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Abstract

In the communications systems with diversity,
we are commonly faced on needing of new source
coding technique, error resilient coding. The error
resilient coding addresses the coding algorithm that
has the robustness to unreliability of
communications channel. In recent years, many
error resilient coding techniques were proposed
such as data partitioning, resynchronization, error
detection, concealment, reference picture selection
and multiple description coding (MDC).

In this paper, we proposed an MDC using
whitening transform. The conventional MDC using
correlating transform is need additional information
to decode the image. But, if an image is transformed
using the whitening transform, the additional
information is not necessary to transform because
the coefficients of whitening transform have uni-
variance statistics.

LAE

Error resilient coding & t}eksli vjARA S 25
TALANA FAAG U AAFE RES = 4F
dngFolzt & £ gtk BAAX ®L Error
Resilient coding ¢3a&ol AAHYE=W, 2 F
XAl AHo] data partitioning, resynchronization,
error detection, concealment, reference picture
selection, multiple description coding ©] It} 9]
%ol multiple description coding (MDC)< 3}}e]
B 35317171 N 7l 9] n|E A E P (description)& THE 0] A
BTl A4S A Hed, $£Ado] A4E 2
N7 NEXAEY L A4 A Z3E JFHQA FAo)
213 8 £ I=EF 4% dudFe FAsE AL
oz J,

MDC £ Bell d74A Loz AU¢HAN,
1981 @ N.S. Jayant 7} #4442 4w AFAA
AL THUA BEL Rosle Z47d e fds
AFste 3ol W AFE Fonj[l], HIo V. A,

Vaishampayan & scalar %213 gAdA o 79
description & A48l multiple description scalar
quantizer (MDSQ) 88 A¢Ha Y [2], Y. Wang 2
DCT AFEI A3 HgS g A9¥oz 43
#AE WEo] (correlating transform) FAY
description & 4438t 2z} A4de dyoz,
@29 description ¥ A4$0] Folk correlation
AR Qs A45A &E description & FAY §
A+ EA L 7R3 3]

£ E=EBdrx= MDC o] whitening transform
WT)»& HAELAAM dA7A AA"  correlating
transform (CT)9 A&7Hx] FAE AXNY & Y&
WS A A s

I 3ede durAQ CT ol dg gFel 44L,
I Fexe e dneEF A9 v oM
F7AA dueFe) vun Ags v FdA Aes
et

1. Correlating Transform & ©}-&3t
MDC ¥y

CT & o}l&3 dwradel MDC ¢ze&[3]dM e
oy 1 3} Zo] DCT Ao g My was
AEAIAAN F7Re description £2 RE§ F 2
description & A2 ¢ & €4 AdL B A=
wyo] ALg-grh

Image —» %’m

] > Chant -
|, Descl a0
H—»

D

c 7

T —»
: [ Chan2
R Desc2
>

—_’»_

; CT: lating fc
Descl,2: descriptions, Chan},2: channels

29 1. 949HA CT & o] 4% MDC

- 41 -



geteds =23 M25d Az

I

)8 DCT A% A4, Bol thsl FA88 4, B o
2(1)3} & 2 A9 orthonormal d8 T & 2(2)9}
2ol integer-to-integer CT[4]2 Hg3t C, D&
T8 % C, D& A= e Agd A%sA an.

=% ® a)
e d
f4 +[)
) Q
W=E+[li‘iz], \ @
d

uho} So)e] description C 9 D& $AgoH 2%
wore W A3)e gol 4, BE 78 4 o
W=5+[ﬂ5],
d

&3 description C & D ot e ASoE
2(4)9 o] M¥ ZFA(linear estimation)E S A
A4 de] EA=Z vx) 23 description T FAT F,
AB)e §alM 4, B 78 4+ 9o

i

- 2 +bdo? =

BYC) =204 *200, &

( ) a’ol+bol ®
aca’ +bdo? 5

ol +dio}

D)

It

A7) ol olE Ash Be) wagel

III. Whitening Transform & o] &%+
MDC 44

3.1 Whitening Transform ¢] 938
YoilA] A9 YutHQ CT & o] &3 MDC Y&
o

Aol EAE A8 A4HA @2 description &
FA871 A8 FAFNM A3 FEH SAEL

ool &t BFAHQJA x7o] ok sxw, 1 FFH
5L gAuit a2 a, s g4 o 7 B2
it ©27] wRel dukEe CT & o83
MDC dAe 84S &8 Ad 949 883
EAdo e} ESES 249 £F=2 Uyn a2 B9
EEE° digk DCT A9 B 289 £
AHA o ABE FAZ A4S dF= whie
F&ta 9ot

E =8dAE olzd @AHEL 3Hs 98
WT £ &% ¢nlgd 37 AlRed, 9 22
T8y IAE vtz g}

wof gAake] DCT AFE xgxn dohd 2(5) Zo)
x 9] BAagk& 49 2 (decomposition) & 4 At}

C,=EAE" 5)

A7 C, & x o BAgoln, EY = Amdgud
(orthogonal linear transform), A =
If#@(eigenvalue) FFo|t}, o] =4 & o] f3ald £A
Fa9 JRo] = AE (colored random signal)
x & #449 A3 (white random signal) y &
2}(6)3} gol Wge] 7153,

y=A"E"x 6)

A2E" 2 whitening transform #dole} sz, o}
A y = AN 2] A B4hgkluni-variance) &
A A,

Cy — (A-IIZEH)Cx (A—-II2EH)H
=A~112EHEAEHEA—UZ =I (7)
2emg, ¥ gale] y & o4k CT & 3 v
FA50 94939 GEA 5L AFEA gol= H
548 74 |t
AEE0], th& AB)ZI CTE J8E 4%,

B

F7M9 z,, z, description Fo z; T FAF|A A
AT, y o AT AR S4oz s 09 2L
Y #3¢& T4 y o #4338 4949 FEHR
glo] 7% 4 girt.

ol 1 ac}? RS S -
| a’ol+bc?|bol | at+b*|b|"

- 42 -



Whitening Transforms& 0l

26t Multiple Description Coding

ol@7 FAA 7ol inverse WT & H &1 WT o]
o] Fox]7] W9 9 A9 DCT AF xo FARE
& 4 9t

3.2 Whitening Transform &} +A}3}

Add WT & ol4sd FAdo] 4949 &&
2L 4 9& Al Q) Wiol 99l CT s
ol g% gneFuct Frl A= MDC A2HS
THE 4 Q)

AT AN AdHE WT & ag2 ALa7)de
=g Hoz EAs A7)Ed, inverse WT 0]
ZA oA AHE o]Fo)x7] M niF PHE
AL HoF 5] g o)}

RE 9 BF nfg FEE AssE Re
&g ZHolA vl v EEH ) fEA HY WT E
ZAse] A4 dHolElg &Y £ de Wol
g3t} o2 g WYL E3] lossless &F W0l
o] dAF3Ho] =, M3 dZEA(linear prediction
analysis)[51v+ H#3} 2 BEL S o848 45 [6]
o) gduaEL EHA WT 9 24871 7Hs 8.

B =FiAE FHA WyYg oj43dd 19 2 9
Zo] HastA WT & 2413 35

- Whitening transform -~

ization, VLC: variable length coding
descriptions, Chan1,2: channels

I 2. WT & 388 MDC

A4, 9940 2x2 o PLAEHE I F
DCT HgL Hgd F 28 dAAE A ovAE
] 49 272 Badc o d4E hEA
B532 SA description 1 3 description 2
FERHoz A4L 33, 494 EHE dAay
AR G2 DCTHEY 43 YANE & Fo CTE
8% Z+ description & ZPAFFIIE HA
Adz A4L 34 A

ololzto}l ZA3 @ WT & F3 dold 4949
AEGLE (NI T AN BARY FE 54S
ZA = GAW, z DCT AlsEo oz 4R
BAgE /XA 2z A0 4EsA 99

v. 44 € 43

B =FoAE dukzq CT 9 Aty e Eae
¢4 d QA5 g L8 (PSNRIE F53381% ) 49
AR WCT £ WT & FHE3 AgE duilss
Yehiis], CT &+ 9##2 CT & o443 ¢neES
ettt aeln Agdste]A] BPP & description 1,
2 z}ztol HAF nESE U g Yehdcl

- 43 -

Agg A4de ado] lena GAL ol &3slgon,
aY 2 9 @, 9% a9 1 oA Qo) A8 ¥A3
HelEE JPEG EFE 443 HolEE A8 n,
ag 29 Qole 7Y st a8 A14-35k90 T

WA 719} description & X5 WS H9E 29
37 & AgARE 4L 5 U

ag 3 oA E 5 95%e] 1.0 BPP oA ¢ 2dB
Aro A% TS B+ A}k 2dy, L HES
(¢} 0.5BPP ol&holdE Aty Lmaze Aol
ol AL & 5 Ytk 28 4 = WCT 94 CT &
E3lo 249 J4s ved Aol

.
04 06 08 10 12 14 16 18 20
BPP

1% 3. /19 description o] A4H A

(2) WCT (1.0BPP, 36.84dB) (b CT (1.05BPP, 35.45dB)
3% 4, F/4¢] description & o] §-3l¢] B 44

ael i @789 description ¥ AFHNL 3¢ 2
59 &2 4PANE 4} PSNR g2 description
1 9 A$FINE oo FHAA9l description 2 R|F
A4EAE W AAx e FFE& Jehd Aol

a9 5 oA B 4 g)%o] 1.0BPP oA ¢ 6dB ¢
o7l AHY, G ESY g £F B Ao|st
Ae AL ¢ F At AUY LuYEe WT &
TAEE o F A E o]835r] i Hox oF
44 g9 HZL BFPo] Huz W HEFE
4= Foia el 333 A g wFsE
Y 62 319 description Tt wgre 73990 B
93L R Aot

2 EFA Ak wWioly, AwkEQ whyol
HESE ®o]l &#FHEE PSNR o] F3AsH



20024 tHEN RIS etE| StASEEEME =282 HM25A Hi1E

Folxx e ol FE3 ARE olfF AF
238 23 £A49 description ARE 7] &9
Aoz AZyEc)

__._W
32+ —a—CT
204 e .

28 4
./‘
26 ] —
o] //
3
Zz 2
£ 1]
16 «
144
12
10 T T T T T T — 1
02 04 06 08 10 12 14 16 18 20

2% 5. 319 description ¥ A49 3%

: v [ PR 4
(2) WCT (1.0BPP, 29.72dB)  (b) CT (1.05BPP, 23.73dB)

Y 6. 31119] description Tt 2 B Y5 44}

V.28

MDC + %3tz uAIAAE ZE: BATA
g oo FAAHE F71 A% 4F gnEFolr},
=ELS WT € 9wzl CT 7j4¥ke] MDC e
g3t uwhgod #Ax71x 9 CT 449 MDC 7} 2t
£S5 &83 AL A4 Folof ik WeYS
AAstd, MDC Al2HE o &3o2 HA & £
UAA Rt
Agg dnAE L AHEsle] AL 4EF F A$
AdZAxte] ule}l FAGoA F49 description &
2E wigts 7A$E 1.0 BPP oA 9 2dB 9 A%
42 Jdehin, shte] description B 23S o=
1.0 BPP o} A} ¢} 6dB 9] 4% 34& Vel

Reference

[1] N.S. Jayant, “Subsampling of a DPCM speech
channel to provide two "self-contained' half-

[2]

(3]

(4]

(5]

[6]

rate channels,” Bell Syst. Tech. J., vol.60, no.4,
pp.501-509, April 1981.

V.A.  Vaishampayan, “Design of multiple
description scalar quantizers,” IEEE Trans.
Inform. Theory, vol.39, pp.821-834, May 1993.
Y. Wang et al. “Multiple description coding
using pairwise correlating transforms,” IEEE
Trans. Image Proc., vol.10, no.3, pp.351-366,
March 2001.

X. Li, B. Tao, and M.T. Orchard, “On
implementing transform from integers to
integers,” Proc ICIP98, Oct, 1998

Maragos et al. “Two-Dimensional Linear
Prediction and Its Application to Adaptive
Predictive Coding of Images,” IEEE Trans.
ASSP,, vol32, no.6, pp.1213-1229, Dec. 1984.

K. Knowlton. “Progressive transmission of
grey-scale and binary pictures by simple,
efficient and lossless encoding schemes,”
Proceedings of the IEEE, vol68, no.7, pp.885-
896, 1980



