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B+ SynChro nizers

In digital Communication Systems, optimym est+imadtion

and detfection alﬁor—{Jrhms PQ?U[FQ that precise

Knowiedse, of +he bit +ransifion +me be Known

+o +he receiver bedore o bit-by- b6if detection
can be made,.

Bi+ Synchronizer

A device /circudt which recovers
or reconstructs +he wunderlying digital signal
+im\‘n5 «(—hereb)/ al{ow;n9 hn’gh— gua(?-‘y data bit
detections (/e. conversion o

“ones'' and zeros’
+0 be made.

0% Coarse for best performance, +fmm3 recovery
and dato. dedeckion shouid

be done n an
op+iMmal Mmannen

Th +he context+ of de:{»ak RF CoemmunicationS, # s
possible +o cons: der

synchronization J‘oin+ {)/

RF carrter phase and Symbol

(see 11, [4] )

We will only address baseband bi+ Synchreniza+ion

M o [inear additive white Gaussran

noise
Channel (AWGN> .



N

R\‘Sorous[y Spquinj) desu‘g}n and analysis of
h-‘gh per%rmon‘?& bit Synchronizers involves a.
number of disciplines:

o : . optimum  detection
o D\S«-\'al Communi cations Theary e’#{minﬁ ex draction
o Estimation Theory

D«‘SH’Q‘
o Phase- Locked Loops ‘ Tracking loop

Ana °3 be_hotuigr‘ with
o Stochastic Processes Stationary poor Signal- to-

notse ratio

Cyc/o stationory

P L b ) -‘. MarKeov Chawng Complex my th-mode
° roba by \\ Y FoKKer - Planck QCXUfS;‘_{_,‘OYI/
Renewal Theory behavicr

We will address only +he basics

ot bit Synchroni zer
des.‘gn /dnqusl‘s.



Note 1: T general, bi+ synchronizer Complexity
(s S#Y‘Oﬂgly drivent by +wo factors:

) Per formance deﬁrqdc&fon with respect
to  +heory

2) Doto rote

O+4her fLackors con alse drive Complexity 5ub5+an+n‘ql\y .

3) Rapid i dial Synchronizadion regufremer“n‘—

‘/) Large, dotoc

5)

rate anomolies

Sa\ana‘ le vel Chanﬁes) Qud\‘ncxl_ AG

intecactions

6) BER per ‘Corn\cxnce, Lloor ( Je, Pb as Ep »-aoo)
No
7) Non /deal

Chanrel aspects
e.g.

nonlinearities , or nNort- Gaussian
Nolse

Systemn Arode - affs  orxe

normally necessary.

A+ “low” doto rates, digital signal processing -‘-echn(iues

can be employed +o achieve nearly optimal
resu i4s.

A+  “ medivm’ 4o " high”" data rates, approaches necesSaril)/
+end 4owoard Qll*C\\’\.CL(OS n  nNature,
De signs with 4o ANy

*fweaks"' and QdJ'Us+men+ S
Con

produce. a manufctc‘%ur(nﬁ n\‘sh{'mar‘e’.



Note 2 MQ“‘/ d.‘pferer\-\- da+ta. Communicotion

Symbol Shapes are n vse, each (n general
Y‘egu(m‘n«j Separate bt Synchronizer des.‘gn
Consideration.

VE ! |__| [ NRZ LEVEL (OR NRZ CHANGE)
NRZ-L _‘L_j “ONE" IS REPRESENTED BY ONE LEVEL.
~E “ZERO" IS REPRESENTED BY THE OTHER LEVEL
VE {NRZ MARK (DIFFERENTIAL ENCODING)
NRZM “ONE" 1S REPRESENTED BY A GHANGE IN LEVEL
K b=t L “ZERQ" IS REPRESENTED BY A NG CHANGE IN LEVEL.

: NRZ SPACE (DIFFERENTIAL ENCODING)
NRZS ~E : L..J ‘ONE" IS REPRESENTED BY NO CHANGE IN LEVEL
- L"ZERC” IS REPRESENTED BY A CHANGE N LEVEL

+
Unipofar
RZ

o LN N
Poiar RZ 72 U{U-LJ FLFLU.JFL
WRTARREYARY

RZ
{ “ONE" IS REPRESENTED BY A HALF-BIT-WIDE PULSE.
“ZERQ" IS REPRESENTED BY NO PULSE CONDITION.

"ONES” AND “ZEROS" ARE REPRESENTED BY OPPOSITE
LEVEL POLAR PULSES THAT ARE ONE-HALF BIT WIDE

A TRANSITION OCCURS AT THE BEGINNING OF
EVERY BIT PERIOD

Bipolar | . *'ZERO” REPRESENTED BY NO SIGNAL, SUCCESSIVE
RZ - L "ONES” ARE REPIESENTED BY EQUAL AMPLITUDE
. + ‘ ALTERNATING PULSES.
Blot _ l | I I l _P —U—L_r—]__ BIPHASE LEVEL (OR SPLIT PHASE MANCHESTER 11 +
180°)
| "ONE” IS REPRESENTED BY A 10

ik : 'ZERO” iS REPRESENTED BY A 01
Bi-o-M i I 1 | UULJH_ BIPHASE MARK (OR MANCHESTER 1)

g L]

Do

“ONE" IS REPRESENTED BY A SECOND TRANSITION
ONE-HALF BiT PERIOD LATER.
“ZERO" IS REPRESENTED BY NO SECOND
TRANSITION.

BIPHASE SPACE
A TRANSITION OCCURS AT THE BEGINNING OF
EVERY BIT PERIOD
“ONE” 1S REPRESENTED BY NO SECOND
TRANSITION.
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{
{
f
L
[
{
|

Bi-0:S if_JH_J

TRANSITION HALF-BIT PERIOD LATER

DICODE NRZ
“ONE” TG0 "ZERQ™ OR "ZERU” TO “ONE” CHANGES
POLARITY; OTHERWISE A “ZERQ" IS SENT

0ICODE RZ

A“ONE”TO “ZERD” OR “ZERQ” TO "ONE” TRANSITION
PRODUCES A HALF-DURATION POLARITY CHANGE
CTHERWISE A “ZERD" IS SENT.

A ONE" IS REPRESENTED BY A TRANSITION AT THE
MIDPOINT OF THE BIT INTERVAL. A "ZER(Q" IS REPRE
SENTED BY A NO TRANSITION UNLESSIT IS FOLLOWED
BY ANOTHER ZERO; IN THIS CASE A TRANSITION 1S
PLACED AT THE END OF THE BIT PERIOD OF THE FIRST
ZERO

Dicode E [‘T
NRZ

o LML TLTLT

0 T, 27, 37,47 5f 67, 71, 81 9f1OT

Llj_ _ wEL‘_M 5_
=
C
EIL

P\llSQ SHQP;H\CJ me-theds are OWL\J&Y\ emP{oYed
{0 <Conserve banduw: d+h  etc. ( e.q. Nygu,‘s-t— )
or Obtamn  other desivable ?ua [i+ieS,



Sem Inar A pprooc h

*  Block Dlagram Level

¥
TIndicect Synchronizotion
Direc'{—* Synchr‘onizcﬂ—{om

%  Dota Detection
Optimal  Detection Assyming I deal Recoyered
Data  Clock
Effects of Adjacent+ Data Symbols ( Tntersymbol
Trider fevence >

Nyzu(s+ Pulses ( Rased - Cos(ne)
Effects of Stodic Tfh'»(nﬁ Error

* T.‘m(n3 Recovev/y
An Tndicect Approach  (Fillec- Sguore- f7lfer )
Divect Approoch
Phase - locked [oop  Origins
Phase Dedector Sefection

¥ Detrailed Examples

Minimom  Mean- Sgvore Error  Synchronizer

Modified Maximum - /,‘Ve/ihood Syncﬁron«'zer

¥ Other Considecotions.



S(mph‘f.‘ed Bi+ Synchrenizer Block Diagrams

¥

*
Tnahivec

7__,,._,_%;;;‘__ ., Da+a+ Decision
atche R
Basebond Fi H—cer e el A _L P N Sett BiYs
Data __I:_ i

* ~ >
No(se

Clock

BOF Aon- gpF | (;é j Proc.
Lin,

Ermpleys nenlinear processing of baseband Signal +o extract
dota. rade.

AdJ‘US“‘Me\’\*’S must be made n +he del’ay line. +o properfy

Center +4he Scxmp(n‘nj operation (n Hhe dato eye.
Sampling pownt (s (n general net Sel(f- CQV‘I"QC'HHS
- Tmpreper Selection of +he 4wo BPF's and nonlrneority
Can resui+ (n poor per?ormance due +o ho‘sh
self- nose [2]. Resulds from nose processes

be\'m} C,yc/o*s{-alrfonary‘ [3] rather +han
Stationary.

- Detailed analysis for optmal performance provided
i [s] S+rai3h+¥orword SymME4ry and bandwidth
(:‘)uidefine, apely 4o +he BPFSs.

See also [6,7].

¥ Discussed [(ater

*¥%X My own nptatien



Block Diagrams ( C0n+')

Direct
) Data Decision
3 Maitched /S o N A/D > . R
BCLSe band Filter L & Sokt Bits
PData +
Noise l I

~
C—-

@ . Clock

~er”

Y
7

The optimal Sampling point n +he dato eye
pattern S 4racked d\‘recﬂf(y,

- A condrol- [cop provides precise selection ot

VCO p\nase %Y‘ Proper 3omphnj

- No bondpass {ilders re?ufred. Cons:‘dermb(y

less

hordwoare “4han ndirect appreoch USUCX({Y.

Self - correch ng



Data. Detection ' Qptimal Detection ASSumfnS Tdeal

Recovered Clock

(Consider one data Symbol (P\JlSe) alone.
p(+)
—
Rx Filder
vit)

Assume that we Know +he precise +me at which
40 somple +4he filder output M order o
achieve +he maximum Sample 5.‘3nal- fo- nolise

voitio.

Question © How shall +he receive {ilder (Rx) be.
Selected for optimal PQ\"-Cormaﬂce,?

Tofal received Signal r(E) = ply) + ni(<)
] Addifrve widelband
’ Gavssran Moise
slSna\ pulse shape

S\)PPOSQ we Saﬁ'\ple, ‘HF)Q ?I(kv OU{—pU‘\L V('t) ot f=‘g

V(t) = pH) ® hiv)

1

Convolution

+ nE) @lnu)[ .
T

=t
L Filder 1mpulse

response

The Sfﬁrtu(~ fo- hoise ratic  (power) IS
“ -j2rfl t
. j P() e H) 44
Ps'ﬁ / oo

F _/l/ifa{umzdﬁ

~D®




From +the Cauvchy- Schwardz Ineftf‘l("'ﬂﬁ
ijmlzdnC j BGIRE:

Psfﬁ é - 0o - 00
Py No j {Hm}zd#
2
-0
I‘F-
where P+) <«=> plt)
#
Hi#)  &D  hH)
No 2-5ded norse power spectral

2

Psia <« 2 Ey
PN No

E, - fnerﬁy n received pvlse

Note 3 Fer  maximuom output St“gna\—-b- norse
rotio, Ry $ilder Should be +4he “matched
£ dec? Efua(riy (s Satisfied for +he
matched {ilHec /e

Psig = 2Ep
P o

The motched §iHer s mehcma—HcQ//)/ egual

40 +he Complex conjuga+@ of +he recerved
pulse Shape Ffourier +ransform,

densddy



/0

Note 4:

The matched filders &‘mpulsa response
5 <losely reloted fo -the /ncom.‘nj srgnal
pulse. Shape:

Hue (5) = P (4)

. —jerft
P(f) = f pit) e dt

o °° —J‘ 2o+

. 2wt TN ,
o P [ ple) & gt = | PCle  di
-~ HMF () = P(" f) <("<>u5cx{hty issues :‘3no red)

L Stgnal pulse reflected
abovt * =0

The -heoretica/ bit error rode per@rmancc
1S

Ro= er$c< /By )

2

Relative SNR (db)

N« 1-stage RC filter
,l \\
!
]

N
\

N Br
0 0.25 05 0.75 1.0 1.25 15 175

Peak SNR for various filters. compared with matched filter (rectangular-pulse input).
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Dato Dedection: Effects of Adjocent Data Symbols
(Tntersymbol Tniter ference )

Since +he receivers matched {ilter has “memory”
(/e impulse response exdends over Several
Symbol pem‘ods> the presence of adjacent
dota  Symbels con degro,dc per formance from
+heoretical

Censider e Caoaws of one NRZ data pulse wi+th
4wo  di fferent  receive §{iders.

VIEM

1. BuHerworth

9.8 X N= 2

i |

/ \ Symbol period =T sec.

-@.2

VIEMW
Chebyshev

N= 3 Y 0.8 /\

BT = o.35 @.6 | : \

ol d® ripple oa /

T;'rﬂﬁ' t//T



Gu‘ver\ &  data S‘lvearﬂ) +he ¥c>rego{n<3
output S hapes
random da+ta

assum 6&3 (dear/

awnd

pattern

Cloc K receove vy

Eye Pattern

1.2
L m—
— Ki
e N
@.8 /,-‘/ '3\‘
NN
» N N

angle-—pu‘S&
may be Superimposed assuming
ConStructed

Botterwor+th
N= 2

BT: o. 5

chrje opent €ye.

.2
N 577 4
@. :::&Eﬁ o
_'9-2
8.2 a @.2 8.4 .8 1
Eye Pattern
1.2
(Jﬁ:byshe\/
N=3 1.
BT =0.35
6.8
o.1 dB vipple
a.6
@.4
a.2
a.
-0.2
~0.2




Response

1.00

0.00

Tndecsymbel

eliminated

|'n {er Qev’en e

effects can be ideally

+hat pulse shapes Sa+[s£y1‘n3 the Nyg?uis—f

Critevio. are

Tn ter Sym bﬁf

The effects

(5 poessible. +o

K= ~o0

where,

of TIST

obtan «

with +he properiy
P (nT)
This goal (3 met

:i P,.('F*

Used.

Nyzun‘s{- Ceideria. for Polse Shaprs Havir\3 Zero

Tnterference

recejved pulse shape P

( n =0
o n#o
PrO\/l‘ded
K R y < ‘L

}F
Po(§) € p, (&)

13

(assum.‘ns ideal clock recovery ) provided

Can be Completely negated (f (F

()

Legend: — 3=0

Pulses with raised-cosine spectra.

- - =-p=025T

— —3=0.5/T Raised-cosine spectra.

One Lanns (7’ of polses Satis fy:‘nﬁ 4his criteria. (5 +he
raised cosine fam: {)/
|
' 3=0
— T ~ 1
~ AN 17 Note: Spectra are
~N \\;3‘47. two sided. Only
N right halt is
\ \ | shown,
= z N \
z \\
e \
E \
| ]\\\\\ :
~~~~~~ AN
NN
AN
J \ AN
| | 1 1 L J It \\ ~
2 1 0 ! : 30 1 3 !
T T a7 T

1 He



Toperfect Matched Filder Performance for /4

db from theory

No“Ri

0 " 4 4 " $ + " + 4 :
¥ + + + + + + —t +-

Sguare- Root+ Raised - Cosrne Pulses (/3: ‘/2_)

A A+ Ep - /0 dB

.3 4 N=3 Butterwor+th

w4 \ N=3 Bessel

3
t

+ 3>
v 7

-+
-+
+

o.y 042 o¥4 o4 o048 050 oas2 oS54 056 o058 o060

FiHer Bandwid+h Facitor, BT

* Although +he Butlexwor4+h fLiller (s  more
oern‘mul)/'-pLS folerance 4o BT deviatians j;rom

norminal (5 less +han {for +he Ressel.

LQ-#@(‘I we will See +hoat+ +he Bessel -ri [Her
allows  slightly be #er ClocK recovery Compared
4o +he RuHerwor-th,



