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FPGA Design of Turbo Code based on MAP
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ABSTRACT

In this paper, we efficiently implemented turbo code algorithm in FPGA H/W (hardware) resource. The used
turbo code algorithm has the characteristics; the size of constraint is 3, encoder type is 1/3, the size of
random interleaver is 2048. The proposed H/W consists of MAP block for calculating alpha and delta using
delta value, storing buffer for each value, multiplier for calculating lamda, and lamda buffer. The proposed
algorithm and H/W architecture was verified by C++ language and was designed by VHDL. Finally the
designed H/W was programmed into FPGA and tested in wireless communication environment for field
availability. The target FPGA of the implemented H/W is VERTEX4 XC4VFX12-12-SF363 and it is stably
operated in 131.533MHz clock frequency (7.603ns).

I.ME sjel WAslE 0T medoz Adal] $I5e]

=

ARl Bl Ea] dubgdo R Ad$(Channel
Sasse] st Ao ceks) W wgshe Codingsha @ 05 AW ¥E el A
gu Age] AP A 39 WAL Us & ulEe eje] oJo] M= slie] ¥solE wE
Faeh Al AelA] ARgolh, slold, 24 el SAlsklde SAReld R oo mES
o3k Hr o] WS =, o] <laf wHAYE} o]g3le] FAlY FIolEHFE Rt gle A
L oFE AAH 7] 98 oF AA H5e A} AE HES Hdste] Alxgle] dols AE As

o] asep] & ol pajole,
25 A4 ¥-3(Brror Correcting Code) 7]&o]3k 2% A s ure oJo] H|EE Hylel= vt

A=}

O EAl AzwlelA] A Ake] ofe] selel o Aol we

l

Z H-35ul(Block Coding)Z} E7|

i

P AT 200795 APgTheha el A dskAlel.
* Aot A W 24138k} (www.hansung.ac. kr/design, yhseo@hansung.ac.kr)
T3 D KICS2006-10-141, AUz} : 20061 1049 182, FHE=rAH4dxl 2007 39 2

306

www.dbpia.co.kr



=3 /MAP 7|4} E|R.F 2] FPGA A7

& HR(Tree £ Trellis Coding)o.2 THE <=
ol B2 13 wpe Au u|Ed el o
Ak Agsle] o] BIES Arisia fAldelM=
Adatel] ofste] o] AHRE BIshs WHhoR
4] 1950136l Hammingell 9|3}y HEZ A7N=)
t}. Eg] 35E 195540) Eliasol]l 2ate] 27)=lg)
a2 1960 el Viterbi dre]Ee] N tE]o]
=7 st waler e o]g¥a gl
2 B5e deA]l qdate] WES A el 7ig)E]
2 7] wliel B35 Ass FsI7) olgAut o
ZA](Soft Decision) EH3ZE H7A 33 4= glo]
oF 2dB AHE9| o5& U4& 4 vk 5Ao] 9l
1—/}[3][4].

HEYS = 28NS E WHa dsie] wkge]
4 9Jed 1993 Z&}o] Berrou
Z270=9d2 Shannon®] 38+ Flell
AR Fast o R FFHoR AFEy] A
AsdrlPPM eln 37} A)E9E elle -
37l WARsk=  QlE|E]H(Interleaver)2} H57]
(Decoder)ollA] =35]= HHE- B30 7]Qlsl= A
ol sleld dAG A Azre] aE|glch uled
A e w2 A5ge 71 xeds el ez
AAE] 5 FAE AQE o &4 Fololl= A
S317F FESIch ARt wime] z=v]e] Folet
ZEAR AZF] o g Ao FAS Ao R
A BB FEE & o e Weldl A &
QA = ghepien,

EH F=9] B33 = MAPMaximum a Posteriori)
B37] 52 SOVA(Soft-Output Viterbi Algorithm)
3715 o83t HkE E3FE Fale] e AHu
Z Edsl Foh MAP dwE]E2 SOVA U]
Foll w8l B3 =, Aol e vt
¥, o2ldt o]fm BAbdS =), BER A5l
S5 MAP aE|Zo] Ak ol MAP
o 72]Z2 Bahl Sol 2&A 1974 g2 A
otElglom, shgo] 49l AlZZHE| APPE Alils)
= ¥uE|Eolrh MAP ¥XE|E2 e A=l o
g E FES AKsle] AMB|Ed gk g
dolg] e A g w3 Blrasl)
EAoR Qldh Smakte flsi HwEEH ] o

I o] o] Foix] gheftl

H = fox] MAPE 7Mle® sl BB ZFr
£ slegel® Pl w2k ASEidch 2%
M MAPE 7MESE = BRI E Udwe]Eo
sy sl 3AeME HW RS 918

m fo

O

il

dwe]Ee] 4 2 AN ol wpEeR 3
H/W FZol taliA vefligicl 44o4= HW
TFHE 9 W FEAAE Hel F HW
AL ey mARte R 5] AES U
Ak

1. Elg3= L4731

2.1 £33} YmBlE
Humes] YE7ls ke 24 E7)s @

N ez E At FeEA Fash= e
Systematic X2} F702] Recursive Systematic Z
#H35 7](Convolutional Encoder)2] S E3jod
Fost He AR F57] Alele] <lElRHE ol
AR OE o AHRE X3 & =S g

{val}

2.2 MAP gilo| 253 na|E

MAP 372|228 Bahlell 93 Algks #hgo] 4
¢l A3 25€E] APP(A Posteriori Probability)E
Akl daejge|th. MAP t]Zd dae|Ee]
AL RV=(R,..R,..Ry°] A% F 5415
ol disliA 7 ThsAde] sle AR WIE 4.F
AAsl= ZAe&A o]l= LLR(Log Likelihood
Ratio)Z Ae]=]+= 4] (1)=} 2k

é—l_}u

> g

o

E%—Wﬁw o

L(d, ) =lo -
“ 4a@=mw>

3714 P.(d,=ilRY), i=0, 1= AHB H]E 4]
APPoln], 235%l Au w|E g9 APPE 4] (2)%
o] Aoxl A3 FERNE Tt 5, « <l

V-1
o HR~E Zol7l v ), Y25 2 HIEE
i=0

307

www.dbpia.co.kr



EAIEHE|=2A] 07-3 Vol. 32 No. 3

A7k Kellxe] Qlzr] Adejelth. A (2)5 Bayes™
glel A3 HES Agsle] NS s 4] 3) 2
()} it

Xo(m)= P.(d,=1i,5,=m|RY) 2)

P(d=1i,8=m,R)P.(RY,  1d,=1i,5=m. Rf)

Ay (m)= > (R]‘\V )

3

ap(m)Bi(m)

)\};(771)2 W

C))
A o (4)0% ol (m) 3} ﬁk( Ve
Pd =i 5 =m ) ek P (RL, |, = m) |
gt A (4)01]/(1 a(m)& sk uﬂEmo]a}
s, AR ¥|E i A7 KollA Al m¥E] ok
A HolE 93 Ale wEES Jehia, A ()
o Aol wlT -*r slek A (5)ellA 6, (R, m) 7}

A e gho A (6)3 Rk
o (m)= lPr(R_IcL: i, S,=m E ) (5)
N z:] e 1 (m)
5, (R,m)="Pr(R|d,=1i,S,=m)/2 6)
Bi(m)S Auker Al vlEgolzfy b, of (m)<}

Bm)=P (B .. R, |d, =i, 8 =m) N

A7 K+2 olae] 441 Aol BgE Fohe
slelx] AZE Kelolde] Am, 357 A o
W RS AR Kele] A, ¥57] Aelsl
ARk K19 RS 2213 Best gk webd
AL (D2 A )3 3ol A=ld 4= Qi

ZE@H m'), (B yom';m) ®)
m’ j=
(8)01]/H %,j(]zk+17m,7m) “}?"“lﬂi‘q}% Xd]H_]—l 01
Bayes Aelsh A% BEE 493 F Helsh
©= AAT & ol

oo >

308

m>:j}ﬂ;‘.H(g(m))aj(RM,s;(m)) ©

7)ol g (m)E 23 29} o] Fulsk Al W)
Ee zyow »}Ew—g % glrk

time k k+1 k+2

Bia (S} (m))

8 (Rp.y, S (m))
Ry, Sy (m)
BLa(Sy(m))
Bia(Sm)
(Rp.1, 7 (m))

S (Rps S? (m))

BLa(S50m)

0 E [
A A7) ]L o] ?4?/]01] —’lﬂﬂ LLR(Log-
Likelihood Ratio)e] 7N o]-g3lc} o]z{gt ulE-
A3l MAP B37)& H35719) v A2 B3]}
B57] Aelo] HIME Fof Bddsleln sk
ARE7ke] ARIAS Hish W) oA QAT
Hugo] Al oele] dge Higkow 7447l
7] 918 WPy o BRiAel Mgk 2o aale
st Qe elnmEe] AHgElE HErle) F
Ay vlolele|m 2 RSl Hih Fpste]
357} ZV4% Aol P T 1S
oAl TFE3E SWE o]fsfo] HEETE
7S] oA EE0] TAEE AL

T:

H‘J
HnL

3o T
o
mlm il

o o
=

i, u
§ o

T

v e r{o

F 1 WEEE] 3l mE dY S-S

Error The Number of Iteration
Number 1 2 4 8
30 0 0 0 0
60 1 0 0 0
90 2 0 0 0
150 18 0 0 0
180 30 1 0 0
360 42 14 7 0
720 97 59 16 4

www.dbpia.co.kr



=% /MAP 718t E] X7 =2] FPGA A7

. metst H/W 7%

3.1 H/W Zlgte] =53t &z|F &4

HW 785 98 B2 5353 dve]gs 19
3l a4 = Agel selck Y-S el & 9
HE 7IA]2 LUT (Look-up Table) HWH2]e] e}
(delta) XS E3l] A2 Iulsko g °L«L]-(alpha)9}
wleKbeta) & T3HeE TRl T g o]-83te] o}
(lamda) & AKKE F vpix] 753} dlolelE o] &
sl Al Z1A R dlolelel did %5 Aehes
=it} w3l o]E v o g7 salo g2y S
o)== IS viEsly HEHo R S 737‘4(Hard
Decision)d}o] -3 %— 253}

Encoded Data

De-Punctured Data
b

Delta C

‘ Alpha Calculation

‘ Beta Calculation

Lamda Calculation
Lamda Interleaving

‘ Alpha’ Calculation

‘ Beta’ Calculation

3.2 Hlekst H/W 7=

Ak HW 725 8 4ellA 6ol vrehgiet
a3 4= AA HrRIHe 7EE Yepiled Y
A a3kl dlolEl= MAPYlelM =lEkE o]8-5}o]
duts} welrh AxkElr o Aske Heos gyl
sl <Aakelr] Slsf wimel] AR F o] e
Hrhe Teked o8k

a8 5= ols T 94 =59l MAPS 7ES
yepdict LuTell wl2] A7
AekE wEoR el ol5d s 2 w4 3
< SlA dutel e} FeliRic) dutel e
At A o] fEe RES BHEe] TS

@ F AFAIT AE Fugken A4a.
w3 18] 6 F7 dlolelE YA ARk
EEEREEIE]

a3 4. A F=

Alpha Buffer

Alpha

(b)
21 5. MAPS] % (a) <3} AR (b) HlEF AlX]

En

Register  —m
Register  f—w
Register  f—w
Din Register ] Dout
Register  [—wm
Register  [—wm
Register  [—wm

Write
address
Read
Address

a3 6. we 2

4.1 MEznt

s 73 82 ¥ Eielld] 7EE HEISS o
Boto] el dsiA Bs 54 AP Ao
o} Algle] o]4¥l §Wi C++& o|§3le] iy
3L, FPGAE o838 A5 Aadeld 85 4l
g yWER ARETE ad 7 e FEsAT)
I 7HAIRE ol=E AVRRE F o] H3siRE A
5 woli i 3 8L W HIel wE B
5 TP eR Hehfa gt

309

www.dbpia.co.kr



24133 =54 °07-3 Vol. 32 No. 3

n (ver. 1.4
- [PRAI[P5A] LT r— L Frrue humyr: [PRR][SA]

g

Encoded Image [2561768]

a2l 7. SW AJEe)A oA

Decoded Image [256][256] Error Image [256][256]

(a)

Decoded Image [256][256] Error Image [256][256]

-

®)

2% 8. WM B5A3) (a) 13] WM (b) 43] WhE

4.2 H/W F&Zn}

T35 H/WX VERTEX4 XC4VFX12-12-SF363
9] FPGAE dAe® sl o 131.533MHz
(7.603ns)8] E2F £%E szich % 2= Eld
H/We| A4 AM-E-S eItk

a9 9el4] 11 8%l H/WE] RTL (Register
Transfer Level) S5 vepliodch 28 9= A
A HEIce] RS el ol 13 10*
I7 9ol AZFellA] A WA EEQ] MAP 555
ez 9ok w3k a8 118 23 1004 9
95 E5<l d3de Ax1E Heplia glck

i F=s 55 Fdo)r] uiel & E5(=d
e BT PG o]Fe H3ivl slssith
MAP 42|52 535 A A dafe} Hﬂﬁkﬂw
T 79 Axks s E==dl, Ale BEe o9
skt Augo 2 Bodhs A7) thEch 12l
HtEA] 7 7] AR S shde vREe AARE

310

- ‘“4& Atel] ApgE|olol sl sjo]zelel B4
dee Tk E v wlmefel] ARk Sl

%‘E‘rg Ataf okt

E 2. HW A1 AH&-E.

Item Resource Ratio
Slices 2014 | 5472 36%
Slice Flip Flops 3331 / 10944 30%
4 input LUTs 1352 / 10944 12%
bonded IOBs 42 | 240 17%
GCLKs 2/ 32 6%
DSP438s 4 /32 12%

Lamda Calculator

[]
T

[ — I
[ — e
[E==g
[

Beta Buffer

02l 9. HrI= AA HWS RTL FA=

23] 1004 MAPE £3] A4kl olbsisl wlelzt
52 AF3Hnormalizaiton) A8 A1 Fa)#A4
sHrigte] =k dute} wEgs Aarskels I
Zze] AARgrEe| gk Rx S Fels AT} o)
< e e I, aela SRk

e IR vreixich

= =2
= AR HWAQl Bateel 2]

Ln

u!

N
l"—|>14

i

SEIISE
el 3k
wehA] o] %
< S8k
o}, Wel EFollA] v 53 defela] v
ol ME Alate] =olxA AtstE 97 HEE
Alggict o] Fol dul, wle}l o] thA &7 Hlef
=4 9 9 01 AR} ARgEe] du) we}l Fho]
U ZAY, 2 v AR o] =] s gk
shift_a WEol|A 3 vlo]E =7]9] AR dHlo]g
o} H2fE dlolelE WrolA cal_delta ZER g H]
EA 2] d<Er) cal_delta BES A1 AHE )
ole], Hele] dlolele] wEel we}l 16702 delta
7S E33stay, o|9} FAlell alpha_buff, beta_buff
RES delta 3 ARKE] 213 ARE FHIcL

E

=

o r_}l_,

il

o
N
Lo

i
Nl

oL

www.dbpia.co.kr



=%/ MAP 7]4F B] ¥ .5 =2] FPGA A A

R Adder Multiplier

] Nonmalizer

I
= = Multiplier Adder
= g 11 -
Alpha Beta .

Calculator Nommizer U]

Multiplier

!

Mid-Value Detector

Mid-Value Detector

a2l 10. MAP £29] 4%

Alpha Buffer

= Delta Calculator
Scheduler (typel)

HU ) ——a

HHH A e
Delta Calculator
(type2)

Beta Buffer

F— e

I
o i

T

a2 11, dahulet A E5.

o] whtell 3 EE(Hﬂ“)
& B Al ol%'mﬂ 37} 7hssick = MAP &
FRIEE H3 Felr el vk )]
ARRS 3 H=u|, $AlgE B2o] $ulsky) oIu)
Fgon FHushs FA7F vhErtk 131%}04 Hs]
7H AR T she wlEele] ARRE F v A
Abel] ARgE|eo} gt

a3 11 Mol wlme] BE2 16719 4w
HEFS 2| 4= gl Alo] grllel aEjolc). AdA
oM & =52 F715 8ulEE Al dhiel,
g7le] Alo] Feslr} BB I 3 B2 =)
7F TS 55 Aol Tl S4s 7P
AR, wlmE] Afe]=e] ZP} Aasta B3 A
o] S8kl o] EA= ol Hi *PMM M
e
77} A=A gl

pid 1_

— | =

4.3 AlEgold At

T 12 7 HWS AEde|ld A¥) 5}
< molx gledl 1Y EH2 & 3o el
t} Input ghell &y F=3} AAE Fal y13 y2
_,] H BRI} A B3-S 744 Decoding

fol Aael AEEE AL AT+ ol 23
TR i
o] HAdee] e W Alsr) H35E Adeld] &

3] Askgssh 5UFE BT ek

E 3. 733 Y s} o

# Item Bit Sequence
1 Input 10110001
yl 11010001
2 Encoding
y2 11110100
3 Decoding 10110001

N N e T /T T T
NI N | S S M |
i I V1 ﬁ Vil ﬁ“ ‘Elim_‘—-tl
] ()

L ] | {)- - o= | |
a2l 12, 783 Bwe] A|EHelAd At
0 0 o0
4.4 A= !
T8t BRI AA BEASA A S58HH]

= #elsl] fl3iA A8 FPGA H=% o]83lo]
AEdS sk Agsisich 7d BlRI=

olo] PCeole] HA1& 9l8F USART 3|2, RF
Transiver @ Receiver2}e] A4S 28k QlEfso]~
£E, HHE IS 93 Q=] 55 dAEy 1
133} & AS A=ES sl AA A
Alz=dle] ARRlE 2F 14e] BHdEdl F N
Xolgdl FPGAS ©]83lx )t} RF Transiver2}
ReceiverE H|FE3le] glevl= AR H-E2-5 o]83)
o] ZF3lodrh AA| B g o]gale] Al 6lA
e 2, R aslel e
& 4 3)slck

ofN ot

0

311

www.dbpia.co.kr



EAIEHE|=2A] 07-3 Vol. 32 No. 3

Wireless Channel

Application S'W (PC) Application S/W (PC)

=

RS-232¢ RS-232¢ T

Receiver
Interface

Turbo Decoder
(FPGA)

)

-
i)
lo
74

3% 14. A4 FPGAE °]43
] (b) B t]Zr.

E =Eolie BRI g
g3 HWE FEsIh Ak HwE ek
o]-g3to] odulel wiels dilsl= MAP &53 7}
HEs Aeke ws W el AkS S1E aAl

714} b AAels wEE AL AjkE &
aefEI} shEse] PR CHr QlelE o83l
SWE 733 F 71Zsl5l7, VHDLS o]8sf
HW AAs o *E‘xﬂ FPGA°l| A83le] T4
4 A Aes ASssick 7dE HW=
VERTEX4 XC4VFX12—12—SF363-4 FPGAES ©EM)
o= 3jglx =9 131.533MHz (7.603ns)oll4] oF4
How FAs 4 qlglck

T8 HEIcE §W 2 HWHeR w% 7
F3IaL, FAE el A AlA 730 S 7137] vl
kg IPL EAo] glar thefst 78S 7I7E

o 8ol o 7lsE553 A elze A
?5]»— 71“" T = olE Hlow Almxch

%2 N

il
A
rok

Ll

(1] C. Shannon, “A Mathematical Theory of
Information,” Bell SYstem Technical Journal,
Vol. 27, pp.379-423, July 1948.

(2] S. Lin, Error Control Coding, Prentice-Hall,
pp-3-9, 1983

(3 C. Berrou, A. Glavieux, and P.

312

Thitimajshima, “Near Shannon Limit Error
Correcting Coding and Decoding : Turbo
Code”, Proc. IEEE ICC, pp.1064-1070, May
1993.

(4] P. Jason and H. Lajos, “Comparative Study
of Turbo Decoding Techniques: An Overview,”
IEEE Trans. on Vehicular Technology, Vol.
49, No. 6, pp.2208-2238, Nov. 2000.

(5) D. Divsalar and F. Pollara, “Turbo Codes
for PCS Applications”, Proc. of IEEE
ICC’95, Seattle, Washington, pp.54-59, Jun.
1995.

(6] L. Bahl, J. Cocke, F. Jelinek, and J. Raviv,
“Optimal decoding of linear codes for mini-
mizing symbol error rate”, IEEE Trans.
Inform. Theory, vol. IT-20, pp.284-287, Mar.
1975.

(7) S. Barbulescu and S. Piebrobon, “Turbo
Codes: A Tutorial on a New Class of
Powerful Error Correcting Coding Schemes,
Part 2: Decoder Design and Performance,”
IEEE Journal of Electrical and Electronics
Engineering, Vol. 19, No. 3, pp.143-152,
Sept. 1999.

(8) L. Papke, P. Robertson, and E. Villebrun,
“Improved decoding with the SOVA in a
parallel concatenated (turbo-code) scheme”,
Proc. of ICC’96, Dallas, TX, USA, pp.102-
106, Jun. 1996.

(9) Viterbi, “An Intuitive Justification and a
Simplified Implementation of the MAP
Decoder for Convolutional Codes,” IEEE
Journal on Selected Areas in Communications,
Vol. 16, No. 2, pp. 260-264, Feb. 1998.

(10) G. Park, S. Yoon, I. Jin, and C. Kang, “A
Bock-wise MAP Decoder Using a Probability
Ratio for Branch Metric” in Proc. of VTC’99,
Amsterdam, Netherlands, pp.1610-1614, Sept.
1999.

(11] S. Donilar and D. Divsalar, “Weight Distri-
butions for Turbo Codes Using Random and
Non-random Interleaving,” JPL TDA Progress
Report 42-122, pp.56-65, 1995.

(12) P. Robertson, E. Villebrun and P. Hoeher,

“A Comparison of optimal and Sub-optimal

www.dbpia.co.kr



=%/ MAP 7]4F B] ¥ .5 =2] FPGA A A

MAP Decoding Algorithms Operating in the
Log Domain,” in Proc. ICC’ 95, pp.1009-1013,
Sattle, June 1995.

(13] Z. Wang, H. Suzuki, and K. Parhi, “VLSI
Implementation Issues of Turbo Decoder
Design for Wireless Applications,” in Proc.
IEEE Wrkshop on Signal Processing Systems,
Taipei, Taiwan, pp.503-512, Oct. 1999

9

M & = (Young-Ho Seo) A3
1999\ 24 : -2-rh)st
AR 53-8 Z54(
20013 24 : L&k
Anb ] (s AD.
20001 3%4~2001 129 : <l
E]2s(FH) 74
20041 84 : F-2-ufjstw Ul
skl = (F=h
20034 64~2004' 69 : 615%247]%%% A
2004 124~2005 84 :
20051 99~&A) : T4 EH?-%PE EIRIRACY
<3HlEel> 2D/3D 4k 2 BlT] e A, tAE 2
13, SoC A A, eIl hes}

(o}

S

FJOH Rl

313

www.dbpia.co.kr



	MAP 기반 터보코드의 FPGA 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 터보코드 알고리즘
	Ⅲ. 제안한 H/W 구조
	Ⅳ. 실험 및 구현결과
	Ⅴ. 결론
	참고문헌


