer,1on obovo the oynchronouo speed would be 
po r.n lble uoln~ the o~lr-controlled thyristor inverter instead 
o r t he ollicon roct !ttor in t ho ordinary ota tlc ncherbius oys­
ter.~. 

In this newly de volo pped oyotem, the s econdary power is 
oddod to t ho prloary power to got the ouper- ny nchronouo drive . 
Al oo tho re~onorottvo brl\k1.n~ in normal cpoed reg ion becomes 
po~ciblo which 1o 1mpoon1 blc i n th~ ordinary sche r b1us system . 

To realize th~ oup~r-oync h ronous ocherbluo system (SSSS), 
th~ current type nnl f-con t r ollnd inverter, whi ch i n oper a t ed 
l n nccor donco w1th the r.ccondnry induced volta~e , should be 
ucnd . Th 1 ~ ollown b1- d1 r cctlonol powe r f low through the con­
ve rt~r. rho ht~h fr equency modulated dtotrioutor is anoptod 
In th~ cxporlmcntol equipme nt t o detect t he nhaoo r e l ationship 
>( tnc oecondory vol ~o~e a~d gi ve t he go ting cignol to the t hy­
r ! stor conve rter . 

rho cxportmcnt r ooultod in the stable operation in wide 
cp~~ d re~ion both above nnrl b~low the synchro~ouo speed ond 
proved the anolyo1s v~ry well . 



Wt'EC!.lAn:D DICltAL CO:rmOL OF A D.C . tl!YRlSTOR DRIVE 

F. Fallaida and R. D. J~ckaon 

A co~uter controlled DC ~n~~ciline drive i a c!escrl!>ed in w!lic:h 

e ach thyriator in the output powr &"Vlifio r il direc tly under the control 

of the coq,u t e r. n.t. technique sivu • predae control of the firing 

i.aatenu and ia well aui ted t o the requirennta of o;>tirul control. It 

also allaus ~~· use of ai~lo firing ci rcuitt •inco t hese are triggered 

c! iractly fro111 the accu:rulator of the coq~uter, and the reduction of er.tern:1l 

l o&lc circuit& aince their !unctiona can be absorbed by the co~uter. 

In the experi.tental driV. a 2 liP moto r i~ fed f rom a thru phuo 

b::id&• thyri.ator aq,l ' Her, The control co~rputor has a 12 bit word len<- o 

and prcciao 1peed control ia obtained by aaa~ling abaft an&ulnr poeition. 

A dici td abaft encoder h aaq:>led by d1a co~uter at .300 hz , the thyriator 

repeti t ion frequency , an-t the thyrhtor fi r ing delay co~uted from the 

incratll!nte of po1i t ion and a progra1!11'8d ro!orcnce, The correct fi r ing 

ina tnnt for the current t hyriator la co~rpu ted and the thyriator is fiNd by 

the cor;>uto r1 tho proc:au ia then rcpoatecl !or the next thyrittor. 

In 3ddi ~ion to the experiaental raaulta a full descri ption i a &iven 

of ~,. control alt;o'l'i t hr:l toged1er with the t:ethoda adoptee! for synchronising 

the firin; pulaea with the .SO Its 11q1litior excitation and othe-r practical 

d"t4ila . 
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DEVELOP'WSJlT OF INDUCTION L!ICRO!.IACHll~S COl1TI<OL 
l!E'l'HODS 

b. V. Svecharni.k, L.R. Sh!dlovich, Yu. !.!: KeliJ!l 
A. A. BeloglaZO'V' 

This paper acals wit h arrcngc~c~ ~a and pr inci ple o~ moto­
synes and motors action controlled by space di splacement of 
winding a.Y.ia. Shown are great poss i bilities of cotosyncs 1 from 
cont rol point of vie11. 

Mar~ t hree- phn&e ~inding on stator ~j internal rotor , 
we cr.n obtain dliferent ways of con. ol by ch~ing this or 
ether paramet erl 

a/ volt age magnitude/s!gnal coefficient/ , 
1/ t~e voltage pha.se , f ed t o the windings, 
o/ location of r esultant eJ~s of three- phase windings , 
d/ space angles o! r ot or nnd etator rotation. 
In t~e result , 63 control methods can be obtained i ns t ead 

of noi'IIlall.y used in mccor er ar~plitude, phase and G.mplitude- pha­
ae methods . 

lhe I!10.iJl problems 1n desisning of m.icromot ors theory and 
au:thods are ~own too. Sho1•,u are ! o=ulas f or s t art-up moment s 
in regul ar and difterenti~ motosynes: I nt erchangobility o! t he 
motor which is controlled by space ci spl acement of winding axis, 
what happens to be a f r equent case with mocoo;ynes, i s compared 
and investi Gated. Calculated are meanings for direct and back 
sequenti cillty of motor . Si milarity of calculated and experimen­
tal characteristics is abeolut ly sufficient f or e~ineering cal­
c~,;.lations. 

S~o~ are cases of utilizat ion of motcre control l ed by r 
space diGplacem~r.t of windillg a.Y.is , s~~h=~otosj~ trans~ssions 

with ·:O !!'~nt ctrenghteniiJe, ac tuator ot elc-ctromochen1ca.l mw u­

l c.tor a . Shown are tecnnical characterist ics of diacusoed noto::·s 
controlled by w!Lding axis srace dis~lace eme~~. 
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TJW(SIEHT A1fD STEADY STATE ANALYSIS OF THE STtPPI!IG "OTOR 

Sheldon S, L, Cha.~1 
State VDiveraity ot New York at StODy Brook 

Stony Brook, Mav !ork 

£qu1Yalant circ .lt and equation• tor calculatina the performance 

ot a reluctance typa atevping ~tor, ita performance limitations, and a 

aathod for drivina it as a hicb torque to inarta aervoaotor for continuoua 

position control are davaloped , 
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:T.? !:L:D OF SI: ::r3o::c;;s LliCRO!.:OTOR 

J er::y 01·,cze.rck, W::J.rsa.w Polytcc.'ll'lical Inoti tate, Fol-nd 

:he paper deals l'lith t heory and calcula.tio!:J \',:.../ of a. now 
kind of synchronous mi crometer . The prir.~iplc of op t~tion o! 
the. _icroootor i& bused on t.!:!e phencr .. eno. •.:r.! c:::.. ·Jalt~; ; le. ell ;.n 

l:yctertosi s mo'toro , t:!ac;netocl cctri c :.:.otorn ,_wt c.lcct.::omagnct c 
excit::J.t;c.d SJ nchrono a ~otorc . 

Due to sui t.:l'ol c 1:1agnetic rw.torials uscc in tbc con:3tru­
ct:i v:l w.d dt:e to c.;enuine me. chod of ct:u-t of tl:.c ~c ... r , better 
o~><. r.:.. . 1 onal :p:..ra.meter :; i n c O:..!J:ll'O with the. ot her s:;-nctronous 
L: otors , at ci vc.r :r.OJ!{;C of rower , e.re obt ai ned . Additionally , 
th~ conJtr action of t:b.is r:ic:-OC!otor is siL.pJ.er and ito prod:..­
c'tio:J i o ct.sier tho..n the s &..e of D.IJiY othet' s ort of S.}nclu.o:1ous 
mic::'a:.o-;o.L"3 .. 

Stc.e :.odola of the o oicro:~otors havir-t; vo.r! oua t echnical 
ca'..;o. , have bec:l m:J.de . Teats of those J:todcla ht.s ccrd'irmed tl> ~o. 

vc..l i di t y and pr l.l ci3ion of t l:.e t co_r-; a:~d c;iven f iQ.Y of calc· ~­

<i on . 
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FACTORS I NVOLVED IN THE ANALYSIS AND DESI GN at• D.C. LINEAR ACTUATORS 

by 

C. W. Grcun and R.J .A. l'aul, 

InHitute of Engineering Control, 

U.C .N.W. , 

H;mgor , 

li .K. 

This paper is concerned with the desiKn and construction of direct 

current motors capable of producing thrust and motion in a straight line. 

Sucl, dcvice a of thia nature may be cmployt'd as actu~tors and retain the 

v•ricty of f " rce/vclncity characteriatics co!TIIIon tu d.c. machines. 

Two forms uf linear construction and tht' principle o{ operation are 

doscrihed in the paper. The problems of !lux l c:tkage introduced by tht' 

di•continuitlcs in the field system at the termi nal poles ia discuased in 

re l a tion to these configurationa. 

Finite differonce approximations to the field equations are caployed 

in "" i tcra ti v" procedure to obt.•i n the flux density diotri bution thrnugh­

out the machi ne under &iven condition• o! excitation . This information 

ennbles the thrust to be calculated and the extent of the leakage fielda 

t o be de tu mined. Optimisation of the machine topoaraphy a;d quantities 

• uch 31 thrust/weight or thrust / input power become poss ible. 

An arrangement ia briefly deacribed by vhich output movement ia 

l imited to abort atrokea enablin& an encapsulated armature to be uaed 

without the necouity of a coiTIIIut3tor or bruaht's. A typical application 

of auch a device ia the operation of mechani cal valves, where it i• 

desi r~d to e liminate the nPed for sears . 
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DIFFERENTIAL OYNANIC PROC'.RANNING 

O,H. Jacobson and D.Q. Mayne 

I.n this paper several nev second order algoritlws for 

optillli,.ing non-linea r systems aro described, The original ' 

diffe rential dynamic programming algorithm, permitting only 

a~ll changes in the control at each iteration, is superior 

both in the number of differential equations to be integrated 

and in convergence to conventional second variation algorithms. 

By per•itting global variations in control and using a nev 

step-size adjustment mothod, a class or p~werful algorithms ia 

obtained , possessing several advantages. lluu on the nominal 

trajectory is no longer requi~ed to be positive definite and 

tho algor~t11m can deal with control constraints and, in 

p~rt lcular, bang-~ang control problems , Several examples 

a ro g i ve n to illustrate the algorithms, and the application of 

t he algori thm to stochastic problems is also discussed, 



mE OPTIMIZATION OF DYNAIJIC.AL SYST.IllS 

s. de J\lllo 

A new technique for the approximate computation of op­

timal controla h presented, which avoida the need to aolve the 

differential equation governing the behavior of the ayatea. The 

technique is ahown to be applicable to linear ayatema governed by 

partial differential equations when the coat functional• are quad­

ratic . 

Paragraphs 2 and 3 deal with the cue of diatributed 

control, i.e . when the aystem equation ia of the type 

i • Ax + Bu x(O) • X 
0 

(1) 

In I 2 it ia aupposed that the deaired atate evolutioo 

is aaaianed and the coat functional to be ainiai~ed ia 

J(u;x) • 11 
llx(t)-xd(t)ll'dt + A/1 llu<t>ll 2dt (2) 

0 0 

whereaa in I 3 only the deaired final atate xd ia aiven and Lhe 

criterion h 

(3) 

In both caaes an approximate aolution to the optimization pr~blea 

ia ahowo to be aiven by the aolution of the &-problem, defined aa 

the minimization of the functional 

Jt(u;x) • J(u;x) +l 11 
llxCt)-Ax(t)-Bu(t)ll ' dt 

£ 0 

I 4 deala with the boundary control problea for which 

the ayatem equation ia 

l. Ax x(O) • x
0 

xlt • u 
(4) 

x lt beina the re~triction of x to the boundary. The t-problea 

for thia case ia that of minimi%in& the functional 

. Jr(u;x) • J(u;x) + l11 llx(t)-Ax(t) jj 2 dt 
~ c 0 

aubject to xlt•u , where J(u;x) ia eithe~ (2) or (3). 

The r esults of the computation of a minimal norm con­

trol for a diatriubuted parameter system are report ed in § S. In 

I 6 it ia pointed out that the proposed technique ean be extended 

to a broader class of systema and cost functionals. 
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A STATISTICAL APPROACH TO THE OPTIMIZATION OF THE CONTROL SYSTEIIS 
WITH HUL Tl·PEAK PERFORfo'AtiCE INDEX 
Fujio NISHIDA and Se11chi HIZUtiO 

Faculty of Engineering, Shizuoka University 
Hamamatsu, Japan 

It has been very difficult to optlmlze the poorly defined systems with 
.ulti-peak performance Index by means of the conventional method such as gra· 
dient or trial one . But in some cases of the quasi-stationary process where 
the perfonnance index (PI) is almost expllcitely independent of time, there 
see.s to be a correlation, more or less, between the optimum and subop~imum 
points. It is also expe~ted that we can utilize, for the detection of the 
correl1tion, some of the measurable quantities that depend on the disturb· 
•nces in different forms from the PI function. 

In the method presented here, using the above properties, the system re· 
cords the sets of data such as the optirm~m point, the suboptimum p<~int, their 
PI v1lues and other useful correlating quantities, during the exploring pe· 
rlod. Then the syste. determines by the minimax probability ratio test 
whether to be able to predict the global optimum point from the operating 
locally optimum point, or to continue the exploration, where the power of 
test ~s determined so that the expectation of the loss consisting of the 
cost of the global exploration and the risk due to the incorrect decision 
.,Y be •lnlmlzed. The simulation results IS well as analytical results show 
t~t the expectation of the loss Is fairly much reduced if any correlation 
as mentioned above is available. 

For such systems as require much exploration time for 1 scanning COR· 

Plring with the change rate of the state of the syste., 1 ~ified tentltlve 
-.thod Is 1lso proposed. 



I'. Snroclnd k 

A SUr.VP.Y Ol' SOI·!It. RP.ONT JTER/,HVE 

CONTROl, Slf.I!AL!: 

New Y<.rk Unlvcn ity 
New York, l:cw York 

1.. llorwitz 

l 'hio p~pcr "tll pn•nc.mt o survey of the d~£1:lcr. • rd con1u~a~c :;~::~: 
iont itc r ntivc toctl:od Ce>r r;-!r.~.rJhn tlon. Vcriou!l pr:>pcr tlc~ of thr.cc toch­
nJqut•o ore diocunsr.ol and thclr srpltc~otton to proper ties of optlooDl control 
ere l"<ll "ut cd. 'l'wo cxRI>I(>lco illu" trntlnt: the~<: mctlca<l:J a re d~o !ncludcd. 
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~ • !,..J.;!.Cl. }·J,OOl' S ~'OR A DYNI\r.JJC-I'ROGJIAA!MlNG 

SUCCESSl Vll-AI'I'ROXHIATIOS~ n . HNIQUI: 

A. J. Kors nk ft nd R. E . Lnnon 
Stnnford Ro~o1.rch lnstituto 

.Soulo Park, C~li fornlR , U.~A, 

A d)'11A111c prosra•tn1 auccell~ lvo approxlroatlone tochullruo hna bucn 

au~:gcstod by lollroan and us ed euccos stully by a nurobor of authors, In the 

caso whoro there are aa aany ooutrol variables ea alnt o varlablcc , tho 

techn1!Jue reduces an n-dtmcnaional problem to the BOlutlon of a acquonco 

of onc-dl .,onslonal problems, Thla paper prese nt • proofll that tho roethod 

converges to the truo opt1mu11 solution tor three important cl assoa of 

opt1m:al control problem•, all or which arc r elat ed to certain convex pro­

lra.,.,lni problcma . 

This r e ,;oarch was aponsorcd by a nd pedonaod at tho I nformntton and Cont rol 
Laborato1 y of Stnufo1·d Research InsU tt~to, Menlo Park, Cll lUor nl r. 91025 . 



"Identification of proce~s trough the minimalization 
distance be tween signal collections" 

s. Wogrzyn, G. Denia, 
J. Dellale · 

In this papper we show one off possible solution of identification 

problem trough the minimalization dist ance between signal collec­

tions. This method gives a general algorithm of identification 8 • 

In the case of Euclidean spaces is possible to give an analytic 

solution of this algorithm 15 1 in the case of another spaces we 

can find solution ot this algorit~ in the numerical form. We show, 

in what kind we can consider nonlinearity and transport delay in 

i dentification process , which are the most , ,mportant phenoillenon 

tor models o! industry process. 
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DESIGN OF MJDEL FOLLO\oiiNG SYSTEMS USING 

THE COMPANION TRANSFORMATION 

Oennit I'. Wilkie 
Tranaportation Research 
and Plannina Department 

Ford Motor Company 
Oearborn, Michigan, USA 

and Willlam R. P~rkint 
Coordinated Science Laboratory 

and Dept . of Electrical Engineering 
Univertity of lllinoit 
Urbana, Illinoit, USA 

A new approach is preoent~d for the deoign of aingle input, 

linear, time-invariant model following oyoteme. The performance 
1index to be minimized is the norm of the difference between the 

model and tyatem companion trantformationa, with the constraint 

that the oyotem and model elgenvalueo ar~ the tame . Thia con­

atrained minimization i& converted t~ an unconstrained algebraic 

mlnioization by including atate feedback In the controller. Since 

no Iterative tolution• of the differential equation• are required, 

the • olution time ia much leae than ~hat required for approache• to 

thla problem Involving minimization of an Integral performance index. 

The motivation for the new method ia diacuaaed, and an example demon­

atrates how the approach can lead to a fatt aolution of model 

following problema . 
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J)J'lBRIID.lnOli 0~ IIODlllB fOR IDlUifiJ'IOATIOlf Wim Ql11LI!'I 
CBJJU.OftlUB!'IO Ill ml 1'DII DOw.Ill 

GUAter Bohwar;oe 
B~ldt - On1Yera1tat au Ber~ 

G.rac J>eaoorat1o Republlo 

Ketbode are beitlg described f u the 1uYeat1gaUOD of 
obaracter1st1o y&lueo or ayetea identification for 11Dear 
analogoua IIJ'eteaa with one lD;pu~ an4 one output, 'tddch 
are :r.latod to ai.Dgle or aul.tiple i.ntegrala of aip.al 
funot101la. Woll-lalow .. tho4• froa the tun.ction 
~da, vhich ocmcern lwu atan4ard1z.e4 ~ac a, are 
;;,~~plled. It 1a eeaential that when there is a rat1o:nal 
trezu:d:er fUDOtion of the mo4ela ou ahould not proceed froa 
the 41tterent1al eqG&tion but fr<>!ll. the appropriate i.nteg:t"a.l 
oqrutt1on. With ueillg the nom Mcord1rl& t o Cheb7m.T 
an4 the error equre metho4, 4ef1A1to metho4e for 
digital computer• / iJlclud!ns tho method for nuaarical 
prooeeaea/ are presentee\, and for each procec!ure exam.ple 
are £1v.n, which allow for a firet inaight 1.n the 
effic1enbt at the meth~ 

97 



ORDER AND FACTORIZ.'\TIOl'l Of" TilE I MPUl.SI: -ttES PONS£ MA'l'kiX 

In this paper is co:>neldored tho pr~h l eon of ca lcu lilt. · 
inq the ord~r of a l1near syHtem d oacri bcd by t he I mpulse re­
sponse matrix, as well as tl•at of tho f,1clOriJ. .. t 1011 o f thi e "'~ 
trix. 

A method !or the con a t.ruct1on ot s"t" o f so l ••t ionu o[ the 
class of homoqcneous d iffero ntl<tl cquatlona atp .oclatod '"'lth 1:he 
impulse response matrix , stan.in<J Cro m tho l atter , 1s used ils 
a basis. for ros olvln<J thos e t wo problcm!l, Thin nu:Hhod c o nalstA 
l.n carry ing out opo rat i on !I of c onv o lution t,olwocn h o 1mpu l KO 

reuponSO matriX a nd functIOn S be On<Jiii •J t o I he !i i>ilCO Of ill pUl 
functions . Jt ia a!ao Rhown tl•at. 1t Is po ~uubl" to c hoose &Ul­
t abl o oct. s o f inpu t functiOns, <ll •d the s ets of uo lu t l on:J oll t a.! 
r.cd are Kuch as to contain fund<•mnnt oil sct.11. 

The evaluat i On of tho dunt•n!dons of thcHe sots thcrotor o 
r'.! «O lvos tho problem o f the calc ulatIon of the order. This can 
be ; arried out In a simple way loy usl tHJ the prupt:rt lcs of the 
Wr onnk1an matrix o f ... f undamcu ta l s cl of !lolu t 1cnn of a diff~ 
r cu ta.• l c•fuatlon. The pc<1Ct 1ca l coust r uc lion of a set, of solu -
1 ion s and the cho. c-e o f a fu nd.sm .. n tal ilcL rcnu lvcs the prohlcm 
of fac tOCILilli On . 

Than •Jcncr.ll mr: tlod 111 a ppllud Loth t.n contanuou11 and d.! 
scrllln t1mo >~yntcm.o;, '"' wo ll as t o lime lnvar1ant and time va­
r ·tt n •l U'{lltoms . 

lly pr<•c:cdin 1 1 11 thi n 1oanncr· th•· moo;t effective alqo rllhm 
f o r t ho c:alcu lo.~ t l cn o f t hn ord u r of a ti me 1nvar1ant system can 
,,.. ti•·•Juc•·<l. In Jdda l l<lll l t iM po!ls ablc to •JIVe Rcveral variants 
o t th •J .JlhY<·-m•·nr a•JT>t'd al •;o r a lll11'l and 11,.... ai <JO:'lthms tor the t! 
mt· vo.~ryalt •J C il llt'. Flnil ll ·t 1 io IX>Rs lul e t .) arr1ve at nCN !1alu-
l 1fJ]l H t(Jt t} ,t• p r (,Ld •.JTI Ot tdC l Or17\ll 1.00. 

C. bRUN 1 • t\. t S IOORJ- 1\, RtJBERTI 



by 

G , l· l'lc n ~i ,C , Suttl nwl G. P . Szegti 

Un l. vo t•nith di. !iiJ~t~w-f.t ilnno-Ilaly 

/dJ~H r·r.r t. A n ew method for· the nume rlrnl constructi on of Liepunov 

f\li1C ti o:~!'1 v .- f (x) i:; pro!len t cd . 'l'hio ::1c t.hod io not btHJe d upon 

t. !l n cJ :rrwicl\·l Lh oorrrnn of Linpunov , htrt on the n c ·11 .exocnr.:.ion t h t·o ­

r· rm:r n~r· r.ntJy ·, .:·ov c :l h.v N. !'. Hh n li H, r:. l' . S7.ct;t! und G. 'l'recc t!n l 

1'hf' nc o x t.cnni CH • t.h.~'M'rrnn clo nol i mpor•e r>n y ui 1'11- concli ti on on t ht> 

fu ·11 · l i o~ :: ~( Y.), 1'hc rne t ho~ dcv c lcre ' n1Jows LO npproxir.mte th e 

I'CI"i t .l' o f • : ~ t.l 'lll~ lJon A ({ o l) of ~:r e oqv iJi.br i nw point x = o 011 

1!'1 n-i.h r.n l cl' rl,vnurnirn l r~y:rt.cm : Y. ~ f (x ) , f(o) - o , by me r-ms of 

rt r" nhnntO{;vnOCJ\1 !) po]y!I Pilli l' ] fo r mn 7fm(x) of li''Oi't. t':1 r,V dc•gr cc ill , 

fJ<l <l it.Jo:'l it li lJC'Wt: 1. 0 oi ) rrl i nr;u inh t li l'CO differen t !'itll::t'iOilfl: 

L~a rnnc In which A( J o{) is tho whoJc ~pn ro, the cn ua in wh i ch 

A ({ o Ji lr• n0 t Cvl~pnG t rmcl t nc ono i n whi c h A{Jo l) lr1 comJ;nc t. 

ln ud d i t 1 on m~o oblninu t v:o parruno t. cr:J \',Jnch n rc qvi Le U!'lci".il 

j n th e f1 nal irnorpr·ctul i on of tho re ~uJ t :1 , the r hdi us~o of the 

:;mol1c:Jl ci r cum:1c rihc ri •m<l o f the lnrl';c " t i noc r·ibed r phcrc r·cl :~ ­

t i v<' i o th e J cvcl t:u r•fuce o f <f ( :<) which l'll•proximotcu th e boun7.t' ''Y 

of A ({ o ! ) . :!u rr.e i'JC'ally , t l:a r •·obJ cm iD prc ><c n tcd m-1 rm un c on­

:.trP.iner1 m!). x-min problem over t he coc ffi cion tn of 1Tm(x ) of a 

suiteblc func t ion nJ . del'in'd h:; thl' mt• ~hod o f p<!nrtl it.,v f uncti 0 ns . 

The fll1~0 1'i thm:.; of 1lavicon - r.lc Gill, J•owclJ c:td the r>olden r:cc ti<'J: 

one-d i mc:JHiontJ l sce rch o re rrpplied . 

A c omplrtr proll;t'Hrn in l·'o t• t rr~n JV i s r..vn ilHblc nnd un cxllmplo i 'tl 

wor l: cd out comul E' tcly .' 
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FINITE-TIME STABILITY 
IN CONTROL SYSTEM SYNTHESIS 

w. L. Carrard 
~partment of Aeronautics and Engineer ing Mechanica 

University of Minnesota 
Minneapolis , Minnesota, USA 

Defini tions of var ious types of finite-t i me stability are 
presented . Also, theorems are developed which appear to be of 
practical use in the synthesis of control laws which guarantee 
finite-time stabil i ty for systems gove rned by ordinary differ­
ential equations in which the control enters linea rly. Given 
that the initial state belongs to a specif ic se t, conditions 
are established wh ich are sufficient to guarantee the state 
belongs to a given set for a -specified int erval of time. The 
control may be selected in s uch a way as to satisfy these 
condit ions. Selection of such a control is discussed , and 
il lustrative examples a re presen ted. 
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STA!liLITY OF !U."'LA'! COirrrulL SYSTENS 

A.T. Fuller 

Encinaeri nc Departmont, Cambridge Univnrcity, Ensland 

The atabi lity o~ r.lGy 4:ontrol systell'• with Hne.u s•:ltchi cg 

functiono ia inveaticalcd ~1 ceana of exact pieee-wite linear ealculatiolll. 

I t is found that when the plant eonahts of three integrators t.'le system ia 

unstebla in-the-lore• for all valu~• of the controller eoc!ficicnta. 
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• 
ll:upa.lo aaru 

Tbe •ork daala wtth a &othod to approx1aata the et ebll1ty doeain 

! of aonltnoar eyot eae, aucb tbAt the orltrlD 1D t he etate epace l a an 

equ111br1um condttlon, A flrat klnd of 1pproxlaatlon la ubtolned by 

eonelderllltr a eub .. t ~ of !• that h bouoded by 1 Uar ••nov hypeuurface : 

tt .. lncreaaee, A LlapuoO¥ tunetlon of tbo type "• qcadratJ e fora plue 

10 tnueral of the aonUunrtty" la ueud to dol1 na a aubaat ! for a 

claee of ayat•~• with one nonlln.ar ale&ent, t he c~aractartatlc ot' 

wbtch leavao t he abeolute etablllt y ecctor fur aoaa veluoa ot ltl ln-

put variable . The reoaatrlc propertlaa of the boundtnc bJporsurtace 

are lnveetlJateo, 

4 aat ! of lnJtlal coftd1t1ona, b&,tantnc froa •hlch the etata 

of tba 11onltn~ar eyetaa conver••• to the oriJio, i a aootbar approxt&at1oo 

of the doaaln !• Uftllka tba eat !• froa which tbe tr&jnctortea cannot 

10 out, the atate of tba •rete• c1a ta•v• 1 ••t !' l ,a., to belon1 to 

a aet ! la a -.akor condltloo tbeo to • eat !• Tbla ooe enablaa ua to 

tlod rectone ! bounded bJ a particularly elapla bypar•wrlace, wblcb 

doaa oot depend upoa tbe ooDlloaar charactarlltlc, rroa tble polot of 

•1•• •• caA conatdor the .. thod 11 an axtonaloo ot tbl aotlon ot ab&o-

lute etablllty to •r•taaa that aro loc•llr, but not trlob&lly atablo, 

• Caatro Calcoll o SlrwoaoccaoJaal, raeoltl d1 IQ;ecr.erta, Untworettl 

dl IOlOIDA, ltalta 
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': ;1..; :n. ';'j ron .'drD U:Jt~ Ol1' LL\ PUiiOV FUUCi' fOilAL3. 

i'u r ka "•t\1! A. J. ~ritchu.T\.1 . lnntltu t & o f ~~;:11cori f18 Control 
r. : ., : ·.: !.tj' o f ·.u· :. L c.~ , Co ·;un t r ,y , C'/4 7AL, . .n.; l :lfvi . 

: ll ·H, ln.f t. t:C! plo n·':·H"t ftl: N•l t"k o f A . A . !~>vch?Jl t.ho !tecond c e thod 

of L L"-!l'J. :lOV }n o h t-:en U!J\}(1 t"<JC'.:ntl:t ·.71th nooa SUCC'J:J3 tn n. V:J.rto t y or 

1 t , :d 1 i ~:J l ll lynin o f dlst r ibut cd !JI\.r :l.:.ll)to r Hj' EJ t~ ::1o , th·1t l a dyn'lllica l 

'':1"~"'·'" !coc rl hcd u:; part l ul o.l lffo~.,n l l:t t o tun tlona , 

:·n ~ n p.t p'l r wl 1 t t'i rnt r ovlou tho O:J.3lr: con•!op tu and theo remo 

,;:rl lhc n llncun:: .n •t h')tl o o f connt :-uclln,; f, la.pu nov func tlon·llo atrl r:;,,tr ico 

fo r l hc :.J lo.b ll itJ r~r .. 'l l:fo! a of uy:;tot:lO lf''' ' t rnad by n~corJ t 11 L" lll r h,Yp l r ­

t>Oil<.: .: • ..; ,•<Lr <<l>o l le •J , a r r.tor n. Func ll<Hw.t s fo r a d <l··r cta uo o! tlnear 

v; •.: r·~ ~ ·.·H' j r.J.,t:J b., ?bl,_dnud by g o3mu:. l l ui n.; the c•:Jn!ILruc: tlon p o. .. .>cu•lura f o r 

.l•1 C L.! oX...: z• ' lJ1•H' .lto r u. .r ... r a. non-l i.noat· p ro bl•Jltl fun~tl Jrl'l ltl r.v.'-J ~ 

f:~ui'Vl bi ;:-..:lr! l!'y l f'I.G t htt t'unc t1o n;>.lo !'o:- t ho 1 t neariof..~ pmhl "lr.:. 

'rh.· t .chnl1u eo J<l!JC:·tb?<l !'' t h& fl.:n ~ ?ll~t o f t ho 1 upe r •111 

l h :n !JJ llluntr ... tl.ld by t h1: f u t lo~ lne exruap t es d ral'fn !'r oe thu t'l e l do of 

•11 ~~·;,t lon ~>J~d cluo«l loop co ntr ol a 

( ! ) vlbr •ttbrw of a d:tr.>, od r e t utlng siJ,, ;·t, 

( li) C'/JI ~ro l o f t •mjl·: raturo Ill a un l f u nn bar , 

( Ll i) J.n.;ul· .r ;.os t t Lon co ct l ru l o f ~ hltt\·y t.ll l f,> r~o, oh·J f t 

flux ble l n t J r~ion , 

( ~ v } r. rr.~: ll h...:~elu :- ':\ t i un c ~ n'. r~ l 1n ~ f l t· t bl ;,i o:i l:! . 

"ha .' apo:- s it l c :.>: e l ude 'ly .:l·•n t ' on d "-c) o t !".rH" ._ ,:Jz l hlo" 

~!J ?l~ca !~ ..~n:t o f t hl.! LL.L,i."'WlOV fu.ru.:l.tuno.i r::'o~~ thJ, f .:.r:J Lt·D ·l- l f.J ~ f u t.u :oe 
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RE!aRES ABOUT 'ISE METHOD OF ASSOCIA'lED Lll~ SYS~ 

o. Pe.lusituski , .i.. Laurena' 
u. Gauvrit 

Thie raper ~eala with eome results on t he ~ta~ :i~v or two 1~­
portant classe s or non-li~ear eyetcms, obtain~c i1 3 Ljapunov'e 
second met'od . These stcbilit~ c~r.ditione show that , for thee~ 
sys tem~, t he hypothes is Of line~r Q~Goriatcd ~VSteme ie quite 
feaettle ((l), (2), (3 l). 

T • ec tlllo claeec~S are , on one hand , the clar.a or r.,edbaclc con­

trol syetems exhibitivy a UnE'ar plant and an ele:uent dth Jonr.­

lincar static characteribtic , on the oth~r hsna, the clnee vf 

non-linear eystems dt>scribed by a .second ord .. r differtmtial ma ­
trix equation . The choice or L apunov runct ton1 hoe been dic­
tated by enerretic conoidcrat ione. 
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ELK!JEli'm OF Il't""TKRNA TIONAL CONTROL THBOlcr 

Yt,~ . z. Tsypkin, G. K. K-el.maDB, 
L. Ye. Epstein 

Lon-·ninG autor.n ::~tic SJS tcma hnvo a dispos ition 

t .; i 1apr ove their bohnviour / tJnd pr.>perty/ ln the perfor m­
ance • r oc':'so . In th i~ pnper , t ho d l. ol gn pri nc i p le of 
l.,llrni !'l.C ::t utomati~ s ycto.;lo is discussed , Pooclbilities nnd 
or~c ial foo tut'eo of ouch sy::;t.ens arc also eY.pl oined . 

The functicu of J uorn inG a utomatic systems io 
be :.: "d upon lcarninc; alcori th/Qs of observed oi tua t ion clas­
si fica i ons /im::~ ~eq/ . 

Peculiari t i e s on cocplexity of situation clas­

s ifice t i on er '3 de.l.'l.:'led , to a c;t•eat o::-.."tend, bJ the capacity 
of a pr i or i inform ::~tion, 

The minimization of a co.n:~on functional, \'/hich 
is a mean h·JZar:.l of error classific ation type , is the basin 
to obtain classification alc;orithms of situat ions et a dif­
f c rin(5 , a prio~·i and continuous i:1for~:~a tion /the elgori t hms 
wl t h and I'd thout s t;i r.IUla·tion/ . 

I t i s shcwn thot for s ome individu;,l e rror funct i on 
t~pes the l e:u ·ni ng e nd s elfleerninc alcorithm may .be ob­
tainc,d oi tho ... · os lcnovm to the present t i me ot• as new ones . 

The lcor t t hms ore app l i ed f or the constructio 
of l earni ng control 9ys tom and 3 l ea rning puls t reciver . 

The experi mental r esearc h J'Os ults of the sclf­
lcat·ning receiver ore brought, 
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IZ'l'BRMDIA'l'ICII at THE OPTDW. MEASUIIEI€1fr S~UDC! 

rat A JOISY PA~ R!COOitmCII SYSTDI VIA THE 

DIBCJII'l'l IWCDIIC PIIDC IPLE 

*ni.D L Ill~, Jr., PbD 
~r ot tbe Technical Start 
.U.ilea Reaearch and D •8 1neerill8 
JlorUI ,._rican ftlx:kvell .!orporation 
Clalultnaa, Chl.o 

Her.an R. ·weed. Pro!. 
Depart.ent ot Electrical 
£nsine~rill8 
Ohio State untveralty 
Coluabua, Ohio 

!be diacrete Pontryagin M&x.i.ua Princ iple la applied to the probl~• 

ot f1Ddillc tbe but sequence of aaeasureaaenta in a pat.te.rn recognition 

ayat.eta ecmta1n11l8 noha. Tbe beat aequence 11 defined aa the ooe vblch 

atnt.i&ea a performance tuncti0111l compoaed of the actual costa incurred 

1A tall.bs \be .e;aaure.ents, the penaltlea that reault vhen an incorrect 

deciaioa 1a •de aa to tbe pattern clan or the unknown pettem, and a 

aeas ure o! ~ progreaa tovard reach11l8 the deciaion. 

the approach place a the pa ttem recO«D1 tloo problem in the !ora~~~ t or 

a atocbaatlc finite atate ayatea vhere each of the atatea corre sponds to 

a aet ot quanti~ed probabi lities that the unkn~vn pattern 11 in each of 

the posatble pattern cla ti&ea. State transitions are aaaumed to occur at 

diacret# 1natance~ o~ time and the correaponding trancition eq~• tion ia 

expreaaed ea a tour di..,naional teqao.r equation developed fr0<11 Bayea 

Tb~ Tbe discrete Max1aua Principle la ahavn to be applicable to 

tb1a problea after certain requireaenta are eatabiiahed concerning tbe 

c:ballcbs reglon fr0111 vhich the control variable, i.e., the kind of 

~~easure.nt, can be choaen. Tbia changilli! region 1c f ound to vary aa a 

tuoetion or the kinda or aaeasureatnts previously uaed. 

Qoapa~d to an exhaustive search technique the uue of the Mexi=um 

PrlDclple 1a ahown to greet.ly reduce tbe D\llllber of bas ic cdculationa 

a.c.,uaey t.o find t.be t eat aequence of gathe.rill£ 1n.toreat1on. 



ON CONVERGENCE OP iWIDOlS PROCESSES .lPPEARING Ill 

CONSTRUCTION Ol' RECURRENT 'l'R.UNING .&Nil jiJ!Pl'.lTIOH .&LGOHIT.iDIS 

E.M. Braverman, B.U. Litvakov 

Institute of Automation and Telemechanica, Moscow 

USSR 

The paper presents a member of theorems OD eoDV~Dce 
of stochastic processes appearing in applications of tbe 
stocbastic approximation method. The theorems provide facili­
ties for evaluation of the convergence rate of the resulting 
stochastic processes. The well known Dvoretaki, Blua aDd 

Gladyshev theorems can be obtained as corollaries fro~ the 
presented theorems. 

Furthermore, certain conditions for the Robbina~onroe 
procedure are established, under which a roquiremeDt OD 
square-summation of the squeezeing sequence can be weakeDed 
and replaced by a requirement of the null-convergence ot the 
sequence•• terms. 
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AJ: ALGO!UTI!~J FOR CA.I.-;UT,A'l'IIIr; H.!A.:OG!.H ltN r.!UIOM Ill 

l ' A'l''l'Enll KECOGJII 'l'l i l 

K. ~'ukun.:l.cu 

T. F . Krilo 

An o.lgnr l thm I o pr euonted rnr ea Jculnt.l nr r ecor.n I t ton e rr·or exa c t ly 

when a pp ly l np, pnUo r n ver t ors l n arL opt mua. llnyps' c1as3 if 'lr . The patte rn 

vect.ur!l are a. ~!lUJn'lrl t o CflmH t"rl')m twf) l a "l!it!~ whos'J papulat. \ nns have 

;,r ,t.abi!i l t~s . The qu11d r ntlc dl3c r imi n.>rot funr t l on ,.,o..,clnt cd wi th a 

d t !\,..r imi n.'\lll f u11c t i ,Jra \ "1 '~ht.a \ nN1. 

A m'! t.hrxJ f) ( f ! nd i n''· re C(),•rd Lir)n e rro r by appro xlm.tt. l nr. lhe d iot.r i -

but : -.n ..,r the d lso· r lminaut !'uncthn b ·'"'" y ! vr·n . Th i s approx imat ion , 

~· • r:J : n•• t!l': x:.r·t n lp••r • hm , b appli ed t .., an e ; pht-d mono lonal example 



lo'·:A •. >·T IHTBRVA!. Pt.' '1'!~RN RF:COGN1TION AND ITS Al'?LICt.TION 

TO CX..m'ROL .rt..iTi•:l.:~ 

z. Bub nicki 
~och oicol Univercity of 1Vroc low , I os titut of Engioeericg 

Cybernetico, 1,0 t ro l Proces ueo Departceot, droclaw, .l:'oland . 

he wo=~ deals with some statist i cal pattern recog nition 
problcc:s with unknown form of the underl ying prob ability cis­
t l'ibut1ons. 
t ~ero exlot cony o~oparametrio dec i o1on rules (algor1thrs of 

roco J lit ion ) whicll use t he Jtno 17lede;e of a learninc aequeace • 
1 . e . Cl e sequence o.t' the measurcme nto with the known correc t 
: lasoificot lOO . 

lra t he fi't'o t part of t he wo r k some tt.e thod of the comparia i og 
on:, l]n1s one! comrcre ency inveotigatio n.s of no npar umetri c ro­
COLnl t 1o n alc;orithmn is presented . O u the bus1o of t hese coo­
a i dct'at1 oco , t:h:: Looot l ntcrval(LI) alr;orit ltm 1o formula ted . 
tbo :·oscnt od ::! proach conn1oto in uc1ng tho l oarnill{j sequence 

to c .J ~ ob li"h c aome way t he emp1ricol distributions and then 
Uh' ~y t nl the •loyes procedure .The Ol>tain procedur e of tho C looc­
ificot.io n 10 the f ollon1ng. " he recognizor computeo the 
volumen of the roultl<1 me nsional intervals in which lien tt.e 
s ot ot: measured parame t er s i n eac h clr ss a nd then clasoifioa 

the otJJcct aeoc ribod by t hese parameters into the c loss t'or 
whlch t he volume or the interval i s tbe leant. l t is ebown 
t hat tb LI a l e:;orithm io absoluto J.y asymptotJ.csl.ly opt.i.G1ul 1n 

th~ case in which t he particular meas ured para~eto ro aro eto 
chaotically i ndepende nt. ~:he cast: or independen.: a occura o fte n 

1n t he recog nit i on of t echaolo~ical sltuatioc_ o r iaduatr1sl 
pi.·ocesses. 

la the second part 01 t he work the presenteo! l eorl t hm i · ap­
plied in s ome c ooce,!}t ioa or· a eerninc coat c-:> 1 sys t em ;?ith 

toe recog ni tloa or t ech no lot;J.cal situatlo c.:> or' the controlled 

industr i al p rocess. 



Tif.:;)_OJ~..:·.riCiJ, .h.l!iJ .LCL.·.J: .. j,:;·.eATJ l lh' ,;, ~ll,;Nl'IO} l C.b' i• 

3~.: UC .~1U i~~.::.J:-.:.JlL.(~lV.lU·L' .... '~' .~-:~ : .:. ~ .=;(;Uli..l l '.!:.Ll' . · .h..LV .. ..tLL.l.'lil.i 

S U lfllil U I ' Y 

A t;imcr.J.l t echni que io uut;.c.;csted l'o1· cllqo:;i ng 

n i't:nction:. f• (~) :l'or ·~he disc1·i ninum;; f•mction 

Dy .iut;o~:~i :J. .. l n,_; a ftJlh;Lion h(~,:) f L'X' I.:.o ~::..Ul.~inl:) of 

t:L.icie,;c;y oi' .f,(!C) 1 1:0 ke ep o::· r ·ejc.ct ..P.-(~) 
uc:c,endin~ on \'11 !c t lwr h ( ~') i o c:;r uutcr or G,,,a l l er 

t b m a f i::c U. l evel. 

·:'L•3 value or h(•t) i c cie termir.ed meroly on t he 

b!lsi s o:l.' l e • r u.ing SCUJiille set. 

·l 'heore t ical and experimen·t;al i nvcst i5ation:: were 

performed t o conchW.e the advt~ntat::es. of t he 
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OPTIMIZATION OF THE PNEUMATIC IN'l!EGRATED O!RCUl'.(S , 
WI'IE JET DEVIATION, FOR j,UTOMATIO COMPUTERS .A.ND 

CONTROL 

R.Molle, J~Huchant , - .Bermimolin, 
R.Laurent, M.Oallers 

from · 
F.P.Ms - c:~I.~. - S~A~ B.C~A: 

The r ealization of au~omatic 1ntegrated circuits through 
~he auto~tion of a process, be01nning from models of logical 
components with j et de•~a~i~n poses the pr oblem of optimiza­
tic ~ of cost and of behaviour of th~ Je circ~its. 

TW.s problen can be r esol·.-ed by mea!lS o! electric homo­
l ogi es utilizing R - 0 circuits , operational amplifiers and 1 

in case cf Coanda effect co~ponents, Schmitt flip-flops. 
The present study shows how to choose the electric values of 
the parameters of the circuits to obtain a dynamic behaviour 
a3aloeous to that of the equivalent pneumatic circuit. The 
inver!le !'low permits to fix the parameters of a pneumati c cir­
cuit homologous to that o! an e l ectronic c~rcuit and to pre­
dict i ~s behaviour. 

The aim is to create and study homologo1: 1.. electronic 
circuits, so as to opti~ze the choice , t he relative position 
and the ~ode et interconnection of various fluid components 
~ the !Uturs integrated pn.:umatio circui,;, 
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... 

ON THE THEORY OF PROPORTIONAL FLOW AMPLIFIERS 

Milan B1LilA 

Technical Univereit# Pr ague 

Prague, C~echoslovakia 

Efforte ! or analyiioal Expreae~ of proportional 

fluid amplifiers charaote~ietice are eummarieed in thia 

paper. A methode haa been therefore invented which reepeot 

f undamental phyeioal effecte in the amplifier, and which 

enable ue to calculate with agreeable accuracy all oharac­

teriet ice needed for circuit design, of oourae, if we know 

charaoterietio prop8rtiea ot the amplifier ••S• preaeure 

and flow recovery and geometri~ dimenaiona. Example of an 

amplifier ia givan aa well ae reaulta of experiments done 

on i t. 
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DEVELOP~lENT OF A FLUI OIC OPTIMIZER 
F. K. B. lehtlnen 

NASA lewls Research Center 
Cleveland, Ohio U.S.A. 

P. A. Orner 
Case ~lestern Reserve University 

Cleveland, Ohio U.S.A. 

Th1s paper describes the development of a digital flufdlc opt• ~f­

zing controller, operating on a peak-holding principle, to be used 
for controlling. singl e input extremum processes. The controller 
receives a fl uidic pulse-frequency-modulated feedback signal, whlth 
is a measure of the extremum variable, computes an approximate del'f va­
tfve using a pulse-counting technique, and prdduces a ramp cont ol 
signal which drives the process to1~ard Its optfii'UI!l. 

An analysis of the hunting loss for the optimlzer controll ing a 
static extrcmum system made ft possible to select optimizing controller 
parameters in an optimum fashion. 

For experimental purposes, the optimizer was used to ma~iml ze the 
output pressure of a simple non-linear pneumatic system and est re­
sults are given for both the static case and for the case ircluding 
process ~namics. 
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'IIWIBJCiliiill CD KLBC'J!liC SIGli.&L D'l'O :mEtDU.TIC an USING 
JBBB nD1 rLUID .&KPLDDil B.l.SED ON THE BE.lT UDCT 

.Andrse~ Proniewica 

Pr884a1fbiorstwo Autoaat,ki Prze~alowe~aWarszawa-Jalenioa 
Poland 

'rlw report deacribesa 
- principle of operation, 
- basic operational schema of the transducer, 
- simplified anal,ala of the static characteriaticcs of the 

tranaducer. 
'rba tranaducer coapriaea two nozzles facing each other with 
a heating coil built in the gap between the nozzles~ 1Dput 
electric signal is led to the heating coila first nozsle is 
supplied with the constant pressure air, and the pressure 
in the aacond no:a:&le gives the output pneumatic aignal.The 
now of air is laainar.An1 chazl6e in the electric signal 
ri.aas or decreases the air temperature which changes the 
Talue. cf the output pneumatic signal. 
'rbe ~aducer can also be designet with the coil built 
into the firwt noule, where, in thet 0&88, turbulent flow 
bu to be pro'Yi.de4~ A riae O"f heat supplied b7 the !watinr, 
coU cat:aas tba flow to beco.a law1nar,ctua to tba i.ncrea-
88d 'YiscoaitJ. 'l'his change · of behaviour of a1.r flow results 
1n a quasi stepwise rise of the output pressure 
second nozzle, due to the decreased frictio~ 

114 

in the 



PNEUKATIO MEMBRANE LOGICAL ELEIIl!:RTS 

Henryk J.Le.kiewicz, Jan Jacewicz, Kariuaz Olazewa~ 
Technical Universit7 ot Warsaw, Poland 

Summar;y 

There ia a claim made tor introducing to design pneumatic 
logical elements the following principlesz ot tree membranes, 
ot teed-back force, and ot elimination of pneumatic resistance. 
The paper presents a design based on those t hree pronciples, 
and realizing a Dll~ti-input OR-function, and a multi-input 
NOR-function, forming a full and "over-stiffened" srstem, 
advantageous for the sythesis of logical systems. Por both 
~inds ot function the one-, two-, three-, and t~ur-input ele­
ments, being active elements, are shown. It is pointed out 
that in using the supply input ot an element to introduce an 
additional input signal, it would give an AND-function ettect. 
It is shown how the presented design allows to uae plaatio 
materials to make parts ot those elements. It 1s discussed 
bow this design makes possible the automatic assembling ot an 
element. 

The main technical data are given. The laborator,r testa 
of the following static properties ot those elements are pre­
sented, and namely a switching zone, two tightening zones, 
and two zones ot tolerance ot signals. 

The dynamic properties of those elements, in the form 
of step function response, calculated from laboratory measure­
menta, are given. 
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I APl TI F"l 

L, K. Henonen Con t r ol CyoLPm, J ~~rntory 
lln tionnl Rese'l!".oh Coun~u 
Ott"vn , C~nnda. 

B. Pngur~k t:n rl " on Unhf'r tty, 
0 t.~ul\, Cann1•. 

The exothendc ~opper con·,c r oi cn rP.n~t.tonA r le11se h~>at cn•rgy 

vhi :h ~~be uoed to on) t fl uxing mat~>r1n1s r~uir~ i n ~he revrrberntory 

rum ' ' " · Oxygen enrichm~>n t of tho a ir suppliPd to the oonvert.er r csultn 

in ohortor procenoing tioo3 and ino r~nsed nbili ty to omolt flux but vith 

in?r""Sed nir supply • ootR . 

A conju~nte grnrli,.n l nrthod in run~tlon sp,~e 1:! employC'd to 

~ot•~ine the op ti~n1 r nto of flux "1d1t1on ~ A ~nllbr~t~ mnlh~>Mnttcal 

r.l~"' l Of !.he ~01\ "I"T l" l' f r)T V~rioun lt'V<' 0 Of <'nriohf'd OJ<Yfi"n• The :JT.V•lltnr, 

of rlolntton ,,n .. ~>ntr·tll>n in th .. r. onv('r t rr nn•l lho .. rrr~t or convert .. r r -
r'll!l"~r •mdntl nn :1 in t h .. optlrc1l nol ulionA Are ab o con3l dPre<l . Th,. m"-

h~>tMt!c.'ll norl"l i s d"ri•1ed fr<Y-1 m•trrhl 1\lVl he11 l b'lhn~e rel11Uon~htps 

•md lo ~1\llhr .. tl'<l unlnl! dn ~'l from 1\1\ OJ"' rntinr. oonverl.l'r. 

Th" pnror ~1 oo 3h0113 hov •ho n • thod of ~enjugnto r,rodlents tn 

i un'! !.lon ~r~- ,. ~ •n be nppll ed to a bo•m~ed cont r ,.,l or oblcm, In particular, 

' •"" tn vht ·h in t."l"'l~l n or oinguJo r '>pti r:t'll ~ontrol srlo .. . .~ conjug11te 

~r·od l"nt tl" th•.d in f ound t tl enn·1erg" nub3 l MtiiiJ :; fn3 t er to s bett Pr op­

f. l:!u., h'lll • ""r.·:'lnllonnJ !lt""j)" St an~~n t prMedure. 



OPT!Ml" ATION STUDlES OF A SLAB REHEATJ. G F URNA CE' 

H. E. Pike , Jr. 
General Elect ric Co. 
Sch enec tady, N. Y. 
U. S. A. 

by 

S. J . CIHon 
Purd ue Universllt 
L a fa.ye tte, Indiaua 
U.S.A. 

Control stud i e s of large systems may ofte n be meaningfully fo r mul a te d 
as d}Mmic opltnd?atloa pr oblems . The utih !y of this fo rmu"at on in the past, 
howcvc ~. has o(t ' n been sha rply rcstr tc•cd by the c omp'.ta t iona l c! ifficulty 
as sor. ... •ed wt h the solution of s uch pro~.ems. ? ro.,using new c omputationa l 
tec hnique s for .; ol ving dy na mic opt•mi zatlon prco!cms are now a vailable. 
Thi~ pd pc.r dtJocrlbes the use of one auch technique i n a control study of a 
c onh Hous fur nac e which r e heats steel slabs for a h (lt roll ing m lll. A m ons 
t he 1;.>.1. l s of the st td y are close : control of fina l s lab t emper atu r es and mini ­
mization (I( fue l consump t i on. 

A lu111pe d pa r a m eter model of the r chtJa t Curn.\ cc is dcvelo:>ed. When 
combine d wi th an ordin .. q d iHe r unti a l equat ton d escribing the heat tt·a nsfer 
p rocess fo r a n indiv id ual s lab . this pe r miu t he fo rmuln tlon of the c ontrol 
proh lcrn for the system as a lumped pa r ameter dyn.~m ' c opttmiLali on problem. 
T he Co rrnul.uion includc9 as a constr:.int a lim1tatlon on the slab sud.:.cc tern ­
pc rature. 

A com putational technique based •Jp on the second va riation is u~ed t c 
solve th e dyna m ic optimi7ation p r oblem. T he s olution to th e steady- .t:t:ltc 
op ttmum cont rol p roble m is nlso obtained. 

The paper concludes with a dtscuss ion o! the p r o m of C(lnt rol sys tem 
de sign f or the rchM t furnac e. A feed -£orward c ontr .!\er Is propo ed b:t ~cd 

on solut i on~ obtained fo r the s te:tdy-statc and d >·n· , .: opllm i :r; tion p ~ oblem s. 
Result ... or s intUlati ng this CO!ltroller a r sh own. 
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G.P~ Pall.&rd, ~W.R. Sargent 

on LINE C<»!PtltATION OP OPTIMUM CONTROLS 

FOR A PLATE DISTILLATION COWMN 

the work reportad vaa undertaken vith a view to davalopina efficient 

numerical technique• for the atudy of opti=um tica-varyina operation of 

non-linear ayatema. Iha particular ayatam uaad •• an example vaa a plate 

diatillation column separati~a a binary mixture, and to reduce computation 

effort a vary aimpla model vaa uaed, nealactina thermal and hydrodynamic 

afhcta. two problem. concerning atart-up of the column vera atudiad in 

de t•ll, requirina the attainment of a apacified operatin& atate from • 

aivcn initial atate either in minimum time or for minimum coat, The 

related problem of optimum operation over a fixed period ia alao conaidarad. 

The minimun atart-up time vaa determined by miniai&ins the terminal 

error for eeveral fixed tiaea; the minimum time ia then the nalle« tiM 

for which the correapondina minimum error ia within the apecif ied accuracy. 

Tba minimum coat policy involved ainimi&in& a coat intesral taken over the 
1
pperatina period, with or without a conatraint on the terminal atate. 

Thia conatraint vaa dealt vith by uaa of a penalty function, 

After initial uoaacceaaful attempt• to aolva the two-point bound f 

value problem ariaina from Pontryaain'a maximum principle, the approach 

adopted vaa the ayateaatic improvecent of an arbitrary cont.rol policy by 

&radiant aethoda, uaina the adjoint equation• to generate the required 

derivativea, A veraion of the ateepeat deacant method applied to the 

control value• save a rood firat approximation to the optimum policy but 

the rate of converaence became very alov, Second order method• could not 

be applied to the control valuea becauae a larse number of ... 11 time 

intervala had to be uaed to obtain aatiafactory accuracy. Bavevar 

avitchins policies with a amall nucber of avitchea uaually save a aisnifi­

cant improvement over the ateepeat de•cent reault, and they vera auccaaa­

fully determined by ap,lying Fletcher and Povell'a conjusate aradient 

method to the avi tchins tiaea. Unfortunately the aethoda cannot be aada 

automatic and require c~liderabla judgement on the part of the uaar. 
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c· 7 t. Pac·t : ·::.r :- :- ;:,r: rrux:ror: 

C. X :.. L:,:.D, ::b!trc- J .. i...tor,t. - LA .• :1/,:· r :·L D' A'J·co::;, . r:;.L·r:; 
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: ~ probleu of aimulat ins a ~io ayatem, havin5 ono or mor e multi­

va.r jabl e nonlinear oompononto, on a di&itnl oolllputsr 1a exe.:oined. 

Sucn a ayatem JUl.)' bo represented by a set of first. Ol'der diffcrontbl 

equations , eooo ooaffioient s of whi ch are variable. 

The nu:nerica.l vo.lues of t he variable ooeffi o1onh may be found from a 

h> wledge of t he at ate vec t or val ues, nnd t he natural lAws sovornin~~r the 

behavic.ur of the ayatem. 

I t may be ahown, from o oonsldera1.1on of causality, t hat fOl' syatema 

ea describ~d above, an interotive technique must be devel oped in order to 

eolvb for the aystem state vector. 

Let t here be expressions of the form, 

wher e the ;, 1, ... Ill) r.opr esent the nonlin11ar components , 

and ~( 1, •• . "') ia the sl.ntl. vector. 
1·he condition thnt o.ll the "- functions Lre r educed to t oro definee 

1t ho ayst.em oper ating point. Thia opet·ating point n.ay be r ound ue1 ns a 

\.oohnique ouch aa the r;o.,-ton-Raphson mnthod. 

ln pr acti ce , each of ~he ;, expro~slont ie an algebr aic funnt lon of 

the state vector, and i s derived by applying mult. ivnriable ou.-vilinenr 

r et;rcltaion a.nnly~ia t o pr actical o\.st.rvations of t hl! component in question. 

The dynamic respol\3e or the syatcm is det~rmined 'Jy direct time 

intet;ration or the differential equati on oet, tollowins the solution f or 

the oystem opera ting point . The time interval for thio purpose i s chosen 

so t hnt the equat i on coefficients remain unc~ed durfng the period, tn a 

required. degr ee of accuracy. 

A general aet of rules may be written doun for t he application or the 

m~t?od to any ayotem oatistyins certain criteria, t he method. being moat 

a:Ji ~lll l ' for aystma havl nG fairly l ow d,yna.mioal order, hit;hly nOIUinear 

111\jl i vuieble oompcment a, and operating over a very wide range. 

A~plioation of t he method 16 shown, uain~ aa an oxample a aingle ahatt 

so.s t urbine engine . Reaulta ere .~iven ahowin& t he relative behaviour ot reo.l 

nnd aimulated en.t:inea. 

Tho method may •as~ be adapted to include more aystem variablea, or 

to give a more complex r epraaentation of cett&in oomponenta, until a oom­

promite between overall aoouracy and aimulation oooplexity i a reached. 

AUTHOR: C. Penniaon. Rolls lioyoe Limited, Brbtol Engine Division 

Br i at ol, Filton, Gre~ Br itain. 
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iUTOMA.'l'IC CONTROL SYST?:M, OPTDU.LIZIIIG 'l!BE BOti 
- HOLK BORING 

G.B. Tchernorutalq, V.J.. Tsygankov 

J.bstract 

J.!ain task in automatic control of drilling - in conditions 
when drilling goes in rocks with random changing of their pbt­
sico-aechanical properties - to find such cooperation of stru­
cture parameters (axial t ension at the head and rotation speed 
of drilling instrumer.t), at which opt imal structure is o't' . d­

ne~, with ex?l~s! ~na of aubiective factors such as operator•s 
acti ons , cost o! the drilling 1a decreased, productivity in­
crease , conditions of ~ort becaming better. 

Comparative analysis of dif!er~nt tecbno-economioal cont­
rol criteriors of drilling process, permits for choosing as a 
criter iors minimum cost or a drilling lenght unit, which whol­
ly considers technical and economical s i des o! the process. 

J.laiD cUat.lll'banoe, which apoils extreem cost of the drilling 
being random change o! drilled rock phyaico-meehanioal proper­
tiea. Tbe s impliest structure o! SJ.U is obt ained if opened 
self-aligning system is conatructed.with nonlillear oompensa­
ti:lg connections, which uses a priori information about pro­
cess. In 8!~ work all the tice physieo-mechanioal properties 
of the area considered in which functions optimal coopera­
tion of structure parameters ara defilled, which give the smal­
lest cost et 4rilling. J.s it is seen trom analysis, 4y.Dam1c 
properties of BAU are defilled by physico-mechanical proper­
ties of drilled rock and obviously absolutely casual. 

l'or illstance, some coefficients, characteriatic · tor SAU. 
are changing 40 to 160 taea. Dynamic properties of auoh a. 
818tem can not be investigated by ordinary methods ot aut,_ 
matio control. 

To analyse ~~c properties et similar class SlU, jt 
is necessary to use special approach which permits for 3ta-
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t1st1cal characteristic of dynamic properties of S!ry , Special­
ly , such dynamic system exponents, as stability, stability re­
serves etc defined by their probability, This paper sho~s in­
dustrial drilling teste materials , which ~ere w~rked by SAU. 
This system is i~te=natlonally pat~cte1 . 
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Paterka v •• ~ JC. 

The paper desla vith th& ~t.er eatilmtion 1l:a the dU!uenee e­

quation of a linee.r 4,yna.mic ayotem. Available for this catilmtiao 1s tbe 

t1ne.l 1\Cq.UODOet or tbe measured values or output and il:aput aie;neJ.s of tbe 

syatem. 'lbe aasllltption is a:ad.o tmt noise €. (t) not con'elat~u1 vitb the 

input aigDal 1a am>erimpoaed on the output sigJnl. 'lbe Ran value of nou e 

rrny be dependent an time but it. is a aaUI!lOd tm t. the dr1t't vi thin the obser­

w.t1on intervo.l can be o.xpN:saed by polynomial E £ ( t) • E c, t • where c, ..• 
represents unlulovn coett1clenta an4 v b ·•utC1cien~y emll . FUr~ at&• 

tiatical eh&racter1at1ca of the noise need not be knawn. 
'l'lle :re thod uaca the algorithm ot lil:aear N:gresaive D.Zl~Uyais vi t.h 

grovir.g c1ata. 'l'bis algorithm 1a da~t·i'bed 1n section ' (or tbe ALGOL-60 

pr~durP. 1l'lcl.U31ve) and can bo also used tor other purpoaes. It ha.:! the 

a.dV!Utt&ge ot tM on-line proeeastna or input data &nd of the N:qui.red me­

CIOX')' capacity boina indape.ndent of the aa.ount of data proeeaaed. 'l'hc algo­

rithm preaerveo all. the neceseary WCX'1111.t1on on the hbt.ory ot tbo inves• 

t 1soted pr ocass 1n a condensed tonr; 5o tMt pQaGed data need not be at.oN:d . 

'!'be 11111tbod p roper of tbe parameter eatilln tion 1n th& ditterencc e• 

q\At.1on of th& d,ynam1o mod.ol ia given 1n eeet1on 4. 'l'be method exhibiu. the 

following fcGtureal 

a) 1t CM bo on--line operated and tho req_uiN:d IZICIDOl')' 

<=Apa.city b not innuenccd by the length of the obaorvat1on int.enal, 

b) the aouaht tor est1~tea are obtained by & finite 

nu::uber or nUI!lOrical. opere tiona • In ditferenc.e traa other known !D<lthoda it.e• 

ratioru~ are not w ed eo that ditticultiea v i th convergence all4 local extre­

illl!ll are a.voicSed; 

c) at each t1ma (begimli.-.g vitb a ca.rtlt.in lld.llJJIIum 

.<.ength of obaervot1Clll) 1t. 1a pouible t.o obtain eatilmtea V:Uc:h in given 

enM I!Z'e opt11:al. tor the voole paat h1otory c:4 obaerve.t 1Clllo 

Secticn ' contama tbo uyurptotic propert1ea ot tbe eat 1Dtea. li1tb 

an illcreauing length ot the obeervat 1on interval tbo ~ter eatimltea 

obtained converge ~ aceul:ate val:uea al.l:o~t vitb a cert.ainty. 

Reaul ta of e.xpsrimenta !Ire given 1n acct.ioo 6. 
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05 Im'OT SIGlU.L Snmi~IS IN PJUW.tgT.R3 IDEN·l'IFIC.ATIOH 

Th l s paper trea ts t he pr oble m or de3lgnln~ a sequence 

o r Input s l gnala to r e duce a measure o f the param t c r 

es timati on e rror ln t he o ff-line syo t em 1dent1 f lcat1 on pro­
blem. The oy :~ tem dynar~ 1cs l a ~ !·ten by t he kth orde r d1 rre r ence 

equation or the scalar !nput - oc· la r o utput va ri a bles ~lth 

kno·.u. Input a nrl no l s y o ~ put oho,. r·v u l ons. 

The unknown p -. rrunr:tcr:J n r 'l treuted a s con:J tant :.; r a the r 

ttoan r andcm v~;~rl :• ll l ·a In r. he ma l n llody o f t. hc pape r· . '!'he 

l n;, ut l:l <!h<:~ :.wn t c; m•ut lmlz•· toe tra c r: o f the f•' l :;he r lnfo rm:ltl on 

rn:,tr llt, :w ' .J r· et t o • ·nr? r~y c on:·tra l nt :; on t he input o r• ou t put 

of t.hc :;y u t.em. Cl ••:.:•:tl f(H'm a r.rdy t. l c .> o lu t. l om; n r e v. tve n f o r 

t. l. <:: :; l mp l e ont: IJ"lrUml·t. •·r vrob lr·m. A u:;u ful <J pp ro x tr:~at.lon 

proc t·du r••: l r rje vt l'•l••·d U!': l nv, t he 1ocpl I tz m·•t rl x. f.xtc ns l vn 

\. t; t,t,·e c<J :I(: \<t,•: rr· !, he p:,r;,m•· tt: r•a nr·r, c o ro :; ! rl!:rcd t o lle r andom 

v:trl ;,t,J•·r: ~rl h 11 l w.wn j fJ !nt. r- rolJaLlllty dl :; r lb utl ryn funct i on 

1:: \nd\ c a t. 'd :: t tit•· l!nd o f tht: PAfJ'· r. 
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ON· LlNE ESTIMATION OF THE PROCESS PARAMETERS 
~~D iTS APPLICATXON TO AN ADAPTIVE COSTROL SYSTEM 

M.Nishtmura, K.Fujii and Y. Sutuki 

Facu lty of Eng&nee ring , Osnka Uni versity 

rhi3 rape r descr1bes a me thod fo r est 1mating the proces s 
p~rdmC t e rs by on-line Ja t a processing. The 1mpulse re sponse 
coe ff i cients (pa rameter•) of unknown proces~ a r e es ti~a t ed by 
u~1 ng th e method of weighted l ea st -~qua r es. 

F1;s t , gcnora l principle and algorit hm of on- line cstima· 
t i cn 3rc c~p l ai ned. Then , th~ statistical natures of t he est l ­
m~t~s ~r~ d i scussed and a concep t of equivd !~nt data length i s 
in t roJ~·ed. Some existing processes have not self-regul ato ry 
c:.,rac t e r ' s tics. An e~tension of the estimation procedure for 
s uch ~roccsscs i s shown. In addition, the estimation of slowlv 
t ime var y1ng process i s demons trated by using compute r simul a­
tion t ~chn1que s . Finally an example of adap t i ve control system 
is presented . 
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ADAPTIVE ALGORlTHMS iOR IDENTIFICATION PROBLEM 

by 

K. G . On and E. l. J ury 

E l ectrical Engineering and Computer ·s ciences 
and the Elt>ctronics Research Labo ratory 

Univer sny of California 
Ilerkeley, Californta 

T his pd per consid< r~ the problem oC identification of systems c.h r a c tcrlzed by 

certain paramet r s. Jtenltive method for e stimating these parameters on t he basia 

of noise- corrupted tnput - outpu data i s presented. 

The problem of tdcntifying pa rametera of a single- input single - out put d iscr e te 

syst em i s reduced l.o solving a set of regres sion eesuat ion6. 1 hE' estimate s of certain 

correlation functions appearing as coeffi c i ents in tht>se equations a rc constructed from 

the inputi.out put dat~ and their conve r gence with probabil ity one 16 e stablished us ins 

results o! time s eriu a nalyals. An algorithm is presented which approximate• the 

s olution of the regr ession equation and converges wilb probability one. 

"'he approach take n for the mcar case is extended to nonlinear s ystems. The 

, ,Mr,_, ' rHein model rcpreSeJl(at ion iS COnS idt' r Cd Wht' reby rcgresa\on equatiOnS 

sausfied· by the system parameters are found. 

Examples of linear and nonl inea r ay~>tems, are considered and tn each case the 

convergence is obtained in a reasonabl e number of Iteratio ns. 

Research sponsored by the Air Fore<' 0 !!\ce of Sc:ientl!ic Research, Office of 
Aeros pace Re5earch, United States Ai r Force unde r AFOSR Grant AF~AFOSR-292-67, 
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~crary 

A CC»fPARl SON OF SOME PRvCESS PA!u\.'lETER EST !MAT WG SCHEMES 

A. J. W. van den Boom and J.H. A. K. Melis 

Depar t ment of Elec t r i cal Eng ine~:ing 

Technological University 

Eindhoven, Net herlands 

In this paper some princ ipal pro blems in the f i eld of process parameter 

~s : im~tion arc d i stusscd, especial ly ~ith r espect to t he unc~: tainty i n 

t he estima t i on, caused by add itiv~ noise and approxima ted mode l strucrures . 

r.o bas ic app. oacbes , i .e. t he ins trumentation of explicit mathemat ical 

r e la tions and the mode l lll:\tching technique, are compared theoretica lly vith 

rcsp~ct t o the accuracy as a funct ion of the observation interval. 

ln s~e situations both me thods , each r equiring matr i x invers ion , can 

suf f iciently be approximated by t he use of a oon-orthogonal ca t ioating 

schrmc without !ll3t rix inversion. 

A •~•a ri~ ing discussion ia given on additional errors due to t he 

approxima t ion of the i dcdl est~at ing procedure . 

Con tents 

I . Introduct ion 

2 . C t i~at ion achemea 

e) the ex? l icit method wi th matrix inv~raioo 

b) the impl ic:it method with matrix inveraioa 

c) the explicit method wi t hout matrix inversion 

d) tbe implicit method without matrix inverai~r. 

3. Some re:oarka on other types of errors i n a pra: -i cal aituation. 

4. Cone luaions 
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AN l 'STPlJl.I.J','TAI. VAHIAIIU: tlf.11 10D FOil ru:AL-TI'f: 
l!DGIFlCATIG. OF A NOISY r RXJ:S. 

Peter C. Yoo.1Jig 

1\nva 1 l~copon.~ CL'nter 
Otina Lake , f4'1lifornia, United States of Americu 

; .• c pro'>lcn of r ea) ·tine process pnra:rcter est iMtlon f rom nonn."ll opl'T· 
ating d:1ta has received conshlernble attention in recent )'t'IITS, Tite vanous 
t chniot>es <le1•cloped range fron largel}' dete rministic procedure~ to sophis· 
ticntcd tat! stlcal "2 ods h:::.~ed on t he rellul ts of op im.1l o<~t illl.'ltion t ht.'O· 
ry , The lnstnmcnt al "Ari oblc (I.V.) tech'llque outlined lll thi s p.1per h 
btended AS 11 CO!l'fll'l'~i~e lt<'tlo"t'cn these two cxtrencs ; it hns a ha~ is in cllls· 
s icnl statisticAl e~tl~ t1on L~cory , hut does not re uirc a priori lnfonn'­
tion on the sir,n1l and noise statistics . 

The paper d-.:~ crihes the t. V. approach to the proMen an ' t>utlines t he 
dcvelopncnt of ti1c s 1mplc digitnl rccurst\~ estimation al~r ! •~m. lt also 
discusses 1101' the '·o ce of input signnl and the form of the m ther.nticill 
model c~n f fect tltc £dlntifiabit£t~ of a process . Finally, a n~>cr of 
rcprcscnrotive expcrlmcntal resultll are included t o demonstrate the pract i · 
cal feasibility of thts ~1rticulor approach to process identi f icntion , 
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t.lODJ-:J .ING AND H>F::'oiTlF iCAT JON OF AQUIF F.R 
SY ST BMS 0 1' HJG I ! l>rME NSION 

lJ. A. \Vi.'!we r , H. L. P CI' I'ine , Y, Y. llnimc s 
J)CpartJnenl of E ugin:::l•r:nr,, Univet·:;ily of Californi a 

Los An~<' I · ., Ca lifvrnia , U. S. A. 

The pr PGHul·e distr iuullou In nn unde r ground reservoir ill modclcd 

by a Jin.- ;r r· pa rl bl differentia l equation of pa rabolic type wi th space­

varying coefCident~<. Tl1e distr·ibut t'd parameter s , stor age a nd trans ­

missibil ity, a r c identifi ed by mi nimizi~ r. norm depe nde nt upon ob:o.e rved 

11nd m m.ll•l dcrl\·c·d p1·cssur·c s . These dis tributed par·ametcrs are approx­

imall·d by " avcr :1gc" va lucG o •er dis crete portions of the rcs.crvoir. 

Th·•s, t he numbc1· of pnra.'11ct c r·s to be identifie d may be quite laq~c. 

In this pape r, two different models for a n underground res e rvoir 

a1·c developed .· An ide ntifi cation scheme bas ed on decomposition tech­

mqucs is dc1·ivcd to i dentify the unknown p:ll'am ctcrs. An impcwtaut 

fe n tu re of the identification p•·occ dut·e is that it identifies autonJilt ic.ally 

the area s of the r e servoir having s imilar 11avera cc" properties. In this 

way a pa r titioniug of the r ese rvoir spatial region is accomplished along 

with t he pllramctct· identification. The m ethod iF. based on concept,; of 

decomposition a nd m ultilevcl opt imi zation and is specifically designed to 

accomm oclatc tlae high dimen~>ional systems involved. 

The theoretical development of the identification scheme Is given 

for each of the system models cons idel'ed. A computationa l example is 

include d and the effect of "mode ling" on the results is illus t l'atcd. In 

~~;ddition, the computational algorithm is examined and numerical resulta 

a re given . 
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THE APPLICATION OF kEGULAR J::XPJU:SSICitiS TO TH.l:: 3Y.NTJ.Q:;::IIS 

OP COMPLJ::X ASY.NCHROliOUS St:(,jUl::liTUL HACUl. t:S 

Bric 

Bicole 

DACLIN 

BREAUD 

Je11.n Paul 

J.Uchel 

C.E.R.A. ( J:: .N.S.A.) Paris - t 'HANCE 

PERRIN 

DJ::NOIJETTE 

Particular ~roblems huve urioen in industry in an at­

tempt to realize asynchronous sequential mach~nes havine oever~l 
hunired binary inputs and outputs . Furthermore, these are r.ow 
frequently being built us ing hieh}y complex inte~ted logic cir­
cuits. As u result of t heve comylicutions the synthesis and the 
repai r of these units hao become more und more difficult ; the 
class ical methods of synthesis ouch as iluffmann's, for exUillple, 
ure much hilrder to apply, where us the detection of a faulty com­
ponent causing break-down becomes ulmoot ~posoible. 

Thio paper d<:!c.ls wit~ a method of synthesis based on 
re._"Ula r expre~aions wh lch t ricu to overcome these two difficulties 
!!.rot, ·the uuthoro po~nt out how in order to obta in a more s~­
plifi t d t able, t hey have been le~td to modify Gloushkov's method 
secondl y, t r.t:y show how a purullel decomposition of machines can 
ever. l ut1 !.Jy be de t.ecded. F ~tutll:;, the i r method is demonstrated on 
11 o i:~~ple ind"s tric.l exc. ·: vl e. 



l1ethod for state reduction of automata with taking in­
to aooount the technical particularities of syn~hronous 
and asynohronoue operational modes 

Hans Joaohim Zandor 

Germa.u Academy of Soienoe 
Institute tor Automatic Control 

Dresden, GDR 

In the fieldo of control and computation different kinds ot 
oynchronous and e.oynohronous automata are used. Fe-r minim1zil: 
the n~bcr of states of asynchronous automata the methods 
especi ally developed for synchronous automata are not suited. 

Theref ore in this contribution the different synchronous and 
asynchronous automata o.re oonsiderod from a unified point of 
view. Their technical particularities o.re token into account 
in the mathematical description. As to the state minimization 
these particularities of the individual kinds of automata 
appear in diffel''lnt conditions, under which two of their states 
are incompati ble respectively. 

According to these conditions algorithlns are formulated , by 
mean3 of which it is possible to find out from special transition 
tables all the pairs of unconditionally and conditionally incom­
patible states for any kind of automata, 

More over a method is developed whlch e.J.lo\7S to determine sys­
temat ically all minimal collecti ons of compatibility classes for 
any kind of automata. 

By interpreting the conditions for incompatibility it is fUrther­
more possible to compare the different kinds of $YUChronous and 
asynchronous automata ~ a general f orm \vith regard to t he mini­

mal number of states necessary for solving a given problem. 
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D ASlNCHROOOUS lll'fiTS AUTOMATA L10DEL 

/abstracts/ 
•.A.Yaoubytis, Doctor of Technical Sciences, Professor 

Riga, USSR 

.ln asynchronoUD model of the finite automaton usiog 
logiea~ elements, each of which has its inte~nal delay,and 
filters, involved into closed feedback circuits, is consi­
dered. The logical element internal delay and filter delay 
are random time functions with any given maximum and mini­
aua limitationn. The above mentioned model represents well 
the characteriotics of real devices, operating as finite 
auto~ata. Its particular caso is a wide-known model with 
the non-inertial convertor and delays in feedback circuits. 

On the basin of the model considered the procedure 
!or defininc; all the non-redundant systems of equations is 
r;ivon. 'rlw:;u r.yotems of equations provide t.ho construction 
or the finito cuto1aata atructural circuit free of critical 
ruccn of uny type. 'rh is oncuros hie;h-apcod operation of the 
finite autoowton. If optilllUI;II criterion is known it allows 
u~1 to find optimwa oyntcms in the obtained set of &yotems. 
-rllrc prol.>lc1u in ool vod ao eaoi ly as possible when it is . 
nocccsar; to t~inioizo tho nw:~bor of internal stutes /memo­
ry cupucity/ of t he finite automaton. 
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Wi es!aw TnAC ZYK /Poland/ 

J:' ULL L!IliilliZATION OF STATES FOR 

ASlNClffiOHOUS SWITCHING CIRCUITS 

The papet• rese:1ts relative ly easy methods of internal 

s t a t '3s m1n.imizat ion !or asynchronous s·uitching circuits /se­

quential machines/. The D'.achines are divide on t wo groups a 
statical a nd dynamical. In the first group the sets of pseu­

doequivalent s tates are applied !or minimization and t heir 

us P.fulness is de t ermi nes by tho s pecia l theorem. I n conss­
q:~ence we can get the minimal tables wh ich describe the ma­

chines with level oicr~'lls. 
The dyna~ical machines are considered as the noxt stage 

of simplif ication. Reduction of number of interna l states ie 

obtained by appointoent of the joint sta tes an'd introduction 
of the dynamical deponde noes, ~thioh :u-e realize by pulse 

s i gnals. 
Applica tion of described methods g ivos quit e na17 cir­

cuits, 11h1ch a re simpler /in majority of caseo/ than at tradi­

tional oethods o! synthesis. 
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REURISTIO .A.PPROJ.Olm3 1'0 BELU SfRDO~ Silf.I.'HESIS 

11 • .1. GavriloT 

• 0 TB 

eculiaritiee ot nowdaye relay apliance& syntheeie taeke, euch 

aa1 complicatioae in structural conditione ot elemente and con­

siderable increaee ot relay apliances •volume" , require revieion 

ot existing synthisie methods and considerable development of 

relay apliancee theory. 

At the moment the moat developed and theoretically baaed 

are eynthesie methods, which give relay apliancee etructu.re 

realization on the elemental 

" 1AND "• • IP "• • NO "• 

Methode ot obtaining, eo called "abeolutely minimal" realizationa, 

are based on chooaing and even tor ~ropriate number v! changablee 

in single output atructure ot 10-12 order, it ie practically 

impoeeible to obtain even on UWM. 

And at the eame time, in nowdaya practical tasks, number 

ot inpunts and outputs is counted in hundre~s. 

In this paper, methods ot "directed" optimal realizations see­

king is discussed. 

Those methode conclude,. that on each synthesis atage, t rom •11 

poesible further stages, with the help ot corresponding juds­

ments one possibility is choosen, which assures near to optimal 

s tructure realization. 

At the same time from the maze of eolutions,only one path ie 

choosen, what considerably decreaeee qu~tity ot calculations. 

In thie paper, two methoda ot directed choaing, which 



were worked out by the author together ~th w. Kopylenko M . s~ . 

eng. are described . 

Fire~ method ie goo~ tor elements with eymetric and ordsr in­

puts and so "called" characteristic number • 1 "• 

In this method, directed choosi ng is obtained b;y thro­

wing away unimportant changables I criterion ot nearness to 

realization by one letter/ and at putting aside ot necessary 

eubplura11t;y ot uneat1atac tory .minimal members I 88111';, to tic 

criterion tor judgi ng ot undefined functions/. 

The $econd method ia good tor any elements. Directed 

choosing h obtained here by choolling ot optimal biax tra.in 

ot inputs tilling /criterion ot minimum,eo called "hard order"/ 

and at optimal changablee fed to inputs ohooeing. 
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All .&PPROPOACB TO .lUTCIIATICII 
OP T.HE FINITE .lU'rCJU.T.l SYNTHllSIS 

D.B.Bh1shkOT 
(Sofia, Bulgaria) 

AD appropoach to aD automation ot the finite automata op­
t1mal. synthosis includi.ng a class ot algori thm8 basad on a struc­
ture language beinc algebraic equivalent ot the knOIID 18Jlgllllgea 
ot the jua:p aDd output aDd graph tables ot G.H.Lieal7 aDd .&.!'. 

Moore is discuosed 1n this s~. The proposed algori tbm have aD 

ana.l..7ticol nature. ~ o.llow conducting a single optimization 
line in the process ot the synthesis. The;y are applicable to a 
quite wide class ot tinite automata and their etficienc7 is com­
parable w1 th or o:a:eeeds the etficiencr,r ot the knOIID analog algo­
ri tl:ll!ls • 

The proposed IIPJlroacb is chD.ractorized b7 a high degree 
ot tormo.lization, convenience tor "engineer calculations aDd auto­
mation through the help of electronic computers. 
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P, TISON 
17, rue de la Cha~elle 57 - SA! NT-AVOLD 

I n t hio paper, we donl w1Lh a n-nry l Lg o a l gebra for ooorching homomor­

p!li sma lllld for cooing cequcnt1Cll machines, 

We associate t o the s et of t~o rows or a flow-table a binary v~iable of 

whi ch th~ val~e 1s l i f we ~~it t he poscibility or merging the~~ r ows and 0 other­

wise. The aggre<"a 1.1on of t he&e el en.ent ary variables rorr-..s a n-ary l ooic variable 

of which each \'a e represe:-.~a some degree or freedom allowed when 'reduc l.IIg the 

machine . We define , in a aimi ar way, a parting variable which c~ r • present the 

oonat.raint.a corresponding to the suesested mergings, Fro.'!l these two variables , we 

a5sociate ~o any s equential cr.aohine a n-ary tNth function which can be handled 

t.hrougn the usual algorithma cf sw1t.ch1ng theory, 

: t 1a pouible in a ·:e.7 simple wa:t to find fr 0<11 the flO"o<-Ubllt the 

prim~t1ve ~et or impliCL~ts for this t rut h function, then the prim. i~liCL~ta, 

Soo.e or t h!SII ~er·rn.s lead to homomorp.'lic images or the flow-tabl e . An t.lgorit h;n 

leading direc tly t o these impl!cant.a 1a given. 

':"he n-ary varillblea OM be used for searching as&lgrunents, The next value 

o!' a c oding variabl e depet'.dr cm the input &nd ~ t he pre&ent state of t.he machine, 

A codi ng variable ia dete:-m1nable l)·om a given s et or ocxling variables 1f and onl)' U 

we 011..~ infer l t-11 next value rr~ the variabl es o! the sl!t ..r.d the input. We can 

compute the irredundant wa;~s for deter mining any variable and represen~ this 

1nfor~4tion by de~erm1nat.ion-graph3 which give rough i deaa of t he ~signment compl~­
xity without c omput 1ng t he ccxllng equations. T'nis method point& out .some par1.1cul~­

ri~~ea or atruc~ure : reductions, aymmetriea, equivalencee , c locks, 

The nur:'.ber or coding variables can be out down : the vari&b ea likely to 

be the mos t e~fioient , give merg1ngs r~ which the corresponding partitions are not 

null. By atud,yl.IIg determination-grapha we C&rl choose very simpl e aas~ta, 
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RECOGNITION C1l TOTAL OR PARTIAL sntMETBT 
IN .l Ca.IPL::ELI <R I NCOLIPIE'l'ELI 

SPECI'PIED SWITCHING ltUNCTION 

bJ 
R;yszard 8. ll1cbalsld. 

Instytut .luto111atyld. P.lN ,Wnrazawa, Pola.nd 

The paper describes n method !or recogci z1ng t otal or part­
i al aymmetr,y with respect to the literals (uoprimed or primed 
variables) in a (oingle or multiple output) switching !unction 
which may be completely or i ucoopletely spoc1fi9d. The method 
r epresents a new approach which i s bnsed oo the cert ain two­
-dimenoional topological mode l o! a switchi~g tunction,the so-
-called function i mugo T(t). The uae or this model allows the 
method to be easily applied in ha.nd for (n ~ 6-8) as well as 
computer calculationa . 
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TWO COORDINATION PRINCIPLES AND THEIR AP?LICATION 
IN lARGE SC~LE SYSTEMS CONTROL 

M.O . ~~sarovic. D. Macko, Y. Takahara 
Sys tems Research Center - Case Western Reserve University 

Cleveland, Ohio 

Two principles of coord1nution are formulated i n order to provide guidance 
i n selecting a structure for multi-level (hierarchical) control systems. One 
pri nciple is based on interaction prediction and the other on interaction bal­
ance. aoth are given witi1in the general systems theoretic framework to em­
phasize their wide range of applicabil i ty. Sufficient tond1tions for the suc­
cessful a~plication of the principles are ·given for two-level systems defined 
on ~ormed l i near spaces . Som! examples of two-level systems are given to ill­
ustrate the requi red conditions. 
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DECEN'lRJ.LIZE O?TI....aL.IU!I'ION . 

01 UR<m-SCJ.IZ, DYlalnc SYSTEU.S 

b,-
Ro~ Kuli~owski 

The paper deals with the decentrali~ed optimal1zat1on of 
~ar~e-scsle, dsn~mic systems , such so : integrated electric-po­
w r s7stem, utility gas system , water-J!stribution system eto. 

~ ~ethod base1 n the decentralization, or decomposi t ior, 
of the opt1Q8li~ed syote~ i nto the form o! ~o-level cont rot 
ot~ eture has been ~nvestigat~d. The local (!-level) control­
lers ~e~orm dynami~ optimalizacion o! simple sub-systems • 
They transmit the r esults o! local opti~al~zatiors t o the su­
perviso1'7 (II-level) controller, which derives, by a gr·adisnt; 
technique, new values of con~treint level3, 1~ese values are 
being sent back to the local controllers. ~~ a result an ita­
rational optimalization procedure follows. 

Several extenssions of that method have been discussed. 
An application of the proposed method for the optimaliza­

tion of an inteBrated power system, including ~hermal and hy­
dro-stations, has been also described and analysed. 
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DECENTRALIZ.t\.TION PRINCIPLE .1T OPriUA.I.IZATIOll 

Ol OOWPLEX SYSTEIIS 

J.,.l. Pervosvansk;r 

Oiec• .. u!ISed ~ question of building or an opttmel p~ ;:...:1 

f e r t l:e eyote·, , which consists of neceeenry nUI!lber of 

~lo~ento wjth optionl but fixed struc ture or connections 

b~tween t he~ . Each elemect r i ireeent e produc t i on of 

~0~~ totality or products, placed on the discharge of 

t hP system as well a e on t he oth~r elements wh ich use ~he~ as 

reo!'rvee, 

Utilization in t ecity of poee!ble syete~ of production 

e l~ment ~eane le limited with GUBnt t t y of civen reserves 

oo well a s with 01m 11mitat1ons . 

Dec en tralizat ion ~rincl~le or ~lannine le unders tood as 

f oibws: C;{otel'\ op 1malizat1o!'1 as o whole rr.ue t be divided 

into several ex treeme tasks for ea ~ of t he system ele­

m~ nt.e , independent in a way , that their mutual ag=ee~en t 

do eo not need etraisht i n for~ation about own reserve 

lir-.1 ~c.tiono, Several means of division procedures o f 

co:ti n1 ng of loc~l fu:1ctior.s , are described, 

~sin atte~tion 1a paid to b~s t kn~wn aimp ~ otr uc t ures 

with pare~l and series cor.necti~na. Some r!ceipt s 

can be trans!ered on syste~s with genera . view c! co~nec­

t ions. Principal receipt being tr~ero~~ a t ion of cut­

going a ~uestion in to to tal i t y of 11~~~ proer~ing. 

with free paremetere quest ion , !or choo iing of which t her e 

i e neceeait7 ot ec lution of ~~entrel" t a 

given convex function finding. 

c.r aecretl,y 
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The last is found with the help of different modifications 

of poeeible directions method, which consider the f ac t of 

unpossibility of conve~ target function defferentiat i on 

at some points. Connections between task of decentrali zation 
0 

of planning and control is discussed. 



ON THE SYNTHESIS 01 lii1LTI LEVEL LARGE SCALE CONTROL SYS'l'EYS 

!Ddrzej Straszak 

Iut71'Ut .lutoma~lrl PJ..N • Warezawa. Pol&Dd 

The dimenaionali ~ ot moderD contr ol probleu haa been iD­
creasi ng ver,y rapi~ in the recent years. and multi-level 
cont rol sys t ems p~ an ever increasing role in the control 
theory as well as in the applications. The synthesis ot the 
mult i-level control systems dittera esaentiall7 troa that ot 
the conventional control system. and the convantional control 
t heory machinery cannot be used. In the present paper one ap­
proach to t he synthesis or multi-level control systems ia pre­
sented. Using the complexity function model ot the aulti-level 
systems. a minimisati on procedure tor finding the admissibl e 
and the moat desirable control structures is proposed. 
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Olf .&. COMPLEX SYSTEMS CONTROL THEORY 

.&.. I. Xukhtyenk:o 

Characteristic points of complicated control systems and 
abstract models uaed· for building of compound control sys­
teu, are discussed. For this, inferential and inductiv• 
ways of building of general control theory are used. 

Beside this, main way of overcaming mathematical difficul­
tieo connected with studying of complicated control systems 
are eanside~d. Specially, some logioo-dynamic questiODS are 
solved. So~e problems of a complicated symbiosis - "men-auto­
mat" !n complicated controlling systems, are shown. 

Sou examples of complicated. control systems are shown. 
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CO 'STTGC:'I ON OF CHECKING AND DUGNOSTIO PROCEDURES Ft?R 
~RSJ~Ifi: GEW<_.RALE:-PURPOSE UNIPOIUI ARRUB 

r. v. Prangh1shvil7, 

V • V • Ignatuehenlto 

• ,_; v t o vor1..~o t.ilo nrr;:.,y~> th.._ t. Gl'· J be ~:opccif' H·~ t. :; pur "l)r:n 

• !J ~A I.il l "1..ci funci.J ll I..C.I..Cl \.0 b O UlOui p ' Om .:_ "l.; . Vt. ,i c lC f .: r JC 

~.it.; c:>c.'\t.•.<rt. h.!~.J c ont.r l :J aJ.JtCt~!J , C.J1 . ... <.:> l y LS:-';.- ; •d . 

~:h . .:; l!._.,.. . J: :l .11o...,r:..J.;t.ic .. rv\:Lt.;.t~rct.. .1.\.r- li. cl~ a =·.t ..:.tt- .. ' 'C 

_:· · . · .. c ··' :.;, ,• l ... ; ! c<.l ( n·;;·· ··"ct..:.v of L1tc l.\UICt l n !lpuc-11<-' 1 

· c' ··•>···"'' :·.;; .;, \ .i.t.J, thot.o Lur COII\' CilL OJ:nl !. O:t · \.!1 l lOrl!l circci -.:.i , 
· ~ r.<:l3 • .) r i .. t-r~ ti<: · :·u!lc l. i o:.:• c ello ... n crc or.J10c~coi i:l tt~ , t l'O-

... u .. . : :•t·:: ~.J on.l./ c ·'-.;tir · a~u.:. '-~ · _,n .... ~io c.;.· l 'C . it'e ..l. 

/, t~V ! ' i<.. .I.C :.t,•[. ro·. h t CO! Ltr>.tCCi u ll Ol t-UCb L\Jbt"!l j~; u.:i t..-

C\. :..!:l•. t:. : 1 't. ~~ -.:cc luli(,vo:J ·, r \~ v.;t,t . ;"' t.c • '.:. & : ·<.J t uv:lnt toec'.. 
Lt.:-n ( c u. 1) :.'t. i )c , c o;lJ · ::u. ~~ tl l.'e ... !J •1tl \/~j:i c :• mr:y to rtPl)licd 

·· vltvt ·:llu!.il :: o ·· l - cc:&.l •• o:: :l:. · .,., .• Y o n Cu!· :··d a 1-':\rt L' i 

i ·~ ."! , t eve'!' "~ · '3 • ··J·:\ ::. i:;c 1.; . Chec .11. , ~ .. c \.!~ 'l ._, :.1 fu~n 

··.t· ,.~· 1 ~ • L t.'1~.JC \:v:.t. :lo tz,(i . o . t h .n .. ·.tbc:.· L~ .: o1 ''!' ~ ' il\L c~·cla :. ) 

... ~· nearly c. ::. c.o:1•Jl o t cl y in o C'l l 'l e.1~ cl' ., ·r:-. ~:e:L r.\ .• tii'J•( n i.:,c) . 

·;lJ:.'';.; l. ,J' t.r !".; ,;;; ., .... r.~ J Cli,tb lo Ol.' n\tl vl L~ i:. :'I! ~ .:· L:.t t'; ;:y 

.;v. it.i:hi·, J :.: .. . ct :i .:m . c :;h.).IJI t ::~o <; L'!tpl ott:~ :!•• " OJ" t~ :, 

c~·~Ju~ : ·c ,.. '..zl ~r:·~cy uize t f c ituro u.i n,J-t; ! j:.~ t. cc"'.J o:."'" '-l" t·n 

~:·c!o j:,.,= 1' j~uro.A u.: ! 1" r-r:. orr ~ c: j).'1l!O u .. . ~! -: ~~ .:..;,.. "!• 

· l'L1 i.l ' r ·• !;? • •• votinl f~ 1cti '1 ic c. o lt •3d in 2-:! c •c l.~":. !". r :• .J 
• 

' . !' l 3....Y :.i:: o . 
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Olf DP.:SIGN OP 'l"l':S'!'S 'I'OR DIGITAI. 
DRVI~P.:~ WITR D~AT~ 

Volkov A.'l'., Vaa11 1 ov I.N., 
Vedeahenkov V.A.,Petrov V.A. 

Tnatitute of Automat i cs and Telemechanica 
(Technolo~ical Cybernetics), Mosco•, 

U S S R 

A modular te hn l qu~ of uni tu-;r test !.a &UI"!;ested for 
divttal devices with del~ys. ~he nature of the model aug­
v.ested which is a erose between combinational unita and 
unitn with f11pflops m8kes it possible to construct teats 
for combinational structures that wo~ld incorporate the 
:> c:."c ific featurPs or ce.,uential s tructu res. 

The construction al,.orithm uses the local charaete­
rl.stics of aepar11te I'll ements and cons1ata of e1Prht parts. 
The salient features of thP. al~or1thm are1 const ruction 
of a primary teats table, c~nstructlon of the sensitive 
path, detection and analyeln of naral lel paths, "expansi­
on" or senaltt v~ oath . '~'he r eaul tinP' test detects Ch1u1.gea 

in the lo~lcal and tempora l charaeter1a t i cs of one element 
~Pn the output s of tbe ent,fre st~~cture are checked . An 
e xam le illustratco the descript ion of the al~orithm. 



TBE THEORY OF QUESTIOliUIUiS AND PROBLJWS OF TECBNO:WGICJ.L 
DU.GNOSTIC 

P.P. Parkhomenko 

Ther e are , ot course, na~ E from N elements /eventa/J to 
eeoh event Yi e positive numbsr W/Yi/ is ettaehod, which ia de­
finsd Bd event weight . Given too are ma~ T ot ••~ devided in­
to cleaeea EJ el emen~s f rom T are defined as questions; to each 
question tj the poaitive nw:bu o/tj/ is o1tt.ched which 1a det1-
ne.i 86 c;uest1on rr1.-:e. 

To give ene qJoat1on - coans to realise eorxeaponding divi­
a ~~~ o! can: E. F~aturea, which help to define clasa c! e~ent 
lil t d:!.·; i sio.o, are def i ned as &.asll"era to given question. 

N\!.aJbe: of a.oa'Nere a /tj/ to question tj 16 defined ea its b!,­
llfl. ·J:aslt of question giving 1a being r ecognition o! events l i EE, 
:...e . obteining division et E into 11 61~le element claaaea. 

~eat•on cooperation ! rom T end aucceaion, in which those 
qu;,.;;t!.o!l are civen tor identii'iea t.ion o! 1l events o! •DJ E. ia 
oe~i~e~ as interrogation. 

The main o~ject i n interrogation t heor1 i e to solve fo l lowing 
ques ione t to cons truct 1 i :lterr ?GiltiC".l nark, w!lich will :wve 1111-
ntu;a l c;·e:::ege c=.:iniq price o! c::~.e event. 

!:~. this paper, the !~atures o! o~timal interr ogators ot gene­
r al •~perance at nonuni!orm wei~ts o! ~vents, prices e1d quea­
tlo~ :~sea . are atud1ed. 

G ve:~. are formulae tor trans!o r~ution o! Given interrogation 
into optimal. 

Clasitication of in,errogatora is made. Th~ most aimplieat are 
~~o s e wLere pricaa and beaea are equal, and ma~ E reprent 1taelt 
!1..ll sche:te of wanta. 1'be7 were studied b1 Pil-Ar. Thia paper 
cee ia t oo. with i cterrogatora with nonunitorm beaea and nonuni­
f o:m qut~tion prices, •• well aa with interr ogator• o! general 
iTp~ Iance 0 tor which algorithms of optimal interro;atora cons­
t ruction. are s1ven. 
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In the la~uage of interrogators. taeke or t~chuieal aplieQ­
cea unef!iecena] iiasnoaia ood~£icat1on. e r e forwed. ao we ll as 
str ucture a: theeia o! on - or! ina t : lation or ot her , 

The main attention was paid to conscructic~ of o t' : 8 : on!i­
tiona !or ~ia~oetic progrags , 



:::FFEC ~ OH ?.!OYITOR J:NG PEP:i:ODIC.:Tr ON RELU8ll.ITI OF 
RCS'!.'OIUBLE DEVIC]3 

a .L. Garkavl, V.B. Grabovezky, V.B. Gogole~ 

Th ~ ~u pe r deala w! t h &OQe methods o! ce rtaint1 de!i ning or 
contr olled constituent i nstallttions characteristics. F=opoaed 
met!w.i.d a;: e ua .. :i ! or aclviag two- groups o! tasite. 

Fi st ~ro •lp la con.n.ec ~eel with peroeptioll o! peri:ld1call:7 •or­
~~~~ installations eertain t;J characteristics /on demand/. It 1s 
'lssw:.e·!, th&!i workabilit.Y co11trol o! these apliances could be 
..:<~ •!& .-J racJoo:! ;lme spaces or period1call:7 b:r equal ti.ae s~aeea. 
·r ::1eee yoasib1l1tiea del'l-e prouabii1t:7 P (t, ': ) o! thia, ~hat 
1 wi t.n.l o t :..:>n 111 ill work properl:7 at 10,1 tillle "t'' and will •or~ 
!aul~less-J th.rouch per iod "T". l3olution i s given ~or ete~iooa­
r ] ~aJ :ot ~ tationa r:7 cases . Obtaiae~ results per~lt tor con­
trol uJ~tem J e:1n1tion1 which aeaurea given control SJOtem su­
r ut'J c~..oo!ficie nta , and as well allow !or proovi:lg that reg-11lar 
con~rol is ~uch xore e!!iclent than rando~ one . 

The second t;rou~·· is conducted with perception of installa­
t i ons suret] charac t eriatica /speciall.Y, instollatio~o o! ~n!or­
~~ tion yro~ess1n61, w~ich are supposed to proceaa defined quan­
tl t] "" " or in!ora:etiona i n tillle "t" • .M.t t he some tiwe lt is 
&'O!SW4cld, t hat time, gi·1en !or process ing i a hig.'1or than neceaaa­
r1 mi icum tor t n1s task. Tice and c;yele o! prooeaaing is divi­
~~d i t o stages. ln the e~d o! each ata~e, b3 t hie or other met­
hod, co=roctueaa ot processed in!ormation results is checked. 

In t his conditions , following inatallationa certeint;y cherac­
ter1st1ca are de!ined1 probabilit;J P~ (V , t} o! i nto r~tion ~ro­
oesaing quan:1-:, "v" in tillle "t" at c:7ele div1a1o!l 04 " 2. '' at a­
!:'~e ; expectation value 1J (T] o! time "T" , which was l ost !or 
i .:lforcation processing ~~aatiQ "v" at C]Cle divis i on on "oz." 
s ta !!;ea; opti..:nal quant i t;J ot ota0es " 2. 0 ", irl"<O o •hich in!orl:lation 
procesaillo c:7clo "v" mus t il<~ divided. ill order to ootai.o. iil.iniliiW4 

lo! [T). I 
•I • 



Reoults, obtained ~ben solving seoond group, permit tor pro­
per organization or t ime diagram or installation util isa t ion 
ani !or some control characteristioa de!in1ng1 which assures 
full cer t aint, or instslla~ion. 
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~eorge c. 5her1ng, B. So •• ~.D. 

:.: 1'" lllv l aion tol'!lle r!y ot 
?.ur opoan Organi zation f or tlucle&r Research 
12 11 Geneva 2} 

nep ~ . of Elec t r ical Eng in eering 
C'n i versl t ,y of Edir.burc,h 

r;w 1 t zc r 1 nnd 

A CO~PAP. lSO l OF Til E PER.FOI!JWICE OP CERTAIN 

p~:llTU RBATl OII illCTR E.!,!'IJU COII!'ROL SYSTE!!S 

The oerfor .aneeo of f our differ en t ex t r eoum controll oro ard 
C'"" ar od in co~noc t! on wl t h ' con Unuouo t l <:e pI an ~ which han a br ownia.n 
co t i<ln d1~ turbo.nce , a parabolic ex ·~!t "W!! eharac tcr io t l c , lltld wh ite 
nent·ure• <'n l r. o l oe . The perforn.an u or the c ontr oll e ro io deuoribcd by 
~ h• · va l uo o f a o i ngle d i:nena i onl eoa variable , ·~ . ~ined oo t ha t an optit:l41 
.:•m t r oll or 'IUJ t e xio t , 

7ho con trollorn conoldor ed arc a olne wave per turbat i on 
r:••nt r oll f'r , a uqunr e wnvo perturbation con t : oller , a oquare wuve per~ 
t ul'l' t! on c on t r ollor w U h a onmple and hold un l t , u.nd an a ppro u a tely 
up· ~ c on troll er , 

Tho pcrfo r nanc o of t he firn t th r ee c on trol ler i o de rived as 
n ru:.u t !on of pertur b ti on frequency and i t l a hown t ha t eat perf or onnco 
Jr. ob•.l\ir.o·d with in fl ni t o perturbat i on fr equency, when all throo cont r ol­
! ur n 1;! ve t l:~ oru:w perfor ma nc e no ~he f ourth , a ppr ox Loatol y op t la:u1 , 
cou t. ro l c r . 

The perf or mance of t t o rt r at t hree cont r o1lo r s I mpr oves 
8"Y'' ;> t o t! c 1 y a~ t l:e pe rturbation frequency increa s es , oo tha t good 
· ~r rt-r·1anc '! cM be ob t a nod with a r a ng e of fi nl te perturbati on !re­
q~~rc e~ . T~ c e~ableo the results to be ext ended to practica l plantc 
• •th ! aga o f ll~i led ocver l ty, when i t ic ohown : hat the Cl ro t two c on­
t r~: teru g i ve a bet t er pertorcance t han the controller wi t h the s ample 
&r.d nold uni t, although tr.o latter has the ad vant &&e of ~oing caoier 
to dea !en and requi rir.g leoo knowl edge of the plant . 
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bx ':'.1. '1'. L::nr 

The r.rllaH:1 t;· end ~vo.ilability of ecc:;c. Gl~:> otros i c 11.nd 
~lcctro-ce~hAr~cal ·~~~e~t ic dletuoeod. :t w.e .~e in ~• o~pe~t~~~~ 
r. c.:J :cP. ic cont :-ol Cl.' power eyeiol:)(l 1.'1 w!rlcll }l ' 'l:l.Cl:ino cont:-·~:t.rc'' 

HO:;'•''- ~c oont::-ol t'.l.!"bOI)&.~&rlltC'rft over a period of 18 mout h o. :r.o .. 
ce nt. 11 r~ vc:-o do( i mod tomet a «;ut.Ul~itt:n;ive rcliabil~t;y tnrt;ut, 
.. ;~ p:·o~ctod tollllr. t!.::.u 1>--tnen !&ilU..'"Ce st t he ll;.&guc of fensibili.ty 
•~~Ji~~ , :},000 b~-:r. 1 Qnd of tne flr.al !sed doei~ (5 , 900 houro) are 

' · > -:: d m U! th t.lue 5e..'>1f'Ved (5, 71:0 ho·,uoa) . l'ho data on eoopontl'lta 
~- U.3 p-1~ ·.tona of ~lia.bility &re ~ven • 

. •.c ,,v~._. :,.bl ~~Y of the cquip::ent ~ed on it. reliabili ty 
• • ·• ''- I.B ca.lc~o.l otod ~~nd its relova.~c~ in c:.Uelll~>tl.ll6 t h" 

•• • fJO~" ~~ :.ho equJ j,G&nt is CiecU!ouod. 

>'t " l:!fee t n o! "'edun~.nc:y present on thin the eqiUJI!llont a.n 
u:-.a:yce! .::nt..ln=~ically. It 1 ahcwn U·.tlt eio le t.od.i!ico.tiono of 
' l :-<:-l tl! .s..-1 ;ch!..'\(1 the redundant co~tponento could hal ve the '..l.'lavailabiH t;; 
or t~~ oncn!n~ cor.t rollera. The me thods of analysie are LA8e~ on oxtonoto~u 

r ~~~dcrd ~ccr~1l~ueH t>.~ are vnlid genar~lly, 

1)2 



D. A. Lloyd, A.J. Dymock 

A CONPARI SON OF SQ.IIl ME'MIOOS f::E t.tJLTIPLEX a>ERATICJ; 

When a ver y hl&h rellablllty la required in t he operation ot a control eret~, 

(for exaaple , ln an auto-pilot ueed for aut~tlc landin&), aa.e to~ of 

aul t l plex operation la often uaed. 

The proble•• of aultlple~ operation can be divided into two aain areaa: tbe 

eclection of a ou1table output etcnal , and tbe &e lection ot auttable criteria 

tor eli~1 nattnc faulty unite or eub-channel a . 

The choice of th~ final ayatea output t roa a coabina t1on of aub-channel a 

(t or e xample, aean, .. dtan, or the sub-channel wttb the next to l arceat-or 

smallet t - output) should be aade eo as to a1nta1ze the dlaturbance to the 

output due t o dlacrepanclee which can extat Without cauatnc a sub-channel 

cut-out. 

In order to avoid the posatbillty of dance roualy tarca diaturbancee to tAe 

output, (to the aircraft in the caae of autoaat1c landtnc>, it la neceaaary 

to dieconnect a aub-channel of a aultiplex ~yatea if a fault occur• in it . 

Thh can be dona au t01111t1ca1ly b>' c011par1nc 0011lnally i dentical alcn&l a, 

derived frooo d1tferent aub-channela,and takt nc the appropriate acttcr. U 

they dttfer by eor e than a pra-dete~lned aaount. 

Since theae etcnala etll in practice differ to a certain extent, ~~a to 

aanufactur1nc tolerance&, there la a poaelblllty of nuteance cut •outa 

occurlnc due t o thle c auee. lt le deeired .to deetcn the eyatee eo that the 

probeblllty of nui•ance cut-oute le la-, Whllet the probabillf J of cuttlnc 

out the correct aub-channel when a &anutne fault occure (for ••-ple, a 

runaway of one atrnat ) la bl&h . 

Tbla paper coaparea aoae .. thode of aul Up lex operation fro"' the po1nta of 

vlew 11ven above. . 
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SUB !RAC:!IliG dD PRODUCTIOJr LOGGDG stS'l%11 lOll OONTIIroOtm 

BO'! - S'l!RIP IIILt. 

0.8. J:osb1Detq t H. V • ~eabaoh, II.D. QiJDovitaJq, 
V. V. Baumahenko, J..B. OheluatltiA 

ODe of the moat important teaka 1n mill controlli.Dg b1 meall8 
of a coAputer /UWM/ ia preparati on of a watching a1atem of the 
slabs and"atrip checking. 

Because from tbie a1stea all necessar, in!ormat ' as are !ad 
to the computer for mill controlli.Dg, alab beating control ato. 

For solution of elab watching teak, a progrea for de!inad t -
me period f or tbe factor, department in prepared. 

This pr ogram is fed to tba computor /UiU/ . 
Ub~n slabs are passed on feeding roll-••1 t be1 r r e idant,­

fied . Bosing on prepared algoritbmea, watching of eacb alab on 
i ta wa1 on feeding roll-wa1 through heating ovell8 and separate 
par t s of t he machine up to discharge of producted atripa i s ar­
ra~ed. Al gorithmes are prepared for each technological section 
ta~ing into consideration connections between diff erent sections, 

U~U solves too, problem of data gathering about milled strip, 
wha t ~ives possibilit, of suppl1ing o! each s t rip roll with a 
data card. This card consists of all required intor motiona con­
cernine qua lit1 and quontit, s i.e. allo1 number, steel qualit1, 
~lab and strip dimensions, strip gauss claseifioation, width, 
temperature etc. 

For place 1ndentification of slab, strip or roll on tba tech­
nological liAe of tba mill, .photocell pick-o!fa and active our­
rent rela1 of rolling motors are adapted, aa well aa a1gnala 
from differ ent mechanisma schemes. 

Db ta about rolled strip are fad to VM" through technological 
de t~ctiQb elements placed on the aachinar,. 

Ins tead of Ujw in this s1stem modal U-2000 ASWT, was uaad, 
~odol wbicb beside solving o! t be problem o! slab watcbiD& aDd 
production check~, will be further uaad for controlling of 



di!tereat mill machioer,. 
To inoreeea 81U'et1 of the 81Stam, it ••• decided to intro­

duce reservation of feeding and functional arrang&Qents ot the 
s1s tem. 

Reservation of feeding arrensementa was aohived b1 placing 
et ~foh control point two or three detecting elements. 

Reservation of functional arrangements was achieved b7 in­
troducing of a special oomputor, which wUl work parallel with 
~ - 2000 but tor wetc:b.i.ng and cheold.ng onl,. 

Cor d of in end out-going deta together wit h intermediate 1~ · 

ternal process date, was prepared. 
Encl osed is diagram of the pert with uw~ of the .,stem. 
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COJIPO'fD COlft'IIOL Of !D COILl.O TDCPIIII.A!UD 11 BOt sniP HILL 

- COJI'IIIOL stSTDt Of lllatalBU'RD PIOCIISUS B! Dnl.uctC SDCUL4TOR -

Akt aao la~a aa4 Hi4ohi~o litAAoaoao 

Bituhi Lt4., folqo, .Jap&D 

!aaeo IMil..,.a 

Suait.o. Metal 1D4utrioa, Lt4., O.U., .Japaa 

The oO&puto~ cont~ol ayatea 4eac~ibe4 he~e has a ~ ... rkablo feature in 

that tt uaea a dyoaaic ai.alato~ operatine in real tiae to r ealize accurat& 

control ot 41atr1buto4 paraaator eyet~ with poor .. aeureaent lAtoraatioo. 

Thouah aoae exaaplea of contr ol by 4tettal computer t or t he ea.. 

purpoae ha·,.. alrea.d,y been reported, U ae••• that there h ne ayat .. acre 

&daptl•e to quick and laree dlaturbanoee than the preaent ayat ... 

Applying thia eyatea to 6-taad .. hot atrip alll ootlina temperature 

con•~ol ln Vakayaaa Steel Plant of Suaitomo Met&~ loduatriea haa resulted 

i o a co.: trol accuracy llll4er 20°C iD " " o•er ~~ total leqth of atripa. 

SkU led eanual control 1D the past eh owed 11' , 20°C accuraey aDd tb& t lliDder 

tboae TUAD!ne t chedulea tho aill operation vaa not ao diff i cult to control 

aa oow. 

Aa a recent toodooey, i t aay be pointed out tL&t t he ooapoter control 

aonerally rolioa on lapro•••ent in the ecaput iq apeed aDd procoaaible 

qnantlty of i ntoraation, aDd the t heory et cont r ol la iaclina~ to floe 

4iaouaaiona et anr•al objacta . 

Per the r eali sation of etteoti•e control , howo•er, et f oria to aatoh 

the control ayat.. to the character of t ha proceaa to ba controlled ahoulA 

be .. phaah.a. 

Thia pa~r ahowa the eftorl aade iD the coollne control of atripa 

'llbtllh 1~olna _...,. kiDda of probl .. , aocl la expected to ...ae eoa.trtbu,.i OA 

.. • bride• bltwoea the ooat rol thHry aDd ~e ooaputor baN.,...•. 
h- a nav poiat at analot or h:ftlricl technique applioaUon, the ., .. 

ayat.;o ia cot a .. re 1 .. eoat Terdn of cli1Ual aoaputar control, bo~ it 

~ b+ aai4 to Man lf .. Oil.~lMICI~loD of ayaba aiai"' at blUer perto.--oco 

by tha ban uo of foatvea of the aaale• ~.Chnillu• 
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AN ANALYSIS INTO THE DYNAMIC BEHAVIOUR OF TANDEM COLD 

MILLS BY A DIGITAL COMPUTER AND ITS APPLICATION (Ab•trac t) 

by T. Arlmura , M. Kamata, M Salto • 

Nippon Kokan K . K. , Kaw:ua.u, Japa n 

The recent progre1s In the automation of t ande m cold rrn.la '" • • • 

11ta ea the study tnto the dyn&mic behaviour of the! mill s. T o analyee the 

compl!cucd dynamic system of a hvc stand tandem m Jll a simulation 

program waa developed b)• a d igital computer . By using thu• the varla· 

t lon1 of the gauge a and tena1ona due to the d iaturbances 1n the ac rew a ell· 

ings and the periphe r a l apeed of the r ulh, aleo by hot .b ne! &Ufle v.·e re 

!u;Jy inveat igated. ll waa clarified through the analyeca that the change11 

In the acrcw aetting of the hret stand, rn the pertphc ral 1pced of the roll 

at the hut and the hnal atand, a nd In the hot band ¥'"'Se Influenc e the 

finished gauge. The other Cacton aCCt> c t the !in,.hed gauge to very •mall 

'extent. The r"aults ~~o•e re viaualaed by a digital pl otter, and the delicate 
I 
variation• of thu roll1ng condition at c;rc h atand through the Interfe r ence 

by Inter-stand t ensions were achc m at c-ally shown. 

T he prograntme wae applied to th.- analysia and the improvement o( 

an Automat ic Gauge Control 1vatem •.nth the reaulta of the levding-up in 

the accuracy of the fu.1ahed gauge. Fu r thermore, a new ayatem by corn· 

puter control waa propos ed to ma i ntain more c onaiatent fl nlahed a•u¥e 

than by the conventiona l feeu-b&ck control ayatem. 

In order to l nc r ea ae the productiVIty of tandem cold mill a, the d e• 

velopment of tht' Gauge Alteration in Rolllna eyatem waa inveatigated. It 

'"''"' verified by s lmulahon and alao by experlmenta th-t this ayatem re· 

Qllil)' ~romputer prognn1med !eed fo rward controlln~tead of the built-in 

fee~ h~ r:k ayetem. Thla control ayatem haa otl-er flelda of application In 

the- Ji.Jtumation of the mUl and the rt>duction of off-gauaea . The dy namic 

computer control la the problem wh1ch ahould be aolved to juatify the 

!ueur lnveatment 10 the c o mputer control of ta.nden. cold mill• in whicb 

on -line computers play the part beyond the Judgement and the manipulation 

of huntan operuora . 
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tHE OPTIJollZ1.1'ION OF CU'I'TI!ro PROCE:S IN CASE OF UNtlOMPIZl'E 

INFORM1TION ABOUT PROCESS 

Jer=Y Bromirsk1 - Po11techn1ka ~roctawska, Uroclaw 
Jon Pot.rz - Pru=;ye!owoy Ins tytut Auto!ZIIlt,yk1 1 Polll1ar6w,lfroctaw 
Pol eka - Poland 

The paper preeente~ some optimtzatioo method ot cutting pro­
cess witn uncomplete intormation about it. The cut band lenght 
is variable. Atter division the las t aeement lencht must belong 
to a determined range or be mln1mal. Described cut ting process 
t ake a place in rolling mills. 

The way the optimization problem is discussed in the paper 
i s quite dlfferent trom the methode appl1cat•d till thie mo­
ment. 

It 1s assumfd tbat the 'band lenght 1a not lmown exactly 
and yiel ded inforoaUon about 1t 1s the e~ ot real band 
l encnt and some randoa dieturbanee. 

They are ccn£1dered two eeees : 1) when probabili~ distri­
bution ot random variable r epresenting disturbance is known , 
2) when this d1str1butiob ie aeeumed a priori. 

The special-purpose digi tal structures tor optimal control 
ot cutting process are proposed. 
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OH A M""'TBOD F CORR£l.AT10N ANALYSIS r'Ort oflJLTlVARl.tTC: 3YS1 r:·:S 

Nobuo Hayosh1 

Narash1no Wor k :; , Hi t act:l Lta . 

Tokyo Jar·an . 

l r, · .1~ I ; Pr, t c chni rpJu:J oi' the: r o rr.> l o l c-n run l ,,::!.; !' ••!' ., 

..,·.: ::. t tv;. r 1nl" ~; ·:: t i'lm wlr~ n t h·' in; Il l T"lnu n:~ v r1 o r n n.; t..~ .: (.r ' 

A mn: tl !. r~on:J l o . u' l nl)·lr :.;lr .. brll c cqu:ll lun ! :. v!. '1'1 ~r· l x 

o:' co"'l n r !JJy hi e !. o :- 'l r c ·m b" •l••r l 'l :J . 

n th•• c 1.;~· or ~ul tlv;, riatL• a j' J l· :, , r·o rr· .. lr. 1o ·1 l ·•c!on1qu•'J 

I' t h·.• n l' ~ l v :. rJ ct·~ !:y.; t .m hn:; t:lUtua ly r o r r e> l n t •a comJ O!'l • ~r. ~s 

:- : .. ..; · lJ VI) C LO I' • 

!J.J:· e ~h" :l'llhor .; ·~n e ra~ i zos corre la t ion t roJ chnl quc.; !'or u . I-

va ri1o t •• ~y:: tl':n!; to t h • co .. c· o f n multi vn ri11t.e !lj'5 l l'h1, nnd show~ 

t.! llo. i. : : ·~ U'l t t •m t o us i nn t c 1 m1 ul se• r ";;. on se~ n f t h· · :: j' .:tt::~ 

.;.:: I on nnuly:: ic. . r'rom t hi:; r . .;ul t , t h3 autl':or 1 r oJ o·o ... & n" t hr•d 

t o e~ tl 'lW t o ll:c accuracj' of ca lcul a t~d 1mr ul.H! r o.>J.onsc 1'unc ­

t1cn ~ b;.· 3J 1l yln.,: ::o.,~ t e chn1quc .J of :nu1.t l va r 1ato s tnt1:;t1 cal 

:'1 !1 lysb . ] n rert1C~lo. r, t he au t hor [ Oint:. OU t tho.t echnlqUtl :J 

of' .J ! "!''u l c r. ou :; co:1f1ce nce inte rva l e s t1 m'lt1on s on r e}r essi on 

cocffir. iont :: s r c us,~ ful f or .·t !"lc c s t1:natior. of i:nJU! :::c r e s ron e 

funcUons . !!~ c.l :;o sut.:ees t s t ho flf.pl1 ceb1::.1ty or 1a rtia l cor­

r~l a tion t~~hn, ques to 1d~nt1f1ca tion pr oblems. 
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"~J. !.!ETHOD OF TRANSFER l!'UNCTION DEl!BBIIIN~OJI 

OF POWER S:CSTEI!S 

M, K.oezelnik, J. Malk.iewicz, S. 1'rybula 

This art i cle ia treating about the statistical .. tbod o~ 
de~ermination of emplituda-phase characteriati~a and the traDa­
ter f unction between the active power and frequency o~ the ln­
t erconnected power systems, The demand of active po ... r, the 

exchange power and frequency are treated as atochastio ~roce­
sses, This method enables to determine the transfer tunotion 
oi every system provided that the autocorralation tunotiona 
of t he exchange power and frequency as well as the correlation 
between this proc ease a are known. It • s presumed that the deaa­

nd of power processes of this systems are atochaatica1l7 1D4e­
pendent. 

Aft er determination of the transfer function it ia possible 
to assign t he correlation function of power demand too, which 
can' t be determinated directly by measuring because the power 
a,stem poseeoaes no such, a point at which the meaaureaeut of 
aubs~itute demand of power would be possible. 

The accuracy of t he gained resulto depends very auoh n cboo 
sing a prope r method for evaluation of statistical cha. aoteria 
t i ce of t he considered processes. The analysis for evaluation 
of different aspects of this characteristics has been evoided 
on the account of limitation of this article and will be pu­
blished in other publicat ion. 

The descr ibed method concerns not only power qatns, but 
in a common way assemblies of linear regulation ayataas too, 
int erconnected at the input. The processes at the output and 

t he flows on connections between this systems are known but 
the processes at the input are unknown and 1 t' s preauaed that 
t hey are stoohaatically independent. 
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~. Dr - lD8 habll J'.B. LaJl6e aDd Dipl. - Iq. M.Zeoha 
Ro•tock Univer•1t7 

GDll 

ID ~ 1DY .. tisaUOD of the oharacteriatica of 

etochuUo proo.••e• iD the co.mwU.catiou, meaav.ri.Dg aD4 
cODtrol eAgiaeeriDg it ia 1Ddiapenaable to state ~ basic 
atau.tio error that 1a i.Dherent iD the result. 

!be f1r•t part of the paper deals with the thoo~ of 
errora of the olaaaic integration oorrelator with calcu­
latiODS bei.Dg aade iD the spectral and tille domaina. The 
conaiderationa can be transferred without difficulties on 
t1ae spectral ~aer. 
!he second part gives a review of the fields of application 
ua4 ·ao.e new works 1n tbia domain. There follows an 
evaluation of the present situation in meaeuring atoohaatic 
with particular regard for the correlat10D meaauring 
e.cgi.neering. 
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~uchta . Hr! 'l'U Dresden, Inatit\rt ti.ir "egelungateohllik , 

METHOD or ESTDIA.TING or RlBMJf ERROBB I1 1D ~ C11 
CORRELlTION FUOO'r!OIIS 07 RANDOM INB'Rl-LOW-FRBQtlli:IIOr SIGDrB 
IN CONTROL SYSTEMS 

Com· rehene ive oalcul ottona are neceaaar.y tor evaluatlQS 'he eya~a .. 
1 tio ~nd acc idental errore with the determination ot oorrelati~a 
tunctiona. I t diacrete measuring wet hoda by meaca ot ta. 8tielt~•• 
or digital correlatora, ••peciall: rel~ or polarit7 oorrelatQra, 
are applied , oreciae reaulta can be achieTed onl7 at a partio~ar17 
great expend i ture beoauaa of the nonliMar1Uea ooourrlJ:Is a.DA the 
varioua influencing factore. Moreonr, the oorrela"oa tuno 1ou aJI4 

ot her propert ies of the randoa prooeaaea ln?OlYed ba.e to b~ kDowa 
t or an eeti~~~ation of the errore. Tb.ua , here ue onl7 oonaU'ere4 t:Jw 
accidental er rors occurring with the determination of auto-oorrela­
bion tunot1on Rr(T) of random, atationar,r, ergodio, aDt oaatera4 
prooeaaea X0 ( t J whtoh can be approxlaated b7 Gauaaiaa prooeaaea, aJI4 

tlhe power dens i ty apeotrwa ~(u) of which uiah up to eA -.sutu 
trequeno;y ot Q• 0, and a method for eatlmaUns th• ~ propoaa4. 

Thia method perm1ta ua to give eaailJ applicable approxiaate rela­
t iona t or determining the accidental errore tor oorretatora wofkiDI 
oont1.nuoualy or d1aoont1nuouely analogouaq a.n4 41ao:r..te17 for til .. 
t t11e del~· · -r=o 0 and T ... 011 , or T .a. 'TE' rea~otln17• 

In order to ebaraoterlze the spectral propertiaa of the aisnala to 
be enalyzed x(t), the relati ona contain the etteo,i Ye aot.a b&DI­
wid t h r.J

0
, which 1a approximetel,y deteni.Jled tor oenain olu .. a 

ot apeotra from the ze~ oroaal~a \of r(t) throup tba ~lf z • ~ 
when ~ denotea the .. an value. Baeed on tbia, lao the obaervattoa 
time T required and the sampling interval ~ t o be tlzecl tor ~• · 
i nd ividual correlator ~ypea become approx1aa~l1 determinable 
direc t Q- !rom experimentall.7 obtained recorda of lDtra-low-freq~ 
a1gnala originating, e. I• , fi'oa industrial controlle4 qateu, 
while the total course ot the correlation t unotiona or po .. r 4ena1-' 
enectra o! these dguah 1a not 1nclu4e4 1n oalov.l.atllou. 
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0~ TB:. 00ll'l'ROI..L1BILTI CI1' NONLnlEAR SYSTEm 

H. Toll:umaru 

11 • .&.dach1 

So:::e discussions for the controllahil i ty in nonlineur cont­
rol systens arc presented. The control system s treated ar~ · 
described by ordinary differential equations. Severa~ concepts 
concern inK the controllahll itt a rc introduced. If every ini tial 
state of the system can he transferred to the ori g i n In a finite 
ti:e the systea is said "controllable". If the time r equired 
are infini te, then the system is "quasi-controlluhle". If the 
sys tea has the controllahility property in the neighborhood of 
the stationary state of the system, then the sys tem Is "locally 
controlhble". fly the definitions, if the system is quasi· 
controllab le and . ~cally rontrollahle, then, is controllable . 

r di scus-. sonsarc· restricted to the systems to which controls 
o,cratc : i1carly. We call such s ystems the control systems with 
co~ ro l s appearing linearly. 

tinier suitable conditions the quasi-controllability of the 
z sver • ystea of such type can be reduced to that of a certain 
io,.e r -. . ;,cnsionnl control system. llcncc, the controllability 
~nal ys: can he ve ry simpli fied. 

Us ,ng t his resul t, the controllability of some special 
t ypes of nonlinear sy ~ tcm s are considered in detail. And suffi· 
c i ent cor.d itions for a~asi · controllability are obtained. At 
l as t sct•ion, sonc r x a~~ i~5 are presented. For these examples, 
suffic 1en t conditions for the controllab ility are obtained, 
connecti ng the conditions for the quasi-controllability and the 
local cor : rollability. 



.. UU.LYSIS OP RELAY SAMPLED-D.lTJ. SYSTEMS WITH J. NGNLINE.\R PLANT 

H.L. Burmeister, DRKSDEN I GDR 

An exact method of analysing a class of r elay sampled-data 
systems with additional nonlinearitiee, occurring e.g. in the 
tield of extremum control or plants 11ith paro.bollc characte­
ristics,. is suggested. It is simpler and applicable under mo­
re general conditions than the existing methods and proves to 
be practicable tor numerical computation. 

The method applies to plants that can be represented as 
~rrr.s-chains, consisting of stable linear elements.~ and L8 
of any order and a parabolic statio nonlinearity N. The pulse 
shape ia arbitrary, rectangular pulses and pure delS3 are in­
eluded as special cases. 

The sampled state variables (normal coordinates) satisfy a 
system of nonlinear difference equatiane, which is linearized . 
by a suitable nonllnear transformation of the stat' variables. 
Transient responses may then be computed by merely performing 
~trix multiplications and evaluating t he switching condition, 
which in general is nonlinear. S~eady-state oscillations are 

etermined exactly, the switc~ condit ion playing the role of 
o. . condition of existence. The . . mean value taken over a period, 
e. g. the hunting loss in e~emum control c,yste~s , is evalua­
ted without computing~~~ o~cillation i tself. 

The method was applied to several types of extremum control 
system.s, in particular to second- and third-order syste:ns. 'lhe 
r esults relate to steady-stat~ oscillations and their existen­
ce regiane as ~eel1 as to the boundednesa or divergence of tran­
sients. 
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SV'IIBARMONIC OSCILLA'rlONS IN COUPLED RELAY CONTROL SYSTEMS 

s. T. Nug~nt 
Division of Engineering Physics , Dalhouaia University 

Halifax, Canada 

R. J. Kavanagh 
Department of Electrical Engineering , Univeraity of New Brunswi ck 

Fredericton, Canada 

The paper develops a method for predicting the exiatence and rela­

tive phases of aubharmonie oac i llation• in a two-variable relay control aya­

tem. The system conai ete of 1 two-input two-output erose-coupled linear 

eyetem, whoee inpute ere driven by ralaye. The relay• are ectiveted by the 

eyatem error aignala. 

The method ia ee1entielly • aenerelization of Taypkin ' a method and 

makee use of reeulta obtained previously by the authora, for the pred i c t i on 

of forced oacillatione at fundazentel frequency , for a eimi l ar claaa of 

ayeteru. 

Certain reatrictiona are impoeed upon the problem aa fol lowe . The 

tw~ . nput variable& , which need not be aioueoidal, are periodic with identica l 

frequ~nciee and zero mean but may differ it pha ae and magnitude. The relaye 

are aseumed to be e~etric, to poeeese hyetereeis but no dead band aod 

t hey need not be i dentical. They are aaaumed to ewitch twice per aubharmonic 

period , but not in aynchroniam. Because of these reatrictiona, only odd 

order aubharmoni ca can occur . The method i a arplicable to any odd order aub­

barmonic, but both parte of the ayatem a:• aa~umed to have the aame frequency 

of oacill at ion. The linear part of the ayatem ia reatricted only in that t he 

elemente of ita trane!er matrix muet contain et luat two more polea than 

zeroa . 

The method 11 mainly arephical but lende itaelf to implementetion 

on a digi tal C01llpu ter . While in t heory, ayatoa with any number of variables 

could be analysed by thia method, the technique becomes tediou• for more 

than. two variablea . 

The paper includea an example which baa been atudied uaing thie 

method and f or whi ch the predicted conditione for a third order aubharmonic 

oscillation have been verified, wi t h good accuracy, by anal ogue simulation . 
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FUUDA!AENT.US Oli' NONLINIU.R CONTROL SYSTEMS WITH ms .POI.SE -
FREQUENCI-WIDTR lo!ODULl'l!ION 

V .M. Ku.ntsevich, Tu. N. ChekhOV01 

Discussed are nonlinear impulse automatic control networks 

consisting o! unintertpte~ linear part /ULP/ and nonlinear 

iepulse modulator ot the 1-st kind /IW/. 

IM modulate• trai n 4f right angle control impuleea t o the 

mark, frequency and t ime apace in dependence to l inear com­

bination ot s ampled meanings ot network coordi nat es. 

Por defined networks we are using natural meaning ot phase 

apace~ with coordinates In , t!· ·· ······~m-1 / and phase 

apace difference with coordinates Xa• ~., · ···· ·Xa+m-1 • 

In both phase spaces we are finding different ~oovement ·~ 

equations and t here i a a conection between t hem. 

We are defining sampled analogue of J.Ls-Sall theory , which 

is a tor= ot generalizing of A.M. Lapunow theory about asymp­

totic stability . Basi ng on La-Sall theor y it i s shown, that 

Lapunow function - quadratic form - guarant ies obtai nanca ot 

discussed network stability, it it is in accordance with 

P.W.Bromberg theory /i.e. i t ia defines stability ot ULP/, 

and satisfactory conditione in all equal ne twork conditi ons , are 

obtained. This condition have got an apperance of an analitical 

i nequal ity, which depend• on one limited parameter. 

Sampled analogue ut t.Yoshisawa theory about l imitat ion ot non­

l inear 1mpulse systeas ia defined. Bas ing on this theQry , metho­

dology Qf asymptotic plurality stability limits definiti on within 

Kt which all phase tr~Jectories ot the system are ended, i s 

proposed. 
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Proposed 1e p1 e1 ~e me t hodology of limited cycle• fin­

ding end their s~ability i nvfetigation. 

Parameter defining method of etationary system• regi me 

which follows linear t ime !unct ion is given. 

Por found out aimple Lapunow method baais, etationary, 

regim~. stability conditions in whole &re obtained. 
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ANALYSIS OF NONLl NEAR A.C. CONTROL SYSTEMS 

w. Fieguth and n. P. Atherton 

Department of Electrical Engineering 

Universi ty of New Brunswick 

Fredcr1ct on, n. B. , Canada 

Ttis ;>".'t'er pn cnos a ~thod for the a nalys i s of a . c . carrier 

sy:;te co havi..<; n nlineari'ty in the a .c . link. Conditions are derived 

under \.lhich l!:~etlT Lransfer f unctions i n t he a.c. link me.y be transformed 

and .;!.~ f~ed t o points i n the l ow frequency por t ion of the sys t em. 'nle 

rP.moining ooduletion- nonlir.ear ity-demodulation process is shown to be 

equivalent ~ a modifiL~ nonlinear ity . Properties of symmetry and s ingle· 

vnlue:lness of t. is nonlinearity are derived and their effect on system 

b~haviour is i l luctrated by means of examples. 

A number of special modes of operation of a nonlinear a.c. feedbaclt 

sy•teo , ••!lich are not predict ed by a simple describing function analysis, 

bre discussed and illust rated by means of t este on a small a.c. position 

control oervc<IM!chanism. 
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Ulf OPlDIAL RISOURS• .Al.LOC.t.UOII 
b7 .t..J. Lemer aD4 1.l.Te1.1Un 

'fh1a paper pre .. u.ta t.lle oaa1o pr i.Jlciplea ror t he :r:o:r­
au.latioa of ~~ reaourae &!locat1ou. probLea. Bolut1ou. o:r: 
~- probL• 7ieJ.da the beat poaaib.U Talue or the obJec­
~1Te :f'\mot1oD wll1ch 18 a aeuure or both the reau.1 t aD4 

1u ~ecJIIlique uecl to acll1ne 1 t. 
!be coatrol~ed plaat ~• a se~ of ralat ed aet1T1t1ea 

4eecr1-ecL DT a u.enorc or utru aode.L. 
ut epeo1&.L ~o~aace tor pract1c&.L app.L1catioll8 

are tAe euea Wllell tae runct1ou.al cp <l8rllUJl8 t.lle ob~ec10'~ 
Te or "he pl'O~ect ucorporatea the proJect elapsed tiae 

- 7 , &T&llable resources R probab111t7 of aeeti.D& P 
ac.lleduled date I , qualitative p&r&llletera of the pro~ect 
reoulta. l)epeadiDs ou. the paraaetera illoluded ill the obJect1-
Te !UDOti.oJl T&riou t,pea ot probleu ariae. 

~- Tl( aa4 'T P probl_. are innatigated ill the pa­
)&re .t. DU8ber ot 4eteraiaiat1o optia&l reaourae allooat10D 
gl'Obl ... are preaote4 aD4 ae~hoda of their aolutiou. are 
•111anted. axa.plea are giveu.. 

' A prOJ.c' oou.trol probl• UDder tmcert1&u.t7 18 stated. 
A pro~ect realbatiou. aodel ia d.veloped -~ a~ied~Boae ape­
cll'i c probl_. ._.aooiated with tbe geu.v~ . .Fobl~ are o01l81-
der do 

A allort :rn1n of th• reaul ta obta1u.e4 ill thia f1.;4 
b g1TeD lOll pou1ble approaches to further reae&ro.ll are 
.U.cuaaed. 
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ON STOCK CONTROL THEORr 

A.A. Voro~ov, S~B~ Lovetski 
V. A. Avdiyski 

(fJOSCOW) 

Function of a large systems can be studied as a complex ot 
t arget - guided oper ations. One of the moat important points 
of control led actions when whole complex of operations is con­
trol led, 1e divis s1on of stocke between operations. But stooks 
in given system are ~ot ~imited and their entering from out­
side can not be at eJJ:y time and any quantity. In connection 
with thie s tock control is ~ very ~ortant co=ponent in con­
t rolling of limited resources , i~e~ not used resources at the 
moment , but stored for f aultless operation in future. In the 
process of operation control, two main stages can be detachedr 
establishing of optimum action program and realisation of this 
program, incl uding corrections caused by devia.tiontl during ac­
tion. 

In this paper the first stage of given stook control is Us­
cussed, i.e. construction of optimum plan of stock controlling 
for given article complex, which are comiug in trom factory in­
terval stores and from outside at fully defined or random, in 
quantity, order. 
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RESOURCE JLLOCATION IN MULTI-PROJECT 

B.l.SED ON .A.GGRECaTION OP THE PROJECT NE'rilOiUtS 

O.G. Tchebotarev 

Central Economic Mathematical. Institute, Moscow 

USSR 

A solution method for a problem of limited resource allo­
cation among several. activities in a multi-project is conside­
red. Ag~gation of complexes of toe activities, i.e. replacing 
the complex by a one activity enables to present the solution 
of such pro~lems by means of the following ataBes: 

1. Aggregation of the each complex, described by a one 
network. Thus, each complex can be represented by a one act~vity, 
f or which all necessary parameters are determined during toe 
aggreGation process from given parameters of the complex 'es 
activities. 

2 . Solution of the problem of limited resources allocation 
between independent activities I complexes I with a give~ 
op~imization criterion. 

}. Solution of problems of resources allocation accor­
ing to number of the independent activities from activities 

of the each complex, when consi~e ring t he resources limitations 
dete~ined ~t ~he previous stage. 

Hence, the problem of limited r esources allocation between 
l 

a =~ np activities leads to the solution of l problems of 
p:1 

res ·.:;rccs allocation between ~ P= l ,2 , ... , 1 activities, 

where np is a number of activities in the p-th complex and l 

s a number of t~chnolocically unconnected complexes in the 
cono1dcred culti-project. 

~ general approach to aggregation problem of activity 
eo plexes as well us the aggregation process'es stages are 
desc ribed. 

~oreover. an ~ ?timU2 aggregation method is conaidere~ 

for a caB ·:ien the each activity rate linear~ dependa upon 
tbe number ot resources provided for ita execution. 
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OP.rDIAL PROJECT COBTROL 
b1 V.lf. ltarltoT 

{lloacow) 

The resources allocation problem with one type o:t 
resources is coueidered. '1'he project <:onaista o:t t1; acti­
Tities . The aotirtt)" speed ~ the power !UDCtion of the 
resource Talue. 

The problem is to find resources allocation so that to 
provide minimal project time unc:ter li.mited reaource level. 
!he following properti es ot the optimal solution are pra­

Ted. 
a) under the opti=&l solution the resource value 

is constant :tor each actiTit>"l 
b) the resource vo.l.ues fora the now in the pro;ject 

network I 
c) aome ahorteat route between two points of a re­

gion in the CJ- -4.1mensiona.l space correspond&! to the op­
timal solution ( 1f is the network dimension) . 

akt tq be the aoitiTit)" times tor the m1niwaJ re­
sourcea leTel problem under the given pro;joot tJJae T . 

Con.aider win1••l coat problea under the SUle pro;ject 

tiae T. A .. uae th&t W! J.. 

s~ c~ .. ) ., ~ , ~ ~ 1 / 
' 

whare Se: l'ti) 1a the cost-tir&e function, 
Wi. ia the i. -th actiTitJ' vol1me. It 1s rouncs th.a 
)lw optillal aol ution ot the proble:a 1a 't', • aloo • 

Bew algoritba for the solution of the resources 
allocation probl• 1JI proposed which bade~ 1JI the 

algori'tha ~ the shorten route :toun.datio.c. 
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SOME QUESTIOIIS OU TEE TESTING .1Nl> CONSTRUCTION PRINCIPI.J!S 
OF .AN 0PTIMlJ)4 LIDLTD...EVEL CO:t."TROL STRUCTURE IN SYSTD&S WITH 

A SPECIFIC OBJECTIVE FUNCTION 

II.K. :Babunachvill, s.s. NllWilov, D.J. GoleDlco 

Form of controlling sub-syst ems with some direction func­
t ion, is discussed. For those systems, determination algor itm 
of sampling step and a formula for 1uantity e&timation of pro­
filactio questions such as f unctions from subsystems parame­
ters, is proposed. 

The system consisting of similar subsystems i s described 
wi t h a principle tha~ diso~ssed subsystems are ruled by one 
controlling system of a superior r anse . 

It is being assumed, that quahtity of quest1on3, neoeas&r7 . 
f or control, should decrease with increase of bieraro~ range. 

Shown limitation, put on the system determines necessary 
condition of optimalization of bierarcliic structure. It is be­
ing prooved, that obtained condition is sufficient in the lo­
cal meaning, too. 
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ELEOTROMI!:CHANIOAL TRANSDUCERS, COMPARATIVE .PROPERTIE3, 

BA.SIC CHARACrERLST!CS AND FIKLDS OF APPLICATION 

A.P. Shorygin 

~ne new tasks in the !ield o! automatic control stand new re­
quirements as far as 9ickup and information converters are con­
cerned. 

Those new requirements are; decrease in levels and input ac­
tions !requenc,, decrease in required rating, getting o! output 
s ig:cals directl1 in from of a given code tlithout utilization of 
additionel converters and others. 

In this case arises neceasit1 in comparison ot characteristic 
f iel ds of electrochemical converters parameters end conver ters 
which ere based on ot her pr~noiples in judging ~t111~t1on fiel­
ds. 

I n t his ps~er are discussed peculiarities and superioritiea 
ot electroohemical integral elements tor bigger integration t i­
me s9aces, characteristic ranges and faults ! or different t1pea 
ot integra.ls with aneloque and sampled output, diode& tor a ve­
~1 small currents of intralow frequenoee1 elemenst with negst1-
v~ ~esistort elements, ana!1zing operation p in wide range 
ct ' ver, low trequencea. 

Given are characteristics of hard phase canal eleotrocheai­
oal tri odes t which are utilized as anelogue me~r, elements 
with unmoovable r &ading in adaptive control &1&~ems lA control­
led filters , 1mpl1!iere and othe£a. 

There are described electrochemieal non rescD~nce detecting 
tlementa of amall pressure, and pie~• o! small pressure cra­
dienta o! intraamall tr6quenc,, which are good for the work 1A 
hish statieal pressure1 picr.1pa ot Sllla1l a!!_l end linesr d:ls­
placeaents, speed 2ad acoelerationa . 
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THE SOLID ELECTROLYTE OXYGEN SENSOR 
THEORY AND APPLICATIONS 

S. J . Lawrence, H. S . Spacil, and D. L. Schroeder 

Zirconium dioxide , when heated to above 600°C, becomes 
sharply l ess resistant to electrical flow and specifically 
conducti ve t o oxygen ions . A voltage is generated according 
t o the Nernst equation . The theory of this oxygen sensor 
l~ ciscussed . Practica l applications in research development 
~nd p odu ~ion are described. 
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VOLTACE- CONIKOLLED MOS-FI::r RF.SlSTOa 

H. F, Storm 

CL~~rAl Electric Reaea rch & Development Center 

Schen~cted)', lt, Y. 

U, . A, 

l t la •hwn h the normally nonlincar MOS-FET channel realatanee 

can be 1 tn ar!t~ and theteb)' usod for the control of ac or de elrc:ulta 

wi t hout ~ ~~ c~ucina dis tortion. Betna an electroatattc device, the MO~ 

FET hu a 'i!lh Input ruiltanea (more t han 1013 oluna) and requlret oalJ 

very low orlv• p ·er (leas than 1 10W). EKamplu for t10S-FET applic:attone 

are: lonu-t i~e t tmera, variable l-C time-constant circuitl, volt&&• ~ 

troll~d a ~ten acors , adoptive controla, multiplt~r•, a.pllfte~ and 

modu \a t ora . 

Aa a practical example, a linearized HOS-fET la deacrtbed •• part of 

a pha•e th!Ct c i rcui t for the control of thyriatora, etc., ccverlaa the 

r anse ! t om power frcqucnciea up t o 200 kH&. Heaaured data of p~ae-•blft 

ansle v·.- raua got• control voltage are ahcn.n. 05ct11oaraaw of the phaae 

ahilter out pJt vol t age conclude the report. 
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SO:.Ill STAtE Et.EC'l'ROS'l'ATIC CO!mlOL EL.EI-!Dl'l'S OPD\ATI.I'!G 
05 PI£ZOEL£CTRIC PRINCIPL£6. 

bT F L N•NAOI, Dip. EDg., C.tng., MIEI, 
Electrical Engineerica Department 
Uaiverai ty ot S&ltord, ED&lan~. 

A a.v generation ot electroatatio higb impe4Ance control element• ie 

QOV beeoain& available to auppl-=ent tbe current range ot electrocagnet ic, 

lov i.pedance devicee . Their very impedance incompatibility vitb moat 

preaont 4evicea ia proving beaotidal in that they are non-interactil!f; and 

thus dD aCt autter trom unwanted electro=aanetic diaturbance1. 

The paper deacribea nev controlled actuatora tor use in 1ervo· 

mechania:a. E.xamplea are nexuroJ., toraiono.l bi1r.orpb elements, crystal 

motor•. e.g. tvo-phaee/one-bridge, tvo•pbaoe/tvo·bridae . and four-br i dge 

rot&r/ version c.otors, hydraulic and pneucatic valves, e~o. , all operating 

on the olectro-atatic/pieso-electric principle. A tlexural and toraional 

bar can be constructed together ia one unit to toro a ~ondi ng-toraional 

bincl'ph Yhic.l o_peratea tor a cocponite I:IOVe~tont. The baoic principle ot 
o~ratioa ot tbe actuatora depcndo en a novel application or t he con­

verae pie%o·electric etrect in a :rJatal, i .e. it makes u~e of the 

cechanical atraia produced in a cyrotal otructure by a controlled electro­

atatic field. 

An appli catiao ot various pie,c-electric crJstal control eleneota vill 

be ahovn in actual control ayQtems .· The tirat application ot a cry1tal 

act~tor a1 part or a computer atore magnetic bea4 alignment control vill 
be illuatrated in operation ror reducing akev, vov and nut\er iZTets\l­

lnr itieo betveen a multit rack mn~etic head and one inch mAtnetic tape. 

7 ~ control hea errected a reduction or 20-30 dS or the akev in the rre-

-. .. ,ne<J range 0-10011%. The a.pplication of cryatal tr&Dsdu~er2 to control 

•fateQO in cccputer atore instrumentation appe&ra to be particularl7 

prooiaing aince ccmpenaaticn ror variation• in tape apeed, tenaioc a:.d 

alif7r.ent can tc ma4e by a aeno control ot tbo magpe~ic bead alone. ln 

tbia vay a ain&le control can replace a o~ber or separate control oper a­

tions. 

The "bil::orpb" a.ctuator ia nexural mode vill be theoretically 

discus=en derivins ita transfer fUnction•· Developcenta are in progre11 

tor "'ul' :Cit'lposite conatruc:ti ona, that is II:Ul.timorph elcunta, vbic:h are 

:ore au.:~ l e tor •~rro c:~pooenta. 
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PREO! Sj!) :UGH-8PEE:D ABSOLU~ POSI TION CONTROL 
USING A l~TI-TRAOK OPTICAL GRATING 

A. Russel 

§UifKAIY 

1 Mtho4 for ob\aiDinJ abaolute analogaa pod Uon 1lltort~~~t1oD fiooa 

m lt2.-track optical sretinae 1a 4 .. or1be4. Cl'Uer ia f or 1zrterpolat10A 

aooureoho of nrioua 11•t ... are cl.iacu .. ed alii! u thocl.a tor ach1n1J~ 

thH llH augg .. ted. The fr1otioDlea. t rana4uoer 1a auUabla f or J.ll'eC1at 

hl&b-apaed cl.igital politiollinc •oh1D••• 
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s••G••'I'TOB 1'.IIIPDi.1'0D PBOBa nm J. SKRTo-coNTBOI.LKD 

JW)IJ.'l'IOll SBnLD 

Te~oe rature me~su rement In hfgh temperature gas flows 
by f-.ers lnq 1 shielded the r mocouple probe f rv o lv es a system­
mttfc error mtlnly caused by the rad f a tlon lo s s of hea t . This 
e rror is characterized by a probe r ecovery fa~t o r l owe ~ than 
lll!fty. 

Afte r a review of the e~istlnq t echnique s for hi gh temp ­
e rature Me asurement, a new probe is de sc ri bed . Th i s pro be has 
• r adia tion sh ield, the Insi de s urface of wh ich Is an e ect rlc 
re•ter fed and contro l led by an e l ect r onic servo In sue ~ a way 
:nat the orobe tra ns ien t respo nse Is Imp roved and Its stea dy 
it~: e r ad i a tion error can be mini mi zed. 

The system gover ning equati on s are di scussed and J 1~ ­
l f: t ' y t e analog computa t ions tech nique t o g ive s t ab i l i ty 
4• d r esponse behavlor . . 

Solu tions were obta ined f 8r a typical thermocouple us ed 
I~ ~ s upersonic a ir f low at 200 0 F ave rage . The proposed probe 
e . ht blts no radf &tlon error 1fter reachi ng ste ady state condl-
~i on s . he prooosed s ystem Increa ses the response of t he 
s• •~rla rd sh i elded ther~ocouple ana lysed by 333 ti mes, s o t a t 
In l ~ llls~conds , t he probe r ea ches 99 ~ of t he amplitude of 
he step I nput . 
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aa.TIQ~ ALGORI!Iml OH CONTROLLinG 'mE mERMAL COnDITION Q.d 

3L.LS T .roRA.NCZ US!!TG COJ:JPO'TXRS 

J.L. Suh.a.nov, V .o. Shvidldn, B. I . ititajev, Ju.G. Jaroscb.e.nlto 
Ju.N. Ovoh1nn1kav, V.G. Lisiellko 

The aut onocy in heat operation o! upper an~ lower s~ages 
in a blast furnace called tor the necessitr7 ot differ nt 
~valuation o! their heat conditions. "The index iB" i s 
ot!er red ea a general variable ot the heat conditio~ in the 
upper part ot the blast furnace. and .,the index i H " is 
proposed !or controlling heat condioions in tho lower part 
ot ~he !Urna~e. These variables are calculated only once per 
c7cle o! the fUrnace charge eccord!ng to usual in!ormation 

about the technological ~rocess. 
The blast furnace should be considered as two connected 

but independent objects of controlling wit h their own static 
and dynamic char acteristico. When analyzing t hose characte­
ristics the conclusion about real combination of such 
controlling !actors i s ob~ained. The general influence of 
these !actors oo the furnace heat conditions has its 
necessarry local action. 

Both statics and dynamics of trans~ent processes in 
objects ot cont~olling are considered. Each controlling 
effect i s a cer tain programme ot the necesss=ry digital 
changes in the tempe rature and hucidity o! the bleat, in the 
hi>he r o~geo concent ration and in the expense o! the 
inje~ted fuel . The l ower s;ecitic expense o! ~he coke can 
be assumed because ot economic considerat ion. All t he calcu­
lati ng operations are perfo~ed by the 1n!orcat1on control­
ling machines. In the article the possibility of stabiliza­
tion and optimum heat conditions in the modern ~last fu rnace 
which is worked at a cocbined blas e is proved. The bloc­
diagram ot the eutomation system which is resulted from the 
idea about the optimum in the blast furnace process under 
the independent control and tho local stabili=ation of the 
heat conditions 1n the upper and lower stages 1n tho furnace 
is given. 
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Anntol GOSI~lSKI, Andrzej wiER~BICKI /Poland/ 

DYNMIICAL OJ>TDli ZNI'ION OF STEJ:L-~lAlU~G l'ROCESS 

I~ I;LECTRIC ARC I'URNACE 

flop or t prnse n ts on l t. :. , tochni,..nl de s i c n nnd pre l i~o.i nr.ry 

experi men tal. r osul t e or t he dynruniLoly optimal control of tho 

Eo t oeJ-ma kins proco&s l.n electri c arc 1'urnaco . As n pllrforma nce 

manauro of the ~roooss tho uni t production c oa t hoe boon 

ne eumed /the c os l o:f e lectr i c enerlf)• and the cos t of time 

combined/. A sys t em of or di nary diffe r ontinl e qul' t iona hae 

t.o e-n taken O.l!i Lho m'a l.hemnti c nl n1odol of the proooes. 

The theorotico.l prohlPm o:f process optimization has boe n 

sol vocl by means of t h o maxir.nun principle. An ideo of eoxpnndiug 

prob lem of the (.omb i nod op timi zation of the arc J'uun o.co e 

c o.1;·l "" wi t l. r t;arrl to the c onstraints i H also d l :.o~c u s tHttl 

i n tho report . 

'I'hfl technic al doeicn of b o th opon - nn d closqd loo;• 

opt i mal c ontrol s ystl'me /being unde r constr uct ion an d i mplement­

ation/ is presented. 

The experiruentol results of tho optimal control of • 

ore ~urnace based on propored algorittwe are presented 

a.t th ond. 
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OPTIMAL OPERATION OF BLAST FURNAC! STOVES 

H. Kvakernaak, P. Tijaaeo, R. C.W. Strijboa 

The investigation ia concerned vith the dynamic o~timi&ation 

ot the staggered parallel eyatem et oper ating cl~~ furnace 1t0Ye1. 

Stationary periodic operat ion i 1 aasumed L~d opti~~ity ia 

defined in t erma of theraal ef f i ciency . The opticitation ~tion1 

&re formulated and a nWIIIIri cal approach is dev,.lo~d. lhaerical 

re1ult1 are given and a compari1on ie made vi tb t vo typee ot tour­

stove aerial operation. It h toUDd that staggered pvallel 

operation ot the atovee ie not very critic&l L,d that i t i 1 

ther=ally more e t t icient than 1eri&l operation . 
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CLCZ~LOOP TI:.:E: OP:.'I:U.l.. CC:"l'EOl.. OP J.. "U3PE:~~ 

~ - A :rESIG!: Sru:D1 

J , , llEE:Sl'Oll , B. So. (&~g , ) 
~epa:-tmer.t of El.c~al .Ehginu r iDB 
Queen ~ar,; Colle a, 
llile En Reed, 
Lor.don , E. l. 
fZlttl&ni . 

The ~~e op~tonl contra of a • uepended load hnu porticu1 r 

prnctiool u po:-tonoo Ul t 4e unlo'ld~ f roo ahipe , ~ bri<\~te reno, o bullt 

ca~o such aa i ron ore , 'I'be oir.iztUQ tim!l control etMte,!';'t h ~ •·ood 

a~n~oxi~tion to t be actu l occncrnio requira~~nt end 3i ve aco~rote 

;:oal tlonil\!'; o~ t:~e l oad , evoidin(! dacu:tge , l coountll or se'' "::-~1 o n loop 

aehe::~ec bn,·e been rubliob , but t !lr - o not nucce~11fully b•rAlo 11 wiae 

~nue of 1n1~1ol cond ~tion~, ~orticul erlv of lo~J awir? . Thia d iff' i cul ty 

i a ove:ro o~:~e i n t ho pr eon t ot ud: by wsin" ei tber 11 cl o:..oJ loop or urdetod 

or~n loop tm. lo~ontation. 

7he o~tim~l ~ontrol as o tur.c ion o~ t io8 1o f ound bv ap lyi~~ 

Pontr1 r; in'c !:C:d.::n.un Pr i nciple t o a c o~lt t:1 el of the s,vRte::>, utb 

linMrioe I vrom1co o.nd control input noturt~tion, l or a nOttliMl ~et of 

init1 1 oonJiti ona . A m~ified oano1t1v1ty •~ul,vnie bao been ~ovclcpod 

to obtr.in !'roe t bie t_@ 11olut1on ~or n aocu.nt o rop:-ssontcttion ot tbe s;tl'ttr:~ 

dynn-.icc inclu..ir.~ t i.r.c vard r, r e e l cm; : h ~nd n'nlinea:- veloc1 t:; f e0.:. ­

h1ck on t Lc trnve~e ~o:ioo , The opt•n~l cont r ol for vnr ous otb~r init ial 

con l1 t iono o f i nter nt ia detenined u~in " convcnt~on\l J: nwton~Ra ~hllon 

t eh:Uque. 

J. r.on inM r c l ~braeio qu t on 1a proCucod f or t he control input t o 

t o.rtn!l of t he f our ctllt e vorhbl !l by n nonl111esr t:n.~l ti•tariable roc;roo i on 

annlvo! 1r.ecrpo~t1~ o l~a~ ~oeh~n1s~. 'Ibe oaae tacbni~uo .I o used 

to r o..fuoe an equ t1 on for t ba cont rol ,rariable O\Oitchi~ tir-:eo in tennN ot 
th~ initinl rte e . t!~te:- equn!i cn ~QY be us~ i n a pr actical B!Dteo , but 
t he 1st ~ e-o'~ bot er perfcrc~noe and eimpl er 1m . 1~9ntation, 

Reoul t s for bot t analogue and dl&1tal n!QulationB are gi vftn . showing 

impro\·e:ent in per ! omanoe over a conveoti c.nc l 11obe:ne Utl ine lin~cr feedb:lok 

of the ot s •c \•orhblec , 
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: · _:r 1 r ;' • RomAn G6re cki 
•;. tcJra J\Utomn t yk1 1 Lloktron1k1 Przemyslo~te ;! 

: ...•.• :oni a Q6rnios:o- uu t nioza 
j';. ,. ·' , Al. ::iek1owi o&a ) 0 

T1me- 3ubopt i mal oo trol of cranes with s pecial 
~ ~ =~~ : =n=====~~ ===;:a:=====zac======ac=a~•a•aa 

tokinc int o the wonaider a t ion of practical realiza tion 
==~=~=~=====~E :=•=~=a=~=~=~==•••~~=u=~====e==~==~•===~ 

So., i. n::y 

Tho ronlizn t i oo of time-optimal control p:eets e:::-oat diffi­

culties i n dc te r m1n1ne of control sigr.a l , o.s 11ell as 1n J)ro.ot1-

oal r eaJ1za tion. Ap~l1oation of tho.t type of control is ral•elJ 

possit.'ie t< nd pro i~nblo . 

I~ this rc~vrt t hero !e t he relation about eubotpimal 

oo:1trol of t or 11ne whi ch shows a let of adva ntages in proporcion 

t o t he optimal 0 1 trol. · 'i'h1a control has boon obtained on the 

b«o1s of an.:~l,y u is of opti r.:al control. \71t h s mall los s on f ast­

.o ::. of a ') ti ng t he c onh•ol sig~al has been gr'l atly s i rupl1i '1ad. 

The deoorobod }Jroposition o! oontroll1n:s hns been oonf1r­

r.:ed b·• !.'!'le r esults of t ost1ne obtninod by means of control w1tl1 

a r.~ ode l era e. 
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CO!IPL1!:1: ~UTOtia.TIOB OP mB DE.PART1~ BLAST FU'RJ.NCB - BI IiTERING 

PLAn' - JU; ~TERIJLB DSPOOI'lB, OR 'm.S: INTEGRATED IRON WOREB 
GA.L.t.TI , BY lDWiS Oli' COLIPUTER COliTIDL 

G. Soripoaru., c. Paiua, o. Sto1oovic1, 1.1. Popeeou 

Co; .. ,..u;x AU • .,I • .Al' IOII OF l 'IIE DEPA !T .. uc.!l1' tlLII!>'r f l.IWI.-CE -

S i:. ~!U: 1 • U.!.T - hA'.V LJ>Tr.:l<IAl.S DJ:;.h, ·u s , THE 

1! ~t. ' " ' ' 'i D 1 •ON 1/ I«S GAL .. T 1, !JY ~:£ .. !:!) OF C(, .PU 4'BH 

Cv1h <Ol. 

A p r ocess co~puter h us boen instulled at the Blast 

'vt'llh Co e .;J i.!!lt' t • . on t u f l.hll .• l.u,,ruted lron 'I.'Ot'o{fl I.J~< l u li wil.h 

1. 1 • .: &l.t. o f raclde vi nb t h o c uL.plox ttu t.ow&tion or t he e nsemble 

l l uu t. 1-' urr.oco - :;interine; Plunt- H~ow L.utol'iuls Dopolll la , 

Fo r t he LltHl t t ,·nuco , ll .u cu~. i , ll l. u t• ucc •J p liuh& o dota 

]tl • .i 116 , l li!J c!.u t•gi ng 'eJ.oc t, l ho co r ,·., c lion of 1.11& quu ll. il.i t.: 

c.d ' -u'· ... t. l. t' LI•lu i : l..w cl .. , r-e <J ~a nd t loo o ;.. ti rui z utiou of the 

\h t~ L 'I"IJl jll u CO U0 1 Ul.. lll6 6 oli UI.tl t~•UliCIIl IIIOdttl, 

for I. o - ir . tt: r ir c: !lunt, t ile c uu:pul.ar li ccolllpli sho a d1:1 l11 
l o~o i n~. u nd t r.e o l.i.. i.t&lion of t h e su l.oc·J, c! t.. lrund , 

For t 1.o H"''" i.:U I. J riul o lNyoai t o t he c o:'.pu t er d &'118 up 

U. tJ • , :> t·t f.., t he LL'Ua !;1 O L' t op.,r ~ot t ... :.s &nd t h e re..,o t•t f v r th• 

IH C; " "'' of s· tow ;;.'.l t<ll' iiJls , IJcco t·rJ u .e; t o t..h e o<. r ta ~;nd de p s i tinet 
.,o . · u , 

.r.o uc t ol i: :nu! 1.:.. t :1a i s :Jriefly deccri ~ed a nd a 

z.. •-. uL'J · o:· t.. r.e o os·at ' nb d& . u io ~ i ven ao '"'ell 1J6 a su=ary 
"t' t:.o co~;-u te x· ;lLC6 ru=..:.a Ull ~d . 
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Oll-UNE OONTROL (7 VOLTAGE AND WCUVI!: 

P01iER rLC111 IN !L!C'TlliC POll ER SISTI!KS 

Jun-1ch1 Baba, Shigeo Ha.11'ahi, hoN Ilbid& 

MitMabhhi l:lectric Corpor4ti OD, Au.guald, Ja~ 

h electric porer beccmn eatia!acto17 in ita q~~&ntitr, the 

qWJ lity or al.ectricit7 haa been .-qlli.red, · •Tbt quallt7 o! electric1t)"' 

11eane ctliefl1 t requeoc7 Md "Voltage, 

A lot ot ~~~tthode and apparatuaea ban been deYal.OIIecl tor aut.OII&tic 

frequency control, AutOII&ting ayat• ·-...olt.ace control / Y&r diapatcll , 

hcntever, llave llardl7 been cona1dered, 

Up t.o now wltage and reactive control 1-.a.,. been done by •sing 

automatic wlt&ge regulatOI'e o! generator& and qnc1tron011a condenacre, 

tap changere under load, ehunt capacitore and r11.1ct.ors being located at 

nrioue pointe and operated unuall7 01' with con.,..nt.ional automati c 

apparatueee, Therefore it vu quite di!t1cult to get a co-operat iw control 

ot then c1ev1cea in electric power •r•t-. 

Tbia paper deals with the apparatus (A~) and control aywtem to 

sol.,. such c11!!1cult7 and reeulta ot -e field teat\ 
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The lte nlo• 'o'orkn Tent1na ••nrl Tnlti11l 
Site c.o t i nr or t he Computer. P•o:oed 
t;ontrol uwJ fna tru:nf.tnttt tion !;yn tom for 
A Tn?rnhl ;e ne r1at i n1r :a,tt.i )n 

by J , H. Oaborn M, F. llelnl,unty P, R, 1-!luldock .t C. Aye ru, 

;,y JOJ:;t;, 

The pt.per do :~cribou ~ho r cnoona f or OPJ•ly:n~; " comr,ntor b11l'ed 

control ar.d inotrwtcn~•· tion ny. tom t " ouch ~00 J"ti lJoiler/wrbi ne 

l~er.or ·otor unit t n u 2000 f:"il oil flrod u t 11 tion, 

"!'he r>~•JI&r flra t ~>PI r •d .•cu tho !'~oc ili tin:: of fero<l lty :~uch u ~Y" t o:: 

n l l.en tli ' CIAIJ:I8 0 tho DCil i t;II 111111 I rOI;TIIn!111 lllf! U.!J I ho<l:! u<lop lOd i·or tl,o 

lnl<il?"" t ion of l.o crn.tr~o l n;, .• t o:n wl ·.t. the 11.11111 · l •ont , In l• '• r ~lc l11 r 

t l.e l '• J.Or rlo.:crilJ n l•e " ol ution.J l&•lo; Vtd for tt.o oy:: tom lntorf~oce nnd 

rill ' l l:l lt.C r.O t !JO<III Of ll.e l t, ; ,:tfOT or i 11f0r::.'1 li011 J,t. WOO/I lhO YrOjCC t 

Lot 1, , , ::•.••ff , the lW• i n J l ••n t eo:. r ·•cloru ••n•l t i.o \ 'OII l l'll l • ;;:: •.o :J UJ pliora 

un't U.u r Jit"O, ·r tm.n.or~. 

Tl.c 1-"J•Or con tinue.• with 11 :rwcl'I J· t l on of U.<• llorY.u To.o tl111; of 

i ri.Ji'l 11 utol ~Oilllll:.J W 1d .tult !I:J" lC,,:l hhY tl ,on •le:·cd r.e c i. uo ••11 t he 

e.o loot! of '• ort:.• .;;;.: t oe o.tt , h . r t l cul ••r r nf•t rOIICO i :t av.~ o t o t ho pro­

Ctl11lr <:r. !'o:- l'l·'l :r•"" Tc~: tlr.,, i nc l 11 l i nr• t l.c ol<e; l , t i oro o~ t l.o vl ••nt •lur i r.c 

fJ ,J t J t oiJ.!JO• 

:·o ... lCi .r lr.•: tt.o i r. l •. i •· l ul to i t. ,.,,,u ,, t i on o~ ~l.c ;·;;a t oo t l.o c.e thoJ.· 

of ~ o:-.. j{ io:.L f! :. ~.o ::.·, i n yl,,,.~ U.1t.:.J· i.c co:.t.;-o l ay t oo ~ :.d !tu r~rot:r·tm 

,,ro .o.~ cr tl.v: . 

7i.o ; ·~ J er co:.cl'.. .eo 'ft'i t~. b .;u=.:; r./ o!" ·.:.o loo!lO!" .. ; lor, n.od on he 

; ro~oc: '" · 1 wt. ich ·.:·e LO i:.t~ ·q J llo1 to t he nex t 1 r oje ::- : w'. l ch in in nn 



AN APPLICATION PROGRAM FOR 

THE PROG~~!EO CONTROL AND INSTRu~NTATION SYSTEM 

OP A NUCLEAR REACTOR 

Or. J. R. Koaorok 

Bottelle Memorial Institute 

Pacific' &orthwest Lsborotory 

Richland, Washington USA 

A dig ita l computer haa been interfaced vith a nucleor reactor i oatru­

ment atlon and control system. The test reactor's electric heating syat~~ 

rated a t 384 KW, can heat it to 1000°C. Ita graphit~moderator i a blanketed 

with presurized nitro~en to inhibit oxidation. the digital computer directly 

control s the nitrog~r ~nd heatin& systems, and provides operational aids Cor 

the r eactor personnel . 

Control techniques for four closed loops in the beating sys tem vcre 

progra~d on the computer. the baaic, di&ital, aimulatioa of a proportiona l­

plus-int egra l controller was modified to provide several notable features: 

(l) aids in controller adjustment, (2) transducer signal conditioning, and 

(3) compensation for process nonlinearities . Other fea tures of the control 

system reduce opera tor errors during start-up and o,eration of t he nitro&en 

aad heat systems . A significant feature of the deaian of the control programs 

vas the extensive use of hybrid aimulatioas . 
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.WTO!d.lTIC COUTROL OF !N INDUSTRUL PLANT - USIUG 
BY DIGIT.U. COMPUTERS 

J,C, JACQUIN- C, LEROY 
:XX: lA 

R. U:VEQUE 
C,E,A. 

c. '4'i~:WJ 

C,I.I. 
J ,C, llf..:JIOU 

EdP 
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1'bo pnper deocriboa the applicntion of the coc,>lete nuto:o. ttion 
of a DUOloar power plwlt (EL. 4 - .;onta d' .-.rl'.io plwlt) llandl.iJ:lG nt the 
11a::1111 tilla lo._-icnl 4Dd control actiona. 

Tbo atructure of tbia •wto~~~atio.m in doocribe4 c.'ld the reaaona 
ot tho tuoctioQ diutributioQ between c~putor autocatia= and v1re4 
nut0t10.tim:l ara uplo.inod, Furthormore 1:1 partioullll'l¥ do:10ribed the 
ctructu.re ot cocyutar autOCiltium vhich hM oowrnl ori{,-innl tonturea. 
l'ho lo,::ionl ctruotu.re ot the aut01:10.tim:l io <looc:ribcd 'olniah llllll<Do it 
neoo:~t~ar:y to ciw the prooioe detini Uon of the otatoo for c1.ch of 
the cocpoDCnta boforo ox;~lninincr the exact utructure ot the val'ioua 
pro.;rllCB oarrio4 out by the oOJDputor, 

Tbeoo procr~ ht.vo in CODI:r..n a arent nwilor of tooturo 
(I:IOdularity, ropcntahility, na)' codiJic and coditicatio~~:~, brevit)', 
l llli(;IMI(lQ) vhich llOde their npplicntion aa.q. ':'hia hB.e lo<l to opcruto 
the i1onto d1Arl'Oe powr pl:>nt cinc'o ito initial oto.rt-up vith the 
pocoibilltioo ciYOD by tho outoootiam 1 tho applination or this Jtructure 
tor convoutionul plants 1a of couroo poooible. 



by I·'. ;.:orr..n nnd J . !! • ?.L"'cwot t 

{ Ccn-;r:.l 'E.loctr i city i:oaeo.rch Laboro.<;or !.c:s) 

,_;...,;-. :,.:·o l 0£' ~ .. he £.:.:tfiO r tJ. ~iOn Of Ol CC tL•ic !hJ'NVt' i n rul C! 'OCl dC;"C.:'lC!O 3 

c :'> . . :; .:. •. \,.~·~..~~c c.:::oa."'lt of on- lino CO:JP'.l.tn tion i n •,.o:i.vi!'l[.! c. ~ .. or~·to.l.~..i pro'i:i c t !!h1 or 

C -- ·~ · · ~ : .. :.t: ~:1,.. cc::e:<: ... ~l!-:-~G ~:"' loarl cr~O:l!,; ,:o:torn.tQl'O i r. t he r:.o£-; ~;co:"lo::.ic ·:l:!J 

c::.: ... :!.: .: -.n :. .r! ~ .. :~ ::~\i:-.tc.i~ine cccurit;r o!.." t !1c Dt;?ply :l~::.i.n :;: loo:J o~ a. -::c.::.c:::i ~!l i c.r4 

l .:.r,t; t::.·: !J:l·.:!..:..fyin!; ; ho c:to.:-.:.nd i n tl-.o cvor.t o!' out:1~c of c. c;v:-.c::.:.to:... A ~ c.ric :; 

o!' ;:::;.(..:.·!: .. c:-1: 3 hn:l bc on carr iod out in o. li::i""~od r.ro:J. or t ho C. i: .C . :!. t..:,·.~ :l,. ~.: , 

_:.<: .::h?': ... i t :cr. • .. :.l ::.:rot<:~ i r; du!.it..:l.-:":;cd ::.d t t.o ::c~~11..1 d"!. ~ ~..:. !J.;cd . ::::_, 

:.·~ ... ; ·.:..:·.· .. :·.cc.: o~ tiio c:..1to:::u~ic :;y:J t o:l ·;:c.:.t ~:1orrr. to bo Cl:.i)Orior t o t 1-. t o:: c;r .. -

.... ... ..._0 1.~ c.:.~.:..G! o o:.~ -... ~c:t c!o!ic:: cor.t:-ol o!' f:ocr:_·J.c.:nc.:. I"r:..ct::. e=:.l o. il'!' .:.c.:l ~i c. ~ 

· ; ... -~ ........ ;~!'c::. (; • ..:od i~ ::!o_'i r .. ~r .. t; t hu o~c:·:J.t.i:-.a co:::J t::.·.:!ir.t:; -:;f: i ch ti:o lo.:l.: :J :::.f:.::I.!".J : c 

· ·- · .. : .~·;,: ;:; ;:y .::..! in u:>d3.-:i~e ~;·Jc:lo ir. ".!':o co=:~'J'I.ltc:·. ':"he lor..d !.lcf:e :l·.: ~o · • .-:.:1 

... :.:.'r . .; ~ -: : ~o c::;~:vi:.~io:l '.J:f t he Co:::=ol ~~,:i:-.cer ~:..:o·..:..;:t ~ c~!~ oC:.o r ::.y ~:.t':..~ 

.:..... .:. ~~ :.y :..-.c! ::.:J?:ov~r::.<;n~!: ero noc~acn=;; in :.ho 

~~~ o;~=~~o~, ~~o c~~~~ar ~d !hu C~s~lay. 

. 
:·:~ ~::.cd o:."" .:. ... :-.:=~ ;-,icu :!.O;.'l "..;. e t ·,·rco~ 
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Anal yeu of Dynamic Stability of a P owe r Sy s t e m 
unde r Dete rmini s tic L o a d Changes 

J . Preminge r and G . L. Pa rk 

The dynamic response o{ a t e n- p:enerator elec tric powt'r s y stem 

is eimulat l!'d on a digi tal computer using t he COBLOC hybnd comoutt• r 

a tmul a llo n l anguage. Block o r transfer-function mode ls are dt' r ved 

fo r each t u rbogenerato r, and the effects o f a yn~ n ron l zl n g torque oetw t'en 

gent' r a torft Is c al cul ated from load - flow data. The dyna.mtc r espon s l' 

atudied ifi that due to small load c hanges which do not r esult in 

configuratio n c hanges in the e lect r i c al t ranami sston n e twor k and v. ':t c h 

do nc.t cac he tra nsient tnlitabi l\ty . A m e asunng tnatrument to venf) 

t he a tmul n.'l rm r esulta IS desc r ibed and e xtc n ato na to in cludes t p d :1mping 

and l'umped- atorag" m s tall ations are d1 s cus s ed. 
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ADAPTIVE CON!.ROL OF INTERCONNECTISD POWER SYSTEMS 

r. . Cuenod, 
Societe G6n6rale pour l ' Industrie 
Geneva , Svitzerland 

? . ; ~>liealo 
De pa r tms!'li of Industrial a: 
Syotemo En i neering 
University of Florida 
Gainesville , Florida USA 

A. Darling 
Department of 
Engineering 
University of 
Ge.inesville, 

Electrical 

Florida 
Florida USA 

The pri nciple of the control of the i.l ~~rchanged pover of in­

t~;rconnec tei power systell:3 is ..- 11 known as the "tie-line 

cor. tro " . 

For the so.ke of oecurity of the power s ystem , it s eems ppro­

pr iste to take the temperature of the conductor of the tie­

lineo &s criterion fo r the optimal adjuotment of the interchan­

~~~ power control. 

In ·1tew of reducing to a mir.imu.m the control work of the regu­

l 3tinp pl •nts , fluctuations in ·~e in erchanged power cnn be 

accepted as long as the variations in the tie- l ine tempera t rf; 

which are limited by conduct or thermal inertia, do not excee 

a se.!"e limit. 

Y.'hen the mea.nvalue of the interchanged power is small, it s 

poss ible to accept tig fluctuations of this temperature : the 

reeponse of the control system c~~ be smoothed. When the mean­

value of t he interchanged po~er i s relatively high, or ~n case 

of emer gency aft er a perturbation, quick response of t l.e 

cor. trol system is required, to prevent an overload anc' a-:1 over­

t emperature of the tie-line. 



Using t he dyriamic statistica l analyois , thio report rietermi ne.:s 

the rules of '!.n adapt ive control of i nter connec ted power oyo­
temo , it means how to adapt the dyna~ 1 c chnr cterlotic1 of the 

controller, according o the load of the l ine and in cane of 

emergency ; different methodo to determine the caoe of emer­

gency are dis cussed . 

The efficiency of ouch an adaptive con trol i1 demon 1truterl 

with a model using t he hybrid oimul atlon . 
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.AN :nTENSION OF mE H.ARl.lOITIO LINEARIUTION TECHtTIQUli: 

E.P. Popov, E.I. Khl.ypalo 

There is a comparatively vast c l ass ot nonlinear 
automatic systems for which the application of harmonic 
linoarizatlon methods gives incorrect results. A new 
var : ?nco of the harmonic linoarization me thod is decribod . 
oin~ tbo method, ono obtains results , which may be approved 

by tho oxporience of ~onlinoar system design and accurate 
corlputatlone . 

The essence o! the vorionco lies in the fact, that 
a f o.nn of harmonic linoar i za tion of nonlineari ty in the pat ­
t or n of O<iuivalent 1nurtlal section, that cout a!na a varying 
a~pliflc~tion coefficient and time onotant, is given. When 
ana tya1ng transient processes, the parts depending upon the 
p~rametcro o! the unknow transient process are also included 
i n the equation. 

The new forJI of harmonic 11.nearizat1on rcspon:is bet­
t er t v the phisical moan!~ of the probleo and gi ves mor e 
accura ~e results in the mathematical sense. 
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TBEOilEMS Oli 1'BI AIIB'l.'ENCB or PERIODIC ~IOBS 

B.AS1D UPOll TK! DESCRIBllfG :PO'l'IC'riOlf IIETHOD 

b7 
Jacelt la.dreYics 

Ine~t .lutoaat)'ld. P!!f, 'larazawa, Poland 

~ non~ear feedback -.yatem described b.7 equation 
Qll 

x{t) :s ~ u(t -1') dh('t) + s(t); u(t) •[:rx] (t) (1) 

0 
is considered, where h(t) is a function with bounded varia-
tion, H is the mapping o! a set of T-periodic !unctions into 
1tsdl! , and z (t1 is a T-perlodic function. The function 
h (t) and operator '8 characterise the linear time-invariant 
part of the system and nonHnear el&lll&Dt, res'Peet1ve~, and 
z(t) represents the excitation of the systea. 

The describing !unction ~ethod is !requsnt~ used for an 
approximate examination of nonlioear vibrations in system (1). 
In the paper ~o theorems on the existence of a periodic so­
lution of Eq. (1) iD a given neighbourhoo of approximate so­
lution obtained by describing function method are formulated. 
The first one deals with nonaut onomous systems having a peri­
odic solution with the period ~ determ2ned b,r the input 
zlt). The second one deals with autonomous systems !or which 
the period o! the solution ougnt to be calculated, 

In o:-der to prove these theorelll3 the idea o! reducing Eq, 

(1) (with the compact mapping) to an eq~tion in a two dimen­
sional space is used and the topological aetcod of rotation of 
the vector field is applied 1n order t a sol~• the second equa­
tioll, Both theorema are ilu.strated ~ ex&:~plea. ID each o't 

the~ the Baoach ~ace containing t he so~ut1on is chosen 'tor 
the given mappi~g 'I • One ot the e%4l!lplea is referred to the 
&yatem haTing an element with a diecont1nuoua characteristic. 
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STEADY SJ'ATE ANALYSIS OF NO::ullEAR SYSJ'El'.S AJ:D M'UL':IPLE It;PUT 

DSSCRIBING FUNCTIONS (M.I.D.F'.) 

Rot:llld v. Sea 

D<'·• t.. of Kl.ectrical E:.ri r.cf'rine 
ll!inois l :llstir.ur.e of Technology 
Chicago, Illinoi o 60616 
U.S.A. 

I 

Andro G. Vc.croux 
Aoci riont Profc~~or 

D"J)t . of EJ"ctrlcnl En,;.l.m.• -.I.! 1; 

Illi11oia 1 ' : t\. ~ •. of Toe • -y 
Chicago , lllinoio ' '<. 16 

u.s .. A. 

Tho doscri'c>ing f UfiC't.ion t echnique 1:J co:,s.l.dcr od b. 11 ~r r l Cl\ CO 0!' 

the lliOr o goncrul p:-obl01:1 of de (.:-mlnL'1(.' tho wnpl! udc of tlllY ~r<'1uoncy 

component 1: the ou-:.put of u sinr::le vnluod nonl.I.JoOM ity '.11th n :-u.lt!..l" ~·ro­

quency i nput . By uc.l.ne R powe:- ocrico, Fouricr trnnr.'orre, nnd ~·ourior 

scr i r , reupoctivcls, to rcpl'oscr.t 'the •10rJ!r.onr lr.put-vutp~\. clulrnct,.,r -

is ti c , three f omulho • er t.ho ruupli tudc of L.•J:: ou t.pu t frequency con.ronont 

nro dorivod, The f on Jula tv..sod on t.:1o Fourior ocriro rcprc.ror.tatlor. of 

o ncnlineur!ty i s prt. • d in dc~il '.11th n diacuaa~c• of n~crical 

tochniques for very rapid cOJ:Oputllt.l..)n of output c.mplitudea . 

A:l sn impo:ota t &pocial ea so ( !.n n to~ tic con t.rol theor y ) of t.ho 

above mot.ho<ic 1 both t h cwct roprescnta tion ur.J on ofl'ic1cnt nll!:lcrlcnl 

appr?xi.m::Jtion for the Multi!'lo lnput Doscr1u!ne Function (H . I . D. F. ) /.ITC 

pro::-ent.od, 

The~o mothodo nro g~ •.rnll~od f or co.soo when t.llc input froquoncie3 

nr& hunnortically rclc.tc."~ · It i o ahow t hat t hu rormul for or.;,• out ut. 

llllplit.ude in t..~Ji~ .:c.!lo iG r;ivon lr; ·a Fourier nerioo (with ro~pcct. to it.put 

phnoe), 't.ho cot..!'ficicnto of which dcpond only on 't.ho input ll.lllplltudos, This 

oerl "n io aho'.l! IJO convcr co rnpid.ly, allowL'1r; efficient nunmrical comput.a­

tl.on. Af::'lln tho d c~cribinc fu."lction~ for pr obl = '.11th hnrm:>nlca.lly 

rclnt.od i nput frequcncioa 1\I'o spccin.l caoo:~ or this mllthod . 

A on example, o aubnnrmonic Dual I nput Doncriblne Function ( D.I.D.F. ) 

13 conoid od , and 1 ts r ol ot i onship to 't.ho D. l . O.F. for Wl.:olutod i nput 

froquenci o is cotllbllohod. Typical curvea ore O.v.n n.nd t..!Je :mmo:· icnl 

::Jc thods uaod for thoir cc:cputo.tion ore diocuasod. ThP third ::u.bhs.r7..cr.ic 

occllln tion of a syotcm i s invcstlen t cd by mcnr.s of the so curves, 
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ANALYSIS OF l!ARMONIC AND AL!JOST PERIODIC OSCIL.I..\.TIOm 

I.N FORC3D SELP OSCII.LATillG SYSTEm 

P . K. Rajagopalan 

Yaah Pal Sillgh 

SWDt%7 

':hi paper pr•~t• a aiapJ. •tbo4 of 1JSftet~aUllf \ha 
al.IIOat puiocli o oeoU.lat1oDII 1D f oroa4 a~f-oao1llAUDf ucn­
lin .. r a,rahaa oonta1Dizlt oca , a izlgle "lW14 o44 oonl..iDaar.U,r. 
1'be .. t bod d!IUMI that 1h1 1np l.l\ to t.ha DOOliDMJ'Uf OlD bl 

rapreaaD1.a4 'IV' b fiiJlAlqantal ooaPo.-cta of tl1l ~ynohroll1-

&ed fraa and foroad oao11latioDI, an4 .aku u .. of the dllal 

1Dp11t daaori'bills fuooUon of \he aonllnear 'altJDmt for illoo­
... n.aiU'ate fl'aquano1• b oo~1112otion wuc the uubareal chart. 

fha propoaa4 •tho4 1a puUolllar~ l..> tflll tor abdyillf \ha 
pheno.ena of •TDOAI'oll11at1oD aa4 4ee.rnahron1sation md ita app­
lioaUon haa bam illWttrat~ _. atu4J1Dg tbl foroecl oeo1llA­
t.ion.a of (1) tbl fan dar .Pol oao1llator and (11) a third ol4ar 
rale7 •.r•ila, oTil' a W14e reqra of .. pl1'&u4e aa4 trequeno7 of 

U1e foroilll 11111111. !be propoaa4 aatho4 baa tbe adnn'ega 

tAl t 1' 11 Tea • alaar piotura of aeTIJ'el of ~· pheao!IIDII 1D­

~1Tad , 1a applioabla to e.ratu of •111 order, an4 ratama Ua 
a1apl1oU;r ann for bifbar ordar ,,., ... 

the pou1b111\J of app~illtJ t.ba iDoraaanhl t:requanoy 
raepo1:11 e taoAilique for 4ehrai.Dil2f t.bl atlbillty of tbe alaoat 
par1odio o•o11J.UoDII baa alllo toean ax•1ned, laadm1 ~ m 
or111na1 OODOept, \be i garaephl dual 1n00 dltoril!i!l& 1\mo­

t10ll (IlliDJ ). l!lucl on tb.U, orihria for ~· thbU1. \7 of 
80laUon.a obtained liT t.he ~minraal obart ua c11aouaoe4. fha 

upraadOlUI tor tbe IDIDJ for aaTeral aonlinear ela•m\a ara 
alao 1Qelucta4. 
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COXPUTATIOM OF I NITIAL STATE 1\EGl C:iS FC>R S'iS!£!-1 

STASll.lT'i VIA FREQllt.NCY RESPONSE CRlTER I.A 

Andrew U, Meyer 
N•vark Colloge of Eng1neeriJI& 

Nevark, New Jeraey, U,S.A 

For a clcsa of ainglo.•lcop ays tellll eonslt~ i.ng of a lincc.r 
t1mc•invar1an~ element and a nonlinear and poaaibly ttmo-vc.ryln~ 
elemen~, algoritbma are preeentocl for the computation of atnbillry 
boundariee in etate apace. These al$orithma are preao.nted in tcr:u 
of algebraic relat1ona involving t ho frequoncy response ch4raeto• 
riatic of the linear elemcn~ and certain relation• involvin& ~be 
nonlinear element, They are alao appli cable for ~be computation 
of bounds on initial functiODa for. syatema cOD~ainins tiJ:Ie•l&& 

and distrU)\n:ed parame~ers. 
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DEStGN AND APPLICATIONS OF MULTILAlER CONTROL 

w. Flndelsen 
Katedra Automatykl I Telemechaniki 
Warszawa , Poland 

I . Lefkowitz 
Case Western Reserve Un\vers1ty 
Cleveland, Ohio, U.S.A. 

The paper discusses some aspects of the systems design problem in the 
implemen tation of control of complex I T.~ustrial systems. A hlerarchlal 
approach is presented as the basic framework for carrying out the design 
process following a sequential and iterative procedure . 

Two aspects of the hierarchlal structure are devel oped. In the 
~ttitovot control hierarchy, the complex system is decomposed into a 
set of s lw~ler subsystems, each subject to control based on a local 10del 
and a local criterion. Higher level controllers serve to coordinate the 
actions of the local controllers so as to best serve the overall syste. 
obje·:~l ve. In the mwttilaver structure, the complex control problem Is 
decomposed Into simpler subproblen~ each of a form readily solved and 
Implemented by existing techn~ques. The subproblel$ are Integrated through 
higher layer control functions , agaln 'in consideration of the system ob­
Jective. 

The proposed structure for the control system provides a rational 
procedure for simplifying the control problem and for effective utiliza­
tion of Information feedback In updating the cQntrol or decision-making 
algorithms. Implicit In the design procedure are co~slderatlons of 
economic tradeoffs relating Incremental costs versus ~neflts associated 
with the control function. 

The hlerarchlal approach Is predicated on the use of the computer 
for fast-tin~ simulation, Information process ing and on-line control. 

Many of the concepts and guidelines described are Il lustrated In 
the context of~ specific system application . 



IIULn IITAOI OPTliiiZ.ATIOlC or A PliODCicriON SY!>TIIII 

USlMI A Dl!ICIU'B VZRBIOIC or PONTRYAOIIC ' S MAXIIIUN ·PRINClPLI 

I . I . Bhottochoryyo and I. S. BehAry 
Wonorn lloctrlc Co•pany, I ncorporoted 
Box 900, Pr1ncoton , New J~r"ey , U. s. A. 

A. 11 . Bekbru 
C.loneoo Corporation 
5$0 Brood Street 
llewark , New Jeroey, U. 8, A. 

ln Uola paper, a aethod has been develo ped, uotng o dl•croto verAion 

of Pontrya1ln ' a llaxlaua Princi ple, t o dotormlno the roptiiMI pr•>ductl on 

ac.IW!dule of a production proceK" by cnnHidor l nc lU dynoalc re~ponao to 

warlo.a doclolon~ : Tho optlaol IOtrotOKY lA a seq1tenco <>f d~clslnns tha t 

atnlalz~• • co8l function over the ontl ro plann1n11 hnrl :r.un , Thlo cost 

f unction enc:OMpellaell prt,rluctson-tnvcnto ry c n11t., ond tho cruttli o•uwctated 

•ttb .n.o aya te• paru.eter1 . Since the IIYAlcr. pa rameters ore coated. 

tllertlo re t be llptl .. -.1 Hnlutlon not only dettnoH the llptt mo l Hcquenc .. o: 
~totnna •tth reopect too puruculor Hot of pu romot~r11, bu t AUJIKOHU 

I f ll la a dvloabl e tu I ncur a certa in cnHl to l mprn ve the oyHtee paro­

Meter8 &o •a t o acht ove better pc rtor~,nce. 

The all{<>rltha dovclo pod In t hiH popor requl r o,. murb l c!IH Alorotco 

capaclty o r a dl~ltal cnap utcr t hon 1 Htru lgbtfo r ward applicatio n of 

dyrAalc pr••K'~-Inl(. The algo rithm bna IJ"cn prul(rnl!ll'lod for app licat i on 

&n s~ aAnuracturlnK proceH ~CH ln the WoHtern Elcctrlc Compnny . 



TIIF OCCURRENCE AND EFFECT OF DATA LOSS IN A HIERARCHICAL 

DIGl TAL c..~ J •lJl LR SY::;TI.,M i ftUVIlJING ON-LINE Pl'\OCESS CONTROL 

H. H, J ohneon , 

Imperial College, 

LoJ~,don , 

UnJ.te d Kin g d om , 

In a full y de terminieti c ~ystem theoretical valuea of apee d 

and eize ma y be evaluated for each aeparato computing ele .. n t 

and resul ts i n a Linear Prograu~ng pro b lem which will yield, 

withi n l imits, the moat e conomically viable c onfiguration. 

For a aya tem, wh~ch ia a ubjoct to atatisti cal variation the 

upp"r-boun d c oat muat b e off-se t by t h e cumulative effect of data 

loae on tho effici ency of contr ol provi ded , Conaide ration. wbie h 

~Y cause pertu r bationa from t h e steady atate working of the 

sys t e m include the following: r apid change of atate or control 

variablee demanding an increase in sampling ratea with conaoquen t 

effoct e on t he quantitiy of da~a handled and ita proceaaing tt.e. 

Bre akdown e ffecta reducing the ove rall computing power wbilat 

parti al l y n egated by the cessa t ion of adaptive and monitoring 

c a lculations IIIAY cauae eerioue de laya in the production of control 

informu ti on. Calc ul a tions whi ch are themae l v e s iterat ive Ln nature 

may con ve r g e more alowl y t han expected and result i n bottle necka 

at a particular proc essor, Fi na lly, any Corm of ti--aharina 

wit h o f f - line progrttms, whils t b c inb de sir~tble at the high e r le la 

of the corr.p>tte r hierarc hy, wi l l r estri ct r eaponee ti•e a follo>o'ir:J 

demands Cor data from the lowe r levele. 

Queu e Theory provide s an a dequate basi s f or a description o~ 

the patter n a o£ data flow and i s ext ende d to handle t h e caae 

when t he bal ance betwe en traff ic intensity and ser v ice ti .. i 

disturbe d t o c ause an effectiv e d a t a loss. Thi s structure i a 

c ombined wi t h eleme n t s from t he The ory of Storage , l~kewiae 

e xtend e d t o doal with overClow, and moulded i nto a compreJ.e.-ttoi ve 

aystem eui t able Cor t h o analy is of on-lino c omputer ayate-.. 
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OOJmlOL SIB~ .AND ..U.OORI'l!DE i'OR J. "STE!L - ROLLIBG 
PROMC!IB"IWIOJ'.t.O~mmm OOILPLU OB J. STEKL WO:RXS 

J..P. Kopelnieh, J..J.. Belostotslcy, B.J.. Vlaajuk, 
G. I • lUld. tin, 1' ~ 11. lhl.'v,pld.ll. 

Dee~1be4 are methods t~nd .ruulte of 1nveatigf1Uon or 11 o·pe-

ratiTe plannis ayatea and control with the uee of CWM for 

aaiD p1rta of a complicated at•l ateel rolling "llle complex. 

Dleeueeed ie the teek or an operativs plt~nnina for fl very lar­

ge factOr,' with a co~npHcatPd parallel - rollowins structure 

or production, laree nuntber or. co,.orkine; machines and difrirent 

production proeeeHea. 

CiT•n are queot ono and nl~r~ ~~ cjnthesis mflde for followine; 

control equ~tiona1 monthti operative plt~n for whole complex, 

clnily planni'lli or llll elements or par rllel-folloYiine plllnt 

a t.rt~ctur.,r . 

Aleorit~a ar~ obtained with ~~~ help of linear progr~~ine; 

npp&r.etus, ~ctqt lie!lt.erl qtJ~stlon of lll'!lthemetic'!ll ! ~ e'o and ma­

t hemo t lcal Atatintico me~nJng. 

: howr. end nnalyz~d are reeulte or test run or aleorithmee on 

I .,, ::. eon.puter of'nter CJt e atePl mill, formed are requl rea:Pnta 

f e,r l::C!fi~ tor eimilar oyoteino • 

. 1scus Berl 11 ~ue otioc of operative control of a large open­

hearth furnncf! depar t:r:ent or t he plant. t11 th full eteel pro-

cueti cn prcces9. 

wi •1en are proceslil chera•ter1aUee and ita ccnr:ectione •itb cl­

~er plant de~~~ents. 

:Jb·•"r. are aou inve.,ttention reeuU• or worlc1DI departments 

\n1 use or e etatistleal simulatioD in atud1ins of the obJect. 



str\t:ture and control algorit~e o! t he eya~em i e des cribed , 

1nc1u~1ng rail transport con trol, central de~art~ent control 

central alloy feeding con t r ol and control comp t er. 

ShO\Tn are inves tigation resul ts o! a plant control •• for ga• 

neral etrviee B71tem, da!1 r.~d are eyetem charac t rietica, 

form~d ~r• control rulee. 

Formal plant moda l •• a eeneral 8erv1ce eyotem is given. 

Shown are r esults of an 1nduetr1~11zed • teat exploitation 

on one of the steel mille. 



AN APPROACH "ro At!IOMATIC ADAP'l'lVE 1!.\T PRODUCTION SY~ 

by1 G. Hayhur!~, 

University ?f Technology, 

l..oushborough, 

Leicestershir e, 

Ellgle.,d. 

Thi& parer outlines the d l fficult. lea involved i n determining t he optimum 

eub-gc~-s for a fully au oma~l c batch p~duction ayatem. ~e s~hedul1ng 

problem for general opti misation criter i a is ou~ :~ned , previous methods 

\of eol ution i n II'J>eCific c!lllee are diseuased b!·' e t'ly a. "'d a heuriatio 

method for solut ion proposed, balancing ~uali ~y of solution against coat 

of eo putati on. Co~putational experience of an experimental program is 

given against alsorithmic specific ceae solutiona . 

~!! roe:.hod is indicat ed to be u t.eful in otht>r control and opt1m1eat1on 

problems. 

'll1e proposed method employs a graph t heore tical approach where t he graph 

t~averoed is the d~'1slon t r ee wi th nodeo at each decision point , Values 

are all ooatt"d to each node according to the optimlsati on criteria a."ld coet 

1\J.nctior. n .e n>e hod seeka the beet rout e through the graph, 

Should er. ovfo ral l opt iCl\llll be rcqu.i red, the method will provide a.a economi­

cal starting point for tbe 'Lranch and bot.nds' algor! thm ';.o solut i on . 
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THE USE OF aJMl'UTER :EC!-t."liQUES IN THE MANAGEMENT CONTROL OF A StEa RKS 

B, B, liickUng 

The Park Gate Iron dnd Steel COmpany Limited 

Engldnd 

1,0 The decision to use computers at The Park Gate Iron & Stoel Co. Ltd. 

was made at a t ime when the COmpany was planning a major expansion in i ts 

production facilities, Comoutcrs were introduced to provide a pldnning 

servi ce for the whole work~ , and in one crucial aroa to provide on- lino 

control. 

2,0 Doe syotem i n based on thrco mdin magnetic tape filos which record 

the Co'llpany' & ordor book , ..ork in progress and stocks of in']ots and Sim1-

f1ni5hed stool, Thcso files aro updated 20 times each c:.• , ,ll;h production 

information f rom the work s, 

3,0 ~ruch of the i nformatlon output by the computers ts designed to help 

manager s to have a oe ttor understanding of the activi t i es of the works 

and to dir'lct t hoir attention into areas whore their efforts should !le 

conccntrat'ld, 

3.1 ,1\inytg by 1.\inytr Control 

Minute by mi nute control is concentrated i n the prl mary ~ill , Tho 

conputcr sy~ tcm is desi gned to co-ordinate operator s and au omati c 

con trol s to obtain maximum thrOU<Jhput . This is achieved by a comput er 

CJntroliod display sys tem oporated from a produ~tion control centre, 

lnform•tion i s given t o t he mill operators . on ca thode ray screons on 

v. • ! eh tho computer di splays i nstructions for ingot~ movi ng through 

th•. nlll. 

3. 2 p~ by D'Y rsntrol 

0Jy by day control is aided by tho computer-bJsed production planning 
sy$ tem. TI1o t3sk of the prod~c tion pl anning dopar~~nt i s to f. nd 

ways of <)rouping customers orders, fir s t into cas t s by qu•lity, lnd 

lHt>r in to rolling batches by sizo. 
3.3 LOM!'r i~rm Con trol 

r:~~ main files are sUI!'O!Iarised at weekly and monthly int~.-v5ls to 

pr ovi de reports for accountants, met allurgists, sales foreca~~rs , 

etc, 

4.0 Development of the prosect systems i s limited by toe ca~acity c f the 

cornputers, inaccuracies in shop floor ~ata , and delays i n obtaining 

i nformation from t he oroducticn depaz~ents, ln order to overc o ~~ese 

problems, a development scheme i s planned, which will rcplac.: the ::WO 

central computers with one large comeuter wi th disc storaqe, P:. 'ucllon 

~.e ssages 'Ni l' .,, input dl.roct t o this cornputllr 

locat ed aro>.. the works. 
tluough :lO tel. c.-. · ro ters 
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OO?tSII.EF..n:. Brn'!'BESIS C1Z LIF'l'IliG 'Rl!:KN'l'RI' VKHIOLB OONTROL 

SYSTD ~CTURES IN ~.llOSY'.dERIO !.I.UmUVD 

Petrov :a.s., E:olpaltova N.P., Vasil;rev V .A., P&vlenlto A. I. 

( )l()SCO'if) 

Oon~iderat on o! the interaction of l ongitudinal and lateral 
motions o! li!t ing r eentry vehicl e ( L.~) is neoeeaary !or hyper­
fonic !light e>en at comparatively smal l angles of attack and 
sideslip. Ther efore it is of interest t o 1D estigate the set G 
o! mult ivariable LRV control syst em providing independence or 
1ns1gn1!1cant dependence of controlled variables or groups of 
t hem. 

ln thie paper the problem ot obtaining all the set G of the 
control sys tem s truct ures and selecting the beet of them in the 
sense o! control quality and simplicity ot implementation is 
consi dered. 

Ae the basis of structural representation of LRV control 
syst ems t he gr~phe with no loops are chosen to make aigni!ioan­
t~ easy the investigati on o! interconnections o! LRV controlled 
variabl es ~d to allow obtaining the eet o! structures o! tho 
selectively invariant systems. Approach to analyois and oynteeis 
ot t he whole control system is also simplified. 

A number r t he theorems !or obtain!ng the set ot the selec­
tivel y invariant control systems i .s given. The eat o! the struc­
t ural gra,phs S {s+' •• sJ the great-trees ll {L!l' .. Y) and the au­
tonomous gro~.tpe Lti'l., •• LJ as the cont rol system structures i a 
de terminated. 

Th' formulas !or obtaining a number o! additional connections 
in the control system providing selective invariance ot separate 
control variables or groups o! t hem are presented. 

Inves tigation o! the set G ~.L,S} ot the hypothetical LRV 
control system structures allows to seleot the best structure 
in t he sen.se ot oontrol quality and eimplloity o! implementation. 
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VELOCI'l'r-CORREC'l'IOI SCIIBOOIZ8 

I)' Tbalu •• Murta&h 
IASA llamled Spaeecratt Center 

BouatOD• 'l'exu (U.S .A. ) 

Te~iquea are preaented for predicting opt~ua midcourae fixed- and 

~~1able-tiae-of-arr1val velocity-correction acbedulea. Certain limita­

tiona of the theory are pointed out . vith euueationa tor their remoYal by 

reformulation ot the optimum timiD& equatione. The theoretical reaulte are 

cc=pared to tlloae of a aiaulation pre&r• vbich utilises Eartll-bued radar 

and onboard aextant tracki n& data proccaaed vith a J(alman filter for tvo 

t)']>ical interplanetL")' tranafera. It 1a abovn that the a&reaent between 

theory and simulation improvea u the amount or radar data 1a 1ncreued ar.d 

that the theor~tical optilllwa tii:Jin& equationa provide an accurate tint 

eatim.ate t or generating interplanetary .•idcouroe velocit7-correction acbed­

ulea . 
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OP!.III&L P~O OON'l'ROL roa TB1 D-llimf 

SPACB VEHICLE 

'Y .ll. PonOUNv, V .I. Gorodecii:;J 

LeDiDgrad State ODiversit;y, LeniJ1Sl'a4 USSR 

Atmoapber1Dg part of a apace vehicle re-entr.7 descent la 
eonaidered. Diaturbancea affecting the apace vehicle during 
at.o.pbering descent can be considered .. a problem of stocha­
stic initial conditione imposed on the vehicle'• pbaae-cool'di­
aatea during the re-entr;y moment. 

As the control perto.rmance criterion, a dispersion of the 
circular deviation froa the vehicle's landing points ... 
choeen. 

'l'he vehicle control was &&sUllied to · be realized b1 varia­
t10D8 of the vehicle attack and side-slip angles, given b1 
linear coabiD&tion of the phaae-cooridinates deviations from 
the programmed oneD. The 1&8t ~ determined in relation to 
the &pace vehicle trajector.1. 

A aolution algorithm tor atatis~ic optimization problem 
• th ~'ili&&tion of nonline~ programming methods is then 
considered. Some approaches enableing for considerable impro­
YeQent of the optimization procea3 convergence are also 
discussed. 

Solution obtained for the given problea point• out for 
a significant effectiveness of the propoaed control law 
structure. 
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STOCS'.S~C Cit: IIIUZ.\TION OP E%.;.CR SHIP BDNTHr C<JlDQL 

I!: ..r.TIUVSYrlElm 

A.G. Vl asov, I.s. Ukolov, B~I~ YltroshLD 
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In c z:siuering separately Lh c Jistur~cd ~.:) tion/ ;;y~ t c J1 / Z./, 
/')/ es o stochastic prol..l cm o : op ti:.i£111~· cor.L:·oltb · Lhe !'i:·.ul 

s~te /5/, one z:u ,n!i:;~.;s, L~··J.;i !lt:: the onc c p l o~· ouf~lc~ ... nt 

coo:-dina t. ~s , intro ~~L.c cl.! L;,· ;~.A.::t r:...tonovich 1 to l.il ' t.. r · ~~ the Ul o 1; 
o f t r.e cptia.u;::. cou t 1·ol .: ~ic1.u 1 ~ c.J : • tiun l:, lo l \•.-o i :. !t;J• n~r .t 

blo r:k.:; • .i.h c !'lrot o:· t~. r. .. i:; c !..l ocl: " f o;Hh.u.J :'ill ! "~ .ion , t. .. c 

!.lCCQhU - ll u l oc l: o f op t i...t: ::. H .,,t: lui.nl' ·:,J, Lcll i :, "J l :uc lu ;·nl 'y 

i r.vo1·: t.bl c i :. n. l.::. ~i on Lo L!: .: ,;~· : . t: ... i c o~·- t.H: p'l: n ... ~Lcnl 1:.1, 
/)/. Tl.is nl1o.-.- l o c. o~ ~ :.i .:cr '·' ··· ,; J'oLl ... .J ni' p !'O · : ·r,L ... :~. ~ 

Le.. no:;lz.vl t.L o ~ ~ . .-;- t o .L·y ··:.d n: :.u :·.i :.; ; l 1 ~ '"~C1 L:.l1. : c ~, l i. zllL.io:t 

/ :.;;:,t . .._:~· /1/, /_/, / J/ I i :: .. . ~.·•-•l " v . ... .. c t i on .dl'• t :c. •;-c v :· 

L' c : · i~. . c. (·.; i! cJi c.:1 ; :,; . 

212 



Okllotlliluld. D.K. t Bukh&rltina .l.P., Golubiev Yu. 7. 

(lloaoow) 

The paper deals with the problea ot control ot a apace 
vehicle aotion durizlg the ataoapheric re-mtr," with a pare­
bolic velocit7o It is aupposed .that the l1tt ot the vehicle 
i a aaall eAd the vehicle aovea with the ccmatat agle ot 
attack. The roll angle ot the vehicle is ccmaidered u a 
cont rol function. The qstem includes DC. 

The navigation problem ia solved b;y using the aeuure­
menta of three accelerometers installed on the stabilized 
platfon. It ia uauaed that the den81t7 at110aphere dni ... 
tion f roa standard distribution challgea 8110otbl;y mough 
along the rlight traJector.r. It gives a challce to utrapol ... 
te the data for aa.ll cough period ot tiae. 'rbe algoritha 
creates in cue ot 61te.rgenc;y the reaene ot controllabilit;y 
to compensate the predicted disturbances. 

The control a7stea produces tor the nearest t~e inter­
val the constant roll-rate which provide• the desired c1o•­
range. The llodulua ot ditterence between produced and preTi­
oua value ot roll-rate ia restricted. Such ll:illd of rectrio­
tions reflects the real possibilities of the control s;ystea 
implementation. It is aupposed that atter an inteJ:Yal ot ae­
lectivn of constant roll-rate, roll-angle approao·oea to ao110 
specially nolllinated function ot tiae. The D.Oaination of this 
function reflects the process at a4aptat1on at ccmtrol al ... 

tem to at1110sphere environamts. 
Some nuaerical results are presented to illustrate the 

ettectivuua ot the control algoritba aD.d control quantit7 
in cue at large-scale ablospheric densit7 variatiou. 
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STOCiiSTIC PROBLEUS OF MISSILB DYNAMICS 

Y.P. PlotnikoT 
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STA'l'ISTICAL SYNTHESIS Or OP'l'IYAL POLSE CQqTROL SYSTE!.m 
WITH REGARD JOR SYSTEM'S STR!JC'l'OillS CO~T'l.'RAIN'l'S 
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.. s r egvrds the synt!".esi s o.r the eyotcms tli th 

limi tot~om; o! t !)e third type it is e-su::Jcd thot in tite 

control tquipme:. t ~nly ol r,t bi·ei C 0 era ~ior.:; Cf.lll l.;e 
. ~g~~ !"..ad-o. The synth e:.is i& . ·1 ed :.ut rift.~ l,y 

using 'expcriL~<.ntal r~ t hods o! etu t.i.st ieel lincal·i-
zetion, e~f1..ctcd . by lOl&Ms of t he wi th ~he ::u..ttcr 
of' t he r(:oli.:ot ion r.: f cot:ti·ol p=oet-.>-c;.a Lo.i r.£; 

li1 ~tcl!. 
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OPTIMAL CC!7TROL SYSTELI Fm STATICNARY OIRCtll1TKRRESTRUL 
SJ.TELLITE ORBIT 

A.A. Lebedev, M.N. Krasilschioov, v.v. MaliaheT 

It i s considered how to solve the technical problem of a 
synthesis ~f the optimum control system, designed for correc­
tinG the orbit of a stationary artificial Earth satellite 
(SAES) when it is put on the orbit and maintained in a se1; 
direct ion. It ie proposed to use, for control, the measure­
ment data obtained from tracking stations ou the Earth. 

When solving the problem of controlling on the basis of 
incomplete data one takes into account random errore in mea­
surement and random errors in the realization of corrective 
impulEes, both additive and multiplicative. 

An analysis is made of the following questions • 
choice of t he control law of the optimum processing of infor­
mation obta!oed as a result of the measurement1 choice of the 
control law o: optimum correction, which ensures the required 
necessary precision with minimum losses of energy1 choice of 
the minimum number of measurements and frequency of measure­
ment, necessary for the realization of the obtained control 
law of correction, determining of the optimum speed of laun­
ching t he SAES. 

To solve the problem the notion of Sl~ficicnt coordinates 
and methods of dynamic programming is used. 

In order to check a number of e~eering admissions made 
when the problem was solved, the syn1;betized control s~stem 
is being modelled by t~e statistical tost method. 

J. block .diagram of the control syste~ and modelling resul­
ts 1a made. 
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OPT!Mllll\G CONTR(lL OF llYI.lR0(; ENI\ 'l lON I' IH.X"cSS 

Kc o suk~ lzowa and llor..,sho 0knmoo" 

Dcparrm~nt ,•f <; ,•nt r;;,l l:. ... ~ r "·'i." ' -.).( . 

T..,kyo lns ttiUh! of Techn..,loll,V 

Megur.,·ku, Tokyo, Japan 

Taus pnpcr deals wllh lhe op11m1zong contl'ol o f the hydrogenation pl'o· 

cess of ac.-.ytene, S<> tho1 1he mole fraction of 1hc lntcl'medoatc pl'oduct Ol' 

ethylrne IS kt.'pt a& -.axomum, Th .. • sc heme of th•• optlmtZIOA contl'ol ay•tcm 

os conSirucled as follows: 

The mlxtul'e of hydr"ogen and on•lylrnt• os fed 1n1o a fluod 1zcd ~d reoc• 

tor" wnh th<' constant mu 1n11 l'lllto ond th<' smoll portion of the total Inlet to 

1hc l't'actor t!l pcrturiK'd 111 th<' 1« h11po.• o f M·sl.'quen.:c stgnal w11h a constant 

nmpltludc, Small portoon of lh•· ou1l.·1 now ..,f tht• n•ac tor ts fed tnto a popc 

p.J<"k,•d wuh s tlh·n A<'l. Cr.•s~ ,,,rr·.•l :t lo.•n funcuon ht•lwt>o.•n 1h~ ,wlput 518" 

11nl frt..lm th~ ri11.'\W th' h'Ch'\ r {Jfl d lh•fl h.' fh .. • "'U1l(tf td fh' (\r th,• llat.Akt.:>d pl pe and 

rh«:- dt'lta) ~d M·~•'tllh.lh.~ •" .., , ~r .. tl liot 'V''"' '"·'': t' S5a ry tuf .. ,rmn t h.'~ fl u lk.,ut the velu~ 

of .v ocld ,,f pl'.><lu,· l. I h.• t•• .• k lwo ~ho .•llh,• crO'<!I •• r r .· llltOo•n function ap• 

i"'IH'!I IU 4 jlOl'l<l •'SIIIIIill o• ,,1 t!,• l.t l' lll ~l o> JX' Of th,• ytc ld .:UI'Vl' of the ethyl• 

<'nf' V<'rsus lh<' tn lel n •• .., rn le. rh<' fN •d I nit rah' "f I he m let A•U IS so con• 

tro> llc d as pl'oporllono l lo thiS s l.•tx• by mt'ans of out" mallc cqu1pmen11. 

Thco l'l'ttcn l stuJy .- ,>ncl'rntnA §ln!, tluy ,,( thc optomumg contl'ol system 

11nd expcromt>nlol study 1011th a p1lot equ1pmt'nt of hydroacnata,•n of acetylene 

art' c11rr1<'d out. !:i1mpl•f•cotton of op11m1zong tactiCS tt also chscussed. 



~ r ~:~r OP 4. r:m~O'L .ALGOR!'l'IW JOR TH1 PRcxmsS (JI 

'd..W. Fi~o.:.u..; ·r.:w 

Le Sutak, B. heUcrrl.o 

SUlOilRY 

The paper daala with the auaaeated ayate• ot optiaal control 
or 1ranulated urea production. The aethod by which the prob l ea 
•a• aolved, ia introduced, The .. theaatic aodel ia liYea and 
itl direct application in ~he alaoritha ot optiaal control. 
The eyato• conaidera two purpoee !unctions. Experi•enta were 
carried out on the hybrid co•puter and the raeultl werw direc• 
tly trar.eterred to the control ot the produc~ion proceea, 

On the basil o.t •ttainad r11ulta ia oparaUon it 11 atated 
that the eu&&eeted control ayetem meeta the aiven conditione 
and ita ra~tability depends in the Jiven caae /!or the aaau­
tacaured amount ot the product/ on the type ot proceaaor uaed. 

221 



Tt . ., control alg:1ri u.c. of an aa:or.ia DfDtheeia reactor . 

~..trie.nec z. I au-ie.no'Yt! J. I r.NIIka .... Sic.tlronk$ A. 

Tec~cal Uni~erait7 or Checic&J Technology, Pr~~e, Czeehoolovskia. 

The e:monia DfDtheeia r eactor ia elaaei!ied •• a pro~uctiun 
apparat.u& with a ncy eoaplicaUd inner atl"\\ct•Jre . :! optimal pro­
duction eoncSitiona enould be maintained durif18 tne operation of 
a reactor, : t. : a neceae&rJ to uee a control co~uter. 

: t e bat ~ !or the control algorithm is t~e ~t.~emetieal model 
of a pl'odut ~ i o:1 proeeee.. Thaoretieal atatie modele /both euct 
and coapl ex •• -~~l •• approximate and r.lstiYely aisple/ and 
dynamic onet were worked out.. The both aocSele were ~e~ified bJ 
experimant.e on the plant, the latter b7 uair~ bine--r paeudorandom 
eigx:.ala. 

The reeulte were ueed oa a baaia !or opt.~al control obtained 
by ~ynamic programmi06• 



Ali ADAP!'l\r; lf.A:i-cCI..'PUTER CONTROL SY :'Uol 

POR .l Clflo.l!ICAL PLA IT, 

R .Tavaat L.Mytua 

A~ ~~ap~ive conLrol system · with a ~an as fi~al aecis i oc­

L"t ..J.tet· and compu-;e r as his advi~er is c ons idereJ . l:>ta t1onar y 

. P.!.aviour of a ~hemical plwtt :a u escri bod by ::~online a:· mo el 
con toin l ng 11 vec tor of unkn01m parll!lote::s and based n hypo­

l.:l~eea cot.c ern!.ne; tt:e plo.."lt . 

~·o Lho 'ocg1n.a1ng ol' normal wox·k of c · .~ s ystem no. :1. ar 

.• l.t.uttar.eoua pa;-ace t e r estlJDa~es to1.5e t her wl th eo· • .!:'lanes 

tJ"Lr·:.X of 1"esidaals estimate &L'e evaluo tea. , Pa ramet er estimot.e ~;~ 

·~re ·.J:'rec t eu t't!O:'ll'31vely duri~ the normal work, 

· Jt' eoc~ econoUiical criteria from a finite set a a t ocha:Jtic 

o .. ~l!n~;;ation problem is formula~ed and s olved by reduc ir.!!; 

lt ~ 0 8 d et.et':Jin1st1e problem Of !IOnlineaL' prot!:rOmmin~ , 

't'l e .:ompucer ; • .:-ov i lies man wlth informa tion a bout t b ! piant 

'c '!nev i :>u r in the :"Jf'.!! t ,abo t the preser.t state O..'ld L'ecoru '-l enua­

t.i:>:-._. fo.r the ! U t Ut'<! Of ':!o '! ;>lant , 

The s;,•:~t.w. i s pu t; lnto .., Jeration in forcalueh,yd plan t. 

~sin~:~ !:in.sk-22 computer, 



p:;n:;;.'!DiATIC!'l r:6 'IF.E SPAI'IAL S 'JY<BlUTY CE TilE J.YJJ\L 

TLUX SHAPE at RE-El'ITRA N:' TWrl GAS-COO:u::D POWER Rfi.CTO!tS 

WITH AU'II>'.AT:C ?OriEi! CONT.ilOL 

By: R.L. Ca.rstaire 

B.H. Bickere 

Atomic Power Conetructione Limited, 

Sut~. 

England. 

Ccnventional aatoa~etic control of etea~-etate po•·er l evf'l in 

gas-cooled power rt.>aot.ore oper a te& t.o maintain conatMt outlet £OS 

temperet:.tre , The axial neutron flux shape ie not controlled, and He 

spatial stability depends on the balance between neu~PQn leakage and 

dcstabilising factors such as poeitive react~vity-temperature coeffi­

cients &.nd xenon 135 burn-out, The spatial stability also :lepende on 

the control arrar.ee~:~ent3 , and ie affec teci both by the amoU!lt of aut.o­

CJ&tic control rod group penetration anJ by the IIIIIOWlt of penetration 

r coarse control rod groups. 

For cores having a s ingle coolant !lov directioa t..'le effects of 

neutron nux shape and autooatic or coarse control r od group penetra­

tion are wdl underetood, For re-entra:1t !low eystems With coolant 

now in both directions the interactions between psr~ters are oore 

coopliceted, L~d the =Patial at3bil1ty ~argin depends in addt tion to 

the feat'tres alreatl,y eentioned on the re-entriiJit to forward !low ratio 

cd the heat traru;fer between the !low pa~. 

Transien t colution of the space-and-time variant distributed 

parameter system hae been !oWld to be too cumber-. for pare:eter 

survey work, DJ.though Taluable !or refereno:e. The present peper dis­

cusses & rep~eGentation of the re-entrant tlov system in simplified 

for:n whicn perci te iterative "trajectory 111111thods of eolution; these 

liTe extro~~~ely rapid and economical. Results !or a t;ypical advanced 

gss-ccole1 pcwer reactor are presented, diecusse4, and compared w1 t h 

tran&ieot eolutione .o! the dietributed para=eter repreeentation, show­

ing good agreement. 
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R.Isermann 
Institut fUr Verfahrenstechnik und Dampfkesselweaen 
Un iversitSt Stuttgart, Deutschland 

;.w thema tical models for t he dynamic behaviour of steam- heated 
heat e xchangers for ste am flow or condensate flow regulation 

Because heat exchangers belong to the class of systems 

with distributed param~ters , the f requency responses are 

transcendental functions and are to complicated to use in a 

s imple manner for practical cases (designing of contr o l loops , 

s imulation in analog or digital computers). Therefor e it was 

necessary to develop simplified mathematical models for steam­

heated heat exchangers. The models are simple to use and des­
c:ibe the dynamic beha viour with an accuracy sufficient for 

practical purposes. 

The models are shown and compared for two different valve 

locations. In the case of regulation on the stca~ side the con­

t rol valve influences the steam flow whi le in t he case of regu­

lation on the condensate side the control valve influences the 

conde nsate flow. For r egulation on the steam side i t is necessa­

ry to distinguish two different models accordi.ng to ove r criti­

cal and unde r critical pressure ratio across the control valve. 

The control behaviour i s compared for both cases of r egu­

lation with the aid of examples of heat exchangers . ~egulation 

on the condensate flow sho~s t he disadvantage of greater time 

constants. Howe ver if the velocity of disturbances is small, 

sufficient quality of control with condensate s ide regula t ion 

can be obtained. But if the velocity of disturbances is great , 

steam side regulation is preferred. 

The dynamic behaviour of steam-heateJ heat exchangers in 

dependence of l oad ia also sh~wn and compared. For th~ case of 

low loads the~e i s dange r of instabili ty . 

Measurements with industrial heat exchangers confirm the 

theoretical investigations. 
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THERIIAL TliANSFER .?UNCTI ONS !'OR A HOLLOW CYLI~DU! WI'l'R INTERNAL 
RE .AT GENERA TI OR 

b7 E. Coeiao, S. Petrarca 

The pr oblea ot trane l ent heat ~eneratlon and transmission 
along the radi~a ot a hollow cylinder ie aolve~, aaa~ing ita 
di!f~aiYity and oond~ctivitJ are oonetant. 

The two caaee are taken into account that cJllnder'e euz 
!acee are i n contact with either two claddinga or two !lutdBI 
in the lat ~er oaee the dependence ot convection ooe!!io1ente 
on !low ra tee ia linearized. 

Transfer !~notions from bo~ndary tempera t~rea, the rmal 
power densi ty and !low rates, to the oylin~er'a temperature 
are obtained b7 Laplace•e transform. In partio~lar, transfer 
!unot1one to average and aur!aoe temperat~rea are given; bO! 
ever, it ie poaa1ble to deduce from given formulae the temper 
a tu re o! any point 1 n ths cylinder. -

The problem 1e treated in terma of three non-dimensional 
pe.r8JIIe terat 
R • Ri/R , i nternal-to-ex te rnal radi~a ratio; 
H • hi/h~, heat tranRfer coeff1o\enta ratiO! 
M s R h {k, Blot's number tor ex ternal s~rface1 
and oP the non-dimensional var iabl e! 

a • 1 Re Ye/a. 
(a • La place' e nr\able, 01 • di!tuai vi t7). 

Heavieide'e seri es expana~ona of transfer !~notions are 
given, and it le ehown that they are approximable b7 a amall 
n=ber. ot terce. The po lea of transfer !~ne tiona are found by 
eolving the eq~ationt 

[HMJ 0 (Ra) +aJ 1 (Ra>] [ M:N0 (a)-alf 1 (a~ - [ HKN0 (aa)+aft 1 (Ra~[KJ 0 (a>-e;,<aH· o 

(J0, J 1, R0 , R
1

, Beaael !unctions). 

The reeulte of thie work are applicable to fuel rode of 
aan7 nuclear reactore, to aetallic tubes heated electricallJ 
or b7 induction, to heat exchangers• tubee, to pipee with hot 
fluid&! the7 &aJ be of ~•e whether iD etudiee of theraal 
dynamics of installations or in the an&lJet e of theraal etreeeee 
in 1nd1Yidual components. 
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Sur111>ary of t he paper proposed by Hr. C. DAVOUST 

Elcct rl clt6 de France - Study and Reaearch Depa rtment 

Au toma i on Department of Heana of Producti on - 78 , CliATOU • F.-ance 

DETERMI NATTON OF HEAT-EXCHANGER DYNAMICS ON TH£ BASIS OF TI!El': STRUCTURAL 

CIIARACTERl STICS 

-•-•-•-•-•-•-•-•-~-•-•-•-•-•-•-•-•-•-•-•-•-•-•-•-r-•-

rh~ determination of heat-e hanger dynamics for perturbation& of 

various or igins u•ually requ ires long and del irate test ing pcrfon•ed on an 

in at allatlon wi th diffe r en t operati onal condl t i ona, 

ln t hia study , thi s identification Is ba5ed on t he theoretical method 

devel oped by Prof, PROFOS, In rhe case nf modcTn steaa plants , i t permit s to 

determine the tranafer functi ons linking the exchanger ou t let teoperature to 

t he following three main Inle t ms nltudca : steaa temperature at the Input of 

thr exc hanger, the eteam flov and the ca l oriUc prrturba : t ona of' outside origin. 

Thta determi nation 11 m3de extremely easy t hrough the ex~luslve uoe of nomogrnma 

and g:apha. I t re1ult1 in transmlttance t of aimplc ?olynomial form• of the type 

Immediate ly usabl e for the devel opment of regulation c i rcu1ta by convent ional 

ntethods, Th<:se graphs and curves were pl otted for French the= al un1t1 of 125 , 

250 and 600 MW nominal charac teristics 125 bars - 545• C - 545° C and 163 bars -

565° C - 565" C), Their use require s only the onQwledge or rhe ltru~ tural cha­

racterist ics ol the exchanger and of It s operat i ona l conditi ons, 

It tbua become• pos•lble , ~hen designing~ new power plsnt, to 

prede termine the beet adapted st ~am-temperaturc re~ula t ion circuits and, on an 

running installations, to improve the functioning of a circuit ~lthout pertur­

bing the op~ratton of hP. pl ant, 
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~e~·bc:-t o. E1ene: r 

o/o .::iOA-. 
l.c r.n~.:Za:JGe l o 

.h - lo82 l'i1o:l, Austrh . 

.... .. ::-o:. vm 1o c::oc~.::".t roe !"et· 1n::tr.r.cc in LL c.;ol1r.c ch:.r.ne • 

.• - ~oolcd r eactor v:l':e ::-c n lo:-. .:; the ch;,:-.:-.'"1 ~.o .. -; 1:: na::cd or • . 

. .. <. :.ou ':. tr. :-.::m1: :..1c r1 o f 1;elel".ca1;1r.g 1·:hcre ~t ;.. e: ~ ar-:- d~:.u~r.c . - ~ 

_:._I -.:c a,;a1nst neat lo:.::c:::. S1;nrt.1r.e !'rorr. t r.c co::::: orvn 1or. 

~ ~w~-;~on .:; o:' F..a:..& ., mo::.o:lt ' ::1 and cr.cr-gy ancl tt. cc:t;at1o:1 of G '- - :... ~_. 

- • : <!v.1: £:!iCCJ S the :::..a.t1c equat1or.a arc calve d r 1corcus:y a:;c. 

:tne.:·::1c equa:1on~ ~re! l 1r,car1zcc! . Or; .. :Jit:l t::lc! ~r!. ct1c:-. 2.ro ;.e t 

_ ";.., _;.t ee !"o'!" . Hca:. cc:. tuc:.1or. 1:; r.cclcctct.! uzaintt co:-.vo t!.cr. '=t:.C 

. • .;Je:c1!'1c hea t c !' t!':c f. :: c.t cor.::t:u::. vol -.~::~c i s e.. :; ..:.:~cd -.:o te 

·- · .. · ... r.: . '7:.c a:-.al:t~!:: !.!l pc r_for rr.ca l.\S C\.::~~1r.t; Cc!'!!i1t:t ., vc :oc1ty .. 

. ·· ; ~ .. .J:--e: a:1 t <:::.:~cru, ... u:-!: cl' tr.c gu3 -:o Oe oo:ls tc..-'lt !.r. .:t.~y 

· .. .... - ::cc::o:: c. !" tr.c c:.:u-.n~ :. ':'he ca:.<J of cc:-.sta:~t !'.eat .-.cd 1";!.c:-. 

'.: . .: c!'.ar.r.t-1 !s tr..:<.-:cC. : :~ c.ore C.e:;a1l . 
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DYNAMIC RESPONSE OP CROSS~ HE.AT ~ 

Uea.~mi &lasubucbi 

YOKOHAW llATIOlUL UN17ERS.ITI 

OHOKA -f.aCRI, :JI:iA1i!ZIJ 

YOKORA!!A , ·Jll'U 

Dynamic response of cross!low beat exet.u;.t;ers wit~ ;both 
fluids mixed , one fluid mixed elld bota fluids ~ec 1B 
ensl.Jraed . 

The governing differential equations for tbe~e t~e ca­
ses ere f ormulated end non-di.J:lensionell1:ed i!I.S dut:r1bu:ted 
systems and the transfer functions to tempe:r.ture eha~s 
of the inlet fluid ere obtained by Lapl!ce ~nsform t eeh­

ntque. 
The results ere shown by f requ.eilCJ res~cmses ~oth i:c:: 

the esse in which wall capacities a~ neglected and fo:r the 
esse in which wall cepeoittea have predo~nt ~!feet. 

The numerical r esults for non-d1=ena1onalued parsmete.r.s 
ere compared . 



SYSTEMS WITH VARIABLE STRUCTURE I1f 

YOLfiDIMENSIONAL PLANTS IDEJTIFICATION AND CONTROL 

S.V.Yemel'uov, N.Ye.Koet7l eva, V.I.Utkia 
Inat1tute of Automation and Telemeohanioe 

iloseow1 USSR 

The paper discusses the pr1no1plee underl7in& the construc­
tion of systems with variable atruoturt to be used in control of 
plaate deecri ed by differential equations of the fo rm 

J. :i .: :A. £ +~tZ 
dt ' 

where£ •(X1 . X,J 1e an IZ.-dimecaional vector that character-
' I isea the atate of the system; A.is u ft..X/l..-dimeneional matrix 

with oonitut or var .:>l e elementa ~tj', ~ is ~imenaional 
utrix w1 th constant elementa ~~· J u, -~ u.,, 0 ~ u.~ - aD nz-d1men-
e1onal control vector. 

A procedure tor ohan&ea in the eyetem structure is chosen 
euoh that the order of the differential equation tor motion 
decreaeea aucceaeively; thie «ivea the desired dynamic pro­
pertiea of the system. Cases are descri bed where data on the 
parameter• of the control plant are needed tor the procedure 
obtained to ce implemented. For these casea additional identi­
fication loops ere oonetructed that are based on the pr1Dc1plea 
ot system• with variable structure ; where certain oonditfona are 
met, the control aotiona in those loops are shown to have a 
tu.ctional relation to the plant parameters. 

B1 appropriate selection of the number and the atruoture 
ot theae loope and by measuring controls therein we obtain a 
set of algebraic equations whose solution is the set of the 
unknown parameters. With this information the procedures ob­
tained tor control of multidimensional pl6nts are imple~ented. 
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S'DUC1VRJ.L PROPERTIES OP DYNAmO SYSTEMS 

Y. Tukobratovio 
R.s. Rntm.an 

The relation between parametric invariancy and zero eenaitiYitJ 

ie tatabliehed. 

In addition the topolo~cal formula tor the aenait1Yity of the 

eyeteme which ie described by linear aignala !low grapha it 

givtD . 

Keoeaaary and •utticient conditione tor zero aenaitivit7 art 

derived in an&1Jtioal tor-. Tht paper contain• alao algorithae 

!or the eyntheeta of invariant ayateme of the atoond and third 

order. 

The relation between zero etntitiYitJ and unobatrvabili ty ie . 

considered aa well aa oontrollabilitJ conditione baetd 1D the 

perturbation• of the parameter vector. 
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m :zn::. 1.2:~S IN ~ T .C • .?. METHOD Foil iUU"LTI VARIA­

g CObTR.OL SYSTEUS. 

~~go.uag4 
Engi.!;_e er, 2ro:ie a war 
.tacW.'Cy or ctam. Enginee.ri.ng-Santa .F8 
nu2-t:n.1vera1 tT o~ C~rdoba-c6rdoba 
J.rg.n~ 

1~ t tte SJMPO~um on WU1~1variable ~ontrol Systems aponso­

re.d by Il.U:' and eeld &i t 008aeldorf,Germany in October 1968 

a ::;E~n- on t~d'er Control i\ulctions (T.C • .F. JJe t hod) was 

~uentoe.e: -.b.ic:h deacrtbea an i mprovemen"t in l.!atrix Theory 

an:4 i t• L.1~cation 'to l inear ti~e-invarie.ble systems ot mul 

~ ~ablee and multiple control feedbacks. 

'l!he a~;!X'Oach conaiata of a class o! structura~ catr1ces 

n th a u:r1 t£ry d.e'terci::l&n~, that ie invarient in a 2n di men­

~on&l ~ea with regard ~o ccnnec~i~e that Permit the pa­

.uaga. trom ~ to 2Dl diJIIensicms for any whole number n. 

?or n a ~ -;n• 're'trana:ter Con-trol J\.IIlction f or tllo dimens ions 

-. clefin~. T"cia :OmctiCIIl ia the basic CPll by means of 

w:Uc:h matnc:ee o!"a.ny cocplent7. can be built in an easy -Y· 
ID th!a _paper ~. method is completed by means of new de­

•ela~~ta an4 a~ the. s~• time attention is Paid to t h e 

q:ua.t:.i_cn er! oe:tailling ~he required answers f rom a eystem by 

tha. a d•q...s.t.a u.ee c! c011t rol vectora which act on t he system 

'ogeth-r Wl~ ~he normal 1nputa of t he control led eyetem 

wllic:h ...___ £enera.lly Co:laidered ae pe~rbations. 

~ the p.oasible applicati on to an Analog-Digit al eye­

t.e:: o~ eomputet.ion i a onu.ined. 
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0%1 PROBLEM OP' Ilff A.IU.WT SYS'l'n!S SII\'l'HESIS 

v.v. Vielichenko 

I n t h i a pape r , n;n t h e s ie of eorre r :iv~ c j reu i t which ossur~s 

j : " cr it.l.:il By et e; l\ren qual ity of nonli ue a.r otj ect cu t :.: t ln:!~• 

rl!stu:·hn<lc '!, ie eo1 ·ed . 

It is ehowr , t ne t s:~nth~ eia question soluti on, is eeau­

:red l'y ;;r ognosts o f undisturbed moovell!ent ot t he system P.nd in 

•. 
lr.ethc d o f e~lu t on uses : c r med during t he work, ne~eesPry 

end at t he !lnn.e t i me os isfP.ctory conditione of invariability. 

ol-t nined l· as !ng o:, optirJal t heor:~ ree t hcd and fol l owed during t he 

work technique o f bi g v!'ri at ions of the function. 

Civen r<!''" eg:z. ,.mp lee of c or:recti:-.g e1rcu1te eyr.tt1esie. 



OPTIMUM CONTROL OF A CLASS Cl 

RANDOMLY-EXCITED DISTRI BUTED-PARAMETER SYSTEMS 

Fred E. Thau 
Aerospace Research Center 

General Precision Systems Inc. 
little Foils, New Jersey, U. S. A. 

An optimum control law is derived For a class or randamly-e><cited dhtributed­

parameter proce•ses whose response can be e><preued in terms of a Green's Function . 

An analysis is presented Far the randomly-excited diFFusion process, but the results are 

reodi ly. e.der.~ed to higher-order processes. Using a backward operator derived else­

where and properties or distributed Markov processes, the well-known separation theorem 

or randamly-e><cited, lumped-parameter processes is e><tended to the distributed-para­

meter case . A nu~Mrical e><Gmple or the control or a difFusion process with noisy 

cb,er..otiOI' dolo ia presented and rhe problem or locating a pointwise sensor is alao 

considered . 



ON CC!ITROLL.Am:LITT IN .t. PORSUIT PROBLEM 

. N~.t. . Babakov, DoPo Jr1m 

The problem is beins anal,&ed of the spatial pursuit of poiut 
J. b1 point B under fo llowing conditions. The pursued point B is 
moving on a steigbt line. The pursuing point .&. bas a constant 
speed. J.&~uler velocit ea of a limited value serve as the co~­
trol of point .t.. Velooit1 VJ. of the pursuing point J. is smal­
ler than veloci t1 VB of the p•.~.rsued point B fV.t, VB/. 

In coiiiiection with the latter condit ion it is evi dent that 
point J. cannot under all initial conditions reach a certain E­
vioinit1 of point B. Then the problem arises that is considered 
in the paper, namel1 the problem of determining t he conditi ons 
ot controllabilitJ, tbat is conditio~ which, it !ullfilled, 
will allow point J. to reach, in the process of pursuit, point B. 

This spatial condition of t he initial conditions o! pursuit 
~arks out t he field of controllabilit1, and the problem under 
consideration ma1 t herefore be formulated as t he problem ot de­
termining in space the initial conditions of pursuit of the eon­
trollab1lit1 f1ald. 

It 1e shown ~bat t he oonditi~n of controllabilit1 is full­
filled when the extrem~s of the !unction correspond to definite 
inequalities. The determination o! the expression tor the extre­
me values o! the said function i s connected with the necesait7 
to solve 1 /the control vector !or point J. being 

/n, _-linear problem of optimum control. Thus the 
initial problem of determining t he conditione of aontrollabili­
t1 boils down to the variation problem, more exaotl1 1 a two­
and three-point variation problem with a movable right end of 
the trajector,. The aeid varietion problem ia solved b1 means 
of L.s. Potr,asin'a maximum principle • .t.a a result, the struc­
ture of optimum cont:l.·ol was found and a diagram of solvin& the 
original problea given. 



DYN~CS O'l '!'HE 1'E'l'HERED ASTRONA.U'l' MOVING TOWARD THE 
SPACECRAH AND .AN A.PPROACS TO SYNTHESIS OF SPA.CE.cRAFT 
CONTROL BASED ON J. THEORY OF THE VARIA.Bl.E-8TRUCTURE SYSTE!JS 

V.N. Soahnikcw, G.' !• Ulanov 
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r.r. np ·1 r oxj .. u' tv.: e tp atior. vma obl ni"vl 11:hl ch <!t.::crib(a t!-.e 

1 •: ·uu crJ .. '. lvl :!~·:; t. n1: l !. l 1 clutl .::s a pta :-o.:.ctcr o:;:.u:. 'c.e 
\.\!0 f~ x s.. ~ ' l u"'!l o .. ..; c: J~ . t.~ c : t,ou;.~wll;," :J :Jl.r..l .. ftl'lf.~ i r.s o 
~~ rt.a! n l~pcx·:::"Jr!"f!c <. i o l~1c pt~ae o"'ace f t~e &J~tcj.1. 
~ t i .c .. c ::;,· .. tc..w v.'!.i ch l:ove been r.o;::~.o <l 7arint..le str.1cture 
o~· .... t. ~; ... J1 : o- cull cd :.H..:h.r; .:uti·~ :s Z:.l.l:J o:-i &a, .. d ch al ow 
t o ob;.ni n ..1 hi t,;h qunli~y I.J "!' ri:.:;..:1ntion. 'l' .is i~c ::. it io 
,ll' >j.o..; t! to u:..c f n:- t~ . .: a,ynthc~-io of a hi 1;h- <r :ol1 :1 :J;;o~lla 

f 1. .c eo - : .u:. :~u •. • :-c t10rn t o t he .:rt• ce Cl'sft1 !..;,· i;cv:.s-

J f' , rc:li "'J . . a l t: l e o! 1.:tc ~~·pe: x·~u :- rueo fa1; r.: .. i tc! 'i .!.G ' .. t'.c 

... .' 1..:1 . :J cc..nrolli .;; t ! • .u ur.::."'Uln r ::.n ti: n CJ 1: l .' :;p t.::oc :-a~l. 

·. : . •. i..:.. :J{ c pc .::4l Lili t:; o!' n :J.}'L '. ~c ::i.:: of ~!· .:. :; sy..; tc:J i :; 

·.n . 

237 



• 

P 1.111 T<;betl&* 

MEASUREMENT OF FORCES ANU MOMENTS FROM A 

TKRUST VECTOR CONTROLLED ROCKET ON A 

FIVE COXPONENT TEST ST~~ 

Js~•• w. Moore** 

tb._ peper ... <;ribta the analyaia and de~ ign of a five comvonent 

test •t•nd far the ~ose of teat1ng thrust vector control syatema on 

rockeu in t ne 3000 pound thruat range. Present atanda have mechanical 

rewonance ir the ra0ae of 15 to 30 H~ . The lpec1fico t1ona here called for 

a relatively flat r~sponse t o lOO ~z. A feeture of thi' syetem ia a eet 
\ 

of flat hydrostatic oi! bearings vhich aupport t he r ocket. Theae allow for 

thermal expansion parallel to their aurfacc and provide very stiff aupport 

end heavy dup1ft& perpendicular to their aurface. Thorou~b frequoncy re­

apcnae tnting ahova t!lot bearing to bclosve a1 an excellent ! t r&t order 

filter. A dit;ital co:nouter s tudy using t he actual test dats froa the bur-

1nl above eKcelleot overall &yjte~ re1ponse to 100 Hz . 

* Aa1i1tent Pro!~••or , Old D~inioo College, Norfolk, Virginia, USA. ** Profeaeor ol Hecbanical Engineering, Univ•raity cf Virgln1a , 
Cha~lotteavilla, Vtraicia, USA. 
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TIME·OPTIMAL ~lUCLEAR ROCKET PROPELLANT START·UP WITft THI!R.\fAL 
STRESS CONSTRAINTS BASED ON DISTRIBUTED PARAMETER MODI!'\ • 

by 
Manfred Wittler, Mechanical Engineering Department 

Rensselaer Polytechnic Institute, Troy, N. Y. USA 
and 

C. N. Shen, Professor of Mechanical Engineering 
Rensselaer Polytechnic In4titute, Troy, N.Y. USA 

Core and prope llant temperature of a solid ~uel ~le· 
ment nuclear rocket are described by a pair of couple I parti al 
differential equations depending on the power distribut ion and 
the propellant flow rate; the latter is taken as the independ· 
ent control variable. The thermal stress in the core is given 
by a product of state and control variables. 

The set of partial differential equations is solved 
in integral form for core temperature, propellant temperature 
and t he diffe re nce between them. These integral expressions 
are used in the solution of the f ollowing n i ni mum time problem: 
Find the control program which increases the propellant flow 
ra te f rom a aiven s teady-state level to a f i xed higher leve l 
i n mi nimum time wi t hout exceeding a certain maximum tolerable 
stress in the core. This problem is shown to be equivalent to 
a certai n fi xed final time problem which requires the m!n imi· 
zation of a functional subject to an integral equation and a~ 
integro-differential inequality constraint. To the authors' 
knowledge, optimal conditions for such a problem are not yet 
available in the literature. They are derived and used for 
obtaining the minimum tine c~ntrol law in closed form. 

A computer al goritha for the numerical implementation 
is der ived. Numerical results are given for different power 
distributions. 
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SPACE \'F>HCLE DATA SYSilJ.l SYNTIIESI ZER 

.James A. Ralph t ll:lrold J . Be Jam· 
Oleckout Syst (YIIS Develor11umt [){'portll•rnt 

Jnternat!onnl 't.l ;.iness Machines orporat l Oll 
Care Ca;l3ver<~ l , Florid 

Until quite r~!' .!h·, on-l ine c:.nJ'.Itcr systnns W.'re !ia<J llv ph se i nto 
an existlilS opcrauen 1.11 ''pig&y·back" f a hi on. Thn 'S, t ht- priq;rry non· 
canputerized control system T('!ll<Jined operational (K~rn oo r -e .. iuct iC' n, C'r 
other pcn::tlty) unt il the autcr..ct ed systan '-":IS dcbt•;;s r d ;r. un o!:" lll1e 
mode. Olangeover wa a canpllshed at sane convcmcnt -.~ ~r.t >."1 th t .e 
original control s Stl"m ~rving as backup to c c •r'-' terired ·)•sH~~. 

T day , foi l cwl :~g gcncr 1 2ccept~ ~c of ~tomnt cd ccrn~ ! w ,; en~ , T -.c 
c . ;'Lit criz tund 10., pnT.an·; process contro or dac .lmut syHem (which 
can be cc S l rec 35 opcn· lOCF r ocess cont rol ) mu~ t d~v~lo~d sbnul · 

am>Ous l y w1 th the process and instr..II!ICn t at jon ~yst~ns. 

The Space Vehicle I:nta S ~tern vnthcsizc r (S\"DSS) add re!' sed t f)(' prohl ern 
of indepEnden• prog r~r.~ t el>ting by r~:~l ist ically s i-.ulatin,_, 1.hl' S)'S t rn~ t o 
re control led (or :nonitoreJ) .. nd its as sociate iJ'Is~ 1mcnt cd output s , 
'.-h!'t hcr w.al og or discrC<'t , pnor t o its exiHcn l' ii~ a r";,]- ~o.'O rld syst em. 
Datn 5treams arc produ<;ed ~oilicn duplicate the data stream~ ant 1c ipatcd 
fnrn the proposed func JOilll l sys ten . 

iihcn consider ing a syst C!'I in a c-heck!Jut or process control em<iron:r.r n t. 
e r.phas1s ~iift~ from aco :rate r~p~scnt3t ion of the ph~~ ical element · of 
rhc sys t em t o acetJratt- rcprcs £·r.•a tion of t he cont ro l and tes t <-lcme.n ts oi 
t he system. F r th1s type of en.-i ronment a hi&h·l cvci lan)! :age is re· 
qu1red !Jllch has attributes £ 5ttinJ .. rd.digitJ ] • analog "' IW.o.Uation )an· 
i; · es in addi t ion t o extens i\'e d i~crete (logical \'ariahle' handlin~t 
CJp3 i lit •, o~rntor'rJth model communic3tions and data formatt ing fac i l i­
t ie s . Bv can in mg thcst' feature!' lo.'it a basic digit<:! • a;-~alog sim.:-
la ion lar.gun;:c. tiiC Da t a Syntht:siter , ro\"idcs a t ool f or de:<> ignin t nd 
tes ting c ckC'ut ~,d process control ! · .s, pr ior to the existence C'f 
t he prll!l3 sys: --m. 

ln s<.mnary, the Space Vehich. futa Syste$1 Syn,.hes) :er, a sofh'are S)'St en 
initiall~· cot,ceived for a:.c! 7pplied to space v~;;h, c!e syst ems , has poten· 
t i al aP!'licat ion in oth~r areas of scle:1tific endeavor. !:at t h resources 
and phy~iolosical sensing sysu.-m output simulatio!'l a re btn: two . Other 
areas are bein& ~plored. 



SUBOPTIMAL CONTROL OP 2. ORDER Pl.ANTS WITH TIME-VARYING 

COEFFICIENTS 

J oachim LUckel 
Wi ss. Aaaiatcnt, Dipl.-Ing . 
Inst i tut B fUr Mechanik, Technische Hochachule MUnchen 
8ooo MUnchen 2 I Germany 

Considered are 2.-ordor control processes with constant coeffi­
cients . We want to determine an admi ssible control u <lul ~ u

0
), 

so that the functi~nal J xTQxdt is minimized, beginning from a 
specified i nitial state x

0
• Por two sets of boundary values 

the switching curves are defined in the phase plane by computi ng 

point by point backward in time. For the first set of values one 
is getting curves, yery good approximated by straight linea. The 
signifying values of these lines are funct ions of the coeffi­

cients of the plant. Beside thi s ~o find a singular control. 

The origin of the phase p ne becomes a saddle point. 

Now, after the optimal steering , a suboptimal control with two 
regions of switching in the phase plane is defined. The control's 
efficiency is shown on the exnmple of the damped oscillator. 

With only few modifications you may use this control ayate~ for 
a 2.-order plant ~ith time varying coefficients. The coefficients 
being periodica l functions , it is possible, to compute for any 
~ombination the signifying switching curve. Thus, for the con­

trol system, ono get s switching lines wit h time-varying coef­
!ici nt~. The pitch moving of a satel l ite is controled wi th 
this system. The satell i te moves on an elliptic orbit in the 
gravitat i onal field of the ear th . 
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DDIAMIC llil!AVIOR OF A LlliEAR TtfR~HOLD o.r.KDlT WITH SELF- ADJUSTING lt'!::tGB'ro 

he.o Moriahita 

Depart.ent of Katheaatical Engineerins and Inatru•entation PhJaice 

Uni•eraitJ of Tokyo 

Tokyo, Japan 

This poper preoento a linear threshold element in which ooch weight 

cMnsea autocaticollJ following a certllin rule of growth. An nnalJsia of 

ita ~naaic beha•ior io deacribod together with eose simulation reoul t~. 

Possible appliealiono of the eleaent ore oloo dir.cuased. 

The ele•enl is bosicall7 o oumming do•ice. Jle output y(l) is a 

vdtbted ew:_ of its inputs xi(t), ia1,2, ••• ,N, i.e., 

J(t )a L w1(t)xi (t) • . . , 
~ inputs xi(t) are oooumod to bo ~oro-monn oignnla, but not rea tr icted to 

~-~~ry r.lgnnlo. Tho wolghto v1(t) aro ndjuatod outomnticnll7 occoruing to 

the d l fr~~~nti~l equotiona 

I t 1 hould be no : ••d thnt thrcnhold func t i on l o u •od juot tor the velght 

lldj ur: tmr•nt •nd lh!t output i o the woir.htcd s wo itoelt. 

A detailed investl ~l tion of the oolut i ono of the e~uations obove ohowa 

th•L the elellleot hac a tendency. to neparote ito inputs into o "r;pectrum" or 

3 ~ .~. 1 7 or orthogonol ~omponentc nnd to pick out tbo component o! largest 

,o~r f or l t c output. Thl r. propcrt1 enable~ it to perform o voriet7 of typeo 

of l n ~o~~ t ion prOceoolng ouch an =ajoritJ decision logic, dot3 otornge, 

P' ~~e:-n d1cholo:J11 ond a i gnnl filtering. The, .e theoretlcal results are 

• Ar t fled by ~o~~ s l =ulotion experiments on L~ onalog computer. 



AN ADAPTIVE AUTOMATON CONTROLLER 
FOR DISCR.ETE-TlHE MARKOV PROCESSES 

J. s. R1ordon 
Faculty of Engineering 

Carleton University 
Ottawa, Canada 

The computation of an optimal feedback controller charaeteriltic 

for a nonl ! near atochaatic 1y1tem may be facilitated by tbe uae of a 

atochaatic automaton aa a ayatam modal. A problem of particular intereat 

ia that of a lona duration atationary Markov proce11 in which the atate 11 

obaervable but the proce11 dynamicl and diaturbance characteriltic• are 

initially unknown. The determination of a luitable control algoritba, in 

the for~ of an adaptive automaton in the feedback loop, i• conlidered in 

thil paper for 1uch a procea1. 

Since tho alaorithm ia to be uaed on-line to perform 1imultaneou1ly 

the function• of eltimation and control, it mu1t conltitute an efficient 

convergent multi-atage dual cont:ol ltrat egy. It il ahown that an exiltina 

method for dual control of repetitive lingle-atage atochaatic proceaeaa may 

be extended to apply t o the pre1cnt caee . A method il introduced of 

ca lculatina aucca11ive policy eatimatea recur1ively, 10 that the teak of 

upda tina the eatimated optimal feedback policy at each stage of the proees 1 

ia rendered feaaible. The application of the automaton controller il 

illultrated by the limulated adaptive control of a nonlinear conditionally 

ltable heat treatment proce1a diaturbed by ~ultiplicative noi1e. 



D:r A, L, J oDea, B,Sc,, Pb,IJ , , D. P, UolAod, ll,<lo, (£na, ) . 

Elliott Procoao Auto.ati on Limit.d, 
Bena....ood , 
llerUoJ"Clabi"• 
Eacla&ld., 

A Di.li bl Controller tor l'roeeu lnduotriu wBh Adaetiyr-Ty!!! lltbayi our , 

u baa loar; been fel t. that ~. denlo~nt and uae or d,d,o. baa too 

cleM17 followed the patb of cleui cal linea r control theory, Nearly all 

t.ht applioati ona ol coaputer control u~• ota ndard two or three tena 

a l cori tbooe whicb are the d i g i hl equiYalent t.ct their analoK"' coonl.4!rparte, 

Only recenUy llaa a trawolono theory bern oud t.ct • 1•ply 110d1M1 t.beory t.o 

t ba control of tare• plante, 

'l'be difficulty bere h thd H h JMcuoary to be able to deliao plant 

dya•ica accurate l y whi ch io often difficult aod aho to incorporate t he 

f act t.llat. proce a M conditione change, 

0&>-0ft control h knowa to be larcely i naenal tin to proc:u a change 

azld t.be work ducr ibed be n uaoa a d i glhl computer to carry out thh t y pe 

or control. la au,r i nduotriol DPI•ii catlona it h pouible to dr i n a 

waJn in an on-ort .odo at a l.h;b e nouch lrequeacy that tbe pla nt ach ao 

a til tar a t U.. a-pli113 frequency , 

Li near owi t.cbiac lioea in the pbaae plaoe are ebu .. n ,.. that en a in 

t.be worot. caoe et proceaa cb&e&e tbe aYarac• rooponae otlll approacheo t.ba 

clui rod e t.ate aloq the •- e~:ponent.ial t.raJeet.ory, Up to Mcond order 

eue a llan be4!D u .. iaed iDClUCiiq a.l.8ul4Uona of poteutlally WIOe...blo 

c h.,•• cn l r eac: t.o r o , ''.rul ot&ble reoponae o ee re alwayo obtaiDed, Pleat &tart-

up aad ahut.-dowu a re cat.c:red for ai nce lore• errore preoent no particular 

pr ob l-. 

The clloice of coat.nller uoflicieate h aot. a dilricult OM to liMe 

aiOII can aeed ool:r bo nereioed OYer U.. cboi eo •f •.-pliar; tnquacy riUI 

r e opect to pleat U- cou t anta, iD that. IMpliar; t.i- _.t allow 

eulf l cieat.l:r c•o4 reeolutioa ol the •:r• to•. 



..iii" .. l'LE Y.LTHOD FOR .THE RAPID SELF-ADAPTATION OP AUT0~1A'l'i:C 

CC,~TROLLERS IN DRIVE APPLICATI OUS 

By W, Speth, Siemens AG 
Erlange~, Ge rmany 

Surr.r.:a r y 

Tne a uthor deaoribes a method o! adapting t he cont roll er 
ea n automatically t o the controlled system and, a t t he 
sa me t lme, to the rrequency ra nge ot the inpu~ signal . 

A particularly simple case ot the method i n quee tton is 
logert thm to conirol which, however, can only be uaed tor 
certain types ot controlled system, 

The applloation ot the method is described by way ot 
two examples taken ' trom the field or drive ang ine•ri r g. 
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ON SELF-ADAPTIVE SYSTEMS FOE !.!EASURillG REAL TEMPERATURES 
WITBD OPTICAL P..ANGE . 

D.A. Svet 

Uncomple~ness of radia~ion energy spectre! tightness at 
unknown r a ietion abi lity equation system doe~ ~ot permit 
for r ece ival of true temperature opt imal automatic control. 

Studied schemes of signal nonlinear transformation from 
spectral radiation components , permits for using of excess 
inforcations to construct a program, which can be used for 
selft uning of eu";;omatic measuring system. 

Realization of discussed method by selL-tuning automatic 

systems permits solv ing of given task b;y qui";;e sicple tech­
nical means at uninterrupted radfation spectre. 

All t his opens new perspectives tor automatic control of 
some t:•pes of plasm. 
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:Dr D. te1 Zdsieln BerGk1 

Inet~tut !achniki Ci er lD•J 
u~, Polab 

C....::: ASLB RB<m.&TICII SYS'nX (]r ~ 

oa IBllll:lii1'r m AI:a-CCBM'l'Iau:D OBJBCTS 

Saaa ar-; 

8oth tlleoretioal an4 aper1.11erstal n aearcll ot c1,ynuie ~ 
t erletioa ot air- OOI!Iditiced ~rfal obJecta haTe pron4 that 

Gatar 41nllt'tlccea (eel£• eb.enp ot ou.~ar t.empereture) ia:tlaeace 
t he ~c par8111etere et the obJect• lad ill particu1ar the reepoar­
M t1ae to tiae - constat nrtio (!c/1'>• 

! aaQIIiq that the character ad direction ot the im'est1ssted 
and qaated iD thia paper depedcce 'r,j'l • ~ ll(fls) u abilar 1a 

all ceaee, the tbeaia ot et'tect1v•aa ot ep~iJrg ot c ac!aptah1.e 

r egul.atiOD ~atea ~temperature md twmidi~ 1A op• obJecta !aa 

k eD pat !D.i '!'be ~ ot controla llhould be tuned to T8J7in& 
~amio eollditiou ot the obJeeta .. 

'!he adaptable Oil- ~controller ot temperature cd h\lllddi~, 

designed b;y the aathar ot this pap.er tar re.Uwait' ahipping snd i:J­
dastr1a1 parpoaea, haa bean DBed tar the anal.1a1• and :tormulatins 
t~·t adaptabili~ to eoDditioue. It has beeD p.t"'ned that the amplltl­
eatioD coefflcient Jt"p' ot t.be comrall.ar is a 1\mctiOD ot oater t8llr' 
perature an4 ~e conditioaa hlrve been given which it adapts aatoaa­

ti~ to the cMns'ns chara~eristica ot the object.• 1'he range 
amd course ot cbangiJ:Ig .djaatment coincide with optimal adjoatweut 
ot PI or PID eoatrollar, acc:ordi.:g to tha criter!ila ot ap!l...""iodio 
CO'IZ1'Se and llinillnml nepoDSa t1ma tp. 

In the paper thlt eo- operetiOD ot the contrcllar wi.t h a a.ing'le 
OZ" anaral. thermometer. or contact }V grometera haa been analysed.· 
It baa beeD p.rGVed UJst the eo - operation ot t.be oomrollar with 

several tbumometere crr C<llltact b;Jgrametera tmahlea cm one hand 
t121ns ot MBD ~impulses, OD the other hand a non- 1iDaez' 
progeaaiva riM ot llllpli:t:l.catiOD coettlcieut r{l depend.illS Cll1 the 

Tal'tle ot deviation O! Thia interdependence bearo a at a\lili.sil:l.g 
et'tec\ up<m tU act.ioa ot the regulation tl)'atea in th~. range ot 

&tl'OIII£ (!iatarbancea. 
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SO~ S!lf.l."in!S!B PROBLEIJS AD.APTIVX CONTROL S!BTE~ OF 

BT.ATlOii.LRI RANDOU: P:LA!Tlfl 

V. I. lvo.nenko, D. V. .Karacileneo 

Discussed are solutions to the task of statiatioel &Jnthe­
aia of automatic optiJDalization /SAO/ o! ~r.us-changing !Q'&hm 
settings, based on application of statistical theor} sol ution. 
J or chosod S!O oome results ot ! . Feld aum dual control theo­
r,, a re used . 

Two t;yp1c8l masa-clwngiDg settings sr.o conaidered1 
- r ectificat ion eolWIID f or debeDZoli&iDg worki.Jlg without aepa-

retion ot aideproduots , 
- ateam col~. 

Process e:t:tioieno;y in deben&oli£ing col umn is judged b;y process 
ooate in a time unit 

at condit ion' 

X ~ lt 
..lL "' .. • X • • rde 

x. - constant , L - phlogm exp dititre, )t d' )( - bemol con-• 
centration in the destillate and column. 
Process e!tiecene;y index !or steam column i s shown too. 

!a a contr~lling actions tor recti~ication column, tasks !or 
tezperature regulators ot the "control" discs ot the exhaustive 
and stregthe~ sections are ehoosed. 

Expediture ot steam directed to the bottom ot the column, ia 
e controlling action :tor steam column. Uain disorder in both ea­
aes being expediture and composition c:t feeding. ChBnging o! rea­
ding composition happens in ti o t o be a discrete 11mar ltow" pro­
cess . 
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~thematicsl models of the columns ere used, which define d&­
peudsnce of offieceru;;r indexes from controlling and disorder B<"­

tions . Obtained results are used !or building of, SAO str ucture 
s~heoes : stesc col umn feedback system end s;rstem with disorder 
co~pensation for r ectification col umn, 

~uelit;y grudes fo r ~AO are introduced. Synthesis of the e;ys­
tem "ith di sorder compensation is made b;y the way of minimsli­
zing of the relati ve risk, which repr esents itse~f methecatieal 
expectance of process effiecency index, For limitation of 

X w ~ :>t-:, jump and regulator functions of "penslt," are used . 

For chosed s;ystems functional Bellmsn equation for r i sk is ob­
t ained , Synt hesis of optimal and s uboptimal SAO is s tudied , 
Asymptoti es of control process in the systems i~ studied, For 
synthesis of closed suboptimal SAO, where occures active storiD6 
of informations , elgoi i thm is proposed , which doesn't need sol­
ving of the task of dynamic progrsming, Simulation of e;ynthesed 
SAC woe me de on ECW:.I and quanti t;J estimat ions of their ecollOmic 
e~ficienc;r were obtained, Wa;Js or possible use of stetical a,n­
tbeais SAO on other t;ypes of mass changing settings, are shown, 
~n example, when tea~ of automatic optimelizetion of mes&-chan­
gin~ process is practicsll;y impossible, is shown . With t his the­
re is no need for special optimelization arrangements, end all 
control s;rstem can be much simplified. Solution of SAO s;rnthesis 
task of rect ification column is used for debenzoli zing columns 
in Dneprodzerjinkii chemical factor, end resul t s ar e used for 
practi cal introducing of the s;rstem. 
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COrrTROL OF CYCLTC DISTl LLNtiOti 

T!&roltl L. W~e 

Cerl H. Jonea 

and 

Terrence ~. Roonoy 

Re~earch f~1neero 
Tb-, Foxbo1·o C0111pany 

Foxboro, !.fll811achucctta 

~~~rence R. lvana 
Mn.saachusett~ lustit.ute ot Technology 

A .S.eulation a t.utly of C'J~ll c di~tillation on a d1e1tal cccnput<:r 

gives h odeht int o the control vroblcr.~a CU~nocintcd v.1 t.h cycll c pro­

ecnaoa. A l!nthel!llltlca l mod<•l dcmc.nr. ro.toa the oxpcrin.i:ntl<l.l.y ob­

aervcd ey<lrodynND1c ch!A.l ' BO\.r.dlltJca of t he pro<:e ,a over one cycle 

j ntcrva.lft. 

or the ayatcrr~ at.wH <-<1, th~ r.o:t otablc aHuntiun r cnulta when 

th<! rebc.ilcr- ar.d con11<!nat•ro arc vh:foicoJJ.y iGolatcd from the column 

durlt<a t.loe liquld t'lcw r.-:r l '· The conclua lon Ja also ndviLilced that rel!U• 

l nt.1on or t.he tray llquld l evel la requi red to 1n3ure the aatl:factor:r 

op·ratiM of cyclic d l ntlllnti on. 
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CONSTRA u ::- CONTROL ON DISTILLATION COLUMNS 

by 

A. Mnarle\'eld and J. E. Rijnedorp 

Kon!r.k!ljke/ Sbell-Lnboratorlum . Amsterdam 

(Shell Research • V. ) 

In the design o! a laUIIatlon column less favourable coDdiUooa a.re 

><et~umed th:.m preV!lll on average during al't.ual operation. For instance the 

condt-nser b maoo so large that the design throughput Is still guaranteed Ulld<!r 

condatone or bot cooling water and when there Is dlrt and scale ln.slde the tubea. 

For most of the time In actual operation, however, conditions are oot as .evere 

as this IIJid the condenser has surplus capacity. By utilizing tbta surplus capa.elty 

the column can be oper:u~d at a lo~·er pressure. 'lbe relative volatllitlea of tbe 

component<~ of most hydrocarbon mixtures Increase with decreasing preuure, 

rnnklng separation easier at lower pressure . Hence, less reflux 8Dd oon&equeotly 

leu reboll beat are required. to keep pn,ducts on specification. Furthermore, the 

load on the t rays decre!llies with decreae lng colul!lll flows, wblch opens up the 
possibility of Increasing product purity, product yleld and/or throughput. ADotber 

degree of freedom In th is respect ls the dist ribution o! heat over roboller 8Dd 

feed -prebea ter. 

'Ibis paper deals .. ·tth control schemes wblcb automatically keep the 

colul!lll at the optimum oond!tlon1. 'lbeae coDdltlons change with column through­

put, cooling water temperature , etc. Aa u exa~ple the cooatraint diagrams ud 

a constra!Dt control scheme for a de-lsopentnnlzer are given. 'lbe control scheme 

Is not very complicated and can be realized by conventional means . 
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OPTI IlUM BANG-BANG OPERATION 0~' TWO COMPONENTS DISTII,LA'r[Otl 
COLUMNS . 

P. De Lorenzo, G. Guardabaasl, A. Locatelli, V. Nicolb , 
S. Rinaldd") 

I t is ou~~ested that reflux should be period ical-
1] var1 ~d to bet~er column operat i on. A bunp,-bong operation 
of a two components dia~illatlon column ie l nveot iga ted in 
order to achieve mi nimum mean reflux for a requ i r ed diat ll­
la Lo concentrat i on. 

The opt imization problem consis ts in t he cholce 
of ~he two reflux levels and of the t ime i ntervals in wh i ch 
they are a pplied. Some genern l propert i es of such a problem 
are shown, owinP, to whl~h the tank of f i nd i ng the optimum ln 
a l'our-dimenaionnl :~pace \3 r educed to that of finding the 
optim•~ in a two-d l mens i onn l opqce . The dlacusaion of a par­
t l culs r case and some conclud1ng r emarko can be found at the 
end of the paper. 

(") P. De Lorenzo, G. Guardabas:~i, A. Loca telli a.nd S . Ri nal 
di a r e with Is t i tuto d i Elettrotecn1ca ed Elettronica del 
Poll tecni co d i M1.lano , !l.ilano, Italy. 
V. Nicolo i :J wi th Centro Sperimentale Metallurgico (CSK), 
RO:D rl , I tal y. 
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PREDIC'l'IVE AND .I!EEDBACK COJ.t'!UID OP 

AN INDUS'l!RIJ,I; DI STI:r..I.J.TIOB UNIT 

by 

G, BOPJlARD -Automation Labo atory, GRENOBLE, France 

- Pet.:-ochemical Society, LAVERA, France 

J . L, UELEN~r.::c - Automation Laboratory, GREN03LE, France 

B, SEUPE - Telemechanica Society, CROLLES, France 

S IJI.s.!ARX 

The paper presents results of t heoretical and experi­

m'! ntl!.l resear ch of the "real tim~" control or the superfra­

tionate col umn by a digital computer ~en manual control of 

the column requi~d hitherto very accurate operation~ . 

The goal or the ~tomatic control is to assure fixed 

p~u1uction quality, particulary i n transient processes as 

well as to ensure optL~al static performance ot the installa­

tion /economical criterion!. 

Static and dynamic models were determined OD Ule ground 

of the theoretical studies and OD the experimental teats, In 

this way s hig'h precision has been schieved with N.lat ively 

e~ll number of the experiments, 

The models were introduced to the computer at.orage, 

Then, the open-loop dynamic control, utili~iag the 

process' kr.o~ledge based on t he a priori model w~a de~lope~. 

Using ~his, the closed-loop control was imposed to compensate 

errors resulting from unmeasureble disturbances and trom the 

model' e inaccuracy. 
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The result ing control structure permits for beet utili­

zation of the availabl e information, While establishing pro. 

per foundations f or static optimization, 

Arterwords, t he syst em activating as well ae ieeueing 

quant i tative reaulte have been presented. 

The final reaulte are quite satisfactory •• ateadineae 

of the process respone obtained issued in enlarging of the 

maximum product i on from 95~ to IIO J of the nominal one. 



-\. IJ:.THEMATIC.U. MODEL AND Ol?'l'I ilf! Z.A.TION OF THE PmiOL 
FORMALDE!!l'DE RESillf :roi.YCONDENS.A.TION PROCESS 

E.G. Dudnikov, G.P. 14ailcov, P.s. Ivenov 

Pol1oondenaation of fanolo-!ormaldeh1de pitches process based 
on ~ iok pitch extraction t r om reaction region during it forming, 
wee followed. Reaction of pol7copdenaation ta es place in t he 
presence of a catal7st /h1drochlorie acid/ in multisecti on reac­
tor o! changeable action at atmoater1o pressure and boil~ tem­
perature of reactive mixture of 100°0. Special fea ture of ,;his · 
process being great extraction o! fenole and !ormaldeh1de b7 the 
pitch. 

?allowing equa tions were obtained! 

1n - l • 1 •1~ • ~ 1.16 B o8 
Zii n n 

wher Zn ~ Tn • DnJ ~. B, D 
and osta l , at , oonoent rationJ 
section number. Viooosit} i s 
n1ng qualit, of pitch . 

corresponding teno1e, !ormaldebJde 
T - ov~rege t ime . I ndex n means 

a ver, important parameter, deti-

Dependence of pit ch viaoosit, in n - th &dction from ~in 
process parameters , was f ound as regres equat ion. Basing on ob­
ta ined equations, cstal7st distribution was determined as well 
sa overage timing tor three section r eactor ot ideal m~, 
minimalising given c~ncentration of !enole end tormeldeh1de on 
their out going trom reactor , At the same tiae problem of opti­
mal distribution Zn b7 dlnamio p~ogram method, was solved. 
Overage ata1ing time and catal7st diatribution wee choosen in 
auoh a ••1 that their output was equal to optimal Z11• It ahould 
b~ DOted, that !or several chemical processes, where chemical 
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reacti on constant , proportional to catalyst concentration 
I K = K0 • Dn /, distri bution Zn optimalization is neces­
sary . For those processes , question of optimal distribut ion 
of overage staying t ime / volume at given ou~put/, doesn't 
have any sense , it means that . it is more economic /in most 
of the cases/ to make reactors of the same vol ume , trying 
for better results by corresponding t reatment wi•h catalyst . 
Question of the optimal number of sections , was answered by 
dynamic program method cons idering cost or looses on enlar­
ging of total reactor volume. 



OPTIHAL CONTROL OF FLUID CATALYTIC CRACKING PROCESSES 

L. A. Could, L. ll. Evana, and 11. Kurihara 

Haauchuaetts Institute of Technology 

Cambridge, l~sachuaetta, U.S.A. 

An i nvestigation was IIUide of t he applicability of optilul con trol 

t heo ry to the design of control syste i!IB for nonlinear 11111ltivar1able 

chenicnl processes. A hypothetical fluid catalytic cnclr.ing process 

was ae lected aa a typical representative of aucl• a chemical proecsa and 

was used to t est and evaluate alternative approachea to the prob lem. 

Mathemat i cal mollele describing the dynuic behavior o f t he process 

were developed from unsteady-state heat and material balances about the 

r e actor and recenerator. The models utilized semicmpirical equations 

to describe the kinetics of the cnckinfl and carbon burning reactions. 

The d)-nAIIlic 1110dele wer e used to simulate the process on a digital 

computer . The aiiiiUlations predicted ;110at of the i111>orta.nt dyna.d,;­

characterl.atics that have been attri buted to commercial unite. 

A new approach to the deaiun of control systeu for highly nonlinea r 

111ult ivariable chelllical proceues based on optilMl feedback control 

t heory was demonstrated for t he desi gn of a control s ystem for t he 

hypot he t ical fluid cracking procet>s. ln the f eedback control law which 

resulted, the regenerator temperature is controlled by the air rate and 

the oxygen level 11 controlled by t he cat alyst rate. 11lia control ~cl•eme 

b quite diffuent from that which is typically use d in refinery 

ope ration where the rea~tor temperature is controlled by t he catalyst 

rata and the oxygen level 1a controlled by the air r ate. The pe cformancu 

of this new cont rol scheme was demonstrated by dynamic simulat i on t o be 

s ign1fiC3ntly better at controlling the hypothetical cracking process 

in the face of .disturbances t han was the conventioNil control scheme. 
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.,UD,\ 1.:1 ro!'lb.w 

PLUCil-lSK.\- l:LX7E t!al ~orzntn 

n;,!;O\.SKI J OJlll flZ 

I'.'AGLO\/Sl:I S trut1 olnw 

In c.titutc ot Power Intlu s tr·y, 

./arszm1a ,l'olnnd 

, IALYSI S 1..: :0 lli~SIG : r Of 200 h:,; i.:Oll/.P.- 'I'U,.IJl:: •. Uill1' 

CON'l'!luL ~YSTL:.:s 'f !i:tOUG:l A! f.U.O(; : .: : ' l•l ' d 1'AL. !;;Ii..UL:.'.'J\J, 

'l' h c pape r cto scrlu•n Lite 1111 ulatl on npproach 11l&ich hn l! 

hc~n nppl1c(J i n the • c-,l :_,n or cont.r·o l " yntc n o r ot· n on l rt ­

.·cd :::oo L;.: IJoll o r·- t.u r hinP uui t 1;· ! L!a a IJoJ ! e r or nn turn l c,ir­

r •ll n t.l ou rn t cll :. t. r.;.o L/h , 1:.10 a t., G·lO/ r. •I0 ° C . 

'i' llt' cui. pl c x 1lyn:~r ·1c 1.111 c l o f Lho u nf t 1/: ' fl linonri zc d n t 

J OQ.~ lu:ul po l u t Co1 ot i11 ;: n !.111111 o s c illn tlnn Llor.J ~: l ru i CJ!IIn t.c 

f Ol' COII Lrol llj'f. L I ! Iol nnnlyd n , 

'oitr· f'>l l o,:L •': ruu t.1·o1 y• L"flH; hn vc uc c:n iuvc oLi ga L d: 

·· / ~ tc 'ln !J l'(>rt un: c out.J ·u l r..lrcn lt. ·. :iLl~ l'l or f' liJ con troll e r 

o r•r: J'aL l !l " on prc:o!\u i'C o1·:·o r n luu e .~.ntl 'l d:t l, l'thlit i ou:· l 

r n t.c 1\li L'lr; l pa i.J •m fi ' OI.I t L•l·ll fl l)\/ 1 t.ut·IJ ! n •: t !trot.tl o v rt l \'o 

!>O! :l t J oli or tl nw. :>t' IJt. lll l't:·; 

h / tUJlC l'l iCI\lotl f LCOU t.<::.lpc r :: t. II I'C COH LI'O] ' Ci l t: Ui l. :lllVOlVl ll~ 

f on t· llc~. II J ll' l 'll • · a t.•H'!- / 11n Lc J· : p r n y: I o >O l'rt t.lw~ l n (•lr:. p l c-

; .• : c n:ca•lu " '' ' t t·ol t uln y • l iJt. •!; r; it.h 1 t om . fl o11, fue l fl o~t 

ol' t i•J· o t. t.l o va l v r, po :.J t.l ou :\Jt Ll c i pr: tion ; 

c / l'•·l.c n t. c r.J : t uar1 L c r~ pc rntul'o contro l c ircuit l'lit.h gas daco­

;.Pr r• n•l hJ:I' I1 Y l::> t o J' i:1jcct to:> ha• ct 011 n nn :: contro l phi-

1 loL O J1:1y • 

• he Lc:n ... :>r e : l l' fJ ·u ll r u :•n l·hoa l c r - t.co po r nt.u r c con t r ol 

:f~ t c; r .. c I'C 1 11 VIJ ! t J : ,1> t 'U on tlll annl 0 !; l:lOL C l nn ll the rchCI\t 

. '''"·''' · " Lu r e Cll'CUi l ! i.y ll !.IJ Of t.: ! .;Jta l &J wul n t.iOII , 
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OPTIMUM CONTROL OF A BOILER 

H. Apter Sooi~t~ C.I. (ANALAO) - 78, Louveoiennes, France 
J.F. Le Corre E. N.S.M. - 44, Nantes , France 
R. Mezenoev 
Y. Thomas 

" 
" 

" " 
" " 

The work presented here has as its aim the study and reali­
zati on of the optimum ~ontrol of the steam pressure channel of 
a boiler. We have replaced classic :ontrol by a control imple­
ment ed according to Pontryagin's maximum principle using aqua­
drat ic criterion and a very simplified model for the process. 
Calculat ion on the one hand and experiments carried out in si­
mulation and real operation on the other hand, under the infl u­
ence of a disturbance which is here a set press ure .function ap­
pli ed at any moment , have given concordant r esult s . In parti cu­
lar for this non autonomous problem, 
calculated and measured in simulation correspond to one another 
perfectly and the control results in certain cases in a predic­
t ive control. 

The realization of this control should now be generalized in 
the case of two state variables, that is either steam pressure 
and overheat temperature , or steam pressure and combusti ble feed 
and in this case the problem becomes complicated by the presen­
ce of a constraint on this latter component of the stat e vector. 
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COMPARISON . or OY!WUCS BL"Tllt;."'i NATURAl. CIRCl1LA"riON BC l.ZR AND 

FORCED CIRCULATION 801LER 

K. Itob 
K. i 'aj11 
H. Ohno 
K. S.sara•• 

An allowAnCe for load !luctuatlon or a boil er haa beco~ Important to the 

r egulation or a power eyete~. In connection with the allowance , the dyna­

lllica of dfrterent typea or boiler h dlacuMed ln thle P"por. Ooe le a 

natural circulation boiler and the other la a forced clrcu1ntton boll~r or 

75 HW no111lnal rAting respectively. Ae theae t wo b<>l h ra 110rve for the re­

gulation of power ll;{ehns which ban the load or electric rAilway in the 

ouburba or Tokyo, they are dloturbed with • randons load fluctUAtion or 

Which power apoclrua hae A lllrp;e AIOOUIIt Of 2 • } minute periodiC COI!poneota, 

Horeo•e r, . the hollcra nre requ l red to abut down 1n aldnlp;ht for the 

reaooo of oo tr•ln running. The experl<~~ente ha•e been cnrried out to 

e•olu.:ote the ft1lowance for load fluctuation and to verify the dynaalo 

aod~l• or two typea or boiler. 

In AMlyale. the clrculatlng 11ya tens le pt•rtlcularly dlncuoo~d to clarify 

t he difference between bnth typee or boiler. The frequency reepoooe or 

tl.e wt.ol e ll:talcll ia obtniMd by tranafcr Mtrlx .reduction, coiUiocting 

tr~nnfer '""trlcea or DUhoyat<:ma. And the experlment3l reoul te are obtoinad 

f rons in frequency do~aln by uoi n~ pae~do raodo~ algnal and fro111 etep 

re ii,>Onnee by rourtcr inteY,ral. 

C~lculntcd r~nulto agrPe clooely with expori~ent~l onee, and the 

fnllowln7G C8n be ou;.p;coted: 

( l) ._,.,ett.er the clrculotinp; pu .. p la provided or not would ghe no eaacotial 

d!f l'e rence in the dynMIC8 of the circulating •yotem, SO far 38 drUID 

l evel ond prP~IIure are concern~o, between both typee or boiler. 

( ~ ) The dlffpr•ncee of the ~ynam1ce ond of the allow•nce are caueed by 

""ter hold!n..: llnd met11l vetv)lt. 

' oa«yo Power Supply Control ~•1aioo, Ja~neaa National Reilwa7a, 

Tolc7o, Japan. 

•• 'f.-c hnlcd Hud'l141ll'tere, lt1 taubiehi l!.an7 ln4~&&tr1ea, Lt4., Tolc7o, Jap&A. 
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section Applications (Process Dynamics ) 

on the optimal temperature control of the multivariable 

control system "once-through boiler• under fast load changes 

H.Unbehauen and P.Necker 
University of Stuttgart, Germany 

Moder n thermal power plants are uaed more and more to take 
part i n frequency control and in peak power generation . There­
by the permitt ed speed of the load change is limited by t he 
t emper at ure control of the super heater system. Therefore i n 
this paper especially the temperature control system is con­
sidered with regard to its structure and the settinq of its 
controllers . The ' inter connection of the temper~turc concrol, 
which is i tself already a multivariable system, with other 
parts of the boiler control system is regarded. 

The dynamic behaviour of the superheater system of a 
530 t/h once-through boiler with a combined oil and gas firing 
is calculated on t he one hand out of the construction data and 
the operating conditions of the plant, on the other hand by 
an~l~3inq numerous plant measurements. The method for s imulat­
ing the temperature control system on an analog computer brings 
high accuracy and needs only a low number o f amplifier. Using 
this 6imulation method the stability and optimization of the 
multivariable temperature control system i s investigat ed. As a 
result proposals are made for an advantageous structure of the 
contr 1 syst~ and for optimal contr oller settiq~; . 



0Pl'IMUI4 CONTROL ALGORITHM Jfi blEANS OF SURPLUS .AIR I N FIREBOXES 
OF STEADY FUEL FIRED STEAM BOILERS 

X.azimierz TARAMINA 

Instytute of Power System Automation, Wroolaw, Poland 

Summary 

In the article two algorithms !or optimum burning process are 
given. One o! them coordinates the results ot three subsequent 
measurements of dry flue gases components and ~he other - ot 
wet flue gases components measured at outlet of the steam boi­
ler. 

TheRe measurements are perfor.ped !or different surplus air 
amounts in steam boiler fireboxes attar stabilisation o! the 
burning process. 
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INVESTIGATION 07 THE DIIU:C1' DIGITAL CON'.CROL OF AN 
ONE-THHOUOH-BOILER 

HanuJ B. 
Tacnn.1cal College VSsT 
Liberaa,~zecnoslo.-~i• 

There are seTeral control algorithms investigated 
based on minimum ot quadrate errors. The a lgorithm& are cal­
culated by mea.na ot a digital computer accord i.ng to a general 
program. All the calculations are performed in the time do­
~~~ain onl7. 

The inTeatigation ia partl7 done in the laborato­
ry,partly in the po•er plant. In the laboratory an analogue 
computer ia uaed aa a model ot the controlled systea, the 
digital computer as a digital control. In the power plant a 

digital computer LGP 21 ia coupled with the electronic ~ 
control aystea ERS. 

• 



DIGitAL CONTROL TECHNIQUES FOR POWER PLANT APPLICATI ONS 

Theodore Giras 
Advisory Engineer 
Wes tinghouse Electric Corp. 
Ragan/Computer Systems Div. 
Pittsburgh, Pa. 15238 

Robert Uram 
Senior Engineer 
Wes tinghouse Electric Corp. 
Hagan/Computer Systems Di v. 
Pittsburgh, Pa. 15238 

To meet the expanding needs of power plant control modern 
day digital techniques have been analyzed , The requirements 
for power plant control algorithms have been reviewed and a 
set of linear and nonlinear numerical procedures have been 
developed. 

The difference equation for each algorithm is presented and 
the transient response plotted. A typical "once-through" 
feedwater demand controller is simulated with an experimental 
nonlinear model and transient results are discussed, 

It is concluded that digital control applied to power plants 
can be come a powerful in- the-field design tool to improve 
the performance and the availability of power plant 
installations. 
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COljTRIBU'l'IO:N OF '1i!E AliALYSIS OF NON-LIIi'Elffil'l'I::::S 

OF THE GENERAL LAi OF TRAFFIC Q • Oy 

Florian Westfr ied 

Ca:r.pngnie Generale d' Automatisme , loz~cy /91/ 
J'rance 

The author trios to preaent a model or the o~ncral ~ 
ot traffic taking account o! the mathem t ic expectations o! 
upeod dis tribution nnd concentration o! vehicloa, correla­
t ed according to the relation o! t he continued traf!ic capa­
city to t he i mposod securi't7 Bpac in{; / equation 16/. 
This law may be adapted to tho study or generalized !i~­
type !lows and allows tO ~uat1t7 the !Ol'llle.tioD of shock YO&­

VCSo It ~~ also serve in the interpr~t~tion 4Dd e~tion 
of space-timd diagro.m.e in tree cil'Culation an4 in nutoaatic 
coordination by liGhts. 



S:St~::;c lilll:.:D T:::w"F!C S!Clt\:.S TO i Wr.C:I~!:: m:Lt.Y 

J ,,-, , Ui ll icrr:, D.Sc,, 
<1o...d .leso:~.rch Laborator;r, :aninry ot '.i'r:anojlort , Crorthorne, U.K. 

Two c lC;)cri:wnts in Cl :>:l£;0., CJ\d ,/.,o t London involw tho control or tr.:.!fic si.::n 

b;r centrlll OOillliU~cr with ti'.o o!ljoot o!: <leten:Uninc holY to ~· t he bo:~t uoe of c xlJ 

in:; rQil.d ru.~11o:!ca. The val ue of control e;.tateQB ia bci n.:; aa:~oa~ed in t ortUJ or ti\C 

avu·~,.. j=.a;r tiJ:>ol or vohiclu uainc tho notwork. Syote!II!J ba.aed on t he uao of 

lir.ked, fixe<i-t~ tra.!'!ic aicnalll h;lvo boon u.aod in the c»arly part of t he experi=o1 

and two ne., ~;lloda of ao~tin,:; :~uch aic;r.Ala to ; inimi&o dclo.y haw beon dovlllopcd. 

':'iw Coonbir.a.tion J~~Gthod aao=e:a t hu.t, in a nehor" controlled by tra!'tic Bioul.:~ 

the dol:l.:tll on dach lin:t GJ.'Q o.!:fc cted onl y by t ho ac ttill{.'l: or t he oicr..:lla o.~ each ond 

of tt . A hiato~= ahowinc t ilu dolo.y to tra!'fic on a link to~: all the :iiO:Iaible 

o!fgota or t :o aitn'lo at ea ch end ia f irot obtained . lliotocrAQB tor pArallol and 

~c:.,nt lilll:o a=e then cor.:bi nod by a. ronu ot d,ynlllllic p ro:.,T:>a>J.ne, optitm~~:~ aien-:>1 

oo~ tin,::a boin;; ob:ainod at eo.ch 3tep, until t he no trtOl'k h.u been reduced to .a ainc;';.o 

oquiv4l•m~ : !.n;c, Tho r.x:t 1od i:!l o.pplicahle only t o cortain t:rl'&• ot natwor k but in 

?rac:ice t .110 ha c not prwed to bo a aoriou3 l !.;nitation • 

.:. t ll- ::cc.le trl.u.l wao carr!od out in ClOLo.:;o'll, Tlhor o COI:lbiMtion lllll thod aet t i n,, 

"'""" coc.;;...-cd t'tl ::. tr.ooo in u::c on tl·.c axi atinc 3yatern o!' linr.cd ~md ioolnted 

V\:h! ~l.:.-,.ct....,.tcd a i(;nollo. /.vcr.~co jou.."T.oy H:wa ttcr o reduced by 11 per cent du:.·in..; 

t!~c ~-nir-c: ;K:~~= • b] 3 pur c"r. ~ 'u.ri :'..(; t he ;x;riod Lc t · . .,llcn 1~oo.;:.a o.nd by :?0 por cent 

<!u:-:~~.: t i.u &vcmin;; :x:...::. :t 1.1 ca t i :'Jit cd til~t the ,_VCl'"'JJ ruduction o!' 12 per cor. t 

ir . ....... v~~'Q jo~~: c:; ti:.e • z.rouchout t hv t~or:Cin,:: dn.~ , if ruAintainod !or a full yvar in 

Cltu ,;ow, ·.r.>1.1lli >u 1'/0J:':.il -.bout ~CUl ,OOO j>ur 11.'11\um. 

;, tr~:· tic cod<l 1 io U3od in which Elllor.l.llce ia 

r.ac:e ;'or ;n~ flolf U.t11rac:ion be trt"cn <o.i.)c.cant r oad ooctior:o, tor tM diap.>roio.'l 

o! :•:a• . .fJon:; :..:,<! for control by lli~la or priori~y junctinns. Zlotb the &10)&1 

o!"!' .. f!~ t..r.~ t c.e ·~\..Xa-ti Ill o: : t..o C,.'Tccn t i,:w!) a.ro op:.i:i:.oc!.. 

;. co::~~:sofl o! •:;>.;..--:si':: c.r.d Crobi :1.ation J:~Cthod aott i n!.' tool! .)lAce in Cl~:;o·.r 

~T. ;~.f-J\Jr.C 1 S,t,,j , ,',Tfur,._ "0 journc•y t !.:'lC3 ::rith T.ru.;;sr. IroN lo"Jer b7 about 4 !'Or 

cd.t , : o1.1chl:t :.:: p ru · ctllC., 'out : hi!l dirrcron~e ':r.l:l not, ho...:vor, atatiati=lly 

:t 'I":Oa -: ~.:.: -·t;l;:d ti:..t ':>ot!1 teci'.::it>U~ll v:;:-oduccd subota..'lU:uly lower jou.rr.o7 

"! ~u :. ~i ..:..~ t t.e: e ::: J. r.~r~ :;:.a:c.c." o~·s :c: -::r!.th ita ai~la ae't by h.l.n4, Wt" the 

~v.LJ .. ()(: ... ~a ir..ll..:!'.!.!.ci (,:'.: to e~~~~i n an;! di!!erene. between thoa. 



t.D. Abtabegov, H.:S. Kordonslcy, O.R. ·:rro1ov, V.L L1.Dnr 
Yu. ll. Par811onov 

THE TRAFFIC PLANNING ALGORI'ES OF mR PASSENGER AIRCRAFT 
AND THEIR OPERATIVE CORRECTION #UTO!AATIC CONTROL OF mE 

TEND.ENTIONAL SYSTEI.I/ 

~he algorythm of the aviation transport network automatic 
control comprises a block of the aviation passenger transpor­
t ation demand prognosis, some blocks of the transport network 
braph and traffic plan calculation and a feed-back block for cor­
rection o! plans wit h t he change of demand concerning the prog­
nosis. The demand prognosis in carried out on t he basis of the 
probabilistic model which describes the !unction of the air 
transport ation demand distribution , depending on the transpor t 
c.ltuati on character for the rcc.?ective pair of toWDs. This si­
tuati on is defined by the tickee cos~, the time of movement and 
by the all kinds of transport movement frequency. 

Main air communication graph has as its basis the systea 
of the ai rlines, set during a number of years. This graph is 
being corrected afterwards. 

Thd traffic-plan ~eans the distribution of the airplane~ 
f or the airlines, conai~ering special con4ltions of the eirpla­
nes dispos ition and pointing the number of t~ights f~r eaoh 
ai rline . Tha calculation of the plan is carried out by the 
s olving ?f ~he nonliDear programming problem aDd by the use 
of iteration method. 

Durring the plan calculation automatic co.rrection of t he 
communication graph is being made by denoting the airlines 
which have small passenger traffic and by adding Gxtra flights 
for overcrowded linea. 

The feed-back block provides rapid plan recalculation if 
there appears the change of demand cOllcerning the propoeis. 
Tho correction of the plan is made on a smHll region of t~e 
graph. Tbe par~ of the graph to be corrected is pointed on the 
Lasis of denotin~ the airlines having the common passenger 
f low. 

The autollllltic con"::rol al8orythlll.s are realised on the 
high-speed computer and are used t o mAke an~ correct tratfit 
plans. 



TH£ AJ'PLJCA'I'IC'tl m' tJI (\i'J'Jt.:J~;:,~ l t tl r.: ·:mcm TO 
Tl!!! TR:JI~J Ti ctl !'flf'llll .:' ! l!l 1"1 ~C' I""!·:PS 

D. P'. lluinea, I'll. D., line. ( r:n,~.) 
WeatlGIVl l!.,llcr-ptcr:l l. i rul t •:-1 , 
Yeovil, Sor.~rset, Enr.l ond • 

,_ t.n.n:>l ti(lll probl "''ll r:ny h u defi n~d n:1 a eh• n;:e nf u ltllutlc co;::bineol 

nth e c:bllfl.,: ot ~~perd . Thin u ::unlly ,.. un" d •·c-..1 .-r·~otlnr f:rr m .:n . .i on npred 

to hcYer -,bile lCHinr hcittht at a controll nd r~ t~ nr conv.,r·t•ly, acc,•lr.r~Une 

while cl .tab in£. n.. r l ne !IUCh a tran" i lr-n the I•~ llcopl•:r ch:.n{:eo H a ch:or­

aocte rl!!Ucr. ~uch th .. t "fill ch•cn con'. rol l aw will no t r.ivc t.tv: hea t pcrro n e­

a.~ thNJUf }rout tlae OiU.t. pmrn~. Opt l oruiA law!\ c r.n be r ourvl .>t t'nch 

ap!<;d durl nr. t.r..n:.l tlnn :.n<l ous u ' I ne tl•e &yll t.• rn is n ot a::> d•J od·opt lvc , 1 ..... 

c:o•li •lU<•lly ch:u•c; r~ c ontrol lul'1, .i t ;s rr.C'!:l!l:> f"J tn N rl'i on•• l uw tha t will 

r ive the b-!:. t v :,..rr.•.''""" tl.rc.ur)•wt. tl••: rllr)•t. An inveo tlr,a t i r,n hn:1 !>e.-n 

.. ~•le tfi.r.o nl!l rinol i nr. s uch a C<llll rnl l bw, 

::Olr:r.e tl.e,.., a re\.>:.., c nntrnl vuriaLl" "• l r.n;>,l t11rl lru.1 cyclic blwfu nr.(;l e 

em c tl l r-ct jv ., bb<l'.: art;:l ., , which c:.n l.e u :Jed ~'> CfJnt r n l the hm N.J t 1.ut 

v ... r~ 'L l , n , .,, rt ic :..l ~,,.:,._otf und r n r·ca r d •• CC'!l ~r. a tlnn, !l'·v~a· .... l contrc~l }:,·•a 

C ol" t.~ rom. l • t .. .. et. r.w:~tl t,y vury inp th~ wr: l r:h t 111(: rur.ctltn. Tt> 1nlt ' ~1 1y 

! ~, l l l) ll.-. ~t.u<ly U.~ Cc,r,!,r o ] YlorhbJ•·O W••r•• !l•:p• n ol•·l :oriJ npti U'.ol Cr.ntr" l 

) .. ; .• ...-~ro rnur.•l. '::lth \!.-.:;~ r •· :.u l ,, e ::tl r.: .ter. o r tl.e r t:qd r • d wd r.hti nc 

tu: ': t oN•!l r , r t l.•: t w•.-ir:f.U t t vo- 61>tput J;•r f c,n: .. or.c •: lro<lt: x caul-! a' OTC rr.c.dily 

V ::.• • '··· J .:,. -'~• t.:ro r e U .•·n f nuntJ ~nr • v r. rl i. r u l ,r :I J.~'· r· rl a ut wh~Zn a ~at.1 !l r4e­

t"' r 3 t r tr. ·.i ,.r.t r'.t:lj tr n :; ,. V/ 3!l r bt;d n,.rJ la'.¥:l we r e r r.ur.'J r or other :)pt':ed C :t:SCG. 

:. ) ~w .,.~~ ~;,-. .. <J at e v-.ry I!J>•:d an<! th~ !IU it ~oL i l l ty of usine aey 

J- •r t l•'U -r how U.rour h<,•>t tJ, •. spce<l r onct: "'"!l con:~lden:d. Fru.t thi s 1t 

... .. V • ~iblt: to (>!. t._jn a £Ui d<: in !'ir.iiro¥. o law wh i c h C'.i[.hl &ive 

"" t i n f . c tory l"'rfono:.nc~ in a ll """""· All u-.., an'>l;,r:~h W&!l ~rrom"c! 

w : ~!. " lir.no. rls'Od crd~l 'llh l c!. n•;c•:::~arily restr icts th<: ecc.u-acy ?r the 

r- l t , t. .. ~ ~ :; a r r <:llain.. ry "t"dy tr.., r,plinl:Jation tl!chniqu~t ia 'Yerf 



Y~riable atabili\7 aircraft baYe heeD 4eve1o~e4 aa4 iaveatilate4 

v i thia the fraae of Yario~• reaearcb proaraaa. So far, aircraft 

vith variable pertoraaaee vbieh vo~14 have beaeflta for ao4era 

pilot traiaia1, h••• aot o~ •• 4eaicae4. Ia the paper. Yariov• 
poaaibilitiea tor the realiaatioa of the eoatrol •retea tor aveh 

an aircraft will be 4iae~eee4. The baeia problea la to eoatrol 

the traiaer ia •~eh a var, that vithia all aaaoe~vera. the ata­

t ev&ri&blea of the airplaae to be eia~late4 0 are achieved. One 

h&e to 4eal wit- a aultiloop eoapliea~e4 eoatrol •r•tea. wh i ch 
eaa oal7 , . realiae4 vitb a 4i&ital proc••• coap~\er. The al c o• 

r i t haa tor the oa-llae aolatioa of the eoatrol problea 1 beee4 

oa ao4era coatrol aetbo4a are eaplaiae4. 
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EXPERIMENTS ON A HYDROFOIL. TEST CRAFT lo'ITH 

A llYBRID FOIL SYSTEM AND AN AUTOPILOT 

Y. Oh~eu • , T. Fuj i no•, M. l ~oh' , H. Ohno• and K. Uchino•• 

In the preaPnt. r epor t the r esul t .! of Pxpc-r i mente on toil lJornc c rui &ing 

s e a trial a of a hydrof oil l t>s t c raft wl t h a hybri d f oil ey .n<>m llnd a n ~u 1 a­

pilot eyat""' i s qun li la~i vc ly de s c r i be d . lt i a ol eo aho•·n t hat a n aualyai a 

o f t he longitu d i nal dynami ea of the cr a ft vi 11 be he lpful t o Ulu funoann•nt.al 

deeign o f an a u t opilot ay • tem . 

Each fore foil of the port and 11 t.a rboard of the t.cat c r aft t~u " fu lly 

rota ting foil at ita bott om and t.hC! afte r foil hall n fla p 1\t i t 11 trai li ng 

e dge , The incidence angle of thr r o t a t i n g foi l a nd th~ !la p angle arc con­

tro ll ed by hydra ul i c a t>rvr mechAni sm~ . 

The h e ight over the va t e r line a nd t he pitc h atlgl <' of thr hydrofoil c raft 

ar \ tok~n as controlled va riable s a nd an i nci dence angl~ &nd o fl ap angle ae 

lllt\J;lipulate d varia bles. The longi tud1n a l tlyn""'l c a of thf! c r 111t wlt.h the 

hybrid foil ayatem •ay be trf!ate d "" a controlle d ayat"'" with ooutual inte r­

a ct i on . "'hi<.h ha a tvo inputs and two output a. A ayntheai a of d11> autopilot 

ayat- with •utual inte r acti on in the craft dyna•i c a haa bee n atudi~d by 

using root locus d iagrams of the ayatem. 

Fro'" the res ults of sea tri Al& i n I!OVc ral aut opilot 1110doe it haa been 

found t hat the d~viationa or the controll ed va ri nblc e f~~ t ho tri• or th~ 

craft ar., cona lder a bly euppreat~ed when a rate algnal o f the controlle d vor i ­

abl e is f e d back, and that the de viat i on• ! r o• the aet pcinta of the a uto­

pilot ia more decr eas e d whe n the pceition al gna l i e also f e d bock wlth the 

rato aignal. Fur t h .. naore , fro10 t he r oault of pr.,aont axpt?ri.,.nta it 018)' bo 

5ugge ated that , when the pcaition and rate a i gnala of all the controlle d 

variable& auch aa hei ght, pitch angle and rol l angle a r f! almultancoualy f e d 

back , the de viat l ona of each controll ed variable in the craft wi th the 

hybrid foil ayatem could be mftde aa small aa thoae in a craft with the fully 

~tubmcrg~d oue. 

n1e author& • ~re with the Mitaubiahi Heavy Induatrlf!e, Ltd., Tokyo, Japan 

The author •• is with thf! College of Naval A•·chl tec turf! of Nagaaaki, 

Nagaaaki , Jt~pan 
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THE DYNAMIC CONTROL OF AUTOMOTIVE TRAFFIC 

AT A FREEWAY ENTRANCE RAMP 

Harry Nathan Yagoda, Ph. D. 

Department of Operatlona Reaearch 
and Syate m Analyaea 

Polytechnic lnatitute o! Brooklyn 
Brooklyn, New York 11201, U. S. A. 

The work preaented In thil paper conce rn• the deaign and analyaia 

o f a dynamic control ayatem Cor metering automotive vehicular tra ffic 

onto a high s peed urban freeway. The problem treated involves the utili .. a­

t\on of an automatic traffic controller that regulate• the entrance flow of 

vchicl<' s to a rate which m inimize s the total expected delay experienced 

by ve hlclea entering thu roadway, subject to the restriction that the en­

trance fl ow does not cause a breakdow: of flow along the highway. The 

study i s part of the Gul! Fre eway Surveillance and Control Project con­

ducted In Houaton, Texa a, Cor the United Statea Bureau of Public Roads, 

by Texas A and M Universi ty, and all experimental reeulta were obtained 
• f r om thia project. 

Two criteria 3 re conlidered in the mechanic s of 1 ramp metering1 a 

O ne involve• the insertion of entering veh1clc s into gaps, while the second 

involves m e teri ng vehicle• into the stream at inatanta dictated by the 

margin be tween o_baerved flow and highway capacity, In either caee a 

stocha•tlc state model l a used to 11tudy the dynamic behavior of the control 

syste m. The atate of the ayatem le determ1ned by the number of vehicle• 

i n the qu eue awaiting aervice in conjunction with the preacnce or absencea 

of a t r a pped vehicle on the end of the merge atdp. Cont:-o l la exercbed 

by th.: releaae of vehiclea (that are atopped and awai ting aervice) as I• 

indicated by continuoua monitoring of highway flow. The baaic deaign 

parameter in the ayatem ia the threshold limit at which the next vehicle 

b r eleaaed (provided that the previoualy releaaed vehicle haa comple ted 

ita m e rge). In all, aeveral deaigna were inveatigated includinga a fixed 

c ont rol ayatem, with a predetermi.,ed threahotd; a programmed control 

ayatem, in which the threahold ia varied aa a function of time; and a feed· 

bac k control ayatem, in which the threahold ia varie~ aa a function of the 

aver aae atream volume. The reaultant control ayatema were or are 

being Implemented and teated on the Qulf Freeway. 
• The opiniona, !indina• and conclualona u:preaaed In thia publication are 
thoae of the author and AOt neceuarl!y thoae of the Bureau of Public Roada. 
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LI11EA4 DlnEliDTUL G.U!!S WITH COliiPLETALI 

OP.rDW. S';!lU.TmiES AND m! SEPARUIOB FRINCDU 

Pierre Faurre 

!rbia pape~ treats the linear ditfeHDtial gu.. with qua­
dratic performance ~ex. The existence ot optia&l strategies 
1D the cue, when an associated IU.ccat1 equation haa a solu­
tion, ia proved& 1t ia proved also that tbe strategies obtai.D­
e4 are c011plete~ optiaal iJl tha sanae ot tact that tl-e a4-
ve~se strateQ knowledge would iJm>lve to u.ee sUll the a81111t 
stHteg (aa withOClt mowle4se). calle4 o011plete~ optlaal. 

'l'he d.ireot .. tbo4 uae4 heN 1a exten44K1 to the stocha.atio 
cue where tha toraallaa ot Ito atoobaat1o 41tfe~t1al equa­
tiou 1a applle4. U turna OGt tbt the principle ot control 
and eatiaatl-<m aepu-at1on ou be exten4e4 to the stoohutio 

sa-•· 
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S'I'OCKASTIC OPTIMAL COirti()L Win! PARTIALLY JalOWN DISWRMifCIS 

T. J, Tarn 

Washington Univeraity 

St. Louie, Miaaouri 

U. S. A. 

Tht stochastic optimal control of linear, discrete acal&r system la 

a udied . A method la presented for relaxing the usual assumption that the 

probability diotr ibutiona of Lhe diaturbanccs are knovn. 

We reeard ~he addi t ive vhitc Gausaian diGturbL,ces to have ~ixed but 

n p&rametera. The baeic i dea la to consider the unknown para.eter~ 

a ndom variablPs vhose & priori probability densitiea are given. Apply-

ing Beyeetan filtering t heory, the problem ~olution conaieta or recurai~ 

equations !or ccquentially computing t he a poateriori probabili t y denaitiea 

of these random variable& based on measurements . Fron these a poGteriori 

pro~abllity densi ties estimates can be formed. 

To determine the control, t he expected value of a quadratic cost 

fUnctional is uaed as a criterion fUnction. Applying Bcllman'a dynamic 

progrAmming approach, we obtai n t ho exact analyt ical eolutioo ~f the feed­

back control lav. Thia aolut ion aerves as ctandard for evaluating a~ox­

imate aolutiona. 



A.'l A.PF!lbXD'.ATE METI!O:) OF S • .<t'E ESTIMATION AND CONTROL 

TOR !IOIILI :IEA.R DYNAMICAL SYSTEI'.S 

UNDER NOISY OBSERVATlOriS 

by 

Yovni fuoi Sunahara 

The obJect ot this pape r ! a to e ntablish &r. approximate technique t or 

t he s tate ca~imation and optima l control o r nonlincnr dyn~~ical systems ~i th 

5t&te-1r.dependent noise ~~der noisy observations. 

Guide4 by the basic notion o r state variable r e presentations in contr?! 

theory, ve dcacribe appr oximate y mathematical mod~ls of both the dynamical 

S)'a t e:os and the obser1ation prOC•) D9 by the nonll ne ar vector a t och.!l8tic dl rter­

cr.t 1nl equn!.lon o r I to-tyt,c. 

Tnc description lo basi cally divided into tvo pnrta . 

Fi rstl y, a me thod o r a t ochastlc "incurl~at l on la demons t rated for the 

tc r1-'l:.n o r cctnt.llahing an liPJ>r ox llll\te upproo.uh t o aol ve f ilte ring pr oblems 

or ,.,.,, i n-,nr otochll!l tlc uyotcmo i n Ha rkov i an frwoe ..,ork. Al t hough thf: moot 

,,...,[ llr.r techni rp.1e 13 tht: in t r oJuc t lon of 7ay l or seri e s expans i on on a non­

!"~'" function, l n thlc P"P'Jr , the uuthor v l ll 1ntroducc the r eader t o a 

~~><:t n-:. 1 o r ::t ocla.ntic llnearl ~ott1 C.n vhie h vill l.lc ohovn to play 1\ uoc r.u roh 

in • ~tuJy o f stat e c•tl"''•l lon and vh l c h v ill hope fully be Q[ an e xtt:nsiv•· 

J~'· t •, r.he 'ICTSi On Of <,p~i:IIIJol COOlTO prObl ~a>O . The pr i ncipal line Of t\~ tu•k 

ta t o '"'1'-'11•1 t h .. no:.nll r.ear f'-lnc t ion !nto a certain l l nc llr function vith th<! 

•;<.<.f 'lo:h:nt o "Jh i ch •tre det!lr:n1 ned u:1d•·r t he lcaa t oqunred e rror criterion. 

lt,•, llne'lr1 2~1 fWlC t Jc n i ts Gpcciflcd by t he CO<: rfici "nts depende nt on both 

tl o t~lc e~t1~~c ~~ t he e rror covar ano;o . Thus , a method ls giv~n fo r 

~I;'! ~ilt•lltS.llCOUll tr-:a t oo:nta Of appr oXImate otructure Of fil ter dynlll:liC:B and 

of ~ "'.r.l:l,; ,..., ,.1 ~"uon o f the error covarlo.nce through the lineuhed pro-

::econ•lly , l.y using the f1lte r d:~no.:nlcs obtained , an approxll!l&te me thod 

1.~ p~ i:al CGutrol ls pre~.,nte<l fOr the qu'>dratic COSt functiona l. 

I'! M !7 , -lctll led d l oc•!tsa1ons are give n v ith nu:crica.l. e xampl es, i nclud­

lc..; = ;.arntivc diacuoslons on the other t 1lter dyna:Uca. 



CONTROL ON STOCHASTIO PROCESSES .mD OHECKmG 

A.A. Klemantev, E.P. Maalov, Aoflo Pet:rovak;r, 
J.. I • Yashil:l 

It is s olved a problem of ynthcsis of an opti~l 
alcorithm f or checkin~ and control o~ a discrete st~hasti~ 
proc ess, with incouplote infor ma tion. Three types or loss es 
are described; 

- for the deflection of the cont roleJ process \ rep l froa 
a ~,;1ven re~ime { 9p} 

- for the coo ta·ol of the process t '?p} 

- f or the checking of the process t rz p). 

r~t the nucber of cyc les of process existence be finite and 
equ:tl t :> !i , Oporotiona of checkinG 'lnd control , Dnd also 
incoi!'lc idence of coor dinates y

0 
end 6

0
, n=1 ,2 , ••• ,I: , l'tlsu.lt 

in tot~l sto~hastic l osses Cl • The mean vslue of ~ is 
mtniolzed by means of choi c e of a number, and of chevklng 
'.i co:1t rol moment lsj-out, also b~ a choice of control Uk• 
k =1 , 2 , ••• The p1•oblem is solved b;y means o! dyno::;ic progra::~-
ming methoda, · 



SYNTHESIS OP CONTINUOUS-TIME STOCIIASTlC CO~<"rROL SYSTEf.lS 

I.G. Cummina 

Oep1rt.ent of Elettriral Engineer ing 

University of Toronto 

Toronto, Canada 

Analytitll results i n t ontlnuous-time s tochast !t tontrol t heory 

are no~ally developed for systems whose noise is white, as the Markov 

assUBptlon h usu•lly needed in the derivat ion. However, a ll random 

prot s scs act tn prltticc Involve coloured no ise, and such proccs!es 

~t be aodc ll ed by white noi se processes before the results of 

s t ochast ic tontrol theory tan be applied. 

This paper rel ates tontlnuous-tlme tolour~d noise and wh ite noise 

processes In a convenient state -vector form for t he case where the upper 
c.:. l oljrcd 

fr~ucncy of the/ noi se Is high . The probl~m Is mos t Interesting when 

\he noise Is non-ad.Ji ti ve, and t hc ·paper gives the mu imum number of 

par~etcrs · of the coloured noise which are needed to rei to t he t wo 

proc-esses . 

Using this relation, the paper shows how sor:1e of t he aodern 

st oellastlc control theory tan be appl i ed to pract1cal situations . 

An ex~p le of • linear system with a randON toefflclent is studied, 

and lt is ~hown how an Inferior controller an be designed if the 

C'Ol our~d no i se is not char;~ctcrl :cJ fully. 
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CllAMCfERISTlCS OF STOCIIASTIC I'URSUIT-EVASIOX* 

CAMES 

R. D. Bchn and Y. C, llo 

Harvard Un1vcra1ty 

Several .u~~cter1at1cs of a tochastlc pursuit-evasion cnmea 3ro con­

atdered . n,., outcor>e of t he gal!lc aa a function of the tnfonaation ac t ia 

inves t lsa t cd wit't rea,.ect, in p3rttculnr , to the role of the stochMtic 

at rft tactes aa a bridgo bct~ecn opan-loor and closed-loop str3ten1os. the 

stochostlc gMe b also shown to nhed fur tllC!r li&ht on the a~ynrnetrlc 

chor£cter of the roles of the purau~r and evador. Further, it is poi nted 

out th3t 1! the tvo playcr8 have different information sets a nonzcro-suo 

game ~ot bo solved. 

obe work reprinted here is aurport~d in part by Joint Service Electronics 
Contract N00014-67-A-029S-Q006 and ~ASA Ct3nt SC~-22-007-068 administered 
throu&h llarvard Unlverllity . 

*Subcitted to 1969 lFAC Convress. 
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INEQUALITIES FOR THE PERFORt4ANCE 

OF SUBOP'l' I Ii'.AL UI\CEHTAIN SY. TEMS 

by 

H. s. Wit!l f' llh!lUIJCn 
B 11 Te le ph ne LIJ"::lor ut.ori . z , I n e r por a t.cd 

Mu rr6y H~l l , New J c r~cy 
U. S. A . 

The C; r for n.ance i ndex f o r· a cc>r ~rol nynt~m c!cpen :: 

bot h upon the s e l e tion o f control l e r and upon uncertain 

quantlt i ca . :;uch us pe rturbing i npu t s . To each cc.r.t.rvllc r 

cor re..; ondo a film . ion of the unce rta i n qu11 nt1a r:G t o whi ch 

l e · s c1 ~;ne d a numbe r by t a kinB, for i nntu:'lcfl , an t:xpcctot l on . 

In ge:nc r ll l lt i s diff i cult t o find a de!l i £,11 r,ivlng t.hl o number 

i t s l eas t va lue J• . One :;uboptimal deoi gn method cons i st s i n 

aasuming tha t the uncerta i n quantities are fixed a t typical 

value:; ond findi ng a des i gn optima l unde r this hypotheois . 

When s uch a desirn i s evaluated the r esult 1:; a number J 0 L J •. 

The r i s k entailed by the simpli f i ed design met hod can be ztudl ed 

in t e rmo o f i r.equa liti es J 0 ~ kJ• wher e k i s as sma ll ao 

po:;sible f o r giveu accumpti onc on the s tructure of the problem. 

Bestvalues of k are found for a class of open-loop problems 

with norm type criteria. Dcp~nd ing on the oss umptlono, the~ e 

\'3lu '.!s a!'e 2~, ~. 2 or 3. I nequalities for two-~tage 

, robl<:?ms with f eedbac k. are also derived, 
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~0-ROTOR GYROORBIT THEORI 

T.,l~Nara!Q', Doctor ~ Sciea.oe 
V.G.Gor4HT, Doctor ~ Sc1ao• 
.T.G.Os troauhO'f', Candidate of Soieuce 
Ina~~ tute of Preci .. lfechaD.ioe m4 Optio.s 

X..Di.Dsra4 
ussa 

!'he theoq of 011e-rotor gro orbit is lr:nown now which is 
used on artitioial earth satelll tee to make planes ot their 
orbits. Together with the local vertical uaaurillg ele~~~ent of 
i nfrared or ~ other t7Pe the gyro orbit gives possibil1t7 
t o 1118ke up current orbital coordinate S78t8111 on board of an 
artificial satellite which can bo used as a basis coor~te 
syatea when the satellite ia doing its vario~. tasks required. 
The scheme of the two-rotor gyro orbit is lr:nown which has :aa-. 
n.y advdntages 1n accuracy, greater ~oscopic memory ,unoeuvr­
ing, etc. 

In t he ~>.&per on the base of consideration of initial. dif~ 
t er entio.l equati011s and compoaitiOil of noises principal theo­
r etical. dependence& are given tor the process of lll81d..ng up, 

currant orbitial coordinate e78tea 1n normal orient ation re­
gime m4 groacopic UJ1017. 

'!he ll&1n results ~ this ~is are the shown trans­
formation of noi.. trequanc7 epectrull determined by the own 
drifts ~ groaoopea an4 also acre favourable conditions of 
work 1n groecopio UJIOr7 regillle 1n compari8011 with one-rotor 
cro orbit. 
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INVEsr · · \TION OF ~ULTIPLEX AOTQ-OSCI~IONS OF S?ACECRAr~ 
E.V.Gaushus . 

T.!::e dynamics of a spnoecraf't with a pulsed attitude control 
system is co~sidered. Pl~e oscillations with cons t ant dis­
turbing moment are i nvestigated. ~he proble~ 1& solved by the 
method of point tr~~sforms and t he theorr o! b1faroat ion usinc 
some t heorems proved by the author . 

, The dynamic system considered 1e shovm t o have any multi­
pl~x periodic motions (fixed points of a poi nt transform of 
an,y multiplicity fro 1 to-). 

The complete problem of the dynamics inveetigat1cn is 
solved that incl udes finding all possibl e periodic motions, 
studying their stcbility and parametri c dependeno~, f itting 
bi furcation curves , and de termining ener gy consumption by t he 
control system. The energy conc~tion 1s ahown to be quan­
ticed, 1.e., the system can bo at one of two possible er. • rgy 
levels corresponding to limit cycles of nei ghbouring mult1-
plio1t1es at f1Xed parameter ·~alues . The ~am1c ~ystem oou­
e1dered with a multivalent phase plane seems to be the f irat 
ex~~ple of eystams w~tch have any multipl ex periodic motions 
a.nd oQ.ll be full,y ana.lyeod. 
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DYNA1!IC STUDIES OF PRELIMINARY STABILIZATION SYSTm 

OF A GRAVITY-5TA.BILIZED SATELLI~ WITH TAXING D ro 
ACCOUNT TRAllSDUCERS CClliSTRA:mTS AND BENDmG OSCILIA TIONS 

OF STABILIZER 

V.I·~ Popov, V~Yu. Rutkovsld.i 

In certain cases the gravitation and stable satellite should 
be quickly calmed after separation. The calming can re effected 
by means of a gas-reactive pre-calming system (PCS). 

The dynamics of PCS is investigated on a phase plane with 
the transmitter limitations being considered. The question i s 
considered of using the transmitter limitations in forming non­
linear control laws. It is shown that with t he coeffecients in 
the regulation law and the dead time in the system being chosen 
in a definite way, a substantial ecenomy of working body may be 
achieved. 

Auto-oscillating duties in the PCS are being investigated. 
To reduce the amplitute of auto-oscillations 1n the PCS, which 
has a relay characteristics wi th a hysteresis loop, it is en­
visaged to introduce an inher ent feedback compensating the dead 
time of t heregulator. 

To obtain a gravitation and stable satellite, a stabilizer 
is being attached to it. After the satellite is separated from 
t he delivery rocket the stabilizer should be opened. The moment 
of opening the stabilizer is being chosen. 

Equations are made of ~lane curve oscillations of the syat em 
satellite-stabilizer, their investigation is made. If only natu­
ral damping in the bars of the stabilizer is t aken into account, 
energy practicall7 does not dissipate . for an admissible time in­
terval, when artificial damping is introduced in the bars oscil­
lations in the system damp quickly. 

Curve oscillations in the sys tem satellite-stabtlizer v;ere 
examined on the digital computer with the work of the PCS being 

~81 



eonsi~e~ed. It was shown tb&t wb~n the ~CS has a relay cha=&o­
teristic with an insensit1v1t] zone, cu; re oscillations o! ~h~ 
system aatell1te-stab111zer c~ be dacped during an admissi le 
time ~terval . 
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SJGT&X FOI SPI IJ IIO PAILOAPC 

1. loter c•, I. 8eelaaaa, I .V i~achalla 

~oraiar Oabl Frie£richa~ataa 

aclaatltia laperiaaata r•••ire ottea p&Jloata whi ch are poiat!aa 

ae~aratel7 towarte a •~ar or the a.a. ~. hardware ot attit~&4a 

e oatrol •r•t••• tor apiaaiaa p'Jloada bec~•e• ••ite aiaple , care­

tal ~7aaaia laweatlaatioaa, kovcwar, are re,uire4. 

Oa •he - aaic ot aa optialaat i oa •~u47 with PoatrJasi•'• aetbo4 

t owar4a a tia e-optiaal coatrol •7•tea , a ••a•i-op~iaal d iacrete 

e oatr•l •7•~•• haa l>eea ~••isae4. l~&tatioa aa4 preceaaioa coa­

trol la ~reata4 la 4etail ia the paper. ~eaa1ta ot the 4eTclop­

aeat &a4 warlo•• tecbalcal reallaatioaa are Rreaeate4. Proble .. 

ot the ••••ora, t he ai,aal proc••• i•' a a 4 act .. tora vi 1 be ~x­

plalae4 . Tbe rc•alta o f bardvare aiaul atloa are abova. ~he s # 

atea wi ll tira~l7 he 1auache4 ia 1969. 
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TURN KANEtJ'VER CONTROL OP' A CIRCULAR ORBIT PLAm: PROVIDING 
EOR A SATELLifE PASSAGE THROUGH A. GIYm 

Yu.P. GouakoT, S.V. Bunjaki.n 

The problem of eintheeizing the throttle control, which 
provides a satellite paee over a given point on the earth's 
e\U'face, is eX&IIIined using the known dec~~~~~ of the -terial 
point motion equations in the cental field the effect of force 
appl~ed binormally to the oaculating· orbit. 

A 4iet1nctive feature of the trajector;r programming prob­
lem being examined 1n this report is the conjugation of the 
earth's surface point motion to the powered and unpo~ered sa­
tellite motion proTided that t he engine bourns minimum time. 

A requirement of maintainin~ the p8 rameters of the ini -
tial orbit as well as the given final requirements under the 
action of perturbatione, which take place, necessitates synt­
hesizing a feedback control system. One of the possible cir­
cuits of such a system is analised in this repor t • . 
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On the Synth os!a of a Control Moment Gy ro 

tmp lome ntcd Spacecraft Attitude Control Syste m 

by 

E . George Smith* 

Inter national Bus ines s Machine s Corporation 

Fede ral Syst~ms Division 

The prellmlna ry design of a spac e craft attitude acquisltion/reorlen­

ta tion and stablllzatlon contro lle ::- , Implemented by a set of single­

degree-of-freedom co'ltrol moment gyros (CMGs) , is described ln 

this pa per . For cases of motion-In-the-large, equations governing 

system mutlon arc highly nonlinear as evidenced by the serious 

cross-coupling eHects. Assuming that a contro l a lgorith m should 

be contrived to permit eHiclent use of the inherent nonllnearlty of 

the control actuator, (l) an application of the classical variational 

calculus Is made which results In a control law governing the motion 

o( an Ideal CMG controller and (2.) the method of steepest desc e nts 

is employed to synthesize a CMG torquer control law which forces 

a close realization of the ideal CMG motion. Some results of a 

computer simulation ol the total system are presented along with 

a deri vation o( the simulation mathematical algorithms. 

*Advisory Engineer 
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0~ THE SYNTHESIS OF S\.h..,?IIMAL, l NI:RTIA-lJHF.EL 

ATT!TlmE COIITROL SYSTD-I.S 

W. L. Gar r :.rd 
D~pa>: UI•en t of Aeronau t · cs and Engineering Nechanic s 

Univer s ity of Minnesota 
Xinneapolis, Mi~neso a, USA 

L. G. Clark 
Jep~rtmen: of Engi~ecring Mecha - s 

niversity of Texas 
Austin , Texas, USA 

Two techniques are presented for the synthesis of subopti-
m£ 1 ~ystems using motor-driven inert wheels as the source of 
tor~ue ior three-dimensior~l attitude control . These techniques 
approxicate l y min~ize the integra l of a quadrat c function of 
sys tem error and control effort , and both procedures ompensate 
for nonl i near in ter-axis coupl i ng. The techni ques developed in 
this p per are applied to t he design of an attitude control sy• 
dtem for a t ypical artificial satell i te. The resulting control 
! aws are in fee dback form. In & compute r simulation, systems 
~esigned on t he basis of the procedures developed are shown t o 
r spond fa s ter ard ~ore ac~urately than those designed by opti­
~ization prccodur s based on lin~arized upproxioations of the 
~quations r f moti on. 
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~ne onl7 approeoh to desi~ of cont rol s;retema of tl11ng 
1 pperatua is augsested. General probleos of suidanoe 1e disoua­
sed. !t 1a seen, that in general, problem ofa r emote control, 
• •l ! -guidance, autonomic control, ~~danoa of !lJ~ applretu­
aea ~o mooving and atead1 targeta !roa aoovias and ateadJ plat­
!o:ma, are defined aa fol l owaa 

al The onl;r criterion, stating the qual1t1 et work of sui­
dance a;,stem, for inatanoa "overfl;Jing" of the target b;, 
flJin& apparatueJ 

b/ Tbe onl7, unc:hangable part ot the a;ratem, kinematic equa­
tion ~f connection. betwaan parameters ot fl1in& appara­
~o tre~aotor, and t erget, 

c:/ Control element• apeci!1o end oharec~eriatiea of tl 1ng 
a ~aratua, and es well, lack o! full inf· . ~•t1~ne 1n 

their changes, 
d/ The onl;r necessit} of dicreaae in power looee3 ot tl;Jlng 

a~paratua, necesear, for guidance needs. 
Di!!erent gl:..ldan.oe problems ere in ge.1111!'al det:nad b;J i.n!or­

mation aourcea of the target end fl7~g appara~ and eapecial­
l ;r f l 7ing apparetue charaoteria,ioa. 

Gene&al !a•~•• end apeoi~io problema of rewot~ control, 
self-guidance and eutonomie guidance &;Jatems, an illuatra t ad 
b;r an t:x.I.Dll'le of linacr a;Jstem of guidance. Cptuisation o! 
guidance a3atem problam 1a disouaaad. Spacial solution pr~ble~ 
et different into:mat~on eoureea and oo~1rterat~on of di!fereAt 
power liaitat1ou1 are tulle~ • .1.-:ltiactioZl ol the te~~~t on 
~~idenoe a7et'B chara~terietiG 1a &~di•d• 

~eaen~•~ •~• analieia methods o! guidance BJStem -it~ cono1-
derat1on of abaenea of full intormation about t l;ring epparst~:s 

eharacte~tatica. 
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TilE RI!U.'V'A!ICY OF CO!ITROL 'rnEORY 1'0 ED1JCAT10 IAL ENROil rE!lT 

Paul llpar 

tlNESCO ProJec t at the !llstitut o Politaonioo Jlacional 

Me:d.oo City 

Ma:d.oo 

and 

Peter Arm! tage 

Higher Education Research Unit, London School o! Eoonomio1 

London 

England 

Tho paper i s concerned with an important ~roblom o! educat i onal 

plannins 1 t he future dist ribution of student s a nd t eachers , and the 

applicability of contr ol concepts. Some previ ous at tempts at applying 

contr ol concepts to educational enrolment are briefly described! those 

att empt s utili~ed such ideas from control theory as, stat e opaca, control 

or dooiaion vari ables, Pontryagins maximal principle, dynamic pr ogramming 

and dual syot ems . 

Next , attention i s focused on the f ormal similari ties bet ween an 

i ndus trial pr ocesn end t he educational process. It is t hen shown that 

deepite the f ormal sicilar i t i es , ~very r eal probl ems stil l exiot1 the 

controller is only a "sugeestor", the iynamioe of the prooeas is almost 

unlolow end moreover 1a non-stat ionary and the set ti.ng up of an objootive 

function, unani~uely agreed upon seo~s to be an almost impoRoible t aak. 

Because of thes e dif f i culties, i t i s esen t3at a control framework must be 

augmented by acme deep and UA!ortunately expensive research i nt o the 

educational pr ocess iteel!. 
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T Ht: USE OF MULTIACCESS COM P UTERS FOR THE 

M!INAGI·: MI·:t>:T AND CONTROIJ OF PROFESSIONAL LITERA'I' URE 

J, Franci s Reintje• 

Mas8l'.chu6 otts lnstiu.tc of T echnology 

Cnmbridge , Massachus etts , U. S. A . 

Mulli"t n a~ c omputers, when ope r ated in a.n online mode in which 

, ", • int ' ~ac\ in • cnl time with the machine , in dlnlog fa shion , offe r n ew 

or;><'' tu:1llH> ~ for effective managem ent nncl trandcr of information con­

t a i nrc m the professiona l litcrarurc. Active interest of m cmbeu o the 

?rcfcss ior. and a c e rtain a.mow t <l{ Bto.nda rdizatlon are eeeentia l {or 

e!fc·: live Implementation o{ a machine-stored Information system. The 

aut omatic - control licld I• an excellent area !or exploitation of thi1 type 

of lr..; . rmalicn ·tranefer system bccaue o of the worldwide cohes iveness o! 

it o pro:coelonnl momberehlp . 

An F.xpcr im ontal Information -Tra ns fer Sy_stcm (Project lntrcx) is 

dc·sc ·P .· . It" vurpoue is to de velop, through anal ytical and e>:per imental 

csrnrc:h , " ody of d:~to. which will be us eful i n th e f'Stabllshment o! 

epcdf;c n!loJ\8 or Cuturo O!•Oralional sys toms. A ealicnt Ceaturc o! the 

r>·;>crlm('ntal-systcm design Is thnt it t llkea full :\dvantngc of the capabil· 

.ti<' s o! the user as a human operator in the m an-machine inter action 

plocess . The 11 ystem i ncludes a lit erature bue consi sting o{ a ca talog of 

~<t lcnH I 0
4 

documents, a a e t o! stor a ge and ret r ieva l progr ams Cor stor­

ing the c t 11 lo~; compact ly n the m ulllacccu computer and Cor r et r ieving 

li"Jcrmo.tion quickl y from tho catalog, and a full-text·acccas system w'Hch 

ensures guaranteed , r apid a r: ccss to the f\111 t ext of the catnloged items at 

r emot e locat ion • .Experi.-nenta.L results obt ained t o date arf' reported . 
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COMPUTER CONTROL SYSTDI FOR AIR POLLUTION 

by T. TAKAHATSU, Y. SAWARACl 

M. NAITO, Y. AKAGt; I. HASHIMOTO 

Y. IKEDA, K. KAWATA and T. MIZOCUCHI 

In Japan, public nuisances caused by air pollution have been 
~remendoua problems, and especially in the Osaka district that has mony 
industrial t~~ns, it has become one of the problema which shou ld be 
i~d1ately solved . Therefore the authority of Oaaka Pref ecture has 
iastallad the telemetering sys tem to quickly grasp the condi tions of 
veather and air pollution at several monitoring stations in the Oaaka 
district. Only this installation, howeve r, is not enough f or the 
prevention or pollution, and the emitted materials from many pollution 
sources should be so controlled accordln~ to some policy that any pub lic 
nuisance doea not occur. 

It la the purpose of t his work to develop the methodology for 
est ablishing thls control policy. Future concentratlons of ll i r pollu'tion 
caterials are predicted by some mathematical models, and if predicted 
values of future concentrations are estimated to be over the c ritical 
values, the emit t ed quantities from sources must be so reduced that future 
concentrations do not be over the critical. In this case, it may be 
~csirable that the total sum o! r eduction of social ond economical 
activities i n the district la minimum, ond these control may be 
acco.plished by using electoronic computer with many modern control 
t heories . 

This paper is mainly on mathematical DOdel building with transfer 
phenoacna of pollution material in air,and on some results of calculations 
by using the model. 

To calculate the transfer rate in the horizontal direction, steady 
s Late distributed parameter models are uaed, and for each of the emalll 
reg i ons about monitoring stations a pseudo perfect mJxing model la 
applied . · The concentration of upper zone of small r eg ion mentioned above 
1 calculated based on the transfer in the horizontal direction, and some 
transfer a re carried out between the perfect mixing region and ita upper 
region. 

Moreove r, since values of many parameter• contained in mathematical 
.odela vary vlth time, these values should be always modified by th e 
principle of adaptive control and by comparing calculated values with 
•east>red values. 
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'Dynamically Optimized Fiscal and Monetary Policies for 

the Control of a National Economy' 

by A.R .H. Noton (Canada) 

This paper illustrates the application of t echniques 

devel oped i n an enginee ring disc ipline to a problem of another 

di scipline , namely the social scil!nces. Even though matheaatical 

economi s ts are familiar with variational methods there aeema no 

cv. dcnce that modern control theory has been applied to derive 

dvnamica lly optimized control policies f or a national eco0011y. 

A model of eleven state equations embodying several interesting 

features has t herefore been used for such an illustration, 

Although no serious attempt has been made at this stage to correlate 

t he modd to econometric data. The problem (for discrete-time 

control) is formulated aa one in dynamic progra11111ing and the iterative 

computations proceed with the help of expansions using the method 

of conjugate gradients. 
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INfO~~TION SYSTEHS OES ICN fOR BUSINESS ~PP~ I (ATIOHS 

Ra lon R. Oue rsch 
Genera l ( lectr lc Company 

Schenect•dy, New Yor 12305 
U.S.A. 

The orocess of Informat ion system design in the pest has received In• 

sufficient attention because of t he ~~ohasls on se lecting from eva llao l ~ 

hardware. H~ver, as In the solu tio~ to any problem there are Jeverel 

pnases In obtaining e suitable design for an Informat ion system and t~ l s 

paper describes the process of arri vi ng at sue • design . Th is proc411, 

carried out by a systems analys t with the nelp of operat ing perscrrel end 

~nagement et ell leYels can benefit from t he experience of control 

eng ineers . 

There Is a str~ng r~seMbl~nce bet~een management funct ions and 

.multlloop control systems. rurther the mana9ement functions can be shown 

to Include the control upecu wh !ch would ana logousl y be clone by control 

logic and feedback in a ohyslcal system. Hatrlx ~nlpuletlon and parrlt· 

lonlng ~y be used to de sign better Information systems . The techniques 

of optl•lzetlon will also be found uuful In the selection of stra tlgles 

eno planning by ~~~---~nt. 

As the capabilit ies ot lnfor~t l on systems ere explored lt will 

bee~ evident that experience In modellng and simulat ion wll l be usefu l 

to create managemen escrlptlons of the bus iness lr. a more quant l ~ a tl ve 

fashion. Thus, alte•nate cou.rses of action Ny be explored and long· 

ran9e plann ng and oeclsion ~king ~y be more 'clentlflcally Investigated. 
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A Nonminl•um Phase !nJ~x and i t s Appl icat i on to 

Interacting ~l t ivarlab le Control Syst~s 

by 

E.!ward J . . Davi.son 

A nonminlmu. phase index ls defined fer a linear time 

im·ari ant mult l varlab le system. !t is then used to alve a 

measure of the dearee of difficulty of stabillzlna the system 

when two or more control syst~QS, each of which cont rols or. . 

out put variable of the system, an applied s!mul tanecus ly t o 

t he sys tem. The index Is s imple to compute and so should ~ 

useful in predictlna when interac t i on will occur in larae 

mul tlvarlable control systems such as which occur in -~ocess 

cont rol . A nu.erical example of a d1stlllation' ~n with 

pressure control and temper~ture control is lncluoe 
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DIJl?lll ClUTMlOJi 

;·: :•rt: :C IOH Or' !:Jif.J.I li' :: Clt!'i'r:tlOll 

t.:. l·:cnnhn 

• 

D. l·.B.rChllnd 

~oci6t6 ·~ Auto~ tion 

8 , rue .ilolliru 

,PARIS (1 6°) 

"'ociltc Contrale .ila!ley 

3:! , lld Henri IV 

!'Alii! (4°) 

FR/oJICE l'RI\' . J..: 

The !':i r.t ?~rt of t lrl s work concerns M cx t enr.ion of lln·lin 'n t• 'ln ­

dl .:rd pol ynow Als ( rer=e··e~ting differe"ltinl opor•H ors) frequently u ced in oae 

'larinble cont!'Ol e c:~i O'I• Stc.nda.--d polynorunl JM tricor nre presented nnd jua-

ti fiod. The second r11r~ co~. oornl! encontial proble:: in the p-ectiel\l. field 

of ::1\.J. tivnr inble control 11)1lt bo::is . \Tnon oontrollon of cltmsi clll. :!ltr 1cture 

( r tch liS the three ~en'IS controller P!D) IU"e u5cod, no method i r nct uuly ttvn!.­

l ublo for ontching t he con troller to t r.c controlled pr ocess to i mprove the 

c:l.Y"'ctiCIIl bci.•vior of the ov<tr •J.l cont.rol !Jys tem, J\ pr~>cticoJ method 1!1 pro­

·osod 11?.ich nt:y r-ol vo t he :;tc.tcd pro\J.om. '.i.''ne re thod i r. ~od on 1\l'! cx le~oion 

of J.~:·lin' s <>c'tl.P..r d"r..ping criter i on to the tllltidi ::~e :~ionnl dotvdn. llovever, 

onny e:-pocb of the ext enDion r«:l~in to be studied, to jus ti!'y the w::e:f'ul.neas 

of tile cor.erlll.i :ted criterion, 
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USE OF GENERALIZED MOHR CIRCLES FO. MULTIV.ARIABLB REGULATOR 

DESIGN 
A.G .J. HacFarlane and lf. Munro, 
Control Systems Centre, 
University of l<lanchester Institute of Science and Technology, 
England. 

A design technique is presented tor multiple loop, 
~ultivariable 1linear,proportional regulators. The technique 
depends on the use or generalized Mohr circles. The Mohr 
circle construction was first introduced by Otto Mohr 1n 
1882 to show the effects ot coordinate axis rotation on 
stress and strain tensors. The principal obJect ot this 
paper is to show how similar constructions can be used 1n 

the design of multivariable teejback control syste~s. The 
familiar comp:j.ex frequency plane i s used, so that a link 1a 
established between the technique developed and conventional 
control system theory. 

Two simple desi gn examples are presented. One or these, 
for liquid lllvel regulation in a tllree-stage blending tank 
system, is representative or a class or process c >ntrol 
applications. 
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J. TRAHSPOPJ.al'ION METHOD FOR THE UAI.YSI S .lND THE SYNT!iEat:S 
OF MUI/I:IVIUUJ.BLE CONTROL SYS'l.'EI.lS B! DIGITAL CO!.lPL'TER 

J. Gyiirld 

Research Instit-u~ ~or Aut omal;l.On 
or the Hungarian .\cademy of Sciences 

Budapest,H ~ar;y 

SUMilARX 

The analysis and synthesis r:~ethode of the control t!:eory 
presll!llo that the system under t ast i s available in a proper 
matnsmatica l form. However in general tho ~odel ot t he ontire 
ays wr:~, vdlich .-as build un by pw: ma.tbelllatica.l opera tion on 
t~e baP! of the p~s1ca.l l aws or by .ocaaiU-&r.t:n t W1.th an i den­
ti!ica t.ion procedure appeo.:rs in ditterent torrr.. The b ~ -
dio ~e.m io o. · very usef ul fore and 1 t is widl.' sproo.d in the 
p actice too. I n the paper i s dr;r.cribed a gonet'tU p rocedure 
t o genera t e t he proper mathema-wi cal :!om, which io wo.nted 
b)' 't!le analysis and 6ynthesio methods , on t he base of the 
blcck-diasram. 

I n the fir s t part we deeeribe the generating procedure o! the 
state equations. 1'h8 secoud part deals rtth s transf ormation 
me thod t o convert the s tate zatrix of ~ syst em i nto a kinema­
tically s1.mil o.r matrix which ho.a canonical f orm. In tl:Us w~ 
i s pel"fo'!'med tbe ai.lllpll.!icc tio::. or the reduction ot the ge­
nuine ·ol ck-diG.gram w1 th ros &rd to t l:e or!.giM.l inpu.t sig­
nals and output va.rl ables. 

The i:lCo:mation wich are compris ed in the &tste cqua.ttoiU 
o.r.d 1~ a s1nale t rel'!S.fer elemu.nt ex:ist1.ng b~1.~een ono input­
output signal pairs in thi s wa:1 are available. Tho synthesia 
a.nd una.lysio oothods, bnsaa upon the state ='.:rix or on the 
traoafer fUnction connected With an i uput-output pai~ are 
directly a;1plicable.' 

Tbo entire p rocedure which 1o described in the paper, together 
with somo classico.l methods of t he analysis was p.rogrw:uned on 
n dig:!. tal computer; 



Ci!!-L!NE Cct.lPUTER COIITROL USING ilEIC:B'l'IIlC: FUNCTION J.:ODELS 

B,!. Barker and !, Bepburn 

University ot C:laagow 

Glasgow, Scotland. 

This paper describes a method tor on-line digital oompllter cootrol or a 

multivariable system which is applicable when line&risation about &D 

operat ing point provides a realistic approxim3tion to the syetea ~cs, 

These dynamics are continuouslr determined to obt &in a model or the er-te. 
in the forw or a number or weighting eequencee b7 the application or 

pseudorandom binary signals superimposed on t he srete~~ inpllta, and a 

cr oseoorrelation technique which virtually el iminates estimation errore 

due to spurious correlations. The model weighting sequences are used in 

feedforward and feedback controllers whioh operate independentl1 to reaove 

the effects of observftd and unobaerYed disturbance• from the systea 

controll ed output9 by me~ of a novel recursive procedure, Results 

obtained ! or a aiculated system are presented. 
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OPTIMAL CONTROL OF A CLASS OF 
DISCRETE SYSTEMS 

Ole A. Solheim and Freddy P~hner 
Division of Automatic Control 

The Techn i cal University of Norway 
Trondheim, Norway 

The paper deals with optimal cont~ol of processes where 
the control variables can be varied only at discrete times . 
This type of problem may be encountered for example in a 

• computer controlled sys tem. One powerful method for solving 
t hi s kind of control problems is the discrete ' maxirnum 
principle. An elementary proof of the principle is given. 

Some computational aspects of the control problem have 
been discussed. Espec i ally is considered the linear process . 

Finally there are given a few examples to demons trate 
the method , and to show the influence of s ampling frequency 
upon system performance. 
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Optimal Con t r ol of Nonl inear Discr (l te Syst••ms 

.Johannes Hoilc 

Institut fUr Angewa ndtu Ma the matilc 

Technisc he Hoch ~chule Graz , Aust r ia 

This paper deals with t he problem o f f indi ng optimal control~ 
foL . y stcms with state constraints des c r ibed by nonlinear 

di f ference equations . It i s shown that thi~ optima l control 

problem can be f ormul a t cd .as a ma th(lma tica l programming 

CJb l em. Assumptions ar e made c oncerning the convexity of 
•om~ =~ts a nd the the o r em of F rkas is use d to de r ive ne-

• 
c~ssary condi tions for an opti mal solution. Conve xity is 

oht i n~d by cons idering the l incarized p r oblem . If the sys t em 

'"'! ·l tion:; r •! linear and t he obj ective f unction i s convex the 
c~nQ tt ionr. arc necessary a nd s uf f icie nt for a g lobal minimum . 

t'•uth~cmore it turn:~ out tha t the results obtained represe nt 

~ j isccete m~ximum principle of t he Pontryagin type . The 

!l.,~r i tonJ an b ·o::omeG a maximum a t the optimum point and t he 
t r>n ~~ rsality conditions a r e the s ame as for continuous systems . 
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Konst:nnty Ktffi!.IAN / Polo.nd/ 

CHAIN I:ODELS AS INERTIAL 5 , OPTDIAL CONTROLLERS 

OF NULTIDDIENSIONAL P ROCI::SSES 

Summary 

A now perspective optimizati on method is pres e nted-

the chain model me t h od , \dten presen t methods aro used tho 

com putational e!'!'orts of' op timi za tion ero:; a t lenst wi th the 

sq 1nr e of' the !Jroblem d imensionality; usin« the do:cri bod 

meth od - they gro,. linearly. The poin t o.f the method i s t o 

rotluco 11 dynamic problem to 11 st11t.lc one 11nd to u se in modol­

l~OG tho varintional principles of' the physics, 

For the problem of' t h o stntic optimJ.Zation a n oloct:rical 

"cnorce ti c model" of' Laernnc .1. an .function i " dotormino d based 

on tho modi.fiod Donnis's nnnlo!JY, Tho aodo potontinls ro pr~.osen 
decisi on varinblos and J.,acrancinn coo!'!'icionts and tho power 

consumption represents tho value o.f L~rancian !'unc t i on . 

On tho eround of' the mod ified Ha."<Vell ' s princ iple of' the 

mi nimum power consumption equa tions of' ·the f ir11t Kirchhof.r ' s 

Law represent "relatione of' optimnlity" , 

The n•od.el hne "solf-optimizing fonturc.o" which i s 

consorvod when constraints nnd oth r nonl inearitios are 

respected in a prope r way, The c omplexity of the model is 

pr~portional to dimension11li ty of' the problem. Tho oro Uctll ly 

inertia l esa model realizes prnc tic ally Arrow-Hu . •icz cradJ o n t 

method , The solvine time of a problem is equal eo fract ions 

of' a second . 7 he exi11tonce of solution GUaran:oos n pos­

s i b i lity of' stable mode~ construction. 

Tho optim11 control problem is roduc~ · t o the problem 

of the stn~ic optimization it the energetic ~.del h vine 

spect.fic chain etruc t ure is build , Thi11 mod~' can be U'" '!d 

ae the inertial&tis optima~ co~troller for ~ • ido olasa t 
probleme, 
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ELEMENTS OP :r::rnroruaTION CONTROL TBEORI 

.a .N. Pe~v, V.V. Petrov, G0 Mo Ulanov, V.M~ -'3eeT, 
~.v~ Zaporozhets, A.s. Uakov, I.D. Zotohubievak7 

It is possible to treat cont rol processes 1n 

t he csthe6ories of information theory end statistical 
physics if a composite syst em is partitioned into dif­
ferent hierarchical organization levels. 

So, for each hiersrc~ level, some information 
chsrscteristies of general type control processes are 
studied. The basis for information char acteristics >deriva­
t ion is i ntroduced by the authors, end formed by otate 
resolution levels of the control object upon its studied 
organization level. 

The information chsracteri sties allow to estimate 
possible working conditions of control system, including 
dynamics of deterministic end nonstationsr, processes. 

The entropy-statistic stabili t y problem is gener­
alized end necessary conditions, specific for control 
system, ere described. The analogy and connection of t ho 
statistic stability with classical Lapou.nov'a stability 
problem is presented. 

Information conditions repres ent necessary real­
izability requirements for t he control of a given object 
wit h given anality . 

A pr~blem of bound, optimal the information sans, 
possibilities of control system is given . 

Pot~nt~slly possible control system int ervals 
ere connected wi th transfer ability of the element end 
~ontrol system. Specific features of the transfer ability 
notion, connected with control system peculisrittes, are 
shown. The basic equations for design of transfer abil i ty 
ere given • 
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In the paper the conditions of basic control and 
regulation regimes are studied, including control object 
s t ate stabilization, reproduction of necessary states and 
information conditions of invariance /absolute, with the 
scourac1 less than /. General entropy balance equations, 
pertaining the basic control regimes, are obtained. 
General &QJlOS1 between problems in statistic phiaios and 
information control process in chosen. Design examples of 
the control systems, using proposed methods, are given. 



HONTE CA!U..O T ECH!HQUES FOR PREDICTION A."'D 

F ILT EP.JNG OF NO 'L I NEAR STOCI!ASTIC PROCESSES 

by J .E. Hands chin (Switzerland), Centre for Computin& ru1d 

Au~om~tion, I mperial College of Science and Tcchnolozy, 

Uni crsity ot Lonc\on, London , S.lv, 7• (U.K.) 

Monte Carlo tech n iques arc introduced to derive 

nwuerico l methods for bot h the n onlinenr prediction and 

the filtering problems. Nonlinear, k-stogc dynomicnl 

oystoms are simul.otcd and the dote used to estimate the 

relevant paramctoro or the probability don!lity !W'\ctions 

des c ribing the stat e o! the system, Variance reduction 

techniques arc developed to improve the efficiency of the 
I 

sampling procedures, The Antithe t ic Vnriate method and a 

no" tlfo stage Cont r o l Variate !-Jcthod are dcvclope<l Cor the 

nonlinonr prediction problem. The B.:.yesian approach is 

lldoptod Cor the filtering problelll. The combin"tion of 

nonlincor appro ximnt..t filter equations with 11ampl i ng 

techniques r esul to in a now Control Variate a1ethod for 

csti~aating the conditional mean. Simple, but illustrative, 

examples nrc included to show the applicability of the 

various sampling procedures , 
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A.G. Ferrate, L. Puigjaner, J. Agull6 

IN TRODUCTION TO MULTICHANNEL STOCH.A.STIC 

COMPUTATION AN D CONTROL 

The field of stocha s tlc c omputation, which applies probabUity a s an 
analog quantity la ve ry promising, and although slightly de\•eloped up 
to r.ow , Its Intermediate propertie s between analog and digital compu­
tatlor. suggest Interesting applications In the domain of process control . 

The concept of clocked random-pulse codification of variables ls In­
~rod~:.ced and the analyais of precision Is discussed . Proba.bUity can ­
not be measured d irectly and statistical methods must be applied to 
determine, by average, pL~se-rate va lue. T he dynamic performance of 
several types of a ve r a gers Is compared, finally d etermining the relaUOB 
ship between sample-sl~e, clock-frequency and band-pass. 

T he ge neration of atochastlc series with specified pulse-rate probability, 
needs sampled d igita l or analog noise of rectangular probablllty density 
t>.rnctlon. The methods to produce such noise from r andom or pseud2 
random bL"lary trains are also considered . 

To Increase the dynamic range of the variables, the ·authors propose 
a gene1·all~ed stochastlc codlflcation Intr oducing the concept of mathema­
tical e xpectation through the use of logarithm ically w e!ghted probabUiUes. 
T he r esulting random floating point stochastlc codlflcatlon has very use­
ful and Interesting I mpllcatlons . 

Ncrr:~al ope rators have bee n r evised In order to cope with the req~ 
menta of the new multlchannel s lochaGtlc codification. 

For function generation, a peculiar method using noise s ources of spe­
c !!led cumulative probability function Is presented , and the obtention of 
such noises le explained. 
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CORRECTNESS,REGULARIZATION AND THE ~mm.at. COl.!PlEXI'l'! 
PRINCIPLE IB STATISTICAL DYlTA!.!ICS OF AUTO:.L\'1'!0 CONTROL 

v.v. Solodovnikov, V.L. Lenaky 

Tb.e s ol •tion of the optimi:;a tlon pr oblems i n 
scati.atical dynamics of contr•>l o;totetl!s r eaults in 11 

s1s tcm o! iotccral equations , whic. are :~correct in 
A. H. ·:rt..thonov sens. 'I'hore r ore a cor-.p 1ter Ol)lution of 
~he problcco mey i nvolve excessive errors, t hus t he 
optirual zystoms app~ar t o be unr eolizsble , 

Incorcct , in the above ucnLioned aense, is also 
the well known in toc;rsl equs t rlon ·:111c ll is t;ho bane for 
ntet;iotical me thoda or i dcntit1cet1on . 

It is 07-1 odi ont to uoe, f or some problcu1s the 
Tl l ~hou ov':~ l!lethod:J of r egul.arizotion t o obtilin stable 
alcorlthl.1a for ste t ic t icsl d,y:~a lcs pro!> ems so l ution. 

It ia ohown ~hat when chooai~ correspondi ng 
r~~ulsrizcd r~~ctionol of the sorte , t hu approach to the 
o:~ntt~oio problc~ solutions allows to obtai n non only 
t he co~rec t aleorit ~s, but t he systems o! minimal com-

l eY.i ty IJ S well. 

Tne notion IJnd th~ pr nciplea o! minimal com­
;>lex.i 'C'J are for::~ula tcd. 

'l'he applicoti.on of the cocplexii.J' princ i ples 
is l lusta~ed , ~ing several e~~ples. As a particula~ 
e:<ac;;,le s erves the s;,mthesis of a .nonlinear discrete with 
fini ~ e cecor:; . 



COIPinATION OF OPTIMIJ\l CON'l'liQ. FOR A R0801' 
IS o\ NJlTlA.I.l. Y IJSKNOWN l.NVIRQo.'MDIT 

W. G. Kockl o r a nd R. £ . Larson 
Stan!ord n vonrch Ins titute 

M n lo Pkrk, Ca.i forn ta , U.S .A. 

The opt ! ml7o tion or e yatems in which stoch~s tic e ffects arc pr esen t haa been 

HtUdl cd extcna!v ly by a nUJobor of r o • <: nrchcrs . An cxtrot e l y c-c·neral !ormoi•Uon 

of the~o prob l.,mH hns bern c:tllcd by ~~o 1er ~ COiftbincd optimWII ~ ~ ~­

~ proiJ I m: s olu ti on tn this problcm h<>• been i ol'lllulat" d uslnc dyna11ic prot;ram­

•. ln~; . Ev"n t hou!lh seve ra l l hcorettcul paper• have been o'ritten on this subjec t, 

t M r r hmvc been vPry ic"' c·~Miplea "'ork" d out fur any cues but t he linear &Russian 

prob l o~a . 

Thl~ p.> ;x•r fi r• t d"e<"rlbca the 01 >ll <"u.tlon o! the dyn:unlc pr ocrawdng solu tion 

to t hu problem or ovt i mo l l y controlll ~g a robe , equipped • ith seneora, that ia 

c ,..·r ti n~; in on unkno .. 'll " " ' 1ron1!1Cnt. A methodo l ogy is prt'scnled f or fon:lul <>tinc 

u r )ssa o r s tochn~tic con trol proiJle ~ in "'h i c h there aro info r mntionnl vsrinblca 

thll t specify tho clogrcc o r knowl<Hlgr ab u t the physical •tntc of tbe ~y~ te11 os well 

~B tho physical YI\Tlnbl c~ of the t ypr eocountc r "d !.n 01os l control applications. 

Tn, Re prohlems oro prl'scnl in a numh•1r or :>.ro lls; tl:" r obot oxutpl c dis<·u ssed hor01 

1• r clntcd ~o the ,encral probl em o! u nManncd cxvlorati n or a hostile , inacccs­

Hblc cnviron111~nt; but anothe r rnrtoulation of this type h11a been dcvr lopcd for 

mie~i on l'•.' l1 oh111 ty pr hlcto9 . Tho ct<•tallcd calculUiono r equired to 11Rplc-nt 

t h i s a proa<"h art' also dc•cr i bod. ynllJAic progr "1111i nc 1a s hown to bo fcMi ibl c 

f rr handling oys to• •qua tlona, porfor eance cri teria , and constrsinta that •inulta­

neouo ly involve vbY&l cal variable~ £ad informationa l variables. Tbc r t' lationahi pJ 

r conce pts !roll 11)'8 t t'., theory such aa ~ ~ and ~ 2!_ infor111a t1on to 

th t' combine d opU IIU111 con t rol :md c r t 1ma tlon problem are al s o dcllona tratf'd, 

fn the robot problem <:OtlputaU c. nal com111 xity inc reosc" "xponcnt1al ly rltt tho 

numbe r of ph s 1cal Md inforllatt on~l state varlnblos. Thus, 111nuy problc.111 o f 

i .ucroot ar c too unwieldy to ool vc ritcorou~l y on prescnt-dny co.,putcra. ln or<lor 

to attnck \hellO proh lr11B 1 a hcun tic ~~ethod boFed on t h<' opti•ization alvo ri t h,. 

h"s bc<•n dev.~«d, It i s thus poss ibl e in lh i s l•npor to an3l)'rte tbo r el a \ion 

1-~ h..-en the bl'uria ttc: ..,thoda and "Pl1m1~.•l1on a pproaches for " concre t e exuro p e. 

Tho r csul ta o r hr.urilllic acthcods ..re al'o compar<>a w1 th t hl' pcrfor•aocc of huMI\I!a 

tn soroo r c·prrJifcn t u ttve cu.ticli. 
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STJ.TISTICAL PROBI.ml3 07 Im'OB.IU.TION FLOI 

m L&R<m-SC.A.LB CONTROL SYS'l'EIIS 
by 

Juliusz Ieoh ltul1kowald. 

Inst]"tut J.utODUlcyki PJ.N,Warszawa, Polru~d 

Soae ~ew concepts conceroi~g a stati stical approach to the 
information systems theury are presented. The 1nformat1o~ aye­
teas are co~sidered as sub-systems of large-scale control sys­
te3S. Their organization may be characterized by a spatial 
structure, a functional structure and a set or operational 
rules. The measure of the information value (Eq. (1)) based OD 

the sellli-ordered l~ear apace idea is proposed which is a gen­
eralization of the measure given by J.. J.. Kharkevitsh. Some 
aore important properties of the atochastic processes of the 
Karkov type, suitable for aoa~sing the phenomena occuring in 
the information systems, are also cons~dered.The general equa­
~on de~cribing the statistical properties of t he processes 
has .been derived (Eq. (14): J. method of getting approximate 
solutions of the equation 1a also mentioned. The necessar.r 
condition tor the atocbastie stabi l i ty of the system is given 
b7 Bq. (1?a). 
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ON ONE SYSTEM AUTOMATIC CONTROL OJ MICROOIRCUITS !li-.11ti11AOTT1RJ:NG 

PROCES~ 

V. M. Glus!lkov. Voi'o Derkach , G.T. Makarov 

Shown are the main features of different technological ways 
t o scheme construction • •••• •••••• from process automatisation 
point of view. 

It ia shown that one of the moat promising is a "el1on" t ech­
nology. 

With the help o! eleetrinic and ionic bundles were prepared 
transits p - n, micro-welding, unification of microachemea com­
ponents, pol1mieriaation, division of light-flying connect ions 
wi t h local arising of chemical elements target, hermetization, 
development ot photo-resisting layers, foil powdering, were ma­
de high tension patterns, were measured and controlled techno­
logi cal process parameters and products, was defined chemical 
composition - were made many ~portent operations necessary 
when micr oachemes are formed. 

Conditions of "elion" process f low, which assures high ache­
me parametera .efficiency, great compatness of element composi­
t i on , some simplification of control task etc, ia analyzed. 

"Elion" tec~ique represents an example of s uch new tech­
nique, whloh would be impossible without cybernetics. 

Described are difficulties in solution of de¥elopment of cl o­
sed control systems which could be able to aut,mat'ize in full 
prepared microschemea. 

Shown are question examples which must be aolved in order 
to overcame those difticulties. Prepared are condit ione for 
open el~ctronicbundle eontt•ol system installations f or mate- · 
r ial processing. 

Characteristic ot wor ked out in Cybernet~c Institute of 
Sci ence Aoade=Y of Ukrain S.S.R. digital e~utor , is given. 

This computer is prepared for "elion" control of m.icroschc­
mes process preparation , including it!l algorithmic, struct ural 
construction and of other features. 

Shown are examples of ' some programQea proceeaing. 



A MICRO PATTERN P SITIONINC S YSTEM 

Y. Oshtma and B. 5. Chanf 

Institute fl'ldustrial Sct.enc<', Untv . of Tokyo 

T C'lkyc , Japan 

1l . .:! micro- pall<'rn posllton n~ systC'm Is nec<.'S <> Ilry fo r autl."moJ tlC 

o - ~,·mbl ,ng of transis tors and m te ·rMed c rcuus. Th s paper d<.'sc r •l,• s 

about the micro-pattern P" ·u tonm sy!'tem devcl, ped for ~tppiH·o r wn t.• 
aut ornatlc ~~o~ tre bonding of t ransistor pellets. 

In this s_ stem the detect ion of patte rn~ I &ccomplts ltctl l·) t'h ,, 

photoelectric tc r oscope with the optkB I b_YSH'tn c: :\tllln ln L-ty ,. slus , 

photomulupltcrti and dtffercntial ampilfl<'r c t r u11 s . Wher. the pattern wi th 

chm~n:nons of scv,•rnl hundred microns 1 .~ fed m X e r Y dtrcc u on , th~ 

ph ot elc.::tr c microscope ,::.encr.11e s an output 1n l• •• M th .;o precis<' 1 slthlO 

d<.'pcndin~ upon the optical l'~•tt<'rn. Th<' tab! n which th<' trn• tstor lw l­

lcc ,; r.re placed 1~ driven in X and Y dtrcc tlons by :ncans of mtc t·ometcr s~ ­

•·c'ws, quick-fC'ed ml'chan tsm!l ond ~tcppm,.; motors. Thl' control cir cuits 

cons il!ting of counter!'! und losic circuits contro>l th~ s l'qu<'ncc of operatl. n 

and l)05itlonlng. 

The first step of position111g is quick f ·~d in Y dlr<'ctlon. Then l t t s 

~-.· Itched to fln<' fe l)d by stc-ppmg moto r at the p.J s ltton of optical m<trk. 

The output pul:~c of photo<-l<'ctnc mtc ros ce>pc ln Y -motlc-n lets the- countl)r 

s tart to count thl' stcppln~ motor dnvmg puls e s . The Y-motion !5 sto ppNi 

<11 the posuion In uccord n ~c with sctttng of ·ounter. Theu lht' X- axis 

ftn c fc<'d starts. :·he output pulse of photoelect ric mlcro~c.Jpe 1.1\ X-motion 

SlOp!! th~ tnbl<.'. 

The <.'Xper•m<' c n em!n~ thr effe ts of pellet position, adJustm('nt 

of silts , pellet type, ,umnation a nd r tntl ne! dt~plncemcnt of pclln h11vC' 

been done.· Thl' ex pe r <"ntal r<'su ts t nd1C1t l !.' the ace uracy of posluon lng 

l!' within t S,.t. 
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~' V E:> !CA TJON OF A RECTIF IER REGULA TfNG CIRCUIT AS ' 

SA).!PLED DATA SYSTE. • 

l!. u.-:!!cr. o~rllkon E ng neering Cr-mpnny. Z ur ich I Switz.crl:wd 

1. <.c-:a :r:l.l 

:'iun m:.ry 

Typlc:~ ! chnracterlst!cs ot rccti~icrs ar e dlscontinuou:s. I! one device 

·' 1;u.wt1 , then Lhc process c:~n only bu a ltered ag:~ in when t he following 

m•vic c i s it,'llitctl . lnvc stig:~t!ons into ,ita transient conclltlonll with t he no:·. ;.l 

"· ·. : .. l.:o,t.s mo.:thods, wh1ch use the me:1n value :wJ m oditicnt!"'ns to voitat:e 

w tvdorm , t end to give incx:~ct resu ta . 

Co1·r 'bpondin~ to the des continuous mode of the function o ! tl'.e rcctl­

:'i• , • :i11: d rcuit ,;bows sulJs tnntlnl llirni.l lnritlc ll to a .. ...mplcd d:~tn system. 

· " ·""'ver her~;: a rc two b s1c til!fcr ei.CCII from the no r!1' n t 1ncar s:~mplcd 

.. .. :n ~> j'!> tcm . On t he one hnnd the sam pling functiou s :to t ::ompolicd of 

l' t".;tar.;:u l:l r !)locks , !Jut of sinusoidal sections, and 011 the other, the s :unpl­

:n., 1a•r:c.a is not constant wh .. n t.I-Je ignition o.ng:e is alt<:;·.:u . 

T'H: s witching process of o. r e ctifier ia invc~ugated' :1s :1 N:unpl.:cJ cJ .1ta 

~>)'S tcr.l 1 rc (crcnce (1j, where it'" llhown that the p:.rls o! a 11lnc wavo.: c :m 

!"' ahllcn ·lJcd rub~ vc:y c bily into the sampling !unction . The !Jchnv!our o! a 

r~ct . :'l cr, ;,s the i!l"itlon angle changes la determined In this pnp.,r. !I !1tc 

:nvcbt ,;ation is l imited to »mnll cllnnges in the Ignition an.::e , then !t is 

;'lO"!>! e , as will be s hown later IJl the text, again us !n,: cons t:Jnt s .unp •. n., 
r•e ·\ods , to determine the stnbility annlyais for a rectl!lc r l'C.,"':!::.• t ,; ._ Clr­

cutt just as for a normnl sarr.plin~ system. 

In t he !ollowin~ s ection 1. 2. the well known vo t age and cur t·cr.: cund­

lt ' ons !or a rectifier are descr ibed and it ill s hown how he commu at!on 

can be approximated. 

The b havlour of the recti!ier ia investignted in s ection 2 for .. :na!l 

chano:cs in firing angle, with S!,)Ccio.l emphnais on t he dc tcrm n:>.twn o! :he 

eq"'~valent circuit diagrrun and the s e parate tr11nsier unction.&. 
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Be!ore the regulating cir cuit c;~n be investicated in s ection 3, the 

conciuons :n the gnte control cir cu t must be determined (sectlo: ..... 1. ). 

Finally, as an example, the results on a sepnrat~ly excited d. c. 

1.1o:or with rectifier f:upp!y and cu1 r nt control a rc quoted in s ection 3. !1 . 
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HIGH-5PEED O~TROL SYSTEMS WITH FREQUENCY SF.:&SOBS 

Ye.x. Xrug, Ye.A. Legovich 

Quick action control systems. where input s ignals are sig­
nals from frequency pickups. have several peculiarities& time 
of measurement is of course of importance • which can be combi­
ned with other time characteristics of the systemf frequency 
sisnal permits using of analog~• and digital methods of measu­
rement and processing' structures constructed on analog tech­
nic have limited accuracy connectsd with statio and dynamic 
fault s; presence of sampling when uoing digital methods of con­
struction limits accuracy of digital apliances of control. 
Shown are results Qf accuracy analysis of correcting actions 
in diffet·ent types. depending on control system construction. 
Sugestions are made for construction of systems of diff er&nt 
control algorithmes and frequency signal characteristics. 

These suggestions are based on possibility appreciation of 
given. control algorithm accurancy /considering necessity of 
obtaining quick action/ and complication in system realisa­
tion by apparatures~ 



OPTIMUM CALffiRATION OF INERTIAL COMP ONENTS 

George T. chmldt 

lt\atrwnentation t.aboratory, MassaC'husetta ln3tltute 

of Technology, Cambridge, Mass . 

The calibration of ine rtial Instruments in component, system, and ve­

hicle level testa la shown to be amenable to modern statistical filtering 

techniques provided adequate models of the processes Involved can be 

found together with some method of solving the lmmenae computation 

problems. The general form of any calibration system using statlatlcal 

fUtering is given together with techniques Cor simplifying the computa· 

tlonal problem, In one application gyro test tahle data la processed by 

a fllter and the results compared with a Fourler series analysis. In a 

aec~>nd application the design, Implementation, and test experience la 

given for a unique calibration fUter used to align and calibrate the 

Apollo Guidance Navigation and Control System Inertial platform whUe 

lt la in a launch vehicle that la subjecte d to wind induced sway. 



mE DEULOPMENT OF Dnw.IIC COLOR CONTROL ON A. - '.PF.R 

M! CHINE 

B. Chao 

W ~ Wiclcstrom 

This paper discusses the theoret i cal and practical aspects o! on-line color 
control that is used successfully on a paper machine nt Consolidated Papers, 
Inc . The contrRl design schemes for di&itnl controller• are given. Simu­
lation and actual process results are also re ported. 
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ml m:BIGN OP A HEADBOX CONTROL SYS'mll P~ I 
AJULYTIOAL CONSIDEJUTIOlf 

J.K; Lee, I.B. SIUlhourn, H. Chao, J. G. Bol.l.i.1l6n•, 
H.L. Harrison 

The ayntheaia of a .ultiloop control ayatem for a paper 

aachine headbox ia conaidered. An overall ~ontrol alao-

ritha 1a choaen on the batia of eteady atate coneideratioae. 

Controller ga1na, etc. are choeen on the baeia of eyetea 

of tranaient responae using a apecially modified root contours 

procedure. The controller perametera deataned vera verifi ed 

on actUAl proceaa. 
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A l.!ATHEr..tlTIOAL MODEL FOR mE C!PZRAnON .6.liD CON'I!RDL 
OP .A. ~ SUGAR PI.JliT 

'lhl paper uaoriboa the .. t.lluau.nt f/1 a praetioal. aaU..Uti.oal. 

ao4el u a bula tor })ncU.otioG ot the b .. $ op.ntizlc ooa.4US..U trrr 

auiaa pratit.l!U1t7 1A a b .. t •IIC&I' taotoq. 'rbe unlopMGS ot tale 

aod.el 1a b'aoel. hoe ita orl&i!l u ~ UM!oreUoal. • JiO&tiou to ita 

pn ... t ffll'a u a oo.puter PI'OSI'- ot .,-.tiou 1lh1.oll aoc:w"atel.T 

repnaea• tbe JII'OOOH and aldola an OOG~ ~te U i.sl& 'botll 
Cll- u4 011-U.. a&ta tr.. tb taoh;'7. 

!bult 1a ntonaoe botll to U.. b&rmn &114 • ~ u;N 1a 

... ta &on.Rl•, \nuaiaaiclll &114 .... -.u-. 
!M -1.1.11Mr Mclud.qua u•• to CifUaiao t llo IIOUl f~.r ~ 

protlt an 41aeuaoa 111th partial:ll.al' ntereaoe to l:lw t-n.UU 

wtd.ola un w" 111pOM4 aa. to praetiMl S~laAt u.itau -. 

~ tM nao.lta ot 1U .. ta ooU.otiou, botae.bi~ &D(t 

opt1111aar FOP'-• an pnaout.4 to t..uow aa i.Dt~te4 ..,win' 

-tzool. •JSW.. 
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JIULTILI'VJ:L OP.rti:IZ!TION .lND DIJUMIO. COORDIN.lTIOW 
Or W.SS FLOWS IN .l m:ET SUGAR PLOT 

b7 
w. F1.nde1aen, J. Pulaczewsk1, .l, Manitiwt 

Chair ot Automatic Control 
feobDical Univereit," of Warsaw, Poland 

8 Ullllllar7 

Changes ot the beets qualit,", innoourao1 of the dosage of 
enersr and materials s treams, sudden oscillations of t~ mass 
~l~a, these are the main factors which cause the losses 1D 
the sQS&r production. To min1mize these losses an cptiaiziDg 
control, structured as a multilay9r system. is proposed. 

The firat l~er consists of stabilizing control. The sat 
points of the controllers ~e determined b.1 local statio opti ­
aizers. The losses in the whole \echnologioal line are aini­
mized b7 the global statio optimizer which coordinates the 
work ot the looal optimizera. '!'he desired prod11otion rate is 
presented as a solution t o a ~o optimization problea -
the scheduling problem, 

It a temporar,r limitation of the deoired production rate is 
oa11sed b7 IJl:1 reason, then a m&as flows coordination qstea 1a 
called 11pon to control flow rates in different parte of the 
teohnolcgioal line, to millimiu the loss. When the limitation 
is oYar, the coord1nnt1gn system brings the lixle to the pre1'1-
oua optimal ~a~ state- ~esves it to the statio cptimizera. 



IMPLEMENTATION OF COMPUTE R CON"l'ROL OF A CEMP.NT 

ROTARY KILN THROUGH DATA ANALYSIS 

Tsuneo Otomo and Totchl ro Nakagawa 

Chichlbu Cement Co. Ltd. , Tokyo . Japan 

Hirotugu .'\kalke 

The Institute of Statistical Mathematics , Tokyo, Japan 

To Implement a computer control of a cement rotary kiln we have 

first to develop a program which will keep the kiln in a stationary running 

condition. Usually kilns are quite noisy and they have their own laws of 

behavior. Thus what we can expect is to keep them In a state where they 

will be willing t1> behave In a desirable fashion rather titan to force them to 

a prescribed behavlor. 

To realize this we have to know the details of characteristics of a 

kiln and we have ~ne extensive data analysis o! running recorda . Spectral 

ana lyses of the records were tried and the result suggested to what frequen ­

cy range we should pay our attention. The cross-spectral method was !ound 

to be lnsu!tlcient for the present purpose and a control program was devel· 

oped on a quaiitatlve model of the kiln behavior. T he program was found 

to be f;urly successful. 

Later a general model !or the analysis of feedbar.k !f.ystems was 

introduced and applied to the analvi!ls of our ltiln data. lt gave a desc r ip­

tion of mutual interrelations of various measurements and the noise char­

actertstlcs within tbe .ki ln and made lt clear why the program worked suc­

cessful17. 

In tbe paper, these experiences are deacrlbed in detail. 
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MODELLIN G OF A PYRITE SMELTING PROCESS 

T. Talon an, Outokumpu Oy, Kokkol a , Finl a nd 

A. Niemi , Un iverei t y of Oulu, Oulu, i l and 

A complex gao atmo• phe ra re1ul t 1, vhen 1u lphur i1 extracted 

! rom fine -gra ined pyr ite by th e fl ash •meltin g method . Th a 

proc e5 a i• at preaant contro l led by a c ombi n a t i on o! 1tandard 

an a logu e device o , The mathematical moda l of the tmeltina proceta 

i1 baaed on t he thermodynami c e qu1 l ibrium of t he gaa ph a1 e vh i ch 

ia ~ eec rib~d ~y a ae t of alge br aic equa t ion• , A!tar uneuccea f ul 

tl iala with t he Nevton - Rap hson and 1teepes t de1cant aathod• thi• 

uc1 aolved by Rosenbrock'• method. Sub aequently, the beat balance 

and the relationabip between the compo1it ion 1 of t he ma tte end 

saa vera added to the modal , An on- l ine comp uter ia requ i r e d f or 

t he control o! t he proca1 s u1in g th it model , for maximal recovery 

of pur e product. 



A GEh"'ER.U.IZED SYNTHESIS O:Jl' LINEJR MULTIVARI.un.E 

SYSTEMS 

u:;v. Joleerov, lt.T. Yanuahevalcy 

I~ a solut~on of th9 synthesis problem of multicon­
nected control systems, the choice of its ra tional structure 
~s of utmost importance. It is established i n r.umerous papers 
that, !.n a general esse fer t he mtllticonnected systems, the 
autonomy does not appear to be a necessary characteristic, 
end the tendency to achieve autonomy i s often unjustified. 
In this p~per the cnoice of the structure of a 1L~e3r multi­
connected system is made by solving a minimization problem 
of ~n integral square functional of qualit,, depending on 
difference of the siven, contr oled and steering signals , 
upon multiconnected object equations /either with its weight­
i ng or transfer matrix function given/ with orbitrary initial 
conditions , conside~ing disturbances affecting the object. 
The discussed problem is directly l inked w~th optimal fil­
tration, enalitical construction and other pr~blecs, but it 
is disttnguished by a general formulationt arbitrary initial 
object coordinate condi tions, subject to the r epr oduction 
and disturbances applied to the object. Similarly to the 
synthesis problem the given problem consists iu building 

a system which acts in a m~ximum waJ against distuebances 
appl ied t o the object /the studied cases a!·e when disturb­
ances could be measured and when they cannot be measured 
directl y/, with eff ectiveness depending on expression of 
underinteE)rel ualit;y functional. T"ae problem is sol•red :for 
t he complex area ; optimal system structure is discus sed. 
The expr essions for transfer matrix functions of synthesized 
system are brought, the influ~nce of quality functional co­
ef ficients upon the system characteristi c is examined. The 
r el ation o! to the scructures, beeiog s t able at uulimited 
i ncrease of amplification is established, For tOul ticonnoctcd 
obj ects havinG symmet~ ins ide a eroup, a decompositi on 
mbthod is proposed, which allows to exchange t he start ing 
probl~m for a s ol ution of a o~ber of simpler optimal prob­
l ems , 
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'miC REDUCTIOlf Oi COMPLEIITI OP LI.RBAR, Till! D.'V.i.RIA.l'l'T 
Dnw.tiCJ\L SISTSMS 

D. Jlitra 

Clvao a liaear tlae-lavarlant 4yuam1cal ayatem X with a etata 

va:teblaa, tbe problem la the aaalytlcal ayatheaia or a al~il&r ayatem 

Xr vitb (a-m) atate varlablea, vhoee linear outpute are, in a ~ettaed aeaae, 

.;ood approxi-tiona or tho .. or X, 

Tvo priacipal catea or input• are considered - (1 ) •e ighte4 

implllsee aad (ii) vhi~e Gauaatan noise . The 
11 t ala a4:»pted are ( i) E • '- e Q'e dt and for . - -

correepondln« error fllnctioo­

( 11) M[£ l , tbe oat b .. rnat lcal 

expectation or E. The error v~ctor! is t be d1•rereace or the 011tp4t1 ot 
X aad X ; Q' h a poaithe-.iertr:ite catrix. Alr.ong other var1atioos ror 

(1 , tbtrerror runctioaal E • ~t(t) t t ~~ dt vhere r (t) ia any La~lace 
0 

t r&nator=able tunctioa, ia also conoldered. 

The Cr&aian matri x ~( Tl it fundaoental ta the aaalysia, It la 

snovn tbat eertain algebraic or _differential equationa .:at be aolved to 

7iel d \I(T), 

Reduction procenee are t hova to contain in general tvo atagea 

Coat roll able 

!:yatem l 

Approxtcate 

Reductioa 

Uncont r ollable 
A 

S)lltem, X 

Strict Re~uced 

P. ecluc tron System, Xr 

l he atrl~t reduct1oa proc~•• iovolvea vell-kr.ovn 1dea4 oa tbe decompoaition 

or atate apacee. 

"" The ~ootrollable aubapace of x,.or d l z.elleloa (c-m) , Toe error 

vector in tbe approximate reduc~1on proceaa compriaea ' t racking' and 

'pro;•~tioa' ee&pooent•. Only proJection~ along aubapacea invariant 

W>!Ur tbe ayatem' • 4.;•naa1cal :at ria l:nply a traclt1aa •rror 1d•nt1cally 

equaL to zero, Tb• metbod for cbta1n1aa the optimal proJection aloag 

1Qvar1~t aubapacea it obtaioei. 
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THE APl'I.ICATIOI' OF NON-lt.'TERACTINC CONTROL 
TI!EORY TO A CONTINUOUS XULHVARIATE SYSTEM 

by J. A. Planc:hard and V. J. t.aw 

Numer ous emp irical methods for the deaign of controller parameter& 
have been devel oped ln the poet and have gained acceptance through wide­
spread usage. However when theae methods, wh ich were deve loped for ain­
gle loop cont rol aystema , are applied to highl~ coupled multivariable 
syatems , un•a tiafac:tory oys tem performance frequently reaulta. 

Within the pas t ttn yeara, a great deal of multivar iable control 
theory hae bren developed. Much of th ia theory has been concerned with 
one particular aapec t of mu ltivnrtable control, n~ely non- •nteracting 
control . Despite : he large body of theory available ita praclicn l appli· 
cation hae rec: ~ !ved lit tle attention in t he proceaa control [>e ld . 

1'n object of thh work wns to physically implement no,., · i nteracting 
oo~trol of a mult ivariab le aystem whose mnthematlcal model i ncluded non­
l inearitiea, t ime delay , and greater than fir1t order eoua t ions . S eh a 
sys tPm conaieted of three atlrred tanks in series , to w~ich were fed two 
strenrna at different fixed t empe rature. The output variables o f interes t 
were the temperat ure and exi t f low rate o f the thi rd tank. 

The non-interacting de51gn methods of applicability t o th u put icu­
l ar plant wer~ th~n util i zed t o obtain a number of control systc~e. Since 
almost nll theae methoda ore booed upon I ine.u, tinu> 1nvat iant plants 
without time delay, i t waa first neceasar~ to cast t he rr~del of eh s plant 
i nto tha: form. Di gita l computer slmulat ions of the control sys t~ms wPre 
made t o ~btain a prelinlinary evnluat ion of these eyete ·•s. The e ffects of 
t he non-ltncar equa tions and time delay on the non•interact ing controller 
pertorma:~ce were obtained in addition to the effect of c:crtal':l ar lll!le ten 
part icular to each controller design. A conventionA l t~o lcop feedback 
cont rol ey• t cm waa also designed for compare t ive purposes . 

Three representAtive control ays te'l\9 " ere t nen phys ically !mpleme• ted 
ut ilh i:~g an Electronic• Auociated TR-48 ana c .. C<'tt~ute r !or on· I uce 
control. 

Thil atudy ahowed that reaeonably good non-1nceatt ir-g contro l ! &)' 

be obt ained despite proceu non- linearit ies, pur e ti"'<C d• le)• and i:1ac ura~c 
model deec:riptton. Those methoda which phyelcall y place tl.~ co~etr.;l r 
in tha t part o£ the c:nnuol loop jult preceding thP plnn t ~o~cre d~fh· te ly 
auperior t o thoae method a in which the controtl~r Is placed in 1 n~ eed­
back loop. Finally , all non• interac t ing control ' · &t~m• sc ud !t. , re 
much auperior to a double loop convent ions! ff!edbcc:k oystem. 
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SCGG:BSTIONS FOR THB DE!SI GN OP' Sl11P:.l: NETWURKl:l A:IO E .r;J·lli~IT~ '!'0 

CfJ:IIl'8.iJS.lTR TilE lliUltACTIOl: IN Lltlr.AR T't10-VAll1ABUl CON·;·noL ::iY­

STEt:S A!ID A HETi-iOJ) POR 1-'INUINO OPTHIAL !.lr;TTl N'l!l IN 'J'HS PLANT 

V. lraemer 
Dr.-Ing. 
l!!tOII'!i, .aovr:RI & co;.:p , LTD. 
Baden / .Switz~ rland 

It is shown that in the most two-vari able cont rol oyetema better 

results can be obtained by partial non-in t eracting control - i.e. 

vHh only· one additional connoc t t on in the control eye te1o - 'than 

by a total non-interacting control - with tw~ crous-conneot t one 
in the control system. Baoto rules are derived !or an ex pedient 

l ayout ot partial and inexact non-interacting controls, which 

are relatively eirnple to realize and the effect ot which greatly 

taprovee the behaviour ot the inturacting system. It is ehown 

that good reeultu can be obtained with only one non-interacting 

ele~nt, out ot three pro pooed eimple bueic elements • 

.l -thod ·tor t'inding optimal controller eett1nge for a non-inter­

acting two-variable control eyutem 1o e.loo presented, 



ON THE ClPTIMAL IMPLEME NTATION OF MULTIVA £UA:SLE 
DISCRETE LINEAR 3YSTE~S 

E . Rlond.l - L . Divtetl - C. Roveda - R. Sclmud (ol 

Abatract - Thla pa per dcala w!th the problem ot th~ optimal imple­
mentation or multiva r 1able d.lacrete linear compensator•. ThE' objec­
tive func tion, which must be minimize d, la a linear comb1notion o! 
the numbe r or delay elements required and the mean aquare round­
oH errore on tho compenaator outputs. In th1H way, both economy 
and nccuracy wlll be warrented. Conside ring the parallel method or 
synthesis and making use or !our basic structures the opb mizatlon 
rroblem ia approached in te rms o! graph theory, and corres ponds 
to the dete rmination o! the optimal a r borescence 1n a parti cular 
acyclic grnph . Thil optimization problem la !1nally solved via Dy­
namic Programming. 

· (o) The author• are with Istituto d1 Elettrotecn!ca t:d Elettronica 
del Polltecn1co d1 Milan'!• MUano, Italy. 
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SENSITI VITY SYNTHESIS OF OPTIM.&.L COIITROl 

UNDER CHANGES OF SYSTEM ORDER 

Y. Sa~aragi, k. I~oue and T. Ohki 

raculty of tngineerinK, kyoto University 

kyoto, Japan 

~~~ object of this paper is to introduce a practleal aspect into 

t he present theory of o~t!mal control to bridge tn gap be wean the 

t heory end ita appli ca~· ens; t he concept of ~-sensitivity ! s introducecl 

in the synthesis of optimal control when t he ~ys te~ to be controlled is 

subjected to chanRos of system ord~r. 

rirstly, the concept of the A- co.,.bi ned system i s developed, which 

consists of both the 100del c & a physica! I)'Stem and l ts A-sensitivit\' 

equations . 

Secondly, the controllabil!ty of the .I.-combined sy5tern la diacu~sed . 

The possibility of cornpensatir., the undeslrfthle effects caused by the 

chon~es of s¥stem ord-r depencs ent irely on the controllability of the 

.1.-co~b!ned system. 

rin4l ly , a new ~thod of t he ser~itivlty synt hesis of opti~l 

cont rol is dev loped in the ~in!~~ energy ?robla~ with terminal con­

strai nts from the viewpoint of making the terminal constraints ~ore 

r i yid a~ainst the chan~es of system order. An illustrative example 

ill given to show the advanta&e of the sensitivity synthesis 111Hhod 

nver th« conventJor.o one. 
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Andrzej W:r.ERZBICKI /Poland/ 

UNLFIED APPROACH TO THE SENSITIVIT¥ ANALYSIS 

OF OPTIM..U, CONTROL S YSTEMS 

Thn paper present~ an uni fied approa c h to the ~cnsi civicy 

onnly~ Ls o f opt l m I c on trol systems , which wa kes possible to 

compare off'octivoly variou s s tructure s of' t hose systems . 

·The idoal ee n s itivity c oefficionc o f an o ptimal control problem, 

i n t r oduced by Dorato and appl ied by other:~ , is i ndo pondont of 

t ho s tructure of the op t imal con tro l s y stom. Now notions of 

sensitivity measure and !oca l insensitivity or ful l s ensit!v ty 

o f nn optimal c on t rol system with a given structure / open- loop, 

closed-loop ::- ot her/ or" therefoC'e introduc e d in tho paper . 

l.oc nl !lonsi tl v i t y coo .ff i cicnts a.:- disc ussed and VIU'iationo l 

o·oothods, which he t p to de tormine t h ose c oofficients, are 

preso n tod; t hose mothods are b a'J ed on the s e cond variation of 

tho performance !Unc Uona l . Global sensitivity Lndoxos aro a l s o 

pre sen ted . ~lothods of numerical calculat i ons ot" nonsitivlt)· 

measure , which are ne ces sary in o general c a s e, are s h ortly 

d iscussed. Th pnpo r is illustrated by r esul t , obtaine d i n 

s ensi t ivity analyses o~ several oxnmples. 

327 



A ~ SOLUTION ro THE rROPL:C:.! OF A COIURC'L SYDTWI 

AN.\.LITICAL DESr ; 

by ~.A. Kras ovsky 

/M o s cov/ 

s~~tbe sis met hods for opt~~ cont rol of linear and 
nonl~ar pl~nts wi~b constraints upon con~rol magnit de 
as well as on so~e func t ions of state vari able£ /t ose 
baviDg sense of input s isnaJ.e ~or act-uo.tors in Ollt i.Dal 
eyst~m are prescL~ed/. 
If linear plant is g!ven 

"' x. t Z: o.~" (t) xt. ,. u, , 
le.: I 

then the op~imal contr ol, t hat ~ses the f unctionalr 

1 
I-= ji {$,, x .: Xk at +f. ~: ... tt:>x, (t .) x .. (t.) 

t. ;~k·• ~~=- .. 
where 

"' L: ~-k (th, X." - giv~n nonnegativa ~uadratic f~m 
' J \t •I 

6': ... (t) - coef f icients, whid represent 
particular solutions to t he sys tem 
of li..llear equations. 

1'1 

~"' :: ,G \ Y•r ~~"'- 1- O,~r. o..,.,,) - f!>.-k ; I 
r·• 

in t he class of controls sat i sfying the constraints . 

J
f lu.I Pu .... / C : ~· ~~. ,, . 'I 

r; ' . /X:.'(; ... ;<..._ / cit~ "1; ; ,, ~. \•, 
apper to be a function of f ollowiDg type r 

.. i·• 
u. "'" ~: (2: ~, ... x ... ) 

1:.·~ 

>'I 

S,s ... u \ "" S'.~~.~ L ~" x.,_ 
'l.•4 

" . 



special analytic method !or solving the equations !or optimal 
coefficients /I/ on analog and digital computers has been 
developped. 
The method ia based on computation o! integral square estimation 
o! weighting tunction of the plant with "frozen" coe!!icienta 
and on the uae- o! "iterative" method for nonatatioD&r,Y planta 
or tunctional.s. 
u nonlineo.r plant is given 

'(.: ~ V; ( "•J x,) ··- )x .. ) = u, 

and 1! there exists a La.pUll.OV tunction 

which derivative \f 

along the trajectories o! uncontrolled plant I Vi. .. 0 I 1a 

equal to the function - W / ~ .X /, 
1 ' • • • • • • • • • n , then the 

optimal control in class of controls satysfying to cnnstraint 
tc. to • fl 

/fv• J'JJ-e4 ; /f~/dt·fl.• ; 
t 4 C. c!X. 

being opt imal in the sense of the t'u.nctional 
t, 

!:•/ w ( "•·•w•, x..,)4.t.,.. V [ )(~ <tl)~ .. · , )(...,( t.)] 
t. 

e,ppeara to bel 

tJ" )~ . f U• c j: \J • ( - • . ~- ()~ ) 

I 

p>i 

P'or passive, special}J' conservative, plants instead of the fUnction 
V, the first integral o! uru-ontrolled plant equations can 

be used - energy illt egral or ita tunotions. 
Examples are given f or practical application of discussed 

methods~ 
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Obtailled liDear optimal oontrol.a allow for unlimited 
1Dcreaae af ooeftioiente of oana~ x1 without stab1l1t1 loo­
•••• Opt1aal. relq control ueuree ilxv'arial:lce with reepeot 
to pel,turbationa ot lim1 ted ampl1 tude ~ 



LINEAR AliD NONLINEAR SOLUTIONS P'OR 'liD: LETOV-nJ..IWi'S 
OPTD..'UJ,I SY!flHm)IS PROBLE!oS WI'lH J.PPLIOATIONS TO LINEAR 

PLAlf.IB 

~. Bela 
Bucharest, R~a 

SUIIIIII&J7 

I n the t'int part or t.M paper an ai&oritbm for IO'Ilthesb ar 
t i me-optimal control law ~or linear plants with time-YU')'iag 
or constant pa.rameter a ia propo•d. To the ..vntheai a purpo•a, 
the state apace, conai~ered ea a epace ar plant initial atatea , 
i a decompoeed into manitolda correapoodins to a nu.ber ot 
awitchi.n,ga. To det ermine ewi.tdling i netanta related to the 
meni!olde, soDie tro.n.ecedantal equationa are. developed, their 
solutiona being constrained to satiety certain cODiitioua. 
After the latter have been ftri!ied , a control law ie determined 
aa e n.onl.i near characteristic, which h adju.etable to the 
initial s t ate wi th aid of' data computed by a aeparated digital 
evi ce. The data comput ation algori tb:lt. i a repreaented by a 

flow-diagram. The n.onl.i near characteristic t or constant pl.ante 

is given in an anal,ytie form resulti ng f rom tbe 'known proper ties 
or t he adjoint equation ayet ema. 

I n the eecond part, an optimal n.onlinear control law 
~ntheeie procedure for integral eon'!&X performance indexes ie 
presented. As preTiouel,y , the ad j oint ~~,yatema propertiea are 
ut ililted . A problem or equivalence of varioue w~e to deec:riba 
the optimal system and , i n particular, the optimal cont rol, is 

considered . One shows • . relation between the adjoint I!J¥Stem or 
Cl i.ffarential equationa and the Riecati matrix diff'e:ntntial 
e~uat ion , os vmll aa a possibilit y to express a solution t o the 
latt er as a f'unetion of a solution to the former. 
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SIIICUl.M PUTURL\TIOM I£THOD FOR NEAR OPTIKIJM D!SICN 

OP RIGH·Ol~l IIONLIN!AR SYST!KS 

P. Sanoutl and P. lokotovlt* 
Dapart .. nt of llectrlcal !nslneerins 
and Coordinated Science Laboratory 

Unhentty of llliooh, Urbana, lllinola, USA 

Tble PA!Nr extande the linsular parturbat i on 01thod propoeed in 

ao aarllar paper by the ••• authore. for a c la11 of nonlinear lyeta., 

a euffictaat coeditton le siven under which tha optimal control le 

coatlauoue &ad dlffarentiabla vlth raepect to pe ~ turbatlone which 

cbaqa the order of the eyete11 ("einsular perturbation•''). n.en a 

low-order .. ar optl.u• daelsn for hish·order •y•te .. ie developed. 

n.e dt .. aatonallty Z(~ of the boundary value problea i• reduced to 

2n, Mhtla the parfor .. nca achieved la cloaa to optlmu11. !&allpl8 of 

the aaar•opttaua deeian for a fifth ordar nonlinear plant la included. 

"'r. llokotovi~ 11 on leave froa Pupta a .. aarcb laaUtute, lelp-... , 
Yusoalawia 
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'l' IK.!-OPTIJU.L COI'l'ROL LA.JS JOR I O!LilfEU SECOIID OIWI! P!OC 

0. Sohmidt and 1. liec~er-Uhrig 
!echniache Hoo~ac~ule Daraetadt 

lederal Republic of Gera&nJ 

Thie paper coneidere tiae optimal control la•• f or plante dea­
oribed b7 ¥ + f(t) + ein f • u, ful ~ 1. Onl7 P4rlial eoluti- ' 
one to thie problem have 7et been reported. fbe cain contri­
bution of t~i• .paper appear• to be twofold. liret ! y, it pra­
aente a generalisation of known reealte in eo tar ~• t~ee 
different damping lawe f(.) and Ill poeeible magnitude• 1 of 
the control oonetraint are taken into account. Seoon41J, in 
the preeent oaee the right hand boundarJ condition• to be uaed 
are (f(T) • ~ 2.n, f('l') • 0), i. e. the et able e~uilibriua 
point ot the e;yetem. · 

Pontryag1n'e ~ximua Principle ie ueed tor aolving the opti­
mization problem. Complete analytical aol utione to t he p~aed 
problem cannot be attained. T~ua, POIIible awUching CIU'TII 

are f ound bJ waJ of integratinc the canonical eJetea in back­
ward• time. fhe oonetruotion of the field of ieoohronee 
providee a aeane to determine the unique control law a(f,f} 
which ie characterised in the etate plane b7 true ewi t ohinc 
eurvee and indifference curvee. lurtheraore, t e reeult • 
ehow that optilllization of the •1•tea with res;~ot to the 
exact nonlinear e~uatione hae certain advantage• ov~r he 
optiaiaation of a lineariaed aodel. 



AN APPROXIMATION TECHNIQUE FOR SINGULAR CONTROL PROBLEMS 

Gerald Cook 

Frank J. Seller Reaearch Labora tory 
U.S. Air Force Academy 

Colorado 
u~ 

A =ethod i a preeent ed which permits the aolut ion of singular control 

rrobl~m• by approximati ng the non- nor•al ay1trm wi th a normal sy1tem. lt 

i a ahown thaL the approkimation can be made arbitrarily accura te, The 

opti~l contro l of the approximate aystem 1& th~n determi ned and appl t d 

:o the ac tual ayatem. Bounda are ob t ained on the errora in boundar y con­

dit ion• and the degree of aub- optimality brought about by the technique , 

The me thod 11 valid for Minimum time and minimum fuel problem• with 

linear, conat ant planta. Examplea are preaented . 



A PAIWfE'l'f:H-ADAI''rTVE co,rrnor. 'l't:cll!ll~ 

Q. Stei n 
Purdue Univcraity 

Laf&yotto, Indi ftna, U~ 

a. SaritH. 
Futdue Univc ~:itJ 

tarnycttc, Indl~~a, USA 

Conlro l or linear alochasUc ny,tcm~ with unllno>m ~arametcro is 

acc~>~•pl bhcd by moane or an nupre,xl n:: to &ol.ut l on o f the e."sociated 

t'lmct1onnt equaUon or d¥nnMlr. p r·CJr. re.~n~olnr. . The r c euttil' l;! control 

ei tne.l r. arc HncP.r t'Unctl onn of ~ute c tl l!'atcs \rHh rccclbo.~k t:niM 

depending expll ci tly \lpon Lhc pc rD.I! . .,t cr ldcnt.i fi cation pro-:ccl\rro. 
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DESIGNING »>DEL-ADArTIVE CONZROL SYSTEMS USING THE METHOD 
OF UAPUNOV AND T!!E UIV.::PE:E DESCJUB: No FUtiCTIO!i MED!OD. 

B. Feikema and R,B, Verbruggen 

Technological Un iv~rsity, ~part~ent of Elect rical Ecgineerir.g, 
Control Engineeri~ Labcratory , ~lrt., The lletherlan:l.s. 

Thit paper dealt wi th tvo methoda for designing model-adaptive control 

eyste:ma 1 

1. the second :ethod ot Liapunov 

2. an iuverae describing tunctioc me hod. 

~e design includes the rtaliaat)on of a oonlinear adaptive controller, 
a~cb that tne response ot the system equals a desired r esponse to a 
deterministic signal (i.e . model r eaponae ) , independently of parameter 
vari atioco in the •yste~. 
Using these t vo methods guarante~a the stability of the adaptive ayete • 
By JDean• or t he method or Liapucov all sdapti ve controller ia l!l&de, Vhich 
is u~u&lly =uch more complex than the controller made ~Y u•iog t he 
inverse deacribi~ tunction method but in aome caeea , it can be simplified , 
l e both caaea the result is a cont roller or which the phas e and the gain 
can be adjust ed independently or each other. Tbese tvo controllers have 
beeft t ested and co=pared wi th eaeh othe: in several model-&daptiv~ 
ayB'telU, 



NONLINEAR FILTERING AND LEAST SQOAAES· 

!XIENSIONS AND APPLICATIONS OF THE 

QUASILINEARIZATION THEORY 

V. S. Levadi 

In !o~.stton Reaear ch Asaociat ~a , Inc . 
Wa.tn~, M.a~achuGett a, U.S.A. 

The quaRilinearization approach to nonlinear le~st aquarea of Bell~n 

ec a l 1• ext ended to include diaturbancea entering t he aya tem and performance 

index nonllnearly and nonquadratically . For certain conditione, a non-zero 

es timate ia obtained !or t he disturbance. Integral con•traiota can be placed 

on t he diatutbQ~ce . The formulat ion inc lude• th~ l eas t squarea counterpart 

of the ataUalical estimat lot> problem !or ''colored" no he and the ay at em vith 

"randooly" vary1ng parameter. 

Tha adapUv~r con t rol problem ia f ormulated a a t wo optimiEation problems. 

The•e ar e solved aimultan ual y using the sequen t ia l procedure of the 

quasilinesrization method. The method ia general and can include moat 

a priori knowledge a ut the parameter variat ions dnd disturbances act in& 

on the ayatem . There ia no adverae interaction between the parameter eati· 

mation and parameter adjustment procedures . Rcau t e are preaeoted for a 

aimple example. 



¥. Schneide-r 
Technieche Hochechur e Milnche n 

·Pintl.lnc the Adaptive 'Foouforwnrd Punct .Lou of" Con troller Pn ro.­

wetoro oy Dicitnl Compu t8r. 

I.n cneo eon:o of tho pnr runoto r e o f n procos:~ cJcpontl o n co rta.Ln 

stnto - or inpu t vnriaulos , you cnn .Lmprovo t he control o r 

tho p roces s b y introduc.Lnr; adaptive 1"oocJfor'llard contro l or 

t he con troller parQJllotorB. To d o so i t is nocossar y t o know 

t o funct~on botweon the measuroo.l>lo sto.to - or i npoat v n r ii\o­

les rutd tho controller p nr:uno tore which nro optimal uith r o ­

spoc t t o n chos en c r i torlun . Thio fuJIC tion is o nlculn tod b y 

"' nnu of n dic ita l c or.~vu t o 1· . Tho normal opera t ion or tho 

plW\L ill tliUtiiJ"IJOd rt8 little 0." JlO IISibto , 

lr'or every opor u 10 io u po l n!O u mocJo l l J>lnn t lo cnlculntocJ oy 

u no c.r· t\lo l.oonL.ll"l cn t .Lou motltous , >thlch d on 't uooo uny in­

l "'>rt.:ntton abo ut t lto s Lruc t uro o r t ho plunt , Tlto opL'lm.i zutlou 

ur thu c untrollur poraruu t ors ~;~lt lt rottpuc t Lo Lho 'l.ntoe rnl of 

t.tm uul t l pl i uo 8'JliOt"ou urt·r, ,- .Lu dono i u tho l.tocJol l l oop, Ju 

Dl·s t.onu \11 t hou t tloluy t l tno o mul t .lcJ i mo nn ional No tton UIO thou 

h• u;~od, :In s:.·o co ms 11l th cJo .luy t ic:o n uumorlcnl o jJtim.Lz:.lt l on 

liod hno t o t.o usod . ldontlflcntlon ru1o o p t l ml zutlon .La •·o ­

P a t od ror all in ~crust; luc ovorn t I on o tu t.oo , Th o cnlcula tod 

v a l uoa or 10h o vorloulos nre trruusro r mod lnto nnnloe; func ·t i ono 

L:• o, rv o 1·1 tt .lnc; me t hods . Therororo t.l e dic;i tal compu tor 

s n' &. tu • ~· l ancet• n e c o11snry , 

n 10 Ci von CIIOthod C"Ql\ be U0 8d £or COilt.lnuou ll and discrete 

a " t.oQ!i vl t h IUld witn u u t do lny t l i:>o, 
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EXTRE MUM-SEEKING REGULATOR WITH EXT RAPOLATION 

H.G. JACOB C . MIRA 

LABORATOIRE D'AUTOMATIQUE 
e t de ses Applications Spatiales du CNRS 

Toulouse France 

Compared with classical systems, the extremum seeking re;;u­
lator desc ribed in this p:~per requires for its conception a gre:~ter quantity 
of"::~ priori information" &;hape of extremal characteristic(") , knowledge 
on the dyna mical properties of the plant ), and maintains its stability in 
presence of fast drift s of the extremal characteristic ( 't)· 

Two kinds of extrapolati on are used : 
- L inear extrapolation of cha r acteristic dr ift measured during 

a constant ti me interval. 
' - P a rabolic extrapola tion using the knowledge of two points of 

a parabol (1') , t he pa ram eter of which is de terminated by a priori inform:t ­
t ion . 

Extremum i s reached with one or sevet·al optimization sequences . 
An optimization sequence i ncludes four steps : 

- One step of{'ti')- dr ift detec tion, with constant duration . 
- One sea rch s tep with var iable duration, the purpose of wb1 b 

is the determination of two points of ('e)· 
• One control step, with variable duration, which is the t'eliult 

of a computation giving the (P)- extr cmum position. 
- One rest step,. with constant duration, for the trnnsiet state 

fL'lishlng. 

Principles us ed for the regulator conception are analysed, and 
1t~bility problom 11 1tudlod, 

• 
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An Optl~l Extrom~ Contro l Svatem 

O. L. R. Jaeoba and S.M. L&ngdon 

The opti.al control lav I• d~ ri•od tor a aimplitled, dlacrete­

t i•n, elngle-input, extre•u. control ayet~ i n vbl eh the ettecte ot 

moaMur~meot oo i ae and dyn&mi~ la~s a r e neglected . The derivati on uaea 

a ~n.mlc procr.mmlng formulation that ia not readily extended to •ore 

Tbe reaul\ing optt~l control 

lav gi •e• aa tD4icatlon o! tbe genora l etrueture ot opti.al extremua 

control lave and gi•e• a •easo>re of the beat pertonnanco that can be 

a chieved t or the parti cular problo• inveati R&ted • 

• 



SEIJl'-{)RGANIZATIOli 01! ~ E~ CONTROL SYSTEM 

This paper defines meaning of "eeltorganization" &Dd shows, 
that difficulties in multimeasuremeut cale~lation l"multimea­
suremeut trouble"/ do not show up in seltorganized systems, 
where unitided "elemeA~&r7 algorithms" and "integral actions" 
are aoting. 

Given are examples ot extremal control stochaatio object 
and prac1lioa.l wqs of general. disturbance aignal and. control 
s ignal getting. 

Notions "state" and "situation" of a control system, which 
are lf'arned, are defined. 

Disoernmeut system is used·when controlling a stoehaatic ob­
ject by comt.i.nation pr inciple 1 it is u.sed aa a corr ector for 
quick-acting open l oop control c1rcu.1t. 

Seltorganization t ans :term of a "elt-grouncUess diSJ>l"'~e­
ment o:t discernment system pole prototypes in eo-ordinates 
Jpace of controlled object. 

In the beginning, one of poaaible algoritAm.s o:t three pole 
seltorganization is shown. 
~her, when man;r poles are studied, a theor- 1.1 :tO-"":l~d . 

about stab111t7 of a~tiva selforganization pr ~ess of "po­

l e gaa". Process sampling of prototrPes l.polee seltorgani- . 
zat ion of l earned 47atem have prooved about o~~:ioned theory, 



'!'El: FUNCTI ONAL CONTR L OF THE !lYE-TRACKitlG-SYSTE!J A:ID ITS 

DIGITAL SI~:OLAT IOII 

Gerhard Vos s i ue and Jtirgen Werner 
J.~ .Goethe-Univereitat, Prankfurt/hlai n , Germany 

As a ansequence o! the roathecati~al analysis of comprehensive 
biological experiments n clear u.nder standing the func t ional 
organisation of t he data- processing oystem of eye- rnovenent has 
been gained. The e!'lti re system may be d · Yieed into tv1o com­
ponents , i . e . into a continuous and a diaconti ~ous (saccadic ) 
eysteo . By means of a special analo5 computer circuit the 
the electrically meaeured eye-movement was separated into these 

I 
two components , and an exter nal feedback of the components was 
achieved . By t hi s procedure the adaptive properties o! the 
d1eco:n1nuous system have been analyoed , 
The manifold poseibilltice of extr apolation and predicti on of 
t he organism have been generalized in a mathematical model , 
not only , to en igthen the effectiveness of this control­
system, but also to gain , ·besides· the special re sults , a better 
insight into the. functional principles realized ir. bioloe_i cal 
eystece . 'l'he applicability of thie gener al functional concE'pt 
has been checkeo by way of simulation of the eye-tracking­
system. 



SII.t1?L.nST SEARCH liEOHANIS!I FOR WSCLE AOTIVITr 

CONTROL 

U.A. llzerman, E.A~ Andreeva 

Discussed are expericental works conducted in the field 
ot general ) rinciples used by brain when it controls museles . 
Tes~s were conducted on ra~s, rabbits and man. Special methods 
whe~ live orga.ni&lll wl\8 connected int o network comprehended by 
feedback, pormited for development ot artificial duty at which 
the brain has to solve a searching task which came from the 
outside 1 u sing onl;r one or two muscles: 
Control process was studied when se~~ching for minimum pain 
irritation, with the help of onl;r ono muscle or twc, not con­
nected muscles and work ot two antagoni:;tle musclen: 
Bassing on those experiments, model illustrations of control 
ruletJ realised at sjm. searching activity, was wor ll d out: 



On-line parameter eatiaation of the huaan trana!er in a 

aan-bicycl e •1atea. 

The atabil! aing phenomenon of a bicycle rider ia r eporte4. 

The work hae been started by buildins a bic7cle eiculator, which 

leeks th~ forward ~otion. HoweTer , t he effect• thereof ~D the 

d;rn~urdca or the s imulator are take11 into account. 

Aa the moat aignificant Yariable t o trane~t inforaation abo· ' the 

atate of the ai~ulator to the huaaa operator, t he angle bet•••n 

bicycle frame and Tertical ia obearTed. 

Two actiooa of the bic7cla rider, Ti&. the aoTemonta o r the upper 

body and the handle bar are coDaid•red u being the action a of tha 

rider on the aieulator. 

The human transfer function haa betn deterQioed by using a paraaater 

eati&atioo technique. The mathematical model of the ~o~aYiour of the 

hum&n operator haa been considered an conaieting of a aecond order 

e;ra tea and a dela1 time td t h tiae- depeadant paranetera. 

!l'heae u.Jiknolfll qi.I&Jititiu of the linear aodel ea adjuated o:~-lioe 

according to a quadratic perrormance criteriua. The aodellios tech• 

nique b&e bee11 achieYed with the aid of a aaall digital coaputer 

(core - acr7 of lt096 worda, 12 bita , c;rch tiae 1.5/J .. o) . 

It ia ahowo that tbe aetbod mentioned befor e ia a u.eful tool tor 

oa-line determination of tbe charaoteriat ica e t a buaa11 operator , 

balancins a bicycle a1aulator. 

.&.. YLil LUIIterea 

1 . 0. 8taeee11 



Da,"id Ji . Wei r , Principal. Re-an:ch Dlginur 
Duane T . ~cRuer, Technical Di rector 

SyatC!Its Technology, Inc., Havtlloxne, Cal11'., u. s. A. 

The v'.~int &nd principles of guid&nc~ and control t.l::t.ory provide t.'le 

bads for u.aly:r.ing the ~ona.rnics of driver steering control of motor 

V11hicles. The reaulta.nt driver /vehicle e;yste:m has aa i t a el.e::. :s the 

vehicle equations of motion, experimentally der ived model.a for the h\l!".an 

operator' s dynamic response characteriat!cc, and descri~ions of the ~oadvay 

envirol'llllent. A variety of sir:gle-loop and llll.ll.tiloop syst eo11 are syn~>tesi&ed 

e.nd examlned t.o select sever&l good, si.rople, a.nd likely alternative con­

tl!JU.ratlono: time-lldvanced l.ater&l deviation, lo'hic' has & primary Nter­

loop feedback or lateral. position 1n the l.ane rlt.b lead equalization '(!rovided 

by perceptual preview &l.ong the ruture tncl'. of the ve.'lic1e; p;1th p.ng!e ( ar 

rate , plus in~rtial. l.ateral deviation, which cor.tains a path 11.11£le inne r 

loop Md a lateral position cuter l oop1 and head~ng angle (or rate) plU4 

inertial lateral. deviation, ·o~h!ch has both heading 61lgle and l&tE!"s.l posi­

tion f eedback loops . These do not include all t he possible Jmlltlloop 

driver/vehicle structures potentially capable of satisfying gui~ce a.'ld 

control requl rementa, but they do provide good performa..'\ce in cairl&l'ld­

foll~ing and disturbance regulati on, insensitivity to ·~1ati~s in the 

driver' s dynamic adaptation, &.t'ld good! predi cted aubjective opi;li on fraa 

the driver. They are not inconsilteJ'I.t rlth perceptual da.te f r om recent 

driving experimentu. The resultMt model.s provide a nev fr..11~rk for 

devising fut ure exper1men'U, and can aid the vehicl e and hi~ design 

proceu. 



A OL06llD-LOOP !miRCMJSou:r.All SYS'l!D! !:lCPI.Al!A1'IOW 
01 J'Olm·DIS'MIBANCI RIOULA1'I<ll oWl l!RD!Oll DM:A.. 

R. EL MaadaJ.eno ar.d !'.1. T. McRI.er 
Sy•tema Technology, Inc. , Ka~horne, California, U. S. A. 

An adapti ve model hu recently been e:vol ved t o describe IIC! 'I.ll 

perturbat i on operations or neuromuscular actu~ loa a,y st~~• involvad ir. 

tracking. taska. 'nlia zr.ocl.el 1a CCI!!p&tibl e wi t h both ph,veiological Call• 

ponent dat a and human oper at or describing fUnction data. The purpo1e of 

thla paper i a to uae thi a odel to explain force-disturbance regulati on 

data and lL~b t remor da a ao cloaed~loop phenomena. 

The force-disturbance data available i n the lit erature ~as taken ror 

a l arge Inert~& restraint and various values ot muscle t one . 'nle rotponse 

t o n t orque impulse h&a a dominMt aecond~order canponent which i• Incom­

patible with t he third-or«nr reJ~~se expected from the open- loop muscle· 

load model . However, t he muscle spindle f : odback or nn i nt ernal muscle 

length results i n a numerator zero in t he H mb-reaponse/f orce-diatu.rbance 

doscrl ~lng fUnc tion. Thi s zero varleo with set tension t n a fashi on that 

i s nearly t he asme aa t he real pole of tne muacle-load syatem. Thi a 

approximate pole/zero cnncoltetlon Lhua yields a dominant 1econd-order 

syotem whose ps.remeters va.r,y with tendon to give a qu.Ultative match to 

the da ta . 

The limb t remor frequency data available in the literature waa for 

variations in svring rate end muscle tone (no added Inertia) and !or 

varlnttons in ln~rt1 a and muscl e tone (with no spring ). The spindle 

feedback of on i nternnl muse) ~ l ength produces a frequency const raint on 

t he liP')•tlY da:-.ped high frequehcy dominar.t mode . The Vtlriationa of thll 

moda with muacle t one and mn.uiv.llat or reatra. int v&iuea are consist ent 

with the lL~b t remor f r equenr.y variation data. 

•n•iB paper l ncl udea research efforts supported by t he Amea Res~arcb 
Center, Mnn-Mae.hine Integrati on Branch, NASA, Mo!fett Field, C&l1torn1a, 
under Contract liAS2- 2624 . 



O. D. Barr, E. A. Jonea, I.R. Carson, Lo Finkelst$1n 

4 -tb..a~oal. <lJnuio 110del ot lllbuen aa4 urea aetabolba 1:1 ~ 

b o'b~4. '1'be 110del b linearhecl, reduoecl in 81se a.a4 oo::.l)Aft4 with 

~o t .. ta OD pathnta. 1be coap&riaon abova ~ba~ tbe Z'Muoe4 1104el 

liP"'•• vi 'b the 'biolopoal .. uureaenb vi tbiA tba lilli ta o! ·~rae11ial 

error. !be inneUca~ona dCIOndzateo the appl1G&bll1t,' of dynaaio 

anal;raia aetboda in IIKioal r .. earob. 



OCULO'IO OR PLANT DYNAMICS : ELECTROMVO·RAPHIC AUO TRII.h$l£NT RESPONSES 
IH THE Ct..T 

8. l . Zuber, Ph.D. 

Depart~ent of lnform~t lon Engl •eerfng 
Universi ty of Illinois at Chicago Circle 

and 
Departmen t of Biomedical Engi neering 

Presbyterian-St . Luke 's ltcspl ta 1 
Chicago , Ill inois , U.S .A. 

Eye mover.ents were produced by Injecting frequency modulated pul se 

trains Into he ocul omotor nerve In the cat . Eye movements , {the 

output of t~e syst~~ ) and the el ectrcmyogr~m of the me~ lal rectus 

musc le {an intermediate output) were measured while using s1nuso1dal 

and transi ent Inputs. Tht ~usc1~ ~~oeared to behave normal ly In ~ 1 1 

respects . The processes generati ng the electromyogram were not found 

to contribute to the mi nimum phase dynamics represented by t he overall 

system outr>ut. Using pulse-step ~~· a ns icnt inputs resu lted in rapid 

saccadic-li ke eye move"eots, t hus overcoming Inherently slow plant 

dynamics. 

2.LI.8 
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