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Error Recovery by the Classification of Candidate Motion Vectors
for H.263 Video Communications
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ABSTRACT

In transmitting compressed video bit-stream over Internet, packet loss causes error propagation in both spatial and temporal domain, which
in turn leads to severe degradation in image quality. In this paper, a new approach for the recovery of lost or erroneous Motion Vector(MV)s
by classifying the movements of neighboring blocks by their homogeneity is proposed. MVs of neighboring blocks are classified according to
the direction of MV's ard a 'representative value for each class is determined to obtain the candidate MV set. By computing the distortion of
the candidates, a MV with the minimum distortion is selected. Experimental results show that the proposed algorithm exhibits better performance
in many cases than existing methods.

IINE : WHWE YNEH(BMA : Block Matching Algorithm), B8] WE{(Motion Vector), 02| 8=(Error Concealment), H.263

LM B

ol B4l Adx 2& A g %A Hre AF
< JHME B 4548 ZE 2as P EC AMEH
o} ol d YYPEE Y33td wrjert gl & ¥
A Afdg A4E o, vEdY o7 HAsE B3
olg g ¥ ofJel t& FEAR dFE vAALT ojHE
FAE @ sidF ez ARQ(Automatic Retransmission
Request)[1], FEC (Forward Error Correction)(2, 3], L&lx
Interleaving 71'§ 5ol A=A 28 ARQE AA4
€ 3717tA] Delay Timeo] #A3le] 238 Add oM
H=g J1FAE ¢ den, FECE o8 AU o &4
S A% F7 YEu|EEC] FasA HER o=}

£ 38 9 dduga dste A4%s
t 2454 dgdsn didgs as
=R 0029 749 49, HAHEE 20006 2€ 139

g, el JEEY 7IHe AR o ZEe
FAMHEol givH4) @etd EErjeMe o= A= A
& BAY & g oYU U@ A7t Has
o, FolEgs BE 7|wtezd MC/DPCM/DCT 2% ¢
aYEFE AYgorng 39 HHES o&%d Zgd
o2y Bdded doM F8% qEE I 48 &
o] weF VLCHE 39 ¥3 9 WEl7l Burst Error2 213}
o S48 A9, MELE A% 7 (Resynchronization)”t e
o AR (2y Do} Zol d&4H e At A B Error
Propagation) 8¢}, @k o2& Bx87] A Ha A
F7] @s1¢] 2 E-2(MB : MacroBlock)2) 3, GOB(H.26x),
agln 8ol A(MPEG-2)& AHEET dfo] Y B
AHMC : Motion Compensation) H8& A Z#H & A48}
vz 7t g 5L thf MEL Intracoded Frame(I-
Picture)o] Yebg w7tz gzt Agdct $94 H3d
ozl 29 W 2#tle]l dEKIntra) FEHE



164 AR XHRIAB=EXI B HIC-BR M2E (20034)

A 1 AAE dReR QE(nter) FE¥3E FEL

Z YHolA 9o H261[10], H263[11], MPEG-124[1219

Zol A ZHPNAN SHAYRAZE AHE3 AdYl o
% DCTE s¥%= 4% 49 Zade] AT 49 ¥
E7l 713 8% AR} gk v dER ZHYe A%

£ olgk: 28 DCT Al 7H $8% Av7 A
"l A|d2d) ort 2AY F§ FAF PR o9
ZAtde ZHYE A% AL AdEE €78 F
o Wy ez, JEHTHYAN ALt FA HUS
Atde (1319 d%x FA 4 (Smoothness Constraint)&
AHg3e] DCT 854 B7@n{14]. gl ZHqeiAs BMA
(Boundary Matching Algorithm)ell ¢l ¢ €83 714
H £ 8858 YU E B3 FolEF Fril5) &
EEdME 94 AfzdA 7 gl vy AdHEHY
Mol 2FeHE $MFes AT 53 dezZHY
EAA FNHeR JFT EEDAE 39 dEHy Ao
Aol ¥7] o] &QEFE B AHT 3Y 49EH
BlEA S$HY shEAe] gk olH# BAE o834
FHUEEE F FUT 2YE 2 990 & 9 &4
BE 5% 59 $39Y 9499 THHEAE A ¥
= A4S o] d9dl £ ESEY 23 HEHE o %
Blo] &ABE9 SIAYAHE BH3A 14l

B =79 d¥e AY9E FAE A% HUL ¥ i
FFEo® g o) gdE H263 HEsE 7weg gk
E =89 74L& tid ol 23elMe &4¥€ EEF9
LF 2dg 9% /M gol AEHI Av EEHYIE
¢l BMAS$} SME(Side Motion Estimation)?1'§ & 493},
AN E B =EdA Age 549 39 ¥y E47
g A9@n a2z 4% e B =FdA ALT i
et Ay Ag M vhAGLR RN E B =
Fo 488 d&.

-—9

1 2 3 4 § 8 i 12
m
! —

(328 1) H.26300AM9) off2f H E3}
2 7% A7

2.1 BMA(Boundary Maiching Algorithm)

ESAAATEA(BMAIE &4 &89 Fdd u2A
23 sol e E53% E8AAATY fAME 2 Fo
Mg A BERANE e BEoE &4 E5E W
Agoe AddA Az g Foliel ol## Ade

- 94E #4402 HxE FH 4¥E + sivHe-14l

% gae) FAYYL 71FLE NxN 27l WazBs
X4 a9 91X, q)8 (2¥ 29 Zo] EASI, w2
2 BE X9 7P REsd ueleHd et 358
X& X% 28 GOB(EHo]2)Ue o]F uazEEo
BE &4EYD B o, {235 E o 8885 (Eror
Cost Function)® 4] (1)$} Zth.

E =M= HB1, H263, MPREGHA 8 ge] A8
%3 wWA(Difference Coding)® 744 R 33 g A
$¥og ¢y 27 HY W HFERY 22X F
A%HE BE7AR BE7} E15HAE Heto 4%e 1
#aE7l W o] LEER BE9 o7 H& §e AJgAZ
o} olg g 48 A4 3¢ HEHE FP3e F
B9 e P(Candidate Set)x t&3 g}

-

@ oW ZANH 2L AA e BRo] 2 Ak £249
W

@ olzsl 9$& A 2ot ¥ sy FAS, of
o, 9%) $xuy

@ ol & 7Fsd FREREY £4Y WEEY 243

@ o1& 7Fse FUESEY 249 AHEY B2}

® N2 WaE 9g Az 239 Ay

Xr
16

/ M. 0

X 16 lost
\ block
Xg

(38 2) #=IATE ¥2E

N-1o
dy= g}D[X(p.i%XL(pﬂ,i)]*’

N1
dy= EO[X(I', Q~XrG, ¢- DI
= @O

N-l o
dg= z.})[X(i.wN-—l)—Xg(i, g+ N))?
dsz dL+dT+ dB

olei§ FRUEE FolA 4,71 /M H2 &E &4
H £49 e s

2.2 SME(Side Motion Estimation)
AL A7t EHAEFS] AT A& W BMA W



oA AMg3HE SMD(Side Motion Distortion)® 8% 7
A9 FAMTE o8y Wi AYY AU 9HE
Zed 49% gl ¥ wEhM SMES (2§ )9 #
o] ¥4 Ul EHEEY A wEFd de H4Y
B Fz(]MZHYAAN 2 Yol BAE EES FA
ZZo e ALY HEZY FAAE vadte Fud
BN 713 A2gd HHY &3 HE2 4d3i8]

—————

____________

[ o ot o o o

I
R
>

BE sme VLT

(23 3) SME
3. Hetst n2H

EUEEY FAYL HESEY AU d& ¥
Aol lepz 1 $AY HEZH S 4FE d9¥
F Atk &, AHEEEY 49 45 A7t AY ¢
A A4E Aoz B5ES 39 Wl AT
T B F Ak o] FS &4 BF 2@ 2L U 23
4 #eohn Joy 4 At HdE PEEEY 4
9 Hejgo] dAA Bt FEL ZE e &4 £
9 AYE daay] o a2y diE 939 &3
g dAT WPoz Hole AL AL JUsdE
E7dn 71& ¢ngEd BMAY SME Hie 485
9 ¢AYH Jugel FU BB FAUYHH BT,
FAH TE olfe Hu FRUETE SAA AET
2 =RoA A dnEFe A, SAESY IH
¥ FUEEEe WgR Ve TR BN, FHESE
o W Arld we Fd dHos ERES AA F
d 9oz BRE FHUHTAN HHo FRUEHE T
o) B w=EdA Agd gnelFe dAE B&d gk

Step 1: Q3 E 59 249 AH &7

EAEEY $4ULe B89 $49 B 2V1E 29
ok s=d olAe BE9 FHAYHHE ol&3te d&
F At 829 £39 (A dxEe 4 2F o8
o] 49 WEHY x, yHEE FEFUUYD THA A5
39 A7E FEh 2@ B2 Y HFE 27
of o3t A HE e 71&71E TII, (O™ )% &
o] A9 HE9) 71&7)¢ ol & <E 2>% Zo] &3
el &7l 71&7) el WE dE(MVangle: 6)

FEYE 2RO B QY ol BH 165

o Helol #Fo 87HA Y F dE 4A}d £
49 Bge 7

d= Vx? + yt

Reidian = arcsin(

F ) )
¥ x2+y2

180
T

MVangle = Radian X

2 quadrent y ist quadrant

“ 4ih quadrant

3rd quadrant

(T8 4) SHY HHe| 7187

CE 1) 85l YEel 7|87|2 B8 U8

39 He 7187 B89 F2Y H¥

0 <G <25 and 1
3375 <G <380

25 <G <615

675 < G < 1125
1125 < G < 1575
1575 < G < 025
2025 < G < 475
2475 < G <2925
2025 < G < 3375

Wi |0 {d (WD

Step 2: FRHE T 44

=4 29 339 4968 5Y ¥3Y 9928 ¥F
e e E4EEC dHE £ 98 34 3
WE 9 Wakg 7k, Wike] L FEL FY £3Yes
FEUTY & BR(class) ¥} FY €JYLE TEE 9
Aol M FFH(Median)& T3, ol AL FE FHYHE
2 @b oolw (1¢ 58 gol FRIAY HEHe E4E
Bo] A FUEEY 0ER B (DIREH LE8F
g (DA Step 2 GAE yHEsd FRUEZE 44
gt Y €49 94902 R d4 (0¥ 5& Y
class 12 2494, class 22 4%, class 3& 29, 183
class 4& 4wgolty, B &M Agd dnelFd mz



166 2 MLIBSE=RA B MI0-BH M2%(20034)

H (1" 5 49 FHUEE Y4 gch

class2(4 Dir) /—> class1 (2 Dir)
p
g N
9@ )
. J/

/ éﬂié‘, 4

/[\@

Ny

X
class3(2 DI > class4(4 Dir)
(28 5) 59 STYAH 2F ofH|

Step 3: &8 ¥ AF AN FRAE U3

€ oM HEoded BMA B33 vh@skAR A
449 dedste ddgst THGER EHEEY
FEHE 4E™A SME ¥HE 98T 283 SME 71y
€ AP 2 =#94 = MSME(Modified Side Motion
Estimation)o|2t3 @t} & (29 39} go] &HEE 34
L2 9% AT B2 A WEHI &4=HA %
2% SME ¥H< 4 Qs 2ol Adstx, (2 6)9 2
of d%HoE viaz BFe FAYYE} &HHUSE 3
Foe A @9 o] MSMES Agste F£x W Fof
A #H29 MSME dHste 444 Hddd 4 Qe 4
@l 9 dT, dB, dL& &£48Fe 4, &, Fol e
59 AAuE A 9 Folth ol Setp 2014 A
A% FRUHTZFTAAM 7MY Hdo dSumits HHY ¥
HYEE dggch

16
) /-—'15
SES R N T
&8
E1 ]
R HHTH
X DHY B EY
(32 6) MSME
2 ”
aT = 2 ,Z:I’[X(“ DI — [X(pa—1 |

~ [ X(o—4 1 |

aB = ﬁ::[xwaﬂ)]l, [X(p,a+ D] %

+dL +dB (3)

el

2
aT = L FUX(,a=D1 7 ~ [X(p.a=)] 7

2 L3
B = 2 gl[X(p e+ DT~ [X(p,q+D] 3% |
dSum = dT+dB 4)

7I& BMAY £AEE9 4g 3 FUBETY 49 B
Aglol 8474 FB HEFE Mdsle 2AUEES BT
o ey B =ReM Agd 2ndde] IR WEHZELS
HIE Q4 onAe] aig} gaxg <g 2>9 o] 7&
BMAS FEMETRT 20’*42‘)0’83 Fasel wekA
At ¢1FL 7|F BMA 4ddl v Time Complex
2 WY va, BY $50g FRuee ARl B
o 1 HHZ &4 B5& B

4. 45 Hla 9 #4

AtE dnzFE HYsr] Hsld B =R H263
Hade o848 el 49 948 7 176x144 pi-
xels/lines®] Suzie, Carphone, Foreman, Mother & Daugh-
ter G4l sl 30frames/sec?] YPAE 10frames/seco
B 122894 #olAM dagd F dagSdae A4 o
FEA A Al dEang Qg 98 22 &
4&(BER : Block Loss Rate)2 5%~20%7+A 2 dd a7
AMEEHTE dateld e €4859 YXE ¢ duE
Ao g MRS £ &4 BE9 9xE ddaA F
UAT, olF B AdY EQoz MB &9 ofef Ay
 GOB(Group of Block)&tH 2 &4o] HAY § glom
2 A& =8 duE FAD <E > 49 2y
2} PSNR ¥igojt},

B2 1716144 &

49| off2{ 80l T2 PSNR BT

Image | Brvor Rate | BMa | EEE | A
5% 37.01 3700 22/55
Carphone 10% 36.99 3701 47/100
#20 15% 3697 36.98 69/165
20% 3697 3697 88/220
5% 35.76 BT 18/55
Foreman 10% H.76 .77 29/110
#3 15% 361 3577 38/165
20% HAl 3B.75 46/220
5% 53.24 54.26 12/55
M&D 10% 51.93 5227 24/110
#15 15% 51.83 5264 47/165
0% 50.50 51,19 70/220
5% 52.90 53.25 13/55
Suzie 10% 4178 49.06 30/110
#47 15% 47,72 4863 58/165
209 4HB.77 46.60 78/220

*PCS : Number of Proposed Candidate Set
#: Frame Nurmber of Seauence




(1" 6)& 20%9 £& &4&E 713 39WA Foreman
e BLE omAzA @E 4 94, bE 98 94,
(©x BMA WH¥E o83t B9¢ 4ol 283 (d)
T A WYE o83t B4F Aol () U
BMAR ez, () ALE FHE Goig gadelrt

(a) 994

(d) Proposed Method

(e) Eoigk BMA ¥
(3% 6) Foreman(#3) Hatol CHEt S-S A4t vim

59 B

oF FA e Fe ARY FAGAAE Hve A
€ AAME B 4HEE ZE Fa3 PHEC AMEHE
H, & 2dAde Ad9E B4 AT vvle Rag g8
)l H263 #338E 7|hes dA4EF &€ §39 Hee
E971EE Agstn d¥sAch $Hez AP BEY
dle ¥ WEY] Fago] w7 Wi SUEE EF o
57 Yol HIRY Aol Erh olHY BAYE o
8ot SUESY FUEE FolM Ze Pgez FAYL
e BE5EE THE FY 249 998 F&38l1, o] B8
E€ o83t EH4EZY FAYAEE Bt

£ widA A dngFe &Y SHESY 4
9 HEE o} A9 gHsA B AT FE
FHUHHE A B Aol FHEEY MY vk
FAUHEE FobA oBlE 2dste Eost Aok AL

FEHE BRI 9T A4 oigd 29 167

o2 RUG 4L Aoz £d Agdr 277}
A71A ForR FHAHA sdo] Fyh EF AT{AQY
HxQl PSNR FdelX e 949 $3¢Y A= o 7&
BMA ®¥Rvt o 05dB~1dB7A 8] 4ol Ilch

#ogd

{11 M. Wada, “Selective Recovery of Video Packet Loss using
Error Concealment,” IEEE Select. Areas Commun., Vol.7,
pp.807-814, June, 1989,

[2] E. Aynogluy, P. Pancha and A. R. Reibman, “Video Trans-
port in Wireless ATM,” Proec. ICIP '95, Washington, DC,
pp.M400-403, Oct., 1995.

[3] E. Ayanogly, P. Pancha, A. R. Reibman and S. Talwar,
“Forward Error Control for MPEG-2 Video Transport in
a Wireless ATM LAN,” Proc. ICIP "%, Lausamme, Swi-
tzerland, pp. 11833836, 1996.

{4] S. Shirani, F. Kossentini, R. Ward, “An Adaptive Markov
Random Field based Error Concealment Method for Video
Communication in an Error prone Environment,” IEEE In-
ternational Conference on, Vol.6, pp.3117-3120, 1999,

[8] Q. F. Zhu, Y. Wang and L. Shaw, “Image Reconstruction
for Hybrid Video Coding Systems,” in Proc. IEEE Data
Compression Coryf., (Snowbird, UT), pp.229-238, Mar., 1992,

[6] W. M. Lam, A. R. Reibman and B. Liu, “Recovery of lost
or erroneously recieved Motion Vectors,” Prpoc. JCASSP,
No.5, pp.417-420, 1993.

[71 K. W. Kang, S. H. Lee and T. Kim, “Recovery of coded
Video Sequences from Channel Errors,” Proc. SPIE, No.
2081, pp.19-27, 1995.

[8] Z. Yu, H. R. Wu and 8. Yu, “Lost Motion Vector Recovery
for Digital Video Communication,” Visual Communications
and Image Processing 2000, Proceedings of SPIE Vol.
4067, pp.1250-1260, 2000.

[9] Z. Yu, “Research on Key Technologies of HDTV Source
Decoding,” PhD thesis, Shanghai Jiaotong University, 1998.

{10] E. Steinbach, N, Farber, B. Girod, “Standard Compatible
Extension of H263 for Robust Video Transmission in Mo-
bile Environments,” IEEE Trans. Circuit Syst. Video Te-
chnol,, Vol.7, No.6, pp.872-881, December, 1997.

[11] “Video Codec for Audiovisual Service at p X 64kbps,” ITU-
T Recommendation H.261, 1993.

[12] “Video Coding for Low Bit Rate Communication,” ITU-T
Recommendation H.263, ITU-T SG-15, May, 1996.

[13] ISO/TEC 13818-2, “Information Technology Generic Coding
of Moving Pictures and Associated Audio,” Draft Interna-
tional Standard, 1994,

[14] Y. Wang, Qin-Fan Zhu and Leonard Shaw, “Maximally
Smoothness Image Recovery in Transform Coding,” IEEE
Trans,, Comm., Vol4l, pp.1544-1551.

{15] Jong Wook Park, Jong Won Kim and Sang Uk Lee, “DCT
Coefficients Recovery based Error Concealment Technique
and its Application to the MPEG-2 Bit Stream Error,” IEEE
Trans. Circuits Syst. Video Technol.,, Vol.7, pp.845-854,
Dec., 1997.



168 ZEMEIWB=EX B HI0-BR M2z (20034)

& 8 o] H &

| e-mail : nrson@chonnam.ackr e-mai | gslee@chonnam.ackr

1996 Fdiehm . HAHEA ST A 1980 Mg Fol A7) FHIHEAD
19999 A da digd ANGH(HAD 1982 MEd B AXANF 8
o 20009 ~8A At vty Aot A4}

upALa A 198249 F4%4 A¥a
BAEF: 9% #F H B4, o &4, 19914 Pennsyivania FHoi % Hibetst
HE T o] §4 upA}

19846~ %A A A 24 |
AL WEMHCI R, G4A R #4, =AW, VLSV
oD



