CHAPIER 1

INTRODUCTION

Optimal and adaptive control has become the majar_akea
of automatic control research in recent times. A control system
which 1s designed for the best possgible performance asccording to
& suitable perrérmance'inaex under the given limitations and
congbraints 1s known as the optimal centrol system. An impor~

.'tant system performance which 15 often requirad to ba optimised
ia the transient response of tne eystem, Design of physical

~ gystems involves the selectlon of proper dasign parameters wnieh
will ensure 0ptimum transient behaviour, Dead beat response ls
often deslred for step inputs which gives.a fast raﬁpanse wlth |

.zerp overshoot, A fast response ean be obtained by a 1igntly f
aamped system but this ls assoeiated with large avarahaot and

" ‘prolonged oscillatiena,‘ ?hezgqgggggt?aqptral firat praposed by
0.7 M, Smith is & wnll‘: . H ""M*ﬂux tor. gettinx ﬁeaﬂ

| ~x@§aﬁ§sa'sy5temsﬁ in tnia techniqua,_

the step 1npnt ia properiy modified bafore applying to tha_

best” r&sp&nso 1 r

system, FPor a second order system the modified 1nput consiats )
of an initial step an& a dslayad stgp apyliea at such an 1nstaat:
;?h@t the error ar ths aystam hecemes zara aﬁd ﬁha error rata

% ﬂ;ﬂn ita first zero wt the same time,

xha next step in the saphistia&ti&n of s aontral syw%eu .
. ,ﬁgg'aystam uhieh iz ssiika;tiﬁiming or 'udaptivu' nndf'
jjean autema%iaally tmka eara of ehanxwa in ayst@m paramatérw aadfar

@Qn?ironmental &nfiuenaea. L&viam orgsnigms are squipped in a



variety of ways to cope with thelr environment, They make phy-
glological adjustments that eﬂabie ther tc cope with fluctua=
tions ia their immediate environments. These adjustments are
known as 'adaptations!. The term 'adaptive control' is thne
coined from biology. ©Since physilesl systems also work in widely
varying environmentsl conditionsz, it iz desired that they should
noscsess the properties of adantation or self organisaﬁion.'Inter—
esting rezults have been obtained recently in the modelling of

various functicns of living orgsnisms in engineering sgystems,

The control engineer has been faced with the problem of
controlling systems having uncertalinties in their dynamlcs,
The fecedback prineciple solves this problem to some extent but
wheilt perameter variations become very large, the concept of
adaptation plays & blg role., During the last_twenty years on
56, considerable research work.has been done in theory and'
applications of adaptive concepts in the control systems., An
adaptive control system in some form or othar shounld be able to
perfors three.baSic fuﬁctions : (i)'provide information about
the system dynamics either continuously or at least at some
discrete instants; (ii) makes a decision to achieve the optimum
performance; and finally (ili) initlate a proper actuating
meqhanism 80 asg fo drive the control system'towardS'the optimun,
These three operations necessary for the adapﬁive systeés ére

known as identification, decision and sctuation respvectively,

Realization of identification and decision in a control

system calls for eirenitry with high precision and computer



facllities, Both these require the use of digital circuits,
During the last decade, digitalization of eleetronics is becom-
'iﬁg very common and-there'have been dramatic improvenments in
the digital circuitry which is highly rellable. High-speed,
ministurisation and precisidn is easily aqhieved using digitadl
cireuitry. Digital syétemsare'free from the calibration prob=-
lems. To combine the better features of both digital and
analogncircuits, hybrid techniques may al;p be used, Digital
and hybrid systems have tremendous potentlal and are useful in
all precislon measurements, process control instrumentaﬁion,_

: éOmputers and communication systems, The édvent-of intégrated
clreuits has reduced the size and cost of the electronic
circuits. It has further increased the fascination for using

digital electronic Circuits for the purpose of control.’

Useg of digital pireuits are increa51ng in the control
systens. Mohleji and Thomasl, have described an optimal con~
~trol scheme for third Urder systams using switching techniques,
A self adjustable threshold logic element (adaline) has been
successfully used by Widrow -4_and others for adaptive control
_and nany other applicatians like pattern recognitlon°
Montogomerie et al, describeja method for closed’ loop digital

contrel,

The large complex control systems can best ba controlled
by employing a digital computer or computer-like devices._-At.-
'the same time simple control lOOpS continue to be made up of

simple analog electrical, pneumatic or- similar devdces. To R



satlisfy buth the reyuiremenuts, thercfore, simple cuntrol tasks
can be perfurmed by slumple analog type of control sysbtems wnile
fur lmproved performamice a separate loop utlilizing dipital cone

trollers is required,
We are faced with the following probleuws @

{a) To design controllere for cobtaining desd beat response

tur step Inwuts,

{(b) T¢ provide vrovigion for the adjustment of controller/eystom
parsnetors so0 as Lo coupensate the effects of chanpes

1n plant parametors due to the environwentsl influences,

{c) Pigltsl electronic eircults should be used as far as
possible for the controller snd adjusting mechanlsm 50 as

to glve proper accuracyy reliability and sase,

Some works on these toplcs have been described in this
report, - Chapter 11 desoribes the theory and deslgn of pusicast
éuntrnllarﬁ.fbr ohtaining dend best response for step inputs,
Pusleast controllers using sclid state switehuing cireuits are .
daeseribed for systems of second and highéf Qrders. The scheme

alsu works satisfactorily for tha'inputs of other types.

Chapter 111 glves m review of adaptive systems. Litarature
un adeptive systems has bacome enorious, and can be put under

following malin headings :

1. Madel—rérarenca techniques.



&

“u Hill=eliuwbing technigues,
d. Derlen baged on sengltivity approach,
% Urtimal adantive schemes,

e Mutomsaton eontrollers,

4 study of 41"ferent adaptlve schemes was done and some of the
mebhods are degeribed in thls chapter, Mudel reference adaytiva
gyvtews wilth different declipn methods are describﬂd.tn detnil,
Varlous types of devices which are tsed for adaptive control

gre nise gesnned,

Chapter !V Aencribes many electronic devices which are
sultable for adaptlve control, Tha parsmeters of these devices
are adlurlable by dlgltal blnary coded inputs, These types of
devices are not only uaefnl.for the purpcselhf reanlizing adape-
tive portenst sehewe bubt csn be used In many czses vhere an
sdantive approach 1s required, The design apgroéch_for using
such devices is to kesp the cost of potentlal production vefsions
to a minipum, while retaining tﬁe advantagres of usihg digital
devices over analog deviees. The advantapes 1nclude'higher |
aceuraeyy freedom from drifhty freedom from routine mainténanae,'
ease of working and compatibility §itb larger digital systeﬁs.
The dlgitally cantrolled'devic&s:déscribed arey diritally con~
trolled variable galn amplifier, ﬁiyitally controlled compensas
tion network, dipitally controlled delay generator and dipitally
controlled varlable frequency sappler, All these deﬁlces are

suitable for dipltsl &daptation.

In Chapter ¥, aaquahtial switéhing eireuits (finlte state

mechines) sre desceribed for updating the parameters of the



contreller z0 sz to keep the performance of the overall systen
elosed to an optimum performance. A scheme Tor keeping the

- value of damping factor éf a gystem within acceptable limits
inspite of large variations In the plant parsmeters has been
deseribed, Flnite state automata type of controllers des¢ribed
here utilize the information, recelived by identification of some
easrncterliztics of the output, fob ronersllneg the next.hetter'
value of the rarsmeters, The process continues until the accep~
table perforpancee is achievad, Bscmuce of high spﬁeﬁ of the
switehing elreuitsy the optioum rarametor value.is reached in é
pmall time, Tiue ndjugtments of thé parameter.is done at dlscrete
Inntanty by djgiial bilnary coeded inputs which are the outputs

of the Tinite state maéhine. The raste of adjustmenis of the

parsmeters of the controller can also be varled,

Chapter VI gives snother technique for aﬂaptive control
In this chapter & controller is dasignad which utilizes the gra-
'dient_tecnﬂiqug for updaﬁiﬁg.the' parsmeter values of the cone
troller, This scheme is more general and has been appliéd.?ar

winfunizing the mean sgusre error type of ﬁerfarmanca index.

4 Joint study of Hiclogy and eontrol symtemsiis very
esrential in understanding the hiologlCal systems and to design
better physical gontrol syétams having éharacteristics of' Lhe
living belngs, Chaptar_?II'is an attempt in.this direction and
liers a8 model for the'humah operstor 1s proposed, This chﬁptar

gmphasizes thet the human operatbr i1s equipped with similar



ﬁeviceé as deseribed in Chaﬁter.lv. The heurons which are of
.fundamental importance in iﬂformétidn processing network of
centrai ne.rvous system can have only two :states, namely it can
_be either fired or qulet, depending upon its inputs and
threshold, In'thé”pfopésed model, information exists in blnary
' coded form and decision are taken by finite state automata type
of machines, The outputs of.the finité state machine are used
for updating the human operator's own parameters. ‘This ensgures
aﬁ optimum perfdrmance from'the human dperator in executing a '

~certain task even in the time'varjing environmental situwations,



