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Abstract
error resilient coding for video communications over Internet and introduces the typical structure and essential princi-

This paper reviews error resilient video coding techniques. Firstly the paper demonstrates the necessity of

ple of error resilient video communication system. Then the error resilient coding techniques including robust entropy

coding , error-resilient prediction and layered coding with unequal error protection are classifiedly reviewed.

Keywords

1 3iF

TCP/IP thil £ 18 Internet REM BT THH TR K ERK
EeNEGRMERZ B AR TS HERGHE. SFHH
BEAMBHARHTENED EHREEMREHREHR
A AU ER—BEME FRESHEA B EAFREAA
ER-IHZHLES BREAE HTEHR AUFRERS. &
T HET Internet B2 R R E (Best-effort IR FR K, F
BAER S R E (QoSYRIE. HILTE Internet &, BFEE 2 B EEH}
BURBBEEELRSERMERTIE S, B Internet BIFH
WERENALS R EEREZ 1,

£ Internet [ K B AN R &Y [ 5, 35 F R AR IE 5B
AR RAMABEIETERERY . MERETTREK,
WA T B TR SRS (5 W Y Internet ) — K ER WA,
SR Internet § Best-effort R 954X 55 tRIR I 15 %) 14 4 1 45
81 QoS BERAEXE LM T & B A PE B BB (5 Y A it —
BARHMEERE. X—FROURRABEAEN —IMEE
HRAX. BEEN/IFRECEREKEREZEWR LT
B A R fE T A R
%.

RefFEUTEHEN A a )\ REGFESAREELY
A BREEEIERATHINHENER MESREER LR
MR ERFREXTENTRELHTH—SEE. XH
KFTHEBRAE ML BEMERENARERNE
HBEHZRERETAL BN, FERIE B Internet
MBBEER ZHEANERERNTE . FERBEIEH T In-
ternet (A Z N EXN B E E RO —ENE
BIEE B xRS B0 A% 5D A0 [E B8R & o e
B/ T LI Internet $LATIE {5 22 595 ).

AT Internet IWHLES BT &, FFFHEERXR LR

Error resilient coding» Error control, Video communication, Internet

# Internet MRITE F A FRB ISR A BT T 4+ £ 8R. X
B 2TIEHT Internet WH ARG F EENER LN LE
R I THAMRAEEREH#T TS, B4TEARE
[ Bl PN SR AR S STk i) BB b4 B X AR AR D . B S T 4R
BBy E AR RS B X 4 R S A BIRR IS H R AT T 4
NG BRIEMEOHITT B4,

2 Internet fZ4EHSUMERE

HHJ Internet R 12 {t Best-effort R L, At QoS
RiE. EHRESE Internet FEHURENALFHREBYE
ERZZ—. 3T Internet BB S EHERTERA
AHBEES. EEEXOIRSTEL BIEEZELE In-
ternet B EHR T EAI TR Internet AR MRITBELUR
A AR BN A BERENRHE. FR
FAMATEER . METEETERFEEKE%S, 2 S Inter-
net FRIP R ABRBELANTERA,

A—HHE.EEESE TG . XHEEREHTREN
AR, LA MEaw R ERE SRk O s R E R
AR I EECERGRFMFNFFE. LoIPERTH
EAEELRMRA H. 263 thi " 4580 AT B0 . L $dE
BEREXE SKE,TTUHBREDNMRE B FEM KA,
LPEEERELT 100K ARERFTRCES ALER
¥R —E BT ASERFE IEEEEAEZ — N
BEXRE. EEREHIUN, LEERERES R AT
SO REH R .

I REVMSERRS

Bl B4 a, £8ESE LR R %8 Internet
RPN ERM RS AT SN AT, B1#RT
HAMAEMPUEE R, MBECTELE R S &M

DR ESEIEFHETRESHEHEATARXSIARS 2000175) HFH LB AU F RS CTE RS 0002622421064 M LB

EEWH. 8 & BLE FEWRIANGEEREEA. RER
+ 104

Wi, TRIm.


http://www.cqvip.com

HEAT ARG BB T He 40 DA PR R SR 32 s R 45 /5 4 LRI
#> B A 1 9 3038 9 (Packetization) 7R 5 H ¥ 2RI 4 ¥ iE
WES e E S % 2 H (Multiplexing) ; %% 0% /5 &) ¥E 47 3038
O i K 48 fL iy T RE L AR BT RE R B S MR B R R F (L E

0000 http://iwww.cqvip.com|

R — E MR R R I IR SR R B AR
TR S B (Demultiplexing ) 3 FEAF K 1T A RS B2FD . %
5 BRI E RIS A

Other Data Other Data
Original sv(ffc(l Multiplexing (“'/—\__\'\ Demultiplexing ;2::; Reconstructed
—>] ] P Network > - bt >
Video Encoding Packetizing %\uy Depacketizing e Decoding Video

A 1

AERB DA T bR 7E A (5 ISR B0 R B At M 3¢
BEIUROEM EFBEIMA - EN TR ER.EHTERGEH
HEEATAMTRAEEARG ENTRE BORNE
R SR GG 15 B 6 T R ST D , AT R LA 4 B0 25 3% i I
TR ERAMBT S, IR AR N LR ENAEE .
2R T ARG WIEEN IR R AR MR KM X
. DR EFADGEBYECERENEI, ZRWHMEZ
HEZHTIRER LREREQN BB ERE. FHETT A
HEH FEENAREERMESBRAR AR TR,
Video Quality

No error

Error rate
[ncrease

Redundancy

M2 ARFHEERECRRAARDKTREMTREG KR

4 BEMIRRLD

AR h AR 31T, B MR F RS
MEFI R HBRELZFmEENEE. 5RERE
AR RILEE L A RB RIS RO EER. B ALH
5 — & 09 T0o B RF X B AT R 4P, A3 USRS AR B3 I XF
1B E AR (obus) , B EFEImEE NI HITIE
THRERZTREFAOUTEER. EHEARREOHETERRE
MEARLHTRCFREBREAEHES.

EAMEX R IZ T ZHERBUA P I T8 TR
EEMNERATRHNER. FHBERELEMITAE LES
ERT R FOTIRAE NS H RO E B5E AL
TEERE: EHENEANB AN ARG B EERP,
LiFmERRKERFEEEFGRBRE. REABGEERD
SR, EZVS X EEERD.AETNAEDL. S EREMK
SRIP LR ITEEN — LR ERTH B HR R LEE
ERNANEFMP RO AFETHERE. FXLUHRE
BEDATERE AAGBERTRARRE B8
EExi2,31%.

4.1 BB

E4RB I I BB HERN —HEEFEEERRHT
HEBHEETE PR A VLC(Variable Length Coding: ZF &

WAE (5§ 2R %

MR, VLCBEFEM M HFFHERERREZ
O A O] 85 . T ELIE R 5 BR R IR B I B B F b i T2k
645 ] 2 S0 A BT AR5, YO/ 4 RO PN B3R AT IR 45 B
BITTER

N E [F # 47 18 (Inserting Resynchronization Marke-
rs) A BEAER SR ICEHBABREBRE DY
R A A 7. i H 2617 H. 263" LA & MPEG-418
EHRARXEITE. FERFICERITATURE HHARER
FRAFROFS BT K IFE AT R S # B 7] F 5 (4]
MNEGEMEEMUEE EREERSIMCEEUBEE
R X R N B B2 RGBT LLEF 68
EHAHED. BREAERSIFCHERMARLGE. &
EACBK U ESS FETHRSMORF. HK.E
EFPCH A R T T A S, n MV g DC & Bl
HmTEMSAEZSH wRERR MV 3 DC, &1, EFFiric
B CHIA RS BB ES. MRS Rk E
A& EERERESFTEEMNUAMPRERGRKE N, H
W ARG R AR FEEER AN EBANRD ZES
BRIrzEH.

A1 A5 K 4R IS (RVLC: Reversible Variable Length Cod-
ing)M A RTSOAT I T E VLC A S, — 4 A A R
SRBMEEEFEEHIARTE . ERRET—1TMRZHK
iC. RVLC HAMEGEANESBEER LD FREME
F@E 3 1 Frpn).MESESEKEN (B 3+ 2 Fra) iEs
M3 18] 77 () i FE 48R L RF G T — R 24T B M R IR A
FUE 3 3R XBE.RVLC EREBRREELHARL
FroEEBREATEEE-FHAE3F 4 7). RVLC &
A E# MPEG-4 f H. 263 IR HER M, RIEANER P ARIC T
—EBEA.

[—(/W—W>

J/

Resyne Mation/Made fo  Texture Data | Resync

Marker | "4} aformation | MM E‘:m‘r Reversible VLC | Marker
0 a0 )

1: ERBE 20 REZHGBERT—RFIFC
3. WRAE 4 BHEEMC, EFATHREELT

B3 RVLC ZHEEBLE

4.2 BHBNED
EgRB R R s M ERFEREEFE &
REEH . @A AU SR TN, - B EERSER
BRI F ERMHBER . MEARAME TSEM
A E T RTS8 S5 0, RIS B £ 77 A R T R
R B ) B B R RESE T . R B, RE DC AIMV & T
+ 105 -


http://www.cqvip.com

RE T T IMAIA (R EFESTESEBNER(FE.
TERX LA GR DARTE S [ B o B — g # — 2B IR
= GOB 3 — 4~ i (slice) P, LAFR il {6 5 £ == (&R 70
.

I $hs 1 midf A (Insertion of Intra-Blocks or Fram-
es) ) BHAYE il A F TR A B9 64 2 R (MBD AR AT i
REA% PH I % 5 22 S5 BT (1 4E LA (61 XF Ak IF R W AR
RESSRIEMH. Hh T IR WEERES  EHZCER.H
fifi 3 69 ¥ i (HPARR) FLOMB g S Wl {y B FEF M IRIT.

IHEAGENERAFAEEREH TEGEENRE. F
ZMPEL BT AKX GEENENEE MELER
R PHRKESHREMTLRLPEH RTCP thill. TR
MNP ERMBBITEMERENFT LT E. WELE
# MB; RIE MV Bk 8952 30388 84 MB; i & ¥ 5 %18
MB E—K TRAEHHETE]. XL A H R F iz &
WMEMHT YR, AT 3K 7780 LA KR AT
ki 1A mBOHEMT M E.

ET BB IS Bl 45 % (ISD : Independent Segment Pre-
diction): TR F R WA EN T A EZ IR LK
(segment) , %5 (AT {0 FO 85 2] BTN BR T EE R fT. XBE—A
BAHANESTEWEIHERAMMMIE X7k
WA LR GER B S E M I . 40 H. 263 ThiCH s
B % 53 S B A K3 B A KT LR — 4 GOB g — 4 Slice.
1) FT 40 (2 B R o) TE R BL 84 AR S 700 AT B ) 4%
HEEWUE DA BT iR T L& BT
BT R TR BT ER,

4.3 SERBMXFEHRP

FEHGBEREABESHBA - EEZHE R
BE 4 Bim). BEZERUESBERBEZSTURZIHN
VRE. BN MRETUMMRESITH - S RE. Bit,
5 B SR RS 77 A ] LA 89 R B B R BT R 3R A i) A AR RS
REH(EREFHEHEZNAFPURENRERAIKEE -
SR, XFRED T AR A5 B4R D (Scalable coding) ¥
iR 45 1D (Progressive coding) . #t A\ 3 45 /2 (Embedded cod-
ing) EHABMG PRI ZNAN - HEENRRGH L.

Input Base Layer High L, Base Layer
Video) Coder Protection Decoder
— Base Layer ||
Decoder Output
Video
Enhancement| | Low_ - Enhancement
Layer Coder Protection| ~ |Layer Decoder

B4 DFERFHLSSEAEERF

S REHmGEAREL S X F| £ 4R 7 (UEP, Unequal Er-
ror Protection) ARG A EALUSE SR B EERAEFRE
$1. VEPEA S ELZHIATR . MBS EHRMESEED
BARTHEBHNEE.EARRERRE FEC 450
ENEENEATE SN ECRMBERNEI%. (8 Inter-
net 7E BATFIE K —BrBS M AS KETRE4R M UEP X Hr, H ik
UEP B2 R EN AR LN, MRANEREEHN FECHX
AREBRHHIERR AR EERP.

MPEG #1 H. 263 $ BT RN E S MNP HRIBIRERYE S
OB DA &S, A5 1)K (temporal ) 4} B . 7E B 8] 4
EXNBAESHTERE FEAE QTR EMEN R

* 106 -

0000 http://iwww.cqvip.com|

LTI E AT & ERIRE D) F A (spataD B & 5
Bt IR AL DR RS R4 b EEEREH
8 &8 /ARSTHAS D EREESNR AR REREA SR
BREXHDCT R EBREMNYERZRNELZHDR
MEiREIT RS 4) BHE R /> (data partitioning) B Z 6
GREBMZHNEE HEFEENIERERID,

4.4 ZHRERE

% &4 %5 85 (MDC , Multiple Description Coding) 7] & {£
b RN RIS, B LR ZEHIBIELL.MDC i E
PN 7> B3 A2 AN (B 8 AAANE] . MDC oy g4
TR N TEIR (description)  EAMRFEZ R EHAXHMAR
HAARMEEE. A MRHARTTURME S ERRHAHN
BRE 2RO LT AR B #—2 %, Eit MDC
BRESHAELRSBRTRANEBENHZB P USRS K
BRI E —WAEE E 5 FiR).

Decoded signal

Decod
| Decoder from S1

0

Sl
Source}! MDC Channel 1
_"

S2

Decoder Decoded signal
1 [ Tfom Sl andS2

\ 4

Decoder|  Decoded signal
2 from S1

&5 MDC %%t f2

BT ERETTL M - RS RE . E AT
BRALFLEMMES —EERF L O BH HEE.
il 3 [0 0 A8 2% VE {8 A% 05 25 BE 85 3 i IE BRI &) TR 2 A6 1T
AEHENERHHELEE. EHXEFEISRERZINEN
EAt L hn T AR SR DAY T B T SRES E . [ 73 B R D
AB . MDC B —MME S B FBELRRE AT B R
EUHFREEE. THEMDCHEATEFTERE L (Over-
lapping Quantization)?*], & & IF & 4 #% (Lapped Orthogonal
Transform ) #§3% F ] (Correlated Predic-tor)# #H¥£ 4
P£ A5 # (Correlating Linear Transform)P*LL & H. 263 FRdE
F H 8 T X B T R # (Interleaved Spatial-temporal
Sampling) %,

B4 REET Internet WIFEGHELBNLAT
KA E 8N AR R Internet RFEA SR ERE
QoS ERZIMFEMN T EEBEMNEFLANHKE—F K
Re.l8 THUSE BN AMEREER A NEERSHEES
FO AT I Sy 3 7 9 28 $8 7 4k T2 18 (Shannon separation theorem)
HAES T Internet AT FEHELEH . T ET Internet
BMBEET S 43 Internet (FH B B %G
AR PN —EWEEGER R ERESNRAEER
HRENEZWME/N N LA EEEROETEROZER
EHEANERNERERTE.

A A BT IR B SOk A 3ERE B xR R E RSN ELE
FTEABMARLERST THE., KAMEEEEEANE
BEABERNAHAR . FHNATRERBER; Qi EE
PRI AR E GRS — MR R S FRERBAR
WIREFHHR.ETHREFFRAR BT LB EER
BFHE. BREEMH nternet WIBEBEE A AT E,
RABUTAERE STEERMEFHEBENA.

CF## 152 1)


http://www.cqvip.com

4 BEFIESEER

FNMERTEIHE - HAMETHERULERG LR
H.ELEEIEHNCEATAEXTEN TIHE(KLEER
BE i RS TP (Linux Shell & & &t #LEIH4
BOb I i ey TR R AT E) SHRIM THEARS X
L 3t 77 (ERBATH TV R L 40 B ST RT AR TR LAY
HHBGEAREE L RAT T ERETA TS HE 2 4.

FEECHY I B A R B E RGBT E T AT E
FR¥7HE--POSIX, 5 B4K LMY 5 M EAR £ 1 ) K2 R 7
Fo 3k HERR o B 45 # B of #0082 11 4 B RRfr ot (L 1 1800
RRGEmMET EHNH . F i LREKHEM TCSEC. # M
MEH Lk 5ERRER.

CHEHAMUE R R E i EEE M R A H R P
OES A R FESE A A FEYUH XX Fé it 2
LENEFINYTR.

CEATEMNE T FHER S R AR AR
WA HE A R H B R LA DA DN G, B8 i
RENBGMIR LA RAHTTEE.

FeE5RE FXHMEHRE—FE POSIX1003. 1e
FRAE A A A TR AL AR TR RO 4E 42 7 GB 17859-
1999 =47 Linux £ &WIREALH LA TR IIE. FitHE
BT E 0 AR A BAEXT A (LAY POSIX M B ZHMNEF
HEARETHRBEMBY, ARSI IEBLE N T
SOFTOS ) — A FHEB . AT NAN T T EEREFIT

0000 http://iwww.cqvip.com|

HENEEBHMAMEENTFITHEBEANREARNZ L. ARE
EHHMIDSOHFEF RSN IESESALE.IHEY
THEHENAUEIES T EE N —FEEXN &
HHESR.

& X X #

1 Draft Standard for Information Technology-Portable Operating
System Interface (POSIX)-Part 1. System Application Program-
Interface (API)- Amendment % . Protectton. Audit and Control
Interfaces [C Language] IEEE Standards Department 1997

2 Orange Book Parts [ and 1I. THE CRITERIA and RATIONALE
AND GUIDELINES NCSC 'DOD: NIST Dec. 1985

3 Anderson J P. Computer Securnity Threat Monitoring and Surveil-
lance. James P. Anderson Co. . Fort Washington, PA,1980

4 Bonyun D. The Role of a Well-Defined Auditing Process in the
Enforcement of Privacy Policy and Data Security. In: Proc. of the
1981 IEEE Symposium on Security and Privacy,1981. 19~25

5 A Guide to Understanding Audit 1n Trusted Systems, The Rain-
bow Books. National Computer Security Center 1987

6 FE. HET Linux WELSBERENTA. 2000 F+EHAHKG
AREBITEEE-BPEERRERA Iz PEHER
BHATEIIENZG ERA S PESLMREED T 4. 40T,
2000

7 Linux kernel 2. 4. 2. http://www. kernel. org

8 XIEEE . IBETIL - REBRFREF ORI SER- HH
P 5 A &, 2001.38(10)

9 FINH.HiER. Linux Shell ZeH it HTRB. HEFE2HE,
2002,13(1)

10 Bishop M. A standard audit trail format. In: Proc. of the 18th
National Information Systems Security Conf. Baltimore, Mary-
land, USA, 1995

(L& F10670)
2 % x|

1 Comer D E. Computer Networks and Internets. Prentice Hall In-
ternational, Inc. ,1997

2 Steinmetz R, Nahrstedt K. Multimedia Computing, Communica-
tions and Applications. Prentice Hall International, Inc. , 1995

3 Tekalp A M. Digital Video Processing. Prentice Hall Internation-
al, Inc. ,1996

4 BIKRBERAEE. Internet MEEBEHEH. HBENHRS
% & .2002,39(1).28~34

5 Hu Fei, Zhu Guangxi,Zhu Yaoting. Enhanced ARQ-based Packe:
Loss Recovery for Real-time Communication. In: Proc. of Intl.
Conf. on Info-tech & Info-net (ICIT'2001), Beijing, Cct. 2001

- 6 Girod B, Faerber N. Feedback-based error control for mobile

video transmission. Proc. IEEE, Special Issue on Video for Mo-
bile Multimedia, 1999, 87(10), 1707~1723

7 Zhu Q, Wang Y. Error concealment in visual communications.
Compressed Video over Networks. Narcel Dekker, Inc. , 2000

8 Hong M C,Kondi L.,Scwab H, Katsaggelos A. Video error con-
cealment techniques. Signal Processing: Image Communications,
special issue on Error resilient Video, 1999, 14(6-8):437~492

9 BT EAEEME. Internet MEGEFEFRBEARER. it 8
LB, 2002.19(4):124~127

10 Video coding for low bitrate communication. ITU-T Recommen-
dation H. 263, 1998

11 Video codec for audiovisual services at p X 64kbits. ITU-T Rec-
ommendation H. 261,1993

12 Information technology - Generic coding of audio-vidual objects -
Part 2: Visual, Final Proposed Draft Amendment 1. ISQ/IEC
JTC 1/8C 29/WG 11 N2802 (MPEG-4), July 1999

13 Wen J. Villasenor J. A class of reversible variable length codes for
robust image and video coding- In: Proc. TEEE Intl. Conf. on Im-
age Proc. , Santa Barbara, CA, Oct. 1997

+ 152

14 Wen J, Villasenor J. Reversible variable length codes for robust

image and video transmission. In: 1997 Asilomar Conf. Pacific
Grove, CA,Nov. 1997
5 Naka N, Adachi S, Saigusa M,Ohya T. Improved error resilience

—
1

in mobile audio-visual communications. In: TEEE Intl. Conf. on
Universal Personal Communications, Tokyo, Japan, Nov. 1995,
1., 72~706

16 Coete G,Shirani S,Kossentini F. Optimal mode selection and syn-
chronization for robust video communications over error prone net-
works. IEEE Journal on Selected Areas in Communications, May
1999

17 Zhang R,Regunathan S L,Rose K. Video coding with optimal In-
ter/Intra-mode switching for packet loss resilience. IEEE Journal
on Selected Areas in Communications, June 2000

18 Wenger S,knorr G,Ott J, Kossentini F. Error resilience support
in H. 263+. TEEE Trans. on Circuit ans System for Video Tech-
nology +1998,8(6):867~877

19 Kondi L,Ishtiaq F,Katsaggelos A K. Joint source-channel coding
for scalable video. In: Proc. SPIE conf. On Visual Communica-
tions and Image Processing,San Jose, CA, Jan. 2000

20 Vaishampayan V A. Design of multiple description scalar quantiz-
ers. IEEE Trans. Info. Theo. 1993.39:821~834

21 Chung D-M, Wang Y. Multiple description image coding using
signal decomposition and reconstruction based on lapped orthogo-
nal transforms. IEEE Trans. on Circuits and Systems for Video
Technology,1999.9(6) . 895~908

22 Ingle A, Vaishampayan V A. DPCM system design for diversity
systems with applications to packetized speech. TEEE Trans.
Speech and Audio Processing. 1995,3:48~57

23 Goyal V K, Kovacevic J, Arean R, Vetterli M. Multiple descrip-
tion transform coding of images. IEEE Int. Conf. Image Proc.
(ICTP98), Chicago.1998,1:674~5K78

24 Wang Y,Orchard M, Retbman A. Optimal pairwise correlating
transforms for multiple description coding. IEEE Int. Conf. Im-
age Proc. (ICIP98), Chicago.1998.1: 679~683


http://www.cqvip.com

