CHAPTER-1

 INTRODUCTION

Many resarkable auhievmnts in the fields of control
and communication have bsen possible mainly for the latest '_
developments in digital technology. Advantegeous features like
- afficlent signal regeneration, the pessibility of combining
transmiasion and switching functions, the adequacy of a uniform
format for different types of signals asd ministurisstion and
inoreased reliability of digital cireuits duse to I.G. ‘aeehnolagj
nake digital syatems mare du:lmbh in both cmnication and |
control. ¥While applying digit.ql teshniques, the problems of _
apnlog so digital asd dﬂ.s:lm to analeg mmai.ons are hamins
innruainsly important. Mest of the earlier duital systems '
design assumed that the guantisation step 1s fine ensugh to
nsglect the undesirable effests of thess Wm Procossea,.
But the dm Tear ingreased nphiu‘kiﬂtim and accuracy in
recent you'u ke the dn&mr; ml:l» the impertance of thuao
undepirable effects of quantisation aoise and error. In tha
1;_31‘- faw years apprsciable ressarchss have hm place in this F
_ares in the fields of plotere processing, commnication techno— |
logy and mtrcl thm As a ﬂnlt, iumm.m mri.abla
step sise quantisers (mpuw mum) have been uidely i
disoussed in the liveratwres. o L

| Seme ﬂt the sdaptive mﬁ.nﬂm uhmm are atmed ai
imum mdynm;rm athcrthmnninhm-nt. signsl to
_  nelse Tatie ¢M} unatuo. Whereas other adapiive qmtimﬁ. [
'SMMmMNmimmtdtmsnm |
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When adaptive quantisers are used in radioe communica-
tion and remote controel aystems, the Information of the gquanti-
sation step sises are also to be transmitted to the recelver
along with the éuantinatien level information, thus increasing
the channel requirsment. An optimal method to predict the
quhnﬁisauinn atop sise at the receiver has bsen presented in
this thesds which improves the 3KR and also the channel
capasity.

- The precess of converting analog signals to digital
signals is completed in tweo atlya; Yirst the signal is sampled
and vhen it is quantised, Both of theass operaticns introduce
noise in the signal. Differeat methods to reduce these noise
have besn investigated to appresisble depth by different workers
in the riciﬂ,- Review of thess works are prsssnted in chaptsr-II.é
It was found that & heuristic contraller using the digisixzation
techniques may be used to centrel the eutput of unknows plants.
S-un basic ideas about the sams are slee pruscntad.

A&aptavt quuuﬁinu&iuu in a quaai~un1rern guantisation
~technique, eaploying mere than eme quantixaetion steps. In
'zehaﬁtqrile the basle concepts behind the pradiction of the
quantyisation step sises au:thn'rtanivnt ia given, Prediction
of the quantisasien atap sise is bassd on the information
received of the mest recent yusntisaticn level and the just |
previens qaantisaiiil 1!7!3. !iuintary slgorithus for predic~ B
tion are dessribed iu this chapter. By imposing restrictions
 ou the slape senditions of the inpus stuplos, the effoctivensss
of the prap»sol tnahniqul is 111u:trat¢a, using digital cnnpatarl



simlation, for firat order Gauss-Markevian input samples

Results of simulation in Chapter-lIll show that
given maximum absclute value of the ratio of adjucent san
it is always possibls to choose a §uahtiaar structure sa;
the given prudintion algorithm can be used to calculate ¢
quantisation step sise for every guantisation level recei
the receiver. <The first order Jauss-Markovian samples us
the 1npnt, only approximately rapresent the speech or pile
signal samples, Imposition of the restrictions on the al
conditions of these input samples say not approximute the
spesch or picture signales in all cases, Hence, to get muy
SHR witheut the constraints om the slope, optimal method
pr-dietin; the qmunﬁi:ntiau ltnp sines is developed and d
in chapttr~11;

In view of obtaining quantiser performaace whig
resains aeacpiublc over A& reasonable rangs of signal staé
“an lmproved methed of prtéiazinn of the gquantisatien atcy
1s alwe deseribed. Verilicstiom of thix wethod for two é
types of imput distribdutioss, with different quantiser si
_has besn deseribed in Chapter-IV, Results show that fer
as well cs fcr Samma distributed inputs, this method gtvq
hatttr SR than most of the .xiatinz other achemas far
values of lurrnlttiuu fuat@r 'c* and uurﬁlungth, w.

: aa altarnatc acthad ix %9 uualatu the rucoivar
. trtnau&ttwr and te send a soatrwl.ttxuul uhﬁnnwnr 1t is z
te serrect the step uinn¢_ Siseatisns under which the aua
'_ai;nnl 1. ta ba trnuanittod zs known *&th-r by the rnwwtz



estimation of the quantigation step sise (Scheme 4}, or by the
backward estimation of the sﬁop sigze (Scheme B) as explained

in Chapter-¥, One of the levels from the set of unallowed
levels {!lu} 1s used as & control signal without using extra
channal and it iu transmitted through the same main strean of
bits carrying the level infermation. Both the schemes have
been simulated on & digital computer for first order Gauss-
Narkovian input which symboliges the ordinary speech and
picture signals., Scheme A is found most suitable f_or snaller
wordlengths and gives & better m than most of the existing
schemes. Schens B glves & good 3NR only with higher |
wirdlengtha.

Another method for step sizs correction {Scheme C)
has also been explained im the sams Chapter-V, which ia
sultable for off line operatien arr the aignal and gives &
cm SNR m:Ly for larger ulmu of the werdlength:. |

1 simple hlm;ﬁc goutroller nuing digital
tnlmiqm: is jropeeed inm thh tbni; which controls an unknaw:l
~ plant in @ mbapm my and kesee oan replace the husen ;
. gamtroller in some situations lm unmanned spaceships or
auclear resstors tte., where nsm parameters are not known

: m“ly. |

I uses an mmn dolta modulater and & 3 pit
uhi.t’s rn:l:m as an errer m:nﬁw which muirua the
arer w!ﬁm inte ene of th pﬂdteidod classes, The dnctstq
nk;l.na um #‘ the mﬂlﬂ‘ takes & decision about the :
mmuuw.mmmmmum | '
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received from the error classifier at each sampling instant.
The implementer implements the appropriats decision taken by
the decision making bleck.

Performance of ths heuristic controller with three
different typas of systams and for a step input have been
vorified and givem in Chapter-YI. The resulta are quitse
satisfactery. |

Study of this heuristin controller with two differer
types of non-linear systems has alss been made and glven in '
Chapm-ﬂl. Porformance of a a:ut-ou with the heurlstic
conkroller for (1] rsadom 1nput and {1i) ramp input have alaoc
been 1llmstrated in Chapter-ViI.

: ?imn tha results Af the study are summarised and
scope fer future werks discussed {in Chapter-VIII), It is
hoyped th#t these schemes will b useful in many practical
synlame,

- First Mﬂr Mu-llu'hﬂm alqmncua being usad in
many aimht:lm works mmm S.n the thesis, & simple mtho
for generating the same was determined and is pressnted in
'-wn-a. |

) The mmgim. were made en the basls of 10,000
sanples. The yosedurs Lor the culeulation of SNR fer thﬁ
| n&apt:ln mﬁsn‘ of mw»:n and Ja:{n. has baen »xplaimd

; in &pmd:l.x—l



