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Rate adaptive distributed video coding based on LDPC
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Abstract; In order to achieve better rate distortion ( RD) performance in distributed video coding (DVC), a new rate-
adaptive low density parity check ( RALDPC) coding algorithm is proposed. Firstly, a high compression ratio code is
constructed based on progressive edge-growth (PEG) algorithm. Then low compression ratio codes are obtained using row
splitting algorithm. The rate can be well adjusted by merging and splitting the parity-check matrix rows. And three
restriction conditions for merging check nodes are proposed in order to obtain good performance codes. Based on the
RALDPC, a rate adaptive DVC algorithm is proposed, which can achieve better RD performance about 0.1~0.7dB
compared to DVC algorithm based on the popular Turbo codes, when the correlation between the original and side
information is medium or high.
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& 2 AT 0L, 76 & O i rp ol RE TR K O 4
AR 3R , BT 5 A% 5 PR e (S P Ry 2l B 1) T
W o 223 KB R 2 B AR, O 1 R IES 57 1Y
PERE A SCHE T DU 3 AR89 55 JF 19 BR M A5 1«

1) Rl 50 55 5 O Ja AT BEJE 10 3R Y B2
Wi o JEER RS AR RE R BB N R 2 —, N A
AR o HIE 2 R A LU, T AR T s HR
D TR RS KO R R, R AT AR A ER L
FAATRE . PR RAE S PR RE , R oR S5 AL 29 R
A AR O 4 B3R R A7 AR RO 2 1A
T o WAL 2 HORLER T 7 B A AR B

2) TR IE A [ A R A BB D B A
BW AT B R AR A T B R BT AT A ] —
AR R R W I I AR 2 Ris 8 2 5 %A
T A AR I RS BOR B, i T T R AR
H R R AR, NI R RS PERE . R4 LA
g R, AN AT G A 7 [ A O 0 Y A, B e R A
[Fi] A 40 A2 B3 A RO D BRSO

3) B2 A5 B R AR SR A A 43 A
g ARSI BBAZT 2 4. R

P LDPC 950 J B o] 11, 45 Hp A 50 15 45
PR 1] 6 A o) 7 ) B R AL G
2.2 WMEBIEN LDPC 3k

/NS T 3 A R A Y 5k AR IR
DB PE BB 7 77 A= 1Y 45 14, (H JFHE B &7 LDPC 14 11y
e 365 2 B ] DA 3 DA b 8 O R A M AR RS
il BRSNS 1) R 2) AR SCHR A e Al i
JE 455 H RS S, T8 a8 A B0 43 247 A AR 45 S
() LDPC fi% ¥4 1 38 77 %, i 6 7= 4 () LDPC % 78 &
Jfaod A8 v ny i A2 BRI A% 04 i T AT A5 20 M AR O B Y
W, TS R ARy 1584 1S
SR A1 1 B A SRR A AR S 2B B

1) FF PEG B3k 49 i i e 4 L LDPC i, L
WU A M H o A SCSE IR A U8 e KR 46 Lt R
24: 1, ¥ 18 PEG F5.3% il 45 B AL 56 19 25 B o 72, A8 &
N 3 B LDPC 5, X W R B A 4 H, Y
%K 66 x 1 584,

2) JETFATHSI Y S0 N R A A R
e H, 53Rk H BV AT A3 2% 45 LS 52, IF ]
Foe BRI 25 RO AR VR o PR T AR SO B AR TR /N R
Aitehy 11, T Hy o3 AT EE R 3,50 EE R
3,450 1584 x 1 584 WIS IRAEFE H,

3) AR H W R W] #e G T R A 2R B Yy
A7 A B R [{3E W LDPC 5 55 15 0 5% = 4
B,

IR 1) i FIRET PEG Bk gmiS et R H
TR BT Se 48 2R 000 B T A 749 ORI ) B e
I A RIIE LDPC 5% P 7 B A B R i F 3K A
AT BRI S0 1) B9 23R o B AR 4 e A = 1Y
MR B H 2 i PR 46 OB 52 00 RS 56 [ HL 4y
S5 0 AL R A5 20 0, B UAE & T RSy AR
AT e 25 R F B B i A B0 X FF B 4R 2) B
Ko BR3P ELRUE M H, Wk, DU AR 2 R 46
Fo ok 121 mF, BRAT DA &2 D 6 15 8 X i 2 kAR 2K
HERATHN, Y noxon 4056 RE H W RRET JE &7 IR PE T
Feql XH' =S FMfE—fif, 2t bRk H A IR B
H, (A7, BI AT A3 8R40 F e 1:1 ~24: 1 Z 838 H F
DVC R4 3 {3 h LDPC iS5,

J T BRI E A A IR R RIS 3) A
SCH BRSO  RAL B i (= 1,2, m) K/INEE ] B
FE 4 3o Bk %R [ 1E B LDPC A% 4 3 4 1k &
BAUTMA A, 1) #ITE2 B8 iFHE/D,
SR FEAG ;2 ) FEA O A 1 IR T rp AR YT RN A 5

{8 5 43



12

W F ¥ 2 BT LDPC R A 18 B o3 AR A0 2 1711

TR M OF R BT PR M B AR B A A,
X AL IR I 2 A5 A5 B A% A5 [l AY A% 7, SRR RIE T
LR
2.3 WMEHEK LDPC BB LI

FESCPR B DVC R GE, O 15 5 5 4 1 1k 4 1k
AE , 18 So 1 oo 1 a0 0 B R 6 X L R R A B v TR
A LETE U o A6 A 8 i AR AT R I A R N B2, D
PR TR RS, 5 B Rk f g X R 4
E I AR R 6 LA I, OB AT RS . 2 Bk
P AT A5 2 9 R 5 3 N A o A SO R . R,
AR SCR T SE 18 AR v TR A RV R 47 HE i Y
IR R RN T — ARG R A R U B
2.3.1 ARG RS R A O i

T 2. 195 AR, 5 A I ] A E e T A L
B AL, 5 61 A F) 5 I T 0L T - R A B 1 A i
g 2o AR 2 Fa B, 161 3 O S 1 REL 2
Xof IO PR A 31 8 o R R HL AR O ) A B =X
3% 4% 77

Kl RSN 87 . F4LLH 86
A MDE) e (D IETNVDVEY o (7D

&L é ‘ ‘ ...... &t \

P03 A R R g6 XS R T AR 45 D5 X

Fig.3 Connection model between check node and syndrome

=

B3 5 A g Y R S A e X g 4 Oy AR R
KA FEE ZFUY (repeat accumulate codes) HH Y 2
Jn#s (accumulators ) , | I 7] 45 2 — T2 20 A9 K 56
WA I R A B4 G IR
W p AT SAﬁFEﬁ%\ﬁ%,ﬁ ) i 15

BOAIFE MR R s, HEKRR R Ermm p 4
o3 i HYEL 2 F, AT KRR
§p=(s,+---+sﬂ)m0d2 (4)
*ﬁj’tﬁ ...... ( p (p+1 ...... (zp ......

R
D B

P4 KB a5 B i I S A T
Fig.4 General connection model between

check node and syndrome

2.3.2 PR AR HOAS IR Y o3 G R

B o T 406 L I 2 2 A 19 A 6 X R e i
e 6 5 B AT 43 2R BT A 30 A0 T 4 LAY
T RO A IR WS A, OF By R ZARE N

T RN AL B0 S A IR R AR [R] . 1A% an K] 4
iR R B Y p A E KRB N S, =[5,
Sy oo | He AL g s, (WX (4) ) i E B AL 4% R
q(q<p) BIFEMIRERA S, =[5,,5,, ], Hh
§q=(s +-- +5,) mod 2 (5)
mos, Ml s, EHAAHEINRE s, .50 ],
AH s ﬁ%%ﬁ%%iﬂ
(sl+1+---+s/)):(§q+§ll) mod 2 (6)
2.3.3 ﬁ?&?ﬁﬁﬁﬁ%‘}?ﬁ%ﬁ LDPC % iy 52 B
i LA 43 B ml A B R A O s A A 5
T A IR A B A ) R AR A I R T
55 R 7 G YT R R 6 X R RS 2 B
S5 A o St ] 3 A AR IR S A O 2 Rz
B, BT A O AT AR RIS R A R, a4
Z40] 15 3] D R A O, A e HOE A E AR o A OF
JEV I RN 206 D 358 T LA 2o A 56 5 B A 2 dB
R S BAL 56 2 43 1 A O RN A 2 R A 2 A% R A
T AR A I, LA ST L SR AR
1) TR S =[s,,8,, s, ], @ LG
JE p A I RS BRI RS, I fE S
E FiFE A i DU ) P A 2 9 IR SR A U S, RN MR Eﬁaé
AR AT, AR s mI L E AR 2) . AR
HZ & m W06 6 07 R0 p B BR AN O, SE 50
H,m B 1584, p B 24
2) Je (7)) ERH A I E ¢, k)58 T
JA g A I RMBEIR R S, O R ZEMKRRAN
P 2% 7 232 A A 3 R 25 A A e 5L A A i
R (6) HEAT R 50 2010 o 244 5 I K 40 Lo Ag
TR R AR AT F'ULEH,EU"J,Z[&&@
B RFEGIHIRE X S, MC kik e AR
ety WG =008 3) 5
_[p/2 p IR 2 BEBR
q‘{tp/zm p AR 2 I
Xl pr2 P pr2 BB 4
3) FAHRRH S H AR ARG S &k
Ee MR BRI A p=q, 5 BB HR2)

(7)

3 WmEHIEN LDPC 533 DVC =%
MAERRFELRRE

MG bR RS % [ & N LDPC #5443 7 3k A
Girod 4 A 35 19 5T Turbo EEBEI’J Wyner-Ziv % fif 15
5% AR T TR R U T LDPC 15 () 5 2% 9 3
I DVC S35 5 (A&l S B ) o



1712 FEEZEE % www. cjig. en

%15 %

Wyner—Ziv 4 h5 Wyner—Ziv fi# 65
A A

—~ ~ : e ~
Wyner—Ziv iji A=)
X LDPC ¥ Miv i
' KA X,
[
VLR WA 1% btk '
SRS | |
| |
X ) : | ETES
K—! L LM i | | K

Bl 5 GREBET LDPC i3/ H% 3 B & N DVC
Fig.5 Pixel-domain rate adaptive DVC based on LDPC

AR ST T W AR SE B BT

1) $EA 7 51 i 43 o G BT K R Wyner-Ziv
it X, RS

2) X OCHEWT K A8 FH A% S8 i D G A 65 5 75 R
75 21 fe A I A S ot K

3) X Wyner-Ziv i X, , % % A5 B8 AN F

(1) 4 X, #8472 gl Ab, I 200 1 4 B
L M AR5 ST TG e TS 0 5P, SR S B S
R LDPC it g i o £5 2 40 07 1 4 56 =X, IR A7 T 2%
FERR SR 5 R AF 25 AR PR AT S I 2 T, R 1R
L AR BRI K AR B

(2) SeRlH fie i I B 5% Bt K ik 4732 2 £ 31
KEHAER Y  REMEZEZHRER HEE
Y, XY, 5EAEE X, Z R0 R R AT PR
Pl B R AT B L F sk e E
TCHE 2 1A 3 AT AS B8 B AD , U4 77 32 it 50 308 136 7
GEI IR — WiUBCHE HE AT RS B A0, R A
e Rk TR R, 5 O B LR 1T 4
B, LIRS A 16 4 Lt A =, BB 3R 0

FE Y, iRk EH Wyne

(RCPT) J5 SR EAT T H AL

HIRL K 1584, 3R [ 3 i

Fl1, (1+D+D° +D*)/(

J7 SRR, 225 8 A T Y

B3~ TR R AT 24 ik 8, T 301 15
RN ECRES TR ECEIISUN S

4 Laplacian #5 |

Sy b LDPC A 5% A 4R

(3) F 5 1 2 00 25 A A5 1 i LA IR g A

r-Ziv WX,

FIH E R J5 %, % Salesman . Mother , Foreman .
Carphone %5 U 1% J¥ 51] ( QCIF #% =X, 30frame/s ) 4 Hif
101 Wit 547 07 EL 925, 52 56 45
T 38 7 P 5 2 T A 2 3 A5 M A 9 Turbo 751

BwE o6 s, 54

2 9 AR T A g
1 R T 6 5

KB BP PR 505 9 AT 9 R 5 o Turbo #9 A= JAE B

L+D + D) ], BKN

25 344 TR0 1/2 10 2R JH Ok 08 e ORI 6 B 3 %
PS5 7% (Log-MAP) JEAT i 15 , fife it oy (4 22 18 17 BR A5
BHP,<2x107", HAti%k

PFtE 5 KRZ % DVC
5o AR, A3 i o o

T, A Wyner-Ziv i, HLAUG H 8 2R 4 A

50 365 5 7 A 08 S i ot
845 JEUfR S5k 22 3 LAY

455 44 39 39
45 = LDPC-DVC +LDPC-DVC
[+ Turbo-DVC 435« Turbo-DVC 38 b4 Turbe 38

= 445 2 z z
H N o ¥ 23
B 44 = E =
kLS W 425 & 36 o 36
i o435 i b fm
B g & &

43 42 35 35

425 415 | | |

100 200 300 400 500 600

34
0

34
0

100 300

50 100 150 200 250 300 0 50 100 150 200 250 300 200 400 500
FbAE R / kbit/s FEAE 2 / kbit/s AR / kbit/s EEARFER / kbit/s
(a) Salesman J72 31| (b) Mother %1 (¢) Foreman J72 %] (d) Carphone J#%1|

Bl6  fR [ I8 N LDPC 5 A0 5 He 28 M 4x Turbo #5#9 RD P46 XT L
Fig. 6 RD performance of LDPC-DVC and Turbo-DVC



12

W F ¥ 2 BT LDPC R A 18 B o3 AR A0 2 1713

L6 i B4 BEAT L i R 4 LI, A SO H
T 2R 3 25 Ml 4% Turbo #5470 A3 X G i PR RE 2 /75 T
0. 1~0.2 dB, i 5 A% - T (1 3 i, 78 55 A% 6 45 L B
G VERER S 17 0.2 ~0.7 dB, X FHEEW WIS
it S TAT 1) 4 5% L 4 B8 /b, LDPC A5 Al Turbo A5 3 A
FO T LA IE B2, O HL T BAL 3% Y HRR S 25
AN TR 05 T A AV RS T T ) 48 3R 67 B0 £, LDPC
fh 5 Turbo A1 b , 75 B2 45 /0 (1) BU AR B AT B ) 2R 15
IX I8 43 Ut B A SR 3 9 % 28 [ 5E B LDPC Y G A 14
IRy W g E

X} Salesman FlI Mother %5 iz 3 Fb %5 18 ) #1045 1y
HI|, 5 R FE A 4 Turbo S AH L, A SCHY 3 19 5 %
M i& L7 %) LDPC 5% (1) g i PERE$E /5 7 0. 1~ 0.7 dB;
X} Foreman Fl Carphone 55 iz sl 3 & o 45 i L35 e
G, g i P REHE R T 0.1~0.4 dB, 3 3 B A X
18 SRS AT 51 JEAE SR A R DG PR R
B R [ 3E B LDPC A5 AT 78 43 A AH Gk, fig &
PR 7P BE A A 1) P 348 1) % 0, DAL Okt mT BB B 1Y
FEARRCR o UL AT UL, A SCHR A9 5 T LDPC A% 1
% HE N DVC 7 & R 2E H FRE B MG R
o T T B A DG A L

4 & it

AT PEG B3k 21 T — Ml &1 o 2
W s AR S A SR {6 W LDPC #4358 7 i,
IR 4l LDPC 5 25 K R v W F DVC 23K,
P TAREG T A IR 3 AN AR S, R AR IE S
FHERE . R AT — R A I R o S B B
X AT B 77 AR B R4 FETE 101~ 241 Z [a] (65
RN LDPC A7 1y 52 3007 vk, 38 A SCH i Y
fith 46 [ 3 N LDPC A 44 6 3303 i I T DVC o [A]
BF45 i 7 2 T LDPC A4 1y 5% % [ 1& v DVC 7 &,
P B 45 R R W] A SOy 22 A G B 17 5 PR R
FRAERE S, 52 A 09 5 2 S N Sk Turbo
507 S L A Pk Be$E = T 0. 1~0.7dB,

2 % 3k ( References)

[ 1] Slepian D, Wolf J. Noiseless coding of correlated information
sources [ J] . IEEE Transactions on Information Theory, 1973,
19(4) . 471-480.

[ 2] Wyner A, Ziv J. The rate-distortion function for source coding
with side information at the decoder [ J]. IEEE Transactions on
Information, 1976, 22(1) :1-10.

[37] Aaron A, Zhang R, Girod B. Wyner-Ziv coding of motion video
[ C]// Proceedings of the 36th Asilomar Conference on Signals,
Systems & Computers. Piscataway,NJ, USA; IEEE Press,2002 ;
240-244.

[ 4] Girod B, Aaron A,Rane S, et al. Distributed video coding [ J].
Proceedings of the IEEE, 2005, 93(1) :71-88.

[ 5] Liveris A, Xiong Z, Georghiades C. Compression of binary
sources with side information using LDPC codes [ J]. IEEE
Communications Letters, 2002, 2(17 ~21) :1300-1304.

[ 6] Liu Limin, Delp J. Wyner-Ziv video coding using LDPC codes
[C1// Proceedings of the 7th Signal Processing Symposium.
Reykjavik, The Republic of Iceland: University of Iceland,
2006 ; 258-261.

[ 7] Varodayan D, Aaron A, Girod B. Rate-adaptive distributed
source coding using low-density parity-check codes [ C ]//
Proceedings of the Thirty-Ninth Asilomar Conference on Signal,
Systems & Computers. Piscataway, NJ, USA: IEEE Press,
2005 1203-1207.

[ 8] Ascenso I, Brites C, Pereira F. Design and performance of a
novel low-density parity-check code for distributed video coding
[C]// Proceedings of 15th IEEE International Conference on
Tmage Processing. Washington, DC, USA; TEEE Press, 2008
1116-1119.

[ 9] Hu X Y, Eleftheriou E, Arnold D M. Regular and irregular
progressive edge-growth tanner graphs[ J]. IEEE Transactions
on Information Theory, 2005, 51(1) :386-398.

[10] MacKay D J C. Online Database of Low-Density Parity-Check
Codes [ EB/OL ]. http://www. inference. phy. cam. ac. uk/
mackay/PEG_ECC. html.

[11] Wyner A D. Recent results in shannon theory [ J]. IEEE
Transactions on Information Theory, 1974, 20(1) ; 2-10.

[12] Lin S, Costello D J. Error Control Coding ( Second Edition)
[M]. Saddle River, NJ,USA: Pearson Education, 2004 ;885-
892.

[13] Rowitch D, Milstein L. On the performance of Hybrid FEC/ARQ
systems using rate compatible punctured turbo codes [J]. IEEE

Transactions on Information Theory, 2000, 48 (6) : 948-959.





