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A Predictive Control Scheme for Dcad-“ne Process Using

-H...-.....

Ly lcnz'r‘mﬁ_llcthod of Process Ldentifiration

M.S.Beck, P.R. Birch, N.E.Cough, A. Plaskowski

This paper describes the implementation of a feedback/
predictive control scheme on a pilot scale process with dead-time,
using a process control computer. This process is a representativa
of a broad class of processes where dead-time makes nccurate control
difficult vhen conventional feedback control is used. A performance
criterion which takes into account the cconmic and safety requirements
of the process is used. A hill-climbing procedure optimizes the
performance of a model representing the part of the process withuut
the time delay, the optimum control sipnal is then -stored for the
durntion of the time delay before applying it to the procsss..
Various optimising procedures have been tried and it is shown that a
particular iterative procedure gives mssured converpgence with a short
computing time, whick is substantially independent of the order of
the systenm.

The predictive control achere overcomes the problems of
stability in using feedback control, leaving a feedback loop to
only correct for process drift. Acceptable fecdback control settings
determined by a computer program which periodically caleculates the
peocess controllability.

A particular feature is that the model cen be completely
specified by the impulse response ®f the process. Discreet points on
the irpulse response curve are stored by the computer and up-dated
from tire to time. A pseude-random binary cequence test signal is
used to determine the impulse response model, which can be computed
by direct crosn-corrnlnvm, or by a new learning method. In the
learning method any'a "priori" informetion mbout the process dynamie
behavicur is used as an initial process model. This initial process
medel is up-dated by a learning procedure to pive an up-dated process
model which accurately matches the process.

Computer requirements for the basic foodback/predictive
control scheme with correlation identification are, approximately,
3,700 words of core store, betwecen I2 and 25 m s. cnlculation time
per sampling instant, plus 2 sectnds calculation when an identification
is required.
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CONTRCL OF SYSTEMS WITH TIME DELAY

by Gunner Nielsen lic. techn.
Servolaboratoriet, Danmarks tekniske Hejskole.

The control cf systems with time delay is of consider-
able importance. Several methods to perform this control
have been published, but only very little concerning practi-
cal experience with the methods.

This paper reporte the resulte of a study where these
methods are ccmpared. The comparison is done guantitatively
using the IAE performance index. The control obtained is
discuesed for both setpoint and load step changes. Results
are given as functions of the reletive delay i.e. the ratio
ol the delay to the sum of the delay and the time constants.
Among the methods tested are ordinary I, PI and PID-control,
sampled data contrcl, the Smith linear predictor and some
feedforward schemes.
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SINTHESIS OF QUASI-OPTIMAL MINIMUM TIME
CONTROL BY ¥AY OF APPROXIMATING SIGNUM-
°  FUNCTIONS

L.A%.Gunchev

The problem of approximsting of the optimal minimum
control function is considered. The posaibility to realize
guasi-optimal control input for linear plants by means of
eguivelent approximating functions is shown. Equivalent
building funsotions are suggested in the class of practically
applicable funotions.

The posaibility to design quasi-optimal control device
using linear and realy ccmponents only is demonstrated. The
method suggested determines the structure and psrameters of
the yuasi-optimal controller, The experimental data obtained
confirm the effectiveness of the method of eguivalent signum~
functions,
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RELAY CONTROL OF SYSTEMS WITH
PARAMETER UNCERTAINTIES

D. P. Lindorff

University of Connecticut
Storrs, Connecticut, USA

The design of a relay contrcller for model-tracking systems is
developed, taking into account the effect of parameter uncertainties.
By employing a semi-definite Liapunov function, it is possible to
treat multi-output systems, or more generally, systems whose state
variables are not necessurily in phase-variable form. It is shown
that the plant can be forced to track a model with bounded errcr if
bounds on the parameter deviations are known. The method is applied
to a specific design problem involving an unstable plant.

2



DESIGN OF LIMITED-INSTRUMENTATION CONTROL

SYSTEMS FOR DISTRIBUTED PROCESSES,

Sy M. Hcc;nn.
Toperial Chemical Industries Ltd,,
Wilmslow, Cheshire, England.

Because the thecry of optimal control of distributed
processes leads to extremely difficult computational problems an
alternative approach ie required. This paper descrides a method
which can give designa for both linear and relay (bang-bang)
control of linear distributed processes which are subject to
distributed disturbances, The designa are intended to yield
control systems in which instrumentation (measurement) in the
process is extremely limited. The method requires, in any applicationm,
that a simulation of the distributed process be available which shows
internal behaviour and not just an overall (input-output) representation.
The method is a search and adjustment procedire which can be programmed
but is simple enough to be done more easily by the user.
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SOME PROBLEMS OF CONTROL PLANTS IDENTIFICATION

S.A, Anisimov, N.S., Rajtman
r..t. M.Pm. 0.’. Hans

For couplex equipiunt the type of equalion

muipeent is not tnavn a priord, sad in thls conncet

.i.
3 nuiber ol @ cntary pro g of ilentifircution .
e These probleus  1lnplnde. the erudnntion of the

H 1 - § $ g d g . )
"msueteristicn of the coupling Letyeen the inpul fic ow wut
fsbltsy &~ pontitutive cvalustion of e Genree

nl Frdeerahouckeas of tle sidaliaml equipnent
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The ddentificalion of syutess' by ilic model wethod
leats to ihe sdnidiszction of a funectiocn of structural

pax

iters represcntisy; the distance Letween the syetem
nticied and the investifeted wofel. This Gictance

to be ddc

can Le o & stonece of structure or a distance of sinte.
Tii the firot case we shall show that the nroccdure of
identification can boll downl to the determinstion of the
lows of variation in the pavramcter spece.’' In ihe Second croe
identification secus to byil down to a simnle problem ol
nevaieter optimization. However, it is showi that the
wreeision of an identification is' coinecied vith the Torm
of iso-error locus, that dis to the sensitiwitiy of
parancters, y

So we intreduce the relation cxisting betwcen
identification end ccnsitivity coefficients. Then we shall
define 'a ceusitivization index which gives a measurc of
the distribution of informntion and permits to define

s

_innuts celled spherizing imputs which distribute it
equally on oll the parameters or sensitivizing inputs
which concentrete it on a jiven perameicTs.
To considcr ide ntificau1nn undiér this' anple econstitutes
prosress in the se¢nse thet from now on it is possille
ic evnluste the quality of identification cnd to fix
a test protocol.
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‘FROCIZIS DYNAMICS IDENTIFICATION
BY THE MULTISTEP METHOD

M, Menahem

Socidté Contr8le fniley, 32 Bd fenri IV

Paris 4°
FRANCE

- The atep re-ponse tent is a practicnl meathod widely usud for proceis
dyracies identification, because of itm nimplicity nrd the mlort time req.ired
to ottain a signifiemrt result, But in swny cnnes cxteral dinturbarces corript
the obrerved signnl, and it become: necersary to repeat the teust mary times in
order %o oLinin valuatle estimates. Thin results in a longer Lenting ;-arlc;d of
tine, and reduces by the nswe time the tdvantnge of the methods In this piper,
an extension of the ntep metiod, enlled the nultintep metiod, it proposed. 'he
{dentific:iion signal is & mequance of ntepn aprnlied to the irjut at a frequen
¢y Ligher than ‘I/T° (vhen To repre-ents the fini.e memory time of the l:/atqu).
e mnin adwntage of the method is that for a fized tentirg period of Lime,
zere information may te row extrieted from the olnerved signal,
me muthor mnalymen the computntion procud re (romiliing in the ntep

roponee woich ia precent'd in sanpled datn form) mrd shows how the cloice of
~acifie nnqie cer aimplifies the amount of computntions, 1n fret, no iaversion
of réa'.rimn in required, »nd, by 'ha nrna tinme, any portion of length To exirio~
od from tre otmerved nljrnl will rive n result {more or less corrupted uy

e o Thane npeeife noq ences nre then extendsd to the cane of a sultiinput
s mten, The ent awntintionl ertinntion of Lhe atep re:onne through the col-

~tad ronul's {8 not dircunsed,




A THEORY OF PARAMETER TRACKING APPLIED TO
STOWLY VARYING NONLINEAR SYSTEMS
Boris Segerstdhl
Automatic Control Laboratory
Technical University, Helsinkl, Finland

A stochastic system is defined using a set of density
functions, For this system a bayesian tracking problem is
formulated and the sclution is given as a recursive
algorithm. In the general case the algorithm requires rather
complicated computations,

As a special case an exactly observable linear (auss-
Markov system is investigated, and in this case the slgorithm
requires only matrix computatlons. IT is essentlial for the
solution that the system is exactly observable, because it ig
probably the only case where one can avoid products of random
variables.

The method is applied to nonlinear systems where the
variations in signal amplitude are slow enough to admit
linearization over short time intervals, which makes it
possible to look upon the effects of the nonlinearity as
caused by variations in parameter values of the linearized
system,

As an example the simulated tracking characteristice of
a saturating system and a system with exponential nonlinearity
ave investigated. The results are satisfactory.
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THE AFPROXINATION LETHOD OF IDENTIFICATICN

E. Gérecki
A, Turcwicz

Summary
Z====T=

The epproximation method in the IL-space for purpo-
ses of identificetion oontrol processes is coneideres, The
method is based on theorems cf BEteinhaus, Markov and Bobo-
lev,

In the case - of a function one variable f(x) , if
we suppose that in the class of polynoms whose degree does
?gt exoeed D , exists the polynom P, (x) suoh that 19
J! |2(x) = Py(x)|6x = min , and 2° e difference f(x)-P (x)
changes the sign in exaotly b+1 points in [l,b] then the
absclslas X of these point : are zerces of the Tchebyshefls
polymom Tm.‘(x) = 008 f(nﬂ) are cos x] « Henoce one needs
to measure the funotion £(x) on by in these pointe,

In the case of a oonvex funotion of n-veriables
the conditions for the optimal linear approximation in L=

cpace are given,



ON oHE SETZCTION OF SUBCOAL AND
THE USY OF APIIOTX INFORMATION IN LEAWNING CONTFOL SYSTEMS*

L. E. Jones, III XK. 5. Fu
Cruduate Engincering 8cliool of Electrical Fnglneering
Eduentlion System, CENESYS Purduc Univeratity
Unlversity of rlorida lafayette, Indiena

Port Canaveral, Ploride
-

Mumcious methods have been proposed for the design of control systeme
which learn to function in unknown or partially knoun envir?r.mcnts. Most
lerrning echemes are radieal departures from the techinlgues vsing continu-
cus edjustment of parameters which c:n-w out of early developmonts in Endel
refercnce systema. Prlinclpal contributfons to the area bave teen control- .
ler models and algorithms. In gtudying thece models, the system is ab-
stracted to such an extent that there 45 quite often a loss of contact
with practical ccnsiderations. The objeetive of this paper iz to prosent
come results in the theory of leni'ninr; contrul, but elso Lo look apain at
some of the practical problems encountered in applyiug a learning control-
ler to a problem. A

This poper defines the subgoal es a subordinate to the primary poal
of mirimizing the perforuance index. It must evaluate cach decision one
control interval after it is instituted. 7The subgozl problem is to choose
a subpenl which will direct the learning process to the cptinal as pre-
scribed by the given perfermance index. An amalycical golution is pre-
sented end extended heurictically for the geacral case. 'his extended
wethod makes ure of the apricri information about the plant.

Two other problems are also discussed. A fixed grid is used to
partition the state rpace Into control situctions, and a method of ex=
tending the grid is proposed and evaluated. Thne controller is initinl-
ized using the apriori informatica, too. A full secale simulation con=
firms that the proposed methods’ of choosing the subpoal, exterding the
fixed grid and initializing the controller are improvements over pre-
vious methods.

'm: work was supported in lpart by Kational Secience Foundat! 2,
Grant GX-1970
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ON SOME CLASS OF ADAPTIVE (SELP-LEARNING) SYSTEMS
V.A.Yakubovich
Leningrad State University
Leningrad
U,S,S.R,

The report deals with the theory of one special class of
andaptive systems. The apparatus of finitely convergent algo =~
rytlune for the soluticn of the infinite systews of inequaliti-
es 1s taken as the basis. The generel outline of the problem is
as follows, The system ie said to be adaptive if its funotion=
ing law changes with the experience acquired, Some information
is supplied to the system on 'sucoess’ or 'failure' of its econ~
duct to scue aim condition, It is essential, that some charac -
teristics of the surroundings and the system as well as, probab-
ly, some parameters of the aim condition are assumed to be un =
known tc the designer, They may be any of a certain class M +The
adaptive system (AS) is said to be reasonable in olass M Pt )
for any aim condition and any characteristiocs of this class the—
re exists an instant after which the aim condition is fulfilled
every time, The problem consists in construction of a system,
reasonable in the given class M .

The report gives a formalized stating of the simplest vari-
ant of this problem, and, along with 8 ome additional suppositi-
ons, the &clution of this strictly formulated problem, The re—
sulte are given of simulation on the computer of th& self-learn—
ing process of one siuple mathematically styled system "reason—

able® in tlhe given rather conventional sense.
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On THE ALGORITHM OF IEARKING WITH THE ACCUMULATION
OF EXPERIEYE

Stefan Petrésd

Summa ry

In solving problems of optimum control with incomplete infer-
mation on the controlled object there frequently ariscs the
basic question of how to determine an appropriate algorithm
of control, especially when the system i& multidimensional
and exposed to perturbaticns, Deterministic methods are no
longer suitable for these purposes, Stochastic methods are
used,

The paper introduces new algorithms of learning. These algo=
rithms are discretely stochastic. They represent, as & matter
of fact, a complicated Markhovian process of the kth order,
The realization of the random unity vector is determinud by
the conditioned prouability of the storage parameter, The de-
cision proper is done on the basis of the Bayesian ducision or
the maximal aposteriorial probability principle, respectively.

It is proved that under certéin prosumptions such process is
a martingal or semimartingal process, The convergence of such
processes is introducsd,

On a concrete example tne procecurs of seeking the extremum
of the function i® shown that describes the controlled object.
The described algorithms are suitable for controlling steady=
~state continuous production processes by means of automatie
computlers, ;

4



On the Ergodicity and Dynamic Behavior of Finite-State Markov Chains
H. H. Yey J.T. Tou
Summai'y
Learning theory has made extensive use of Markov chains as

mathematical models. It also has been established that the
stochastic finite-state automaton which plays an important role
in engineering systems involving artificial intelligence is
representable by a finite-state homogeneous Markov chain.

This paper studies the ergodic properties of finite-state
Markov chains via the notion of norms of vectors and matrices,
the concept of induced operators and the principle of contractinn
mapping in the finite dimensional linear space.

It is found that if the smallest norm of the induced transition
matrix on the invariant subspace So whose normal is (1, 1, ...) is
less than one, the chain is ergodic and operates as a contraction
mapping on subspace S,. Conversely, if a finlite-state homogeneous
Markov chain is ergodic it is a contraction mapping on So. The norm
of the induced transition probabily matrix serves as a pessimistic
estimation of convergence rate.

A general test procedure is summarized for determining the
ergodicity and convergence rate of a finite-state homogeneous
Markov chain. A necessary an& sufficient condition for ergodicity

is derived from this procedure together with other ergodicity

criteria for special cases. It is found that ergodicity is determined

by the form of the transition matrix and has nothing to do with

the numerical values of the elements of the matrix.
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STATISTICAL MIN=-MAX DECISION WITHOD AND THEIR APPLICATION T0 LEARNING CONTROL

Bunji KONDO and Shigeru EIHO

Tris peper deals with the statisticel decision method used as & lesrning
mechaniss in the optimalizirg control systems. The min-zax decisicn function
18 trecied where wa have littie krowledge atout the system. The sub—optimal
vin-max decision function ie generally given an a function of the data of past
experiences with the help of the theory of games and the technijue of linear
progremming. This strategy is available when the number of dats i2 small.

Moreover, this paper deale with the learning mecharisa which changes the
decision etrategy from the min-max solution to the Beyes solution as the
ouzber of data incrsses.

43



CONTROLLABILITT AND SYNTHESIS OF OPTIMAL, DYFAMICAL
SYSTEMS A

F.M, Kirillova, R. Gabasov, I.A. Polstajeva,
S.V. Tzurakoeva
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ihe netesdary optiztia copcitions are Zerived in one
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ation of tle cuaiity
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furction.

& nunker of eriteris are stated, with 2nich the optimi-
~etion problen ks o wolution, that iz one say conseiously
find o cuntrol thot 1. Letter then others in the set
clasg, The proucedure of invectisuting special opiispa
eotilrols io/ woried cuty, ita eprlicativn to the thesry of
olifing dutics is glivens 4 nuzber of control laws for
the numeriesl solution of optimmin eontrpl praoblems.is
rropsseds .

Tho paper 4ives a rovicr of the contamerary siute of the
rroblaen, of the existing smthods of
of the Dunctional tmalyele to the preblez of symtlhwsis is
leneriled, new results  echieved by the auathors in tkis

synthesis,. the apgroach

livcetion , sre presenteds 43

It i3 chosm  thnt the uscd Jisgres coy Ls trunsieived
on probl¢ss of the optizization of dynasic system in

sitsationss ihe results sre Doramlated ressrding

the evictonce ol optiaam econtrel and tic recescndy optizua
conciticns in these probleas. i

in corclusicn the cueoiign is considered of the theory
of optimui proceuses in  continuous systess  Leing spreed
to the ‘aaugplivy eystezss The gpecific portioularitics of
the doveloped thicory are noted. & nuaber of re.ulis are
prescated regaréing the necessary and suificient optimun
-onditions of sawpling systeass. '
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INTEGRALS COF SET VALUED FUNCTIONS ARD LINEAR OPTIMAL CONTRCL
PROBELENS.

Czeslaw Olech
Institute of llatbematices,Cracow Branch,Polish Acadeny o2 Sciences

Let P(t) for t€ [0,1] = J ve a closed subset of finite
dizensioral linear space E. Ey i:?(t)dt we mean the set

{i;(t)dt s Whers u is integradble on J and u(t) & P(¢) almost
everywbere in J, 50 defined integral of set velued function
bes applications to some linear control problems.

Till now only the cese if(t)dt is & bounded get
* has been studied, In the present paper we exexine for the
first time the case w.en the integre’ can be an unbounded
set,




OPTIMAL CONTROL SYNTHESIS USING FUNCTION DFCOMPOSITION TECHNIQUES

Je. Co Allwright,

Control Systems Group,

Centre for Computing and Autcmation,
Imperial College,

London,

Eagland.

Optimal control functions belonging to linear manifolds of
the control space are synthesized from components of the basis=
functions which span them. A lower bound for the minimal per-
formance index is developed which can be calculated when only
non-optimal controls are available. Using this, a simple
condition is found for the optimal control belonging to a linear
manifold to be-an arbitrarily close approximation to the optimal
control belonging to the control space = for any particular
initial condition. A simple procedure is outlined for ensuring
that the linear wanifold considered is such that the control
law determining the optimal control belongirg to the linear
manifold {as a function of the initial conditions) is an
arbitrarily close approximation to the control law which letecr—
mines the optimal control belonging to the control space.
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mgr inZ, Btenislaw Raczynski
Estedra sutomstyki i Elektroniki Frzemysiowe]
Akedemie Coérniczo-Hutnicze w Erakowie

About the Determination of the zonee of emission

e e e e e

and optimel trajectories for the nonlinmear contrel

===REs S e e e

systens

Surmary

In the peper the new method for the determinstion of the
zonee of ewission for the nonlinear control systems ie consi-~
dered, This method ie based con the theory of orientor fislds,
Ueing thie method it is possible to calculate the ‘i-at order
partisl differentisl egation, This equation dexsoribes the
surface which is Goundary of the zoné bf emission. 1t is possib-

le to caleulate the optimal trsjectory alving the above equation

by the method oF characteristio siripss of Cauclyy. Following }
thie wey we can reduce thie problem to the system of Hamilton i
Gype ordinary differential equations., These equations are gna=

dlogoua to the equations cof Pontriagin, but the interpretaticn 'é
of them i: quite dirfferent, The problem which is considered is
alocely related with the "bang-bang”™ type of control, and for Es

thet reeaoﬁ mey have a great practical mesning, i
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OF MULTISTAGE GAMES

AsI. Propoy

The discrete games with fixed step number are
described in this paper. Using similsr games es aun exanmple,
the different ways of putting the pfblema are discussed.
The prcblems may partain discrete and continuous /differ-
ential/ gsmes as well,

Neasessary optimality conditions will ba obtained
when the game conteines a saddle point.

Bufficient conditions are given to asssure the
saddle point in the game. Individual cases are also discus—
sed.

Necessery optimelity conditions are obtained
which sllow to discribe the lower and upper game estimator,
that is to say, for minimax and maximin stratgies.

Numerical methods for multistep gemes ere also
coneidered. The poseibility of extending the obtained
results for differential games are discussed.
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MAGNETIO ADAPTIVE COMPONENTS FOR AUTOMATIO
CONTROL SYSTRMB

M.A. Rozenblat, M.A. Boyarchenko

(uoscow)

To construct an adaptive system of automatio control, often
necegsary elements, which fullfill following funotion are ap-
1ded:

Z wmiy Y 3 %) (1)

where x = output uninterrupted varable,
¥ - actuating signal calling for change of element
transfer coefficient according to adaptive fun-
ction P (y, t)
Four typical adaptive functions can be extracted:

F(y,t)t>%,= F/y(t)/=K-y(t) (2)

t
P(y.t) = K [yey )
r(:.t)t>t°-rl./gn'lAy(t,)/; ®)
P(y,t)t >t, = Eslgn y () : (5

In the first event (2) adaptive function is reduced to remembe-
rence of adaptive signal "y" in some time period "to“; In the
cecond event (3) adaptive function is equal to an integral of
actuating signal "y", which often represents a differential of
glven end actual meaning of some of the controlled control pa-
rameter.

In the third event (4) adaptive function represents some sort
of monotonuous /but not necessary vniform/ function of ircre-—
ment sum of control signals, which enter corresponding adspti-
ve element at any moment ) T t3, sessssses s« Adaptive func-



tion (4) ususlly is used in systems, which are adapted by se-
quential search method or by study. Adaptiye function (5) ta-
xes only three sampled meanings( -k , O , +k ), from which ve-
ry often only two are used, f.i, O and k , or -k and k,

Common for all four adaptive functions is this, that they have
memory. For thie, for conveying of functions (2-4) necessary
analogue memory elementsare necessery, for function (5) - semp-
led /double or treble/ are necessary. Therefore it is recommen-
ded to use features of ferromagnetics and pithes with sguare
nysteresis hinge in construction of adaptive elements,

Any edeptive element can be comstructed by corresponding in-
sertion of memory element, which fulfils adaptive functiom
F(y, t ) and that of a stsndard anelogue multiplyfying in-
stallation.

But the most interesting are elements where adaptive and
multiplyfying functione ere combined in one installation. In
this paper discuesed are main points of solution of a/m adap-
tive functions on megnetic pithes with squarw hysteresis hin-
ge and of comstruction methode of magnetic adaptive elements
with limited connection of edsptive an multiplyfying functicns.
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EXTERMAL STATISTIC AND DYNAMIC RESPNSE OF INPUT-QUTPUT
SEQUENTIAL LOGICAL ELEMENTS

N.P, Vasileva

Derivative queueing schemes can be made in a form of a clo-
sed networks, consisting of other closed networks, specially
of such &8s triggers, outside characteristics of which, define
stability of work as ocutside closed networks as well as all
gqueueing scheme as a whole,

Cutside characteristic is understood as a characteristic
of inoput - output closed elements circult with reference to in-
put end output outside signals in distinguishing of internal
11 put - cutput characteristics of opened circuit of those ele-
ments.

Basing on analysis which was made on some trigger examples,
typical for mostly used in logical element automatisation and
on queueing schemes, was showa following:

1. Appearance of outside dynamical and statistical trigger cha-
racteristics and other queueing schemes depends on the means
of signals summation in feedback networks,

2. At diode summation of input signals in triggers and other
queueing schemes, feedback sigrals do not increase gain
constant of internal characteristics of those schemes.

In outside atatistical characteristics of triggers and other

queueing schemes a relay Jogging may occure,

Unstability of queueing achemes are defined by the worst of in-

tearnal characteristics, i.e. separate queueing elements cha-

racteristics and of their cascade circuits which form scheme,

3+ At arithmetic summation of input signale in triggers and
other queueing schemes, feedback signals violently increa-
se the gain constant of their outside dynamical characte-
ristic, to the extend that it can go into negative field.
At this scheme unstability at zero or one decreases.
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4,

Buch triggers statlstical characteristics, have relay jog-
ging at abscisses of the unstable dalance point of the out-
going internal trigger characteristics.

Thersfore the worst triggers characteristics with arithme-
tic sunmation are their outside characteristics, critical
points of which, must be used for triggers control.

Outside dynamical characteristics of synchro-dynamical
triggers, speclally of digital triggers, coincide with in-
ternal dynamical characteristics of thoze trizgers, which
are themselve functions of all trigger inputs including in-
put of feedback,
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PRIMARY DATA PROCESEING DEVICES OF CONTROL COMPUTERS
ON QUANTUM MAGNETOMEASUREMENT FRINCIPLES

prof., Titehenko N.M,, prof. ILisenko A.P.,
doc. Kudrjavtsev V,B.

VAT Moscow USSR

Increassing requirements to the date quality about technolo-
gical processges in the objecte checked out snd controlled by
& central computer have demanded developments 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 the natural tendency towards the per-
fection of precision frequency converters both of the "anaslog-
-code"” and "angle - code" types is the development, for the
purpose, of nuclear spectrescopy frecuency fundamentels wide=-
ly-imown and used in magneto-measurenent practice., These fun-
damentals are the basie for the development of the firet gquen-
tum type devices /for instance, radio range masers/,

The nuclear epsctroscopy deals with atomic constants such
as gyromagnetic nucleus or atom relationehip. At present in
investigating the Eerth magnetic field, the magneto-messurement
technicue makes uee of highly steble quantum magnetometers
/magnetic masers/, their cheracteristic feature being the prac-
ticel nondependence of their output fregquency on the ambient
medium paremeters. Buch sensors are practically of an ideal 1i-
nearity and a high sensii:ivity. They may rather efficiently
epplied for the production of large ~ ecale precision conver-
ting devices, The use of creogenic technique elements and non-
etationary phenomena of a nuclear magnetic rescnance in quan-
tum converters opens up particuler possibilities to control
1ittle changes in the magnetio field strength playing the role
of an intermediate parameter of the conversicn proceses.



THE MEASUREMENT OF SPECIFIC GRAVITY BY MAGNETIC REPULSION
Kamekichi SHIBA and Tadashi ICHINOSE

Faculty of Engineering, Toyo University
2100 Nakanodei, Kujirai, Kawagoe-shi,
Saitama Prefecture, Japan

A float with a permanent magnet Is put in the liquid and another magnet
(permanent magnet or electro magnet) is placed outside the liquid to suspend the
float by magnetic repulsion. Also this cutside magnet is hanged on cne arm of a
balance. It is shown theoratically that the apparent increase of mass of the out=
side magnet is equal to the apparent mass of the (loat in the liquid, This is the
measuring principle of this method and is proved through experiments, In this
mothod, it is unnecessary to know the position of float in the liguid and the
strength of tho outside magnet, that is, the measurement is not affected by the
change of the magnetic strength by some reasons, so long as the magnet has suf-
ficient strength for suspending the float within the liquid.

This method is suitably applicable to measure the spocific gravity of liquid

in automatic control system,
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A GENERAL METHOD FOR THE DESIGN OF LINEAR AND NONLINEAR
CONTROL SYSTEMS

P.M.Frank, Univereity Karlsruhe
Germany

A method for the practical design of feedback contrecl systems
for linear and nonlinear plants is described, which 1s based
on the fellowing principle:

1.) Parallel compensation of the plant by modelling the
plant (for the purpose of stabilization of the control
lcop and selection of the disturbance response) and

2.) Cascade compensation of the plant (for the purpose of
optimal manipulating).

Constructing the controller by this way, the design problem is
reduced to a pure cpen-loop problem, which can be solved by
optimal approximation of the inverse structure of the plant
without considering the stability of the closed lcop. It will
be shown, that, even for complex planﬁ, the method gives an
assertion about the respective limits of a control and leads
ceonclusively to the corresponding structure of the controller,

The application of the method on linear plants with lumped or

istributed parameters and on nonlinear plants 1s investigated.
As an example, the design of & nearly time optimal continuous
control system for a first corder plant with saturaticn is de-~
monstrated.
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AN AIGEBRAIC METHOD FOR FOLLOW-UP SYSTEMS COMPENSATIORN

by
Klaus W,Plessmann

Technical Higher School Aachen

Proceeding from the presentation of a sequential system
eg a norm polynomial form and a norm function form, a method
is being derived, which transforms sequential systems into this
form, The compensation elements necessary here result, with the
conditions of reslization being considered, directly from the
system under couslderation. It turns out that, for apprlication,
one may proceed from the locus of the system. The parameters
of the compenzation element can be obbtained here by means of
& graphic method, It results furthermore that the investigated
slement can be replaced by approxination which, being easily
applicable, produces good recults, The derived method is being
presented by means of an exanple,



A SIXPLe PROCEDURE FOR THE SYNTHLGIS OF SANPLED-DATA-CONTROL-SYSTEMS

BY MEANS OF THE BODE=DIAGRAM-TECHNILUE

Wolfgang Latzel
Dornier-Werke
Friedrichshafen

Geraany

A procedure is proposed by which the wellknown advantages of the
Bode-Diag;ram-Technique for continuous control-systems can be
trans{erred directly tc the aynthesis of saspled-data-control-
systens. The considered sanpled-data-systews conoist of control
systens governed by a dilferential equation, a zero order holding
device and 4 controller described by a difference equation or a
transler function respectively

-1 -n
d ed % “2,000d 42
¢(z) » o 1 n

o3 -r
l-cl.z meee=Cool

of classes n « 1,2,5.

For diroct application of the lLode-Diagram-Technique a transfer-
fuh?taon Glp) = C‘(p) A Gz(p) describing zero order hoid and
controller in the opace w = U,..0 18 given. Gl(p) deseribes an
ideal, continuocus controller with Fd-, FID-, sz~ or ribz-:ime-

wehaviour, wherexs G, {p) contains the properties inherent in

2
sumpling. Controllers with jfci = 1 have I-tehaviour.

The coefficients of the sanmpled-dita-controller are to be
crhouern 30 that the octep function response of the control loop
is nearly a "dead beat response”. The pertaining transler
function F_(p) of the open control loop is derived therelrom
urd taxken no a basis of calculation, With control systems of
cingses N 22 (with n< N) the described procedure shows good

results.
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SUBOPTIMAL REGULATION OF SECTION OF HIGE-ORDER,
ESFECIALLY TAKING INTO ACCOUNT ALL-PASS PROPERTIES
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THE REDUCTION OF DYNAMIC ERRORS DBY MEANS
OF DISCONTINUQUS PARAMETER VARLATION

R. M. Davies, T. H. Lambert, M. J, Joby
Mechanical Engineering Department

University College London

The purpose of most servomechanisms is to effect the reproduction of
some control signal with power gain, Generally, this is accomplished with
an error actuated device and this precludes complete equality between input
and output under dynamic conditions,

Flugge=Lotz and Wunch suggested a method of reducing dynmic errnr‘!
by means of discontinuous parameter variation. This was initially developed
for sccond vrder systems and later extended to third, The present system
obtains similar results to those of Flugge=Lotz and Wunch for low order
systemas, but the new approach readily permits extension to higher order
systems.

The paper also reports the experimental application of switched par-
ameter contral to an electrically signalled inertially loaded electrohydraulic
servomechanism and it is demonstrated that the enhanced response predicted by
analogue sinulation is obtained, The effects of switching delay are discussed
and it is shown that in erder to improve the response of high performance
systems, severe constraints are imposed on the active components of the
controller,  Thus mechanical relays are shown to be inadequate and solid state
switening circuits dewloped.  With this modification it is possible to improve
tae response of the whole system by introducing the switching logic in the
fecdiack path,  Consideration is given to introducing this logic in the loop
around the electrohydraulic valve, but tne higher resonant frequencies
avsociated with the lower 1nertia of its moving parts indicate that an improve-
waot can only be expected by a redesign of the controller to meet the higher
spoed avitching requirements.

As well as a full discussion of these limitations, the paper demonstrates
tue applicasility of the philosopuy of control by discontinuous parameter
variation to practical nonlincar systems. Both analogue and experimental

results for the behaviour of such a sysiem ere included.
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RECZNT RESEARCH ON EFFECTS OF UANTIZATION IN AUTCMATIC
CONTROL SYSTEMS

A, Weirmann
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AN CPTIMAL HEATING SYSTEM

By
Adel H. Eltimsahy Louis F. Kazda
University of Toledo University of Michigan
Toledo, Ohio Ann Arbor, Michigan
U. S. A. U. 8. A,

In this paper & mathematical wodel of the pas-fired forced-air
domestic heating system developed previously is used to formulate &
method for optimally controlling such system 1a accordance with a pre-
ecribed performance criterion. The optimal problem is one of reducing
the room temperature deviation from a prescribed reference value to zero,
while at the same time minimizing the value of some predetermined per-
formance or cost functional J. The development of the optimal control
law proceeds in essentially four steps. a) Converting the mathematical
model te a form which is more suitable for the application of optimiza~
tion techniques, ©b) Defining an optimization criterion which incor-
porates the main objective for minimizing room temperature variations
with respect to a prescribed reference temperature, ¢) Choosing the
best optimization tachnique best suited for the optimization problem, and
d) Constructing an optimal control system employing the optimization
technique developed. Finally, this optimal system 1s analyzed, and come
pared with the conventicnal heating system using a numerical example.

Qutside
Temperature
Room
oundaries
‘S-'*:“";‘l Gas Con- Hot Air Habitable
8nal— trol Valv Furnace r"‘ Duct  [==| Room Space [gsom
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Cold Air
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Components of the Heating System
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YMULTIDTMENSIONAL EXTRAPOTLATION FOR OFTIMAL CONTROL AND
DESIGING

L.A. Rastrigin, V.S, Trahktenberg

The change of situation during a system design proceass
as well as the parameter drift of controled object Wnd to
repeated realization computations in order to describe
optimal parameters of a system or control. Such & way of
foilowing the changes of situations is not rational and
leads to considerable elongation of the desipn periods er
to the reduction of effectivenesa and control operativeness.

An algorithm of usage of informetion, which is stored
as a result of completed optimality computations, for an
eatimation of optimal parsmeters in following new situations,
is worked out. The basis for the estimation is a very limi-
ted learning sequence without carrying out a procedure of
multiparametric optimization.

Theoretical investigation of recovery errars of simple
linear and nonlinear functions is realized by means of mulsi-
dimensional linear extrapolation method, The investization
of recovery error of a complex linear function have been
done, using electronic computer, through estimation of a po=-
lynomial coefficients which approximates the given furcticn
in a best way. The valuea of the function are lmowm for
some points of observation intervals; the number of such
points is less than the degree of approximated polyncmial.

The multidimensional extrapolation method i3 opplicable
for searchless parameter tuning of & gelfalaptive model in
a problem of object identification., As a situsvicn defining
the object steate, either an autoccrrelation object cutput
function ar a mutusl correlation input and output object
function is chosen. Experiments, concerned with model para-
neter detar pinstion using the dmltidinensional extrapola-
tion method were performed by means of elacirunic couputer
for theoretical and choice correlation functions. The expe-
rinents have shovm good.results in the sence of proximiiy
of the predicted model with the theoretically opiimal one.
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MINIMUM VARIANCE ESTIMATION OF PARAMETERS AND STATES IN
NUCLEAR PUWER SYSTEMS

inois, U.S.A.

R. E. Bailey, Purdue University, Lafayctte, lniliena, U.85:4,

Experimental identification of dynamic characteristics of nuclear
reactor systems by current methods, such as l/e period measurements or
transier measurements via control rod oscillations or random noise in-
puts, are limited by one or more of the following:

(1) 2 capability of giving information about only a few i{solated

Farameters,
(2) an inability to deal with the basic nonlinearities of nuclear
systems, y

(3) a long experimental running time which prohibits monitoring

dynamic charscteristic chanpes which frequently occur, and

(4) a need for highly specialized equipment for producing a

particular system input.
In this paper, a minimum variance sequential eatimation procedure is
ehown to be capable of bypaseing these limitations. This procedure
estimates a system's dynamics parameters using measurements of the sys-
tem output from an arbitrary known input,

Results are presented from the actual experimental application of
the procedure to three reactor systems = tha EHWR (Experimentél Beiling
Water Reactor) and EBR~I11 (Experlmentél Breeder Reactor - 11) power
reactors and the PUR-T (Purdue University - I) research reactor. In
the EBWK experimental application, the parameter estimutes were based
on simultaneous measurements of power and pressure during rod drop tran-
sients. This estimation was repeasted in six different power ranges to
determine the parameters as a function of power. The procedure was
successful in cbtaining parameter estimates which were physically rea-
gonable and also gave, for both power and pressure, a good agreement
vecween the model predicted transients and measured transients. Although
less extensive, the additionzl applications to the EBR-II and PUR-I
reactor types demonstrate the broad range of identiflcation problems

which may be solved using this procedure.



STATE IDENTIFICATION OF A CLASS CF LINEAR DISTRIBUTED SYSTEMS

by

7

G. A. Phillipson®* and S. K. Mitter
Systems Research Center

Csse Western Reserve University
Cleveland, Chio - 44106

This paper is concerned with the state identification problem for
a class of linear distributed parameter systems. Since the system is
described by a partial differential equation, its solution reguires
imowledge of initial conditions and enviromment forcing terms which in-
clude the boundary conditions. The pvrob_lem studied here is the following:

Given 1) inexact measurements of the initial conditions and envi-
ronmental interactions ii) inexact and possibly incomplete measurements
of the state of the system, determine on the basis of the above data the
true initial and boundary ccnditions associated with a given partial dif-
ferential equation which is in some sense optimal with respect to the
given data.

The basis for selecting the estimates of the boundarvy and initial
conditions associated with a given partial differential equation, that
is, the criterion of optimality, is that of "least squares". Thecret-
ical results as well as a computational scheme with numerical resuits
are presented.

#*Now at Shell Develcpment Company, Houston, Texas.
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MEASUREMENT OPTIMIZATION IN BATCH PHROCESS OPTIMAL CONTROL

Akira Sano and Mitsuru Terac
University of Tokyo
Tokyo, Japan

In connection with the direct digital control for batch processes, the
optimum "timing of the measurements has been pursued to reduce the required
oumber and the precision of the measurements., Thias paper shows that the op-
timum timing is strongly influenced not only by the process constant, the
form of the cost function and its parameter, but also by the precision of
messurements and the disturbance signal to the process. The cost functions
{control performances) vhich consist of quadratic in the control and termi=-
nal error or steady state error are evaluated by the use of the linear casti-
mation theory and stochastic optimization technique.

The discussions are divided into the transient state optimization, that
in, the terrinal control problem, and the steady state optimizetion. In the
former case, if the measurement is single and the process is disturbed by
random noise, it is scen that for a stable process having short time con-
stant the optimum timing approaches to the terminal time asymptotically and
for a very unstable process it approaches to the middle of the control in-
terval. Por a stable process, the optimum timing is to be near the termiml
time vhen the initinl uncertainty is negligible and the timing becomes ear-
lier vhen the initial uncertainty is present,

It is required more than one measurement to achieve the steady state
optimization and the optimum timing of measurements subjest to external dis-
turbances has aimost uniform intervals. This paper presents a compromise
betwveen the number and the precision of measuremeats for some specified per-
formance to reduce the total measurement cost as te both stable and unstable
processes,

These discussions have rather general nature and include not only the
stable process but the unstable one such as fermentation processes or nucle-
ar reactors and may be applied to the measurement optimization for multivar-

iable processes.




! OF LIN®AR DYWAMIC MEASUKIRG SYSTIM

AND 5OME APFLICATIONE
Trkasni Sekigachi
Yokohama Naticnal University

Yourhama, Japan

If we can not nosums that tne response specd of a measuring device
or tranemitter 18 large enough to be ignored in comparison with the chunge

of tne mensuring vilues{input values to the mensuring device or transmitter),
we musi treat this menasuring systea 3.1 the dmumic measering system,

In thie case the relrticn Seiween input and output values is descrided
by differential or difference equationa.

Obaervability on auch a system ie an extenaion of Kalman's State Ubserve
abilizy and equivalent to tha Input Cbservability,

In this psper, vufficient conditiona and necsessary conditicns are
cbtained in tre form cf Theorem together with Zoroliary for the discrete~time
systems, the continuous-time syetems and ithe time-varying systems respeciive=
ly, After that some npplicaticns tc the concrcte problems such s measuree
rient of dynamic or transient motor torgque by use of strain meter ars dis-

cuceed with experimentr,



IDENTIFICATION OF THE FARAMETERS OF A TIDAL
CHALIEL TRCOM SIMULATICK AND OTHER APFTPRCACHZS

oy

.

Shri K.K. Eu:‘d!’epimw
and

Dr.3,Desgupta

4 tidal river is 3 large scale nonlinear rhysicel system
with time varying distributed parameters, This paper discuases
tha deteruination of some of ite lxzpcrtant parsmeters for first
order approximation, The identificsation has btean achieved from
/e/ analog sinmulation, /b/ phasor diagram =3 well as /¢/ input
- gutput relationship arrroaches,

Ar instrumentation ccheme of the analog set up for the pa-
ramater ldentificatlor has becn givea.

Examplie has been derived frou the River Hooghly of India

x/ Senior Scieatific O0Zficer,lkydraulic Study Departmact,
Calcutta Fort Comzissioners, Caicutta /India/

=%/ Profeascr,Electrical Zngineering Depaxrtmant,
cedaviur University, Calcutta /Inddia/
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"Delaysd Aciiar Control Proclema"
oy

g, University of Iows

and

E. 3. Les, University of Mlnaescta

na

in this pecar wa indicats mcdificetions Lo be made in the thaory

-

of optiral gerirol when the controlled systam model has dependence on

hoth the pravicus history of state varlatles and control veriatles,

e sgacifleally, we consider systems wnich are modeled by 1i-:ar
functiensl diffsrentinl equationa. The gystems may have additicnal
slde congtraints cr multipia cost [functicnals, The question of the
existence of an optimal controller is studied, and the necessary snd

lony for an optinal controller are derived.
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OFTIMUY CONTRCL OF LINEAR TINE-LAG PROCESSE
WITH QUADRATIC PERFORMANCE INDEXES
by
incrze) lanitius
Chair ¢ Automatis Control
Technicel University of Warsaw, Pcland

A theory of cptizum conirol for processes described by iin-
ecr Cifferent_al-difference equatione of retarded type, with
gundratic performence indexes, is presented. Basging upen the
meximuwr priaciple, the problem is reduced to Prednolm integral
eguation of the esecond kind. By application of Predholm thecry
she following facte are established: the existence and unigue-
nepe of soluvions, the general form of optimum control for var-
icua situations /for cpen - &nd cioged-icop eystems, pradicied
coatrol/, ite linearity witkh respect to procesn coumplete state
axd number of other nontrivial propertiec. Existence o¢f some

" matrix kernel supplying full analytic sciuticn to the problem
is demonstrated. Intepral equations ard Riccati matrix differ-
entiil eguation for thils kerrel are derived, ;
lumver of ecsential anelogies to well known Kalman etate re~
culator prollem are shown. For linear processes without delays
he resulto presented reduce strictly to Kelmen resculte, give
ine sose new ineigit.

Oun the basis ¢ trese recults new computetional slgorithmes

caen te ceveloped,
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CN BOUNDS OF PERFORMANCE MEASURE AND MIN=-MAX CONTROLLERS

IN TIME-LAG SYSTEMS*

A. J. Kolvo** 8. J. Xahne H. N. Keivo**
Purdue University Univeraity of Minnesota
Lafayette, Indiana Minneapolis, Minnesota

When a system is sucject to bounded disturbances, the value of the
performance index deviates from the nominal one. The upper and lower
bounds of the performance index for the time-lag system can be detar=-
mined by the application of the optirum control thecry. Such Liounds
astablish a good measure of the influesnce of possible diasturbances acting
on the system, Since the optimal feedback control can rarely be detarmined
for time-lag systems, an approximately optimal controller that operates
on the current state and/or delayed state variables offers a practical
solution. Such controllere cen be designed on the basis of min-max
criterion. A procedure for the design is presented. The presentation

is illustrated by examples.

*This work was supported ‘in part by National Sciencas Pcundation Grant
No. GK-1960 and MASA Grant NGR-005-063 Project 34.

*4rormerly Koivuniemi.
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OPTIVAL DISCRETE CONTRCL OF TIME LAG SYSTEMS

Jumee F, Banas Andre G, Vacroux

Steff Member-Technlcal# Assistant Professor

Sandia Corporation Dept. of Electricul Engineering
Altuguergue, New Mexico Illinois Institute of Techrnology
87106 Chicego, Illincis 60616

u.s U.8.A.

The optimel piecewise constant control of time lag systems with time.
varying delays in state and control is linvestigated. The case of a deley
in state only 1s cansidered first; a Ham!ltonian type functional and a co-
state system, which include the time dependence of the delay, are defined;
the delay in state 6(t) is assumed to estisfy E(t) > 0 and 0 < é(t) el

for ¥y 1e1a1 S ¥ S Ypinan

Local nacessary conditicns are f'ound for the cptimal control of systems
«hich are not necessarily linear; one such condition is that the Hamile
tenian is a local meximum or stationary with respect to the optimal control.
A ma.xmum princirle is formulated for linear time lag systems with & quad-
ratic index of performance; in this case, the Hamiltonian must be a glcbal
maximum with respect tc the optimal control. p

The necessary conditions for system optimality arc modified when the
system 1s allowed to heve e time-varying ‘delay in control in addition to the
delay in state.

An mnalytic exemple is given to illustrate the theory. It points out
some of the difficulties encountered in the scoluticn of optimal control
provlems with time-varying delays.

#This work was supported in part by the United States Atomic Energy Commiseion,
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ON THE THECRY OF OPTIMAL CORTROL
WITH BOUNDED PHASE COORDINATES

A.B.Kurzhanskii, Yu.S.0sipov.
Sverdlovsk
USSR

The report deals with certain protlems of opti-
mal control in  linear systems with bounded state-
space veriables,by an approack based on the methods
ol functional analysis.It is éhus pocsible to imdicate
the necessary and sufficient conditiens for the sol-
vability of the problems concerned,as well as to ob-
tein an additional informotion on the functional La-
grange multipliers.The approach alsc indicates certain
means of tackling the boundary-value problem and com-
puting the optimal contrcl in cuse of singularities
in the maximum principle.The given methods may also
be applied to a class of related problems with in-
finite~dimensional properties,csuch, in particular,as
the general terminal problem in systems with time-
lags or the problem of minimizing the extremal value
of a function of the phace coordinates,



PINUING OF INITIAL VALUES OF THE
AUXILIARY VARIABLES IN OPTIMAL CONTROL
OF A CLASS OF LINEAR SYSIEMS

1.Tzvetancy

Institute of Engineering Cybernetices, Bulgurian
Academy of Sclences, Bl.lIV - Sofia 13, Bulgaria

Summary

A precise solucion to one of the basic problems in
the optimal control theory®is given in this paper: finding
out of an initial vector y/ o, for the muxiliary system,
defining the optimal high-opeed control of an important clams
of linear plants by means of the maximum principle,

The solution ims built in stagees. In the firat stege
the broaking (switching) moments £, ¢, ., 7, of the op~-
timal control are connsidered as parameters patisfying the con-

dition D @il ¥ 2

; The space 4 gonsisting of initial vectora ¥ i7,
is divided into 2 non-intersecting sudsets 7;"(? 205 fily
- h-t), ¥or each €+ 0 1.2, , M- the corresponding sub=-
set z ‘conpicts of all initlal » (2, s for which the optimsl
control nas € bureaging (ewitching)pointa,

Proposition 1 defines the exact kind of Zf' .
in the second stage it 1s shown as to how 7. 7,

/. can oe found. One of the /) transcendental systems
dsaucea, connects the brearing moments of the optimel conirel
and tne initlal state 1° of the controlled plant in analyt-
ic dependencien, The prezise solution of the prodlem consider-
ed is formulated by Proposition 2 and Lemms 3.
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NATURAL OSCIIIATIONS OF PNEUMATIC FOWER AMPLIFIERS
AXD A BOLUTIOR FCR THEIR ELIMIRATICN

vy

Ir,A.Boros
UA4W Budepest

There 18 a pneumatic amplifier - based on the well-known
ferce~belance = generally used all over the world which is dis-
cussed in thie paper. There was & paper at the IFAC Congress in
1966, dealing with the resulte of theoretical investigation of
scf-~gusteined oscillations by a similar type of amplifier,
Uppoesite to this mechanical procedure for the deampinug of osci-~
llations described in tne foresaid pasper, our work introduces
a pneunmntical solution of the problem,

It is possible to find a set of pneumaticel K-C members
to the own parameters of the amplifier, on using of which the
self-sustainod oscillation is nct able to develop itself,
Because of the well-known non-linesrity of the pneumaticsl base~
members /R and C/, these parameters sre to ba specified by way
of experiment only,

The peper gives the meain resulte end also a short survey
sbout the methods of study.

75



DYNAMIC BEHAVIQUR OF HYDRAULIC COMPONENT

by

JeJs Hunter

In order to make realistic studles cf hydraulic systems
on enaloque or digital compucers, models of hydraulic compo=-
nents which are bused on experimental inve- tiputions ure ne-
casur,y.'lort information now available is limited to steedy
atate characterlstics so that control studies on hydraulic
systems have tended to be mainly theoretical, The sbacnce of
experimental results of the dynumio behavicur of hydraulioe
components has thus impeded the application e¢f centrel theory
of hydruulie systems,

Some results of investigetions made on a water hydroulie
frequency response rigeare prosented for varlous hydraulic
componcnts including flowmetors, As these compcnents ere gene-
rally non-linear, transfer functions between flow and cther
variables are obtained by superimposing a small sinuscdial va=
ristion on the mean flowrate and measuring the amplitude and
phase of the other variables relative to the flowrats, The frow-
guency ranga of the test rig is from 0.01 to 100 Hz and the
mean . -flowrange from 1 to 9 x 10~2 mjl. The modulating weve
form is not restricted to the slrmusodial (Other waveforms can
be uced to compare with computer simuletion studies using the
derived model, Detalls are given of the design and tests of
the traasient flowmeter dosigned for this work, which has a
frequency response extending up to about 300 Hz, Its behaviour
haa been examined with rapidly changing flows, Its mean indi-
catad flowrate, under these conditions, is in good agreement
with the average flow by measuring the total mass flow over
a measured intervel of time, Some problems encountered in the
design of the test rig and in the 'noiss’ 4nher:~+ in the nor=
nally turbulent flow regime of water hydraulic circuits will
also be ulscussed,



SMALL AMPLITUDE RESPONSE CHARACTERISTICS IN
HYDRAULIC SERVO MECHANISMS

H. R, Marcin M.Sc., Ph.D., C.Eng., M.I.Mech.E, and
A. Lichtarowicz B.Sc., Ph.D., C.Eng., M.I.Mech.E.

Apart (rom development testing and a few extreme conditions, a
servo system spends most of irs life dealing with small excursions. These
may be 8o small that non=linear effects become of the same order as command
sigrals, In this paper an attempt is made to study the benaviour of
hydraulic servomechanisms operacing in this region by the thesorecical

analysis of the equations of the system.

A digital computer is used to analyse the performance of the system
and the results are applicable generally since tne equations and results
are presented in dimensionless form.

The results, presented graphically, indicate the trend cf performance
as che input to the system is reduced and studies the cffects of viscous
damping, leakage, and seal friction., Normal analysis of such systems ussumes
a linear valve characteristic, however the paper draws com-asrisona betwsen
this appreach and a more realistic representation of the !isplacement flow

curve.,

It is shown that after a certain level of Iirput, :ven che inbereat
valve damping characteristic breaks down and the syszem exhibics a

coaginuous smail amplitude oscillation.



REDUNDANT ELECTROHYDRAULIC SERVOACTUATORS

William J. Thayer

Moog Inc.

East Aurors, New York

United States of America 1

Current design approaches for achieving
continued servoactuator operation in the
presence of functional {dilures are described.
Examples and supporting data are drawn
from various aervspace applications,



MECHANICAL TRANSMISSION RATIO REQUIREMENTS
IN MINIMUM-TIME POSITIONING SERVOS

B. L. Ho
*wac 1Ine.
Santa Clara, Califormia, USA

Many industrial poaitionirg drives and servomechanisms today ars required
to operate in & minimum-time mode. For thesa drives, cars must be exercised
in selecting the mechanical transmission connecting the drivar snd | cad
lest the positiuning time will degrade. Equutions and charts are ;icaented
to faciiitate this design problem. The louds are assumed to be inertial
in naturej the drivers are of the servozotor type and tha motor-g¢lutch typa,
Conventionally, the transmission ratio is selected by load matching, wnich
&ives a maximum load sccelsration; it is shown that this practice in gemeral
does not give a ainimua-time performance for the types of drivers and loads
considered.



Dr. Ing. RBainer Muellsr, Techniscle Heclhsenule Ilmenau

Depertment of the technolopgy of automatic contrel,
German Democratie Republic

With the corrective flows of technolegleal processes it is
often iupossible to predict the data reguired for the
ocontrol valve sizing with suificient accuraocye. This may for
example e tracsd baeck to inaccuracies in calculating the
beat engineering of the proocess or in caloulating the
pressure drop of lines. For the injeotion of water for the
temperature contxol of superheated steam in power plants as
& typical exanple of a correotive flow by way of a ocaloula-
tion of erroxs the inaccurucy cf the predioted flow and the
pressure érop on the control yvalve is shown to be 100%,.

In suoh caees the matoiing of the econtrol valves in accoxd
with the test reaults is ineviiable. A method 1s developed
to iteratively adapt the control valves with the uid of a
chart including a logarithmic pldt of the flow and pressure
drop (4p-G-diagram). The chbart is experimentally recorded
by means of & speeizl plotter on the plant eguipped witk &
temporary control valve. From this measuring chart the
neoessary sige and appropriate flow oharuoteristic of the
control valve can be determined.

Luperinmentally raccrded dp-U-charts of a water injeotion
voive of a power piant and a pressure control valve of &
shanm heating plent demenstrate ths applioation of the
methoda

Special problems warieing while determining the operational

flow characteristio under flow-indepandent pressure changes
are discussed.

&80




"Inveatigation of Dypamic Behavioursof Controlled
T™hyristor Electric Drives"
by
A, A, EFENDIZADE, B, A, LISTENGARTEN, B.M.BAGIROV,
T, A, TAIRCVA, and Y. K.KURDUKOV

The behsviours of the imduction motor fed by a varimble frequ~
sucy conpverter hsve been treated, The plot of the frequency cone
wert.. woltege with ar lantermsediate D,C, supply has the sppearance
of staircase waveform, and hence the “Converter-Motor™ system may
be considered as & sampled-datd sysics consisting of a Zero-order
held and limsar plant correspoading to the equivelent cireuit of
the ipduction motor,

Bgaed on the theory of sasmpled-data system the quasi-stationa-
ry and electrosagnetie transient processes hsve been studied, An
snelyeis of the motor etarting conditions has been performed at
differsnt freguencies and under load for both tae sine and the
' case wavefora of toe output voltege.

« slosed-icop system of automatic spoed control of induction
Botor has beesn developed end studied with the motor being opera-
ted from & statie frequency converter at a comstant load powsr,

A ealoulation procedure is presented wich has been used to
evaluats the eleciromechanical transient process im en induction
sotor with the lstter being fed from a static freguency convers
tor provided with a threa-phase perallel inverter, Yo p: iorm
computations with the use of an elestronie digital computer tne
equations for the ipnduetion motor sre presented in a system of
verisbleo-speed axes,

The voltages epplied to the motor are presented snalyticslly
in the form of stairoese functions.

4 D.C, thyristor eleotric drive system with a turse-phase
half-controlled rectifier has besa developei and investigated,
This system is intended for the rimming macaines used in tyrs
sagufactoring plents,
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SYSTEM OF AUTOMATIC GOVEKIING THBE CONDITION OF

ASSOLUTE SLIP CORSTANCY OF AN INDUCTION DRIVE

WITH TIRISTOR CONVEIXER CONTROLLED PREQUENCY
Khamudkhanov ¥,Z2, -doctor of technical sciences,

profeassor, Usbek Institute of
Energetice and Automatics,

Kamalovy 1.5, -acientific worker of
the institute,
Muainov K, -aolentific worker of

the institute,
Tasbkent, USSR

Suuzary

The system to be considered consists of closed circuits for
rgeulation of voltage, frequency urd condenser capacity of the
converter,

The converter voltage is regulated according to deviatiom
of abgolute slip of the wotor from & given value in dependence
upon frequency, load and condenser capacity, The value of adso-
lute slip is measured by discrete deduction of proportional mo-
tor rotation velocity frequency from naster generator frequesmoy
of the converter with following conversion into feedback voltage,

In addition to elimination of dead %one and decrease of inertia
in the syetem at time of switching, the active resistance to be
switched between rectifier and inverter by decreasing the number
of douvling pulses to a single one allows to simplify tiriastor
arranzenents for control of rectifier and inverter bridge cirocuits,

The contactless tiristor protection of the syst¥ea againet
excess cu:rents arising from abnormal conditions deing peculiar
%o the given system, is based upon the principle of control nor-
mal tiristor action; protection against sustained vibrations is
carried out by introduction of an elastic feedback in the form
of a short cirouit in the smoothing choke,

Inveatigations of developped units of automation- controle- and
protection eystems have given results, proving their workadility
and the possibility for praotical use of the system under consi-
dsration,
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ON TEE THEORY OF CONCERNING PROZLEME INVARIANT SERVOSYSTEMS
WITH THE THYRISTOR VARIABIE FREQUENCY CONTROL BY SQUIRREL~
CAGE 3 -~ FHASE INDUCTTION MOTORS

W.H. Javorsky, E.S. Avetkov, W.I. Mekshanov, E.V. Aldonyn,
V.K. Dorokhin

This paper discusses th&or: of servodrives which
possesses in conp;iaon with now widespreaded serwordri-
ves with three rotating mashines the fast twice gf&tor
efticiency and essential greater reliadility. The absence
of engineer calculation methods bampers the elaboration
of such a progressives, but complicateds, non-linears
impulse serwodrives, The parer states one of engineer cal-
culetion methods, which ensures high stability and suffi-
cliently precise shadowing. Tith assistance of invariant
inputs of disturbence momernts may be compensate the
influence of variadle part of object inertia moments at
serwodrives dynamics. With assistance of "nonlinear iso-
lated functions®™ it is possidle tc form the differential
equations for dynamics of nonlinear and linear variantes
and essentisl reduces the labour-corsuming for calculationmn.
Paper gives extramcts of servodrive calculation with 10 kw-
motors, for which the tyne eguations utilized baen.
Calculation demonstrates expediency of methods psper

discussed,
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' SPEED CONTROL OF INDUCTION MOTORS USING
SELF-CONTROLLED THYRISTOR INVERTERS

Eiichi Ohno Masahiko Akamatsu

Central Research Laboratories
Mitsubishi Electric Corp.
Amagasaki, Hyogo, Japan

In the static scherbius system, the rotating epeed of an
induction motor is controlled by rotor power feedback to the
power source through the silicon rectifier and thyristor inver-
ter in its secondary circuit,

The authors analized the power flow in the induction motor
with secondary excitation, and get the conclusion that not only
the lower speed region below the synchronous speed, but also
the higher speed region above the synchronous speed would be
possible using the self-controlled thyristor inverter instead
of the silicon rectifier in the ordinary static scherbius sys-
ten,

In this newly developped system, the secondary power 1is
added to the primary power to get the super-synchronous drive,
Also the regenerative braking in normal speed region becomes
ponsible which i1s impossible in the ordinary scherbius system,

To realize the super-synchronous scherbius system (SSSS),
the current type nelf-controlled inverter, which is operated
in accordance with the secondary induced voltage, should be
used, This allows bi-directional power flow through the con-
verter, The hirh frequency modulated distriocutor is adopted
in the experimental equipment to detect the phase relationship
3f tne secondary voltage and give the pating signal te the thy-
ristor coaverter.

The experiment resulted in the stable operation in wide
cpeed rerion both above and below the synchronous speed and
vroved the analysis very well,



LITEGRATED DICITAL CONTROL OF A D,C, THYRISTOR DRIVE

F. Fallside and R.D. Jackson

A corputer controlled DC machine drive is described im which
each thyristor in the output power amplifier is direcrly under tha control
of the computer. This technique gives a precise control of the firing
instants and is well suited to the requirements of optimul control. It
also allows the use of simple firing circuits since these are triggered
directly from the accusulator of the computer, and the reduction of external
logic circuits since their functions can be absorbed by the corputer.

In the experirental drive a 2 HP motor ia fed from a three phasa
bridge thyristor amplifier., The control corputer has a 12 bit word lemgtn
and precise speed control is obtained by sampling shaft angular position.

A digital shaft encoder is sampled by the computer at 300 4z, the thyristor
repetition frequency, and the thyristor firing delay corputed from the
increments of position and a prograrmed reference., The correct firing
instant for the current thyristor is corputed and the thyristor is fired by
the corputer; the process is then repeated for the next thyristor.

In addition to the experirental results a full description ia given
of the control algorithm together with the rechods adopted for synchronising
the firing pulses with the 50 liz arplifier excitation and other practical
details.
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DPEVELOPLENT OF INDUCTION MICROMACHINES CORTROL
EETHODS

D.V. Svecharnik, L.H. Skidlovich, Yu.M, Kelim
A.A. Beloglazov

This paper deals with arrengements and principle of moto-
synes end motors ection controlled by space displacement of
winding axis, Shoewn asre great possibilities of notosynes, from
control point of view,

Meking three-phase winding on stator a«cd internal rotoer,
we cen obtaln different ways cof control by changing this or
cther perameters

&/ voltage magnitude/signal coefficient/,

t/ time vcltage phase, fed to the windings,

¢/ location of resultant exis of three-phese windings,

d/ space angles of rotor and stator rotation.

In the result, €3 eontrol msthods can be obtained instead
of normally used in motoret amplitude, phase and amplitude-pha-
se methods,

The main protlems in designing of micrometors theory and
methode are shown too, Shown are formulas for start-up momenta
in reguler and differential motosynes, Interchangebility of the
motor which is controlled by space displacement of winding axis,
what happens to be a frequent case with motosynes, is compared
end investipgated., Calculated are meanings for direct and back
‘secuenticility of motor. Similerity of celculated and experimen~
+al characteristics is absolutly sufficient for ergineering cal-
culetions,

Showvn are cases of utilization of moters controlled byt
gpoace displacement of winding axis, synchro-motosyn transmlssions
with moment etrenghtening, asctustor of electromechaniesl manipu-~

lators. Shown ere technical characteristics of discussed motoxs
controlled by winding axis space displecememert,



TRANSIENT AND STEADY STATE ANALYSIS OF THE STEPPING MCTOR

Sheldon S, L. Chang
State University of New York at Stony Brook
Stony Brecok, New York

Equivalent circu't and equations for calculating the performance
of a reluctance type stepping motor, its performance limitations, and a
wethod for driving it as a high torque to inerta servomotor for continuous
position control are developed,
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TEW XIXD OF SYUCHRONCUS MICROLOTOR
Jerzy Owczerek, Warsaw Polytechnical Institute, Foland

The paper deals with theory and calculation way of a new
kind of synchronous micrametor. The principle of opcration of
the microamotor is bused on the phenomena which take plece in
hysteresis motors, megnetoclectric motors and electromagnetic
excitated synchroncus motors.

Due to suitable megnetic materials uscé in the constru-
ction and due to genuine method of start of the mosor, better
operational poremeters in coupare with the other synchronous
netors, at giver range of power, are obtained. Additionally,
the ‘construction of this micromotor is simpler and its produ-

" ction is easier than the same of any other sort of synchronous
nicrauotors.

Bone models of these micramotors having verious technical
data, have been made. Tests of these models has cenfirmed the
velidity and precision of the theory and giver way of calch: -
tion,
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FACTORS INVOLVED IN THE ANALYSIS AND DESIGN OF D.C. LINEAR ACTUATORS

by

C.W, Green and R.J.A. Paul,
Institute of Engineering Control,
U.C.N.W.,

Bangor,

U.K.

This paper is concerned with the design and construction of direct
current motors capable of producing thrust and motion in a straight line.
Such devices of this nature may be employed as actuators and retain the
varicty of force/velocity characteristics common to d.c, machines.

Two forms of linear construction and the principle of operation are
described in the paper. The problems of flux leakage introduced by the
discontinuities in the field system at the terminal poles is discussed in
reclation to these configurations. - :

Finite difference approximations to the field equations are employed
in an iterative procedure to obtain the flux density distribution through-
out the machine under given conditions of excitation. This information
enables the thrust to be calculated and the extent of the leakage fields
to be determined. Optimisation of the machine topography and quantities
such as thrust/weight or thrust/input power become possible.

An arrangement is briefly described by which output movement is
limited to short strokes enabling an encapsulated armature to be used
without the necessity of a commutator or brushes. A typical application
of such a device is the operation of mechanical valves, where it is

desired to eliminate the need for gears.
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DIFFERENTIAL DYNAMIC PROGRAMMING

D.H. Jacobson and D.Q. Mayne

In this paper several new socond order algorithms for
optimising non-linear systems are described. The original’
differential dynamic programming algorithm, permitting only
small changes in the control at each iteration, is superior
both in the number of differontial equations to be integrated
and in convergence to conventional second variation algorithms.
By permitting global variations in control and using a new
step-size adjustment method, a class of pqrorful algorithms is
obtained, possessing scveral advantages. "uu on the nominal
trajectory is no longer required to be positive definite and
the algorithm can deal with control constraints and, in
particular, bang-bang control problems. Several examples
are given to illustrate the algorithms, and the npplic.fion of
the algorithm to stochastic problems is also discussed.



THE OPTIMIZATION OF DYNAMICAL SYSTEMS
8. de Julio

A new technique for the approximate computation of op-
timal controls is presented, which avoids the need to solve the
differential equation governing the behavior of the system, The
technique is shown to be applicable to linear systems governed by
partial differential equations when the cost functionals are quad-
ratic.

Paragraphs 2 and 3 deal with the case of distributed
control, i.e. when the system equation is of the type

X = Ax + Bu x(0) = X (1

In § 2 it 1s supposed that the desired state evolution
is assigned and the cost functional to be minimized is

J(uix) = {T Hx(e)-xg(e) || %ae + AT [luce)|[2ae ()

whereas in § 3 only the desired final state xy 1s given and the
criterion is

Iuim) = | |xD-x,|1* + A{T [lute) | |2ae %))

In both cases an approximate solution to the optimization problem
is shown to be given by the solution of the e-problem, defined as
the minimization of the functional

Js(u;x) - J(u;x) +.% {T | |%(t)-Ax(t)-Bult) | |?de

§ 4 deals with the boundary control problem for which
the system equation is
k= Ax x(0) = x
(%)
x|y = u
:lz being the restriction of x to the boundary. The e-problem
for this case is that of minimizing the functional

e (uix) = J(up + 1 {’ [ 5Ce)-Ax(e) | |2de

subject to xlz-u , where J(u;x) is either (2) or (3).

The results of the computation of a minimal norm con-
trol for a distriubuted parameter system are reported in § 5. In
§ 6 it is pointed out that the proposed technique can be extended

to a broader class of systems and cost functionals.



A STATISTICAL APPROACH TO THE OPTIMIZATION OF THE CONTROL SYSTEMS
WITH MULTI-PEAK PERFORMAMCE INDEX
Fujio NISHIDA and Seiichi MIZUND
Faculty of Engineering, Shizuoka University
Hamamatsu, Japan

It has been very difficult to optimize the poorly defined systems with
multi-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 performance index (PI) is almost explicitely independent of time, there
seems to be a correlation, more or less, between the optimum and suboptimum
points. It is also expected that we can utilize, for the detectfon of the
correlation, some of the measurable quantities that depend on the disturb-
ances 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 optimum point, the suboptimum pouint, their
Pl values and other useful correlating quantities, during the exploring pe-
riod. Then the system 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 is determined so that the expectation of the loss consisting of the
cost of the global exploration and the risk due to the incorrect decision
may be minimized. The simulation results as well as analytical results show
that the expectation of the loss is fairly much reduced 1f any correlation
as mentioned above is available,

For such systems as require much exploration time for a scanning com-
paring with the change rate of the state of the system, a modified tentative
method 1s also proposed.



A SURVEY OF SOME RECENT JTERATIVE
TECLEFIGUES FO COMPUTING OFTIMAL
cor‘."mm. SIGNALS
P, Sarachnik L. Norwitz

New Yerk Undversity
New York, MNew York

This paper will present a survey of the dazidon end conjuzate srad=
ient {terative method for minfuization. Various propertles of these tech-
niques arc discussed and their applicution to properties of optinmal control
ere indirated, Ywo exmaples illustrating these methods are also included.
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CUMVELULNCE FILOOFS FOR A DYNAMIC-PROGRAMMING
SUCCESS1VE-APPROXIMATIONS TECHNIQUE

A, J. Korsak and R, E, Larson
Stanford Reseurch Institute
Menlo Park, California, U,§.A.

A dynamic programming successrive spproximations techunique has buen
suggested by Bellman eand usod successfully by a numbor of authora, In the
cage where there are As many coutrol variables as state variables, the
technique reduces an n-dimensional problem to the eolution of a sequence
of onc-dimensional problems. This paper presents proofs that the method
converges to the true optimum solution for three important classes of
optimal control problems, all of which are related to certain convex pro-

gramming problems,

This rescarch was sponsored by and perfoywed at the Information and Control
Laboratory of Stanford Research Institute, Menlo Park, Californic 94025,



"Identification of process trough the minimalization
distance between signal collecticns"

8. Wegrzyn, G. Denis,
J. Delisle

In this papper we show ocne off possible solution of identification
problem trough the minimalization distance 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 3 in the case of another spaces we
can find solution of this algorithm in the numerical form. We show,
in what kind we can consider nonlinearity and transport delay in
identification process, which are the most important phenomenon

for models of industry process,
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DESIGN OF MODEL FOLLOWING SYSTEMS USING
THE COMPANION TRANSFORMATION

Dennis F. Wilkie and William R. Perkins

Transportation Research Coordinated Science Laboratory

and Planning Department and Dept. of Electrical Engineering
Ford Motor Company University of Illinois

Dearborn, Michigan, USA Urbana, Illinois, USA

A new approach is presented for the design of single input,
linear, time-invariant model following systems. The performance
'index to be minimized is the norm of the difference between the
model and system companion transformations, with the constraint
that the system and model eigenvalues are the same. This con-
strained minimization is converted to an unconstrained algebraic
minimization by including state feedback i{n the controller. Since
no iterative solutions of the differential equations are required,
the solution time is much less than that required for approaches to
this problem involving minimization of an integral performance index.
The motivation for the new method is discussed, and an example demon-
strates how the approach can lead to a fast solution of model

following problems.



DETERMINATION OF MODELS FOR IDENTIFICATION WITH QUALITY
CHARACTERISTIC IN THE TIME DOHAIN

by

Gunter Schwarze
Humboldt - Universitiit su Berlin

German Democratis Republio

Methods are being desoribded for the investigation of
aharacteristic wvalues or system identification for linser
apslogous aystems with one input and cne output, which

are related to single or multiple integrals of signal
functions, Well-know methods from the function

enalysis, which comcern linear stendardized spsces, are
sprlied, It ia essentisl that when there iz s rationsl
tranefer function of the models ona should not proseed from
the differential equation but from the appropriate integral
egration. With ueing the norm zecording to Chebyshev

and the error sguars method, definite methods for

digital ccmputers /including the method for numerical
proceesas/ ave presented, and for each procedure examples
are given, which allow for s first insight in the
efficienty of the method.
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ORDER AND FACTORIZATION OF THE IMPULSE-RESPUNSE MATRIX

In this paper is considered the problem of calculat-
ing the order of a linear system described by the impulse re-
sponse matrix, as well as that of the factorization of this ma
trix.

A method for the construction of sets of solutions of the
class of homogeneous differential equations associated with the
impulse response matrix, starting from the latter, 1s used as
a basis for resolving these two problems. This method congists
in carrying out operations of convolution between the impulse
response matrix and functions belonging to the space of input
functions. It is also shown that 1t is possible to choose sui-
table sets of input functions, and the sets of solutions oktai

ned are such as to contain fundamental sets.

The evaluation of the dimensions of these sets tharefore
resnlves the problem of the calculation of the order. This can
be carried out in a simple way by using the properties of the
Wronskian matrix of a fundamental ser of solutions of a diffe
rential equation. The practical construction of a set of solu-
tions and the choice of a fundamental set resolves the problem
of factorization.

This yeneral method is applied both to continuous and di
sCrete time systems, as well as to time invariant and time va-
rying systems,

By proceding in this manner the most effective algorithm
for the calculaticn of the order of a time invariant system can
Lo deduced. In addition it is possible to yive several variants
at the above-mentioned algorithms and new algorithms for the ti
me Varying case, Fxnally 1t is possible Lo arrive at new solu-
tions for the problem of factorization.

C. BRUN1 - A.ISIDORI- A.RUBERTI



o THE HUNMERTCAL CONSTRUCTION QF LIAFUNOV'S FUNRCTIONS

by

G.trienti C, Sutti snd G.P. Szegh
Universith di lMilano=HMilano-Italy

Abstract, A new methed for the numericnl construction of Lispunov
functions v = ?(x) is presented,This method is noil based upon

the clnsoicel theorems of lLiapuncv, but on the new .extension theo-
rema rnrantly'provcﬂ by N.P., Bhatia,G.P.S5zegl mnd G.Trecceni .
These extennion theorems do nol impose any sim-condition on the
functions «p(x), The method develeped ellows to approximate the
recion of attraction A ({0}) of the equilibrium point x = ¢ on

nn n-th order dynamicnl syatem: %= f(x), f(o)-o0, by means of
nonnemosengéous polynoemiol fnrmﬁ TTm(x) of urpitrary degree m,

In pddition it allows to distinmish threoe different situntions:
the cnue in which Al{of) is the whole sprce, the cmse in which

A ({uj} $s not compnet end tne one in which A ({o}) is compact.
In uddition one obtaing two parameters which are quite useful

in the final interpretotion of the resultn, the radiuses cof the
smollest circumseribed and of the lnrgest inscribed sphere relu-
tiveé to the Jevel surfnce of L{(K) which eavproximoetes the boundery
of A ({o]}. lumericaelly, the problem is presented as en uncon-
streained mex-min problem over the coeflicients of TTﬁ(x) of £
suitable functional derived by the methed of penality functicons,
The slgorithms of Davidon ~lic Gill, Powell end the molden section
one-dinensionsl search are applied,

A complete program in Fortran IV is eveiluble end on exumple is

worked oui completely,
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FINITE-TIME STABILITY
IN CONTROL SYSTEM SYNTHESIS

W. L. Garrard
Department of Aeronautics and Engineering Mechanica
University of Minnesota
Minneapolis, Minnesota, USA

Definitions of various types of finite-time stabllity are §
presented. Also, thecrems are developed which appear to be of §
practical use in the synthesis of control laws which guarantee
finite-time stability for systems governed by ordinary differ-
ential equations {n which the control enters linearly. Given
that the inftial state belongs to a specific set, condlitions
are established which are sufficient to guarantee the state
belongs to a given set for a specified interval of time. The
control may be selected in such a way as to satisfy these
conditions. Selection of such a control is discussed, and
illustrative examples are presented,.
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STABILITY OF RELAY COUTROL SYSTEMS
A.T. Fuller
Engineering Deparimont, Cambridge University, England

The stability of relay control systers with linear switching
functions is investigated by reans of exact piece-wise linear calculations.
It is found that when the plant consists of three integrators the system is
unstabla in-the-large for all valuzs of the controller coefficients.
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APPROXIMATE DETERMINATION OF THE STABILITY DOMAIN
FOR NONLINEAR SYSTEMS

.
Eugenio Sarti

The work deals with a method to approximate the stablility domain
R of ponlinear systems, such that the origio in the stato space i3 sun
eguilibrium condition, A first kind of approximation is obtained by
considering a subset § of R, that 1s bounded by a Lisrunov hypersurface:
such a subset 1g a locus of trajectories converging to the origin while
time increases, A Liapunov function of the type "» quadrstic fors plus
an integral of the nonlinearity” ig used to define a subset 5 for a
class of saystems with one nonlinear element, the characteristic of
which leaves the absolute stability sector for some valucs of its in-
put variable, The geometric properties of the bounding hypersurface
are investigated,

A set T of initial conditions, beginning from which the state
of the nonlinear system converges to the origin,is another spproximaticn
of the domain R, Unlike the sot §, from which the trajoctories cannot
go out, the atate of tho system can leave a set T: L,e,, to belong to
s set Tisa woaker condition then to s set s. This one snadbles us to
find regions 1 bounded by a particularly simple byperaurface, which
does not depend upon the nonlinear characteristic, r.rnl this point of
view we can consider the method as an extension of the notion of abso-

lute stability to systems that are locally, but not globally stable,

"
Centro Calcoll @ Servomsccanismi, Facoltd di Ingagreria, Universith

di Bologna, Italias
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COHIORUCTION AMD USE OF LIAPUNQOY FUNCTIONALS.

lo Furka on! A. J. Preitchand. Inotitute of Englucering Control
aity of lavaick, Coventry, CV4 TAL, tnzland.

F.llowinr the plonecring work of A.id.lbvehan the second method
of Lispunov hag been uged cecontly with gsome success [a A varlety of
atubllity analynia of distributed paranoter aystems, that is dynamical

syntans described by partlal differential equntlona.

‘nis papar will first review the basic concepts and theurems
vl then discuss methods of consiructing Liapunov functionals and metrics
for the stabllity analyala of systems guvorned by second aeler hypora
wlle wnd purabolic specators. Functionsls for a wider clans of linear
o: eratory may ba oblalned by generallsing the conalructlon procedure for
aecond ender oporatorss For a non-linear problem functisnals wny be

found by medifylog the functionsls for the linearised pratlom.

The tuchniques describvad (n the first part of tho paper will
then Yo illustrated by the following examples drawn lrom the {lelds of
vibration und cluagd loop conitrals

(1) vibratlons of a damped vctuting shaft,

(L) control of tumperature Ln a unifurm bar,

(ii1) anpular position control of a heivy uniform shuft

flexible LIn torsicn,

(iv) norunl aecelesativn cuatrol in a fledible nlsaila,

P 3

The papers wlll counclude by avntioniag othes passibler

applicauticnr of the Liapunov functional method and aresa [De future

Tesdarche.
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FEMARES ABOUT THE METHOD OF ASSOCIATED LINEAR SYSTEMS

Q. Palulixﬁski. 4. Leurens;
¥, Gauvrit

This paper deals with some results on the a2tabllity of two im-
portant classes of non-linear systems, cbtained in a Ljapunov's
second method. These stability conditions show that, for these
systems, the hypothesis of linear associated systema is quite
feasible ((1), (2), (3)).

These two classes are, on one hand, the class of feedback con=
trol syetems exhibitivy a linear plant and an element with non-
linear static characteristic, on the other hand, the class of
non-linear esystems described by a second order differential ma-
trix equation. The choice of Ljapunov functions has been dio-
tated by energetic considerations.
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ELEMENTS OF INTERNATIONAL CONTROL THEORY

Ya. 2. Tsypkin, G.K. EKelmans,
L.Ye. Epstein

Learning automatic systems have a disposition
2 improve their behaviour /and property/ in the perforu-
nce process., In this paper, tho design principle of
lesrning automatic systens is discussed. Possibilities and
speciel features of such systems are also explained,

The functicn of learning automatic systems 1is
bas=2d upen learaing algorithms of observed situation clas-
sifications /images/.

Peculiarities and complexity of situation clas-
sification are defined, to a great extend, by the capacity
of a priori information,

The minimization of a common functional, which
is a mesn hazard of error clagsification type, is the basis
to obtain classification slgorithms of situations at a dif-
fering, 2 priori and continuous information /the slgorithms
with and without stimulation/.

It is shown that for some individusl error function
types the learning end selflearning slgorithm may.be ob-
tained eithe.s a3 known to the present time or as new ones.

The algorithms are applied for the construction
of learning control system and a lecarning pulse reciver.

The experimental resesrch rosults of the self-
lesrning receiver are brought,

ot

@
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DETERMINATION OF THE OPTIMAL MEASUREMENT SEQUENCE
FOR A NOISY PATTERN RECOGNITION SYSTEM VIA THE
DISCRETE MAXIMUM PRINCIFLE

Marvin H. Hammond, Jr., PhD Herman R, Weed, Prof.
Member of the Technical Staff Department of Electrical
Missiles Research and Ergineering Engineering
North American Rockwell Corporation Ohio State University
Columbus, Ohio Columbus, Chio

R

The discrete Pontryagin Maximum Principle is applied to the problem
of finding the best sequence of measurements in a pattern recognition
system containing nolse. The best sequence is defined as the one which
minimizes a performance functional composed of the actual costs incurred
in taking the measurements, the penalties that result when an incorrect
decision is made as to the pattern class of the unknown pattern, and a
measure of the progress toward reaching the decision.

The approach places the pattern recognition problem in the format of
a stochastic finite state system where each of the states corresponds to
a set of guantized probabilities that the unknown pattern is in each of
the possible pattern classes. State transitions are sssumed to occur at
discrete instances o. time and the corresponding trancition equztion is
expressed as 8 four dimensional tensor equation developed from Bayes
Theorem. The discrete Maximum Principle is shown to be applicable to
this problem after certain requirements are estabiished c'oncemir-g the
changing region from which the control variable, i.e., the kind of
measurement, can be chosen. This changing region is found to vary as a
function of the kinds of messurements previously used.

Compared to an exhaustive search technique the use of the Maximum
Principle is shown to greatly reduce the number of basic calculations
necersary to find the test sequence of gathering information.

)

e



ON CONVERGENCE OF BARDOM FROCEZSSES APPEARING IN
CONSTRUCTION OF RECURRENT TRAINING AND ADAPTATION ALGORITHMS

by

E.M, Braverman, B.M. Litvakov
Institute of Automation end Telemechanics, Moscow
USSR

The paper presents a member of theorems on convergence
of stochastic processes appearing in applicaticns of the
gtochastic approximation method. The theorems provide facili-
ties for evaluation of the convergence rate of the resulting
stochastic processes. The well known Dvoretski, Blum and
Gladyshev theorems can be obtainsd as corollaries from the
presented theorema,

Furthermore, certain conditions for the Robbins-Monroe
procedure are established, under which a requirement on
square-sunmation of the squeezeing sequence can be weakened
and replaced by a requirement of the null-convergence of the
sequence’s terms.
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ANl ALGORITHM FOR CALCULATING RUCOGNITICN #RRORS IN
PATTERN ReECOCNITION

Ko Fukunsga
TeFa Krile

An algorithm is presented for calculating recognition error exactly
when applying pattern vectors to an cptimum Bayes' classifier, The pattern
vectors are assumed to come from two classes whose populations have
Gaussian statisties with unequal covariance matrices and arbitrary a priori
protabilities, The quadratic diacriminant function associated with a
Hayea' classifier is used as a one-dimensional random variable from which
the probability of error is calculated, once the distribution of the
discriminant function is obtained,

A method of finding recopuitisn error by approximating the distri-
bution of the discriminant function is also given, This approximation,
as well as the exact alporithm, is applied to an eipht-dimensional example

with pood results,
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LYAST INTERVAL PAT'IERN RECOGKITION AND ITS APPIICATION
T0 COGNTROL SYITELS

Z. Bubnicki
lecnnical University of Wrocipw, Institut of Engineering
Cybernetics, voutrol krocesses Department, wroclaw, Yoland.

The work deals with some statistical pattern recognition
problems with unknown form of the underlylng probability dis-
trivutions.

‘here exist many nonparametric decision rules (algorithms of
reco nition) which use the knowledge of a learning sequsace,
i.8. tha sequence of the measurements with the konown correct
classification.

ln the first part of the work some method of the comparising
nnalyois and convergency investigations of nonparametric re-
copnition algorithms is presented. On the basis of these con=-
sidergtions, tre Least laterval(lI)alporithm is formulated.
the cresented approach consists in ucing the learnin;; sequence
to e¢stablish in some way the empirical distributions aud then
appiying the usayes procedure.The obtalian procedure of the class-
itication is the following. The recognizer computes the
volumes of the multidimensional intervals in which lies the
set of mecasured parameters in cach clrss and then classifies
the oLject described by these parameters into the class for
which the volume of the interval is the least. 1t is shown
that th LI algorithm is absolutely asymptotically optiual 1in
the case in which the particular measured parawcters are sto
chastically independent. the case of independencs occurs often
in the recognition of techaclogical situation: of industrial
processes.

In the second part oi the work the presented algorithm is ap~-
plied in some concention of a learning control system with

tne recognition of technological situations or the coatrolled
iodustrial process.
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OPTIMIZATION OF THE PNEUMATIC INTEGRATED CIRCUILE,
WITH JET DEVIATION, FOR AUTOMATIC COMFUTERS AND
CORTROL

by

ReMolle, J.Huchant, I,Bermimolin,
R.Laurent, M,Callers

from '
FoFPoMa = CoReI Ty = SeAeBeCode

The realization of eutomatie integrated eircuits through
~he automation of a process, beginning from models of logical
components with Jet deviation poses the problem of cptimiza-
tica of cost and of behaviour of thsze eircuits,

This problem can be resolved by means of electrlic homo-
logies utilizing R - C circuits, operational amplifiers and,
in case of Coenda effect ccuponents, Schmitt flip-flops,

The present study shows how to choose the electriec values of
the parameters of the circuits to obtain a dynamie behaviour
analogous to that of the equivealent pneumatic circult, The
inverse {low permits to fix the parameters of a pneumatic cir-
cult homologous to that of an electronic circuit and to pre-
dict ius benaviour,

Tre aim 1s to e¢rsate and study homologousn electronic
circuits, so as to optimize the choice, the relative position
and the mode ¢f intercommnection of wvarious £luild components
of the future integrated pnecumatic circulw,
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ON THE THEORY OF PROPORTIONAL FIOW AMPLIFIERS

Milan BALDA
Technical University Prague
Prague, Crechoslovakia

Efforte for mnalytical Expressing of propertional
fluid amplifiers choracteristics are summarised in this
paper. A methode has been therefore invented which respect
fundamental physical effects in the amplifier, and which
enable us to calculate with agreeable accuracy all charac-
teristics needed for circuit design, of course, if we Inow
characteristic properties of the amplifier e.g. pressure
and flow recovery end geometric dimensions. Example of an
amplifier is given as well as results of experiments done

on it.
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DEVELOPMENT OF A FLUIDIC OPTIMIZER
F. K, B, Lehtinen
NASA Lewis Research Center
Cleveland, Ohio U.S.A.
P. A. Orner
Case Western Peserve University
Cleveland, Ohfo U.S.A.

This paper describes the development of a digital fluidic optimi-
zing controller, operating on a peak-holding principle, to be used
for controlling single input extremum processes. The controller
receives a fluidic pulse-frequency-modulated feedback signal, which
is a measure of the extremum variable, computes an approximate deriva-
tive using a pulse-counting technique, and produces a ramp control
signal which drives the process toward its optimum.

An analysis of the hunting loss for the optimizer controlling a
static extremum system made it possible to select optimizing controller
parameters in an optimum fashion.

For experimental purposes, the gptimizer was used to maximize the
output pressure of & simple non-linear pneumatic system and test re-
sults are given for both the static case and for the case including
process dynamics. : .
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TRANSFORMING OF ELECTRIC SIGNAL INTO PNEUMATIC ONE USING
¥REE FIOW FLUID AMPLIFIER BASED ON THE HEAT EFFECT

.l.ndru; Proniewlicz

qudsiqbiorstio Automatyki Przemysiowe]jWarszawa-Falenica
Poland

The report describes:

= principle of operation,

- basic operational schema of the transducer,

- gimplified analysis of the static characteristiccs of the
transducer.

The transducer comprises two nozzles facing each other with

a heating coil built in the gap between the nozzles. Input

electric signal is led to the heating coily first nozzle is

supplied with the constant pressure air, and the pressure

in the second mnozzle gives the output pneumatic signal.The

flow of air is laminar.Any change in the electric signal

rises or decreases the air temperature which changes the

value. ¢f the output pneumatic signal,

The transducer can also be designet with the «coil bduilt

into the first nozzle, where, in that case, turbulent flow

has to be provided. A rise of heat supplied by the heating

coll cavses the flow to become laminar,due to the incres=-

sed viscosity. This change of bshaviour of air flow results

in a quasi stepwise rise of the output pressure in the

second nozzle, due to the decreased friction,
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PNEUMATIC MEMBRANE LOGICAL ELEMENTS

Henryk J.Lefkiewicz, Jan Jacewicz, Mariusz Olszewski
Technical University of Warsaw, Poland

Bummery

Therse is a claim made for introducing to design pneumatic
logical elements the following principles: of free membranes,
of feed-back force, and of elimination of pneumatic resistance.
The paper presents a design based on those three pronciples,
and realizing a mvlti-input OR-function, and a multi-input
NOR-function, forming a full and "over-stiffened" system,
advantageous for the sythesis of logical eystems. For both
zinds of funotion the one-, two-, three-, and four-input ele-
ments, being active elements, are shown. It is pointed out
that in using the supply input of an element to introduce an
additional input signal, it would give an AND-function effect.
It is shown how the presented design allows to use plastic
materials to make parts of those elements. It is discussed
how this design mskes possible the automatic assembling of an
element.,

The main technical data are given. The laboratory tests
of the following static properties of thcse elements are pre-
sented, and namely a switching zone, two tightening zones,
and two zones of tolerance of signals.

The dynamic properties of those elements, in the form
of step function response, calculated from laboratory measure-
ments, are given.
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CONJUGATF. GRADTFNT OPTIMIZATION APT'LIIFD
T0 A COPPFR COHVERTER MODFI

1.K, Nenonen Control Syatems laboratory
tintional Research Counail
. Ottawa, Canada.

B. Pagurek Carleton Univeralty,
Ottaua, Cannadn,

The exothermic ~opper conversion reactions release heat on-rg'y
which san be used to melt fluxing materials required in the reverberatory
furnaze, Oxygen enrichment of the air supplied to the sonverter results
in shorter procesaing times and incrensed ability to smelt flux tut with
insreaged alr supply ~osts.

A conjugnte gradient methed in funztion space 13 employed to
deternine the optinal rate of flux addition to a 2alibrated mathematical
model of the zonvarter for various levela of enriched oxygen. The mmelling
of flotatlon sontentrates in the converter and the effeat of converter pa-
ramater varinticna in the optimal solutions are alao conaldered, The ma-
thematical model is derived from materisl and heat balanne relationships
and 18 callbrated uaning data from an operating converter.

The paper also shows how he mothod of ~onjugnte gradlents in
funation spa~a nan be applied to a bounded control problem, in particular,
sne In whish intervals of uinguiar nptimal control arise. The conjugate
pradient methad {a found to converge substantially faster to a better op-
timun than a aonvantionnl ateepest assent procedure.



OPTIMIZATION STUDIES OF A SLAB REHEATING FURNACE

by
H. E. Pike, Jr. S. J. Citron
General Electric Co. . Purdue Univearsity
Schenectady, N. Y, Lafayette, Indiana
U.S.A. 2 U.S8.A.

Control studies of large systems may often be meaningfully formulated
as dynamic optimization prcblems. The utility of this formulation in the past,
howevecr, has often been sharply restricted by the computational difficulty
associated with the solution of such protlems. Promising new computaticnal
techniques for solving dynamic optimization probliems are now available.

This paper describes the use of one such technique in a control study of a
continuous furnace which reheats steel slabs for a hot rolling mill. Among
the goals of the study are closer control of final slab temperatures and mini-
mization of fuel consumption.,

A lumped parameter mode! of the reheat furnace is developed. When
combined witiv an ordinary differential equation describing the heat transfer
proccss for an individual slab, this permits the formulation of the control
problem for the system as a lumped parameter dynamic optimization problem.
The formulation includes as a constraint a limitation on the slab surface tem-
perature.

A computational technique based upon the sccond variation is used to
solve the dynamic optimization problem. The solution to the steady-state
optimumn control problem is also obtained. '

The paper concludes with a discussion of the prol ium of control system
design for the reheat furnace. A feed-forward contraller is proposed based
on solutions obtaired for the steady-state and dyn=: .c optimization problems.
Results of simulating this controller are shown.
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G.P. P.JM' R.%, ,H. s&r‘.nt

OFF LINE COMPUTATION OF OPTIMUM CONTROLS
FOR_A PLATE DISTILLATION COLUMN

The work reported was undertaken with a view to developing efficient
numerical techniques for the study of optimum time-varying operation of
non-linear systems, The particular system used as an example was a plate
distillation column separating a binary mixture, and to reduce computation
effort a very simple model was used, neglecting thermal and hydrodynamic
effects, Two problems concerning start-up of the column were studied in
detsll, requiring the attainment of a specified operating state from a
given initial state either in minimum time or for minimum cost. The
related problem of optimum operation over a fixed period is also considered.

The minimum start-up time was determined by minimizing the terminal
error for several fixed times; the minimum time is then the smalles time
for which the corresponding minimum error is within the specified accuracy.
The minimum cost policy involved minimizing a cost integral taken over the
pperating period, with or without a constraint on the terminal state.

This constraint was dealt with by use of a penalty function.

After initial unsuccessful attempts to solve the two-point boundu y
value problem arising from Pontryagin's maximum principle, the approach
adopted was the systematic improvement of an arbitrary control policy by
gradient methods, using the adjoint equations to generate the required
derivatives, A version of the steepest descent method applied to the
control values gave a pood first approximation to the optimum policy but
the rate of convergence became very slow. Second order methods could not
be applied to the control values becausa a large number of small time
intervals had to be used to obtain satisfactory accuracy. However
switching policies with a small number of switches usually gave a signifi-
cant improvement over the steepest descent result, and they were success=
fully determined by apolying Fletcher and Powell's conjugate gradient
method to the switching times. Unfortumately the methods cannot be made
asutomatic and require ccnsiderable judgement on the part of the user.
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CONITOL U APPICICTICESHIP
T A PIICIT TUIT OF DISTILLATION

C.ICULAND, ATtre-Aicictent ~ LAZORATOINE DPAUITOLATIZUE
Tagulty of Jeicneca = GILNCILE - France

¢. problem to te reecnlved la that of a quasi-optimum
youonic control of o distillation coluan, the chosen eriterion ,
copecenting the pein ccolised at e tioc intorwal /t , t/ ¢
-

I is the gudn ner time unit, function in partiewlar
L e titre of the output nr ducte I io wupnosed to be
susoblce
Fica the dluturbonecs or set valuce / vector B /t//,
st on the syotem, vary, #n optiaun walue ; 18/ ould
¢« iven 1o the vurtor of uetions X /t/, with nccount .eiui
talen of escurcs on those actions.

Wi¢ propose o . thed f obteining by aporenticeship
of the law X D;;,’t/ appronching the optimum theoretieal laws,
a method that does not supnose cny knowledje or meagurs
of the ostote vaiiobles of the system and applicable vhien
te disturlonces celd be Jecuspesed in steps as Letwoen
each Yevel veiiationg the eoluin attoins a permanent Caty
/ en cxtencion in caese of listurcanccs that cen be Jccozposed
in resps is nlsn proposed/. The optimum cointiol ‘ows Ixft/ :
are sup0scd to bte continuous tnd ean be anproached Ly on

D eeTay ol I ot 1 B 1y
LAptidhi. a vlie

The results of a stvdy on digitel cooputer epplying
a mathezetienl redcl ¢f the pilet 2istilstion colwm
£ the LADOXATOIRE S°AUTCLATICNE  Sro: —ooLl ave given
n.”‘.d erperizental results, obteined on 1 - pilot unit
itself, will te providcd st the congre..e
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A NONLINEAR DIGITAL SIMULATION MRTHOD
_APFLIFD TO GAS TURBINE DYNAMICS

The problem of simulating a dynamio system, having one or more multi-
variable nonlinear components, on & digitel computer is examined.

Such a system may be represented by a set of first order differential
eguations, scone coefficients of which are variable.

The nunericel values of the variable eceffisients mey be found from &
kncwledge of the state vector values, and the natural laws governing the
behevicur of the system,

It mey be shown, from 2 consideratlon of causality, that for systems
es described above, an interative technique must be developed in order to
eclve for the system state veoctor.

Let there be expressions of the form, ¢‘(‘3. - '1..) =0

where the ¢C e R represent the nonlinear components,
and *('--'-'“) is Lhe siate vector.

The condition that all the g functiona are reduced to sero defines
\the system operating point. This cperating point may be found using a
technique such as the liewton-Raphson mathod,

‘" In practice, each of the @ expressioms is an algebraio funation of

the state vectar, and is derived by applying multivariable ocurvilinear
regression analysis to praciical olservations of the component in queation.

The dynamio response of the system is determined by direct time
integration of the differential equation set, following the solution for
the system operating point, The time Interval for this purpose is chosen
so that the equation coefficients remain unchanged during the period, to a
required degree of accuracys

A general nset of rules may be written down for the application of the
method to any system satisfying certein criteria, the method being most
gi"pkl9 for systems having fairly low dynamical order, highly nonlinear
mylysvarieble componenis, and operating over & very wide range,

Applioation of the method ir shown, using as an examwple a single shaft
gas turbine engine, Results are given showing the relative behaviour of real
end simulated enginesa.

Tho method may easily be adapted to include more system veriables, or
to give a more complex representation of certain components, until a com=
promire between overall accursacy and simulation ccmplexity is reached,

AUTHOR: C. Dennison. Rolls Royce Limited, Bristol Engine Division
Bristol, Filton, Grea% Britein,
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AUTOMATIC CONTROL SYSTEM, OPTIMALIZING THE BORE
- HOLE BORING

G.E. Tchernorutsky, V.A. Tsygenkov

Abstract

Main taek in eutomatic control of drilling - in conditions
when drilling goes in rocks with rendom chenging of their phy-
sico-mechanical properties - to find such ccoperatica of stru~
cture parameters (axial tension at the head and rotation speed
of 4rilling inatrumesnt), et which optimsl structure is otial-
ned, with exclusions of subdective fectors such ag operator’s
actions, cost of the drilling i decrsased, productivity in-
crease, conditions of werk becaming better.

Compearsative analysis of different techno-economical cont=-
rol eriteriors of drilling process, permits for choosing as a
criteriors minimum cost of a drilling lenght unit, which whol-
1y considers technical end economicel sides cf the process,

Mein distarbance, which 8poils extreem cost of the drilling
being random chenge of drilled rock physico-mechanical proper=
ties. The simpliest structure ¢f SAU is obtained if opened
eelf-gligning syeten is constructed.with nonlinear compensa-
ting connections, which uses a priori information about pro-
cesa. In EA7 work all the time physico-mechanical properties
of the area considered in which functions cptimal coopera-
tion of etructure parameters are defined, which give the smal-
leet cost of drilling. Ae it is seen from anslysis, dynamic
properties of BAU sre defined by physico~-mechanical proper-
ties of drilled rock and obviously absolutely casual.

For instance, scme coefficients, characteristic: for BAU,
are changing 40 to 160 timee, Dynamic properties of such a
system can not be investigated by ordinery methods of aut—
matioc contrel.

To analyse dynamic properties of similer class SAU, it
ie necessary to use special approack which permits for sta-
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tistical characteristic of dynamic properties of SATU. Special=-
1y, such dynamic system exponents, as stability, stabillty re-
gerves etc defined by their probability. This paper shows ine
dustrial drilling tests materials, which were worked by SAU.
This system is internationally patented,
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On-Line Estimetion of Dynemic Kodel Parsueters frow InputeOQutput Data.
Patarks V. , Smui K,

The paper deals with the peremeter estimation in the difference e-
quation of & lineer dynsmic system. Availsble for this estimmtion is the
finpal sequence of the measured values of cutput end input signels of the
system. The assumption is made thet nolse € (t) not correlated with the
input signal is superimposed on the output signal. The mean valus of noise
msy be dependent on time but it is assumed that the drift within the obaere
vation intervel can be expressed by polyncmial E g (t) -.é c‘t.i vhere ¢;
represents unknown coefficients and y 1s suffieiently emsll, Further sta-
tistical claracteristics of the noise need not be known.

The method uses the algorithm of linear regressive enalysis with
groving data, This algorithm is described in section 3 (of the ALGOL-S0
procedure inclusive) and can be also used for other purposss, It has the
aedvantage of the on-line processing of input data and of the required me-
mory capacity being independent of the smount of data processed, The algoe
rithn preserves all the necessary information on the history of the invese
tigated process in a condensed farm so that passed data need not be atored.

The method proper of the parameter estimation in the difference e=
quation 0f the dynamic model is given in section b. The method exhibita the
following femturass

&) it can be on-line opersted and the required memory
capacity is not influenced by the length of the observation interval;

b) the sought for estimates are cbtained by & finite
nuzber of numerical operations, In difference from other known methods fte-
raticns are not used so that difficulties with comvergence and local extre-
mes are avoided;

¢) at sach time (beginning with & certain minimum
iength of observation) it is possible to ocbtain estimates walch in given
sense ere optimal for the whole past history of obssrvation.

Secticn § contains the asymptotia properties of the sstimates. With
an incressing length of the observation interval the paremster estizates
obtained converge towards accwunte values slmost with & certainty.

Results of experiments ars given in secticn 6.
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ON INFUT SIGNAL SYNTH:SIS IN PARAMETERS IDENTIFICATION

M, Aoki
M.R. Staley

&
This paper treats the problem of designing a sequence

of input slgnals to reduce a measure of the parameter
estimation error in the off-llne system identification pro=-
tlem. The syatem dynamics 18 given by the k‘h order difference
equation of the scalar input-scalar output varlables with
known input and noisy output chsoervations.

The unknown parameters are tpeated as constants rather
than random variables in the mailn body of the paper, The
input 15 chosen %o maximlze the trace of the Flsher informatlion
matrix, subjeect to energy constralnts on the input or output
of the system, Clozed form analytic solutlions are glven for
the simple one parameter problem, A -useful approximation
procedure 1o developed using the Toeplitz matrix, Extension
to the case where the parameters are cansidered to be random
variables with a known Joint probablility distribution function
i3 indicated at the end of the paper.
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ON-LINE ESTIMATION OF THE PROCESS PARAMETERS
AND ITS APPLICATION TC AN ADAPTIVE CONTROL SYSTEM

M.Nishimura, K.Fujii and Y.Suzuki

Faculty of Engineering, COsaka University

This paper describes a method for estimating the process
parameters by on-line data processing. The impulse response
cocfficicnts (parameters) of unknown process are estimated by
using the method of weighted least-squares.

First, general principle and algorithm of on-line estima-
ticn are explained. Then, cthe statistical natures of the esti-
mates are discussed and a concept of equivalent data length is
introduced, Some existing processes have not self-regulatory
c.aracteristics, An extension of the estimation procedure for
such processes is shown. In addition, the estimation of slowlv
time varying process is demonstrated by using computer simula-
tion techniques. Finally an example of adaptive control system
is presented.
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ADAPTIVE ALGORITHMS FOR IDENTIFICATION PROBLEM
by

K. G. Oza and E. 1. Jury

Electrical Engineering and Computer ‘Sciences
and the Electronics Research Laboratory
University of California

Berkeley, California

This paper considers the problem of identification of systems characterized by
certain parameters. Iterative method for estimating these parameters on the basis
of noise~-corrupted input-output data is presented.

The problem of identifying parameters of a single-input single-output discrete
system is reduced to solving a set of regression equations. The estimates of certain
correlation functions appearing as coefficients in these equations are constructed from ‘.
the input-output dats and their convergence with probability one is established using
results of time series analysis., An algorithm is presented which approximates the
soiution of the regression equation and converges with probability one.

The approach taken for the linear case is extended to nonlinear systems. The
seliwocrstein model representation is considered whereby regression equations
satisfied by the system parameters are found.

Examples of linear and nonlinear lystem;. are considered and in each case the

convergence is obtained in a reasonable number of iterations,

Research sponsored by the Air Force Office of Scientific Research, Office of
Aerospace Research, United States Air Force under AFOSR Grant AF-AFOSR-292-67.
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A COMPARISON OF SOME PRUCESS PARAMETER ESTIMATING SCHEMES
A.J.W, van den Boom and J.H.A.M. Melis
Department of Electirical Enginecring
Tachnological University
Eindhoven, Necherlands

Ia this paper some principal problems in the field of process parameter
estimation are discussed, especially with respect to the uncertainty in

the estimation, caused by additive noise and approximated model structures,
Two basic approaches, i.e, the instrumentation of explicit mathematical
relations and the model matching technique, are compared theoretically with
respect to the accuracy as a function of the observation interval,

In some situations both methods, each requiring matrix inversion, can
sufficiently be approximated by the use of a nmon-orthcgonal estimating
scheme without matrixz inversion.

A sumaarizing discussion is given on additional errors due to the

approximation of the ideal estirating procedure,

Contents
1, Introduction
2, Csrimation schemes
a) the explicit method with matrix inversion
b) the imﬁlicin method with matrix inversien
¢) the explicit method without matrix inversion
d) the implicit method without matrix inversicr
3. Seme remarks on other types of errors in a prac-ical situation.
4, Conclusions

127



AN INSTRIMINTAL VARIARLL METHOD FOR REAL-TIME
IDENTIFICATION OF A NOISY PROCISS

Peter C, Young

Naval Weapons Center
China Lake, California, United States of America

ine problem of real-time process parameter estimation from normal oper-
ating data has reccived considerable attention in recent years, The various
technioues developed range from largely deterministic procedures to sophis-
ticated statistical methnds based on the results of optimal estimation theo-
ry. The Instnumental Variable (I.V.) technique outlined in this paper is
intended as a comprorise hetween these two extremes; it has a basis in clas-
sical statistical estimation theory, but does not require a priori informa-
tion on the signasl and noise statistics,

The paper describes the 1.V. approach to the problem and outlines the
development of the simple digital recursive estimation algorithm, It also
discusses how the cho/c2 of input signal and the form of the mathematical
model con affect the {dentifiability of a process, Finally, a number of
representative experimental results are included to demonstrate the practi-
cal feasibility of this particular approach to process identification,
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MODIZLING AND IDENTIFICATION OF AQUIFER
SYSTEMS O HIGH DIMENSION

D.A, Wismer, RR,1.. Perrine, Y, Y, Haimes
Department of Engincering, Universily of California
los Angeles, California, U, S, A,

The pressure distribution in an underground reservoir is modeled
by 2 lincar parliol differcential cquation of parabolic type with space-
varying coefficients, The distributed parameters, storage and trans-
missibility, are identified by minimizing a norm dependent upon observed
and model derived pressures, These distributed parameters are approx-
imated by "average" valucs over discrete portions of the reservoir.

This, the number of parameters {o be identified may be quite large.

In this paper, two diffcrent models for an underground reservoir
are developed.- An identification scheme based on hcoﬁposition tech-
nigques is derived to identify the unknown parameters. An important
feature of the identification procedure is that it identifies automatically
the arcas of the reservoir having similar "average" properties. In this
way a partitioning of the reservoir spatial region is accomplished along
with the parameter identification. The method is based on concepts of
decomposition and multilevel optimization and is specifically designed to

accommodate the high dimensional systems involved.

The theoretical development of the identification scheme is given
for each of the system models considered. A computational example is
included and the effect of "modeling” on the results is illustrated, In
addition, the computational algorithm is examined and numerical results

are given.

129



THE APPLICATION OF :EGULAR EXPRESSICNS TO THE SYNTHESIS
OF COMPLEX ASYNCHRONOUS SEQUENTIAL CACHLNES

Eric DACLIN Jean Paul  PERRIN
Nicole  BREAUD Michel DENQUETTE

C.E.R.A. (E.N.8.A.) Paris - FKANCE

Purticular yroblems have arisen in induatry in an at-

tempt to realize asynchroncus sequential machines having severazl

hundred binary inputs and outputs. Furthermore, these are now

frequently being built using highly complex inte, ruted logic cir- i
cuits. As u result of these complications the syntheeis and the
repair of these units has become more and more difficult ; the
classical methods of synthesis such as Huffmann's, for exaaple,
are much harder to apply, where us the detection of a faulty com—-
ponent cuusing breuk-down becomes ulmost impoecible.

Thio paper deals with 4 method of synthesis based on
regular exprecsions which tries to overcome these two difficulties :
first, the wuthors point out how in order to obtain & more eim-
plified tauble, they have been lead to modify Gloushkov's method j;
secondly, they show how & purallel decomposition of machines can
evertunlly be detecded, F.nully, their method is demonstrated on
a simple industrial exuvple,



Method for state reduction of automata with taking in-
to account the technicel particularities of synuhronous
and esynchronous operational modes

Hans Joachim Zander

German Academy of Solence
Institute for Autcomatic Control
Dresden, GDR

In the fields of control and computation different kinds of
synchronous and asynchronous sutomata are used. For minimizirg
the number of states of asynchronous automata the methods
especially developed for synchronous automata are not suited.

Therefore in this contribution the different synochronous and
asynchronous automata are oonsidered from a unified point of
wview. Their technical partiocularities are token into account
in the methematical desoription. As to the state minimization
these particularities of the individual kinds of automata
appesr in different oonditions, under whioh two of their states
are inocompatible respectively.

Acoording to theee conditions elgorithms are formulated, by
means of which it is possible to find out from speocial transition
tables all the pairs of unoconditionally and conditionally incom-
patible states for any kind of automata.

More over a method 1s developed whioch allows to determine sys-
tematioally all minimal colleotions of compatibility classes for
any kind of automata.

By interpreting the oonditions for incompatibility it is further-
more poesible to compare the different kinds of synchronous and
asynchronous automata iyj a general form with regard to the mini-
mal number of states necessary for solving a given problem.
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AN ASYNCHRONOUS FINITE AUTOMATA MODEL
i /abstracts/
E.A.Yacubytis, Doctor of Technical Sciences, Professor
i Riga, USSR

An asynchronous model of the finite automaton usiug
logical elements, each of which has its internal 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-
mum limitations. The above mentioned model represents well
the characterictics of real devices, operating as finite
automata, Its particular casec is a wide-known model with
the non-inertial counverter and delays in feedback circuits.

On the basis of the model considered the procedure
for defining all the non-redundant systems of equations is
given. These systems of equations provide the construction
of the [inite eutomata structural circuit free of critical
races of uny type. This ensures high-speed operation of the
finite autouwaton, If optimum criterion is known it allows
us to find optinmun systems in the obtained set of systems,
Tuis problew is solved as easily as possible when it is
necessary to minimize the nuaber of internal states /memo-
ry capucity/ of the finite automaton.

132



Wiestaw TRACZYK /Poland/

FULL MINIMIZATION OF STATES FOR
ASYNCHRONOUS SWITCHING CIICUITS

The paper presente relatively easy methods of internal
states minimization for asynchronous switching circuits /se-
quential mechines/. The machines are divide on two groups:
atatical and dynamical. In the first group the sets of pseu-
doequivalent states are applied for minimization and their
usefulness is determines by the special theorem. In conse-
quaence we can get the minimal tablees which describe the ma=-
chines with level signals.

The dynamical machines are considered as the next atage
of gimplification. Reduction of number of internal states is
obtained by appointment of the joint states and introduction
of the dynamical dependences, which are realize by pulse
signals.

Application of described methods gives quite new cir-
cuits, which are simpler /in majority of cases/ than at tradi-
tional methods of synthesis,
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HEURISTIC APFROACHES TO RELAY STRUCTURES SYNTHESIB

¥.A. Gavrilov

EOTE

Teculiarities of nowdays relay epliances synthesis tasks, such
as: complications in structural conditions of elements and con=-
siderable increase of relsy apliances "volume®, require revision
of existing eynthisis methods and considerable development of
relay apliances theory.

At the moment the most developed end theoretically based
are synthesis methods, which give relay apliances structure
realization on the elements:

WIAND MW Pin_ RS N0 ",
Methods of obtaining, so called "absolutely minimal®™ realizations,
are based on choosing and even for ppropriate number of changables
in eingle output structure of 10-12 order, it is practically
impossible to obtain even on UWM.

And at the same time, in nowdays practicel tasks, number
of 1npunta‘lnd outputs is counted in hundreds.

In thie paper, methods of "directed" optimal realizations see=
king is discussed.

Those methods conclude,'that on each synthesis atage, from all
possible further stages, with the help of corresponding judg-
ments one possibility is choosen, which assures near to cptimal
etructure realization.

At the pame time from the maze of solutions,only one path ia
choosen, what considerably decreases quantity of calculations.

In this paper, two methods of directed choeing, which

124



were worked out by the author together with W. Kopylenko M.Sc.
eng.are deacribed.

First method is good for elements with symetric and order in-
puts and 8o "called" characteristic number = 1 ",

In this method, directed choosing is obtained by thro=-
wing away unimportant changables / criterion of nearness to
realization by one letter/ and at putting aside of necessary
subplurality of unsatisfactory minimal members / asym:totic
criterion for judging of undefined functions/.

The $econd method is good for any elements. Directed
choosing is obtained here by choosing of optimal fxiam train
of inputs filling /ériterion of minimum,sc called "hard order"/
and at optimal changables fed toc inputs choosing.
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AN APPROPOACH TO AUTOMATION
OF THE FINITE AUTCMATA SYNTHESIS

D.B.Shishkov
(Sofia, Bulgaria)

An appropoach to an automation of the finite automata op-
timal synthesis including a class of algorithms based on a struc-
ture language being algebraic equivalent of the known languages
of the Jurp and output and graph tables of G.H.Mealy and E.F.
Moore is discussed in this study. The proposed algorithm have an
analytical nature. They allow conducting a single optimization
. 1ldne in the process of the synthesis. They are spplicable to a
quite wide class of finite automata and their efficliency is com=-
parable with or exceeds the efficiency of the kmown analog algo=
rithns.

The proposed approach is characterized by a high degree
of formalization, convenience for ‘engineer calculations and auto-
mation through the help of electronic computers.
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HOMOMORPHISMS AND CCDES FCR SEQUENTIAL MACHINES

P. TISON
17, rue de la Chapelle 57 = SAINT=-AVOLD

FRANCE

In thio paper, we doal with & neary logle algebra for scarching homomors
phisms and for coding cequential machines.

We assoclate to the set of two rows of a flow-table a binary variable of
which the value iz 1 if we admit the possibility of merging theses rows and O othere
wise, The aggrezatlion of these elementary variables forms & n-ary logic variable
of which each value represents some degree of freedom allowed when reducing the
machine., we define, in a simllar way, a parting variabtle which car represent the
constraints corresponding to the suggested mergings. From these two variables, we
associate To any sequential machine a n-ary truth function which can be handled
through the usual algorithms of switehing thecry,

It is possible in a ery simple way to find from the flow-table the
primitive cet of implicants for this truth function, then the prime implicants.
Some of these terms lead tc homomorphic images of the flow-table, An algorithm
leading directly to these implicants is given.

The ne-ary variables can be used for searching assignments. The next value
of a coding variable deperds on the input and on the present state of the machine,
A coding variable is determinable from a given set of coding variables if and only i1
we can infer {ts next value from the variables of the set and the input. We can
compute the irredundant ways for determining any variable and represent this
information by determination-graphs which give rough ideas of the l.nlsnment complu=
zity without compuiling the coding equations. This method points out some particuli=
rivies of structure : reductlions, symmetries, equivalences, clocks, ...

The number of coding variables can be cut down : the variacles likely to
be the most efficient, give mergings for which the corresponding partitions ars not
null, By studying determination=graphs we can choose very simple assignments,
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RECOGNITION OF TOTAL OR PARTIAL SYMMETRY
IN A COMPIETELY OR INCOWPIETELY
SPECIFIED SWITCHING FUNCTION

by

Ryszard 8. Michalski
Instytut Automatyki PAN,Warszawa, Poland

The paper describes a method for recognizing total or part-
ial symmetry with respect to the literals (uoprimed or primed
variables) in a (single or multiple output) switching function
which may be ccmpletely or incompletely specifisd., The method
represents a pew approach which is based on the certain two-
~dimensional topological model of a switchiug function,the so-
-called function image T(f). The use of this model allows the
mothod to be easily applied in hand for (p § 6-8) as well as
computer calculations.
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TWO COORDINATION PRINCIPLES AND THEIR APPLICATION
IN LARGE SCALE SYSTEMS CONTROL

M.D. Mesarovic, D. Macko, Y. Takahara
Systems Research Center - Case Western Reserve University
Cleveland, Ohio

Two principles of coordination are formulated in order to provide guidance
in selecting a structure for multi-ievel (hierarchical) control systems. One
principle 1s based on interaction prediction and the other on interaction bal-
ance. 3oth are given within the general systems theoretic framework to em-
ohasize their wide range of applicability. Sufficient conditions for the suc-
cessful epplication of the principles lre'given for two-level systems defined
on riormed 1inear spaces. Some examples of two-level systems are given to il11-
ustrate the required conditions.
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DECENTRALIZED OPTIMALIZATION
OF LARGE-SCALE, DINAMIC SYSTEMS

by

Rozman Eulikowsli
Inatytut Automatyki PAN, Warszawa,Poland

The paper deals with the decentralized optimslization of
larpe-scale, dynamic systems, such as: iptegrated electric-po-
wer system, utility ges system, water-distribution system ate.

A zethod based on the decentralization, or decompositior,
of the optimalized systemn into the <form of two-level control
ptructure has been investigated. The local (I-level) control-
lera verform dynamic optimalization of simple sub-systems .
They transuit the results of local optimalizations to the su-
pervisory (II-level) controller, which derives, by a gradient
techpique, new values of constreint levels, These values are
being sent back to the local controllers. As a result an ite-
ratiopal optimalization procedure follows.

Several extenssions of that method have been discussed.

An application of the proposed method for the optimaliza-
tion of an integrated power system, including thermal and hy=-
dro-stations, has been also described and analysed.
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DECENTRALIZATION PRINCIFLE AT OPTIMALIZATION
OF COMPLEX SYSTEMS

A.A, Pervozvansky

Discusged {2 question of building of an optimei p’ca

for the eyatsa, which conelsts of necessary number cf
alonpente with coptioel but fixed etructure of connections
between them, Bach element represents production of

coms totality of products, placed on the discharge of

the system as well as on the other elements which use them as
regerves,

Utilization intesity ef poseible system of preduction
slement means ie limited with quantity of given reserves
as well es with cwn limitations.

Decentralization principle of planning ie understocd as
folows: syotem optimalization as o whole muet be divided
into several extreeme taske for each of the gystem ele=
nents, independent in a wey, that their mutusl agreement
does not need straight information about own reserve
limitetions, Several means c¢f division procedures of
cozbining of local functions, are described.

Main attention 1s paid to bset known eimple structures
with perallsl end series cornections. Some rsceipts

can be transfered on systexs with genere! view cf connec-
tions. Principal receipt being trarsforzation of cut-
going g question into totality of lirsar prozraming.
with free parsmetere question, for chccaing of which there
is nscesaity of sclution of "Zentral™ tack cf secretly

Zziven convex function rinding.
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The last ie fournd with the help of different modificatione

of poeeible directions method, which coneider the fact of
unpossibility of convex target functicn defferentiation

at some peints, Connections.between tesk of decentralization

[
of planning and control is diecusczed.
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ON THE SYNTHESIS OF MULTT LEVEL LARGE SCALE CONTROL SYSTEMS

Andrze] BStraszak
Instytut Automatyki ?AN, Warszawa, Poland

The dimensionality of modern control problems has been ip-
creasing very rapidly in the recent years, and multi-level
control systems play an ever increasing role in the control
theory as well as in the applications. The synthesis of the
multi-level control systems differs essentially from that of
the conventional control system, and the conventional control
theory machinery cannot be used. In the present paper opne ap-
proach to the synthesis of multi-level control systems is pre-
sented. Using the complexity function model of the multi-level
systems, a mipimisation procedure for finding the admissible
and the most desirable control structures is proposed.
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ON A COMPLEX SYSTEMS CONTROL THEORY

A.I. Eukhtyenko

Characteristic points of complicated control cystems and
ebstract models used' for bullding of compound control sys-
tems, are discussed. For this, inferential end inductiv:
weye of bullding of general control theory are used.

Beslide this, main way of overcaming mathematical difficul-
ties connected with studying of complicated control systems
are consideresd. Specially, some logico-dynamic guestions are
eolved, Scme probleme of a complicated eymblosie -~ "men-auto-
mat™ in complicated controlling systems, are shown.

Soxe examples of complicated control systems are shown.
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CONSTRUCTION OF CHECKING AND DIAGNOSTIC PROCEDURES FOR
VERSALITE GENERALE-PURPOSE UNIFORM ARRAYB

IVe Pranéhishvuy.
V.V. Ignatuechenko

siform versatile arrays that may be specifieu tc perform
ray uer red function ceum to be wost promising leiclc foxr 10
Lerg and controls uystems, especinlly ISI-boiad.

Cneciing waed diagnostic 1;:'uccu\;1'c:. ror unifiorm arreys are
“roubdenlly sioplified (irrespective of the funetion spocafied)
sargtred vith those for conventional non-uniform circuics,
vince lor idcntical functionsl cells interconnceted inte a re-
sulay avray only checkiny anu dingnosis cre reyuired.

A possile upproach to construction cif such tests is dit-
ussed nad two techniques are wavestisgnted. The relevant test
seto(compatible,conjugate) are lfound widcl: may bo applied
sSenltonaously to a1l ceils of an array or o certain papt of
gize is,Checkin; tiue ¢f n unifors

array with these test sets(i.e. the number of operrcting cycles)

iz nearly oxr coumpletely inuepenaent of array cell nunber(size).
Conocking of mrgnpilty array copable of perforain: on nrbitrary

switbhin, funetion io shown to ve completed in 5 cperatin

cyeles for ray array size; follure Gisgnosis needs on

xyele per Tajlure.A uniform erray cupable of periorm

srbitrary sequential fynction ie chooked in 2& cycles for ouy
.
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ON DRSIGN OF TRSTS POR DIGITAL
DEVICRES WITH DRLAYS

Volkov A.P,, Vasil'ev T,.N.,
Vedeshenkov V.A.,Petrov V,A.

Tnatitute of Autom=*i{cs and Telemechunics
(Technological Cybernetics), Moscow,

USSR

A medular technique of unitary test is supgested for
dir!itsl devices with delays. The nature of the model sug-
vested which is a cross between combinational units and
unita with flipflops makss it possible to comstruct tests
for combinational structures that would incorporate the
specific features of gequential structures.

The construction aleorithm uses the local characte-
ristics of separate alements and consists of eipht parts.
The salient features of the algorithm ere:t construction
of a primary tests table, conatruction of the senaitive
path, detection and enalysis of narallel paths, "expansi-
on" of sensitive path. The resultins test detects chanzes
in the lopgical and temporal characteristics of one element
when the outputs of the ent-ire structure are checked. An
examnle 1llustrates the description of the algoritham,
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THE THECRY OF QUESTIORAIRES AND PROBLEME OF TECHNOLOGICAL
DIAGNOSTIC

P.P. Parkhomenko

There are, of course, ueny E from N elenents /events/j to
each event Yi e positive number W/YLi/ is sttached, which is de-
fined a:c event welght, Giveun too sre meny T of meny devided in-
to clesses B elements from T are defined &s questiona; to each
question tJ the positive nucber o/tJ/ is attached which is defi~
ned es guesticz price,

To give cne guestion - meene to realise corresponding divi-
sioun of meny E, Features, which help to define cless ¢f svent
at dlvision, are defined es snswery to given question,

Number of euswere & /t3j/ to question tJ is defined as its bu~
ee. rask of question giving is being recognition of events Ii EE,
f.6, obteining division of E into N eingle element classes,

Question cooperation from T end succesion, in which those
guestion are given for identification of N events of meny E, 18
¢efined es interrogation,

The pain object in interrogation theory is to solve fol lowing
questions: to construct & interrogsticn nark, which will heve mi-
nizal cversge <=lining price of cue event,

In this paper, the festures of optizel interrogators of gene—
rel e.peraunce &% nonuniform wei:lts of events, prices sad ques-
tioa races, are studied,

Givexz ere formulas for trensforumetion of glven interrogstion

to optimel,

Jlesificetion of interrogators is made, Thc most simpliest are
tuose wihere prices end beses are equal, acd meny E reprent itself
full echeze of events, They were studied by Piksr, This paper
Ceals too, with icterrogetors with nonuniform bases snd nonuni-
forz question prices, as well #s with interrogstors of genersl
&, perunce, for which slgorithms of optimael interrczetors cons-
truction, are given,

ol

87



In the language of interrogators, tasks of techuical eplisa-
cea unerfieceney diagnosis codification, are Lormed, 8s well as
atructure syuthesis of on - off inagtslleticu or other,

The main attention was paid to conaftructica of optfzal condl
tions for diagnostic programs.




ZEFECT CF MONITCRING FERIODICITT ON RELIABILIIY CF
RESTORASLE DEVICES

A.L. Garkavi, V.B. Grabovezky, V.B. Gogolevzky

Tris puper deals with sone methods of certalinty defining of
~antroiled constitueut installations characteristics, Froposed
metnods are used for asclvinz two groups of tasks,

First group is connected with perception of periosdically wor-
%ins; installations certainty characteristics /on demand/, It is
asguned, that workability coatrol c¢f these apliances could be
22de oy randon tlme spaces or periodically by equal time spaces,
Trese possibilities deline probaebliiity P (t.Ti of this, that
instsilation will wori properly at eny time "t" end will work
faultlessly through period "I", Golution is given for stations-
ry sad Lo% ztaticnary cases, Obtalned results peralt for con-
trol systew Jelinition, which assures given coantrol system su-
rety coefficients, end as well allow for prooving that regular
control is much more efficient than random ons,

The secoad group, i3 conducted with perception of instslls-
tions surety characteristics /specially, installatiocas of infor-
matioa processing/, which are supposed to process defined quan~
tity "v" of informetions ia time "t", At the same tiue it is
assumed, thet time, given for processing 1s higher than necessa-
ry sicimom for tnis tesk. Time and cycls of proceasing is divi-
ded into stages, In the e2ad of each atage, Ly this or other umet-
hod, correctuess of processed information results is checked,

In this conditions, following installations certainty chsrac-
terlstics are defined: probabdbility Pz (v, t) of inforsstion pro-
cessing quantity "v" in time "t" at cycle division oz "2 " sta-
£e8; expectation velue M tTJ of time "T", which was lost for
iaformation processing gquantity "v" st cycle division on "2 "
stages; optizal quantity of stages “2,", into which infoeruation
processing ecycle "v" must te divided in order to cbtain niniuoua

k¥ [1). o



Repults, obtained when solving second group, permit for pro-
per orgenizetion of time disgram of instellation utilisation
end for some control characteristics defining, which sesures
full certesinty of instsllation,
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neorge Ca Shering, B.See, Ph.D.

“p5 Divislon formerly of
suropean Urganization for Nuclear Research Dlept, of Electrical Engineering
1211 Geneva 23 University of Edinburgh

owitzerland

A CONPARLISOM OF THE PERFORMANCE OF CERTAIN
PERTURBATION EXTREMUM CONTROL SYSTEMS

The performances of four different extremum controllers are
conpared in connection with a continuous time plant which has a brownian
motion dicturbance, & parabolic ex®rsrum characteristic, and white
meavuresent tnolse. The performance of the contrcllers la described by
the value of a single dimensionless variable, =:llned so that an coptimal
controller muat exist,

The controllera conaidered are a oine wave perturbation
contreller, a square wave perturbation controller, a cquare wave per-
turtation controller with a sample and hold unit, and an approxisately
vptiual controllers

The performance of the firat three controllers is derived as
a function of perturbation frequency and it is shown that best performance
lo obtained with infinite perturbation frequency, when all three control-
lers give the same performance as the fourth, approximately optimal,

ntroller.

The performance of the firast three controllers improves

acynptotically as the perturbation frequency increases, so that good

erfurnance can be obtained with a range of finite perturbation fre-
guenciea, Thls enables the results to be extenced to practical plants
with lags of linmited severity, when it iz shown that the firat two con-
trollers give a better performance than the controller with the sample
and nold unit, although the latter has the advantage of being easier
to design and requiring less knowledge of the plant.

151



The reliability end svailability of eome electraonic and
electro-pechanical eguipnent ie discussed. It was used in an experizent
on sutometic control of power eyetems in which 31 “muchine contrrllers"
Bserved to ocontrol turbogsaerators over a period of 1€ moaths. These °
centrollers were designed tompet & quantitative reliability target.
ime predicted mean timee between failures &t the stagee of feasibility
studies (23,000 hours, and of ibe finalised decign (5,900 hours) are
sozpured vith the vaiuve achieved (5,740 hours). The data on coaponents
voed Jox lhe predictions of reliability are given.

Trne everlsbility of the cquipment Vased on its reliability
2% reutiescoee S is caleulsted and its relevance in calculsting the
Lfites eilentiveness of the equijpwent is discussed,

e effects of redundancy present within the equipment are
analreed sathenatically, It 16 shown ¢hat simple nodifications of
pircuite switching the redundant components cculd haive the unavailability

of the machine controllers. The methods of analysis are Lased on extensicas

of rinnderd techniques and are valid generslly.
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D.A. Lloyd. Aode mock

A COMPARISON OF SOME METHODS OF MULTIPLEX OPERATICN

When 8 very high reliability is required in the operation of a control system,
(for example, in an suto-pilot used for eutometic lending), some form of
multiplex operation is often used.

The problems of multiplex operstion can be divided into two main areas: the
selection of & suitable output signal, and the selection of suitable criteria

for eliminating feulty units or sub-channels.

The choice of the final system output from a combination of sub-channels

(for exemple, mesn, medien, or the sub-~channel with the next to largest-or
smallest = output) should be made go as to minimize the disturbance to the
output due to discrepancies which can exist without causing a sub~channel

cut=-out.

in order to avoid the possibility of dangerously large disturbances to the
output, (to the elrcraft in the case of automatic landing), it is necessary
to disconnect a sub-channel of & multiplex syetem if a fault occurs in it.
This can be done sutometically by comparing nominally identical signals,
derived from different sub~channels,and taking the appropriste acticn if
they differ by more than & pre-determined amount.

Since these signals will in prectice differ to s certain extent, cdue to
manufacturing toleraences, there is a possibility of nuisance cut-outs
occuring due to this cause. It ie desired to design the system so that the
probability of nuisance cut-outs is low, whilst the probability of cutting
out the correct sub-chénnel when s genuine fault occurs (for example, a

runawey of one signal) is high.

This paper compares some methods of multiplex operation from the points of
view given above.
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SIAB TRACZING AND PRODUCTION LOGGING SYSTEM FOR CONTINUOUS
HOT - ETRIP MILL

0.8, bm. R.V, Lyambach, M,D, Klimovitaky,
V.V. Baumchenko, A.B. Chelustkin

One of the most important tesks in mill controlling by meens
of a computer /UNM/ is preparation of @ watching system of the
glabs and strip checking,

Becasuse from this system all necessary informaet’' as are fed
to the computer for mill controlling, slab heating control etec,

For solution of slab watching tesk, a program for defined ti~
me pericd for the factory department in prepared, :

This program is fed to the computor /UWL/,

When slebs ere passed on feeding roll-way they re identy-
fied, Bosing on prepared elgorithmes, watching of each slab on
its way oan feeding roll-way through heating ovens and separate
parts of the machine up to discharge of producted strips is ar-
renged. Algorithmes are prepsred for each technologicel section
taking into consideration connections between differeat sections,

Ukl solves too, problem of dats gatheringz sbout milled atrip,
what gives possibility of supplying of eech strip roll with a
data card, This card consists of all required informetions con-
cerning quality end quoantity: i.e, alloy nuamber, steel quality,
sleb end strip dimensions, strip gauge classification, width,
tewperature etc,

For plece indentification of slab, strip or roll on the tech-
nolozical line of the mill, photocell pick-offs and sctive cur-
rent relay of rolling motors are adspted, as well as siznals
from different mechsnisms scheues.

Data about rolled strip are fed to U4l through technologicsl
detecting elements placed on the machinery.

Instead of UWl in this system model L-2000 ASWT, was used,
Lodel which beside solving of the problea of slab watching and
production checking, will be further used for controlling of
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different mill mechinery.

To increase surety of the system, it was decided to intro-
duce reservation of feeding end functional arrengezents of the
system,

Reservetion of feeding errsngements wes achived by plecing
st egpch control point two or three detecting elements,

Heservation of functicnal errengements was achieved by in-
troducing of @ specisl computor, which will work parallel with
M ~ 2000 but for watching and checking only.

Cord of ia and out-going dete together with intermediste in--
ternsl process data, was prepered.

Enclosed is disgrsm of the part with UWk of the system.
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COMPUTER CONTROL OF THE COILING TEMPERATURE IN HOT STRIP MILL
- CONTROL SYSTEM OF DISTRIBUTED PROCESSES BY DYNAMIC SINULATOR -

fkingo Nara and Hidehiro Kitanosone
Hitachi Ltd., Tokyo, Japan

Tsuneo Isahaya
Sumitomo Metal Industries, Ltd., Osaks, Japen

The computer control systes deseribed here has s remarkable feature in
that {t uses a dynamic simulator operating in real time to realize accurate
control of distributed parameter systems vith poor measurement information.

Though some examples of control by digital computer for the same
purpose have already been reported, it seems that there is no system more
adaptive to quick and large disturbances than the present system.

Applying this system to 6—tandem hot strip will coiling temperature
control in Wakaysma Steel Plant of Susitomo Meta' Industiries has resulted
ia a cortrol accuracy uader 20°¢C in 95% over the total length of strips.
Skilled manual contrel in the past showed 10, 20° accuracy and that under
those running schedules the mill operation was not so difficult to conmirel
aa now,

As a recent tendency, it may be pointed out that the computer ceatrol
generally relies on improvesent in the computing speed and processible
quantity of inmformation, and the thaory of control is inclined teo fine
discussions ef unreal objocts.

For the realization of effective contrel, however, efforts to matech
tbe control system to the character of the process to be controlled sheuld
be emphasised.

This paper shows the effort made in the cooling control of strips
vhikh involves many kinds of problem, and is expected to make contribution
48 & bridge between the comtrol theory and the computer hardware.

Prom & viev peint of analog or hybrid techaique spplication, the new
systst is not m mere low cost versiom of digital computer contrel, but it
say bé said to mean reconstruction of system alming at better performance
by the best use of features of the analeg technigue.
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AN ANALYSIS INTO THE DYNAMIC BEHAVIOUR OF TANDEM COLD
MILLS BY A DIGITAL COMPUTER AND ITS APPLICATION (Austract)

by T. Arimura, M. Kamata, M. Saito .,
Nippon Kokan K. K., Kawasaki, Japan

The recent progress in the automation of tandem cold mills neces-
sitates the study into the dynamic behaviour of the mills. 7o analyse the
complicatied dynamic system of a five stand tandem mill a simulation
program was developed by a digital computer. By using this the varia-
tions of the gauges and tensions due 1o the disturbances in the screw sett-
ings and the peripheral speed of the rolls, also by hot band gauge were
fully investigated. It was clarified through the analyses that the changes
in the screw setting of the first ltnn-d. in the peripheral spced of the roll
at the first and the final stand, and in the hot band gauge influence the
finished gauge. The other factors affect the finished gauge to very small
'Fxtcnt. The results were visualized by a digital plotter, and the delicate
variations of the rolling condition at each stand through the interference
by inter-stand tensions were schematically shown.

The programme was applied to the analysis and the improvement of
an Automatic Gauge Control system with the results of the leveling-up in
the accuracy of the finished gauge. Furthermore, a new system by com-
puter control was proposed to maintain more consistent finished gauge
than by the conventional feed-back control system.

In order to increase the productivity of tandem cold mills, the de-
velopment of the Gauge Alteration in Rolling system was investigated. It
was verified by simulation and a2lso by experiments that this system re-
qui| s cemputer progranumed feed forward control instead of the built-in
feed back syetem. This control system has other fields of application in
the sutemation of the mill and the reduction of off-gauges. The dynamic
computer control is the problem which should be solved to justify the
future investment in the computer control of tandem. cold mills in which
on-line computers play the part beyond the judgement and the manipulation

of hunian operators.
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THE CPTIMIZATION CF CUTTING PROCESS IN CASE OF UNCOMPLETE
INFORMATICK ABOUT PROCESS

Jerzy Bromirski - Politechnika Wroclawska, WUroclaw
Jan Potrz - PrzemysZowy Instytut Automatyki i Pomiardw,Wroclaw
Polska - Poland

The paper presented some optimization method of cutting pro-
cess with uncomplete information about it. The cut band lenght
is varisble. After division the last segment lenght must belong
to a determined range or be minimal. Described cutting process
take a place in rolling mills.

The way the optimization problem 1s discussed in the paper
is quite different from the methods spplicated till this mo-
ment.

It 15 assumed that the band lenght is not known exactly
and yielded infeormation about it is the summ of real band
lenght and some random disturbancs.

They are concidered two ceses : 1) when probability distri-
bution of random variable representing disturbance i{s known ,
2) when this distributiob is assumed a priori.

The special-purpose digital structures for cptimal control
of cutting process are proposed.
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ON A METHOD OF CCRRELATION ANALYSIS rOUR MULTIVARIATE 3YSTaMS

Nobuo Hayashi
Narashino Works, Hitachi Ltd,
Tokyo Jajan.

In this paper, techniques of the correlaticn analysis fer a
maltivariate system whan the input rancom vector consists of
mutually correlated componentis or subvectors are discussed.

A maltidimensionnl linear algebraic equation havin: a matrix
ol' comparably hi_ h order can be derived.

In the csse of multivariate system, correlation techniques
may. be used a3 in the eass af untvariate systems, 2t ther: are
F:w rapers treating the case generally whon the input veetor
of the multivariate system has mutually correlated components
or subvectors.,

Hore the author generalizes ccorrelation techniques for uni-
variate systems to the case of a multivariate system, and shows
that the equation to estimate impulse responses of the system
should be gquite analozous to the mormal equation of the ragree
szlon analysls. rfrom this result, tha author jroposes a methad
to estimate the aceuracy ol ealculated impulse response fune-
ticns by apjlyiny coma techniques of multivariate statistical
analysis, In particular, the author yéint: out that technigques
of simultsnoous confidence interval estimations en rezression
coelTiclents are usaful for the estimation of impulse response
functions, He also suggests the applicability of yartialvcor-

relation techniques to identification preoblems.,




74 METHCD OF TRANSFER FUNCTION DETERMINATION
OF POWER 5YBTEMS

M, Koezelnik, J. Malkiewicz, 8. Trybuia

sumary

This article is treating about the statistical method of
determination of emplituda-phase characteristics and the trans-
fer function between the active power and frequency of the in-
terconnected power systems., The demand of active power, the
exchange power and frequency are treated as stochastic proce-
gsee, This method enables to determine the tramnsfer function
of every syetem provided that the autocorrelation funotions
of the exchange power and frequency as well as the ocorrelation
petween this prooesses are known. It's presumed that the dema-
nd of power processes of this systems are stochastically inde-
pendent.

After determination of the transfer function 1t is possitle
to assign the correlation function of power demand too, which
can't be destermineted directly by measuring because the rower
systen posseésses nc such, a point at which the measuremeat of
substitute demand of power would be possible,

The aocuracy of the gained results depends very much on choo
eing a proper method for evaluation of statistical characteris
tice of the considered processes. The analysis for evaluation
of different aspects of this characteristiocs has been evoided
on the account of limitation of this article and will be pu-
blished in other publication.

The described method concerns not only power systems, but
in a common way assemblies of linear regulation systems teco,
interconnected at the input. The processes at the output and
the flows on connections between this systems are known bdut
the processes at the inmput are unknown and it’s presumed that
they are stochastically independent.
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STOCHASTIC ERRCR THEORY

by

Frof. Dr - Ing habil F,H, Langes and Dipl., - Ing, M.Zecha
Rostock University
GDR

In the investigation of the characteristics of
gtochastic processes in the communications, measuring and
control engineering it is indispensable to state the basic
statistic error that is inherent in the result.

The first part of the paper deals with the thoory of
errors of the classic integration correlator with calcu~
lations being made in the spectral and time domains, The
considerations can be transferred without difficulties on
the spectral analyser.

The second part gives a review of the fields of application
and ‘some new works in this domain, There follows an
evaluation of the present situation in measuring stochastic
with particuler regard for the correlation measuring
engineering.
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duchta, Het TU Dreeden, Institut fiir “egelungstechnik, DDR

METHOD OF ESTIMATING OF RANDOM ERRORS IN THE DETERMINATION OF
CORRELATION FUNCTIONS OF RANDOM INFRA-LOW-FREQUENCY SIGNALS
IN OONTROL SYSTEMS

Com-reheneive cslculations are necessary for eveluating the system-
gtic »nd accidental errors with the determination of correlatica
functions. If discrete measuring wethods by wmeans of the Btielijes
or digital correlators, eepecislly relay or polarity correlaters,
are applied, crecise results can be achieved only at a particularly
great expenditure because of the nonlinearitises oocurring and the
various influencing factors. Moreover, the correlation funotions and
other properties of the random processes involved have to ba known
for an estimation of the errors. Thus, here are only consifered the
soccidental errors occurring with the determination of asuto-correla-
tion functions R (‘r) of random, stetionary, argodio, and centered
processes X °(y; whleh cen be approximasted by Gaussian processes, and
the power density spectrum 8 (w) of which exists up $o sa sngular
frequency of = 0, and a method for estimating them is proposed.

This method permites us to give easily applicable spproximate rels~
tions for deterumining the acoidental errors for correlators working
continucusly or discomtinuously analogously and discretely for the
time delays 7= 0 and ¥—po®, or T> ¥y, nw‘oounl:.

In order to characterize the spectral properties of the signals So
be snalyzed x(t), the relations contaln the effective noiss band-
width @, which is approximately determined for cewtain classes

of spectra from the zero crossings H of x(t) through the axis x = L.
when m, denotes the mean value. Based on thim, szlso the obau-niun
time T required and the sampling interval A% %o be fixed for the
individuel correlator Sypes become npproxi,uteb determinable
directly from experimentally obtained records of infra-low-frequency
signals originating, €. g., from industrisl controlled aystems,
wnile the total course of the correlation funstions or power dcutﬁ
spectra of these eignals is not included in calculations.
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ON THE CONTROLLABILITY OF NONLINEAR SYSTEMS

B. Tokumaru
N. Adachi

Some discussions for the controllability in nonlinear cont-
rol systens are presented. The control systems treated are
described by ordinary differential equations, Scveral concepts
concerning the controllability are introduced. If every initial
state of the system can be transferred to the origin in a finite
time the system is said "controllable". If the time required
are infinite, then the system is '"quasi-contrcllable", If the
system has the controllahility property in the neighborhood of
the stationary state of the system, then the system is "locally
controllable”. Ry the definitions, if the system is quasi-
controlilable and .ocally contrdllable, then, is controllable,
Our discussionsarc restricted to the systems to which controls
eperate iiwearly. We call such systems the control systems with
controls appearing linearly.

Under suitable conditions the quasi-controllability of the
giver system of such type can be reduced to that of a certain
lower dinensional control system. lence, the controllability
analysis can be very simplified.

lsing this result, the controllabiiity of some special
types of nonlinear systems are considered in detail. And suffi-
cient conditions for guasi-controllability are obtained. At
last section, some r~xanries are presented. For these examples,
sufficient conditions for the controllability are obtained,
connecting the conditions for the quasi-controllability and the
local cortrolliability.
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ANALYSIS OF RELAY SAMPLED-DATA SYSTEMS WITH A NCNLINEAR PLANT

HeLe Burmeister, DRESDEN / GDR

An exact method of analysing a class of relay sampled-data
gystens with additional nonlinearities, occurring e.g. in the
field of extremum control of plants with parabolic characte-
ristics, is suggested. It is simpler and applicable uander mo=-
re general conditions than the existing methods and proves to
be precticable for numerical computation.

The method applies to plants that can be represented as
Lrlms—chaina. coneisting of stable linear elementl.I.r and L‘
of any order and a parabolic static nonlinearity N. The pulse
shape 18 arbitrary; rectengulsr pulges and pure delay are in-
cluded as special cases.

The sampled state variables (normal coordinates) satisfy a
system of nonlinear difference equations, which i1s linearized.
by a sultable nonlinear transformation of the state variables,
Transieat responses may then be computed by merely performing
matrix multiplications and evaluating the switching condition,
which in general is nonlinear. Steady-state osciliations are
determined exactly, the switching condltion playing the role of
a condition of existence. The mean value taken over a pericd,
e.g. the hunting loss in extremum control cystens, is evalua=-
ted without computing the oscillation itself,

The method wae applied to several types of extremum control
systeas, in particular to second- and third-order systems, The
results relate to steady-stato oscillations and their existen-
ce regions as well as to the boundedness or divergence of tran-
sients,
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SUBHARMONIC OSCILLATIONS IN COUPLED RELAY CONTROL SYSTEMS

§. T. Nugent
Division of Engineering Physics, Dalhousie University
Halifax, Canada

R. J. Kavanagh
Department of Electrical Engineering, University of New Brunswick
Fredericton, Canada

yar

The paper develope a method for predicting the existence and rela-
tive phases of subharmonic oscillations in a two-variable relay control sys~
tem. The system consists of a two-input two-output cross-coupled linear
system whose inputs are driven by relays. The relays are activated by the
system error signals.

The method is essentially a generalization of Teypkin's method and
makes use of results obtained previously by the authors, for the prediction
of forced oscillations at fundamental frequency, for a similar class of
systems.

Certain restrictions are imposed upon the problem as follows. The
twd input variasblee, which need not be sinusoidal, are periodic with identical
frequencies and zero mean but may differ ir phase and magnitude. The relays
are assumed to be symmetric, to possess hysteresis but no dead band and
they need not be identical. They are assumed to svitch twice per subharmonic
period, but not in synchronism. Because of these restrictions, only odd
order subharmonics can occur. The method is applicable to any odd order sub-
harmonic, but both parts of the system are aszumed to have the same freguency
of oscillation. The linear part of the system is restricted only in that the
elements of its transfer matrix wust contain at leset two more poles than
zeros.

The method is mainly graphical but lends itself to implementation
on a digital computer. While in theory, systems with any number of variables
could be analysed by this method, the technique becomes tedious for more
than two variables.

The paper includes an example whicl has been studied using this
method and for which the predicted conditions for a third order subharmonic
oscillation have been verified, with good accuracy, by amalogue simulation.
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FUNDAMENTALS OF NONLINEAR CONTROL SYSTEMS WITH THE PULSE -
FREQUENCY-WIDTH MODULATION

V.M. Kuntsevich, Yu.N. Chekhovoy

iscussed are nonlinear impulse automatic contrcl networks
coneisting of uninter#pted linear part /ULP/ and nonlinesr
impulse modulator of the 1-st kind /IM/.

I¥ modulates train of right angle control impulses to the
mark, frequency and time space in dependence to linear com=-
bination of sampled meanings of network coordinates.

For defined networks we are using natural meaning of phase

gpace £® with coordinates Xn, l;.........x;m'TI and phass

gpace difference with coordinates in, xn,,......xn§n_1.

In both phase spaces wa are finding different moovement mymamw
equations and there ig a conection between them.

We are defining sampled analogue of J.Le-Sall theory, which

is 8 form of generalizing of A.M.Lapunow theory about asymp=-
totlc stabllity. Basing on La=-Sall theory it is shown, that
Lepunow function - quadratic form = gusranties obtasinence of
discussed network stability, if it is in sccordance with
P.W,Bromberg theory /i.e. if is defines stability of ULP/,

and satisfactory conditions in ald equal network condlticns, irc
obtained, This condition have got an apperance af an analitical
inequality, which depends on one limited parameter.

Sampled analogue uf T.Yoshizawa theory about limitation of non~
linear impulse systems is defined, Basing on this theory, metho-
dology of asymptotic pluralify stability limits definition within
mk which sll phase trajectoriss of the system are ended, is

proposed,
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Propoeed is preciesd methodology of limited cycles fip=-
ding =nd their esgability inv€etigation.

Parameter defining method cof etationary systems regime
which follows linesr time function im given,

For found out eimple Lapunow method basis, stetionary,

regime, stability conditiones in whole are obtained,
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ANALYE1S OF NONLINEAR A.C. CONTROL SYSTEMS
W. Fieguth and D. P. Atherton

Department of Electrical Engineering
University of New Brunswick
Fredericton, N. E., Canads

This paver presents a method for the analysis of a.c. carrier
systens having ncnlinearity in the a.c. link. Conditions are deriwved
under which linear transfer functions in the a.c. link may be transformed

o

and shifted to points in the low frequency portion of the system. The
remaining medulation-nonlinearity-demodulation process is shown to be
equivalent to¢ & modified nonlinearity. Properties of symmetry and single-
valuednese of tuis nonlinearity are derived and their effect on system
behaviour iz illustrated by means of sxamples. ¢

A number of special modes of operation of a nonlinear a.c. feedback
syctem, which are not predicted by a simple describing function analysis,
are discussed and illustrated by means of tests on a small a.c. position
contrcl servemechanism.
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UN OPTIMAL RESOURSE ALLUCATION
by A.J. Lerner and A.l1,.Teiman

This paper presents the basic principles for the for=
mulation of the resourse allocation problem., Solution of
the problem yields the best possibie value of the objec~
tive function which 1s & measure or both the result and
the technique used to achieve it.

The controllied plant 138 a set of related activities
described by & network or matrix model.

Uf specisl importance Ior practical appiications
are tne cases wnen the Tunctional P aerining the objecta

ve or the project incorporates the project elapsed time

= 7T , available resources A probability of meeting /~
scheduled date 7 , qualitative paremeters of the project
reoults. Depending on the parameters included in the objecti-
ve function various types of problems arise.

Types 7 X and 7 P problems are investigated in the pa-
per. A nmumber of deterministic optimal rescurse allocation
problems are presented and methods of their solution are
suggested. Examples are given.

‘A project control problea under wncertiasnty is stated.
A project realization model is developed and studied.Some spe-
c¢ific problems associated with the gemeral problem are consi-
dered,

A short review of the results obtained in this field
is given snd possible spproaches to further research are
discussed.
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CN STOCK CONTROL THEORY

AsAs Voroaov, S.B. Lovetski  (MOSCOW)
Vohe Avdiyski

Function of & large systems can be studied as a complex of
torget - guided operations. One of the most importeunt points
of controlled actions when whole complex of operations is con-
trelled, ie divission of stocke between operations, But stocks
in given system are not unlimited and their entering from out-
gide can not be at any time and any quantity. In connection
with this stock control is = very important cozponent in con-
trolling of limited reccurces, i.e., not used resources at the
moment, but stored for faultless operetion in future, In the
process of operation control, two main stages can be detached;
establishing of optimum action program and realisation of this
program, including corrections caused by deviations during ac-
tion.

In this paper the first stage of given stock control is dis-
cussed, 1.e, construction of optimum plan of stock controlling
for given article complex, which are coming in from factory in-
terval stores and from outside at fully defined or random, in
quantity, order.
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RESOURCE ALLOCATION IN MULTI-PROJECT
BASED ON AGGREGATION OF THE PROJECT NETWORES

0.G. Tchebotarev

Central Economic Mathematical Institute, Moscocw
USSR

4 solution method for a problem of limited resource sllo=-
cation among several activities in a multi-project is conside-
red. Aggregation of complexes of the activities, i.e. replacing
the complex by a one activity enables to present the solution
of such problems by means of the following stages:

1. Aggregation of the each complex, described by a one
network. Thus, each complex can be represented by a one activity,
for which all necessary perameters are determined during the
aggregation process from given perameters of the complex‘es
activities.

2. Solution of the problem of limited resources allocation
between independent activities / complexes / with a given
optimization criterion.

2. Solution of problems of resources allocation accor-
ding to number of the independent activities from activities
of the each complex, when considering the resources limitations
determined at the previous stage.

1Hénce, the problem of limited resources allocation between

a =y, n, activities leads to the solution of 1 problems of
p=1

rescurces allocation between np P= 1,2,...,1 activities,
where n is a nunber of activities in the p-th complex and 1
is 2 number of technologically unconnected complexes in the
considered nulti-project.

4 general approach to aggregation problem of activity
couplexes as well us the aggregation process‘es stages are
described.

Boreover., an ontimun aggregation method 1s considered
for a case when the each activity rate linearly depends upon
the aumdber of resources provided for its execution.
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OPTIMAL FROJECT CONTROL
by V.N. Burkov

(Moscow)

The resources allocation problem with cne type of
resources is cousidered. The project consiasts of ¥, acti-
vities. The activity speed is the power function of the
resource valus,

The problem is to find resources sllocation so that to
provide minimal project time under limited rescurce leavel.
The following properties of the optimal solution are pro=
ved.

a) under the optimal eolution the resource value
is conatant for each activitys

b) the resource values form the flow in the project
networks;

¢) some shorteat route between twe points of a re=
gion in the ?-dnonaional space corresponds to the op=
timal solution ( 4, is the network dimemsion).

et 'Q be the scitivity times for the minimal re-
sources level problea under ths given project time T .

Consider minimal cecat problesm under the same project
ti.nT. Asaume that , &

S‘ ‘ﬂ) acd "—rc-_.;:-l ’ o> 1 2’
(4

where S (T;) 4s the cost~time functiom,

W, 1s the ¢ ~th activity volume, It is Tound that

$he optimal solution of the problem is <.  also .
Hew algorithm for the sclution of the resources

sllocation problem is proposed which basicelly is %he

algoritha of the shortest route foundatiom.
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SOME QUESTIONS ON TH¥F TESTING AND CONSTRUCTION PRINCIFLES
CF AN OPTIMUM MULTILEVEL CONTROL STRUCTURE IN SYSTEMS WITH
A SPECIFIC OBJECTIVE FUNCTION

M.K., Babunachyili, E,5., Neumov, D.J, Golenko

Form of controlling sub-systems with some direction func-~
tion, i1s discuesed. For those eystems, determination algoritm
of eampling etep and a formula for juasntity ectimation of pro-
filactic questiones suck as functione from esubsystems parame-
ters, is proposed.

The esystem consisting of sizilsr subsystems is described
with e principle thal discussed subsystems sre ruled by one
controlling syestem of a superior range.

It ie being assumed, that quanhtity of questionas, necessary.
for control, should decreacse with increase of hierarchy range.
Bhown limitation, put on the system determines necessary
condition of optimalizstion of hiererchie structure. It is be-
ing prooved, that obteined condition is sufficient in the lo-

cal meaning, too.
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ELECTROMECHANICAL TRANSDUCERS, COMPARATIVE PROPERTIES,
BASIC CHARACTERISTICS AND FIELDS OF APPLICATION

AP, &Orym

The aew tasks in the field of sutomatic control stsnd new re-
qulrements as far @s pickup and information converters are con—
cerned.

Those new requirements are: decresase in levels and loput ac-
tions frequency, decrease in required rating, getting of output
sigoals directly in from of & given code without utilization of
additlonal converters and others,

Ia this case arises necessity in comperiscn of cheracteristic
fields of electrochemical converters paremeters and converters
which sre based on other principles in judging utilization fiel-
ds,.

In thig paper ere discussed peculierities and superiorities
of electrochemical integrel elementa for bigger integration ti=-
we spaces, characteristic rengee and faulte for different types
of integrals with analoque and ssmpled output, diodec for a ve-
ry swall currents of infralow frequencesj elemenst with negsti-
ve reslstorj elements, analyzing operation p 4in wide range
of a very low fraquences, .

Given ere characteristics of hard phase cansl electrochemi-
cal triodes, which are utilized as anslogue mewcry elements
with uamoovable reading in sdaptive control systems inm control-
led fil%ers, amplifiers and others.

There are descrided electrochemical non rescnesnce detecting
elements of amsll pressure, and pickups of small pressure gra-
dients of infrasmall frequency, which are gocd for the work im
high statical pressure; pickupe of small ax:le snd linesr dis~
placements, speed and accelerations.
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THE SOLID ELECTROLYTE OXYGEN SENSOR
THEORY AND APPLICATIONS

8. J. Lawrence, H. S. Spacil, and D. L. Schroeder

Zirconium dioxide, when heated to above 600°C, becomes
sharply less resistant to electrical flow and specifically
conductive to oxygen ions. A voltage is generated according
to the Nernst equation. The theory of this oxygen sensor
is discussed. Practical applications in research development
and production are described.
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VOLTAGE-CONTROLLED MOS-FET RESISTOR
H, F, Storm
General Electric Research & Development Center
Schenectady, N. Y.
U.S.A,

It {s shown how the normally nonlincar MOS-FET channel resistance
can be lin-arized and thereby uscd for the control of ac or dc circuits
withcut {n.reducing distortion. Being an electrostatic device, the MOS-
FET hae a nigh input resistance (more than 10\3 ohms) and requirez omly
very low crive pover (less than 1 uW). Examples for MOS-FET applications
are: lon -time timers, variable R-C time-constant circuits, voltage con-
trolled s-tenmators, adaptive controls, multipliers, amplifiers and
wodulators,

As & praccical example, a linearized MOS-FET is described as part of
a phase shift circuit for the control of thyristors, etc., ccvering the
range from powver frequencies up to 200 kHz., Measured data of phase-shift
angle vorsus gate control voltage are shown. Oscillograms of the phase
shifter output voltage conclude the report.
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80nID STATE ELECTROSTATIC CONTROL ELEMENTS OPERATING
ON PIEZOELECTRIC FRINCIPLES.

by F L N-NAGY, Dip. Eng., C.Eng., MIEE,
Electrical Engineering Department
University of Salford, England.

A nev generation of electrostatic high impedance control elements is
now becoming aveilable to supplement the current range of electromagnetic,
lov impedance devices, Their very impedance incompatibility with mest
preaent devices is proving beneficial in that they are non-interacting end
thus do not suffer from unvanted electromagnetic disturbances.

The paper describes nev controlled actuatcrs for use in servo=
mechanisms. Lxamples are flexurel, torsicnal bimorph elementa, crystal
motors, e.g. two-phase/one-bridge, two-phase/two-bridge, and four-bridge
rotary version motors, hydraulic and pneumatic valves, etc., all operating
on the electro-static/piezo=electric principle. A flexurel and torsional
bar can be constructed together in one unit to form & vending~torsicnal
birorph whica operates for a composite movement. The basic principle of
operation of the actuators depends on & novel application of the con-
verse piezo-electric effect in a arystal, i.e. it makes use of the
mechanical strein produced in a cyrstal structure by a controlled electro-
static rield.

An application of various piezo-electric erystal control elements will
bte shown in actual control syatems.” The first application of a crystal
actuator ss part of a computer store negnetic head alignment control will
be jllustrated in operation for reducing skew, wov and flutter irregu~
larities btetween a multitrack magnetic head and one inch magnetic tape.
Tre control has effected a reducticn of 20-30 4E of the skew in the fre-
quency renge 0-100Hz. The application of crystal transduzera to control
systems in computer store instrumentetion appears to be particularly
gromising since compensation ror veriations in tape speed, tension ard
alignnent can be made by & servo contrcl of the magnetic head alone. In
this vay a single control can replace a nunber of separate coatrol opera=-
tions.

The "bimorph” actustor in flexural mode will be theoretically
discussed deriving its transfer functions. Developments are in progress
for mul:. -:omposite constructions, that is pultinorph elements, which are
more su.lsble for servo components.




PRECISE HIGH~SFEED ABSOLUTE POSITIOR CONTROL
USING A MULTI-TRACK OPTICAL GRATING

A. Russel

SUXMARY
A method for obtaining abeolute anslogue position inforsation freas
multi~track optical gretings is described. Criteris for interpolation
socuraciss of various mystems sre discussed snd msthods for achievirg
them are suggested. The friotionless transducer 4s suitable for urecise

higb-speed digital positioning machines.
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STAGRATION TEMPERATURE FROEB WITH A SIHVO-OOhTBDLLID
RADIATION SHIELD

HoA.Trucco

Temperature measurement in high temperature gas flows
by fmmersing a shielded thermoccuple probe invelves a system-
matic error mainly caused by the radfation loss of nheat. This
error is characterized by a probe recovery factor iowe= than
unfty.

After a review of the existing techniques for high temp- 3
erature measurement, 2 new probe is described. This probe has
¢ radfation shield, the inside surface of which 1s an electric
hreater fed and controlled by an electronic servo in such a way
tnat the probe transfent response is improved and {ts steady
state radfation error can be minimized.

The system governing equations are discussed and ana-
Tyzed by the analog computations technique to give stability
and response behavior. !

Solutions were obtained f8r 2 typical thermocouple used
in & supersonic air flow at 2000YF average. The proposed probe
exhibits no radiation error after reacning steady state condi-
tions. The proposed system increases the response of the
stzndard shielded thermocouple analysed by 333 times, so that
in 3 milliseconds, the probe reaches 95% of the amplitude of
the siep fnput.
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RATIQNAL ALGORITEM OF CONTROLLING THE THERMAL COMDITION OF
SLAST FURANUE USING COMPUTERS

2.Le Subhanov, V.Ce Mm, B.Ie K.‘I.tldw. 30.6. Jaroschenko
Ju.Ne WW’ V.G, Lisienko

The autonomy in heat operation of upper and lower stages
in a blast furnace called for the necessity of different
evaluation of their heat conditions. ,The index ia‘ is
cffarred as a general variable of the heat condition in the
upper part of the blast furnace and ,the index 1, . 1
proposed for controlling heat conditicns in the lower part
of the furnaca. These variables are calculated only once per
cycle of the furnace charge according to usual information
sbout the technological process,

The btlast furnace should be considered as two connected
but independent objects of controlling wilh their own static
and dynamic characteristics, When analyzing those characte-
ristics the conclusion about real. combination of such
controlling factors is obtained. The general influence of
these factors on the furnace heat conditions has its
necessarry local action.

Both statics and dynamics of transtent processes in
objects cof controlling are considered. Each controlling
effect 1is a certain programme of the necessarry digital
chenges 1o the temperature and humidity of the blast, in the
higher oxygen concentration and in the expense of the
injected fuel., The lower specific expense of the coke can
be sssumed because of economic consideration. All the calcu-
lating operations are performed by the information control-
ling machines. In the article the possibility of stabilize-
“icn and cptimum heat conditions in the modern tlast furnace
which is worked at a combined blast is proved. The bloc-
diagram of the sutomation system which is resulited froz the
ides about the optimum in the blast furpace process under
the independent control and tho lecal stabilization of the
heat conditions in the upper and lower stages in the furnace
is given,
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Anatol GOSIEVSKI, Andrzej WIERLBICKI /FPoland/

DYNAMICAL OPTIMIZATION OF STEEL~-MAKING PROCESS

IN ELECTRIC ARC FURNACE

Roeport presents an ldea, technical design and preliminary
experimental resuits of the dynamicaly optimal conirol of the
steel-making process in electric arc furnace. As a performance
measures of the process the unit production cost has been
essumed fthe cost of electrie energy and the cost of time
combined/. A eystem cf ordinary differential equetions has
been tmken as the mathematical model of the process,

The theoretical probtlem of process optimization has been
solved by means of the maximum principle, An idea of expending
problem of the combined optimization of the arc fumnacea
complex with regard to the constirainis is also discussed

in the report.

The techuical design of bo;h open = and closed loop
optimal control systems /being under comstruction and implement-
ation/ is presented.

The experimental results of the optimal control of ¢
sre furnace based on prepared algorithms are presented

at the end,
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OPTIMAL OPERATION OF BLAST FURNACE STOVES

H. Kwakernaok, P. Tijssen, R.C.W. Strijbos

The investigation is concerned with the dynamic cptimization
of the staggered parallel aystem of opersting tlast furnace stoves.
Stationary periodic operation is asaumed end cptimality is
defined in terms of thermal efficiency. The cptimization equations
are formulated and a numericel approach is developed. Numerical
results are given and a compariscn is made with two types of foure
stove serial operation. It is found that staggersd parallel
cperation of the stoves is not very critical and that it is
thermally more efficient than serial operation.
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CLCEEL-LOOP TIME OPTTMAL OCITRCL OF A SUSPENDID

LOAD - A DESIGN STUDY

5 s J.N.BEESTCN, B.3s. (Bng.)
Departaent of Electaical Enzineering
Queen Xary Collepe,
Xile End Roud,
London, E.l.
Englend,

The time optimal conirol of & Suspended load has perticulser
practioal importonce in the unlosdirg from ships, by bridse erene, of bulk
carzo suck ag iron ore. The minimum time control stratepy is a rood
approximation to the actual economic requiremente end givas scourate
positionins of the loud, svoiding damage, Acoountn of several open loep
gchemes have been rubliched, but ther do not succeenfully bandle a wide
ranze of initisl conditions, particularly of load swins, This difficulty
iz overcoeme in the present study by usins either a cloued loop or updated
oren loop imrlementation.

The optimal sontrcl as o furction of time ic found by applying
Pontriagin'e Maximum Principle to & einmnle model of the system, with
1inearined dynamics and control input saturation, for a nominal set of
initial conditions, A modlified senoiiivity anulynis hao been Coveloped
to obtuin from thie the solution for an sccurate representetion of the ayntem
dynamics incluliny time varvins repe lenzth ond nonlinear velocity feei-
back on the traverse rotion. The optimal conirel for variocus other initial

conlitions of interest is determined ueinz a conventional Nawton-Raphson

technique.

4 ronlinear slpebraeic equation ie produced for the contrel imput in
tams of the four ctate variables by a nonlimear multivariable regression
analveis ipcorporating a lsarning mechaniem. The same technijue {5 used
to produce an equation for the control variebls switching times in terma of
the initinl stete. [Either equation may be used in s practical system, but
the latter slowe better performance and simpler implexentation,

Reculte for doth anelogue and digital simulations are ziven, showing

improvexzent in perfomance over 2 conventioncl mcheme using linear feesdback
of the sta*e veriables,
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The realization of time-—optimal control meets great diffi-
culties in determining of control sigral, as well as in practi-
oal realization. Application of that type of control is rarely
possilie und profitablo. '

In this rerort there sz the relation about subotpimal
ocontrol of a4 crane which shows a let of advantages in proportion
to the optimal ocontrols This control has been obtained on the
basls of analysis of optimal controle With small loss on fast-
res of azting the control signal has been greatly simplified.

The descrebed propesition of controlling has been gonfir-
med hy the results of testing obtained by means of corntrol with

a model cranes



COMPLEX AUTOMATION OF THE DEPARTM:NT ELAST FURANCE - SINTERING
PLANT - Ri¥ MATERTALS DEPOSITS, OR THE INTEGRATED IRON WORKS
GALATI, BY MEANS OF COMFUTER CONTROL

Go Soripcaru, C. Palus, O, Stoicovici, M. Popescu

COLFLEX AULULATION OF IUE DEPARTMENT ULAST FULNACE =
SINLERING DPLANT = HAW LATEKIALS DEFUSITS, OF THE
INIp LATED LLON WORKS GALATI, DY WEANS OF COLPUIER
CCNLkCL

A procese computer nhus been instulled at the Blast
furneces wspartuent of the lrnie, ruted lron Works Galati with
Lthe six of achieving the cuwplex automation of the ensemble
£lnet Furnace = Sintering Plant - Haw Luterials Daposita,

For the Llast furnuce, the cuwpuler sccouplishes data
loi ing, the charging report, the correcticn of the quuntities
' fuw wuberials in the churge and the optimizution of the
therual piecess, uelng & authewutical wodel,

., For the cintering Flunt, the cuwputer accomplishes data
leg ing und the optiwizetion of the sintering ctrund,

For tihe iuw luterisls Deposits the computer drawe up
Lhe Lo, 0rt for the transport opurativns and the report for the
Bloces of rew materisls, sccording to the sorts und depositing
pointe,

ihe actuel instuelluticns is uriefly deccrived and a
Lle.ury'ol the operating datu is given as well us a surmary
ol the comzputer prograszs used,
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Q'=LINE CONTEOL OF VOLTAGE AND REACTIVE
POWER FLOW IN ELECTRIC POWER SYSTEMS

Jun-ichi Baba, Shigeo Hayashi, Kaoru Ishida
Mitsubishi Electric Corporation, Amagasaki, Japan

As electric power becomes satisfactory in its quantity, the
quality of electricity has been mquired. -"The quality of electricity”
means chiefly frequency and voltage.

A lot of methods and apparatuses have been developed for automatic
frequency control, Automating system voltage control / var dispateh,
however, have hardly been considered,

Up to now voltage and reactive control have boen done by using
automatic voltage regulators of generators and synchronous condensers,
tap changers under load, shunt capacitors and reactors being located at
various points and operated manually or with conventional automatic
apparatuses, Therefore it was quite difficult to get a co=operative control
of t hese devices in electric power systems,

This paper deals with the apparatus (AQC) and control systeam to
solve such difficulty and results of some field testi

187



en Works Tent und T
3 Ten C tor Raa

[ d Inn ntion Uyutel

i i) Ltn

by J. H. Ouborn M, F., lelahunty P, R, Maddock & C. Ayers,

SYNOPSIS

The puper describes the remoons for applying i computer buved
control and instrumentation nyitem to esch 500 MW boiler/turbine
pererater unit in o 2000 Mé oil fired utntion, %

The puper first appraicen the fucilities offered by such a syutem
und then t.‘i-:cuu:sod the decim nnd programming me’:hodu odopted i‘or the
integrntion of the centrul system with the mnin ;lnnt, In particulup
the paper describos the nolution: ndopted for the sycstem interfnce and
detuils the methodn of the trunsfer of information between the Project
leatin owaff, the main plant contrinetorn nnd the central syctem auppliors
und thelir progrummeri,

The paper continuen with a deccription of the Works Teuting of
individunl moedules and uub pysterms nnd then dencriter in detnil the
:ethod' of Worzn Iyntem tent, Particulur reference is mude to the pro=
ceduren for Program Teuting incluling the simulution of the plant during
thin dmpor‘ant teut phune,

Fellowing the iniltinl site inutullation of the syutem the methodas
of commi.cdoning the maln plant using the control ny-tem snd its propram

nre dencribed,

The juper concluuas with a sumzary of the leasons learmed on the
project and which are Leing applied to the next project which is in an

ndvincad ntate of douim und munufuoture,
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AN APPLICATION PROGRAM FOR
THE PROGRAMMED CONTROL AND INSTRUMENTATION SYSTEM
OF A NUCLEAR REACTOR

Dr. J. R. Kesorok

Battelle Memorial Institute
Pacific Rorthwest Laboratory
Richland, Washington USA

A digital computer has been interfaced with a nuclear reactor instru=-
mentation and control system. The test reactor's electric heating system,
rated at 384 KW, can heat it to 1000%. 1Its graphite moderator is blanketed
with presurized nitrogen to inhibit oxidation. The digital computer directly
controls the nitroger and hea:iég systems, and provides operational aids for
the reactor personnel.

Control techniques for four closed loops in the heating system were
programmed on the computer. The basic, digital, simulation of a proportional-
plus-integral controller was modified to provide several notable features:

(1) aids in controller adjustment, (2) transducer signal conditioning, and

(3) compensation for process monlinearities. Other features of the control
system reduce coperator errors during start-up and operation of the nitrogen
and heat systems. A significant feature of the design of the control programs
was the extensive use of hybrid simulations.
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AUTOMATIC CONTROL OF AN INDUSTRIAL PLANT - USING
BY DIGITAL COMPUTERS '

JoCo JACQUIN = C, LEROY Re LEVEQUE G, TIIOMAS J.C. BEDIOU
SOCIA C.Eude C.I.I1. EdF

Tho paper describes the application of the complete automition |

of a nuclear power plant (EL.4 = .onts d'irrde plunt) handling ot the
sane time logical and contrecl actions.

Tho structure of this automatisz io described end the reasons
of the function distribution between computer automatisz and wired
sutonatism are explained. Furthormore is particularly described the
structure of computer automatism which has ceveral originul features.
The logical struoture of the automatiom is doscrided wiich makes it
necossary to give the procise definition of the stutes for cuch of
the cocponents bofore explaining the exact utructure of the virious
prograns carried out by the computer.

These programs huve in coawn a great nusbor of feature
(modularity, repeatability, easy coding ond modifications, brevity,
language) which made thedr applicction ecsy. Thia has lod to operute
the ionts d'Arrde power plant cince ito initial starteup with the
possibilitics given by the automatiom j tho application of this structure
for conventionul plants is of course pocsibles
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by . lloran mnd J. Ne Prowett

{Cenirzl Eloetricity ioacarch Laboratorics)

cuntrol of the penoration of cleotrie power dn an eroa derands a
cassldczable amount of on=line computatlon involving e forward prodiction of
derand uwhe the scheduling o:' load emons gonoraters in the most &co.'.a:.ic w3y

I LT
CllimanTuliv Waill

madntalining ceourity of the supply agninst loss of a trcxmenission
ilac wnt gatiefying tho domend in tho event of outage of ¢ goneratos. A ceries

.rincats has been carrded out in a limited erea'of tho C.E.G.E. systun,

g used on-line to predict tito domend and schedule

r STl EOT
- whalh o conpuLar

d

ook cmong 51 generatons. (The genoration from each et wis insiruciod diroctly
of g gounpguter through a machine coniroller. .

erimentsl systen 19 deacribed and tho resulis discusged, Tna

nee of tho sutonatie syasten wes shown to be superioer to that of con-

zol in that oy

ual co

it proved impousidvle

closely controlled elthou

an dpeovenent An cogrozy due to difficulties of measurement associ

a_&a_ A el 9 n 4 e v Aayetas - 4
=0~dny variavions in demund ard systen configuration,

20 Lo ctable

~oen oporated es an isolated wrea, the syst

wil 1o Le cipaple of muoh eloser control of froquu:-.c;/. Fracticel diffiegsltics

ced in delining the operating conatraints wzhigh the load schedule

wais% sovdaly and dn u:.c‘.u.ti::g these in tho computer. Th

by the Contzol Eagineer trrough

M



Analyeis of Dynamic Stability of a Power System
under Deterministic Load Changes

J. Preminger and G. L. Park

The dynamic response of a ten-generator electric power system
is eimulated on a digital computer using the COBLOC hybrid computer
simulation language. Block or transfer-function modele are derived
for each turbogenerator, and the effects of synchronizing torque between
generators is calculated from load-flow data. The dynamic response
studied is that due to small load changes which do not result in
configuration changes in the electrical transmiesion network and whirh
do not cause transient instability. A measuring instrument to verify
‘the simulation resulis is described and extensions to include slip damping
and pumped-storage installations are discussed.
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ADAPTIVE CORTROL OF INTERCONNECTED POWER SYSTEMS

M. Cuénod, A. Durling
Société Générale pour 1'Industrie Department of Electrical
Geneva, Switzerland Engineering

University of Florida
Gainesville, Florida USA

. Valisalo

Department of Industrial &
Systemo Engineering
University of Florida
Gainesville, Florida USA

The principle of the control of the interchanged power of in-
terconnected power systems is well known as the "tie-line

control”.

Por the sake of security of the power system, it seems appro-
priate to take the temperature of the conductor of the tie-
lines &s criterion for the optimal adjustment of the interchan-
ged power control.

In view of reducing to a mirimum the control work of the regu-
lating plants, fluctuations ir the interchanged power can be
accepted as long as the variations in the tie-line temperature
which are limited by conductor thermal inertia, do not excee:
a safe limit.

When the meanvalue of the interchanged power is emall, it s
possible tc accept big fluctuations of this temperature ; the
recponse of the control system can be smoothed. When the mean-
value of the interchanged power is relatively high, or in case
of emergency after a perturbaticn, a quick response of the
control system is required, to prevent an overload ané an over-
temperature of the tie-line.
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Using the dynamic atatistical analysis, this report determines
the rules of an adaptive control of Intercconnected power oyo-
tema, it means how to adapt the dynamic characteristics of the
controller, according to the load of the line and in cace of
emergency ; different methods to determine the caoe of emer-
gency are discussed.

The efficiency of such an adaptive control i1 demonstrated
with a model using the hybrid simulation.
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AN EXTENSION OF THE HARMONIC LINEARIZATION TECHNIQUE

E.P, Popov, E.I. Khlypalo

There 1s a couparatively vast class of nonlinesr
sutomatic systems for which the application of harmoniec
linearization methods gives incorrect results. A new
varisnce of the harmonic linesrization method is decribed.
Using the method, one obtains results, which may be approved
by the experiecnce of nonlincar system design and accurate
computations,

The essence of the variance liea in the fact, that
s form of harmonic linearization of nonlinearity in the pat-
tern of equivalent inertial section, that contains a varying
suplification coefficlent and time constant, is given, When
analysing translent processes, the parts depending upon the
parameters of the unknow transient process are also included
in the equation.

The new fora of harmonic linearization responds bet-
ter tu the phisicel meaning of the problem and glves nmore
accurate results in the mathematical sense.
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THECHFMS OF THE EXISTENCE (F FERIODIC VIBRATIORS
RBASED UPON THE DESCRIBING FUNCTION METHOD

by
Jacek Eudrewlics

Inatytut Automatyki PAN, Warszawa, Poland

A noonlinear feedback system described bty equation
x(t) = § uft -7) a(z) +s(t); u(s) =[AE (4

0
is cocsidered, where h(t] 1is & function with bounded varia-
tion, P 42 the mapping of a set of T-periodic functions into
itself, end z(t) is a T-periodic function. The function
b (t) and operator F characterise the linear time-invariant
part of the system and nonlipear element, respectively, and
z(t) represents the excitation of the systea.

The describing function method is frequsntly used for an
approximate examipation of monlinear vibrations in system (1).
In the paper two theorems op the existepce of a periodic so-
lution of Eq. (1) ip a given neighbourhood of approximate so-
lution obtained by describing function method are formulated.
The first cne deals with ponautonomous systems having a peri-
cdi¢ spolution with the period 7T determined by the 4nput
z(t). The secénd ome deals with sutopomous systems for which
the period of the solution ought to be calculated,

In order to prove these theorems the idea of reducing Eg.
(1) (with the compact mapping) to an equatior iz a two dimen-
#lonal space is used and the topological method of rotation of
the vector field is applied in order o solve the second equa-
tion. Both theorems are ilustrated by exazples. In each of
them the Banach space containipg the solution is chosen for
the given mappicg ¥ . Ope of the eoxamples is referred to the
Syatem having an element with a discontipucus characteristic.
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STEADY STATE ANALYSIS OF NONLINEAR SYSTEMS AND MULTIPLE INPUT
DESCRIBING FUNCTIONS (M,I.D.F.)

Rouald G. Sea Andre G. Vueroux

Assiptant Professor

Dept. of Electrical Engineering Dept. of Electrlcal Enpgincering

Illinois Institute of Technology Illinois Institutc of Technolicpy

Chicapo, Illinoie 60616 Chicago, Illinols 10&16

UuS.A. UuS.A.
The describing function technique is considerod s a spotvirl case of

the more general problem of determining the amplitude of any frequancy
component in the output of a single valued nonlinearity with 2 multiplo fre-
quency input. Ey using a pover series, Fourier traneform, and Fourier
serien, respectively, to represent the nonlinear input-cutput character=
istic, three formulas for the amplitude of any output frequency component
ere derived, The formuls based on the Fourler serlen reprecontation of
the nerdinearity is precented in detall with a discussicn of numerical
technigues for very rapid computation of output emplitudes.

Az en important special case (in automatle control theory) of the
asbove methods, both the exact represcntation and an efficlent mumerical
approximation for the Multiple Input Deseribing Function (M.ILD.F.) are
precented,

These mothods are generalized for cases when the input froguoncies
are harmonically related. It iz shown that the formula for any output
amplitude in this case 1s glven by a Fourler series {with respect to input
phage), the coefficients of which depend only on the input amplitudes, This
serles 1o shown W converge rapldly, allowing efficient mumerical computa-
tion. Agnin the describing functions for problems with harmonlicsally
related input frequencies nre special cases of this method.

As an example, & subharmonie Dual Input Deseribing Funetion (D.I.D.F.)
iz consldared, and its relaticnship to the D.I,D.F. for umncelated input
frequencies 1z established, Typical curves orc givon and the mumericel
methods used for their computation are discussed., The third subharmonie
oscillation of a system is investigated by means of these curves,
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ANATYSIS OF HARMONIC AND ALNCST PERICDIC OSCILLA TIONS
1N PORCED SELF OSCILLATING SYSTEMS

P.K. Rajagopalan *

Yash Pal Singh

Summsry

Thé pasper prescnis a simple method of investigsting the
slzost periodie osoillations in forced self-osoillating mon-
lineer aystems ocontaining one, =ingle velued 0dd nonlinearity.
The metbod gssumes that the input to the nonlinearity osn be
ropresented hy the fundamentel components of the unsynokroni-
Zed free and foroed cseillatione, end makes use of the dusl
input desoribing funetion of the nonlinesr elewent for imco-
mosnsurete frequencies in conjunotion with the universal chart.
Tha propcaed method is partioularly useful for studying the
phencmene of synchronisation and desynchroniZaticn and its spp-
lication has been illustrated ty studying the foroed oscilla-
tions of (1) the Van der Pol osoillator end (11) & third oxder
relsy aystom, over s wide rerge of emplitude snd frequenmcy of
the foroing signal., The proposed method has the sdvantage
that 1t gives e olear picture of meveral of the phemomena in-
veilved, is applicaltle %o system of sny order, and retaine its
simplioisty evea for higher order systems.

The possibility of epplying the incremental frequenoy
resporse technigue for determining the stsbility of the almost
periodio omoillations has aloo deen oxemined, leading to =
origiasl conoept, the ingrementsl dual input descriding funo-
tion (IDIDF). Besed on this, oriterias for the stabilisy of
solations obtained by the universel ohsrt are discussed, The
expressions for the IDIDF for several nonlinear clamentas ere
elso included. .
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COMPUTATION OF INITIAL STATE REGICNS FOR SYSTEM

STABILITY VIA FREQUENCY RESPONSE CRITERIA

Andrew U, Meyer
Newark College cof Engineering
Newark, New Jersey, U,5.A

For a cless of singlo=loop systems consisting of a linear
time=-invariant element and a nonlinear and poasibly timoe=varying
element, algorithms are prezented for the computation of stabilicy
boundaries in state space, These algorithms are prescnted interms
of algebraic relations involving the frequoncy response charscto=
ristic of the lineer element and certain relations involving the
nonlinear element, They are also applicable for the computation
of bounds on initial functions for.systems containing time-lag
and distributed parameters.
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DESIGN AND APPLICATIONS OF MULTILAYER CONTROL

W. Findeisen I. Lefkowitz
Katedra Automatyki I Telemechaniki Case Western Reserve University
warszawa, Poland {leveland, Ohio, U.S.A.

The paper discusses some aspects of the systems design problem in the
implementation of control of complex {idustrial systems. A hierarchial
approach is presented as the basic framework for carrying out the design
process following a sequential and iterative procedure.

Two aspects of the hierarchial structure are developed. In the
multilevel control hierarchy, the complex system is decomposed into a
set of simpler subsystems, each subject to control based on a local model
and a local criterion. Higher level controllers serve to coordinate the
actions of the local controllers so as to best serve the overall system
objeciive. In the multilayer structure, the complex control problem is
decomposed into simpler subproblems each of a form readily solved and
implemented by existing techniques. The subprobiems are integrated through
higher layer control functtoné. again “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 control or decision-making
algorithms. Implicit in the design procedure are considerations of
economic tradeoffs relating incremental costs versus benefits associated
with the control function.

The hierarchial approach is predicated on the use of the computer
for fast-time simulation, information processing and on-line control.

Many of the concepts and guidelines described are illustrated in
the context of a specific system application.
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MULTISTAGE OPTIMIZATION OF A PRODUCTION SYSTEM
USING A DISCRETE VERSION OF PONTRYACIN'S MAXIMUM PRINCIPLE

R. K, Bhattacharyya and E, 3, Bahary
Western Electric Company, Incorporated
« Box 900, Princeton, New Jersey, U. 8. A,

A. N. Bakhru

Celanese Corporation

550 Broad Street

Newark, New Jersey, U. 8. A,

In this paper, a method has been developed, using @ discrete version
of Pontryagin's Maximum Principle, to determine the optimal production
schedule of a production process by considering its dynamic response to
various Mlllonl;' The optimal strategy is s sequence of decisions that
minimizes a cost function over the entire planning horizon, This cost
function encompasses production-inventory cost, snd the costs assoclated
with some system parameters, Since the system parameters are costed,
therefore the optimal solution not m-uly defines the optimal sequence ol
decisions with respect to a particular set of parameters, but suggests
1f it is advisable to incur a certain cost to improve the system para-
meters so as to achieve better performance.

The aigorithm developed in this paper requires much less storage
capacity of a digital computer than a stralghtforward application of
dynamic programming. The algorithm has been programmed for application

in some manufscturing processes in the Western Electric Company.
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THF OCCURRENCE AND EFFECT OF DATA LOSS IN A HIERARCHICAL
PIGITAL (o PUTLR SYSTEM FROVIDING ON-LINE PROCESS CONTROL

H. H. Johnson,
Imperial College,
London,

United Kingdom.

In a fully deterministic system theoretical values of speed
and size may be evaluated for each separate computing element
and results in a Linear Programming problem which will yield,
within limits, the most economically viable configuration.

For a system, which is subject to statistical variation the
upper=bound cost must be off-set by the cumulative effect of data
loss on the efficiency of control provided. Considerations which
may cause perturbations from the steady state working of the
system include the following: rapid change of state or comtrol
variables demanding an increas= in sampling rates with conseguent
effocts on the quantitiy of data handled and its processing time.
Breakdown effects reducing the overall computing power whilst
partially negated by the cessation of adaptive and monitoring
calculations may cause serious delays in the production of control
information. Calculations which are themselves iterative in nature
may converge more slowly than expected and result in bottlenecks
at & particular processor, Finally, any form of time-sharing
with off-line programs, whilst beinyg desirable at the higher levcls
of the computer hierarchy, will restrict response times followirg
demands for data from the lower levels.

Queue Theory provides an adequate basis for a description of
the patterns of data flow and is extended to handle the case
when the balance between traffic intensity and service time ia
disturbed to cause an effective data loss. Thisz structure is
combined with elements from the Theory of Storage, likewise
@xtended to deal with overflow, and moulded into a comprekl:auive
system suitable for the analysis of on-line computer systems.
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CORTROL SYSTEMS AND ALGORITHMS FOR A "STEEL - ROLLING
PRODUCTS"MANUFACTURING COMPLEX OF A STEEL WORKS

A.P. Kopelevich, A.A. Belostotsky, B.d. Vlasjuk,
G.I. Nildtin, V.M. EKhrupikin

Des@ribed are methods and‘result; of inveotigation of a ope=-

rative plannig aystem and control with the use of CWM for

main perts of & complicated mixX steel rolling mills complex.
Discuesed is the task of an operativs planning for a very lar=-

ge fectory with a complicated parallel - following structure

of production, large number of, cowerking machines esnd différent
production processes,

Given are questicna and algorilhm cyntheais made for follewing
control equationat monthly operntive plen for whole ecomplex,
daily planniag of ell elements of parrl}el-following plant
structurar,

Algorithms are chtained with the help of linear programming
npparatus, ncmplicated question of mathematical logic and me-
thematical atatistics menning.

Chown end onalyzed are resulte of test run of algorithmes on

I W ¥ eomputer center of a steel mill, formad are requirements
for ECY7 for eimilar oyatems.

Piacuased is Juestior of operative control of a large open-
rhearth furnece department of the plent, with full eteel pro-
ducticn precess,

Jiven are process charakteristics and ita ccnnections with cf=
ner plant depaptments,

3acwn are some inventigation results of working departments

nd use of 8 statiatical simulstiozm in studying of the object.
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3tructure and control algorithme of the syster is deacribed,
including rail transport control, central dspartment control
sentral alloy feeding control and contrel computer.

Shewn are investigation results of a plant control as for ge~
neral service system, defined mre system charscteristics,
formed are control rules.

Formal plant mcdel as a general service oyotem is given,
Snown ars results of an industrialized - teet sxploitation

on one of the steel mills.
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AN APPROACH TO AUTOMATIC ADAPTIVE BATCH PRODUCTION SYSTEMS

byt G. Bayhurst,
University of Technology,
Loughborough,
Leicestershire,
England.

Thie paper outlines the difficulties involved in determining the optimum
sub-geals for a fully autometioc baich production system. The scheduling
 problem for general optimisation criteria is outlined, previcus methods
iof sclution in specific cases are discussed briefly and a heuristio
method for solution proposed, balancing quality of solution against cost
of computation, Computational experience of an experimental program is
given against algorithmic specific cese solutions.

The method i1s indicated to be useful in other control and optimisation
problems.

The proposed method employs a graph theoreticel approach where the graph
traversed 18 the declslon tree with nodes at each decision point. Values
are allocated to each node according to the optimisation criteria and cost
funetion. The method seeks the best route through the graph.

Should an overall optimum be required, the method will provide an economi-
cal starting point for the 'branch and bounds' algorithm to solution.




THE USE OF COMPUTER TECHNIQUES IN THE MANAGEMENT CONTROL OF A STEELWORKS
B. Be Hickling
The Park Gate Iron and Stesl Company Limited
England

1,0 The decision to use computers at The Park Gate Iron & Steel Co. Ltd.
was made at a time when the Company was planning a major expansion in 1its
production facllities, Comouters were introduced to provide a planning
service for the whole works, and in one cruclal area to provide on=line

control,

2.0 The system is based on three main magnetic tape files which record
the Company's order book, work in progress and stocks of injots and semi-
finlshed steel, These files are updated 20 times each <a; with production
information from the works.

3,0 Much of the information output by the computers is designed to help
managers to have a petter understandina of the activities of the works
and to direct their attention into areas where their efforts should be
concentratod,
dal Minute by Minute Control
Minute by minute control is concentrated in the primary mill. The
computer system is designed to co-ordinate operators and automatic
controls to obtaln maximunm throughput. This is achieved by a computer
controlled dispiay system operated from a production control centre.
Information is given to the mill operators on cathode ray screens on
wilch the computer displays instructions for ingots moving through

the I'xlll.
Diy by day control is alded by the computer=based productlon planning
system, The task of the production planning departmant is to find

ways of grouping customers orders, first into casts by quality, and
later into rolling batches by size.

i l Igna.‘:: Tgm !hnlvnl

The main files are summarised at weekly and monthly intervais to
provide reports for accountants, metallurgists, sales forecasters,
etc.

4.0 Cevelopment of the present systems is limited by tne capacity cf the
computersy, inaccuracies in shop floor data, and delays in obtalning
information from the producticn departments, In order to overcome these
problems, a development scheme 1s planned, which will replace the two
central computers with cne large computer with disc storage, P:.uctlon
7essages wil' be input direct to this computer through 350 telep.’nters
located arcu i the works,
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CONSIDERING SYNTHESIS OF LIFTING EEENTRY VEHICLE CONTROL
BISTEN STRUCTUEEE IN ATMOSPEERIC MANEUVER

Petrov B.:'a'-; Eclpl.km S.P.. Vulily!v 7.1.. Pavlienko A.I.

(MoECOW)

Congideration of the interactiocn of longitudinal and lateral
motione of lifting reentry vehicle (IRV) is necessary for hyper-
eonic flight even at comperatively emall angles of attack and
gideelip, Therefore it is of intereet to investigate the set G
of multivariable IRV contrel eystem providing independence or
insignificant dependence of controlled variables cor groups of
thexm,

In this peper the problem of obtaining all the set G of the
control system Btructuree and selecting the best of them in the
esense of contrel cuelity end simplicity of implementation is
considered,

Ae the basie of structurel representaticn of LRV control
pystems the gzraphe with no loops are chosen to make eignifican=-
tly easy the investigetion of interconnections of IRV controlled
" variebles and to allow cbtaining the set of structures of the
selectively inveriant systems, Approach to analyeis and syntesis
of the whcle control system is also simplified,

A npunber ¢f the theorems for obtaining the set of the selec=

ively invariant control systems is given. The set of the struc-
tural graphe 8 {B ...Bn} the great-trees X {Hl...!lJ and the au~
tonomous groups L LJ_...LJ as the countrol system etructures is
deterninated.

The fermulas for obtaining a number of additionel connections
in the control system providing selective inveriance of separate
control varisbles or groups of them are presented.

Investigation of the eet G {M,L,6} of the hypothetical IRV
control eystem structures allows to select the best structure
in the sense of control quality end einplicity of implementation.
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OPTIMUM IRTERPLANETARY MIDCOURSE
VELOCITY-CORRECTION SCHEDULES

By Thomas B. Murtagh
NASA Manned Spacecraft Center
Houston, Texas (U.5.A.)

Teghniques are presented for predicting optimum midcourse fixed- and
variable-time-of-arrival velocity-correction schedules. Certain limita-
- tions of the theory are pointed ocut, with n..lgguuonl for their removal by
reformulation of the optimum timing equations. The theoretical results are
compared to those of a simulation program vhich utilizes Earth-based radar
and cnboard sextant tracking data processed with a Kalman filter for two
typical interplanetary transfers. It is shown that the agreement between
theory and sizulation improves as the amount of radar data is increased and
that the theoretical optimum timing equations provide an accurate first
estimate for generating interplanetary midcourse velocity-correction sched-
ules.
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OPTIMAL PARAMETRIC CONTROL FOR THE RE~-ENTRY
SPACE VEHICLE

by

V.M. Ponomarev, V.I. Gorodecky
) Leningrad State University, Leningrad USSR

Atmosphering part of a space vehicle re-entry descent is
considered. Disturbances affecting the space vehicle during
atmosphering descent can be considered as a problem of stocha=
stic initial conditions imposed on the vehicle’s phase-coordi-
nates during the re-entry moment.

As the control performance criterion, a dispersion of the
circular deviation from the vehicle’s landing points was
chosen.

The vehicle control was assumed to be realized by varia-
tions of the vehicle attack and side-slip angles, given by
linear combination of the phase-cooridinates deviations from
the programmed onec. The last are determined in relation to
the kpaco vehicle trajectory. ,

A solution algorithm for statistic optimization problem
with utilization of nonlinear programming methods is then
considered. Some approaches enableing for considerable improc=-
vezent of the optimization procesa convergence are also
discussed.

Solution obtained for the given problem points out for
a2 significant effectiveness of the proposed control law
structure,
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STOCFASTIC CFIIVIZATION OF SI.CE SHIP REENTRY CQHTROL
I LILOSFHERE

1.5, Ukolov, B.I. Mitroshin
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In c.nsidering separately the disturted wotion/ syctea /of,
/3/ ea o stochastic problcem ol optinally corlrollin: the final
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ATMOSPHERE RE-ENTRY CONTROL PROBLEM

Okhotsimski D.E., Bukharkina A.P., Golubiev Tu. F.

(Moscow)

The paper deals with the problem of control of a space
vehicle motion during the atmospheric re-entry with a pare-
bolic velocity. It is supposed that the lift of the vehicle
is small and the vehicle moves with the constant angle of
attack. The roll angle of the vehicle is considered as a
control function. The system includes DC.

The navigation problem is solved by using the measure-
ments of three accelerometers installed on the stabilized
platform. It is assumed that the density atmosphere devia-
tion from standard distribution changes smoothly enough
along the flight trajectory. It gives a chance to extrapola=
te the data for small eaough period of time. The algorithm
creates in case of emergency the reserve of controllability
to compensate the predicted disturbances.

The control system produces for the nearest time inter-
val the constant roll-rate which provides the desired down-
range. The modulus of difference between produced and previ-
ous value of roll-rate is restricted. Such kind of rectric-
tions reflects the real possibilities of the control system
izplementation. It is supposed that after an interval of se-
lection of constant roll_rate, roll-angle approacaes to some
gpecially nominated function of time. The nomination of this
function reflects the process of adaptation of control sys-
tem to atmosphere environments.

Some numerical results are presented to illustrate the
effectiveness of the control algorithm and control quantity
in cass of large-scale atmospheric density variations.
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STOCHSTIC PROBLEMS OF MISSILE DYNAMICS

Y.,F, Plotnikov
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STATISTICAL SYNTHESIS OF OPTIMAL FULSE CONTROL SYSTEMS
A.Ya, Andrienko

WITH REGARD FCR SYSTEM’S STRUCTURE CONTRAINTS
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&8s regurds the synthesis of the syotess with
limitotions of the third type it is acsumcd thet in the
control equ.i?m:.t onlybhcg.pgbznic o eralicrs can Le
nede. The synthesis is ,fEYTied -ut xithegux Ly
using ‘experizental retheds of stutistieel lincari-
zation, cifceted by menns of the vith the nuater
of the realication ¢f control proces.cs Leing
liniteds
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OFTIMAL CONTROL SYSTEM FR STATIONARY CIRCUMTERRESTRIAL
SATELLITE ORBIT

AJh. Lebedev, M,N. Krasilschicov, V.V. Malishev

It is coneidered how to solve the technical problem of a
syntoesis of 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 set
direction. It 1e proposed to use, for control, the measure-
ment data obtained from tracking stations on the Earth.

When solving the problem of controlling on the basis of
incomplete data one takes into acccunt random errors in mea-
surcment and rendom errors in the realizatlion of corrective
impulses, both additive and multiplicative.

An enalysis is made of the following questions:
choice of the coantrol law of the cptimum processing of infor-
mation obtained as e result of the measurement; choice of the
contrel law o: optimum correction, which ensures the required
necessary precision with mininmum losses of energy; cholce 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 the SAES.,

To solve the problem the notion of sufficient coordinates
and methods of dynamic programming is used.

In crder to check a number of ergineering admissions made
when the preblem was solved, the synthetized control systenm
is being modelled by the statistical test method.

4 block diagram of the control system end modelling resul-
te 1s made.

217



PRt o

iy M
.t (A PR
bt
ot il ¥t eny
ot et ool 19 ¢

Inget et T -

sibhle, blae t

. L0 SR 1 |
' " i
0
et i

o gt

3N “

sads

B TR A |

st i 1 O 1Y

Moy daresinaen wed Sy Bfled l

P Bearan e biend

Ve shima . a) B vedq sl , o« bigrpiea !
| bhyy Pt
e el | L bt seberte i
wi iz &) tyebestoaa 0l 5o a e Hia
cord e b LN et b as ot thes s lerniag e Ale
P DO B U EAPIT VE R W I eFrbg 2 ad s b Chie bl e
[RFITE MR A UTTTRRC Y N A PP DR ! sda sy b b LTI R A aeny Y X
vl fley, e b be, BEEd A g b gy (usibariinna ke 40 Jomicus
L shizd sYyh i AL X ] sl Lhae i Pt hete Wil L
£k 4 o 2 Geig ik o wily H
iy ! e oh Aot ey g d
L R . ; Gl ot Lgaves i la
e gl e i .
e by e 0 . § PRTT LAY TP O T
fall . e Wit vow g el igaie hiest
UEERES SR ) . Toora vt WA T e lei en 2D ENL
Pasgana et s haddeent hent, LR TL LY £ TR H 02 olye
1 PRLBTY | COnput W10l ate oo ertes .
Sraenntal sl cont s the theurye . with tieve re-
ter sl te dynoate L viaar st St ihaon an
LS B O | f ot a tress o wi s henbenl cvatens with
let ot tu ovaeluate e caracy befoze e
Eao bR

f
;

grammma— -



MOLELT ANG SLMUSSTION O ¥4 D=0

E.

Ingy. U Ohemdoche

paper e

i whpreact

tiad phate;

g uhelneid

Fer Lhe v
ULl wslioaeds 4
s} g B\

o sinuinting

a0 Il utsur,

1o analyned.

I TUSULAK REEKTGHS
Lo Ghiaeny o B Lk, MoaZedte ;
Tectianslogie, V.H, Larmstaat
Uapm.t wdt

qentern (T e

wia owith a now rathertioeal w0 of a UiRgdebiad
y

Jry T macel tanes avediot of a Tlowing ard o

whid B e eane v By hest and igiins tTeantfer,

rogile dedoni b ety LW LA ORAES Lo enon e s

In wnad of a vers trvenrive et and rass transs
reerodel ponivs Lo the kKnown difTuslon-moaeld .

el the twonhicoemater call be slmalatied on th

er Ly the met'izd of modale simulation, The resylus

o Uixede-bad Lubular  reaztor In reoyole-pr oess

Mualily the stability o vhie JE£Tusion-mouns

o




OPTIMIZING CONTRCL OF HYDROGENATION PROCESS
Keisuke {zawa and Hirosh: Okamoro

Department of Control kogimess ng

Tokyo Institute of Technology

Megurce-ku, Tokyo, Japan

This paper deals with the optimizing control of the hydrogenation pro-
cess of acevylene, so thar the mole fraction of the intermediate product or
ethylene 1s kept at maximum, The scheme of the optimizing control system
1s constructed as follows:

The mixture of hydrogen and acetylene 1s fed into a fluidized bed reac-
tor with the constant mixing ratio and the small portuon of the total inlet to
the reactor 18 perturbed in the shape of M=sequence signal with a constant
amphitude. Small portion of the outlet Mow of the reactor 1s fed into a pipe
packed with sn_lh'n gel. Cross t\\r‘;‘t‘[:l!l\‘n function between the cutput sig=
nal fr.om the flow detector arniched 1o the outlet swde of the packed pipe and
the delayed M=sequence signal @ives necessary iformation about the value
of vield of product. The poak height of the eross correlation function ap=
prars as a good estimate of the local slope of the vield curve of the ethyl=
ene versus the inlet flow rate, The feeding rate of the inlet gos 18 so con=
trolled as proportional to this slope by means of automatic equipments.,

Theoretical study concerning stability of the optimizing control system
and experimental study with a pilot equipment of hydrogenation of acetylene

are carrted out, Simplification of oprimizing tactics is also discussed.
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TES DICTET OF A CMITROL ALGORITHM POR THE PROCESS OF
Va4 FRODUCTION

L. Sutek, B, Frankovie

SUMMARY

The paper deals with the suggested system of optimal control
of granulated urea production. The method by which the problem
w2y solved, is introduced. The mathematic model is given and
its direct application in the algorithm of optimal control,
The system considers two purpose functions. Experiments were
carried out on the hybrid computer and the results werw direc-
tly transferred to the control of the production process,

On the basis of attained results in operation it is stated
that the suggested control system meets the given conditions
and its rentability depends in the given case /for the manu-
factured amount of the product/ on the type of processor used.
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The control algorithn of an emxornia synthesis reactor.

Burienec Z., Burianové J., Hrubks M., Sichroveky A.
Techuical University of Chemical Technology, Prague, Czectioslovakia.

The emmonia esynthesis reactor is claseified as s production
spparatus with & very compliceted inner structure. If optimsl pro-
duction conditicne sxculd be maintained during the operstion of
& reactor, it is necessary to use a control computer.

Trne bee’ # for the control algorithm is the mathemetical model
of a pruduction process. Thaoreticel atatic models /both exact
and complex se well ae spproximate and relstively simple/ end
dynenic ones wers worked out. The both modele were verified by
experimente on the plant, the latter by usirg binery pseudorandom
signals.

The results were used os a basis for optiral control obtained
by éynamie programzing.




All ADAPTIVE MAN-COMPUTER CONTROL SYSTEM
FOR A CHEMICAL PLANLT.
R.Tavast L.Mytus

An adaptive c¢ontrol system- with a man as final decisiocn-
nuker and computer as his adviser is considered., Stationary
cehaviour of a chemical plant is described by nonlinear model
conteining a vector of unknown pareseters and based n hypo-
Lheses coucerning the plaat,

To the beginuing of normal work of the system no.linear
wiwultaneous parameter estimates together with covuriance
watrix of residuals estimate are evaluated,Parameter estimatas
are corrected recursively during the normal work.

v =ach econoumical criteria from a finite set a stochastic
o.vimization problem is formulated and solved by reducing
0 8 deterministic problem of nonlinear progresmming,

Tre computer provides man with information about the pian;
tenaviour in the pest,about the present state and recomaenda=-
tions for the future of the plant,

The sysvem 1is put intc operation in formaldehyd plant
8ing Vinsk-22 computer.



DETERMINATION OF THE SPATIAL STARILITY OF THE AXIAL
FLUX SHAPE OF RE-ENTRANT FLOW GAS-COOLED POWER REACTORS
WITH AUTOMATIC POWER CONTROL

By: R.lL. Carstaire
B.E. Bickers
Atomic Power Constructions Limited,
Sutton,

England.

Cenventicnal eutomatic control of steady-state power level in
gas-cocled power reactors operates to maintain constant outlet gas
temperature. The axial neutrcn flux shape is not controlled, and its
spatial estability depends on the balance between neutron leskage and
destabilising factors suckh as poeitive reactivity-temperature coeffi-
ients and xenon 135 burn-out. The spatial stability also depends on
the control arrangements, and is affected both by the amount of auto-
matic control red greup penetration and by the amount of penetration
of coarse control rod groups.

For cores having a single coolant flow direction the effects of
neutron flux ehape mand autometic cr coarse control rod group penetra-
tion are well understoed, For re-entrant flovw systems with coclant
flow in botb directions the interactions between parameters are mcre
compliceted, and the spatial stability margin depende in addition to
the {eatures already mentioned on the re-entrant to forward flow ratio
and the heat transfer between the flow paths.

Transient solutiea of the space-and-tive variant distributed
parameter system has been found to be too cumbersome for paraceter
survey work, although valusble for reference. The present peper dis-
cusses & reprecentation of the re-entrant flow system in simplified
form which permite iterative trajectory methods of solution; these
are extremely rapid and economical. Results for a typical advanced
gas-cooled power reactor are presented, discussed, and compared with
trancient solutions of the distributed parameter representation, show-
ing good mgreement.
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R.Isermann

Institut fiir Verfahrenstechnik und Dampfkesselwesen
Universitdt Stuttgart, Deutschland

“aothematical models for the dynamic behaviour of steam-heated
neat exchangers for steam flow or condensate flow regulation

Because heat exchangers belong to the class of systems
with distributed parameters, the frequency responses are
transcendental functions and are to complicated to use in a
simple manner for practical cases (designing of contrel loops,
gimulation in analog or digital computers). Therefore it was
necessary to develop simplified mathematical models for steam=-
heated heat exchangers. The models are simple to use and des-~
cribe the dynamic behaviour with an accuracy sufficient for
practical purposes.

The models are shown and compared for two different valve
locations. In the case of requlation on the steam side the con-

trol valve influences the steam flow while in the case of regu-
lation on the condensate side the control valve influences the

condensate flow. For regulation on the steam side it is nececssa-
ry to distinguish two different models according to over criti-
cal and under critical pressure ratio across the control valve.

The control behaviour is compared for both cases of regu-
lation with the aid of examples of heat exchangers. Regulation
on the condensate flow shows the disadvantage of greater time
constants. However if the velocity of disturbances is small,
sufficient quality of control with condensate side regulation
can be obtained. But if the velocity of disturbances is great,
steam side regulation is preferred.

The dynamic behaviour of steam-heated heat exchangers in
dependence of load is also shuwn and compared. For the case of
low loads there is danger of instability.

Measurements with industrial heat exchangers confirm the
theoretical investigations.
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THERMAL TRANSFER FUNCTICNS FOR A HOLLOW CYLINDER WITH INTERNAL
HEAT GENERATION
by E. Cosimo, S. Petrarca

The problem of transient heat generation and transmission
along the radius of a hollow cylinder is solved, assuming its
diffusivity and conductivity are constant.

The two cases are taken into account that cylinder's sur
faces are in contact with either two claddings or two fluids;
in the latter case the dependence of convaction coefficients
on flow rates is linearized.

Transfer functione from boundary temperatures, thermal
power deneity and flow rates, to the cylinder's temperature
are obtained by Laplace's transform. In particular, transfer
functione to average and surface temperatures are given; how
ever, it is possible to deduce from given formulae the temper
ature of any point in the cylinder.

The problem is treated in terms of three non-dimensional
parameters:

R =R/R , internal-to-external radius ratio;
Ha= hi/h y heat tranafer coefficlents ratio;

M =R h /k, Biot's number for external surface;
and of %he non-dimenaicnal variable:

a=1R Va/q

(s = Laplace's variable, o = diffusivity).

Heaviside's series expansions of transfer functions are
given, and it is shown that they are approximable by a small
number. of terms. The poles of transfer functions are found by
solving the equation:

e y(Ra)+ad, (Ra)] [ 4, (0)-aK  (a)] - [F04N(Ra)+aN  (Ra)|[MJ(a)-ed(a]=0

(Jo. J,. '0' LI Bassel functions).

The results of thie work are applicable to fuel rods of
many nuclear reactors, to metallic tubes heated electrically
or by induction, to heat exchangers' tubes, to pipes with hot
fluids; they may be of use whether in studies of thermal
dynamics of installationa or in the analysis of thermal stresses
in individual componsnts.



summary of the paper proposed by Mr, G, DAVOUST
Electricité de France - Study and Research Department
Automation Department of Means of Production - 78, CHATOU = France

———————

DETERMINATION OF HEAT-EXCHANGER DYNAMICS ON THE BASIS OF THET% STRUCTURAL
CHARACTERISTICS

L B, Y R S B R L R R B R S W E T,

The determination of heat-e¢» hanger dynamics for perturbations of
various origins usually requires long and delicrate testing performed on an

installation with different operational conditions.

In this study, this {dentification is based on the theoretical method
developed by Prof, PROFOS, In the case of modern steam plants, it permits to
determine the transfer functions linking the exchanger ou:let temperature to
the following three main inlet magnitudes : steam temperature at the input of
the exchanger, the steam flow and the calorific perturbaticons of outside origin,
This determination is made extremely easy through the ex:lusive use of nomograms

and graphs., It results in transmittances of simple nolynomial forms of the type

immedietely usable for the development of regulation circuits by conventional
methods, These graphs and curves were plotted for French thermal units of 125,
250 and 600 MW nominal characteristics I25 bars - 545° € - 545° C and 163 bars -
565° C - 565° C), Their use requires only the knowledge of rhe structural cha-
racteristics of the exchanger and cf its cperarional conditions,

———

It thus becomes possible, when designing a new power plant, to
predetermine the best adapted stecam-temperature regulation circuits and, on an
running installations, to improve the functloning of a circult without pertur-
bing the operation of che plant,

227



Ol _TUE DYNAMICS OF HEAT TRANSFER BY QGASES THROUSH PIPIS AND (i

2y

Herbert D. Eigner
o/o SGAE
Lenaugasse lo
A=1082 Wien, Austria

-i.e pPoulem 13 encounscred for instance in a cooling charne.
=-300led reactor where along the channel-nheat iz aaded or .-
Sat heat tranemicoieon of teleheating where plpes are acusume. v
sLahted agnihst heat losges. Startin' from the conservacicn
quations of mass, momentum and energy and the equatvion of stiLve
L ddeal gasba the static equations are solved rigerously anc
;.0 ¢ynamic equations are Jinearized., Gravity and frictictn are no
cuzsanted for. Heat conduction 18 neglected azainst convoction and
wri suecilice neat of che gas at constant volume 13 assuscd %o be
si.-%ansc. The. analysis 1s performed assuming censity, veloclty,
..dre and terzeravure of the gas to be constant in any
.i=cectlon ¢f the crnanacl. The case of cconstant heat additicn

s
3

.sun? Ythe chanrel 1s treated in more detail,
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DYNAMIC RESPONSE OF CROSSFLOW HEAT ZXCHANGERS
Magsami Masubuchi
YOKOHAMA NATIONAL UNIVERSITY

OHCEA~MACHT,MINANIED
YOKQHAMA, JAPAN

Dynamic response of crossflow heat exchanpers with both
fluids mixed, one fluid mixed end both fluids unmixec is
analysed.

The governing differential equations for these three cs-
ses are formulated and non-dimensionzlized as distributed
systems and the transfer functions to tempersture changes
of the inlet fluid sre obtained by Laplsce transform tech-
nique,

The results are shown by frequency respouses both fer
the case in which wall capacities are neglected and for the
case in which wsll capacities have predominant effect.

The numericesl results for non-dimensionslized parsusters
are compared.



SYSTEMS WITH VARIABLE STRUCTURE IN
MULTIDIMENSIONAL PLANTS IDENTIFICATION AND CONTROL

S.V.Yemel'anov, N.Ye.Kostyleva, V.I.Utkin
Institute of Automation and Telemechanics
Moscow, USSR

The paper discusses the principles underlying the comstruc=-
tion of systems with variable structure to be used in contrel of
plants descrided byrq}fferential equations of the form

<X e g

e Az +8«,
whereZ =(X, X,) 1s an /-dimensional vector that character-
izes the state of the system; /Eil an NXNl-dimensional matrix
with constant or ver: :le elements (L, i B b’;—%menlionul
matrix with constant elements l:.'/' , & -{CL,.. ,,) s an/m-dimen-
sional control vector.

A procedure for changes in the system structure is chosen
such that the order of the differential eguation for motion
decreases successively; this gives the desired dynamic pro-
perties of the system. Cases are described where data on the
parameters of the control plant are needed for the procedure
obtained to te implemented. For these cases additional identi-
fication loops are comstructed that are based on the prinmciples
of systems with variable structure; where certain conditions are
met, the control actions in these loops are shown to have a
functional relation to the plant parameters.

By appropriate selection of the number and the structure
of these loops and by measuring controls therein we odbtain a
set of algebraic equations whose solution is the set of the
unkncwn parameters. With this information the procedures ob-
tained for econtrol of multidimensional plants are implemented.
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STRUCTURAL PROPERTIES COF DYNAMIC SYSTEMS

M, Vukobratovie
R.8. Rutman

The relation between parametric invariancy and zero sensitivity
is established,

In addition the topological formula for the sensitivity of the
systems which is described by linear signals flow graphs is
givon-

Necessary and sufficient conditions for zero sensitivity are
derived in analytical form. The paper contains also algorithms
for the synthesis of invariant systems of the second and third

order.
The relation between zero sensitivity and unobservability is.

considered as well as controllability conditions based in the
perturbations of the parameter vector,
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LEVELOPMENTS IN ZTEE Z2.C.P. METHOD FOR MNULTIVARIA-
ELE COSTROL SISTELNS.
e JONSTS Feoeeee

Lrzendo Phegouspé

Engineer, Frofesscr

Faculty of Chewm. Engineering-Santa Fé
IMAF-University of Céréoba~Cérdoba
Argeatina

A% the Symposium oo Multivarisble Control Systeme sponso-
red by IZAC and held at Dilsseldorf,Germany in October 1968
a Eper on Tetrsnsfer Control Fmctions (T.C.F. lethod) was
presented which describes en improvement in latrix Theory
ané its aszlication to linear time-invarieble systems of wul
%iple variables and multiple control feedbacks.

The spproach consists of & class of structural matrices
with & unitary determizant, that is invarient in s 2n diwmen-~
sionel space with regard to connections that perwit the pa-
ssage from 2n] %o 2nZz dimensions for any whole number n.

For o = 1 the Tetransfer Control Function for two dimensiocns
was defined, This function ies the basic cell by means of
which matrices of any coumplexity. can be built in an easy way.

In this paper this meihod is completed by weans of new de-
velopuents and at the same time ettention is paid to the
question of obtaining the required answers from = system by
the adeguate use of control vectors which act on the systenm
together with the normel inputs of the controlled systen
which are generslly considered as perturbations.

Finally the possible application to an Analog-Digital sye-
ten of computation is outlined,




ON PROBLEM OF INVARIANT SYSTEMS SYNTHESIS

V.V. Vielichenko

In this paper, syntheeis of correczive circuit nhifh assures
inveriebility of given guality of nonlinear otject cutput indeg
disturbaance, is solved,

It ie ehown, thet synthezi queation sclution, is assu-
red bty prognosis of undisturbed moocvement of the system end in
the caoce when there is full intezral of undisturbed systenm.

Methcd of sclution usee formed during the worﬁ. necesssry
end at the snme’time satisfectory conditions of invariability, :
obtained basing on optimnel thecry methed and followed during the
work technique of big variations of the funection.

Civen ara egzamplesg of correcting ecircuvits eyrtheslie.
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OPTIMUM CONTROL OF A CLASS C-
RANDOMLY-EXCITED DISTRISUTED-PARAMETER SYSTEMS

Fred E. Thau
Aerospace Research Center
General Precision Systems Inc.
Little Falls, New Jersey, U.S A,

An optimum control law is derived for a class of randomly~excited distributed=-
parameter processes whose response can be expressed in terms of @ Green's function.
An analysis is presented for the randomly-excited diffusion process, but the results are
readily exterded to higher-order processes. Using a backward operator derived else~
where and properties of distributed Markov processes, the well-known separation theorem
of randomly-excited, lumped-parameter processes is extended to the distributed-para-
meter case. A numerical example of the control of a diffusion process with noisy
cbservotion dota is presented and the problem of locating @ pointwise sensor is also
considered. g
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ON CCNIROLLABILITY IF A PURSUIT FROBLEM

H.‘. Bﬂblkov. D.P. Kim

The problem is being snslyzed of the spetisl pursuit of point
A by point B under fcllowing conditions. The pursued point B is
moving on a sbeight line, The pursuing point A has 8 constant
speed, Arzuler velocities of 8 limited velue serve as the con-
trol of point A, Velocity YA of the pursuing point A is smal-
ler than velocity VB of the pursued point B /VA YB/.

In connection with the latter condition it is evident that
point A cannot under ell iritisl conditions resch & certaic E-
vicinity of point B, Then the problem arises that is considered
in the peper, nsmely the problem of determining the conditions
of controllebility, that is conditiorns which, if fullfilled,
will sllow point A to reesch, in the process of pursuit, point B,

This speatisl condition of the initiel conditions of pursuit
narks out the field of controllability, end the problem under
considerstion mey therefere be formulated &8s the problem of de~
termining in space the initiel conditions of pursuit of the con-
trollsbility field.

It ie shown thst the condition of controllability is full=-
filled when the extremes of the function correspond to definite
inequalities, The determinstion of the expression for the extre-
me vaiues of the said function is connected with the necessity
to solve @ /the control vector for point A being

/ucu-lineer problem of optimum control, Thus the
initial problem of determining the conditions of sontrollabili-
ty boils down to the variation problem, more exactly, & two-
and three-point variation problem with a movable right end of
the trajectory., The said varietion problem is solved by means
of L,S, Potryegin ‘s maximum principle, As & result, the struc-
ture of cptimum centiol was found and & diagram of solving the
original problem given.
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DYNANICS OF THE TETHERED ASTRONAUT MOVING TOWARD THE
SPACECRAFT AND AN APPROACH TO SYNTHESIS OF SPACECRAFT
CCONTROL BASED ON A THEORY OF THE VARIABIE-STRUCTURE SYSTELS

V.R. SOMW, G.‘.I. Ulm
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Ty

An aprroxi.ative equation wag obteined,imich describes the
vetwin contrcl systen that includes 8 paraccter assuuing
Lo Fized velues aad chrauzcs boundweya when passing a

* rtain hyperzurflace in the phase srace of the system.
I theove gysteas whileh have beoen naved variable structure
syutend, so~culled o2illiy lutics uny orise, wiich allew
to obinin a high qunlity of resulation. T ds ides it ia

svoposed to nse for the synthesis of a higk-quslity systea
the cosnonout’s 'return to 'the dmeecralt, Ly Geins
>0 a tatisuel use of fhe lypersurfuce for' swdtehing the

~otvarg controlling thé angular gotion of the spocecralt.
e taglic poasivility of e gynthesis of this systes is
shiinte
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MEASUREMENT OF FORCES ANL MOMENTS FROM A
THRUST VECTOR CONTROLLED ROCKET CN A
FIVE COMPONENT TEST STAND

Ping Tcheng* James W. Mooret®

This paper describes the analysis snd design of a five component
test stand for the purpose of testing thrust vector control systems on
rockets in the 3000 pound thrust range. Present stands have mechanical
resonance in the range of 15 to 30 Hz. The specifications here called for
e relatively flat response to 100 Hz, A feature of this system is a set
of flat hydrostatic oil bearings which support the rocket., These allow for
thermal expansion parallel to their surface and provide very stiff support
and heavy damping perpendicular to their surface. Thorough frequency re-
spense testing shows the bearing to behave as an excellenc {irst order
filter. A digital computer study using the actual test dats from the bear-
ing shows excellent overall systen response to 100 Hz.

® Asaistant Professor, Old Dominion College, Norfolk, Virginia, USA.
** Professor of Mechanicel Engineering, Univereity of Virginia,
Charlottesville, Virginia, USA.

238




TIME-OPTIMAL NUCLEAR ROCKET PROPELLANT START-UP WITH THERMAL
STRESS CONSTRAINTS BASED ON DISTRIBUTED PARAMETER Mbigi
by
Manfred Wittler, Mechanical Engineering Department
Rensselaer Polytechnic Institute, Troy, N.Y. USA
and
C. N. Shen, Professor of Mechanical Engineering
Rensselaer Polytechnic Institute, Troy, N.Y. USA

Core and propellant temperature of a solid “uel cle-
ment nuclear rocket are described by a pair of couple!l partial
differential equations depending on the power distribution 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 the difference between them. These integral expressions
are used in the solution of the following ninimum time problem:
Find the control program which increases the propellant flow
rate from a given stealy-state level to a fixed higher level
in minimum time without exceeding a certain maximum tolerable
stress in the core. This problem is shown to be equivalent to
a certain fixed final time problem which requires the minimi-
zation of a functional subject to an integral equation and an
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 time control law in closed form.

A computer aigorithm for the numerical implementation
is derived. Numerical results are given for different power
distributions.
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SPACE VEHICLE DATA SYSTEM SYNTHESIZER

James A. Ralph & Harold J. Bellamy
Checkout Systems Development Department
Internaticnal “usiness Machines Corporation
Cape (anaveral, Florida

Until quite recently, on-line computer systems were usually phasci into
an existing operaticn in ‘‘piggv-back' fashion. That is, the primary non-
computerized control system remained operational (with ne preduction, or
other penalty) until the automsted system was debugoed in an off-line
mode. Changeover was accomplished at some convenient noint with the
original control system serving as backup to the computerized system.

Today, feilewing general acceptance of .:tomated centrpl systems, the
computerized {and now primarvi process control or checkout system (which
can be considered as open-locp process control) must he developed simul-
taneously with the process and instrumentation systems.

The Space Vehicle Data System Swnthesizer (SVDSS) addressed the problem
of independent program testing by realistically simulating the system to
be controlled (or monitored) and its associated instrumented outputs,
whether analog or discreet, priur to its existence as a real-world system.
Data streams are produced which duplicate the data streams anticipated
trom the proposed functicnal system.

When ceonsidering a system in a checkout or process control environment,
enphasis shifts from accurate representation of the phykical elements of
the system to accurate representation of the control and test elemants of
the system. For this type of environment a high-level language is re-
quired which has attributes of standard.digital - analog sumlation lan-
guages in addition to extensive discrete (logical variable} handl in§
capability, eperator/rmath model cammunications and data formatting facili-
ties. Bv combining these features with a basic digitel - analog simu-
larion language, the Data Synthesizer provides a tool for designing and
testing < ockout and process contrel ¢ tems, prior te the existence of
the prymar; systmm.

In summary, the Space Vehicie Data System Synthesizer, a software system
initially conceived for and applied to space vehicle systems, has poten-
tial application in other areas of scientific endeaver. Earth resources
and physiological sensing system output simulation are buv two. Other
areas are being explored.
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SUBOPTIMAL CONTROL OF 2. ORDER PLANTS WITH TIME-VARYING
COEFFICIENTS

Joachim Lickel

wiss. Assistent, Dipl.-Ing.

Institut B fir Mechanik, Technische Hochschule Minchen
8oco Mlnchen 2 / Germany

Considerad are 2.-order control processes with constant coeffi-
cients, We want to determine an admissible control u (|u| £ “o)'
so that the functicnal | xTQxdt is minimized, beginning from a
specified initial state X, For two sets of boundary values

the switching curves are defined in the phase plane by computing
point by peint backward in time. For the first set of values one
is getting curves, very good approximated by straight lines. The
signifying values of these lines are functions of the coeffi-
cients of the plant. Beside this we find a singular control.

The origin of the phase piane 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 example of the damped oscillator.

With only few modifications you may use this control system for
a 2.-order plant with time varying coefficients. The coefficients
being pericdical functions, it is possible, to compute for any
combination the signifying switching curve. Thus, for the con-
trcl system, one gets switching lines with time-varying coef-
ficients. The pitch moving of a satellite is controled with

this system, The satellite moves on an elliptic orbit in the
gravitational field of the earth.
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DYNAMIC BEHAVIOR OF A LINEAR THRESHCLD ELFMENT WITH SELF-ADJUSTING WEIGHTS

Iwao Morishita
Department of Mathematical Engineering and Inatrunn-tut:lon Physice
University of Tokyo
Tokyo, Japan

This paper presents a linear threshold element in which each weight
changes automatically following a certain rule of growth. An analysis of
its dynamic behavior is described together with some simulation results.
Possible applications of the element anre also discussed.

The element is basically a summing device. Its output y(t) is a
weighted aun of its inputs xi(t). =1 2 ase iy Lues

y(t)-z 1(t): (t).

The 1nputa (t) are ansumed to be zero-mean nignals, but not restricted to
tinary nignaln. The weighta vi(t) are adjusted anutomatically according to
the differential equations

dui(t)

T—— v (U=ax (Oamm[y(t)],  11,2,000000

it chould bte not«d that threchold function is used juat for the weight
nd juctment and the output is the weighted sum itaself,

A detailed investigntion of the solutions of the equations above shows
that the element hac a tendency to separate its inputs into a "spectrum" or
s family of orthogonnl components and to pick out the component of largest
jower for itz output, This property ensbles it to perform a variety of types
of information précecsing such aa majority decision logic, data storage,
pattern dichotomy and signnl filtering. These theoretical results are
verified by some simulation experiments on an analog computer.
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AN ADAPTIVE AUTOMATON CONTROLLER
FOR DISCRETE-TIME MARKOV PROCESSES

J. S. Riordon
Faculty of Engineering
Carleton University
Ottawa, Canada

The computation of an optimal feedback controller characteristic
for a nonlinear stochastic system may be facilitated by the use of a
stochastic automaton as & system model, A problem of particular interest
is that of a long duration stationary Markov process in which the state {s
observable but the process dynamics and disturbance characteristics are
inftially unknown, The determination of a suitable control algorithm, in
the form of an adaptive automaton in the feedback loop, is considered in
this paper for such a process.

Since the algorithm is to be used on-line to perform simultaneously
the functions of estimation and control, it must constitute an efficient
convergent multi-stage dual control strategy. It is shown that an existing
method for dual control of repetitive single-stage stochastic processes may
be extended to apply to the present case. A method is introduced of
calculating successive policy estimates recursively, so that the task of
updating the estimated optimal feedback policy at each stage of the process
is rendered feasible., The application of the automatonm controller is
fllustrated by the simulated adaptive control of a nonlinear conditionally

stable heat treatment process disturbed by multiplicative noise.
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By A, L, Jones, B.Sc., Ph.D., D. P, Mcleod, H.3c.(Eng.).

Elliott Process Automation Limited,
Borehamwood ,

iiertfordahire,

England,

AD 1 _Cont er for P », - I

It ha- long been felt that the development and uwe of d.d.c. has too
closely followed the path of classical linear control theory, Nearly all
the applications of computer conirol use standard two or three term
algorithms which are the digital equivalent to their analogue counterparts,
Unly recently has 3 transform theory been used to apply modern theory tb
the eontrol of large plants,

The difficulty here is that it is necessary to be able to defipe plant
dynamics accurately which is often difficult and also to incorporate the
fact that preocess conditions change,

Ou~off control is known to be largely insensitive to process change
and the work described here uses a digital computer to carry out this type
of control, In many industrial applications it ies posaible to drive a
valve in an on-off mode at & high enough frequeacy that the plant acts as
a filter at the sampling frequency,

Linear switching lioes in the phase plane are chosen so that even in
the worst case of process change the average responee still approaches the
desired state along the same exponential trajectory., Up to second order
caves have been examined including simulations of potentially unstuble
chemical reactors, and stable responses were always obtaiped., FPlant start-
up aml shut-down are catered for since large errors present no particular

prublems,

The choice of contreller coefficients is not a difficult one to make
amd care peed only bo exercised over the choice of sampling frequency with
respect to plant time conatants, io that sampling time must allew
sufficiently good resolution of the aystem.
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IMPLE METHOD POR.THE RAPID SELF-ADAPTATION OF AUTOMATIC
THOLLERS IN DRIVE APPLICATICNS

=
CON

By W. Speth, Siemens AG
Erlangen, Germany

Summary

Tnhe author describes a method of adapting the contcoller
zain automatically to the controlled system and, st the
same time, to the frequency range of the iaput signal.

A particularly simple case of the method in question is
logartthmio control which, however, can only be used for

certain types of controlled sysvenm.

The application of the method is described by way of
two examples taken from the field of drive enginesrirg.
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ON SELF-ADAPTIVE SYSTEMS FOR MEASURING REAL TEMFERATURES
WITHIN OPTICAL RANGE .

D.A. Bvet

Uncompletness of radistion ensrgy spectral tightness at
unimown rsdiation ability equation system dcez not permit
for receival of true tempersture optimsl automstic control.

Studied schemes of signsl nonlinear transformstion from
spectral radistion compcnents, permits for using of excess
informetions to construct s program, which can be used for
selftuning of sutomatic meszsuring system.

Realizetion of discussed method by selftuning sutomatic

systems permits solving of given task by quite simple tech-
nicel means at uninterrupted radistion spectre.

All this opens new perspectives for eutomstic control of
some tvpes of plesm.
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Ir Dets 2dzislaw Berskdi
Instytut Technild Cieplnej
téad, Polska

AZaiTABLE FEGULATION SYSTEM OF TEMPERATUES
OR EOMIZITY T ATR-CONDITIONED CBJECTS

Sunnaxry

Both theoretical and experimental rsssarch of dynamie charae—
terfisties of air -~ corditisoned industrial objects have prowed that
cuter disturbences (e.g. chengs of ocuter temperature} influence
the dynamiec parameters ef the objects and im particuler the respom-
se time to time - constemt ratio (7,/T).

dssuming that the character eamd direction of the investigated
snd quoted in this peper dependence T /T = t('!.?‘,) is similar in
811 cases, the thesis of effectivenes of applying of an adaptable
regulation system of tempersture and humidity in opemn objects has
baen pat ingd The adjustment of controls should be tuned to varying
dynemie conditions of the ebjecta.

The adaptable on -~ off controller of temperature end humidity,
designed by the author of this paper for railwayy shipping amd io~
dustrial purposes, has beenm used for the emnalyeis end formulating
of adaptabdlity to conditioms. It hes bsem proved thet the amplifi-
estion coefficient Kp¥of the comtraller is a fumction of outer tem-
perature and the conditions have been given which it adapts automs—
tically to the changing charecieristics of the objeects The range
and course of changing .djustment coincide with optimal adjustwment
of FI or PID controller, according to the criteriom of eperiodic
course end minimum respomse time t_.

In the paper the co - operation of the eontrelier with a single
or Several thermometers or contact hygrometers has been analysed.
It has been proved that the co — operastion of the comtreller with
several thermomaters ar contact hygrometers enables on one hand
Hixing of mean measurment impulses, ez the other hand & nom - limear
progressive rise of emplification coefficlent Kp depending om the
value of devistion Uf This interdependence bears s stadilizing
effect upan the acticm of the regulation system in tks remge of
strong disturbances, %
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BOME SYNTHESIS FROELEMS ADAPTIVE CONTRCL SYSTEMS OF
STATIONARY RANDOM PLANTS

Vel Ivanenko, D.V. Karachensc

Discussed are solutions to the task of stetistical syathe-
sis of sutomatic optimalizstion /SA0/ of wass-changing system
settings, based on spplicetion of statisticsl theory solutiom.
For chosed BAQ some results of A. Feldbsum duasl coatrol theo-
Yy, 8re used.

Two typicel mess~chenging settings are considered:

- rectificetion column for debenzclizing working without asepa-
retion of sideproducts,

~ steem column,

Process efficiency in debenzolizing column is judged by process

costs in & time unit

'--JL.L# Jd'/l-xd/

@t condition:
X & )(’:

w = . rde ¥ o

L .

X4 = constent, L - phlegm expediture, Xa X' - bemol con-

centration in the destillate snd column,
Frocess effiecency index for stesm column is shown too,

As & controlling sctions for rectification column, tasks for
temperature regulators of the “control"™ discs of the exhsustive
and stregthening sections are choosed. .

Expediture of stesm directed to the bottom of the coluamn, is
& controlling action for steam column, Main disorder in both ce-
pes being expediture and composition ¢f feeding. Chenging of fee~-
ding composition heppens in time to be 8 discrete “"markow™ pro-
ceps,
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iiathematicel models of the columns are used, which define de-
pendance of offiecency indexes from controlling end disorder sc-
tions. Obtained results are used for building of, SAO structure
schemes: stesm column feedback system and system with disorder
cozpensation for rectificetion column,

Quality grades for SAQ are introduced. Synthesis of the sys-
tem with disorder compensation is mede by the way of minimslii-
zing of the relastive risk, which represents itself mathemesticel
expectence of process effiecency index, For limitetion of

*
X, € X5, Jump end regulstor functions of "penslty" ere used,

For chosed systems functional EBellmen equetion for risk is ob-
tained, Synthesis of optimal snd suboptimal S40 iz studied,
Asymptoties of control process in the systems ig studied., For
eynthesis of closed suboptimal SAO, where occures sctive storing
of informatione, @8lgorithm is proposed, which doesu’t need sol-
ving of the task of dynsmic programing, Simuletion of synthesed
SAC wes mede on ECWM and quantity estimstions of their economic
efficiency were obtained. Ways of possible use of statical syo—
thesis SAC on other types of mass changing settings, are shown.
dn example, when task of eutomstic optimelization of mass-chen-—
ging process is practically impossible, is shown, With this the—
re¢ is no need for special optimelization arrengements, smd all
coatrol system can be much simplified, Solution of SAO synthesis
tegk of rectificstion column is used for debenzolizing columns
in Dneprodzerjinkii chemical factory snd results are used for
practicsl introducing of the systenm.



CONTROL OF CYCLTC DISTILLATION

Harold L. Wade
Cerl H, Jonea
and
Terrence B. Roméy

Research Enginecrs
The Foxboro Company
Foxboro, Massachusclis

Lawrence B, Evans i
Massachusetls Institute of Technology

A simulation study of cyclic distillation on a digital computer
glves insight inlo the control problems asacciated with eyclic pro-
ecesges., A mathemallcoel model demonstrates the experirentally ob=
served hydrodynemic charecteristica of the procegs over one cycle
intervale.

Of the systers studied, the most stable situntfon resulta when
he reboiler and condenser ere physically isolated from the column
during the liquid flow period. The conclusion fs also advanced that regu-
lation of the tray liquid level is required to insure the satisfactory
operetion of cyclic distillation.
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CONSTRAIN T CONTROL ON DISTILLATION COLUMNS
by

A. Maarleveld and J.E. Rijnsdorp
Konink!ijke /Shell-Laboratorium, Amsterdam
(Shell Research N.V.)

In the design of & distillation columnn less favourable conditions are
ussumed than prevail on average during actual operation. For instance the
condenser is made so large that the design throughput g still guaranteed under
conditions of hot cooling water and when there is dirt and scale inside the tubes.
For most of the time in actual operation, however, conditions are not as severe
as this and the condenser has surplus capacity. By utilizing this surplus capacity
the column can be operated at a lower pressure. The relative volatilities of the
components of most bydrecarbon mixtures increase with decreasing pressure,
muoking separation easier at lower pressure. Hence, less reflux and consequently
Jess reboil heat sre required to keep pruducts oo specification, Furthermore, the
load on the trays decreases with decreaeing column flows, which opens up'ﬂn
possibility of increasing product purity, product yield and/or throughput. Another
degree of {reedom in this respect is the disiribution of heat over reboiler znd
feed-preheater.

This paper deals with control schemes which automatically keep the
columa at the optimum conditions. These conditions change with column through~
put, coullng water temperature, etc. As an example the constraint diagrams and
2 constralot control scheme for a de-isopentanizer are given. The control scheme
is not very complicated and can be realized by conventional means.



OPTIMUM BARG-BANG OPERATION OF TWO COMPONENTS DISTILLATICH
COLUMNS

F. De Lorenzo, G. Guardabaasl, A. Locatelli, V. Nicold,
S. Rinaldi(°)

It is suggested that reflux should be periocdical-
1; varied to better column operation. A bang-bang operation
of & two components distillation column is investigated in
order to achieve minimum mean reflux for a required distil-
lats concentration.

The optimization problem consists in the choice

of the two reflux levels and of the time intervals in which
they are applied. Some genernl properties of such a problem
are shown, owing to whichn the task of finding the optimum in
a four-dimensional space 1a reduced to that of finding the
optimum in a two-dimensional npace. The discussion of a par-
ticular case and some concluding ramarks can be found at the
end of the paper.

() P. De Lorenzo, G. Guardabassi, A. Locatelli and S. Rinal
di are with Istituto di Elettrotecnica ed Elettrconica del
Politecnico di Milano, Milano, Italy.

V. Nicold is with Centro Sperimentale Metallurgico (CS¥),
Homa, Italy.
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PREDICTIVE AND FEEDBACK COMMAND OF
AN INDUSTRIAL DISTILIATION UNIT

by
G, BORNARD - Automation Laboratory, GRENOBLE, France
G, DUCHATH - Patrochemical Society, LAVERA, France

J. L, MELENNZC - Automation Laboratory, GRENCELE, France
B, SEMPE - Telemechanics Society, CROLLES, France

SWRNARY

The paper presents results of theoretical and experi-
mental research of the "real time" control of the superfra-
tionate column by a digital computer when manual contrel of
the column required hitherto very accurate operations.

Tha goal of the automatic control is to assure fixed
produetion quality, particulary in transient processes as
well a3 to ensure optimal static performance of the installa-
tion /economical criterion/,

Static and dynamic models were determined on the ground
of the theoretical studies and on the experimental tests, In
this way a high precision has been achieved with relatively
small number of the experiments,

The models were introduced to tha computer storags,
Then, the open-loop dynamic control, utilizing the
process' knowledge based on the & priori model was developed,
Using this, the closed.locp control was imposed to compensate
errors resulting from unmeasurable disturbances and from tha

model' 8 inaccuracy,
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The resulting control structure permits for best utili.
zation of the availsble iInformation, while establishing pro-
per foundstions for static optimization,

Afterwords, the system ectiveting as well as issueing
quantitative results have been presented, '

The finel results are gquite satisfactory as steadineas
of the process respons obtained issued in enlarging of the
maximum production from 95% to IIC % of the nominal one.
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A MATHEMATICAL MODEL AND CFIIMIZATION OF THE PHENOL
FORMALDEHYDE RESIN POLYCONDERSATION PROCESS

B.G. mdm-k“. GoPs !la.‘!.ko'r, P.3. Ivanov

Folycondensation of fenolo-formaldehyde pitches process based
on quick pitch extraction from reaction region during it forming,
wos followed, Reaction of polycondensation takes place in the
presence of @ catalyst /hydrochlorie acid/ in multisection reac-
tor of changeable sction at atmosferlc pressure and boiling tem-
pereture of reactive mixture of 100°C, Specisl festure of this
process being great extraction of fenole and formaldebyde by the
piteh,

Following equations were obtsined:

‘n - L = 1-14 M ‘nlols o Bnoa

%
—2 . 21,69 ¢ Aa°"‘ S Mo

n

where 2. =T . D §j 4, B, D corresponding fezole, formsldehyde
8nd catalyst, concentration; T = overage time, Index n meens
section number, Viacosity is a very ilmportant psrameter, defi-
olng quality of pitoh.

Dependence of pitch viscosity in n - th ascction from msin
process parameters, was found &s regres equation, Basing on ob~-
%eined equations, catalyst distribution was determined as well
as overage timing for thrse sectlion reactor of ideal mixing,
minimalising given cecncentration of fenole end formaldehyde on
their cutzoing from reactor. At the same time problem of opti-
mal distribution zn by dynamic program method, waa solved,
Overage staying time and catalyst dlstribution wes ¢hoosen in
such @ way thet their output wss equal to cpiimal Z . It should
be noted, thet lor several chemical processes, where chemicsl
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resction constant, proportional to catalyst concentrstion

i Xe Ko ’ lDn /, distribution zn optimalization is neces-
sary. For those processes, guestion of optimel distribution
of oversge staying vime /volume at given output/, doesn’t
have any sense, it means that it is more economic /in most
of the ceses/ to make reszctors of the same volume, trying
for better results by corresponding treatment with catalyst.
Question of the optimsl number of sections, was answered by
dynemic progrem method considering cost of looses on enlar—
ging of total reactor volume.
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OPTIMAL CONTROL OF FLUID CATALYTIC CRACKING PROCESSES

L.A. Gould, L.B. Evans, and H. Kurihara
Massachusetts Institute of Technology
Cambridge, lassachusetts, U.S.A.

An investigation was made of the applicability of optimal control
theory to the design of control systems for nonlinear multivariable
chemical processes. A hypothetical fluid catalytic cracking process
was selected as a typical representative of such a chemical process and
was used to test and evaluate alternative approaches to the problem.

Mathematical models describing the dynamic behavior of the process
were developed from unsteady-state heat and material balances about the
reactor and regenerator. The models utilized semiempirical equations
to describe the kinetics of the cracking and carbon burning reactions.
The dynamic models were used to simulate the process on a digital
computer. The simulations predicted 'most of the important dylumse
characteristics that have bLeen attributed to commercial units.

A new approach to the desiyn of control systems for highly nonlinear
multivariable chemical processes based on optimal feedback control
theory was demonstrated for the design of a control system for the
hypothetical fluid cracking process. In the feedback control law which
resulted, the regenerator temperature is controlled by the air rate and
the oxygen level is controlled by the catalyst rate. This control scheme
is quite different from that which is typically used in refinery
operation where the rea~tor temperature is controlled by the catalyst
rate and the oxygen level is controlled by the air rate. The performancee
of this new control scheme was demonstrated by dynamic simulation to be
significantly better at controlling the hypothetical cracking process
in the face of .disturbances than was the conventional control scheme.
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vUDA leosiaw
PLUCINSKA-ILATE lalgorzata
NAKOVSKI Janugz

WAGLOWSKI Staniglaw

Institute of Power Indusiry,
Jarszava,Poland

ANALYSIS AND DRSIGH OF 200 L37 COILLR=-TULDIMNG UNIT
CONTIVL EYSTLLIS THROUGIH ALIALOG AlIL DIGITAL SILULAT Il

The paper deseribes the sivulation approach whieh hoag
been applied in the desin of control cystems for a conl fi=
red 200 kW bollor-turbine unit with 2 Loiler of natural cir-
culation rated st 650 t/h, 138 at, 540/640%,

The couplex dynanmie model of the wnit wes linearized at
100.: load peint forniiny n sunll oscillation model adegunate
for control systeuws analysisa,

She folloviiun control cyrteme have been investigntced:

n/ gtean progrure eontrol cireuit with 'l or ¥IL controller
operating on pressure error alonc and using additionnl
rate anticipation froum ctean flow, turbioe throttle valve
position or dirm pregsoure;

n/ guperheated rtean temperature control ecirenit involving
four desuperhealers Juater rprny;/ onorating in gluple
nnd eageade control gubsystens with gleanm flow, fuel flow
or throttle valve position anticipation;

¢/ velented ctean tewperature contrel circuit with pas dane
per and spray woter injeetion baced on a new control phi-
locopay.

The - Lteaw precoare and superheater=temperature contivol
ystenp were lavegtipnted on an fumlug rodel and the reheat

“Lewpurature circuits by uso of digital simulation,
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OPTIMUM CONTROL OF A BOILER

H. Apter Société C.I. (ANALAC) - 78,'Louvuciennea, France
J.F. 1e Corre E.N.S.M. - 44, Nentes, France
R. Mezencev " " "
Y. Thomas " n L

The work presented here has as its aim the study and reali-
zation of the optimum control of the steam pressure channel of
a boiler. We have replaced classic control by a control imple~
nented according to Pontryagin®s maximum principle using a qua=
dratic criterion and a very simplified model for the process.
Calculation on the one hand and experiments carried out in si-
mulation and real operation on the other hand, under the influ-
ence of a disturbance which is here a set pressure.function ap-
plied at any moment, have given concordant results. In particu-
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-
tive control.

The realization of this control should now be generalized in
the case of two state varliables, that is either steam pressure
and overheat temperature, or steam pressure and combustible feed
and in this case the problem becomes complicated by the presen-
ce of a constraint on this latter component of the state vector.
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COMPARISON OF DYNAMICS BETWELN NATURAL CIRCULATION BOILEZR AND
FORCED CIACULATION BOILER
K. Itoh °
N Fujii **
H, Ohne °**
K. Sagsra®*

An allowance for load fluctuation of a boller has become important to the
regulation of a powsr system. In connection with the allowance, the dyna-
mica of different types of boiler is discussed tn this paper. One {2 a
natural circulation boller and the other is a forced circulation boiler of
75 Mw nominal rating respectively. As these two boilers sorve for the re-
gulation of power aystem which have the load of electric railway in the
suburbs of Tokyo, they are diasturbed with a random locad fluctuation of
wvhich power spactrum has a large amount of 2 - 3 minute periodic componenta.

Moreover,. the bollers are required to shut down in midnight for the .,
reacon of no train running. The experizents have been carried out to
evaluate the allowance for load fluctuation and to verify the dyneamic
@odels of two types of boiler,

In analysis, the circulating ayatem is particularly discussed to clarify
the difference betwaen both typea of boiler., The frequency response of
the whole aystcm is obtained by tranafer matrix reduction, connecting
trannfer matrices of mubeyatems. And the experimental resulta are obtained
from in frequency domain by using pseudo random signal and from step
responeesa by Fourier integral.

Calculated results agres closely with experimental oneas, and the
followinzas can be sugpegted:

(1) wnether tne circuleting pump is provided or not would give no essential
difference in the dynamics of the circulating system, so far ag drum
leval snd presaure are concerned, tetween both types of boiler.

(#) The differances of the viynuf-nica and of the allowance are caused by
water holding and metal weight.

Tonyo Power Supply Control Divieion, Japanese National Railways,
Tokyo, Japan,
** Technical Headquarters, Mitsubishi Heavy Industries, Ltd., Tokyo, Japan.
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sectlon 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

Modern thermal power plants are used more and more to take
part in frequency control and in peak power generation. There-
by the permitted speed of the load change is limited by the
temperature control of the superheater system. Therefore in
this paper especially the temperature control system is con-
sidered with regard to its structure and the setting of its
controllers. The interconnection of the temperature control,
which is itself already a multivariable system, with other
parts of the boliler control system is regarded.

The dynamic behaviour of the superheater system of a
530 t/h once~through boiler with a combined olil and gas firing
ia calculated on the one hand out ¢f the construction data and
the cperating conditions of the plant, on the other hand by
analysing numerous plant measurements. The method for simulat-
ing the temperature control system on an analog computer brings
high accuracy and needs only a low number of amplifier, Using
this simulation method the stability and optimization of the
multivariable temperature control system is investigated. As a
result proposals are made for an advantageous structure of the
control systen and for optimal controller settings,



OPTIMUM CONTROL ALGORITHM BI MEANS OF SURPLUS AIR IN FIREBCXES
OF STEADY FUEL FIRED STEAM BOILERS

Eazimierz TARAMINA
Instytute of Power System Automation, Wrooclew, Poland

Summary
In the article two algoritims for optimum dburning process are
given. One of them coordinates the results of three subsequent
measurements of dry flue gases components and the other - of
wet flue gases components measured at outlet of the steam boi-
ler,

These measurements are performed for different surplus air
amounts in steam boiler fireboxes after stabilization of the
burning process.

262




INVESTIGATION CF THE DIRECT DIGITAL CONTROL OF AN
ONE-THRCUGH-BOILER
Hanua B,
Technical College VSST
Liberec,Uzecnoslo,uziu

There are several control algorithms investigated
tased on minimum of quadrate errors, The algorithms are cal-
culated by means of a digital computer according tc & general
program. All the calculationes are performed in the time do=-
main only.

The investigation is partly done in the laborato=
ry,partly in the powar plant. In the laboratory an analogue
computer is used as a model of the controlled system, the
digital computer as a digital control. In the power plant =
digital computer LGP 21 is coupled with the electronic analogue
control system ERS.
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DIGITAL CONTROL TECHNIQUES FOR POWER PLANT APPLICATIONS

Theodore Giras Robert Uram

Advisory Engineer Senior Engineer
Westinghouse Electric Corp. Westinghouse Electric Corp.
Hagan/Computer Systems Div. Hagan/Computer Systems Div.
Pittsburgh, Pa, 15238 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'
feedvater 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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CONTRIBUTION OF THE ANALYSIS OF NON-LINENRITIES
OF THE GENERAL LAW OF TRAFFIC Q = Cv

by
Florian Westfried

Carpagnie Generale d' Automatisme , Nozay /91/
Frence

The suthor trics to present a model of the gencral law
of truffic taking account of the mothemaiic expectations of
speed distribution and concentration of vehicles, correla-
ted according to the relation of the contimued tralffic capa-
city to the imposed security spacing /equation 1€/,

This law may be adapted to tho study of generalized fish-
type flows and allows to Justify the formation of shock wa-
ves, It may also serve in the interpretation end simulation
of space~time diagroms in free circulation and in sutcematic
coordination by lights. ‘
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J.‘.';.::G LINZD TUASTIC SIGHALS 7O MINLCIISE DELAY
Jehe Hillier, B.Sc.,
Qo448 Jdesearch Laboratory, lMinistry of Tranaport, Crowthorne, U.K.

Two experiments in Glasgow and West London involwe the control of traffic sim
by central computer with the object of determining how to make the bo3t use of oxis
in; road networks. The value of control systems is beins assessed in terms of tic
average jowmey time of vehicles using the network. Systexms based on the use of
linked, fixed-time tralfic signals havo boan used in the early part of the experize:
and two new zethods of settin: such sionals to n;mmao delay have been developed.

The Combination mathod agsumes that, in a network controlled by traffic sicmals
the delays on duch link are affccted only by the settingc of the signals ai each end
of it. & histogran showing tiwe delay to traffic on a link foc all the possible
offsets of tue signclo at each end is {iret obtained. IHistosrams for parallel and
adjacent linkis are tnen combined by a fom of dymamnic proyramming, optimum signal
saitinzs bein; obizined at each step, until the network has been reduced to a single
equivalent linke The metiod is applicable only to certain types of network dut in
practice t.is has not proved to be a scriocus limitation.

A fullegcale trial was carried out in Glasjow, where Combination method settinrs

were comparcd witn thoge in use on the 'exintin.: aystem of linked and isolated
vehlclo=actusted signals.  Average jJousnoy tizes were reduced by 11 per cont dwring
tle sorning pewsy by 3 per cent durin; the period Letwoen pealis and by 20 por cent
during tie evening pewte It Ls cotlimted tuat the average reduction of 12 per cent
ir average journey time throughout the working: day, if maintained for a full year in
Glasow, would be worth about 400,000 p-'rz' annum.

4 aliernative sethod, TRAISTY, uscs nillelimbing tuchniques to deteriine
optigan fized-3ime signal plans, 4 traffic model is used in which allowance is
cace Jor tne {low iateraction be'tu-.-cn adjacent road sections, for the disperaion
of plateons and for control by signals or priority junctions. Joth the signal
olfsets wnd tae duratisa of she green tizmesa are op'..l.-:iaod. ¢

A cooparison of TRANSY? and Conmbination method setiinge tool: place in Glaszow
in lay=une 1785. Averse journcy tines with TRUCISYT were lower by about 4 per
cent, Toughly as predicted, but this difflerence was not, however, statistically
sigrificant. Includin; this reduction, the TIRULISYY results would represent an
eatizaved savin: of L£750,000 per annun over the existins cystea.

It 7oz soncladed tiat both techmiques produced substantially lower journey
tizes shan the existins Slascow syszem with Lts signals set by hand, but the
evidence wad inscallicient to esteslish any difference between thom.
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1.D. Abtabegov, H.B., Kordonsky, C.R. Frolov, V.K. Lials
Yu. M. Paramonov
THE TRAFFIC PLANNING ALGORITHMS OF THE PASSENGER AIRCRAFT
AND THEIR OFERATIVE CORRECTION /AUTOMATIC CONTROL OF THE
TENDENTIONAL SYSTEM/

The algorythm of the aviation transport network automatic
control comprises a block of the aviation passenger transpor-
tation demand prognosis, some blocks of tke tramsport network
graph and traffic plan calculation and a feed-back block for cor-
rection of plans with the change of demand concerning the prog-
posis. The demand prognosis in carried out on the basis of the
probabilistic meodel which describes the function of the air
transportation demand distribution, depending on the tramsport
osituation character for the resnective pair of towns. This si-
tuation is defined by the ticket cost, the time of movement and
by the all kinds of transport movement frequency.

Main air communication graph has as its basis the system
of the asirlines, set during a number of years. This graph is
being corrected afterwards.

The traffic-plan means the distribution of the airplames
for the airlines, considering special conditions of the zirpla-
nes disposition and pointing the number of flights for each
eirlive. Tha calculation of the plan is cerried out by the
solving »f ¢he nonlinear progremming problem amd by the use
of iteration method.

Durring the plan calculation automatic correction of the
communication graph is being made by denoting the airlines
which have small passenger traffic and by adding extra flights
for overcrowded lines.

The feed-back block provides rapid plan recalculation if
there appears the change of demand comcerning the prognosis.
The correction of the plan is made on & small region of the
graph. The part of the graph to be corrected is pointed on the
uasis of denoting the airlines having the common passenger
flow. :

The automatic copirol algorythms are realised on the
high-speed computer and are used to make ana correct traffic
plans.
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THE AVPLICATICON OF AN OPTINISATICN MATHOD TO
THE TRANSITICN PROBISY I EeITCOITERS

D.F. Hainea, Fh.D., Bac, (Eng.)
Westland Hellcopters Limited,
Yeovil, Somerset, Englond .

The transition problem ray be defined as a chinze of altitude cecbined
#ith a chanpe of gpecd. This usually weuns decelerating frem cruise speed
to hover while losing height at a controlled rate er converaly, accclerating
while climbing. During such a transition the helicopter changes its char-
acteristics guch that any given con'rol law will not give the hest perforu-
snce throuphout the flipght profils, Optirum laws can be found at each
spred during trunsition and assuning the systom is not made adaptive, i.e.
centinually chanping contrel law, it is mecessary to firnd one law that will
Five the best perferannce throughout the flight. An investigotion has been
pade tewrds finding such a contrel law,

Simee there are two contrel variables, lenzitudinal eyelic blade angle
ard cellective blade angle, which can be used %o contrel the two cutput
variables, verticsl gpeed and foreard acceleration, several control laws
c:n be four! at each speed by varying the weiphting funetien, To inltially
ainglify the study the control varlables were separeted ard optimal contrel
Jaza were found, With these results, esticates of the requir-d weighting
furetions for the two-inputl tro-cutput porfomance index could more resdily
e wole,  lawa were then feund for s particular ageed ard whon a satisfac-
Lrry trancient peaponse was ebtadned laws were fourd for other speed cases.
Eurhl luw man tsed at every cpeod snd the suitability of using any
pertiruler law threupheut the speed range was considervd. Frem this it
was peonible Lo ohtain a guide in flnding a law which might give
satinfectory jerformunce in all cuses. All the analysis was performed
w.th a lincarised mrdel which necesnsarily restricts the accuracy of the
yeoolto, but as a greliminary study the optinisaticn technique is very

useful,

Y
|
|
|
|
1



"DIGITAL CONTROL FOR AN ATRCRAFT WITH VARIABLE CHARACTERISTICS

D. Bux, G. Schveiser, H. Seelmann

Variable stability aircraft bave been developed and investigated
vithin the frame of various research programs. So far, sircraft
vith variable performance whieh wvould have benefits for modern
pilot training, have not .:2n designed. In the paper, various
possibilities for the realization of the control system for such
an aireraft will be discussed. The basic problem is to control
the trainer inm such a vay, that wvithin all manoceuvers, the sta-
tevariables of the airplane to bde simulated, are achieved. One
has to deal with a multiloop complicated control systes, wvhieh
c¢sn only %> reslized vith a digital process computer. The algo=
rithms for the on~line solution of the control problems based

on modern control methods are explained.
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EXPERIMENTS ON A HYDROFOIL TEST CRAFT WITH
A HYBRID FOIL SYSTEM AND AN AUTOPILOT

Y. Ohtsu*, T. Fujino*, M. Itoh*, H. Ohno* and K. Uchino**

In the present report the results of experiments on foilborne cruising
sea triale of a hydrofoil test craft with a hybrid foil system and an auto=
pilot system is qualitatively described, It is also shown that an analysis
of the longitudinal dynamics of the craft will be helpful te the fundamental
design of an autopilot system,

Each fore foil of the port and starboard of the test craft has a fully
rotating foil at its bottom and the after foil has a flap at its trailing
edge. The incidence angle of the rotating foil and the flap angle are con-
trolled by hydraulic serve mechaniem...

The height over the water line and the pitch angle of the hydrofoil craft
are taken as controlled variables and an incidence angle and a flap angle ae
nuﬁipulated variables. The longitudinal dynamics of the craft with the
hvbrid foil system may be treated as a controlled system with mutual inter-
action, <hich has two inputs and two outputs, A synthesia of the autopilot
system with mutual interaction in the craft dynamics has been studied by
using root locus diagrams of the system,

From the results of mea trials in several autopilot modes it has been
found that the deviations of the controlled variables from the trim of the
craft are considerably suppressed when & rate signal of the controlled vari-
able is fed back, and that the deviations {rom the set points of the auto-
pilot is more decreased when the position signal is also fed back with the
rate signal. Furthermore, from the result of present experiments it may be
suggested that, when the position and rate signals of all the controlled
variables such as height, pitch angle and roll angle are simultaneously fed
back, the deviations of each controlled variable in the craft with the
hybrid foil system could be made as small as those in a craft with the fully

submerged one.

The authors * are with the Mitsubishi Heavy Industries, Ltd., Tokye, Japan
The author ** is with the College of Naval Architecture of Nagasaki,
Nagasaki, Japan
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THE DYNAMIC CONTROL OF AUTOMOTIVE TRAFFIC
AT A FREEWAY ENTRANCE RAMP

Harry Nathan Yagoda, Ph.D.

Department of Operations Research
and Systemn Analyses
Polytechnic Institute of Brooklyn
Brooklyn, New York 11201, U.S. A,

The work presented in this paper concerns the design and analysis
of a dynamic control system for metering automotive vehicular traffic
onto a high speed urban freeway, The problem treated involves the utilica-
tion of an automatic traffic controller that regulates the entrance flow of
vehicles to a rate which minimizes the total expected delay experienced
by vehicles entering the roadway, subject to the restriction that the en-
trance flow does not cause a breakdown of flow along the highway. The
study is part of the Gulf Freeway Surveillance and Control Project con-
ducted in Houston, Texas, for the United States Bureau of Public Roads,
by Texas A and M University, and all experimental results were cbtained
from this project, X

Two criteria are considered in the mechanics of " ramp metering™;
One involves the insertion of entering vehicics into gaps, while the second
involves metering vehicles into the stream at instants dictated by the
margin between observed flow and highway capacity, In either case a
stochastic state rﬁodel is used to study the dynamic behavior of the control
system. The state of the system is determined by the number of vehicles
in the queue awaiting service in conjunction with the presence or absences
of a trapped vehicle on the end of the merge strip, Control is exercised
by the release of vehicles (that are stopped and awaiting service) as is
indicated by continuous monitoring of highway flow, The basic design
parameter in the system is the threshold limit at which the next vehicle :
is released (provided that the previously released vehicle has completed
its merge), In all, several designs were investigated including: a fixed
control system, with a predetermined threshold;, a programmed control
system, in which the threshold is varied as a function of time; and a feed-
back control system, in which the threshold is varied as a function of the
average stream volume, The resultant control systems were or are

being implemented and tested on the Gulf Freeway,
* The opinions, findings and conclusions expressed in this publication are
those of the author and not necessarily those of the Bureau of Public Roads.
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LINEAR DIFFERENTIAL GAMES WITH COMPLETELY
OPTIMAL STRATEGIES AND THE SEPARATION PRINCIFLE

Pierre Faurre

Summary

]

This paper treats the linear differential games with qua-
dratic performance index. The existence of optimal strategies
in the case, when an associated Riccati equation has a solu-
tion, is provedj it is proved also that the strategies obtain-
ed are completely optimal in the sense of <fact that the ad-
verse strategy knowledge would involve to use still the same
strategy (as without kmowledge), called completely optimal.

The direct method used here is extended to the stochastic
case where the formalism of Ito stochastic differential equa-
tions is applied. It turns out that the principle of control
and estimation separation cen be extended to the stochastic

gemes.
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BTOCHASTIC OPTIMAL CONTROL WITH PARTIALLY KNOWN DISTURBANCES
T. J. Tern
Washington University
5t. Louis, Missouri
U. B. A

Tr.e stochastic optimal control of lincar, discrete scalar system is
studied. A method is presented for relaxing the ususl assumption that the
probebility distributions of the disturbances are known.

We regard the additive white Gaussisn disturbances to have {ixed but

n parameters. The basic idea 1s to consider the unknown parameters
& .ondom variables whose 8 priorl probability densities are given. Apply-
ing Bayepian filtering theory, the problem golution consists of recursion
equations for sequentially computing the & posteriori probability densities
of these random variables based on measurements. From these a posteriori
probability densities estimates can be formed. y

To determire the control, the expected velue of a quadratic cost
functional is uged as a criterion function. Applying Bellman's dynamic
programming epproach, we obtain the exact analytical solution of the feed-
back control law. This solution serves as egtandard for evaluating epprox-
imate golutions.
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AN APPROXIMATE METHOD OF S1ATE ESTIMATION AND CONTROL
FOR NONLIVEAR DYNAMICAL SYSTEMS
UNDER NOISY OBSERVATIONS

by
Yosnifuml Sunshara

The object of this paper is to entsblish ar approximate technique for
the state ¢stimation end optimal control of nonlinear dynamical systems with
state-independent noise under noisy observations.

Guided by the basic notion of state variable representations in control
theory, we describe approximately mathematical models cf both the dynamicel
systems and the cbservation process by the nonlinear vector stochastic differ-
ential equation of It;-typc,

The description i{s basically divided into two parts.

Firstly, & method of stochastic lineurization is demonstrated for the
purpose of establishing an spproximate approach to solve filtering problems
of norlinear stochastic systems io Markovian framework. Although the most
famillar technique i{s the introduction of Tuylor series expansion on a non-
linenr function, in this paper, the author will introduce the reader to a
method of stochastic linearization vhich will be shown to play a useful role
in the study of state estimation and which will hopefully be of an extensive
a5+ to the version of optimal control problema. The principal line of attack
is to expand the nonlinear function into & certain linear function with the
soefficients which are determined under the least squared error criterion.
The linearized functicn ls specified by the coefficients dependent on both
the state estimate and the error covariance. Thus, a method is given for
the simultaneocus treatments of approximate structure of fllter dynamics and
of running evsluation of the error covariance through the linearized pro-

fecondly, by using the fllter dynamics obtained, an approximate method
of optimal ccntreol !s presented for the quadratic cost functional.

inally, detalled discussicns are given with numerical examples, includ-
ing comparative discussions on the other filter dynamics.




CONTROL ON STOCHASTIC FROCESSES AND CHECKING

A.A, Klementev, E,F, Maslov, A,M, Petrovsky,
A.I, Yashin

It is solved a problem of synthesis of an optimal
aliorithm for checking and control of a discrete stochastic
process, with incowplete information. Three types of losses
are described:

- for the deflection of the controlel process 1lzp} from
a given regime {Opb

-~ for the control of the prooeasiqr)
- for the checking of the process tqp].

ILet the nunber of cycles of process existence be finite and
equal to I, Operations of checking and control, and also
incoincidence of coordinates - 55 and en. n=1,2,.0.,8, result
in total stochastic losses Cz . The mean value of Gy is
zinimized by means of choice of a rumber, and of checking
and control mement lay-out, also by a choice of control U,
k=1,2,... The problem is solved by means of dynszic prograz-
ming methoda, ’
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SYNTHESIS OF CONTINUOUS-TIME STOCHASTIC CONTROL SYSTEMS

I.G, Cumming
Department of Electrical Engineering
University of Toronto
Toronto, Canada

Analytical results in continuous-time stochastic control theory
are normally developed for systems whose noise is white, as the Markov
assumption is usually necded in the derivation, However, all random
proccsses met in practice involve coloured noise, and such proces:es
sust be modelled by white noise processes before the results of
stochastic control theory can be applied.

This paper relates continuous-time coloured noise and white noise
processes lnc:l:oc:cnlent state-vector form for the case where the upper
frequency of tho?noise is high. The problem is most interesting when
the moisc is non-additive, and the paper gives the maximum number of
paragceters: of the coloured noise which are needed to relate the two

processes,

Using this relation, the paper shows how scme of the modern
stechastic control theory can be applied to practical situations.
An example of a lincar system with a random coefficient is studied,
and it is shown how an inferior controller can be designed if the
coloured noise is not characterized fully.
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CUARACTERISTICS OF STOCHASTIC PURSULT-EVASION*
GAMES
R. D. Behn and Y. C. Ho
Harvard University

Several characteristics of stochastic pursuit-evasion games are con=-
sidered. The cutcome of the game as a function of the information set ia
{nvescigated with respect, in particular, to the role of the stochastic
strategies as a bridge between open-loop and closed-loop strategles. The
stochastic game 1s also shown to shed further light on the asymmetric
character of the roles of the pursuér and evader. Further, it is poiated
out that 1f the two players have different information sets a nonzero-sum
game must be solved.

“he work reprinted here is supported in part by Joint Service Electronics
Contract NOOOl4-67-A-0298-0006 and NASA grant XGR-22-007-068 administered
through Harvard University.

*Submitted to 1969 IFAC Congress.
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INEQUALITIES FOR THE FERFORMANCE
OF SUBOPTIMAL UNCERTAIN SYSTEMS
by
H. S. Witsenhausen
Bell Telephcne Laboratories, Incorporated
Murray H11l, New Jersecy

~
Ve o .

The performance index for a control system depends
both upon the selection of s contreller and upcn uncertain
quantities, such as perturbing inputs. To cach controller
corresponds a function of the uncertaln quantities to which
is assigned a number by taking, for instance, an expectntion.
In general it is difficuit to find a design giving this number
its least value J¥, One suboptimal deslgn method consists in
assuming that the uncertain quantities are fixed at typical
values snd finding a design optimal under this hypothesis.
wWhen such a deslgn 15 evaluated the result is a number Jo > J*%.
The risk entalled by the simplified design method can be studied
in terms of inegualltles J, ¢ kJ* where k 1s as small as
possible for given assumptions on the structure of the problem.
Best values of k are found for & class of open-loop problems
with norm type criteria. Depending on the assumptions, these
values are 24/3, /2, 2 or 3. Inequalities for two-stage

problems with feedback are also derived.
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TWO~-ROTOR GYROORBIT THECRY

VeA.Besekersky, Doctor of Science

V.G.Gordeev, Doctor of Science

J.G.0atromuhov, Candidate of Science
titute of Precise Mechanics and Optics

Leningrad
Uss®

The theory of ome-rotor gyro orbit is known now which is
used on artificial earth satellites to make planes of their
orbits. Together with the local vertical measuring element of
infrared or any other type the gyro orbit gives possibllity
to make up current orbital coordinate system on board of an
artificial satellite which can be used as a basis coordinate
system when the satellite is doing its vario.. tasks required.
The scheme of the two-rotor gyro orbit is known which has ma-
ny advdntages in accuracy, greater gyroscopic memory,manceuvr—
ing, etc.

In the paper on ths base of consideration of initial dif-
ferential equations and composition of noises principal theo-
retical dependences are given for the process of making up.
current orbitial coordinate system in normal orieantation re-
gime and gyroscopic memory.

The main results of this analysis are the shown trans-
formation of noise frequency spectrum determined by the owmn
drifts of gyroscopes and also more favourable coanditicns of
work in gyroscopic memory regime in comparison with one-rotar
gyro orbit.
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INVESTI ATION OF MULTIFPLEX AUTO~OSCILLATIONS OF SPACECRAFT
E.V.Gaushus .

The dynamics of a spacecraft with a pulsed attitude control
system is considered. Plane osolllations with constant dis-
turbing moment are investigated. The problem is solved by the
method of point transforms and the thecry of bifurcation using
some theorems proved by the author.

i The dynamic system considered is shown to have any multi-
plex periodic motions (fixed points of a point transform of
any multiplicity from 41 toee ).

The complete problem of the dynamics investigation is
solved that includes finding all possible perioedic moticns,
studying their stebility and parametric dependence, fitting
bifurcation curves, and determining energy consumption by the
control system. The energy consumption is shown to be guan-
tized, 1.e., the system can be atl one of two possible en-rgy
levels corresponding to limit oycles of meighbouring multi-
plicities at fixed parameter values, The dynamic system con=
eidered with a multivalent phase plane seems to be the first
example of systems which have any multiplex pericdic moticns
and cxn be fully analysed.
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DYNAMIC STUDIES OF FRELIMINARY STABILIZATION SYSTEM

OF A GRAVITY-STABILIZED SATELIITE WITH TAKING II'TO

ACCOUNT TRANSDUCERS CONSTEAINTS AND BENDING OSCILIA TIONS
OF STABILIZER

V.I, Popov, V.Yu. Rutkovskii

In certzin cases the gravitation and stable satellite should
be quickly celmed after separation. The calming can te effected
by means of a gas-reactive pre-calming system (PCS).

The dynsmics of PCS 1s investigated on a phase plane with
the transmitter limitations being considered. The question is
considered of using the transmitter limitations in forming non-
linear control laws. It is shown that with the coeffecients in
the regulation law and the deasd 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 in the PCS, which
hae a relay characteristics with a hysteresis loop, it is en-~
visaged to introduce an inherent feedback compensating the dead
time of theregulator.

To obtain a gravitation and stable satellite, a stabilizer
is being attached to 1t. After the satellite is separated from
the delivery rocket the stabilizer should be opened. The moment
of opening the stabilizer is being chosen.

Equations are made of plane curve oscillations of the system
satellite~stabilizer, their investigation is made. If only natu-
ral damping in the bars of the stabilizer is taken into account,
energy practically 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 system satellite-stabilizer were
examined on the digital computer with the work of the PCS being
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consideved., It was shown that whea the PCS has a relay charac~
teristic with an insensitivity zcue, cucsve oscillations of the
system satellite-stabilizer can be damped during an adaissidle
tize iaterval.
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THE DESIGE OF AF 2-AXES~ATTITUDE STABIWIZATION

BISTEN FOR GOPINNING PAYLOADE

H. Roderer, K, BSeelmanr, H.Woitschellas

Doraier OmbN Fricdrichstafen

Scientific Bxperimeats require often payloads which are pointing
sccurately tovards & star or the sun. The hardwvare of sttituds
control systems for spimning payloads becomes quite simpls, care~
ful dyramiec investigstione, kovever, asre required.

On tke bdasic of ax cptimization study with Poatrjezin's method
tovards a tize-optimsl control systenm, a gquasi-optimal discrete
control system hes been designed. Nutation and precession con-
trol is treated inm detail in the paper. Results of the develop-
ment sad various technical realizations are presented. Problens
of the sensors, the signal processing and sctumators will be gz~
plained. The results of hardvare simulation are showvm., The sy~
sten will firstly be lsusched in 13969,



TUEN MANEUVER CONTROL OF A CIRCULAR ORBIT PLANE PROVIDING
FOR A SATELLITE PASSAGE THROUGH A GIVEN

Yu,P, Gouskov, S.V. Bunjakin

The problem of sinthesizing the throttle control, which
provides a satellite pass over a given point on the earth’s

surface, is examined using the known decisipns of the material
point motion equations in the cental field the effect of force
applied binormally to the osculating orbit.

A @istinctive feature of the trajectory programming pmb-
lem being examined in this report is the conjugation of the
earth’s surface point motion to the powered and unpowsred sa=-
tellite motion provided that the engine bourns minimum time.

A requirement of maintaining the psrameters of the ini -
tial orbit as well as the given final requirements under the
action of perturbations, which take place, necessitates synt-
hesizing a feedback control system. One of the possible cir-
cuita of such a system is analised in this report, .
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On the Synthesis of a Control Moment Gyro
Implemented Spacecraflt Attitude Control System
by
E. George Smith*
International Business Machines Corporation

Federal Systems Division

The preliminary design of a spacecraft attitude acquisition/reorien-
tation and stabilization controller, implemented by a set of single-
degreec-of-freedom control moment gyros (CMGs), is described in
this paper. For cases of motion-in-the-large, equations governing
system motion are highly nonlinear as evidenced by the serious
cross-coupling effects. Assuming that a control algorithm should
be contrived to. permit efficient use of the inherent nonlinearity of
the control actuator, (1) an application of the classical variational
calculus is made v'lhlch results in a control law governing the motion
of an ideal CMG controller and (2) the method of steepest descents
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 of the total system are presented along with

a derivation of the simulation mathematical algorithms.

*Advisory Engineer
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ON THE SYNTHESIS OF SUBUFTIMAL, INERTIA-WHEELL
ATTITUDE CONTROL SYSTEMS

W. L. Garrard
Deparcment of Aeronautics and Engineering Mechanics
University of Minnesota
Minneapolis, Minnesota, USA

L. G. Clark
Department of Englneering Mechani:cs
University of Texas
Austin, Texas, USA

Two techriques are presented for the synthesis of subopti-
mcl oystems using motor-driven inertla wheels as the source of
torque for three-dimensicnal attitude control. These techniques
approximately minimize the integral of a quadratic function of
system error and control effort, and both procedures compensate
for nonlinear inter-axis coupling. The techniques developed in
this paper are applied to the design of an attitude control sy-
stem for a typical artificial sateliite. The resulting control
laws are in feedback form. In & computer simulation, systems
designed on the basis of the procedures developed are shown to
respond faster and more accurately than those designed by opti-
mization prccedures based on lincarized approximations of the
equations of motion. 2




GENERAL PROBLEMS C¥ GUIDANCE THECEY

E.Ae Fedosov, A.M. Batkov, V.F, Levitin, V.i. Skrypkin

The only approach to desiguing of control systems of fijying
spperstus is suggested., Gensral problexs of guidance is discus-
sed, It 1s seen, that in gemeral, problem of: remote control,
self~-guidance, sutonomie control, guidence of flying appsratu-
ses vo mooving 2nd stead)y taergets from mooviag snd steady plat-
forma, are defiued sg follows:

a/ The only criterion, stating the quality of work of gui-
dsnce system, for instance "overflying" of the target by
flying apparstus;

b/ The only, unchangable part of the system, kinematic eque~
tion of connections between perameters of flying eppara~
%Yus trasjeotory and target,

¢/ Control elements specific and charascteristice of flying
ajparaetus, snd as well, lack of full inf: 'zetiens in
their changes, j

4/ The only necessity of dicresse in power looses of flying
apperatus, necessary for guidance needs,

Differeant guldance problems are in general defined by infor-
zation sources of the target and flying appersatus end especisl~-
1y flying spparstus characteristics. :

Gensrsl features snd speci”ic problems of rexzote control,
self-guidance and autonomie guidsace systems, are illustrated
by an exsnple of linscr system of guidance, Cptiamisation of
guldance system problem is discuseed, Specisl solution provlens
8% different informetion sources snd consideration of diffsrexnt
Power lizitations, ers anslised, Antisction of the tariat oa
galdence system charasteristis is studied,

Fresenvel sre ansliszis methods of guidance system with congl-
deration of absence of full information sbout flying epperstus
Charactertskics.



THE RELEVANCY OF CONTRCL THEORY TO EDUCATIONAL ENROLMENT
Paul Alper

TUNESCO Project at the Instituto Politecnico Hacional
Mexico City z
Mexico
and
Peter Armitage
Higher Education Research Unit, London School of Economics
London
England

The paper is oconcerned with an importent problem of educational
planninz, the future distribution of students and teachers, and the
applicability of control concepts. Some previous attempts at applying
control concepts to educational enrolment are briefly descrided; these
;tt-mptl utilized such ideas from control theory as, state space, control
or decision variables, Pontryagins maximal principle, dynamio programming
and dual systems.

Next, attention is focused on the formal similarities between an
industrial process and the educational proeess. It is then shown that
despite the formal similarities, many very real problems still exist; the
controller is only a "suggestor", the dynamice of the process is almost
unknown and morecver is non-stationary and the setting up of an objective
function, unaninously agreed upon seems tc be an almost imporsible task.
Because of these difficulties, it is seen that a control framework must be
augmented by some deep and uafortunantely expensive research into the
educational process itself.
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THE USE OF MULTIACCESS COMPUTERS FOR THE
MANAGEMENT AND CONTROL OF PROFESSIONAL LITERATURE

J. Francie Reintjes
Massachusetts Institute of Technology
Cambridge, Massachusetts, U.S.A.

Multiaccess comiputers, when operated in an online mode in which

.eye interact in ceal time with the machine, in dialog fashion, offer new
spportunitics for effective management and transfer of information con-
tained 1 the professional literature. Active interest of members of the
profession and a cortain amount of standardization are essential for
effective implementation of a machine-stored information system. The
automatic-control field is an excellent area for exploitation of this type
of iri.rmaticn-transfer system because of the worldwide cohesiveness of
its profesgional membership,

An Faxperimental Information-Transfer System (Project Intrex) is
leseribod, Jte purpose is to develop, through analytical and experimental
research, a body of data which will be useful in the establishment of
epecifications of future operational systems. A salient feature of the

experimental-system design js that it takes full advantage of the capabil-

itics of the user as a human operator in the man-machine interaction
process. The system includes a literature base consisting of a catalog of
ut least 104 documents, a set of sterage and retrieval programs for stor-
ing the catalog compactly in the multiaccess computer and for retrieving
infermation quickly from the catalog, and a full-fext-access system which
ensurcs guaranteed, rapid access to the full text of the cataloged items at
remote locations, JExperimental results obtained te date are reported.
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COMPUTER CONTROL SYSTEM FOR AIR POLLUTION

by T. TAKAMATSU, Y. SAWARAGL
M. NALTO, Y. AKAGI, I. HASHIMOTO
Y. IKEDA, K. KAWATA and T, MIZOGUCHI

In Japan, public nuisances caused by air pollution have been
tremendous problems, and especially in the Osaka district that has many
industrial towns, it has become one of the problems which should be
immedlately solved. Therefore the authority of Osaka Prefecture has
installed the telemetering system to quickly grasp the conditions of
weather and air pollution at several monitoring stations in the Osaka
district. Only this installation, however, is not enough for the
prevention of pollution, and the emitted materials from many pollution
sources should be so controlled according to some policy that any public
nuisance does not occur.

It is the purpose of this work to develop the methodology for
establishing this control policy. Future concentrations of alr pollution
materials are predicted by some mathematical models, and if predicted
values of future concentrations are estimated to be over the critical
wvalues, the emitted quantities from sources must be so reduced that future
concentrations do not be over the critical. In this case, it may be
desirable that the total sum of reduction of social and economical
activities in the district is minimum, and these control may be
accomplished by using electoronic computer with many modern control
theories.

This paper is mainly on mathematical model building with transfer
phenomena 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
state distributed parameter models are used, and for each of the smalll
reglons about monitoring stations a pseudo perfect mixing model 1is
applled. The concentration of upper zone of small reglon mentioned above
is calculated based on the transfer in the horizontal direction, and some
transfer are carried out between the perfect mixing region and its upper
region.

Moreover, since values of many parameters contained in mathematical
models vary with time, these values should be always modified by the
principle of adaptive control and by comparing calculated values with
measured values. g




'"Dynamically Optimized Fiscal and Monetary Policies for
the Control of a National Economy'

by A.R.M. Noton (Canada)

This paper illustrates the application of techniques
developed in an engineering discipline to a problem of another
discipline, namely the social sciences. Even though mathematical
economists are familiar with variational methods there seems no
evi.dence that modern control theory has been applied to derive
dynamically optimized control policies for a national economy.

A model of eleven state equations embodying several interesting
features has therefore been used for such an illustration,

4lthough no serious attempt has been made at this stage to correlate
the model to econometric data. The problem (for discrete-time
control) is formulated as one in dynamic programming and the iterative
computations proceed with the help of expansions using the method

of conjugate gradients.
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INFORMATION SYSTEMS CESIGN FOR BUSINESS APPLICATIONS

Raloh R, Duersch
Ganaral Electric Company
Schenectady, New York 12305
U.S.A.

The process of information system dasign in the past has received In-
sufficient attention because of the emohasis on selecting from avallaols
hardware. However, as In the solution to any problem there ars several
phases In obtalning a sultable design for an information system and th's
paper describes the process of arriving at such a design., This process,
carrled out by a systems analyst with the nelp of operating perscrne! and
management at ail levels can benefit from the experience of control
engineers.

There is 2 strong resemblance between management functlons and
multiloop control systems, Further the management functions can be shown
to Include the control aspects which would analogously be done by control
logic and feedback in a ovhyslicai system. Hatrix manipulation and parcit-
foning may be used to design better Information systems. The technlques
of optimlzation wili alsoc be found usaful In the selection of stratagles
and planning by marscement.

As the capabilities of information systems are explored It wiill
become evident that experience In modeling and simulation will be usefu!
to create managemenrt dJescriptions of the business In a more quant!tative
fashion. Thus, alternate courses of action may be explored and long~
range planning and declision making may be more scientifically Investigated.
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A Nonminimum Phase Index and its Application %o

Interacting Multivariable Control Systems

oy

Edward J,, Davison

A nonminimum phase index il defined for a linear time
invariant multivariable system. It is then used to give a
measure of the degree of difficulty of stabilizing the system
when two or more control systems, each of which controls one
output variable of the system, are applied simultanecusiy to
the system, The index is simple to compute and so should e
useful in predlctinl when interaction will cccur in large
multivariable control systems such ss which occur in nrocess
control. A numerical example of a distillation ¢ .on with

pressure control and temperature control is included,
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O AN ALGEFRAIC , MULTIDIMENSIONAL
DAMPING CRITERICN
EXTISION OF BASLIK'S CRITERION

D, Earchand rnd Yo Hennhem
Sociétd CA Automntion Sovidtd Contréle Bailey
A, rue Pellini 32, Bd lienrd IV
s (16°) PARTS (49)
FRANCE YRACE  °

{ The firct part of this work concerns an extencion of liaslin's ntane
drrd pelynemiale (repreventing &ifferentinl operators) frequently used in one
varinble control denimm. Standard polynomial matricen nre presented and jus-
tified. The second pari concerns un essential protlem in the prectical field
of mltivariable eontrol synthesis. Wnen controllers of claunsieal stricture
(1ch ne the three terms controller FID) are used, no method ir netusly rvai-
lutle for mntching the controller to the controlled procesa to improve the
dynemicsl behevior of the over nll contro} system, A practienl method in pro-
rosed which muy solve the strted protlem. The method ir based on an extension
of lirlin's nenler dnnping criterion to the multidime sionnl domnin. liowever,
wany aspectn of the extension remnin to be studied, to justify the usefulness
of the pereralized criterion.
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USE OF GENERALIZED MOHR CIRCLES FOR MULTIVARIABLE REGULATOR
DESIGN

A.%.J. MacFarlane and N. Munro,

Control Systems Centre,

University of Manchester Institute of Science and Technology,
England. i

A design technique i3 presented for multiple loop,
rultivariable,linear, proportional regulators. The technique
depends on the use of generalized Mohr circles. The Mohr
circle construction was first introduced by Otto Mohr in
1882 to show the effects of coordinate axis rotation on
stress and strain tensors. The principal object of this
paper is to show how similar constructions can be used in
the design of multivariable feedback control systeas. The
familiar complex frequency plane is used, so that a link is
established between the technique developed and conventional
control system theory.

Two simple design examples are presented. One of these,
for liquid level regulation in a three—stage blending tank
system, is representative of a class of process caontrol
applications. '



A TRANSPORMATION METHOD FOR THE ARALYSIS AND THE SYNTEZSTE
OF MULIIVARIAELE CONTRCL SYSIEME EY DIGITAL COMPUTER

Je Gyiirki
Resecarch Institute for Automaticn
of the Hungerian Acadeny of Sciences
Budapest, Hungary

BUMMARY

The analysis and synthesis methode of the control theoxry
presume that the gystem under test is available in a proper
mathematical form. However in general the modsl of the ontire
system, which was build ug by pure mathematical operation on
the bare of the physical laws or by measursment with an idenw
tification procedure appears in different form. The bloik-
disgrem is o'very useful fore and it is widespread in the
practice too. In the paper is described a general procedure
to generate the proper mathematical form, which is wanted

by the analysis and synthesis methods, on the uase of the
block~diagran,

In the first part we describe the gensrating procedure of the
state equations. T™hs second pert deels with a transformetion
method to convert the state matrix of a system into a kinema-
tically similer matrix, which hag canoniczl form. In this way
is parformed the simplificetion or the reduction of the ge-
nuine block-disgram with regard to tke original input sig-
nels and output variables.

The information which are comprised in the state equations
and iz & single trenafer element exis between ons iluput-
cutput signal pairs in this wey are avallable, The synthesis
and unalysis methods, based upon the state matrix or on the
trangfer function connected with en input-output pailr are
directly epplicabla,’

The entire grocedm which ig described in the paper, together

with some classical methods of the analysis was prograzmed on
a digitel computers
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ON-LINE COMPUTER CONTROL USING WEIGHTING FUNCTION MODELS
H.A. Barker and A. Hepburn
University of Glasgow
Glasgow, Scotland.

Thie paper describes a method for on-line digital computer control of a
multivariable system which is applicable when linearisation about an
operating point provides a realistic approximation to the system dynamics.
These dynamics are continuously determined to obtain a model of the system
in the form of a number of weighting sequences by the application of
pseudorandom binary eignals superimposed on the system inputs, and a
crosacorrelation technique which virtually eliminates estimation errors
due to spurious correlations. The model weighting sequences are used in
feedforward and feedback controllers which operate independently to remove
the effects of observed and unobserved disturbances from the system
controlled outputs by means of a novel recursive procedure., Results
obtained for a eimulated system are presented.
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ON SYNTHESIS OF OPTIMAL CONTROL SYSTEMS WITH THE
GIVEN RELIABILITY

VoA, Bodner, K,B, Alexeev, R,A, Zekirov

For the cluss of osutomntie control systcus which have
limited encriy resources, ttc eriterion of the optis

econasists in winicum cnerry lonscs with an edaissille
tize of rcrulation ond other incices of control aunlity.
The ensusing of the oct reliatility tolcs ploce ot the
finol staze of 2esirning aceorlinrs to n concrete Ciarrem.
This procedure nf the syntlicols of contewrornry control
systecus uoy Le cxnloined Ly the alscnee of a penerslized
criterion of the optimuz, contnining in itsell the quality
indiccs rnd relisntility of the aystex, i
An nttempt is isde In the pnaper to foruulnte, for the
snid eluss ol aysteap, b rode of thelr synthecuia tnkiny
Into nccouut the requiscments for set reliatilivy st the
tnitinl otopre of desizning. According te the riven sode
tte renlization of the optisua system is carricd out $n o
sondition of its wezinuc stmietursl relial 11ity. & memoure of
‘ve latter i the Jeyree of the otructural c¢'ance in the
controllinr purt of the system «ith the optinun laws

-

of control te¢ing re

a® C o

The Ziscvem relislility of the system whose index s

'.? ¢ protalility of its flowless vork, ia teing  cnsured
ultancously with the zinimizintion of the quality

- :

“la ticNe

1¢s of the made are illustrated éa
the exnunles of control equipment with a Jilferent dyna

ienl struciure toth in the nart of the realization of the
opticuc systenm with a zaxisuz’ strictursl relisbility,
and in the et of attalning the set protability of its

18 =l u.'s'.
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OPTIMAL CONTROL OF A CLASS OF
DISCRETE SYSTEMS

Ole A. Solheim and Freddy Pghner
Division of Automatic Control
The Technical University of Norway
Trondheim, Norway

The paper deals with optimal control 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 system. One powerful method for solving
this kind of control problems is the discrete maximum
principle. An elementary proof of the principle is given.

Some computational aspects of the control problem have
been discussed. Especially is considered the linear process.

Finally there are given a few examples to demonstrate
the method, and to show the influence of sampling frequency
upon system performance.
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Optimal Control of Nonlinear Discrete Systems

Johannes Molk

Institut filir Angewandte Mathematik
Technische Hochschule Graz, Austria

This paper deals with the problem of finding optimal controls
for systems with state constralnts described by nonlinear
difference equations, It is shown that this optimal control
problem can be formulated as a mathematical programming
problem. Assumptions are made concerning the convexity of
some sets and the thecrem of Farkas is used to derive ne=-
cessary conditions for an optimal solutioﬂ. Convexity is
ohtained by considering the lincarized problem. If the system
equations are linear and the objective function is convex the
conditions are necessary and sufficient for a global minimum,
Furthermore it turns out that the results obtained represent
a discrete maximum principle of the Pontryagin type. The
Wamiltonian becomes a maximum at the optimum point and the
transversality conditions are the same as for continuous systems.




Konstanty KURMAN /Poland/
CIIAIN MODELS AS INERTIALESS OPTIMAL CONTROLLERS

OF MULTIDIMENSIONAL PROCESSES

Summary

A new perspactive optimization method is presented-
the chain model method, hen present methods are used the
computational efforts of optimization grow at least with the
square of the problem dimensionality; using the described
mothod = they grow linocarly. The point of the methoed is to
reduco a dynamic problem to a static one and to usc in model=
1ing the variational principles of the physics,

For the problem of the static optimization an electrical
"energetic model" of Lagrangian function is determined based
on the modified Donniu'a analogy. The node potentials reprusent
decision variables and Lagrangian coefficients and the power
consumption represents the value of Lagrangian function.
On the ground of the modified Maxwell’s principle of the
minisium power consumption equations of the first Kirchhoff’s
Law represent "relations of optimality”.

The modpl has "self-optimizing feature" which is
consarved when constraints and other nonlinearities are
respocted in a proper way, The complexity of the model is
proportional to dimensionality of the problem. Thecretically
inertialess model realizes practically Arrow-Hu:rwicz gradient
method, The solving time of a problem is equal co fractions
of a second. The existence of solution guaranteas a pos-
sibility of stable mcdel construction.

The optimal control problem is roduce  to the problem
of the static optimization if the energetic = idel having
specific chain structure is build, This mods! can be usad
as the inertialess optimal controller for =« vide class of
Problems,



ELEVENTS OF INFORMATION CONTROL THEORY

3.N, Petrov, V.V, Petrov, G,M, Ulanov, V.M, Ageev,
A.V. 2aporozhets, A.S. Uskov, I.D, Zotchubievaky

It is possible to treat control processes in
the cathegories of information theory and statistical
phyeics if a composite system is partitioned into dif-
ferent hierarchicel ocrgesnization levels,

Eo, for cach hierarchy level, some information
charscteristies of genecral type control processes are
studied. The basie for information characteristics deriva-
tion is introduced by the authors, and formed by otate
resolution levels of the control object upon its studied
organization level.

The information characteristies allow to estimate
possible working conditions of control system, including
dynesmies of deterministic and nonstationary processes.

The entropy-statistic stebility problem is gener-
alized and necessary conditions, specific for control
asystem, sre described. The snalogy and connection of tho ;
statistic stability with classical Lspounov’s stability :
problem is presented. '

Information conditions represent necessary real-
izability requirements for the control of a given object |
with given enality. :

4 problem of bound, optimal the information sens,
possibilities of control system is given.

tentially possible control system intervels
are connected with transfer ability of the element and
control system. Specific festures of the transfer ability
notion, connected with control system peculiarities, are
shown. The basic equaticns for design of transfer sbility
are given.
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In the paper the conditions of basic control and
regulation regimes are studied, including control object
state stabllization, reproduction of necessary states and
information conditions of invariance /absolute, with the
acouracy less than /. General entropy balsnce equations,
pertaining the basic control regimes, sre obtained.
General anylogy between problems in statistic phisies and
information control process in chosen. Design examples of
the control systems, using proposed methods, are given.

303



MONTE CARLO TECHNIQUES FOR PREDICTION AND
FILTERING OF NONLINEAR STOCHASTIC PROCESSES

by J.E. Handschin (Switzerland), Centre for Computing and
Automation, Imperial College of Science and Technology,
University of London, London, S5.W. 7. (U.K.)

Monte Carlo techniques are introduced to derive
numericel methods for both the nonlinear prediction and
the filtering problems. Nonlinear, k-stage dynamical
systems are simulated and the data used to estimate the
relevant parametors of the probability denaity functions
describing the state of the sysiem. Variance reduction
tpchniques are develeoped to improve the officiency of the
sampling procedures. The Antithetic Variate method and a
new two stage Contreol Variate Method are developed for the
nonlinear prediction problem. The Bayesian approach is
adopted for the filtering problem. The combination of
nonlinecar approximats filter equations with sampling
techniques resulte in a new Control Variate method for
estimating the conditional mean. Simple, but illustrative,
examples are included to show the applicability of the
various sampling procedures.
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4.G. Ferraté, L. Puigjaner, J. Agulld

INTRODUCTICON TO MULTICHANNEL STOCHASTIC
COMPUTATION AND CONTROL

The fleld of stochastic computation, which applies probabllity as an
analog quantity Is very promlsing, and although slightly developed wup
t= now, Its Intermediate properties between analog and digital compu-
tation suggest Interesting applications In the domain of process control.

The concept of clocked random-pulse codification of variables is In-
iroduced and the analysis of precision is discussed. Probabllity can -
nct be measured directly and statistical methods must be applied to

determine, by average, r.lse-rate value. The dynamic performance of
several types of averagesrs is compared, finally determining the relation

ship between sample-size, clock-frequency and band-pass.

The generation of stochastlc series with specified pulse-rate probability,
neede sampled digital or analog noise of rectangular probabllity density
function. The methods to produce such noise from random or pseudo
random binary trains are also considered.

To Increase the dynamic range of the variables, the authors propose
a generalized stochastic codification Introducing the concept of mathema-
tical expectation through the use of logarithmically weighted probabilities.
The resulting random floating point stochastic codification has very use-
ful and Interesting Implications.

Nermal operators have been revised In order to cope with the require
ments of the new multichannel stochastic codification.

For function generation, a peculiar method using nolse sources of spe-
cified cumulative probabllity function ls presented, and the obtention of
such noises fe& explained.



CORRECTNESS,REGULARIZATION AND THE MINTMAL COMPIEXITY
PRINCIFLE IN STATISTICAL DYNAMICS OF AUTOMATIO CONTROL

VeVe Solodovnikov, V,L, Lensky

The solution of the optimization problems in
statistical dynsmics of control aystems results in a
syatem of integral equations, which are lncorrect 4in
A.ll. Tikhonov sens. Therefore s computer solution of
the problems may ianvolve excesaive errors, thus the
optizal systems appear to be unrealizable.

Incorect, in the above mentioned sense, is also
the well known integral equatrion which is the base for
atatictical umethods of ideatification.

It is expedient to use, for some problems the
Tikhonov’s uethods of regulsrization to obtain stable
algorithms for statistical dynamics problems solution.

It is shown that when choosing corresponding
regularized functional of the sorte, the approach to the
synthesis problem solutions allows to obtain non only
the correct algoritums, but the systems of minimal com-
plexity as well,

The notion and the principles of minimal com-
plexity are foramulated.

The application of the complexivy principles
is 1lustated, using several exsuples. As a psrticular
exsnple serves the synthesis of a nonlinear discrete with
finite memory.




COMPUTATION OF OPTIMUM CONTROL FOR A ROBOT
IN A PARTIALLY UNKNOWN ENVIRONMENT

¥. G. Keckler and R. E. Larson
Stanford Rescarch Institute
Menlo Park, Ca.ifornia, U.S.A.

The optimization of systems in which stochastic effects are present has been
studied extensively by a number of researchers. Am extremely general formulation

of{ these problems haus been called by Meler the combined cptimum control and estima=-

tion problem; solution to this problem has been formulated using dynamic program-
ning. Even though several theoretical papers have been written on this subject,
thore have been very iew examples worked out for any cases but the linear gaussian
problem,

This paper {irst describes the apolication of the dynamic programming solution
to the problem of optimally controlling a roboi, equipped with sensors, that is
cworating in an unknown envircnment. A methodology is presented for formulating
a class of stochastic contrcl problems in which there are informaticnal variables
thut specify the degree of knowledge about the physical state of the system as well
45 the physical varinbles of the typr encountered in most control applications.
These problems are present in a number of areas; the robot example discussed here
is related to the general problem of unmanned exploration of a hostile, inacces-
sible environment; but ancther formulation of this type has been developed for
mission relianility problems, The detailed calculations required to implement
this approach are also described. Dynamic programming is shown to be feasible
for handling system equations, performance criteria, and constraints that simulta-
necusly inveolve physical variables and informaticnal variables. The rclationships

of concepts from system theory such as dual contrel and voalue of information to

the combined optimum control and estimation problem are also demonstrated,

In the robot problem computaticnal complexity increases exponentially witht the
number of physical and Informationuil state variables. Thus, many problems of
interest are too unwieldy to solve rigorously con present-day computers. In order
to attack these problems, a heuristic method based on the optimization algoritim
has been devised, It is thus possible in this paper to analyze the relation
Lotween the heuristic wethods and optimization approaches for a concretec example.
The results of heuristic methods are also compared with the performance of humans

in some representative cases.
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STATISTICAL PROBLEMS OF INFCRMATION FLOW
IN LARGE-SCAIE CONTROL SYSTEMS
by

Juliusz Lech Kulikowslki
Instytut Automatyki PAN,Warszawa, Poland

Bome new concepts concerning a statistical approach to the
information systems theory are presented. The information sys- ‘
tems are considered as sub-systems of large-scale control sys-

f. tems. Their orgenization may be characterized by a spatial
structure, a functiopnal structure and a set of operational
rules. The measure of the infermation value (Eq. (1)) based on |
the semi-ordered linear space idea is proposed which is a gen- 4
eralization of the measure given by A. A. Fharkevitsh, Some
more important properties of the stochastic processes of the '
Markov type, suitable for analysing the phenomena occuring in
the information systems, are also considered.The general equa-
tion describipg the statistical properties of the processes
bas been derived (Eg. (14)] A method of getting approximate
solutions of the equation' is also menticned. The necessary
condition for the stochastic atablility of the system is given

by Eq. (17&).




oX ONE SYSTEM AUTOMATIC CONTROL OF MICROCIRCULIS MANURACTTFING
PROCESSES

V.M‘ Glughkov, V¥ Derkaﬂh. G.T. Makarov

Shown are the main features of different technological weys
to scheme construction s.eeesersss from process automatisation
point of view. | g

It is shown that one of the most promising is a "elion" tech~-
nology.

With the help of electrinic and ionic bundles were prepared
trarsits p - n, micro-welding, unification of microschemes com-
ponents, polimierisation, division of light-flying connections
with local arising of chemical elements target, hermetization,
development of photo-resisting layers, foll powdering, were ma~
de high tension patterms, were measured and controlled techno-
logical procese parameters and products, was defined chemical
composition -~ were made many importaut operations necessary
when microschemes are formed.

Conditions of "elion"” process flow, which assures high sche-
me parameters.efficiency, great compatmeszs of element composi~-
tion, some simplification of control task etc, is snalyzed.

"Elion™ tecinique represents an example of such new tech-
nique, which would be impossible without cybernetics.

Described are difficuities in solution of development of clo-
sed control systems which could be able to automatize in full
prepared microschemes, £

Shown are queation examples which must be solved in order
to overcame those difficulties. Prepared are conditions for
open electronichundle control system installations for mate--
rial processing.

Characteristic of worked cut in Cybernmetic Institute of
Science Academy of Ukrain 8.S.R. dizital computor, is given.

This computior is prepared for "elion" ccatrol of microsche-
nes process preparation, including its algorithmie, structural
construction and of other features.

Shown are examples of some programmes processing,
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A MICRO PATTERN POSITIONING SYSTEM

Y. Oshima and B, 3. Chang
Institute of Industrial Science, Univ. of Tokyo
Tokyc, lapan

The micro-pattern positioning system is necessary for automatic
assembling of transistors and integrated circutts. This puper describes
about the micro~pattern posttioning system develeped for application to
autcmatic wire bonding of transistor pellets,

In this s stem the detection of patterns is accomplished by the « ccial
photoelectric microscope with the optical system contatning L-type slis,
photomultiphers and differential amphifier circutts, When the pattern with
dimensions of several hundred microns 15 fed in X or Y direcuon, the
photoelectric microscope generates an output pulse st the precise position
depending upon the optical pattern. The table on which the trar sistor pei-
lets are placed s driven in X and Y directions by means of micrometer sc-
rews, quick-feed mechanisms and stepping motors. The control circuits
consisting of counters and logic circuits control the sequence of operation
and positioning.

The first step of positioning is quick feed in Y divection, Then it 18
switched to fine feed by stepping motor at the position of eptical mark.
The output pulse of photoelectric microscope tn Yemotion lets the counter
start to count the stepping motor driving pulses, The Y-motion is stopped
at the position in accordance with setting of counter. Then the X-axis
fine feed starts. ['he output pulse of photoelectric microscope 1n X-motion
stops the table.

The experiment: concerning the effects of pellet position, adjustment
of slits, pellet type, wmination and rotationa! displacement of pellct have
been done.' The exper .contal resuits indicate the accuracy of positioning
i within 2 S5a.
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INVESTIGATION OF A RECTIFIER REGULATING CIRCUIT AS
SAMPLED DATA SYSTEM

i, Blkler, Oerlikon Engineering Company, Zurich / Switzerland

1. Ceneral
EET Lol

.1, Summary

Typical characteristics of rectiflers are discontinuous. If one device
& ipgnaced, then the process can only be altered again when the following
uevice is igmited. Investigations into its transient conditions with the normal
continuous methods, which use the mean value and modifications to voitage

wavelorm, tend to give inexact results,

Corresponding to the descontinuous mode of the function of the recti-
fer, the clrcuit shows substantial similiarities to a sampled data system.
Liuwever there are two basic dilferences {rom the normal linear sampled
duta system,. On the one hand the sampling function is not composed of
rectangular blocks, but of sinusoidal sections, and on the other, the sampl-

iny pericd is not constant when the ignition angle is altered.

The switching process of a rectifier is investigated as a sumpled data
systesa in reference [l}, where it is shown that '!hc parts of a sine wave can
be absorbed relatively casily into the sampling function. The behaviour of a
rectuller, as the ignition angle changes is determined in this paper. If the
investigation is limited to small changes in the ignition angle, then it is
pussible, as will be shown later in the text, again using constant sampiing
periods, to determine the stability analysis for a rectifier regulating cir-
cult just as for a normal sampling system.

In the fcllowing section 1.2, the well known voltage and curreat cond-
itions for a rectifier are described and it is shown how the commutation
<can be approximated.

The behaviour of the rectifier is investigated in section 2 for small
changes in firing angle, with special emphasis on the determination of the

equivalent circuit diagram and the separate transfer functions.
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Belore the regulating circuit can be investigated in section 3, the

conditions !n the gate control circuit must be determined (section ©.1,).

Finally, as an example, the results on a separately excited d. c.

motor with rectifier supply and current control are quoted in section 3. 5,
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HIGH-SFEED CQNTROL SYSTEMS WITH FREQUENCY

I’OK- K‘L‘\Js. I‘o‘. hsmch

Quick action control systems, where input signals are sig-
nals from frequency pickups, have eeveral pecullarities: time
of measurement is of course of importance, which can be combi-
ned with other time characteristics of the systemj frequency
signel permits using of esnalogue and digital methods of measu-
repent and processing; structures constructed on analog tech-
nic have limited accuracy connected with static and dynamic
faults; presence of sampling when using digital methods of con-
struction limite accuracy of digital apliances of control.
Shown are results of accuracy analysies of correcting actions
in different types, depending on control system comstruction.
Sugestions are made for comstruction of systems of different
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.
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OPTIMUM CALIBRATION OF INERTIAL COMPONENTS

George T. Schmidt
Instrumentation Laboratory, Massachusetts Inatitute
of Technology, Cambridge, Mass.

The calibration of inertial instruments in component, system, and ve=
hicle level tests is shown to be amenable to modern statistical liltering
techniques provided adequate models of the processes involved can be
found together with some method of solving the immense computation
problems, The general form of any callbration system using statistical
filtering is given together with techniques for simplifying the computa-
tional problem, In one application gyro test table data is processed by
a filter and the results compared with a Fourier series analysis, In a
second application the design, implementation, and test experience is
given for a unique calibration filter used to align and calibrate the
Apollo Guidance Navigation and Control System inertial platform while
it is in a launch vehicle that is subjected to wind induced sway,
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THS DEEBLOPMENT OF DYNAMIC COLOR CONTROL ON & T PER
MACHINE

He Chac
W. Wickstrom

This paper discusses the thecoretical and practical aspects of on-line color
control that i{s used successfully on a paper machine at Consolidated Papers,
Inc. The contral design schemes for digital controllers are given., Simu-
lation and actual process results sre also reported.
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THE DESIGN OF A HEADBOX CONTROL SYSTEM PART I
ARALYTICAL CONSIDERATION

J.EK.," lee, I.B. Sanbourn, H, Chao, J. G. Bollinger,
H.L. Harrison

The synthesis of a multiloop control system for a paper
machine headbox 1s considered. An overall control algo=
rithm is chosen on the basis of steady state considerations.
Controller galns, etc. are cho-‘n on the basis ,°' system

of transient response using a specially modified root contours

procedure. The controller parameters designed were verifiled

on actual process.

1
l
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A MATHEMATICAL MODZL FOR THE OPERATION AND CONTROL
OF A BEET SUGAR PLANT

R.M. Withers, R,J, Bass, M,F, Branch

The papsr describes the establishwent of & practical msthesatical
model as & basis for prediotion of the best operating conditions for
maxisus profitability in a best sugar factory. The dsvalopsent of the
model 1s traced froam its crigin as purely thecretical squations to its
present form as & computer prograsse of opprations which sccurataly
represent the process and whieh are contiruslly ap-<ated using Loth
O~ and CFP-line dats from the fastery.

Thers is referemce both to the bardwere and software used in
data oallection, tracsaission and redustion.

The non-lisear techuiques used to cptimisze tho modal for maximam
profit are disoussed with partisular refersnces to the constiraints
which have to be imposed dus to practical plaant lisitatious.

Finally the results of the dzta eollsotion, housskesping snd
optiniser programses are presectsd to form an integrated oosputer
soatrol system.



MULTTLEVEL OPTILIZATION AND DYNAMIO COORDINATION
OF MASS FLOWS IN A SEET BUGAR FLANT
by
W. Findeisen, J. Pulaczewski, A. Manitius

Chair of Automatic Control
Technical University of Warsaw, Poland

Bumnary

Oharges of the bests quality, dinaccuracy of the dosage of
energy &nd materials streams, sudden oscillations of the mass
flows, these are the mein factors which ceause the losses in
the sugar production. To minimize these losses an optimizing
control, atructured as a multilayer system, is proposed.

The first leyer consiste of stabilizing control. The set
pointe of the controllers are determined by local static opti-
mizers. The losses in the whole +technological line are mini-
mized by the global atatic optimizer which ocoordinates the
work of the local optimizers. The desired production rate is
presented eas a solution to a dynamic optimization probhl -

' the scheduling problem.

If a temporary limitation of the desired production rate is
caused by any resson, then a mass flows eoordination system is
called upon to control flow rates in different perts of the
technologicel line, to minimire the loss. When the limitation
is over, the coordinatign system brings the line to the previ-
ous optimal sveady stete- leaves it to the static optimizers.
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IMPLEMENTATION OF COMPUTER CONTROL OF A CEMENT
ROTARY KILN THROUGH DATA ANALYSIS

Tsuneo Otomo and Tolchiro Nakagawa
Chichibu Cement Co, Ltd,, Tokyo, Japan
Hirotugu Akaike
The Institute of Statistical Mathematics, Tokyo, Japan

To implement a computer control of a cement rotary kiin 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 to behave in a desirable fashion rather than to force them to
a prescribed behavior.

To realize this we have to know the details of characteristics of a
kiln and we have donc extensive data analyais of runuing records, Spectral
analyses of the records were tried and the result suggested to what frequen-
cy range we should pay our attention, The cross-spectral method was found
to be insufficient for the present purpose and a control program was devel-
oped on a qualitative model of the kiln behavior. Tne program was found
to be fairly successful.

Later a general model for the analysis of feedback systems was *
introduced and applied to the analvsis of our kiln data, [t gave a descrip-
tion of mutual interrelations of various measurements and the noise char-
acteristics within the kiln and made it clear why the program worked suc-
cessfully.

In the paper, these experiences are described in detail.
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MODELLING OF A PYRITE SMELTING PROCESS

T. Talonen, Cutokumpu Dy.'Kokkoll. Finland
A. Niemi, University of Oulu, Oulu,Finland

A complex gas atmosphere results, when sulphur is extracted
from fine-grained pyrite by the flash smelting method, The
process is at present controlled by a combination of standard
analogue devices. The mathenmatical model of the smelting process
is based on the thermcdynamic equilibrium of the gas phase which
is described Ly a set of algebraic equations. After unsuccesful
tiials with the Newton-Raphson and steepest descent methods this
vas solved by Rosenbrock's method. Subsequently, the heat balance
and the relationship between the compositions of the matte and
gas were added to the model. An on=-line computer is required for
the control of the process using this model, for maximal recovery

of pure product. -
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A GENERALIZED SINTHESIS OF LINEAR MULTIVARIABLE
SYSTENS

LoV Meerov, R.T. Yanushevaky

In a solution of the synthesis problem of multicon-
nected control systems, “he choice of its rational structure
‘s of utmost importance, It is esteblished in numerous papers
that, in a general csse fcr the multiconnectsd systems, the
autonomy doee not appear to be a unecessery characteristic,
#nd the tendency to achieve autonomy is often unjustified.
In this paper the cacice of the structure of a linesr multi-
connected system is made by solving a minimizaticn problem
of an integral square functional of quality, depending on
difference of the given, controled and steering signals,
upon nulticonnected object equations /either with its weight-
ing or transfer matrix function given/ with orbitrary initial
conditions, considering disturbances sffecting the object.
The discussed problem is directly linked with optimal £il-
tration, esnaliticsl construction and other problems, but it
is distinguished by a general formulation: arbitrary initisl
object coordinate conditions, subject to the reproduction
snd disturbances applied to the cbject. Similarly to the
synthosis problem the given problem consists in building
a system which scts ir a mexinum wey egelnst distuebances
spplied to the object ,/the studied cases are when disturb-
snces could be measured and when they cannot be measured
directly/, with effectiveness depending on expression of
underintegral quality functional, The problem is solved for
the complex sres; optimsl system structure is discussed.

The expressions for transfer matrix functions of synthesized
gystem are brought, the influence of quelity functionsl co-
efficients upon the system characteristic is examined. The
relation of to the structures, beeing stable at unlimited
increase of amplification is established, For nulticonnected
objects having symmetry inside a group, a decomposition
method is proposed, which allows to exchange the starting
problem for a solubtion of s number of simpler optimal prob-
leus,
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THE REDUCTION OF COMPLEXITY COF LIRSAR, TIME INVARIANT
DINAMICAL SYSTEMS

D, Mitra

Given a linear time-invarieat dymazicsl aystez X with n atate
varisbles, the problem is the analytical synthesis of a similar system
Ir with (n-z) state variables, whese linear outputs are, in a defined sense,
good approximations of those of X,

Two principsl cases of inpute are considered = (1) w=ighted
impulses and (11) vhite cm‘um nolse, The correspending error functiona
als adopted are (L) E = f‘g_‘ Q'e dt and for (11) M(E], the mathemstical
«xpectation of E. The error vector ¢ is the difference of the outpyts of
X and x’_; Q' is a positive-definite matrix, Among other variations for
{1, the error functional £ = rit) gt Q'u. dt where r(t) is any Laplace
trasaforzable function, is also considered.

The Cramian matrix W(7T) {s fundamental to the snalysis, It is
snovn that certain algebraic of differential equations may be solved to
yieid W(T).

Reduction processea sre shown to contain in general two stages

Controllable Approxizate Uncontrollable Strict fteduced
—————— A
Cystem X Feduction System, X Ecductton System, X

r
Thé strict reduction process involves well-known ideas on the deccmpositicn
of atate spaces. e

The costrollsble subspace of X of dizeasion (pem), Toe error
vector in the spproximate reduction process comprises 'tracking' and
‘projection' components., Only projections along subspaces invariant
under the systex's dynamical matrix izply e trecking error idemtically
equal to zero. The method for cbtaining the optimal projection along
favariant subspaces is cbtalned.
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THE APYLICATION OF NON-INTERACTING CONTROL
THEORY TO A CONTINUOUS MULTIVARIATE SYSTEM

by J. A. Planchard and V. J. Law

Numerous empirical methods for the design of controller parameters
have been developed in the past and have gained acceptance through wide-
spread usage. However when these methods, which were developed for sin-
gle loop control systewms, are applied to highly coupled multivariable
systems, unsatisfactory system performance frequentliy results.

Within the past ten years, a great deal of multivarisble control
theory has been developed. Much of this theory has been concerned with
one particular aspect of multivariable control, namely non-interacting
control. Despite the large body of theory available its practical appli-
cation has received little attention in the process control field.

The object of this work was to physically implement non-interacting
rontrol of a multivariable system whose mathematical model included non=-
linearities, time delay, and greater than first order ecuations. Such a
system consieted of three stirred tanks im series, to vhich were fed two
streams at different fixed temperature. The output variables of interest
were the temperature and exit flow rate of the third tank.

The non-interacting design methods of applicability to this particu-
lar plant were then utilized to obtain & number of control systems, Since
almost all these methods are based upon linear, time invariant plants
without time delay, it was first necessary to cast the model of this plant
into that form. Digital computer simulations of the control systems were
made to obtain a preliminary evaluation of these systems. The effects of
the non-linear equations and time delay on the non-interacting controller
pertormauce were obtained in addition to the effect of certain parameters
particular to each controller design. A conventicnal two lcop feedback
control eystem was also designed for comparative purposes,

Three representative control systems were then physically implemer ted
utilizing an Electronics Associated TR-48 analcog computer for on-line
control.

This study showed that reasonably good non-interacting control uay
be obtained despite process non-linearities, pure time delay and insc urate
model description. Those methods which physically place the control’:or
in that part of the control loop just preceding the plant were defin tely
superior to those mwethods in which the controller is placed in tne eced-
back loop. Finally, all non-interacting contrcl evstems studiec were
much superior to & double loop conventional feedback eystem.
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SUGGESTIONS PCR THE DESIGN OF SIMPLE NETWORKS AND ELEMENTS TO
COMPBNSATE THUB INTERACTION IN LINnAR THO-VARTABLE CONTROL 8Y-
STENMS AND A METHOD FOR FINDING CPTIMAL SETTINGS IN THE PLANT

W. Kraemer

Pr.-Ing.

B4OWN, BOVERI & CCMP, LID.
Baden / Switzerland

It i shown that in the most two-varimble control systems better
resulte can be obtained by partial non-interacting control - i.e.
with only one additional connection in the control aystem - ‘than
by a total non-interacting control - with twsa cross-connections
in the control system. Basic rules are derived for an expedient
layout of partial and inexamct non-interacting controls, which
are relatively eimple to fenlize and the effect of which greatly
improves the behaviour of the interacting system. It is shown
that good results can be obtained with dnly one non-interacting
element, out of three proposed simple busic elements.

A method for finding optimal controller settings for a non-inter-
acting two-variable control system in aloo presented.




ON THE OPTIMAL IMPLEMENTATION OF MULTIVARIABLE
DISCRETE. LINEAR SYSTEMS

E. Biondi « L. Divieti « C, Roveda - R. Schmid (o)

Abstract - This paper deals with the problem of the optimal imple-
mentation of multivariable discrete linear compensators. The objeo-
tive function, which must be minimized, is a linear combination of
the number of delay elements required and the mean square round-
off errors on the compensator outputs. In this way, both economy
and accuracy will be warrented. Considering the parallel method of
synthesis and making use of four bssic structures the optimization
problem is approached in terms of graph theory, and corresponds
to the determination of the optimal arborescence in a particular
acyclic graph. This optimization problem is finally solved via Dy-
namic Programming,

- (o) The authors are with Istituto di Elettrotecnica «d Elettronica
del Politecnico di Milano_, Milano, Italy.
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SENSITIVITY SYNTHESIS OF OPTIMAL CONTROL
UNDER CHANGES OF SYSTEM ORDER

Y. Savaragi, K. Inoue and T. Ohki

Faculty of Engineering, Kyoto University
Kyoto, Japan

The object of this paper is to introduce a practical aspect into
the present theory of optimal control to bridge the gap between the
thecry and its applicat’cns; the concept ef A-sensitivity is Introduced
in the synthesis of optimal control when the system tc be controlled is
subjected to changes of system order.

Firstly, the concept of the A-combined system is developed, which
consists of both the model c¢f a physical svetem and Its A-sensitivity
equations.

Secondly, the controllability of the A-combined system is discussed.
The possibllity of compensating the undesirable effects caused by the
changes of system order depends entirely on the contrellability of the
A-combined system,

Finally, a new method of the sensitivity synthesis of optimal
centrol is developed in the minimum energy problem with terminal con-

traints from the viewpoint of making the terminal constraints more
rigid against the changes of system order. An illustrative example
is given to show the advantage of the sensitivity synthesis method

nver the conventicnal one.
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Andrzej WIERZBICKI /Poland/

UNIFIED APPROACH TO THE SENSITIVITY ANALYSIS
OF OPTIMAL CONTROL SYSTEMS

Summary

The paper proesents an unified approach to the sensitivity
analysis of optlimal control systems, which makes possible to

compare effoctively various structures of those systems,.

fhe ideal sensitivity coefficient of an optimal control probleum,

introduced by Dorate and applied by others, is incdependent of

the structure of the optimal control system. Now notions of
sonsitivity measure and local insensitivity or full semsitivity

of an optimal control system with a given structure /open—loop.
T othor/ are therefore introduced in the paper,

closerd=loop
ars dlascussed and variational

Local sensitivity coefficients
mathods, which help to determine theso ccefficilents, are

uresented; thaese mothods are based on the second variation of

tha performance functional. Global sensitivity indexes are also
presented, Methods of numerical calculations of sensitivity
measuro, which are necessary in a general case, are shortly

discussed. The papor is illustrated by results obtained in

sensitivity analyses of several examples.
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A NEW SOLUTION TO THE FROELZI OF A CONIMROL SYCTE
ANALITICAL DESICK

by Le.hs Krasovsky

Moscov/

Synthesis methods for optimum control of lincar and
nonlirear plents with conatraints upon centrol magnitude
as well as on some functions of state varisbles /those
heving sense of input signsls for actuuators in optimal
system are presernted/.

If linear plant is given

la)
x4 Z a;,(t)xk- e .
K=y

then the optimal control, that mirimises the functional:

t,
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gpeciel analytic method for solving the equations for optimal
coefficients /I/ or analog and digital computers has been
developped.

The method is based on computation of integral square estimation
of weighting function of the plant with "frozen" coefficients
and on the use-of "iterative" method for nonstationary plants

or functionals.

If nonlinear plant is given

Xe + Fo (R Xy ey Aa) =

and if there exists a Lapunov function

V{x‘,...,*-)

which derivative V

along the trajectories of uncontrolled plant / U, =0 / i=

equal to the function - W
/ ,1' LR R R R N xn/ mn ﬁ'

opti.mal control in o].asa of controla satysfying to constraint

f!u\j#‘ A f/ de"l; 3 %*T-l , p2d

being optimel in the sense of the functional
t. ¢
I'/W‘h,uu, "a)*-t L4 [‘l(t:);"', t“n(t.)]
¢

appears to bes

q-c
U = X K ( %zv i3 Susmu. - ggn 9\/

For pessive, specially conservative, plants instesd of the function
¥, the first integral of uncontrolled plent equations can
be used - energy integrel or its functiomns,
Examples are given for practical epplication of discussed
methods,
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Obtained linsar optimal controla alleow for unlimited
increase of coefficilents of canal K, without stability loo=
ses, Optimal relay control assures invariance with respect
to perturbations of limited amplitude.
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LINEAR AND NONLINEAR SOLUTIONS FOR THE LETOV-EALMAN'S
OPTINUM SYNTHESIS FPROELEMS WITH AFPLICATIONS TO LINEAR

K. Bela
Bucharest, Rumania

Summary

In the firet part of the paper an algorithm for synthesis of
time-optimsl control law for linear plants with time-verying

or constant peremetera is proposed. To the synthesis purposes,
the staete space, considered as a space of plant initial states,
is decomposed into manifolds corresponding to a number of
switchings. To determine switching instante related to the
manifolds, some transcedental equations are developed, their
solutions being constrained to satisfy certsin conditions.

After the latter have been verified, a control law ie determined
as o nonlineer characteristic, which is adjustable to tha
initial state with aid of data computed by a separated digital
cevice. The data computation algorithm is represented by a
flow-diagrem. The nonlinear characteristic for constant plants
is given in an analytic form resulting from the known propertics
of the adjoint equation systems.

In the second part, en optimel nonlinear control law
synthesis procedure for integral convex performance indexes is
presented. As previously, the adjoint systems properties are
utilized. A problem of equivalence of various ways to describe
the optimal syetem and, in particuler, the optimal comtrol, is
considered. One shows a relation between the adjoint system of
cifferentisl equations and the Riccati matrix differential
ejuation, as well as & poesibility to express a solution to the
latter ss a function of a solution to the former.
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SINGULAR PERTURBATION METHOD FOR NEAR OPTIMUM DESICN
OF HIGH-ORDER NONLINEAR SYSTEMS

P. Sannuti and P, Kokotovic*
Department of Electrical Engineering
and Coordinated Science Laboratory
University of Illinois, Urbana, Illinois, USA

This paper exteunds the singular perturbation method proposed in
an earlier paper by the same authors. For a class of nonlinear systems
& sufficient condition is given under which the optimal control is
continuous and differentiable with respect to pe-turbations which
change the order of the system (“singular perturbations"). Then a
low-order near optimum design for high-order systems is developed.

The dimensionality 2(n4m) of the boundary value problem Ls reduced to
2n, while the performance achieved Is close to optimum, Exampla of ’

the near-optimum design for a fifth order nonlinear plant is included.

'l. Kokotovié is on leave from Pupin Research Institute, Belgrade,
Yugos lavia
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TIME-OPTIMAL CONTRCL LAWS FOR NONLINEAR SECOND ORDER PROCESS

G. Schmzidt and P. Pischer-Uhrig
Technische Hochschule Darmstadt
Pederal Republic of Germany

This paper considers time optimal control laws for plants des-
cribed by § + £(¢) + ein 9 = u, [u| € K. Only partial soluti-'
ons to this problem have yet been reported. The main contri=-
bution of this paper appears to be twofold. Firstly, it pre-
sents a generaligation of known resulte in sc far ae three
different damping laws f(¢) and all possible magnitudes K of
the control oconstraint are taken into account. Secondly, in
the present case the right hand boundary conditions to be used
are (¢(?) = 4 2zn, §(7) = 0), 1. e. the stable equilibrium
point of the system.

Pontryagin'e Maximum Principle is used for solving the opti-
mization problem. Complete analytical solutions to the posed
problem cannot be attained. Thus, poasible switching curves
are found by way of integrating the canonical system in back-
wards time. The construction of the field of isockrones
provides a means to determine the unique control law u(e,$)
which is characterized in the state plane by true swiiching
curves and indifference curves. Furthermore, tae resulia
show that optimization of the system with respcot to the
exact nonlinear equaticns haa certain advantages ovar the
optimization of a lineariszed model.
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AN APPROXIMATION TECHNIQUE FOR SINGULAR CONTROL PROBLEMS

Gerald Cook

Frank J, Seiler Research Laboratory
U.S. Alr Force Academy
Colorado

USA

A method {s presented which permits the solution of singular control
problems by approximating the non-normal system with a normal system, It
is shown that the spproximation can be made erbitrarily accurste. The
optimal control of the spproximate system is then determined and applied
to the actusl system. Bounds are obtained on the errore in bouadary con-
ditione and the degree of sub-optimality brought about by the technique,
The method is valid for minimum time and miunimum fuel problems with
linear, constant plants., Examples are presented,
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A PARAMETER-ADAPTIVE COWTROL TECHNIQUE

G. Stein G. Baridias
Purduc University Purdue University
Lafayette, Indiana, USA =~  Lafayette, Indiana, USA

Control of linear stochestic systems with unknown parameters is
accomplished by meanz of an approximete solution of the earssociated
functional equation of dynauie programuing. The resulting control
sijmels are linear functions of siate estimates with feedback gains
depending explicitly upon the perameter identification procedure.

335



DESIGNING MODEL-ADAPTIVE CONTROL EYETEMS USING THE METHCD
OF LIAPUNOV AND THE INVERSE DESCRIBING FUNCTION METHOD,

"H. Feikers and H.B. Verdruggen

Technological University, Department of Electrical Engineering,
Control Engineering Labcratory, Delft, The Netherlands,

This paper desle with two methods for designing model-adaptive contrel
systems:

1. the pecond method of Lispunov

2. an inverse descriding function method.

The design includes the realisaticn of a nonlinear adaptive controller,
sych thet the response of the system equels a desired response to a
deterministic signal (i.e. model response), independently of parameter
variations in the system.

Using these two methods guarantees the stability of the adaptive system.
By means of the method of Liapunov an sdaptive controller is made, which
is usuelly much more complex than the controller mede by using the
inverse describing function method but ip some cases, it can be simplified.
In both cases the result is & controller of which the phase and the gain
can be edjusted independently of each other. These two controllers have
been tested and compared with each other in several model-adaptive
syetems.
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NONLINEAR FILTERING AND LEAST SQUARES-
EXTENSIONS AND APPLICATIONS OF THE
QUASILINEARIZATION THEORY

V. 5. Levadi

Information Research Associates, Inc.
Wa.tham, Massachusetts, U.5.A.

The quasilinearization spprcach tc nonlinear lezst squares of Bellman
et al is extended to include disturbances entering the system and performance
index nonlinearly and nonquadratically. For certair conditions, a non-zero
estimate is obtained for the disturbance. Integral constraints can be placed
on the disturbance. The formulstion includes the least squares counterpart
of the statistical estimation preblem for "colored" noise and the system with
"randomiy" varying parameter.

The adaptive control problem is formulated ss two optimization problems.
These are solved simultanecusly using the sequential procedure of the
quasilinesrization wethod. The method is general &nd can include most
a priori knowledge about the parameter variations and disturbances acting
on the system. There {s no adverse interaction between the parameter esti-
mation and parameter adjustment procedures. Results are presented for a
simple example.

337



r'. Schneider
Technische Hochschule Miinchen

Finding the Adaptive Feedforward Functlon of Controller Para-'
meters by Digital Computer.

In case some of the parameters of a process depend on certain
state - or input variables, you can improve the control of
tho process by introducing adaptive foedforward contral of
the controller parameters. To do so it is necessary to know
the function between the measureable state - or input varipb-
les and the controller parameters which are optimal with re-
spoct to a chosen critoerium. This function is calculated by
weans of a digital computer. The normal operation of the
plant i1s disturbed as little as possible.

For every operation point a modell plant is calculated by

ane of two identification methods, which don't need any in-
forpation about the structure of the plant, The optimization
of the controller parameters with respect to the integral of
time mult#pliud squared error is done in the modell loop. In
systoms without dolay time a multidimensional Newton method
is wped, in systems with delay time a numorical optimization
method llas to bLe used. ldentlfication and optimlzation is re-
poated for all interesting oporation states, The calculated
values of the variables ars transformed into analog functions
by curve fitting methods. Therofore the digital computer
ian't any longer necessary.

The given method can be used for continuous and discrete
systems with and without delay time.
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EXTREMUM-SEEKING REGULATOR WITH EXTRAPOLATION
H.G. JACOB C. MIRA
LABORATOIRE D'AUTOMATIQUE

et de ses Applications Spatiales du CNRS
Toulouse - France

Compared with classical systems, the extremum seeking regu-
lator described in this paper réquires for its conception a greater quantity
of "a priori information" shape of extremal characteristic (&) , knowledge
on the dynamical properties of the plant), and maintains its stability in
presence of fast drifts of the extremal characteristic (§).

Two kinds of extrapolation are used :
- Linear extrapolation of characteristic drift measured during
a constant time interval,
4 - Parabolic extrapolation using the knowledge of two points of
a parabol (P) , the parameter of which is determinated by a priori informa-
tion.

y Extremum is reached with one or several optimization sequeaces.
An optimization sequence includes four steps :
- One step of(i’)-drift detection, with constant duration.
- One search step with variable duration, the purpose of which
is the determination of two points of [¥)-
- One control step, with variable duration, which is the result
of a computation giving the (P)-extremum position.
- One rest step; with constant duration, for the transiet state
finishing.

Principles used for the regulator conception are analysed, and
stability problem is studied,

339



An Optimal Extremum Control Svstem

0.L.R. Jacob® and 3.M, Langdon

The optimal control law is derived for a simplified, discrete-
time, single-input, extremum control system in which the effects of
messurement noise and dynamic lags are neglected. The derivation uses
a dynamic programming formulation that is not readily extended to more
general cases of extrer.: -cuntrol. The resulting optimal coatrol
lav gives an indication of the general structure of optimal extremum
control lavs and gives a measure of the best performance that can be
schieved for the particular problem investigated.
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SELF-ORGANIZATIOF OF abh BXTHEMAL CONTROL SYSTEM

A,G. Ivaknienko, H;‘T; Khrushcheva, V.I. Neshodovaky

This paper defines meaning of "selforganization™ and shows,
that difficulties in multimeasurement calculation /"multimea-
sursment trouble"/ do not show up in selforganized systems,
where uaifided "elementary algoritbms™ and "iategrsl actions"
are acting.

Given are examples of extremal control stochastic object
and precticel ways of general disturbance signal and contrel
signal getting.

Notions "state™ and "situation™ of a control system, which
are learned, sre defined.

Discernment system is used when controlling a stochastic ob-
Ject by comtination principle: it is used as a corrector for
quick-acting open loop control circult.

Belforganization takes form of a aelf-groundleas displace-
ment of dlscermment system pole prototypes in co-ordinates
ppace of controlled object.

In the beginning, one of posasible algoritams of three pole
s¢lforganization is shown.

Further, when many poles are studled, a theor- is formed
about stability of adaptive selforganization pr zess of "po=
le gas™, Process sampling of prototypes /poles selforgani- .
zation of learned system have prooved about meztioned theory,



THE FUNCTIONAL CONTROL OF THE EYE-TRACKING-SYSTEM AND ITS
DIGITAL SIMULATION

Gerhard Vossius and Jiirgen Werner 2
J.W.Goethe-Universitit, Frankfurt/ilain, Germany

Ae & ocmeequence 0f the mathematical enalysis of comprehensive
biologicel experiments a clear understanding ¢f the functional
organisaticn of the data-processing cystem of eye-movenment hae
been gained. The entire system may be divided inte two com-
ponents, i.e, into a continuous and a dizcontinuous (saccadic)
system. By means of a special analog computer circuit the

thf electrically measured eye-movement wae separated into these
two componenis, and an external feedback ¢f the components was
achieved. By this procedure the adeptive properties of the
discontinuoue system have been analysed.

The manifold poseibilities of extrapolation and prediction of
the organism have been generalized in a mathematical model,

not only, to enligthen the effectiveness of this control-
system, but also to gain, -besides- the special results, a better
ineight into the. functional principles reelized in biological
systems. The applicability of this general functional concept
has been checked by way of simulation of the eye-tracking-
systen.
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SIMFLIEST SEARCE MECHANISM FOR MUSCLE ACTIVITY
CONTROL

i,A, Alzerman, E.A, Andreava

Discussed are experimental works conducted in the field
of general principles used by brain when it controls museles.
Tests were conducted on rats, rabbits and men, Special methods
when live organism was connected into metwork comprehended by
feedback, pernited for development of artificial duty at which
the brain has to solve a searching task which came from the
cutside, using only one or two muscles,

Control process was studied when seavching for minimum pain
irritation, with the help of only one muscle or two not con-
nected muscles and work of two antegonistic msclsi,

Bassing on those experiments, model illustrations of control
rules realised at a/m searching activity, was worked out,
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. Cn=line parsmeter estimation of the human transfer in &
man-bicycle system.

The stabilieing phenomencn of & bicycle rider 4is reported.

The work hes been started by building a bicycle simulstor, which
lacks the forward motion. Howsver, the effects thereof cn the
dynemics of the simulator are taken irto account,

Ae the most mignificent wariable to transmit inforsmstion abe': the
state of the simulator to the humap operestor, the &ngle between
bicycle frame and vertical is obeerved,

Two mcticns of the bicycle rider, viz. the movemecnts of the upper
body and the handle bar are considersd aa being the acticns of ths
rider on the simuleator.

The human tranafer function has besn determined by using & parameter
estiemation technique. The mathematicsl model of the bohaviour of the
humzn opsrator has beez considered mes consisting of a second order
system and a delay time with time-dependent parameters.

These unknown quantities of the linear model are adjusted on-line
according to a quadrstic performance eriterium. The modelling tech-
nique bae been achieved with the aid of e small digital computer
(core wemory cf 4096 words, 12 bite, cycle time 1.5M gec).

It ie shown that the method mentioned before is m useful tool for
on-line determination of ths characteristices of = human opasrator,
balancing a bicycle simulator.

A. van Lunteren

B.G. Staesen




DYNAMICS OF DRIVER/VEHYCLI STEZRING CORTROL

David H. Weir, Principal Research Engineer
Duane T. MciRuer, Technical Director

Systems Technology, Inc., Hawthorne, Calif., U. E. A.

The viewpoint and principles of guidance and coatrol theory provide the
bacis for analyzing the dymamics of driver steering contrel of motor
vehicles. The resultant driver/vehicle system has ms itz elemc.ts the
vehicle equations of motion, experimentally derived models for the human
cperator's dynamic responge characteristice, and descriptions of the roadway
environment. A varlety of single-loop and multiloop systems are synthesiged
and examined to select several good, eimple, and likely alternative con-
figurations: time-sdvanced lateral deviation, which has & primary cuter-
loop feedback of lateral position in the lane with lead equalization provided
by perceptual preview along the future track of the vehicle; path engle (or
rate; plus inertiel lateral daviation, which contains a path angle inner
loop and a lateral position cuter loop: and heading angle (or rate) plus
inertial lateral deviation, which has both heading angle and lateral posi-
tion feedback loops. These do not include all the possible multiloop
driver/vehicle structures potentially capable of satisfying guidance and
control rejuirements, but they dc provide good performance in cormand-
following end disturbance regulation, insensitivity to variaticns in the
driver's dynamic adaptation, and good predicted subjective cpinion from
the driver. They are not inconsistent with perceptual data from recent
driving experiments. The resultant models provide a new framework for
devising future experiments, and cen aié the vehicle and highway design
process.
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A CLOSED~LOOP NEURCMUSCULAR SYSTEM EXPLANATICN .
OF FORCE-DISTURBANCE RECULATION AND TREMOR DATA 1

R. E. Magdalenc and L. T. McRuer
Systems Technology, Inc., Hawthorrne, Californias, U. 8. A, 1

An adaptive model has recently been evolved to describe smnll |
perturbation operations of neuromuscular actuation systems involved in
tracking tasks, This model is compatible with both physioclogical coma
ponent. d;tu and human operator describing function data. The purpose of
this paper {5 to use this model to explain force-disturbance regulstion
dats and 1imb tremor data as closed«locp phenomena.

The force-disturbance data avallable in the literature was taken for
a large inertia restraint and various values of muscle tone, The ruf)onn
to a torque impulse has a dominant second-order component which is incom-
patible with the third-order respunse expected from the open-loop muscle-
load model. However, the muscle spindle faodback of an internal muscle
length resulta In a numerator zero in the limb-response/force-disturbance
describing function, This zero varies with get tension in a fashion that
is nearly the same as the real pole of the muscle-load system, This
approximate pole/zero cancellation thus yields a dominant second-order
system whose parameters vary with tension to give s qualitative match to
the data,

The limb tremor frequency data available in the literature was for
variations in spring rate and muscle tone (no sdded lnertias) and for
variations in inertia and muscle tone {with no spring). The spindle
feedback of an internal muscla length produces a frequency constraint on
the lightly damped high frequency dominant mode. The variations of this
mode with muscle tone and manipalator restraint values are consistent
with the limb tremor frequency veriation data.

"™is paper includes research efforts supported by the Ames Research
Center, Man-Machine Integration Branch, NASA, Moffett Field, California,
under Contract NASZ-2624,



CeDe B&:l', E.d. Jm.. B.R. Cu“ng L. Finkelstein

A STUDY OF THE DYRAMICS OF PLASMA PROTEIN METABOLISM

SOMMARY

A mathsmatical dynamic model of albumin and urea metadolism in bhumsns
is obtaineds The model is linearized, reduced in size and compared with
dynazio tests on patients, The comparison shows that the reduced model
sgrees vith the biological measurements within the limits of experimental
srror. The investigations demonstrate: the applicadility of dynsaio
anslysis methods in medical research.
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OCULOMOTOR PLANT DYNAMICS: ELECT¥OI'E!"SGEAPMIC AND TRAKSIENT RESPONSES
N THE CAT

8. L. Zuber, Ph.D,
Department of Information Engineering
University of I1linois at Chicago Circle
Department of I.!?gmed'ica! Engineering
Presbyterian-St, Luke's Hespital
Chicago, I11inois, U.S.A.

Eye movements were produced by injectina frequency modulated pulse
trains intoc the oculomoter nerve in the cat. Eye movements, (the
output of the system) and the electromyogram of the medial rectus
muscle (an intermediate output) were measured while using sinusoidal
and transient inputs. The muscle appeared to behave norwally in all
respects. The processes generating the electromyogram were not found
to contribute to the minimum phase dynamics represented by the overall
system output. Using pulse-step tran;1ent inputs resulted in rapid
saccadic-Tike eye movements, thus overcoming inherently slow plant

dynamics.




	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img088
	img089
	img090
	img091
	img092
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101
	img102
	img103
	img104
	img105
	img106
	img107
	img108
	img109
	img110
	img111
	img112
	img113
	img114
	img115
	img116
	img117
	img119
	img120
	img121
	img122
	img123
	img124
	img125
	img126
	img127
	img128
	img129
	img130
	img131
	img132
	img133
	img134
	img135
	img136
	img137
	img138
	img139
	img140
	img141
	img142
	img143
	img144
	img145
	img146
	img147
	img148
	img149
	img150
	img151
	img152
	img153
	img154
	img155
	img156
	img157
	img158
	img159
	img160
	img161
	img162
	img163
	img164
	img165
	img166
	img167
	img168
	img169
	img170
	img171
	img172
	img173
	img174
	img175
	img176
	img177
	img178
	img179
	img180
	img181
	img182
	img183
	img184
	img185
	img186
	img187
	img188
	img189
	img190
	img191
	img192
	img193
	img194
	img195
	img196
	img197
	img198
	img199
	img200
	img201
	img202
	img203
	img204
	img205
	img206
	img207
	img208
	img209
	img210
	img211
	img212
	img213
	img214
	img215
	img216
	img217
	img218
	img220
	img221
	img222
	img223
	img224
	img225
	img226
	img227
	img228
	img229
	img230
	img231
	img232
	img233
	img234
	img235
	img236
	img237
	img238
	img239
	img240
	img241
	img242
	img243
	img244
	img245
	img246
	img247
	img248
	img249
	img250
	img251
	img252
	img253
	img254
	img255
	img256
	img257
	img258
	img259
	img260
	img261
	img262
	img263
	img264
	img265
	img266
	img267
	img268
	img269
	img270
	img271
	img272
	img273
	img274
	img275
	img276
	img277
	img278
	img279
	img280
	img281
	img282
	img283
	img284
	img285
	img286
	img287
	img288
	img289
	img290
	img291
	img292
	img293
	img294
	img295
	img296
	img297
	img298
	img299
	img300
	img301
	img302
	img303
	img304
	img305
	img306
	img307
	img308
	img309
	img310
	img311
	img312
	img313
	img314
	img315
	img316
	img317
	img318
	img319
	img320
	img321
	img322
	img323
	img324
	img325
	img326
	img327
	img328
	img329
	img330
	img331
	img332
	img333
	img334
	img335
	img336
	img337
	img338
	img339
	img340
	img341
	img342
	img343
	img344
	img345
	img346
	img347
	img348
	img349
	img350

