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Nomeuclature 3§

Q = bit timing milssllignment

T = the locally seneragbed bit perled

Tr = the incoming bit perlod

T, = the senpling periced

£ = the locsl clock frequency

fr = the incoming clock frequency

Nt = the frequency differsnce between oscillator
i’: % = normglized hitv timing misallignuent

z (%) = the observation

x(t) = the received binsry modulated process

sl(t),se(t) = the transmnitted waveforn

n{%) = gdditive Gaussisn distributed noise
Es = avernge signal energy in a bit period
Ed = average energy in the signal derivative
N, = noise spectrsl densis, (single side band)
B 8 . . s
T =0 = signal %o nolse rstio
0 o *
K = Tobtal number of somples in one bift period
L = Total number of bilts coneidered
F . .
e = the¢ error In bit timing
ack) = time drift
Q = variasnce of the drift
R = Rn = the varisnce cocfiicient of noise
BlA = the vorizonce cosfficient of the derivative of noise
72(k) = %the obscrvation vector
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GENERAL IATRCLUCTICH

In za interestiong class of cowmwunicatlion systeas,
infor:aticn is transmitted by digital wodulation of wave-

shapes of the form
g{t) = £(&) sin (w.t + ©) (1

(f(t)) is a pseudorandom tine funetion, i.e., it is generated
deﬁerninistiCally by mezns of a code of g long period, but

it appears to be a randon wWave to an observer who hss gvsil-
able only a scgment of (£(%)) and who is ignorsnt of the

code., The spectrum of (£(t)) consists f frequencies nuch

o

lower than (wo). In this class of comounicntion systems

(f(t)) is called the subcarrier.

adctually (£(%)) is usually =z virsry encoding of the
infornation (for instance, by wultipilication of tlhe ingredisnt
siecngl Term by plus or uinus one, Isr o length of Glre cslled
the b.ud length (the bis period) corvespondiiyg to wark sand

cspace. respecbively). In oraer $o cxtract tuic inicraation

fr

@]

7 oo nodulated transnitted wave, Giio recuiver anst be

o
o
—

€ %o generaté periodically tiie Ingredient signpal, cor-
related it with the trsns2itted nodulated waveshape Ior
the curstion ol a2 single mark or space signsl and consider

tle slgn of Che locally generated signal as the polarity of
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the ..odulatiocn.

There are, of course, other ways to odulave the
carrier (freouency shi®,, for instzmee, in which (£(%)) is
made to modulste tiie czrricr freguency). In any case,
signal reception is achieved through binary detection (the

testing of an approprigbe siwple hypothesis vs. the appro-

priste single alteruative).

If = weximum 1ikelilnood recelver is used and the
background ncise is white, the initisl step in the detection
process is the formation 2f the correlation of the transmitted
wzveshapes with the ¢xpscted unnodulated waveshape, the latter
beinz internally genersied at the receiver. In ordsr to
perforn the desired correlsbtion, the receiver must be zble
to gernerate =z perfect replica of the unacdulsted transmitted
wave. The receiver has avallgble some information about
the tronsmitted waveshsped (1). (ev3e The basic signal forn,
the tiL period, &tc...). I. the recuplbion is to be coherens,

thz rsceiver must knowe

1) The carrisr “requescy aud phasc.

2) The bit r-t¢ s durstion.

If the roceiver ig aoving with regpect to trne
transnitter the carrier frecicency is subject to Doppler
shift, while the 1t phase denends on vi¢ diztance bebtueen

the receiver gnd the trsnstititer,
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Fron the =bove 1o Ls cluar tnat she synchronizagion
of the » ceiver o the rocelved signal is 21 utiost laport-
snC&. 1N 8ome systews such gynchronizatlon is aschleved
from the transaitter, while in other syctems tho recelver
exbracts from the signal sufficient informaticn nccessary
for synchronization. In such systens, synchronization is
basically the ggtimation of two paramecters; carrisr frequency
and the bit ravte. But for ccherent receptlon, ths receiver

must estimabte also the carrier cr bit% phsse.

A pzsnel discussion at the IBEE Winter Generagl
Meeting (1) in 1963, focussed atteation on seversl fundament-
gl questlons regardilag synchronigatiocn, agnd noted zencral
deliclencics in the amount of cfiort devoted towerds this
gim. In conpection with bit Yiming, 1% is convenlent to
catewzorize the approaches into twoe brecad clzssest

1) dethods in which the foramat for a1l or part
of .he transaltied iniovw ation couforns, for syachronization
PUrpCscs, W0 a srescriied sattern (Uransnitted r oference

systens (PR)).

2) Techrigues in which the Gi.isg inforsation is

I

extracted from message data (self synchroanized system (88)).

It

In this latter class, twe ccu-.only employed weans

of synchronization are:
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1) axd

sxinmum ligeliaooa deboctinn witn Lavanefer
estitacion (see Lor excupie (2)).

2) Phase-1oc¢- 1--p (PIL) trgcking o

0f Ghe DL
frequency spectral component ln Yhe dewodulsted nessage

(), (4.

Very recently sequentiszl estinstion methods have

been introduced by Sage and icbBride (5), (8).

The present
study is an extension of thneir work in the sequentlal

estination of bit synchronization.

In thils thesis, th

[N

& blt synchronization problen
wlll be discussed thoroughly Ifrom Tht point ol view of
the control th=zory. Clapter (I) hszins with the foraul-
ation of the urablenm, the

optlaum and
réceilvers sre

50me suhoptloum
discussed. In Chapuer (IT) the work of

sicBride a2nd SBaze in thiz field is

are reinvestigated,

reviswed and their resuil
Chapber {(ITI) containe s trisl %
the ¢ifilicultvics which are

by naking use

solve

sriae

jal
-

in iheir work
ni Tthe exbtcinsion of She digcrels peaximun
principle. Filroaily Chepier (IV) is

bis

concerned with the
synchronization proclies a5 5 7o loenzlion

In order to overcoke UL> aulsalvanusges of vhe previously
mentloned schiémes, and recursive bit esvipabtilon slzorithms
are Tound. Furthir more, ths Cramer-Reo bound cof the

Central Library - Ain Shams University



N5
Vo
P
s i

5 aporizd Torowl Pl oavnn
wnocluessionsl cgses. bDuri 4l

Central Library - Ain Shams University

G

wraoien Lo

Hhis worg
Sage (5) y {5) 3

QmpPariscne.




Y. OpTIuiUnd RSTLAAVLION OF po. ZY nRCuIZaT10n

I.1. Introduction

In digital communicabtilon systems, the theory of
opt lmum date detection requlres that precise knowled
the bit transition time be znown to The r.ceiver before a
bit-hy-bit detectlon can be Ilmplemented. The optiluum
receiver for a phase shift keying (F&X) wodulated wave-

form embedded in addltive Gagussian nolse 1s the wmatcehed
filter or the correlation detector, This device is usually
implemented Ty sn integrste gnd dump circult whlcu requires

the bit timing

g of the incomiang secusnce. This tilaning is
supplicd by the bit synchronizer., £8 systems, which

acguire bit synchronizaltion %timiug cirectly from the incoming
moculagied cata sequence, are goeneragliy required for wmost
applicuations. The majority of the wresent—-day bit synchro-
nizeérs a2re desligned Lo o srets on tne nolsy baseband angio;

dats. This wmay ao0v ve tine begt Gechnoique for o conplotely

-
[ie]

dizitalized receilver since it reguives taal the sanpled (IF)
or cerrcler data be used wu esulmate the carricr gnd/or sub-
carrizr frequency and phnase ol the incoaln: scquruce. The
resulting estimate 1s fhon used To voavert the received wave-
form to ga analnz bascbans wrocess. Although the idea of
conv-rbiag irow ansloz to diigitel sisnals, estiumating fre-

quency 20l phasc, Shen converoing tsck bo ar gnalog baseband
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receliver viewrolino, i1t Zoss olzoe Lhe
estimasion sroblen wivi:l: ohe Lruanework whers g large amount
67 resuarch llas bsen per.ovned. Hurthermore, this conversion
%0 an anczloy baseband process can probably be gvoided while
still using the avallable theory and digital ilamplementation

technigues developed for the bLaseband model.

Two paramebters are generglly uvsed to measure the
performance of blt synchronizers, the r.m.se JitSer or timing
misalignment and bit slicpages Which of these iec nore
loportant depends on the type of c¢alia being transmitted and the
uype ol madulation employed. Frobsglly the mose wldely used
pe rformaonce paremeter for digitel comnunicstion systems is
the bit error probability (BEP) versus the average bit enecrsgy
per nolse dengliy, @/No, Begredotion o B2 porfovansnce can
be gir . ctly related %o tze bit timing misalisnuent. On the
other heond, the effect or Hit elivnpase is oot casily related
o Lo et performances gnd Ls vasuslly related o how 1E
aftects tue word syachrouizgvion.

4 condltlongl BE™ agy te derived for ¥SK modulated
dete 1 the presence oI =sadiuive white noise which 1s
conditionsd upon g stabtlc tlae misalignment €. This BEER

(defincd by p,) is easily shown (7) to be given by
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is when eentered pround nhie gtolility of thr ogceclilators
(clocks) which generate che Lit perlods, bas Inltlal prase
and 7 queacys. (Phose a5 ve 9 hers s delluaed 1ros Las timiog
misalisnnent parameter & as 27 6/T whsre © :‘fT). The
chiaracteristics associagbed with these can be divided into

thres problemsg.
Problem 1:
froguencices coapletely stable and thelr values
knowtt gnd initlsl phase unknown.
Problem 2:
freguencies have deterministic siow drift

characterisvics; the initlal fregquencies unknown

¢

to within bounds and initial phase unknowa.
Problem 3:

frequencies have random drift charasctoristics

(slow drifs) azbout mean freguencics;

Initial fr. quencics uniaown and initisl phase

UnkKnown .

Divigion of the clock charccheristics lnto bhese tnvee problen

areas coviers the pange ¢ sogsibilivies and also, divides the

degree of complexity of tre bit synchronizebtlion problem from
the singlest, provlem 1, vo the wost conplex, problem 3.
Thes. threc problems are lllustrated in Fig. (I.2) where

the unkpows assoclated wivh hoth clocks are characlterized by
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38 (@) condition: o on tau obscrvabtion. IHenco 1T (z) is
the ovservation,nbin the conditionad cost b comess

o

C = j c(&) p(6/z) 46 v (1.3.1)

The fﬁgctional ingredicnt required in Bayss parameter
esbination is the a posteriori density p(8/z) and the firsy
step in any Baycsilan parameter analysis (such as the biy
syhic. estimation problem) is to determine p(6/z). For the bit
gync. estimation problen, the 2 vosteriori density p(6/z) and

the observation models sred

P(G/Z) = p(Z/Q) P(Q) ‘¢(I~3-2)
_ﬁp(Z/G) p(8) de
z(t) = X(t,@) + n(t) e (1.3.3)

where (@) and (z) ar- symbols used for simplicity and where
p(@®) is tre & priori density for the tiame uncertainty (8).

The maximum s posteriocri (MAP) estimabe algorit would be

to Ting a(é) contalnud within its range of dcfinition such
that p(6/z) 1is maeximized, This is eguivaleat tos

mux p(6/2) —> uax p(z/6) p(o) e (T.3.4)
Fa 3

because the denominstor ol Ege (I.3.2.) is not 2 funetion of
(8). The parauneter (@) tou be estavlished is defined as the
time uncertainty fromw the start of the observation to the

firsy bit transition point. The bilt transition point is that
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