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1.1 Historical facu~round of [dantiwe Tonmouol.
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The second half of the 1950z hove been notable in
the field of automatic control [for the phenouenal growth of

interest in the concent of adaptive control or control in

vhich autonatic and ocontinual measurcrment of the process to
e conbrolied is used us a basis for the aucomatic and con-
tinuing self-desipgn of the control system. The term “adaptive”
appeared in control literuiure around 1954, when Tsien(5)
. A BT ;c‘(ii') o 1 - o) £ t

described Ashby's nodel of huwian bhrain. Lbout the same
ti.e, Benner and Dreniok<5) tresented 2 ceoavrel design with
Hadantive" characteristics. Since thet time, the term

vadapbive' has been attached to a wide varicty of control

systems.

A . - . r(”‘--O
1.2 The Purpose of adaptive Control Syoiems™ &)

———————— T Pt T b g s ] e il i o S S Wl Y TN W AR 2y W S e e e g Sy e S
iny feed - Dacl control sysbtem can be considered
s passive adaptive conurol feed-~back system. For example
sne conventional single~loop confimuration can be considered

diapbive 1T atuention is rYocused on the veod-bh. el gain which
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sends to reduce T oliocis

s v Lonan of brogess uari-

-

F

mebters.  Our concern 4n focused on aActive adapbive systems,

viigh is known as DrocesSs SALRTLIVe SYBLCHS.

A process adapiive system 1s one which determines the
values of the significant parameters in the physical process
and uses these values vo program the convroller according to

tile specified control laws to give the desired performance.

Therefore, for any control syster dcscribed by a set of
differential equatlons whoge parameters .oy with time in an
unpredicted manner due tc environmentol clianjes, the ordincry
Teed=back control ig not capable Ho wive o satiilsfactory pen-
Torance. Hence, the purvese of adortive control is to give

improvenents, conpared to ordinary feedbacl control oOr sysie-
R ? o

tems without feedbaclt , in the sensc ol:

1 Counteracting the wnpredictable chinges in the system.
2) Adapting the syoten with regard vo convironmental con-

ditions and with resard to variavicn ol the class of

input function.

2) Compensstinsg, partly for component faillure.
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L. Liain Adaptive Cocoanigues.

Ldootive control systems tabe uny forms, three
cabegories which appear to encompass a lurre oroportion of

then are

1 - High pain technique
2

- Model reference technique

AN
i

Optimum adapiive technique

A varticular version of each of these technigues will Dbe con-

sidered and discussed briefly.

1.3.1 High gain teohnique(g’lo)

.
i oy g it oy o ot g e i St ek b e e e el s B S e et il S Y ek

4 scheuatic diagream of the high gain technicue
is shown in fig. (1.1). The sain in tae leedback loop around
she changing process is zept as high as posuible to keep tlic
inputeoutput transter close to unity. Decauze stebility

sroblems arise at high galn, the sipnal In the loop is monit-—

ted to check [or oscillations. With this information, the

o

loop gain is adjusted to keep the system on the vergme of
instability. A response close to that of a particular ncdel
is obtained regardless of the process pooameters by placing

the wodel in front of the feedback loocp. Ou2 of the objeotions
J
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ol a priori dnlsivoNion nboul Tae SySuel.

W

1.%.2 Ilodcl-neferenoce technique .

One of the penercl categorics into whieh the
broad scome of adasuive control systems 1oy be subdivided is
referred to as the nodelereference adaptive technique. Fig.{l.2)
shows a basic block diagram which enconmposses most of the model
reference adaptive control system confijurablons in which the
reTerence model is e:plicit in the mechanization. The refer-
eice model is an analo representation of the desired dynanic
response of the over all control systeri. “he controller nales
use of the output from the reference irtodel together with the
measurable outputs to generate a signal which compensates the

effects of disturbances and cenvironmental changes.

1.5.3 Optimal .dsplive Technique .

1

She ontimal adopbive tecunlique i1s the most
ceneral one. An optiaum control law for the nrocess 1s
4

derived which is a function of both the otoase varlables and

the parvameters of the system. Since the stave variables arc
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cov cenerally cecessltole ow moansirenent A are usually con-

Coiinated with noilse, ma coblmatol 1s coconnary to give bthe
yeat estime~1n so.e sense - of the stuobe voriables based on
noasurements of the tcccessible outputs. eriloedic identificat-

ion of the process Ls also necessary to evaluate the systen

paraneters and suonly this information to the controller.

rig.(l.2) is a blocl diagram for an opbinun adaptive system.

1.4 Organization oi the Thesgis,

The Tollowiny chapters ol the tneasis will conftain
she following ¢

Chapter 2. Tneludes a survey of tlhe nain adaptive

techniques: parametor ad justuent, paraieter perturbation,

control signal aug.cntation, and other investigations into

nodel-reference teochniques.

In chapter (J) the design of model~reTerence adaptive

syobtens via the second methoed of Lyapunov are considered.
~he different modiiicutlons introduced to et zero steady

state error and speed the adaptation process arc considered

in detail.
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In chapter (40, o sliwel Sion s ol o second~order
cdaptive systen desl ned via the sccond Leiiod ol Lyapunov is
vresented. Different forms of parancter variations are con-
sidered inecludins cinuvsoildal and gten voriations. The effeot
of dnteraction between parameters is counsildered by carrying
adaptation through the gain cihennel only ond then through the

sain and natural Trcouency ohannels simuluaneously.

In chapter (5) a acthod is prescnted coabining the merits
of gystems designed on tihie basis of an adcoiive law and vhose

degicned for stabllity via the second meil:od of Liyapunov.

Chapter (6) contains simulation results for systems

designed on an adantive law.

Chapter (7) is tle conclusions.
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REVIEW OV ADAITIVE COTROL LTINS

T W A S A il g il =k U S A ok bl e e o ek o AR T B bt ok B s o e B i it

2«1 Preliminary.

A great deal of effort has been expended on the study
of adaptive control techniques. This expenditure of effort
nas resulted in the conception of a wide varicty of techniques.
o attempt will be made in this chapter %o survey all the 4iff-~
ercnt techniques devised in the past bLecoise several pood survew

' (9,11) v ,

articles are available . However, duc to the growing
interest in the desisn of model~reference schemes in recent

vcars., It will be considered Lere in debail.

2.2 Parameter Adjustient Technigues.

. ) T S TS D N Al A e i et 2t =l Tt o S Py oG et ey et ok A Pt L M st e

The philosophy of this technique ig the indirect
ricasuremnent of the vorying porancters and tihen adjusting the
ocontreller paranctoers to coupansate for Lliese variations.
lesign objectives nay be the minimization of 2 certain fune-
sion of the error between the plant and —odel ocutputs or to

design mainly for stability.
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The i usting mechanios periorms on autonatic

+ °

adinstment of the concroller porameters so hat

Tim ( o = 4:) = O (2.1)
t—:—gLo 4 1

where Ai are the .odel parameters and a; are the corres-
ponding system parameters. IHenoce o« ust contilnuously

1

varying so that as; = Ai .

The controller parameters may be adjusted to minimize

. , o (15
some function of the error along a path of steepest descenn( )).
The steepest descent law 1s {lven by :
] afCe)
i
vhere Ai are constants, and f(e) ig the error funclion.

The error function is a very critical faetor in the ope-
cotion of the acaptive portion of the sysitem, (i.e. the adjus-

“inc mechaniem), and it may take the following forms.

fley -] = e (2.5-2)
2| %0 7 awt
o o o
£(e) == > q; |-2E (2.3-1)
- l=o L dt-
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