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Performance of the Viterbi Decoder using Analog Parallel Processing circuit with
Reference position
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Abstract - A high speed Analog parallel processing-based Viterbi decoder with a circularly connected 2D analog
processing cell array is proposed. It has a 2D parallel processing structure in which an analog processing cell is placed
at each node of trellis diagram is connected circulary so that infinitively expanding trellis diagram is realized with the
fixed size of circuits. The proposed Viterbi decoder has advantages in that it is operated with better performance of error
corrections, has a shorter latency and requires no path memories. In this paper, the performance of error correction as a
reference position with the Analog parallel processing—based Viterbi decoder is testd via the software simulation

Key Words : 54 A&y, ddAg %, vgv) tjag

1.M B
Wl FAod txa Sdolne Ass 143 A
Az AF AR YAR7) ARl ANEN, ALY FA

2 gaz =gonl 5o pops wey yag®ilz
Je) AY EAog wol Agsm ok HEHH Tmy:
F48 ol A58 Ed~ wolo)uRae] FEojg Sl
Azshel Fo|Z AMST I AP e HA z2A AN
Aol gstal oS FAsu A AA o W &
23},

HEE tades 78 gAoz gy 37E 4o

a2

=5
4
E 1:1 ro to lo

Y, d4F A3 E FA 249 A/D HES s BE A
oxd I oty Astgur e} ol 2

A/D BE7)e) el 93t o8 FY $£57 AH,
%o dolHE AT Al F9 A5 wj$ Zo} FHo #

< 9EAYE 2H4E AT £ Y= FAV A 2@ 131
Ag HEY gagis o Hs) wAFHo HAe Arg &4
3171 1% dH(back-tracking)H Aol Hasrz gzay
A|Zre) Xl‘”‘% ZEA HA

old], 71&9) Oxg wigy vadel o

21 ‘%‘%‘X'l?/] H& o] 83 X = wHSE
At ol HEF FL o] &F B] EjB] U
&9 YAY vEY dade Q4 My F4L ¢
O HE A Ao 2219 wjdE ol &3ty

e 4g ohd

AR O RA,

A7 27

U Bk BTHBIEN LR

+ QU AR BFHETEE WLRE

s o8] RLAB BTHE LD EL
4

*

;)

CRAERE ETHH LB M- T

path memory7} EQ83 ¢ovy, A/D ¥E glo] Aite] 7}
S8Rz He AY Ang o A4 FHol $53 FHo
gtk B =RdMe #E Az A& o4 PRML(Partial
Response Maximum Likelihood)& BIEJH] tizddl i |
st duFo) g AF S s

2. PRMLE H|g{b| ciag 3=
PRML 7142 217] t]229 dolHE ndnz %8 7)
$1g 99 Yo =" 7)EAd HT DVD ga= Ur A
DVD t2z o 3 A% dAAds 4853 ok 3 o
2 cglelue Mg EAe celoluje) =Y
(Pick-up) A% 5° 24 Sdoz 24 agl?

20 ffVN [ f _I
mo=tle(FHEW-F)) o
_oNA
fe == fvi (2)
4 (1),(2)¥ Trigonometric 229 dutxd EAS el

o f, NA, A ve 242 Ade) Aw 335, A3s, 3

T, AEEE YeRIt olF DVDE t2azd] Agd iy
°] PRabba)® 2 3oz Ed & F vk

flk)=axz,+bXz,_+bXz_,+axz,_4 ()

o] A4 ¢ 17 o] HAY + dxd slk)=

fE): 99 A5 9ato *24

e 239 code bitdelx
de 8 golth d™ A% ge] I'H TR FRER &
g fk)s 640469 &g 2 dokh

378



3. dAxe A2 9s S5 Ay
2 =RoA A viEu] tade s1Ee) uEy dga
des 2e 123 19 edgs dolojay 49 BE ms
o obd B NEde Mg e gA W obgza uE
IR=E= =Y xﬂohﬂ dEu] cade) slEQAe w&s)
d FHAYEcE 4 =2oAE EE ARE F9 Fa
& Ane ¥ }o% 2uAAAL Bz 22 @S ALUTY
%, == (k)2Ry 238 ol2s Hx 93 ¢ Dy,
da &z, == (i,5)e (ki) o4 &g djuan
g o, 24 RN = (5,5)d oz & oA & D,
o Adgd == (kD) o2 o 285= 23z dw,u,
I xRy BEXA o2x HA oz # D& ¥
A F A2q;E A 4 @ 2ol Axan)
D,;=min{D,+d,,, (kLDES} @
A71M, St == (i,5)9 94 =x=ge) FFL 9v

3te], mine #3INY P F H4HRE Fdskes F5E o)
Tt 4 ()% Wiy dadel HE&37] H8iA d;; g0l
Edgz thojojrigiadel Rzojel £A"H 4Erte] Aol
£ /P?S}-T’-, 7w ()48 FYPT +
stageﬂ ABgte] web z+
2t staged] == F 3
Ef—-:: Cfi -%—2 3}0‘1 SRR nga}ﬂ

I dzdE 4 @) m
1 Wixjsle 45 Az %k 3

> o b fr;z
ot SLE 0

D.
P

%kf’_si»r 2 HEJ e Aste] Hdi

ﬂ
s,
o

FER
sL'

Stages
wEis? “Biet

\a 3 %
. it
} WL

wiepei T Dot N

19} 1. PR@apba)el E0e) 2 cojo e
Fig. 1. Trellis diagram for the PR(ab,b,a)

4. ®otst Weixal Ag o83 vley| Ciag

Ak v gan e Eaﬂa* elojde] 7 ws
o) Aoizt AN FAFE ofuza NuHe 4e Wz
R Fzolny, 11y 29 o] AT deo) AEH HED
o 4Ee 988 £8% Fxoth

a2y 3¢ 149 49 £8¥ FxE A dA=E= A9
stageE A8 stage indicator, T1E2F AHE X
state indicator, obd 21 A% &Y g L

capacitor:c AR Aere vEH tIue dade
71 4 L7b & zdelAd A5, 279 staged] o
A9 capacitore] A¥el AFHW Y, dade] Az
8 [0 270 93 d92 AASA, stage indicator®]
=M ojstel T L. 9 X7 AsAc AAD [,E
Z+ stage®} Ao A 2 (5)2 A v}z gt
stageZ ATt [, 7t oA stage®
A4E FystE], B =FoAM ekl w4
EE Ue A4RE Hdd F AEY
e, & ’}‘ WA stagesl 09 ARE A

u, vpR9 o) & A5t ofF Amo wet
EXOE]

i
—l—D i

0EL T Z fgoltt.
Decoded Output bit
& = ke
q;of " Pr:‘:!;‘on
Anslog: Ingut
| H"\' SWesig
ag 2 A¢S opde 1 wigy] g £y Fx
Fig. 2. Circular parallel structure of the proposed Viterbi

decoder.

Stage indiewtor

g3 A ulEy day Fad AAE
Fig. 3. Developed diagram of the proposed Viterbi decoder.

379



5. Algdiol M
#Ha Az 48 o]43 PRML(Partial Response Maximum
Likelihood)& BlE{H] T)Zrof thg A}t dmFol it
AZS A Ag vEgE gadge 45E FFs9

st AWGN Ade] xol2g 7lA st CAolE o83 &
xzedol AlEHHE FPstHt AAF vEY gz
stageT= F449 A7IETH | stage B 5789 TEHFLS

TAAT. Add vEY dave JAF 29 do d
WY FEHS ol &, £XEH AEH]de A}
49 dolHY AFE 1002701, Ad FEHS 7Hgd A
7Het gt

29 48 ETY AL o1& AdE HEHY dzyd
AEeld AFAEAN 3l dA g9 Add AvtEE 71E 8
dxo a7ld B& oy A3 53§ depdn dck A
@ obd2a ¥E AN vEHY dade 71&9 YAE HH

H dazdud od 34 ol 05dB AE ANE ¥ F
agton, dgg 2 % o9} 7 ANALE Arsdw
44 54e FARS ¥ & 4 YAk 39 5= AT A
Az Azt gAel e ABRZA, R AA Y AA
e Aol AHe A9t RE Ao AteAS A Hx
Sl A 49 AAALE A A9 2E A

e 3
Q7he A9 FAR 45 e UEEe

1.00E-03

1.00E-08

1. 00E-05

1. 00E-05 £

0% 4 71E AHA2e] Av)d &
Fig. 4. Performance of the proposed Viterbi Decoder with

Aol AR 5

Reference value

1.00E-03
—s— Proposed-Al node

—=— Proposed-single node
—— Digital PRML
e i s

1.00E-04

1.0CE-05

1.00E-06

15 16 17 18 i8 20 21 22

29 5 71F AnAxe) AN GE o ¥ 5
Fig 5. Performance of the proposed Viterbi decoder with

start point of the Reference value

6.2 &
HEEIT AEAY A& Igaled gl FAol o

B g2z gdde de 36 A4 £ e &8 T2
o) wlHE URHE ANsF.  AQF viEY Pgags
71E9] WA gy ohdaa AaAe 49 22d WIS

ozl A4 Fgo] 7|&

9,

23 oz WaANE waow

o} ¥lEY dRHE v& $4£ B olye, o HY
AR% Hoe 53

B =R A= Aerd gy tzde HE& #FE7]
A% AxEYN AEHH 4n 7|EY EW% H)EjH] ¢
Ao ¥sly 17dB o2& AFZHA ¢ 05dBAE §-5%
A gk 71F dHzzg <Ayt A/ F% Astd
Je Fx Yol st=do] F&E A B E3s ¥ £ Ade
eSS A &+ UAh

ZAae 2

“o] dFe FAF AFAE 294 BKAAAY A EH&

urgra-

= n g @

[11 T. W. Matthews, R. R. Spencer, "An integrated
analog CMOS Viterbt detector for digital magnetic
recoding,” IEEE J]. Solid-State Circuits, vol. 28, pp.
1294-1302, Dec. 1993

[2]1 G. David Forney, JR. "The Viterbi Algorithm,” Proc.
of the IEEE, vol. 61, No. 3, Mar. 1973

[3] Sung Han Choi, Jun Jin Kong, Byung Gook Chung,
Yong Hwan Kim, "Viterbi Detector Architecture for
High Speed Optical Storage”, IEEE Region 10
Annual Conference, TECON '97., Speech and Image
Tech. for Computing and Telecommunications, Vol.1,
pp.89-92, Dec 1997.

[4] Gene Sonu, Nedi Nadershahi, Stanley Radzewicz,
Young-Mook  Kim,Jae-Wook  Lee,Daeyun  Shim,
K.O.ChoHyuncheol Park,Kiwon Lee, Hyun-Soo Park,
and Jae-Seong Shim, "Partial~-Response Maximum
Likelihood Core Development for a CD/DVD
Controller Integrated Circuit,” IEEE Tr. On
magenetics, vol.37, no.2, pp.663-669, March. 2001

[5] Hyongsuk Kim, Hongrak Son, Tamas Roska, and
Leon O. Chua, "High-Performance Viterbi Decoder
With Circularly Connected 2-D CNN Unilateral Cell
Array,” IEEE Transactions on Circuits and Systems I,
Vol.52,pp. 2208- 2218, Oct. 2005.

380



