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Thesis Title Optimization for H.261 Digital Video Signal Encoding and Decoding
System by Selection of High Efficient Algorithms and Concealment of

Image Errors.
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ABSTRACT

This thesis presents an optimization for H.261 digital video signal encoding and decoding
system, which can be used to increase the efficiency of a videoconferencing system. Since the
most part of computational process of a videoconferencing system is in encoding and decoding
video signal, a faster and more intelligent video encoder and decoder will increase the system
performance.

The optimization is done by studying the time spent by each individual function of the
process. These functions are replaced with more efficient algorithms if large amount of
computational times are detected. This thesis also proposes a method of detection and
concealment of errors in the decoding process. The errors in the video bitstream can affect not
cnly its corresponding picture element but also other neighboring elements in the same frame and
picture elements in other frames if it is being referenced. The result is a display of un-intelligible
portion of image on the display device. Concealment is done by replacing the erroneous portion
with an appropriate error-free portion of frame located from the surrounding picture elements of

the same frame and previous frames by motion vector prediction.
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sTUUMINIRaLazaeAIHaIAleMWIINTFIY H.261

2.1 a1t

v
tuuniisznans Inseardevesda lonmunzssuumatnsHeauazosasiaia 1oam
s 261  Taelnssadreveddalenmszuu H261 & 2 gduuy fie lununaiesay
, SFP— :
(Common Intermediate Format - CIF) LDZMUITIHTVOIG Huuvnalagy (Quarter CIF - QCIF)
P v 1 . 1 o
Fafimsul Iaseadunwlundasmsunmoeeniflunguuesufiondoya (Group of Blocks -
GOB), uiin TnguAvn (macroblock) azufondeya (block)
o o Sl - r o -] -
ssuumsidnsiadalenmiinsudadisvaesniiy 2 Tnua A Sumsuvsu
(intraframe) HAZDURETINIY (interframe) Tasmsidisia Tvuadunsudsuozinisdsve
[ =] o . & 9/ o o ] o &
ynudn Insudennmelusunmuuudun (it mli‘lumsmmﬁn‘lnmﬁuwgamﬂ
Msunmdy  dwumadisdadumeipisusslimsiedeyaulialnsufenidhswa Tay
nr = = o o i
aodayaninmsuniwdngs GunsmlsunIodumeivsulumlsumwiruu) domsm
o & P 4 ® w o ¢ o ot o o e’:
LAABIMSIAABUN (motion vector) tasimsaadulvnesinmsidhivaudn Insuaemiu
= = o @ o o o i o 1] ar
LUUBUNIT S BBUNBS (inter) Tavdaduvinuialasudentvinnuldhindifsaduutialns-
=1 i a ' . @ o o =
vdennnadansell ShilndRnefesaduldidswanuudunsunileuiusunsudsy &
r=) o a o o 9 o 4 .
IndiRusnazifenmsithstanundunes Tavtzhimsaduduanaanimndou (eror signal)
Y W Ao o 4 A A o o ] o @ °
szwindeyaihiuieninnisldnamesmunteuiidfudoyauinInsudendsaudnh
}1 Y o t; 3 3 LT Y | d’n 9 o
madhsiaduanusmanioniu  uasluszuunsdisiadaleamiisuiludeeiinmsoea
[ -4 o 1 o i o ar 1 o
sdduiinlnsudond I 19de ldud e assdygrisuemyniinzdsingniedudioen
sHada lemwmeanugndsslumshutesdeyauazaiedygasatandeoulumsdhsia
[=1 o - o Y
winTnsudenuuudumes R sy N8
STUUMIDOAIHIIA Lo MU0 BNA LT TIAvea: If Insuenfoduns s Sumesd
TaomsaaasWendin InsufenuULBUNTT (intra macroblock) szaeATHAtoyavINBUYM AT
[ -7 - -l or -.
A5 AUMIDDATH LA TS UABNUUUBUIADY (inter macroblock) 92NAIT0OATHALIAADS
manfsufiierinisadrudialasudonainmsune (predictive macroblock) MINMWIUNN

- ° w  owr 4 o o o o
dnduwdrhnmsneaniadygianmanioudninnvindhiuudinlasufensnnsvimng
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gruiulumianuduRenaawmauas 19idhudsunméredasde 1

ar

»
TasswaziBoaves Inseaazszvumadsiauazaensiain 1onniiai

2.2 Tassahavesialeamianasgiv H.261

»

nmisidnsauazaoasiadn lenssuy H261 wiliugueguudunmlugihwy cIF
taz QCIF ¥in lNATIANNIVTOATEY (non-interlaced) TSATY 3000071001 (13z1ay 29.97)
plsunmasduii lasnmusazisunmesgnidhsdalussuu@uuy 1 gluuud (luminance)
wo 2 Tasfiunnd (chrominance) (Y, Cb uaz Cn) filmua 13 lunasgiu CCIR 601

Tugthiwuusn cIF Tnsserdndyapagiuuudeztie 352 Anradeduuns 288 1du
golsn MsFNRID01 (sampling) ¥0a 2 Tashunudenitu 176 Anadeduuns 144 1duan
wsy giuuiices QoIF seliswaninmaseidinesnouduiuadmidsnngluuy crF
Sauastugilt 2.1 uaslidumisnsGosivesginmdins Tnsfuuud lumsunmdaniug

o o

Fudagalfi 2.2

cIF QCIF Group of Blocks

176 x 144 ‘ |

352 x 288

Macroblock

31 2.1 uamelnssadrevesgduuy CIF uay QCIF

X XX X X X

O O O > Luminance sample
X XX XX X

—_— —— Chrominance samples

X XX XX X

O o O - - Block edge
X XX XX X
X XX XX X

O O O
X XiX XX X

3 ° 1 =t or = o = o
31U 2.2 uamsdumdamsSuaiavesdeyagiuuusuas Instiunus



2.3 szuumsidnsfainlsuuy H.261

¥ o ot a g o o =
ﬁz‘]J“lJﬂ'l‘iHﬂiHﬁ?ﬂIﬂll'UU H.261 1]'l.|aﬂﬂllﬂﬂzllﬂinﬂ']'iﬂ'lﬂ'IUW\'lz‘lJﬂ 2.3

e T

CC
——————»

> qz

| T Q > q
Video @ ‘ /.

in

0-1
To video
multiplex
< »ooder
(hufftran
T encoder)

Transform

Quantizer

Picture memory with motion compensated variable delay
Loop filter

Coding control

Flag for INTRA/INTER

Flag for transmitted or not

Quantizer indication

Quantizing index for transform coeffiients
Motion vector

Switching on/off of the loop filter

™~ <0 ~T OWmT -
R o, D

1l 2.3 usasvdonlaezunsunisihs e Teuny H26l

msinsiea loozli Inuamsiien 2 Tnuafuudasisuninie

- sumndsudlumsdhsianm lasllofudeyanmainmsun sy

- duweisudlumadistanmlaserfonsinnedeyanmainmsunméeda
Gunsuisuniedumedinsulumsunmirinanda dnenuien p lugud
2.3) ﬁ";umsmr.lﬂmm"nmﬂﬁ"euﬁ'lﬂﬂ% {forward motion vector)

ving1li 23 efBunmidnima Video In fadhsie3aTonmszuy H261 az5udu

LYl o o 4 o ]
Aomadsvamsunmuuusunsusy Teoms MmsudasInlanimsudresuuuu i



' 4 . o . . 1 o o
@011104 (Discrete Cosine Transform - T) HAZNI5AOU IN4 (Quantization - Q) tazdh Tfada
9/ ) o A o & d o ar o &’: =
Whaviada ledadimany (Fud1svaeeininm — Huffman Encoder) smmiudoyanimisu@en
¥
fiuilszgnoonsvialasmsantouIng (dequantization - Q) uazmauvaswniulnlmd
o 1K) 4 - ]
niugWesuuuy lideiles (nverse Discrete Cosine Transform - T udafiullumvay
o_ o o o . 4 =
AMUNFMTUAUNIUAMW (Picture memory - P) oihisunmd1asa (reference frame)
dmivmadhsiadeyamsunmialy
e’: o ¥ W ot 3 a - o o
winudaisHada Tenmesdhsdarsunmuuuduwesisudunsdedeya
a o a w a ' &
vinsunmdndeindiige  (szAeelimsihsiauuusunsusuetadesnilansunwlu
nn q 132 wsuam) TasmsmamesmsiadeuiinismsnlSoudiouda lefidrmume
= as o v o as ¥ ar .
ﬂuvgwﬂmﬂiumwmnu'l’ﬁuﬂmﬂmwm (P) lavAmunuA1sdsHe (Coding Control -
L L o -1 o a 9 1 o ¢
cc) suluidaduinialasudeasinmsinnefiadunnmisanuiilasnslfianmes
4 - A & 1ef o} ar = = [
munfouiiinld (Inoldameszeseunselinan) Indifvedudeyaduymeimisi &
(1= ar @ ¥ o = ¥ =) o 3 ar a
Tinvadulihmadisdauuuduns Mlndifesnssihnsaiedyananamniou (error
= a o o o o o 1 o
signal)  Tnemsaudoyaduyneiiiuuiialasudentinmsde  udnhmsdeadaana
§ @ =3 o «
amamaousiemadhsimsunmuuudumesivsuTasnsidnsulas In lninsmdvesy
wuvhiserites (1) uazmsnieung Q) uazdslfsiudhsvaialoammand doyanin
1 4
sudvafuiiezgn aeasdalaslddnion]ng Q") uazmaulnwmniulnlaninsudosy
wurhiseidies (1) uwdanhldndudeyanmlumiisaams @) deadrdoyamsunin
Sapenzsingludaoensiadf lenine 4B lumsidsdadeyamsunindald
5 ar 1 (] [ ' =3 o ot 1
msidhsiaudazmsunmezuiseaniiuufendes q vuia 16x16 Fawa AGund
<3 o =
winlasuiion meluuiialasufiensslszaeudisuiendoyaruin 8x8 Hinwaves Y 4
< v w1 > o
uden, Cb 1 uden, Cr 1 viendalaninnsdndiedideya Cb uaz cr Nelumnduazuur

uoutudasidm 2:1 uazldwumadnsianagilh 2.4

4 o = o =] o 3 ar
3t 2.4 vdendeyavuin 8x8 Analuuin Insudenuazddulumsidsier
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9 @ < < ' @ g 1 =
msswaudalasudenluuamelumsunmezgniunquilunguues GOB lasl

51U GOB Ae3UN 2.5 uaz 2.6

1 2 3 4 5 6 74 8 9 10 1 macroblock
12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33

a o S < o w Yy o
51 2.5 uaasmsedaveniialnsuaonly GOB uazMAUMIITHE
Y < <
1 GOB 1/5znaude 33 uiln lasuaen
< 3 Y 3 Y a <
1 utinlasudenisenaualsuasnteya 8x8 WnLLa 6 Uasn

A < =] <
A9 Y 4 UYaon, Cb 1 Yyasnuay Cr 1 Yaon

[ 2 1 l GoB ’
i
N (LS >
:
— 6 5
7 8
: QcIF
| 9 10
|
Lo 12
|
CIF

UM 2.6 uaasmIiasuA CIF, QCIF 111 GOBs wazdAuTumadnsia

CIF 1 W5 N52nouae 12 GOBs, QCIF 1 tMsunnwiszneuaiu 3 GOBs

£
o

@ a 1 ad 4 @ ~
AUY H.261 %:ummmmiaaamﬂumwas (layer) ﬂx’igﬂ‘ﬂ 2.7

< Sequence (video 1 stream) >
PI(L;LgFEzs ( picture | picture I picture } picture | picture ’ picture I picture
GROUP OF BLOCKS LAYER | GoB l Gos ‘ Go8 ]
MACROEE;SEQ I macroblock [ macroblock { macroblock ‘ macroblock I macro!;nlock 1 GOB = 33 macroblocks
BLOCK LAYER ‘ block | block ‘ block I block l block | blocl; 1 macroblock = 6 blocks

" ' o
3UM 2.7 uamamsutaawos luAIFIU H.261
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¢ f] v oA e w a4 a J d d & o
awesniumbnugundAginiganemwssulialasuaen  Fadustewsom
o o - o =1 o A ] 3
msihswaulinlasvaenldnsuyasie i5nezidsiasn louuy H.261 vanua Tnoudin Ins-
o - 9} @ w 4:
yasnziivHalas TMuamsIsianall
- DUNT
- o
- Buwmes
- Suwest + ¥AlrNSIAABUT (Motion Compensate - MC)

a o & P o
- BT + sAlvunsndoun + Aames (Filter - FIL)
2.4 M5sHaeUNnsuN T3l (Intraframe Coding)

madsiadunsulsues lilimsorfedoyasnmlsuniwdu Taomndhsviautialng-
¥
= = = o8 = = o
vdenludunsusuiivzii Inuansdhiiadisuiuuifeifiedunst Tasudendoyavuia sxs

»
#ina 6 Ufien (4 Y, 1 Cb uag 1 Cr) segridhsiamuuiionlaozunsudelail

Discrete Cosine "/ " Variable Length
[STARTJ—o iy b3 s Quantization |—» Zigzag ety Coding —-( END)

g1l 2.8 uanavdonlaezunsumsidhswauliaInsufonludunsumsy

241  mandaslnleinausvesuuuylideies (pCcT)

msuilas DCT viueudasudontoyaunin 8xs TulamuFeoame (spatial domain)

Ty Trmnudanud (frequency domain) Faerunts

7 1

C(u)C 2x+ 1Tl 2y +1DvTT

F(u,v):MZZf(x,y)ms[( RAiL )cos(( y+i ) 2.1
L 16 16

o o N . <
die x,y e sUURATIEINN (spatial coordinate) TuuBondeyayuIA 8x8

oo o = =1
u,v fin sTUURNAITIAIND (frequency coordinate) Tunaan%’agaw‘m 8x8

. o4 . a4
C(OZT D i=0 UDE CH)=1 D i+
2

g v 1oom sl
mswlas DCT fuvdendoynvuin 8xs deshinaiduvdendeyaduilssd@ns per

4 i 1 I ar - Q’
vuia 8x8 A1 lnelimduilsedninszuansy (DC) ARWMUY (0,0) uazmdulssdninszua
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ar ] L} H i ql ; 3 a 1
wdy (AC) Tudumisimde Tasanudezmuvuluuduezuumeunudiumisdeys

g da & & o o
muluvdendeyaniiuaiu lutuidauaziuusumuddy

242 mM3AuINg (Quantization)

]
=

{oyaii ldnnnisuilas DCT sxgnadeu Indiearnuddguesdeyatunnulge
' . a A o ' u’: a 1 o1
unztward e iinudoyamarilluduaoumadsfouvuanuedling - (variable
= Co A
length coding - VLC) Tastiaunisaaou Ingéail
= oo a o [~ o - o ar l:lv
- psdiduilsedns DC vesvaendoyauuuBunsnsiountsaien Indasil

(0,0 =+4
i(0,0)= im(L)—) 2.2)
8

- dhuduseng Ac fndemunssilunisaten ndddl
|C(u,v)|+sign(i)
2-Quant
TaunTeanuIoues i(u,v) szmilousy c(u,v) unsgniviamifeglugae 127 84 127

liu,v)|= 1o u#0 n3B v#0 (2.3)

g 1w o & o i e ]
die  c(u,v) fie Mdulszdnt peT lundendoyaidumua v uag v
sign(i)=1 1il® >0 uoL sign(=—1 v i<o lunsdi Quant Wiy
P -
sign(i) =0 Tunsfi Quant 1Y
2 or a T 3} o o A e 9 = 3 '
UAL  Quant B 5¥AUAIOUING (quantize scale) 1¥AMmMuAsERUMsTUSadoyalin IR

1-31

243  mscesteyauuuEnutn (zigzag)

1 54

11

24 -1

2 B2

28 49 50 58 9 63 o4 1 2 3 B4

3 o o =]
317 2.9 urrmadimsSvadoyauvvdnudn
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dioudendoyaduilszind peT gnateuIndudnzgniSvathunafeya 1 174035
FrudaoSoedoyamuidunuisegii 2.9

myGuedeyaunyiiiigadszasditedoyadinlsydnd peT lupnudgedadan
Tngjargn arewIndl@muduguitiinsosdaiu  dolW1&use Tominnmaidamsshsia
LUUYNIUAIIATNEN (run length coding) H1¥Tudumeu VLC Al nudadeyaii

L
Worad
244  mssHauuunnue?lingg (VLC)

A = - o 9 ar LY. | & ar o 9
llﬂ?ﬁﬂyﬁﬂ-‘lﬁﬂ'lﬂﬂ'lﬂ‘iUQII‘]J‘]J‘Iiﬂll‘liﬂﬂﬁQﬂl.‘U'l‘iHﬂﬁ"JUTﬁ VLC “HN9gvannIgin

@ o - ar o a
mmmnaﬂiﬂuuuuamwﬂuﬂmm’hsﬂmmumqmmummﬂn TﬂU H.261 "lﬁ'n’muﬁmﬂq

4
vLC Pudadag 1dunnnmuon .,
245  msseasvauinlnsudeniiedtaosdoyoiudiieeasdainlenn

as gt ar -1 o =1 9 3 3 -~ s o =1 ’
nasnmsnsvaula lasvasnsoudeondiuudestimsaeasiouia lnsuien

q”& a r's ar ar oy d'l s/ ot &acd
fiodmsuemymdudanensiada lenm 11BNt IREIA len Ay H.261

Vv

Qr =t P-| 1 ar o A

umsiusadoyauvviimsgayfodoyauediu  (ossy) Aaiuiveanugndeslumsidn
qr =1 o - L4 ar & a o o
svaudalasuaonuuudumes (de 2.5 dFimsldsuamddlumsidisia Sedse
s o a’ = ar 4 Py ar

poasHaunn Insudoniiud i PBlumsunmdnnds  Finsoeasdailozdudtifendulu
ar o =9 = ar o o P 9 w8
msopasiauiin Insudsnuuudunsiludrosasdada lonmszuy H261 & ldnniade

2.7
8 W ey d .
2.5 MsNsHadUnesIWsu (Interframe Coding)

[ 'Y = o ° 9 o [+ o 9/
madswenmluTnuadumes wWsuansavmsitisiaudn InsudenldynInua
a - - H é - d. 1] ar - A
YiuanSaTeduyniidnn  dasslddasnidsonilumaditaInuadusedivsuiiios
«t a 3 o ] 5 ' A = Y A
vindimaisdeyauda lnsuiondsnsmnamesmsiadeuiivinmsunméiass  (wsy
9 ar ' o 'y ] [V @ o 3
amludruneunt) lddeyafidesdelitedinensiaialenmiviaioras  (Reld
¢ 4 44 e v a4 - 4
namey Msn dsufisuenfuniimsasdondeyavimvsunmdndiunuszdadoya

» v »
uiinInsvaon lunmuseialusunsudsy) Taviidunsumsidisiadail
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Search
Forward Motion Vector

not use

Use non-zero
motion vector

¥

Decision of use
or not use loop filter?

Use zero
motion vector

b
\ inter coding
Select mode?

intra coding

Encode
origianl macroblock
| like in INTRAFRAME [

Variable g
Length Coding B

e

l

Motion Vector Coding

l

Form
Correction Signal

l

Basic Coding Block

Form
Code Block Pattern
(CBP)

Both CBP
and motion vector
are zero?

skip over

13

Basic Coding Block

y

Discrete Cosine
Transform

I

Quantization

I

Zigzag

3 3 — g a s
z‘ljﬁ 2.10 LLﬁ'ﬂQ‘Uﬁ'é]ﬂ'lﬂﬂzuﬂillﬂ1ﬂ‘{ll'liﬂﬂlluﬂjﬂiﬂaﬂﬂiuﬂulﬁﬂilﬂiﬂ

2.5.1

v

H1UDYA NI

, .
MIHINAABINTIAADUN (motion vector)

4 A = A S a o 'Y Yy a
LIARDINIILADDUN  AD nﬂmmwuaﬂwﬂmamxmuway‘an1w1uMwm‘wmam

@ o ' <} = v Ao w ¥ v & ay [y ~ Y o o Y
Uﬂ‘Uﬂ'ILL‘Vlu\ill1lﬂIﬂi'ﬂaﬂfﬁ]%ﬁvu“ﬂﬂ'IiNW']S‘H'CT"'INSJ‘Uay‘ﬁﬂiﬁﬂUU'lﬂﬂfIﬂiﬂﬁ'Jﬂﬂﬂiﬂﬂg

Yy a o e < < o
ﬂiUﬂ‘]Wﬂ’N801“@1!1“1!0“””1!;]““1‘?\1?13Uﬁﬂﬂ%’]ﬂﬂ‘]5'ﬂ’|u’]ﬂ
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I v Y Y

aq 4 4 = aca v W adda °
AN UIARDINT Lﬂﬂ@uﬂﬁﬁm%ﬁﬂi%jﬂﬂuwg‘lﬂlﬁHﬁiﬂﬂ’)‘ﬁﬂﬂﬂ1ﬁﬂ1u3mn1ﬂ

)}

' 2 o

elimandniuandesldmdmsdoniiqend Suihidesimsmeaaugadszniama
o @ am ~ as 4 4 Ada @
Tumsdnnudugunmvesidlendesns Tasdtmimnawmesmsinaeunnioyldfuun
= A a s g v : o oA '
hepRomAlnMsUNAFUABNYBYA (block-matching) Whnanvyeunaiiafifiemsszanaa
L4 § = d % = v a
nAWeIMIIAADUNYEIUABNYBYaYLIA m x n (16x16) Tumsunmilathuieusufinealy
Yy a a A 3 v = = v =3 £
wsunmoneds (Wsuamluedanielusung viendeyarzgnlSeuifieusuudendoya

v o v v '
Ao luNuRAUM (search area) Hag1lii 2.1

2P +m

Pl Reference
: Picture

search area

Macroblock

Current Picture

al an % A oy A s 3 )
Ell‘ﬂ 2.11 LLﬂﬂQ’J'ﬁﬂﬁ‘ﬁWL’JﬂLG]E]ﬁﬂ'liLﬂﬁEJ‘L!’VI@’JULT]ﬂuﬂﬂﬁLLNW“H’UﬁE]ﬂ"UE]ﬂ;J,ﬁ

a J Y @ Y Jo J S '
mALANSLNATUANYDYILDIRY 1IN IIMTINF U5 2R (cost function) YDA
a 4 ' ' S 5 < L dy Sy Sy =
quuuugyaneaszniia lnsuaentniudvmmeluiuidumniiawiosiga  Tag
Maidugalszaealoguanog Uy

- WasIWAIWAA19dUYsal (Sum of Absolute Difference - SAD) A9erun13

1 n/2 mi2
SAD(dx,dy)=— 3" > |F(i, /)= G(i+dx, j +dy)| (2.3)
mn i=—nl2 j==m/2
- WAIINAINAAINAIAIADS (Sum of Squared Difference - SSD) 31N
1 n/2 m/2 N
SSD(dx,dy)=— " >'[F(i, /)~ G(i +dx, j +dy)[ (2.4)
m i=—n/2 j=—m/2

Y @ v 4 @
- WanruanduWusIL (Cross Correlation Function - CCF) A9874N13

ZiZJF(i,j)G(i-i-dx,j-l-dy)

CCF(dx,dy)= (2.5)

1 |
AP 12 k .
(ZiZjF (l,)))z (Zisz (1+dx,)+dy));

A Ally < < &Y
$V13) F(i,)) ﬂﬁ)"U’f)SJﬁLLiJﬂIﬂﬂJaE)ﬂ‘Uu"lﬂ mxn ‘1)1ﬂW\|51Jﬂ”IWﬂi]i]U‘N

U

A 9 3 =~ = [ [ a =1 A
F(i,j) ADVYDYALIUA IATUADNVUIARSINUIINWTUNIND 19D (Glu'ﬂﬂﬂ?ii@@u']ﬂﬂ)
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& o o ' o o o
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1 o & ar Jd ao (Y =) [ o’: ) 9 P=]
UszgunInasng3a Tenmdesvuninmiada lefnesiluszuud rReB Autudududead
asudnadoyalussuy RGB diu YCber uazlumandufueniymanssuy H261 sdos

. ¥
udasszuuthily RGB fsunvzgnuramauusemmAIRIAD Inuliaunsdsl]

Y 6538 120057 25064 |R] [16
Cb [=phel —37.945 74494 112439 |G |+ 128 3.1)
Cr 112439 —94154 —18285(B| [128
R 298.082 0 408.583 | Y—16
G |=g%5| 298082 —100291 —208.120 | Cb—128 (.2)
B 208082 516411 0 | cr—i28

msfamiAvesiinegaain RGB i YCbCr mmsmuwnseniiiu 2 nsdl fie nsdil
= A o add =) a o 3 P
Huasuduasnsdifeda (tue colors) lunsdifitumsndzimsudaimsndiiosniude,
dmlunsdivesielwsdoninmsudasmdvosnainima
 auAnnumivesiinirasin RGB iu YCbCr uas YCbCr it RGB vz 1d8anes
= P P o 8 o A o
Amesdandoumsgauuunaiomumsguitsiwduuazmsmsduioudagai
¥
o o o ’ -]
msdszmnadrsmsilamuaznsgaiiudniimuaszgndna Barentuezny 13y
' ) -2 ] Voo [ S o o ' =
miranusuieawsoaunlsanlaiuilagludesiugidn Asistumsulasd
[~
YCbCr i RGB
Tunsdimsurassl RGB it YCber fodaneitudmeividdumsdssinaniney

AT 3.1 5

Y 16829 33039 6416 R 16

~ - - (3.3)
Cb | R gszae| —9714 19070 28784 || G {+|128

Cr 28784, —24103 —4681| B 128
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SNSRI 65,536 annsanldsudumsideuiia linedne 16 Iin uasiilesnindl &,
4 . . ! \ w o a4 ad
G uae B fithi11187e 0 fla 255 Soih Ifamunsesammsguamdudss @nsdumdndlu

v »
118w anuaufy 3 luniasn i wuuin1d 18y (aray) fail

R16829(0...255) = 16829 X R [0...255)

R9714 [0...255] = 9714 X R]0...255]
R28784[0...255] =28784 X R[0...255)

G33039(0...255] =33039X G [0...255]

G19070[0...255] =19070X G[0...255] (3.4)
G24103(0...255] =24103X G[0...255)

B6416 [0...255] = 6416 X B[0...255]

B28784[0...255] =28784X B[0...255]

B4681 [0...255] = 4681 X B[0...255]

a o‘; =4 ar a o o ar ¥ 3 Y
sForiuuasi RGB Wy Yober Naunisamsanastuamesasil (1an >> Aodauiln

Tunadhe)
Y RI6S29[R]  G33039[G]  B6416[B) 16
Cb |~ —R9714[R] —G19070[G]  B28784[B] [))16+| 128 (3.5)
Cr R28784[R] —G24103[G] —B4684[B] 128

Munsdinsutasii Yeber iy RGB dusanssiuamesn lddomsdssuianinay

M 3.215u

R 76309 0 104597 [ Y—16
oo - — — (3.6)

G |~ googg| 76309  —25674 —53279 | Cb—128

B 76309 132201 0 Cr—128

MIMI5RW 65,536 nsailaswmtumsifouiin lnedne 16 O uaziieannd v,

nd' [} ] J 1 L4 = A’u 1 dn::
cb uaz cr Miuhl1édfie o fa 255 Sohliausednummiguidulssinsiuaan

»
& A

»
du T lévimuadu B3 lumisen s wvuuoidrdudadl
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Y76309 [0...255]= 76309 X (Y [0...255]— 16)

Cb25674 (0...255] = 25674 X(Cbl0...255]—128)
Cb132201{0...255] =1332201%(Cb[0...255}—128) 3.7)
Cr104597(0...255) = 104597 X (Cr[0...255) —128)

Cr53279 [0...255)= 53279 X(Crl0..255]—128)

ot r-| ar - - o dy . -y
fuiunlasd Yober iflu RGB Hounismudanesiudaimeiasi (Iao >> Aoifiouia

Tinadne)
R| | ¥76309Y) ~Cr104597Cr]
G |~| v76300Y] —Cb2s674[Cb] —Cr53279(Cr] (Y16 (3.8)
B| |Y76309[Y] Cbl132201[Cb)

WenlSoudounsutasd RGB dhy YCbCr ssmdnmsfuanTavasafusane3tud
med msiusalasassluudazyafinadeshimsguyaneailoy 9 PE2 ASVINYANALOU 6
afaazmsuaninaudy 3 af  luvusidaneuamesasniimsnd iy o afa
waznsmsiaududemsdeuta  (Msmsdanisdeudafinnudiniimnis Tavase
wn) 3 afe uazitosnmsinasududsimsmasnanteonfimssnnainiam
nasismni dmsulasd RGB diu YCbCr #awsanoitudmesinnusiaEinins
S0 Taonsanaiowii uadideiduaedesmaniiaunmud 4,608 v (@ uilszfing x 256
Aty ques RGB x 2 luvie 1 sduszdn®) lumsfusdulsz@niuaza RGB #
s1aalEiaAanaa nadnesiienmsyssnasdulssing

unzienSoufivumsutasd YCber iiiu RGB sendinmsdman laeaseiusanes
fuAmes  mafuulavasslunaazyainadsaiinisguganatoy 7 n¥e fsUnIANd
oy 4 ﬂ%ﬂuﬁzﬂ'l'iﬁ'lj'ﬁ‘m‘lmﬁu 3 ﬂ%“l luvazfitanesiuameiasnihmsuans iy 4
afnzmamssmuiudaemsideuta 3 af uosdesnmssmnaiwdudeans
fdmmautooniimsimaaiwaunminanniinsulasd yeeer iy RGB Aaudan
83 3uAMB IANIIAIINTINMITa Tasasananoindgn  ualidedoindsanismiaundi
$12.560 M7t (5 dulszAnd x 256 Ml 18uea YObCr x 2 Tuvidie 1 mdnlszding)

o v o o o o o et 1 - d o &
ﬂ’l'J'lﬂ'IJﬂ'lﬁl]lliSﬂTl'ﬁllﬂSﬂ'l YCbCr 'nﬂ'nntu1511ﬂ‘mﬂwmﬂ'lﬂmamﬂuatllummﬂm'i

tssmamdulsedng
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33  msiaendanassuiinngayluauves FDCT uas IDCT

g [y = ar o o
msulasudendoya FDCT way IDCT ifludaneifumanlumsidhsHauaznensiad

alonmlasiiayn1s FDCT iag IDCT AaunIs 3.9 tag 3.10 Auae Y

Clu)C(v) 2x + DuTt 2y 1)V
F(u,v)= Cctv) Z > f(x,y)cos[( XD )cos(( yty ] (3.9)
4 x=o0y=0 16 16

1 22 2%+ DU 2y +1WVI
Fx,y)=— >, 2. C(u)C(v)f(u,v)cos[( L )cos(( y ¥V ] (3.10)
4 —gvep 16 16

3 Ser o =]
i xy fAeszuuinaiieanAluudendeyavuin 8xs

a aw o = ] 3
u,v ﬂﬂizﬁﬂ“ﬂﬂl‘lﬁﬂ'J’uﬂcluﬂﬁﬂﬂ‘\lﬂy'aﬂju'lﬁ 8x8

. I a : 4
C(I)::/_: WD =0 UDY C()=1 WD j#0
2

ifleavneunts FDCT lusuns 3.9 annsousnesneinmuiiu 2 a4 147e

F(x,v)=c(v) z f(x,y)cos[mj (3.11)
y=0 16
7
F(u,v)=c—(1-1—)- E F’(x,v)cos((zr]-—nlﬂt—) (3.12)
4 x=0 16

wazauns IDCT uaums 3.10 annsouvneonainiudu 2 duldfe

7 2y+1
Flluy)= > C(V)f(U,V)COS(MJ (3.13)
v=0 16
7
I-‘(x,y)=l > c(u)F’(u,y)cos(M) (3.14)
4u=0 16

o o ] u’:
\ufie FDCT wuvufenauisautiveeniu Tasmsulasdeya FDCT uuuund 2 af
s+ 4 = =
Tageznlos FoCT nardoyalunuidseudinai 14gnialas FDCT uoadeynluniueusa

3 24 o A o g 1 e o
ﬂ‘i@ﬂﬂiﬂdgﬂﬂ 1 uag IDCT LyUUnNnITUIaYINy
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1st STEP: 2nd STEP:

L AEAERAEAERES

TI|Y

g1 3.1 uamamsuasudendeyauuy DT wie IDCT Tavmstudawadoya DCT nie

¥
IDCT 2 $unou

sanessudmiumsnlaauoadeya FOCT uaz IDCT nmﬁ%qmﬁuafummu"lu
F2am 15 D safedanediuues Chen ARUgNUMIaAgUnsqumnsn Taold
aamsfasnundadiumsge 16 AYalazMSIIN 26 ﬂ%y’qﬁam'smjammi’faga FDCT d®
un 8 98 uaziiunsge 11 Y0z 29 ﬂé"qﬁammﬂamnfn’faga IDCT oy 8 A

msaﬁgﬂmsf‘hu'Jmmﬂ?ﬂﬁ’wﬁmsaﬂﬁﬂmsqmmﬂ?ﬂﬁwﬂszﬁaﬁnﬁawmum
waousmduszansneiumasn 1 iauduguildinnfiqauozeglugiuuniiiedens
ﬁ1uamﬁ1ﬁnﬂizﬁn§‘ﬁ1ﬁ1f]uﬁuﬁﬁmﬁ'aﬁwuﬂ TaeiiSsnslunisaagimainialal q dait

- msf¥auuuim@Fou (Gaussian elimination)

FuFEasaanisdmaamaauns ax=8 Taoalaougnin A Widuwain U

(Upper Matrix) fie Smduilszansn lidlugudinigludiuamdsndimuan Taeiid

] ar d’
PUHNMIU
5y By A5 || Xy b,
&
AX=Db HID |a, a, a5 [| %, |=[b, (3.15)
A3 83 A3 || Xy by
a,, 2o aq, f| %y b, a4, Ay, dqy X4 b,
_ @ (@ _| @
a,, 2y, ag || X5 |F| b, =l 0 ay A, | % |= b, (3.16)
8,3 83 333 ) X5 b, 853 83 A3h |l X3 b,
A (2 _ 2) _ Y - I
140 a,, =a, —(ay/2a)a,, 2y Tay, —(a,, fa,,)a;, HAZ b,” =D, (ay,/ay,)b,
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31 B By [ %y b, B Bx; 3y
0 2 |k, |=[6 || 0 ) afz) ‘2’ (3.17)
a3 85 B3 || X3 by 0 3223) a;:';) (2)

Lfl"ﬂ a;zz) =a,, —(a; /a,,)a,,, a?a) —(a,,/a,,)a,; UTT bm by, —(ag,/a,,)b,

Ay By By || Xy b, a8y Ay
0 a(:;) agz; x, |= -b(:) =10 a(zz; a(:z) (2) (3.18)
o @ |l o o e |

I.f}f] a;zz) =a,, ~(ay,/2,1)245» ag —(ay, /a2,y HAT b(z) =b, —(a,,/a,,)b,

» ¥
AUTUINAUNT 3.17 AMIUNIA x,, X, LT X, AR

<) B =
x; =b, la33

— {2 (2J (2
, =02 —agx;) ag (3.19)

X
xp = (by Tagx; TagxgMay,

- anuduiutTunsga LU (Relationship with LU factorization)
Whunsfeumasn A 1a  Wegluztuesnsguszniann3n L (Lower Matrix) #ip

= ar = qd 1 r L4 ﬂ' 1 a’ -y o J -4
fmdudszdnin liduguinmz ludaumumisududedotunnin U dsaumsde il

A=1U (3.20)
Tav  Uu=a =" 1Y, AT =R
\ 3
< ) _ 1 A _ ), (W
LN L = 1o Iy =ay lag, (3.21)
1i+1.k
=1, d




32

21
N
wazr  L=| - 1 ="y L (3.22)

LT

ni n.k

de (1) = ( (3.23)

k+Hk

nk

&) A - ' 4 1 . & & A1 o o o
1® Ao wASHVMY0TIMRINEN (unit matrix) HSTMANIINLATAIENANYD] 1
] H y o s 1 o
(identity matrix) w1z lunsdun k Mnduumesusavdn  Tasldegnamsfiuiuninnu

t 4
o o o o
fuWusmsg LU Al

ot | A
Aa=a"=l 1 1 1
-1 0 1
(1 0 o A 4
%=|=1 1 o Ma“=a®=|0 -1 0
10 Dt
(1 0 o 12 1
P=lo 1 0 1P4? =a® =y=|0 -1 o
0 2 0 2
1 0 olf1 o0 o 1. 0 0
L= "'={ 1 1 ofo 1 of=|+ 1 o0
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1 0 o 1 2 1 1 2 1
Lu=y} 1 1 oo —1 o= 1 1 1(=A
-1 =2 110 0 2 -1 0 1

dommnsadoumain A dumsgu LU fezamnsoldndidanuummdidoun
SIMIUNIHAGHTIIN LUx = b IA0AIUIN C= Ux UARFMIUMIHAGHIgATsRe Lo=b

ien/fouifisumssuaa FDCT uag IDCT Tasnsedaoaums 3.41 89 3.14 Fams
ufas DCT oyo 8 9a Avakimsgunaiioy 8 afwazmsuannaiion 7 afs saumanuades
Wimsgaumeiion 128 afaasniswonusiioy 112 ﬂé’ﬂﬁiﬁﬂ‘liH‘Tfi']ﬁuﬂizﬁﬂguﬁi)m’fﬂqa
vun 8x8 luvsisfimsinan FDCT laosanoiTuves Chen WWmsguinmmuiiy 256 a1
HasAIYINE LAY 416 a3 uazmsdwan IDCT laeSone3iuves Chen 1¥misga
$wadu 176 adaazmsuaniowin 464 a%1 ileanndaneiTauves Chen 1¥n1sfnim
nusnoudiiredsiaamidinhmsfnau Taoasedeldnmsfnmsnuumstiog uaiide
@udomduszdnd DeT AsandefimiAanmadnnmsdnnu Tasasuilesnnms
Yszanamninmsguinsunainadumsgusmaudiung lidwwansznudeganineesda

Tenwumin

& Y A e Y Z & =
3.4 ﬂ‘]‘imﬂﬂ@ﬁﬂﬂ‘iﬁuﬂiﬁil'wﬁiﬂuﬂ'li'i‘i'll'}lﬂlﬂﬂiﬂ‘ﬁlﬂﬂﬂuﬂ

SAD

current minimum SAD

p pixel index
256

early jump out index

5 o 3 ] - -1 a0 1 A
51 3.2 uamamangasiaudisn sAD fisusameluvfendeyaiifiunnnd SAD Tl

[] »
ngaluvuziu
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o Y a @ n’: 3 P Y =
AISHUANDI MIATDUTUIV VN ININUA (exhaustive) TURURAUNT £15 Antya vzl
o ] 5 R 1w - o &
AUMUIGAAUN (search point) INAY (15x2+1) Aim 961 9A Tussizinsminamesmsindou
P Y- [ = b o 3 ~ o [] [ 1
Huvvasm3tudsefure PBudaluiade 2.4.1 wslidumiagadumunifiu 33 ga uazluuday
o 1 1 ¢ 3 [
ARUMTIMIAUIUAT SAD A26M150U MIUINMENTIMIAAUYTNIBE190T 256 AT LA 1Ay
o 1o o ] 1 a e’: o 1 3
vl hisuiludesdwamamadeduysaiiswiendeya 256 luudazgaduni iWesen
o or ¥ v ] e w o r = Pt
annsangamuinainansulddidmanusirad wauyseifimn dadhuladidufundin
Yy A o & anaa 1o o v d 9 71 A
SAD tieufiga luvasiingaastisenEmivgansaiunouIyudendeya ' (early jump
out) AAA U 3.2
d'l =1 ~ o .é = T o A; - n’: w
WonlSrumoumsnuianesMaARBUATEHINMIAUMLULNIRU AN ARy
. é’ i = o 5 a o n’: » 3
nuuaem3 s TUAUNAUMY £15 Vinra  ASHINARBIMSINADUNLULNININUATd LI
Y " e 7 A o o A o ad o
arun iy (15x2+1)° fAe 961 g luvaiimsmoaweinmandeuniuuyaensiul
o ] ' ar Y] q’: o 4 o o = ]
dumisgadunwidy 33 98 dafumsmnameimsindeuiuuuaem3ITuinusind
- o 1 ] ¢ A A a o oW
puuNIanualsEnn 29 M1 uanamaimMImasuRnm ldowe: luAmitumsAuniuuy
o df ée’: o &4 P a AW e
sarufinanue uazlumsdumnawedmsnfsuiiausoanmsimion SAD nlusuiulu
T 3 Y- -8 J 2 - o 4 [F-1
unazgadun 1dd8s nmsnganmisiuaaney  desomunanniaiumsdunuas lulixa

nsenyla 9 denameimandeunim’ld
& v At A 3 o o/ 3
3.5 msiensane3suTivnzanlumsnsimazasastiaoe s

wiesninmyness Wi I lumsdhsiauasooasiaid lonmauaiassu H.261
v
TRgndmual3uds @ ldonmamuon n) dafumsdhafaseivuunh I lidududealds
T T 9} g} ar = e ] o n’: ] o
anossunFudeulunmsidhsfafisaammuasimsiesssiunuiavua Bluminssanus
P ¢ 4 o ! v o Yo a4 A4
wpansuunefiionusaadlumstssutana daunaeasiadiutiudeqlddanesFuie
@ = o 1 o ¥ o a as = P
Tnsaeasdaiinnusaaduas ldmiroanudennlidssdniam sanessuiildiums
ar o - YR o s g
aoasHasesHuuuR 19fun lufeEmsademinsdumfs e (ook-up table) 1HiDa91ANTT
a o 3 ar & . A - :’ [
WhswauvusesunudunmadsWauyuvueniie (instantaneous) fnve lifidudhiulu
»
AR 1an (prefix) W0 15WH (codeword) mulumsnaaivuun Auhusaisavsin
1 [-] o’ 1 ] 1 Qr =1 ﬂ. 4 ﬂ' L] oF 1 = o ar
anuemveRavimiano sy ldiianurindiniiafimaiy Taoliau@uuesdsda
oy Iuduvssdmiodfygage (most significant bits) AIBEIIMIAINAMITNAUMAIHY

YDINMINBATHA MTYPE VLC (§9nMAHUIN N.) AliaAlun1319% 3.1
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MTYPE VLC Extended Codeword Fixed Length Codeword
3 1 IXXXAHXKXX 512-1023
9 01 O 1o xx 256-511
8 0ot 00 oo 128 - 255
1 0001 0001 xxxxxX 64- 127
4 00001 0000 1xxxxx 32-63
10 000001 000001 xxxx 16-31
2 0000001 0000001 xxx 8§-15
6 00000001 00000001 xx 4-7
5 000000001 000000001x 2-3
7 0000000001 0000000001 1

A1519% 3.2 uaasmssumssnauuun 1ER ¥ umsoeasa MTYPE VLC

AT N MTYPE | VLC Original Fixed Extended New Fixed
Length Codeword Cedeword Length Codeword

Index Index

3 1 Ixxxxxtxxx 4-7

A 9 01 128 - 1023 O Ixxxxxxxx 2-3
8 001 00Txx00xxxx 1

1 0001 000 Txotxxxx 4-7

B 4 00001 16- 127 0000120000t 2-3
10 000001 000001xxxx 1

2 0000001 0000001xxx 8-15

C 6 00000001 1-15 00000001 xx 4-7

5 000000001 00000000 1x 2-3
7 0000000001 0000000001 1

] > r 4
uiiteaninns ad1ens nAumssaiidesnseunquminidiu T 13muaniolum

segedviiu @e 2° e n fentuenvesintaioniganmolumsn) hmidmsainasw

Vv e LY ) o « & o o A o b I & o 3
ﬂuﬂ'ﬁ‘Hﬁ"ﬂ"lﬁﬁ"lJFi'l‘i'l\‘lﬂﬂiﬂlmu‘ﬂduﬂ'l‘iﬂﬁﬂﬂ’]']u"lﬂ93ﬂ11ﬂﬂ1i‘nnﬂ’nﬁﬂ'l'lﬂ"lﬂ°lﬂ‘iJ:'YI'n'H

Ry v - 8 o a l:l.,o [y -
Funfomissanuisumnnlumsfiuasn . maudtlymibi18198aneTTumsedu

MRS WeruuURald (tree-based look-up table) Tasmsutsmsedumimsassnidhumaiy «
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o 3 ¥ =y c; 9 LY ) P ]
a1 lavdmualiudazasnaseuaquiindeyaiidhu i ldvesdswasaunids wu m
599 MTYPE VLC lua1s199 3.1 annsoutiesnilu 3 msnoeesanaasluaisiedl 3.2 fe m
519 A ASBUAQY 3 Jausn, A1319 B AsoUAqUEn 3 dadexuazman C ATeuaqy 4 dan

- |

Mo

4 =1 ~ or - A 11 ar

danlsouwfsunisoonsiaeosduru Taomsidaeinguiuisnmsooasva lavass

SumsoonTHaalesanessumsnAummsiauuundll msoeasiauuuasinl¥itasas
o v nl: oy = o o 1 o o o d‘d v ow
fadoyaunieas 1 deaudufSeuisuiomseeiuuuhaseiuhsHeilinnueruiiu
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1A Original Fixed Length Codeword Index 14A1313% 3.2 311u9323989m1579 A, B w38 C) ud3
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MnsaSeufivuaduwniasuasnfenswhdiudmisiels mnffeudisuifies 2 alsi
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. =4 n‘: ar -
asinfasudendeya DCT 1938 1sulas 1D-DCT 2 A5 uaz1¥8ano3TTuune Chen
] 3
Tumsutlas 1D-DCT HTNUFMUY sparse matrix factorization 1ao lAaamssuinmanie
3 »
dhunsgau 16 a3aiazasuan 26 afsdemsuias 1D-FDCT Yoya 8 ga waziflumsgu 11
» ¥ ' r e a q( 1
ATaazMILIN 29 Aiewenisuias ID-IDCT doya 8 ga ualdeiduRemdudsedng DCT #
daa 1Rz lisAanain ld inmssanlasasaiiesnmsdssnasinnnsgusuom
o o o m o1 1 a o
nedivuilunisgusmauauis hidwansenuaegunmyesda lenmuinin
o A & S/ ar Y] ol 4 a =4
msmnameinnndeud Insl¥tanastuuyuasnisiudaniuanuslumsdum
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g o @ a @ Y Y o 2 =2 v s 9 o
szuUMIENT Wanazooasiaia lenmisiidedssmiladannniinnusias lumsianu
3
Wi 1wy aumwedda lenmmuazdasimsiiudadoya
3 a 1) o ad Y 9 =t tar
manTladeAanaramuisngiosnyigunmuedda lonw 13 1dneuded uadsll
= =1 ° @ ad \ = ar ar °
Haymnanmialunsmiauduialen whiideyannudgs TedadeslSurlgaldienld

'
o "
a5 uae
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MANUIN 1.

vV b ad a =
InssadveyavoInloUnan3n H.261

Yoyaia lenmi ldvinmsiudanuunaigiu H.261 wziidas sz 40 kbivs 9

b

. =4 3 ad a = 1oy o A
2 Mbit/s Iaodl Insaas19ve3a3a letnaasuuuuly 4 lawesnail

o
weigUnw

d 1 =]
Lﬂ!UﬂiﬂflﬁﬁJ@ﬂﬂﬁﬂﬂ‘{l’ﬂnvﬁ

¢ d d
mwmuuﬂiﬂsuaaﬂ

s 4
lawaIuaonvoyn

3
1. raweszu,mm

finseardredoyadagui n.i

Picture layer

C

! 4
51U n.1 uamslaseaindeyaveuawaiznim

PSC b TR |—» PTYPE PEI PSPARE

GOB layer

E] Fixed length (D Variable length

Taouaaz U nNTANUNL LA
1.1 Mshasuauglam (pSc) 20 in
iufsdavuia 20 Danauily 0000 0000 0000 0001 0000

1.2 M919DINaIa (TR) 5 1A
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Wudgnavuuia 5 dentandull1d 32 a1 Taomveuiuee ldvnmsiumves TR

1 @ ‘I. 1 ' Jﬂ A [ o i ' !
Tudoyadiuia (header) vounsunmindslilnounihiidoniissauiuiaumsuinlildds

Audw1ain 2097 Hz) mifidesz sz 5 dmivdAn@iga (least significant bit)

1.3 Uo3a3zy¥ia (PTYPE) 6 in

o w e ¥ < ¢ oa a v a
Hufmsiaivendeyavesnmiidalaslundaz ialinumanodsil

1@ 1

U MAAINITUINVDNIN, “0” off, “1” on
Wuduaeuonmindedn1u3a 1 (document camera), “0” off, “1” on
ilusmanamanganim, “0” off, “1” on

warasgduuuveaduwn, “0” QCIE, “1” CIF

dumaiienvesmsnyanin Inua HI_RES, “0” off, “1” on

Taild

1.4 MsuNsNVLYAINIAN (PEI) 1 1A

v » ¥
Whutiafiessuiu <17 deiidoya PSPARE amdan PEI U1

1.5 Yoyanufin (PSPARE) 0/8/16 ... U

a1 PEL iyanilu 17 vziidoyadn 9 damuinie 8 invea PSPARE uag PEI dudn 1

= ] a = ] a o P ) [ Y "
in  PSPARE wiiludmvesdeyamuausudonnuuanidvdns Tavdoyadiuilszgnds

TiFos 9 sunszaiia PEI grisaiiy <07

2. 1awesnguUBIUdeNTaYa

nauvespAendayavziiviia 176 Nnwa x 48 iduvosdya v Y uaziiy 88 Wn

' ' 1 =] ¥ ¥ W
%0 x 24 1dUYBARE Cb LAz Cr VYoyavpuAAznaNYBIVABNYBYazll Insaai1edeoyans

JUnn2
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GOB layer

C

sUn n2 uam'Iﬂsaﬁs1waummmwmﬂammunﬂﬂmana

GBSC — GN —» GQUANT GEI GSPARE

[:] Fixed length @ Variable length

Taousazudentinnumnusadl
21 fisvaBudunguvesudendoya (GBSC) 16 in
Susisiauna 16 Tnfiiia 0000 0000 0000 0001
2.2 HINYIAYNGH (GN) 4 U

Slutsaina 4 iafinaasiumisnguyesvaendeyalunm Tavaivesiisiaey
@ o ' o &
unuAuA MUY GOB Tugilil 4 Hd1 GN 13, 14 uaz 15 swgnaan Bldlueman  GN

v 0 9zgn 19 lu PSC
2.3 Yoyasrauminlouna (GQUANT) 5 iin

o Y a 4 i ¥ Y P " o 9/
Lﬂ'Uﬂ'I‘iﬂ?f"U‘N']ﬂ 5 nmmsmmﬂ1ﬂmam'sxﬂ‘umau'lnmmz“lﬁunqwmuaammga

o g ' ¢ d 4 A o w
wnszmgmmuﬂmum MQUANT 1.1!tﬂwﬂillﬂﬂTﬂﬁUﬁBﬂﬂﬂ'llﬂﬂ‘Yl‘Hﬁﬁ

2.4 MSUNINUBAINHIAN (GEI) 1 U

¥
ﬁ'fluummmmi‘}u “1” lﬁi) Voya GSPARE muau GEI U

2.5 YoyaisnAN (GSPARE) 0/8/16 ... 1

=

81 GEI wauilu “17 9= idouadn 9 UamuwiAe 8 Unued GSPARE itaz GEI dudn 1

«

¥ . .
iin Tavdeyaduiiwggndaliizon 4 sunszisiin GEI griamilu <07

au
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d a o
3. lawesinlnsuaen

9 [ =1 o 3 ' a o o
doyaveudazuiin Insudenszlsznoudisdeyadiurivesuiia lnsuaenuazay
audoyavesudendoya n151/51N9U8a MQUANT, MVD uaz CBP szudas 13 luwiiaves

MTYPE Tauiludenlaezunsudoyadaglii n

MB layer

Block layer

& -l MBA stuffing Ly /
|:] Fixed length C) Variable length

: d
311 0.3 uanalnseadredoyaveaawesuia lasudon

o v =1 =3 | E;
3.1 dumdaginlasuden (MBA) - Anue1 liaan

o o ol ' 1 g & o '
umsweaitinuendlined (variable length codeword) Fanansdumiavensinla
o ' =] 3 ' o o o0 w o = o a
sudenlunguuasudondeya nsdaudalasudentziidduamiuanslilugla 2.5 dmiy
] o o v o 9/ ' ' o ' P 1
msdaialasudonuinlungquuesudendeya i1 MBA szitlusmidumisnugli 2.5 ua

° @ [~ o A ' ' ' ' ' ° ' o
'ﬁ']'ﬂ5“]Jllllﬂ'1ﬂ51lﬂﬂﬂﬂﬁ\'3ﬂ'illulﬂﬂ1 MBA 'ﬂzl{luﬂ’]ﬂﬂﬂ’N5311'J’NNﬁﬁ'Nﬂﬂﬂﬂ'lllﬂuﬂllllﬂiﬂi'U

] -

o & 1 w o ' < =] A J o a
dennmdadetudumisvoaudinTasudenfids ludarqa msndisiavos MBA uana'll

Tumsian n.l

4 o w o o o 1 o a
ﬂ]ﬁ]\]ﬁ n.1 ﬁTTNT’TWﬂﬂﬁ‘lﬂﬁ'ﬂﬂ’]ﬁﬂﬂﬂﬂ']llﬂuquﬂﬂiﬂiuaﬂﬂ

MBA Code MBA Code
1 1 17 0000 0101 10
2 011 18 0000 0101 01
3 010 19 0000 0101 00




H o s o ar o ] o =1
M0 0.1 (@) MINMIHATIMIUNMTVNAIMUIA InTUGen

MBA Code MBA Code
4 0011 20 0000 0100 11
5 0010 21 0000 0100 10
6 0001 1 22 OOOO 0100 011
7 0001 0 23 0000 0100 010
8 0000 111 24 0000 0100 001
9 0000 110 25 0000 0100 000
10 0000 1011 26 0000 0011 111
11 0000 1010 27 0000 0011 110
12 0000 1001 28 0000 0011 101
13 0000 1000 29 0000 0011 100
14 0000 0111 30 0000 0011 O11
15 0000 0110 31 0000 0011 010
16 0000 0101 11 32 0000 0011 001

33 0000 0011 000
MBA stuffing 0000 0001 111
Start code 0001

3.2 Yoyaszyyiia (MTYPE) - annenalinai

o v Ao ' aq ¥ 9 - a o =1 =1 =Y =
fufswaitnnue hinsnlduendoyainvaiuudialasudenhiidusialauasd

4 = ] ° T P
pamlszneudoynlasingthe Taslimsedisdadaaaslilumsei n2

M0 0.2 AT NMIHAFINTY MTYPE

Prediction MQUANT MVD CBP TCOEFE VLC
Intra X 0001
Intra X X 0000 001
Inter X X | 1
Inter X X X 0000 1
Inter + MC X 0000 0000 1
Inter + MC X X X 0000 0001




MINN 0.2 (AB) MTMIHATIMTY MTYPE

65

Prediction MQUANT MVD CBP TCOEFE VLC
Inter + MC X X X X 0000 0000 01
Inter + MC + FIL X 001
Inter + MC + FIL X X X 01
Inter + MC + FIL X X X X 0000 01

NOTES

a4 ay o , < d
1. %" nnedsiideyauudsngegluuialasuaen
= = ' o
2. fiamuihuly ez dadeyaitames 11 uuin InsuAenuuy non-motion compensated Taslsznwlv

o d : i
dhausialasvdenuun MC + FIL Taviinamesmamdeuiidiugud

3.3 szaunieuIng (MQUANT) 5 1in

MQUANT wzilsnguiiieszy 131u MTYPE Wudsvaidmuamszaunaon Indily

Tunn 9 wialasvdonlunguussudendeyasunsziionezgrunuiidioa MQUANT fida

1 1ny

v d A - 1 =
3.4 deyanAMeIM3IAaEUN (MVD) - AN linan

o 2 o ' o d a =3 ¥
L’JﬂLﬁﬂiﬂ'lilﬂﬂﬂﬂﬂ‘il%‘i?ﬂﬂgﬁlulmﬂiﬂSllﬁﬂﬂimﬂ MC ‘V]ﬂ‘l_lﬂﬂﬂ MVD i]xvlﬂll'li]'lﬂ

o A - =] v oW o & - =] R
msaunamesmamaeuh luvdenileytiudunmmesmsdeun luuaeninium Tay

'd A - a p o 9 o -
nawesmsmaoui luudeniikiunezgnaaliidiugudlu 3 nsdiil

14

= o - o ' -
- udnlasudenndmde 1, 12 uag 23 Tugdn 2.5

o ar o L) A A Y 9 o =] o =
- mWMHIUNIUN MBA ‘lilm’lﬂ‘l] 1 (ﬂﬂiJﬂ'I'inuﬂJ'lllll.HﬂIﬂiﬂﬂﬂﬂﬂ'l'i]'lu?uﬂ'u\ﬂ)

- MTYPE vosvasniaiuun iy Mc

3 as ] i o [y o
MVD %zﬂiznauﬁ'wmsﬁﬂmmun'lum'ﬁmnmaaﬂﬂiznaummmuaumm’f'gu

fsnannue luasndmsuessnlsensumanun

=
AN N3

»
ar

A9 Tass1svanue hingniininy



M50 1.3 ATNMTHAVDI MVD

MVD Code
-16 & 16 0000 0011 001
-15 & 17 0000 0011 O11
-14 & 18 0000 0011 101
-13 & 19 0000 0011 111
-12 & 20 0000 0100 001
-11 & 21 0000 0100 011
-10 & 22 0000 0100 11
-9 & 23 0000 0101 01
-8 & 24 0000 0101 11
-7 & 25 0000 0111
-6 & 26 0000 1001
5 & 27 0000 1011
-4 & 28 0000 111
-3 & 29 0001 1
-2 & 30 0011
-1 011
0 1
1 010
2 & -30 0010
3 & -29 0001 0
4 & -28 0000 110
5 & -27 0000 1010
6 & -26 0000 1000
T & -25 0000 0110
g & -24 0000 0101 10
9.-& 23 0000 0101 00
10 & -22 0000 0100 10
11 & -21 0000 0100 010
12 & -20 0000 0100 000
1313819 0000 0011 110
14 & -18 0000 0011 100
1586 <17 0000 0011 010

66
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3.5 Jnupvudendeya (CBP) - e linsi

cBp wisingdloszylilu MTYPE  Wusswadiuaasgiuuuvesudeniidaly

a o 1
uiin Insuaenlaoa1 CBP vz ldnnauns 2.9

¢ g v
4. lawdIvasnvaya

o g = v d ¥ s a o a o
uuﬂiﬂiuaaﬂwuwzﬂi:ﬂaumuuaamamagmmuwma 8x8 WNla 4 Uaen
= 9 = a o ' o 3 ¥ o
oz 2 Uﬁﬂﬂﬂﬂgﬁﬂ]ﬂiuuuNQF(Cb 1Hay Cr aNae 1 Uﬁﬂﬂ) ﬂﬂuﬁﬂﬂﬂuﬂﬁsuaﬂﬂﬁz
1 o/ L) ﬂ( 4
ﬂiﬂﬂﬂﬂﬁ?ﬂﬂ1ﬂ4ﬁﬂﬂﬂﬂ?ﬁﬂﬂizﬂﬂﬁﬂ1iuﬂﬂQuﬁ3ﬂ1Nﬁ?ﬂﬁﬁﬂ!ﬂﬂ1ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂiﬂaDﬂ-

[ P o @ 1 d d @ 4
{030 (end of block marker) Aag1l n.4 uaziidrdumsdslunweivaondeyadazii n.s

TCOEFF EOB

! ¢ d
U n.4 uemalnseadradeyavesmwesuaendosya

Block layer

MB layer GEI e =

I__—] Fixed length CD Variable length

" o o " o
qui 0.5 namadwumsdluawesvaendeya

as a as £ o . LY
doyadulszininnaloniuesnlsznou DC o4 intrablock 92QNILITHARINAITI

“u a

M990 N4 A15TNMITHATINTU TCOEFF

Run Level Code
EOB 10
0 1 1s” If first coefficient in block
0 1 11s Not first coefficient in block




M13190 N.4 (AB) MINAIHAF MV TCOEFF

68

Run Level Code
0 2 0100 s

0 3 0010 1s

0 4 0000 110s

0 5 0010 0110 s

0 6 0010 0001 s

0 7 0000 0010 10s

0 8 0000 0001 1101 s
0 9 0000 0001 1000 s
0 10 0000 0001 0011 s
0 11 0000 0001 0000 s
0 12 0000 0000 1101 Os
0 13 0000 0000 1100 1s
0 14 0000 0000 1100 Os
0 15 0000 0000 1011 1s
1 1 011s

1 2 0001 10s

1 3 0010 0101 s

1 4 0000 0011 00s

1 A 0000 0001 1011 s
1 6 0000 0000 1011 Os
1 7 0000 0000 1010 1s
2 1 0101 s

2 2 0000 100s

2 3 0000 0010 1l1s

2 4 0000 0001 0100 s
2 5 0000 0000 1010 Os
3 1 0011 Is

3 2 0010 0100 s

3 3 0000 0001 1100 s
3 4 0000 0000 1001 Is
4 1 0011 Os

4 2 0000 0011 I1s

4 3 0000 0001 1001 1s




A1519N N.4 (AB) MTNATHATINMSY TCOEFF

69

Run Level Code
5 1 0001 11s
5 2 0000 0010 O1s
5 3 0000 0000 1001 0s
6 1 0001 Ols
6 2 0000 0001 1110 s
7 1 0001 00s
7 2 0000 0001 0101 s
8 1 0000 111s
8 2 0000 0001 0001 s
9 1 0000 101s
9 2 0000 0000 1000 Is
10 1 0010 O111 s
10 2 0000 0000 1000 Os
11 1 0010 0011 s
12 1 0010 0010 s
13 1 0010 0000 s
14 1 0000 0011 10s
15 | 0000 0011 Ols
16 1 0000 0010 00s
17 | 0000 0001 1111 s
18 1 0000 0001 1010 s
19 1 0000 0001 1001 s
20 | 0000 0001 O111 s
21 1 0000 0001 0110 s
22 | 0000 0000 1111 1s
23 1 0000 0000 1111 Os
24 1 0000 0000 1110 1s
25 1 0000 0000 1110 Os
26 I 0000 0000 1101 1s

Escape 0000 01

a) hign1dlu uiinlnsudenyiiaduns

o

Tag s LEAIDUAT DINLIVDITUTEANTA
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d‘ e = {
s=0 tledulszamiunniigud
f

s=1 edlszdniviovnngud

f

lunsdindulszantim linssamarsaii n.4 wgnidhsiadaesmsiasuam 20 fia
Aeg1ii n.6
Escape 6 11 I Run 6 1A I L-evel s-ﬁn.
(nnm:uﬁ 4) (ISR 5) (VN3 6)

J

31 n.6 uamslnssadedisanstinduilseandia luassmumsei n.a

M3199 1.5 A1519A1THA Run ¥4I 6 UA

Run Code
0 0000 00
| 0000 01
2 0000 10
63 1111
AN 1.6 AITA1THA Level ¥U1A 8 UA
Level Code
-128 FORBIDDEN
127 1000 0001
2 111 1110
-1 TIIIRIIt
0 FORBIDDEN
I 0000 0001
2 0000 0010
127 0111 1111




dupafsznou DC T intrablock vzgmdnsiamumae FLC lumsiei n.7

4 o d a = ¢
M99 0.7 M523 FLC Tumsidhsva DC veavaendeyasunsingnaieu Inguda

DC - Intrablock (quantized) FLC
1 0000 0001 (1)
2 0000 0010 (2)
3 0000 0011 (3)
127 0111 1111 (127)
128 1111 1111 (255)
129 1000 0001 (129)
253 1111 1101 (253)
254 1111 1110 (254)

NOTE - The decoded value corresponding to FLC “n” is 8n except

FLC 255 give 1024
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MANUIN .

d v
gasalanlUsunsmasHalInloMNIZUY H.261

' y ¥ '
Tsunsudnsiadalonm H.261 dhTUsunsunwennvuienaaesaiiesilandunis
B ludiumsdisvadalonimszuy H.261 aiwisaady inaaldsinlauing
http://www.angelfire.com/in/H261/index.html  Taweanuuumsiaulniudeyadunmn
M13ANTI99UA TN (video capture card) N Iamsanmuagluund wu vua Suoud
w3endunn INa AVI (*.avi), QCIF (*.qcif) wag CIF (*cif) nmiuiimsidisiadoya
a Y d o aey = - 'S
ounnmumasge H261 udunuemwn (lugduuvidledaaaiy H261) aslwemiyn
4
IWa

vaen laezunsundnmsianues Tlsunsuiidagli .1

|
\RBN video capture card |
|
| unzfiTwuAAMNTAN NI ;
' |
-7
|

- g
» O ] I
fimungluuy I Pre-processing
|

inpul video |

| unz output file (.261) |

1
. o rx » |
nmuuaRarifunIninin
Fladu callback |
|
\4

Sidya
| N1 capture

| No Caplure ll‘\d Encode

R

| dnisanwisle |
¥i

wazufu1ilu butter o

‘
dendoynlubutter |

Wawaaalu output file
; .

i Post-processing

.
AU

! o ¥ @ A
51 w1 uamsvden laezunsumsihou Tusunsudnsvada Tonw H261
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9 ola ] " 4 ar
Tnseasram TdvesTlsunsy gy i, wy, yasuazdu ) werds MFC
(Microsoft Fundamental Class) Tagfimsiiudauanuansalumsuaainmuazdsdoyann
o @ @ad [ a d 1 @ [ A‘l 1 o &
M3ans29303a lonmmaronsiy Idadunas dnndeudegamaanan Tlsunsuves
v
Video for Windows A1l

#include <vfw.h> 1A% #pragma comment(lib,"vfw32.1ib")
1. fewuiENAszUIUMIUIZUIaNA (Pre-processing)

A "
ABUNIIATINTVIAZINNTHAAA InNzAD I IUTUABUABUIENNTZUIUMSS2UIa-
~ a ' " o s o o ad

Hamead1amsAaaesznIe TlsunsudsHada lonm H261 AUMIAAITuIa lenmiay

wa A L3 o y
asrvaeuanunioyldiuvesmiauazguantianmiaawisoimld el ldsunsy
o -2 Y d v ad Y v Y vg 3
asanUUMIIMNULAzAIToYa9INMIAnIITLIA lenw lAoiagndes Taolvdly
Tsunsuiludimuazdunnvesda lenmnzdesmsasindy wu vna § unasiunuiae

A o a o ad A - a o
msuaaswauuvenmriammuasuyn Ialunsdifidensunnifnlonna Avi, QCIF

-~ o & 4 d ) d a o oA Y [ Y ar

w30 CIF uazfmmua¥e Ildieniymidesmsinuiinaaiui laninmsasiiuuaziinsialae

=r-v-1 ar dy
LGP
1 =Y 1 1 Y v A s d ar o ey
1.1 guAnneszHeldsunIuEnsHaInle H.261 NUMIANTIVVLIAIBMN

lunsdimaondunnialesnniianateiuialonm szdevimsadediudnde
sznnalalsunsudhsriada Tonmw H.261 fum3ians299u33 IonMAILUNIG handel (WA 32
Sadtsiarbidruluszouiulad) Smdannadunsindedii ﬂn1um11i’:%1=r’s'5wﬁmﬂ
afrlunisdanumiansesuialonmuasdiiinsngaldaiezdesiinsila handel finn
a%s mIasvmeu@mINz (Fu Mdwmsesuialesgnioti, wnavesnwiiuaasmalu
flagihy, SasursunmaeiniinuaasmaiaznsasdudalemanihnsuankauusenIn
THuA overlay W50 preview wazau q) sxirums 19 duo T dinsaasesuin lenm
TaudhaBaumunoiny handel tazifumanuzi 1813 1udns CAPSTATUS misasavaeoy
ANUANTOVDINIARTINTVIATEN M (13u seaTuTnuAMTUAAIND overlay W30,
ausaasesuiEs ldndouduialonwldniehivazdu ) sxdrums19iatdunnsly
aniansnesudaToniwlnudiadatuminoiay handel uaziumaniuzild13luduls

CAPDRIVERCAPS
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1.2 Mmuanuautinens q lumsaanerumsansieduialenm

™ o o Pl v aa =K 9 a o
msdenumav lasnesveinsaniniuia lenmndesams ¥ (lunsunimes
- P=1 o @ ad [ A a o d
1 105099199211N13AATIVIA 1omMWuInn1 1 1) Hed9InszuuIu ladogiuenuoznia
o et " @ 1 o d = =) o o =Y n’f‘ @ 3
A5299137 lonmuaazaariumavinmay lasies @in 0-9 FoamuMAUNITAAAY) AatiY
A 9 o @ e o o Y E a w o o 4
msaenldaumsansanivialenmaalanvzdsedsvanunmonylasnesvesnsansin
o o LY :
V38 Ton1naTu
9 o wa ac Y [ [l - Y o ar
Aldannsadmuaguautiauesidleduyn1d wu ma@endunn (Miavedien
fusuwnldvaouuy)  wazdmuaquanifuoduwnld Wy vinavesnw msdiuany
Wy lumsuaaana ANazdoavesd (SuIula/Mnera) MIaon IMYUANIUAAINALILY

overlay W30 preview
1.3 mvualvldeinn (261)

' b4
Tg e mua IdndesmstuiiniaTedaaniu H261 vinduasusuiinuazdsra

A

ad 4 ar 1 .J ' =t U
Falonm daelvandoamstalil Tsunsudveadralidnivu uadilegudaTsunsun

e

vzav Waiunoundlveade Ina v
v Aﬂ'l o s 9 o as
1.4 M3a319 thread INOMMSUBNNTZUIUMS (process) ATIVVVLAZINIIHAINONIN

YiM3a1a thread RDILOANTZUIUMIAS ITUMs UM WLAZIISHEIA ToN W 111B9
- & a o
vnlassafallsunsui MEC afadusziluTisunsunyy thread Hoa Ao M3MNUYDS
7o ¥ v v INS © ' - 1 a

Wandula 9 Tsunsuezdesselidansnivaumannuneudnzannsoneuauoifedy
wnuoad 19 Tlsunsuld wazmadisiada Tenmeziluflaidumsiauienuazederio
@ I:: o ar dy = A " 4
gaiudsiniudeanonnszurumsidnsianimiieendludn thread nilsdreminie Iiaunse
apvaueiod 1 lsunsuld (du dalingamsidhsria) mauon thread inldTaomsain

Aad (derive class) 910 CWinThread
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1.5 MruaanyuSsnnay (callback function)

TunsainFUBUNNIINMIAATINTLIA Tonm 1HBI9INTZUUMIATINTUIMIUAINYBY

o @ ad =Y o ] ' o A d W ] da o
M3 ART913A len mazliuendumuanisanuiinuteyamsunwiumsflanguison
- A @ myo o o P A Ado 9 -
naunn q asaniimsasetumsunmlnilddnse musasisudednniimualy - Tun
i A A ' o v 3 o = ¢
fldmunasgiu H261 A9 29.97 Hz 1691992 0mMIUNNaMsumImMsnanuvesnsa

@ ad ° ) - 9 @ ad o " ar ..’,'
@5299038 Tonnam lununSe Tsunsudisvadalenm H.261 Haw iy anius

2 v o su o o A v Y2 o ) ' o A4 d W
“QQQQﬂTHUﬂ‘WQﬂ‘UUﬁUﬂﬂaﬂlw91ﬂﬁ1n1SQZﬂQﬁnlﬂuQﬂu'JUﬂ’nnTl'l'ﬂlﬂll'ﬂﬂﬂa!ﬂlﬂ'iuﬂ'lwhlﬁ
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AN ERROR CONCEALMENT METHOD FOR THE DECODING H.261 MACROBLOCK
USING EXTRAPOLATION OF THE MOTION VECTORS FROM THE PREVIOUS FRAMES

Kraisin Songwatana and Thurdsak Thanakijprapar
Faculty of Engineering
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3-2 Chalongkrung Road, Ladkrabang, Bangkok 10520
Tel: 662 3269967; E-mail: kim@thai.com
Abstract

The concealment of error in the H.261 standard video stream is important in any video
conferencing session as error in the bitstream can affect not only its corresponding picture element but
also other neighboring elements in the same frame and other frames that reference the erroneous
element. The error can propagate until the starting of a new Group of Block (GOB) if it is not detected.
The result is a display of un-intelligible portion of image on the display device. This portion of image
can be small (just on block of picture) or large (the whole GOB). The effect of error can also be
sustaining, if error block is being referenced.

This paper presents a method for concealment of error in macroblock upon detection of error
while decoding the H.261 bitstream. Temporal error concealment using motion vector from previous
frames is applied. An array of motion vectors from previous P-frames is formulated and the result is
used to extrapolate for motion vector in the current macroblock. If one of the previous frames is an I-

frame (or a P-frame with I-macroblock being referenced), a motion vector is then estimated from the

frame and its neighbers.
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1. Introduction

Multimedia communications, such as video conferencing, requires large amount of
information to be transmitted. This gives rise to the development of video information compression to
reduce the amount of transmitting information, and the development of standard for video compression
to allow interoperability among manufacturers’ systems. The International Telecommunication Union
(ITU) has recommended the H.261 to be the standard encoder and decoder (CODEC) for video
conferencing with transmission bit rate of px64 kbps where p =1, 2,..., 30.

The video conferencing standards, H.321 for high-speed ATM network applications and
H.323 for Local Area Network (LAN) and Internet applications, define H.261 as one of the video
CODEC. However, both standards has recommended a non-guaranteed quality of service (QOS),
which means the packet received by the decoder may or may not be correct due to error in the
transmission system. The decoder at the end-of-line will have the task to detect these errors and
conceal them. While the error-concealment process is not part of the recommended H.261 standard, it
can be implemented as an option within the decoder to improve the video quality as a whole.

The option for implementing digital video error concealment in H.261 CODEC are:
concealment of error using information from present frame; using information from previous frames;
and using information from both present and previous frames. The concealment of error in the first
option needs correct information within the frame. As errors tend to propagate within the Group of
Block (GOB), it is often encountered that more than one macroblocks are corrupted within the GOB.
This makes the estimation more complicated and less accurate, as more macroblocks are corrupted.
The third option does allow higher degree of flexibility. However, it requires more processing time and
resources. This paper proposes a method of error concealment using the second option. The
information from the previous frames, basically the motion vectors, is used to estimate the motion
vector of the corrupted macroblock. The information is then reclaimed from the previous frame to
replace the corrupted block with the assumption of zero error signals. The source error in the GOB is
found by using the backtracking method proposed by Wen-Jeng Chu and Jin-Jang Leou[l]. The
process for detection and concealment of error is summarized in Figure 1.

Start

4t Decode picture

Any GOB
in emor ?

| Yes
L&
Error back tracking
i
v
. Emor Concealment |

915 2l !
'

more
picture ?

| No
v

End

Figure 1. Flowchart for the detection and concealment of errors
in the H.261 standard video bitstream.

2. Detecting errors and locating the initial source of error

The structure of the H.261 video bitstream is divided into 4 layers: picture layer, GOB layer,
macroblock layer, and block layer as shown in Figure 2. The synchronization codes are the Picture
Start Code (PSC) and GOB Start Code (GBSC) found in the picture layer and GOB layer respectively.



88
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PICTURE F 1 3 | : I ; i i : T =

cl;_AYER | picture 7 picture picture picture ‘ picture | leiurg ] . V??Ftufa _
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GROUP OF BLOCKS LAYER GOB GoB ) | | GOB ‘ QCIF = 3 GOB
MACROBLOCK macroblock  macroblock | macroblock = macroblock | macroblock | macroblock |
LAYER o | i | mee | J

BLOCK LAYER block | block | block i block \ block ‘ block 1

Figure 2. The structure of video bitstream in the H.261 standard [3]

The criteria for error detection are as followed:

N —

O 1 s 13

Codeword has unrecognized Huffman code,

GOB index is out of range, anything other than 1, 3, and 5 for QCIF format or beyond 12 for CIF
format,

The macroblock index is larger than 33,

The number of decoded DCT pixels is more than 64,

The DC codeword in the intrablock has the value of 00000000 or 10000000, and

Impossible values: the macroblock types in the first frame are not all INTRA, the GOB index at
present is less than or equal to the GOB index of the previous GOB, the motion vectors have a
value beyond the range -15 to 16, or the quantization factor (QUANT) is beyond the range 1 to 31.

When the error is detected, the erroneous macroblock index in the GOB is marked and the
decoding process skips to the next picture or GOB by locating the next start code (PSC or GBSC).
After the frame is decoded, the error backtracking process is carried out to locate the first
macroblock in error.

2.1 Weh-Jeng Chu's and Jin-Jang Leou's Backtracking Methods

( start

I locate marked
macroblock frem
| decoding

calculate AlID and AID,
» of the preceding

macroblock
I
No
IsAID > T, Mark as
orAlD, > T, good macroblock
Mark as
error macroblock
No Is the marked Yes Y

macroblock is first ( end )

in GOB?

Figure 3. Flowchart for the error backtracking method in GOB layer.

The error backtracking method is first carried out on the preceding macroblock of the marked

macroblock detected from the coding error. The backtracking process is then carried out in the reverse

order till a good macroblock is located within the GOB or the first macroblock in GOB is reached. The
decision, whether the macroblock is erroneous, is done by comparing the average intersample
difference (AID) [2] and the average intersample difference across the block boundary (AIDy) [2] of
the macroblock with threshold T, and Tag values respectively. The macroblock is marked as

erroneous or corrupted if either AID or AID, are larger than the thresholds.
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The AID value indicates the smoothness of a macroblock and the AID, value indicates
sharpness between macroblock and its neighbors. In normal uncorrupted picture both AID and AID,
values of the macroblock are small. The AID and AID,, are as followed.

N—IN—I N—IN—I
> ey =i =1y+ 0 Doy =1y =)
y=0x=1 x=0y=I
AID(C) = (D
2XNX(N—1)

where  C is the N x N matrix of picture element
I(x,y) is pixel value at coordinate x and y
N =16 in Y component block and 8 in Cy and Cg component blocks
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Figure 4. Evaluation of AID; between macroblock C and its neighbors A and B.

The value of AID, of macroblock C is computed using the boundary pixels in macroblock C
next to boundary pixels in the neighboring macroblocks A and B. AID, value for macroblock C in
Figure 4 is

c—a

2)

A[Db(C:A,B)—— Z[c —b, |+

where A, B and C are N x N macroblock.
* is the pixel value of macroblock A at coordinate i that is in contact with macroblock C.
b, is the pixel value of macroblock B at coordinate i that is in contact with macroblock C.
¢* and ¢, are the pixel values of macroblock C at coordinate i that are in connect to
macroblocks A and B respectively.

The T,q and Taig values used in this paper are 10 and 17 respectively. They are obtained by
experimenting with various sources of video. If AID is more than T4 or AIDy is more than Tiig, the
macroblock will be marked as corrupted and the process is repeated on the preceding macroblock of the
marked. If AID equals or less than Tyy and AID, equals or less than Tya, good macroblock is found
and the process ends. An example of locating the error source by backtracking is shown in Figure 5.
The macroblock number 30 is the marked macroblock from the decoding process.  The first
macroblock for error backtracking is macroblock number 29. AID and AID, are calculated for the
macroblock 29 and compared with T, and T,g. The macroblock is found to be corrupted. The
process is then repeated with macroblock 28, 27 and so on until a good macroblock is reached
(macroblock 2). The process then stops and the initial source of error is found to be in macroblock 3.

GOB layer First error macroblock n GOB
armor macroblock

detecied by decoding ﬁ
2 (detected hom decoding)

eror macroblock
(marked by error backiracking)

good macroblock

>

" backiracking

First good macroblock Fust macrobloch lor eror back iracking

detected from error backiracing

Figure 5. The example of locating the error source by backtracking.
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2.2 Concealment of errors in the video frames.

extrapolation motion vector

|
’ | macroblock use for extrapolation
[Mya M) past 3" rame - 1,
. corrupted macrotlock
past 2 frame - [,
M M,)
Mg M) Kl A past 1¥ frame - f,

Current frame -
MM, ’ h

Figure 6. Position of macroblocks whose motion vectors are used to
extrapolate the motion vector for the corrupted macroblock

The process for error concealment chosen for this paper is an extrapolation of motion vector
for the corrupted macroblock from motion vectors of the same-positioned macroblocks located in the
last three frames as shown in Figure 6. The motion vector is separated into horizontal and vertical
components and each component is extrapolated using 1-dimensional quadratic extrapolation.

Myo | gt i =82 k! L= — ) M3 L =) —6) Mx3

()
Myg | (=) —6) [My2 | (6 =6 —f)[Mya | (6 — )6 —16) [ Mys
_MXO_
where is extrapolated motion vector for the corrupted macroblock in present frame
| Mvo |
Ma B Mxa M _
- and are motion vector of macroblocks in frame fj, f; and 5
| MY\ BMvy2 My

respectively.

In the case of intra-macroblock and the motion vector does not exist for the required
macroblock, the decoder will compute motion vector for that macroblock by using a logarithmic
algorithm. [3]

3. The experiment and result

We have implemented the error concealment method on the H.261 encoder and decoder
programs [4] written on visual ct++ language in a personal computer with Pentium II 300 MHz
processor, RAM of 128 MB and Windows NT operating system.

The H.261 encoder program is used to encode ClF-size video input file (*.CIF) with
quantization parameter 8 (total 31 levels: 1-31). The encoded files have only one I-frame at beginning
with the rest coded in P-frames. They are stored in H.261 file (*.261). These H.261 files are then used
to test the error-concealing performance of the algorithm implemented on the H.261 decoder program.

The errors are simulated in the H.261 files by replacing bits at random positions in the H.261
files. The Bit Error Rate (BER) is assigned from 0.01 to 0.5%. The corrupted H.261 files are then
decoded. The quality of resultant video are measured by the average peak signal-to-noise ratio (PSNR
- dB). PSNR of the i"" picture is

(4XPSNRy )+ PSNR. ; +PSNR(.
, ks =
PSNR ; = @)
6
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where PSNRy ;, PSNRCB ; and PSNRCR‘iare PSNR of Y, Cg and Cr components of i* picture

respectively. The PSNR of the video sequence (PSNRgp) ) is

n
PSNRgzq = D (PSNR )/ (5)
1=l
where n is number of pictures in the video. The PSNRg, of the uncorrupted, corrupted and error-

concealed videos are shown in Table 1.

Table 1. The PSNRg, of the uncorrupted, corrupted and error-concealed videos,
and the decoded frame rate of the uncorrupted and error-concealed videos at BER 0.01 —0.5%

Video Frame rate (fps)
BER (CIF-90 PSNRgEq (4B) i
frames) uncorrupted corrupted error-concealed uncorrupted error-concealed
SIGN 37.66 34.72 37.01 29.88 29.69
0.01% PARIS 34.76 28.85 33.08 26.81 26.60
MAD 37.75 30.09 37:29 27.67 27.60
SIGN 37.66 28.96 36.22 29.88 29.64
0.03% PARIS 34.76 26.41 30.03 26.81 26.56
MAD 37.75 29.42 35.90 27.67 27.55
SIGN 37.66 2791 33.41 29.88 29.62
0.05% PARIS 34.76 22.53 28.77 26.81 26.55
MAD TS 28.01 35.74 27.67 27.52
SIGN 37.66 2697 3175 29.88 29.85
0.07% PARIS 34.76 21.97 27.46 26.81 26.57
MAD 37.75 26.20 34.40 27.67 2152
SIGN 37.66 25.59 31.21 29.88 30.04
0.09% PARIS 34.76 20.73 21.35 26.81 26.79
MAD 3143 25.57 3222 27.67 27.56
SIGN 37.66 2532 30.50 20.88 30.04
0.1% PARIS 34.76 20.51 26.56 26.81 26.81
MAD 37.75 24.23 ‘ 31.94 27.67 27.56
SIGN 37.66 2423 29.45 29.88 30.10
0.2% PARIS 34.76 18.75 25.83 26.81 26.88
MAD 37.75 23.13 31.80 27.67 27.57
SIGN 37.66 73172 2691 29.88 30.13
0.5% PARIS 3476 17.26 22.88 26.81 26.94
MAD 37.75 22.28 29.22 27.67 27.61

The results in Table 1 indicates that the error concealment using extrapolation of the motion
vectors from previous frames can help preserving the quality of video by improving the PSNRggq by 3-
8 dB over the corrupted videos. However the error-concealed videos still have lower PSNRsgq as
compared to the uncorrupted and it is seen that PSNRsgq gets worse with BER, even after concealment.

Images of the corrupted and error-concealed video used in the experiment are shown in Figure
7.8 and 9. It is seen that the error concealment by extrapolation of motion vector works very well for
video sequences SIGN and MAD. The method can satisfactory conceal error up to 0.1% of BER.
However, the concealment method does not work too well with video sequence PARIS. This can be
explained by the fact that PARIS video has a lot more high frequency information than SIGN and
MAD as seen is Figure 8.

As indicated from Table 1, the error concealment method uses little processing time.
Decoding corrupted video with error concealment may even be faster than decoding uncorrupted video
when BER is higher than 0.09%. This is because the corrupted video has erroneous macroblocks,
which cause the decoder to skip to the next GOB upon detection. This skipping reduces the time for
decoding the entire frame. Error concealment will consume some processing time. However, the
method of extrapolation of motion vectors requires only two one-dimensional quadratic polynomial
calculations, which may take less processing time than decoding the uncorrupted macroblock itself.

4. Conclusion

The error concealment using extrapolation of the motion vectors from previous frames is
capable of preserving the video quality by about 3-8 dB over the corrupted at any BER. The algorithm
for detecting and concealment method is fast and straightforward. It can take iess time to estimate the




motion vector and replacing the macroblock than decoding the uncorrupted block itself. This method
of error concealment can then be implemented in real-time system.
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amples of the decoded pictures

(1) (ii)
Figure 7. SIGN video (i) corrupted at BER 0.03%
(ii) the error-concealed using extrapolation of the motion vectors from previous frames
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(ii)
Figure 8. PARIS video (i) corrupted at BER 0.03%
(b) the error-concealed using extrapolation of the motion vectors from previous frames
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(ii
Figure 9. MAD video (ii) corrupted at BER 0.03%
(ii) the error-concealed using extrapolation of the motion vectors from previous frames
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