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## 4470710921 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: RATE CONTROL / H.264/MPEG-4 PART 10 / FRAME SKIPPING / LOW DELAY / AVC

PORNTHEP NAVAKITKANOK : LOW DELAY RATE CONTROL FOR ADVANCED
VIDEO CODING STANDARD. THESIS ADVISOR: SUPAVADEE ARAMVITH,
Ph.D.,102 pp. ISBN 974-17-4338-6.

The upcoming H.264/MPEG-4 Advanced Video Coding (AVC) video
compression standard promises a significant improvement in term of providing at least
2x compression improvement over all previous video compression standards. One
important component of video codec is rate control. It is a necessary part of an
encoder to allocate the suitable number of bits to each video frame and then smooth
out the variable bit rate to constant bit-rate channel. In this thesis, we study the impact
of low delay constraint on the rate control algorithm proposed for AVC, and show that
the performance of AVC rate control is degraded under such low delay constraint. This
results in PSNR degradation and many skipped frames. We then propose an improved
rate control scheme to effectively allocate the number of bits and monitor the buffer
fullness. By adaptively selecting target bit weighting factor and condition for
quantization parameter setting, simulation results show that our proposed rate control
scheme encodes the video sequences with less frame skipping and with PSNR

improvement in the range of 0.3 to 1.19 dB compared to rate control for AVC.
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FEMINNNULL | P uaz B iludagin 2.2 amwisuanaud 4 aadluniwwuy P 1dainnng

¥ a

ANNBIUNIHANAUN 1 (guus 1) dauannuy B edaamsnluansud 2 waz 3 1dannnns

AR THLLL | LAY P
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222 NSNS RaNe SN

[
a

nisdhsiaTiatitlunisanandtenlulamulani (Spatial Redundancy)

[ v
A a o

1easnn AN dudadayaiugunisiatsunanngdenaesdoyanieluniiamsn

&9

TnenatinsineAsil

317 2.2 Poudnsiusazndnamsuuy | P sy B lunisinunanisinaeui

1. nMeAeulnduUUBINLYERNIIAAAINANTBIAANTN (Coarse Quantization or Depth
Reduction) Lﬂummmﬁﬁmwﬁmﬂ@m’1ﬂﬁlumlw‘ﬂmﬂ%mﬂmmmqummmwgnﬁqiﬂ

2. n3dsauuunisiklas (Transform coding) %I\‘]LﬂuﬂW?LLﬂ@\‘l‘}J/@Mﬂ@ﬂ’]W@’mTﬂLNuﬂ?‘Qﬁ
(Spatial domain) Fulmauaangd (Frequency Domain) z’q’uﬂizaw’ﬁf@mmmﬂm%@g
ugilaesdiRuasgninlfeyafiaiievnnisdnsiasely

3. mgiareulnduuinmes (Vector Quantization) dayanIwargnutianguuazians
wnusedyaneaiaingasia (code book) L‘ﬁl@ﬁqﬂﬂ@mﬁmﬁﬂwaﬂmumﬁ&u il

n13uszusinanuaLf 111944

v
Aa o o

dmFuunsgunIassiadoynnnnviadiugs [20] N sang L

suuivaanidluudan doudsznauanudiuuasauin 4x4 apnniaan 9 Tunauay Uaen

AULlITNaUANITNLAIIUIA 16x16 AANTN YI9uNA 4 Tuda wazdmiuudengdullszney
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A1um 4x4 qan 4 Tnue TaenisenuuaneInsdnsiaaanaInnIIuIAIAINLEN

sin9dnNLIndsan (Sum Absolute Difference :SAD) NtiaeiNgn AIaNN9N (2.1)

N N

SAD =>">"|I(i, j)—-O(, j)| (2.1)

i-1 j=1

Tae? N x N ifluruauéaen
. . A 1 v dl Y
1(i, j) Aa Ardautlsznaumauidnnasildainnisssan
. e | 1 1 v Z’/ a
O(i, ) A AEULIzNALANINIINLAIAILAN

A miutaandautlsznaumnuduiasIug 4x4 apnnniazinnsdngia
waAILN 2.3 TasusiazaanIn (a D9 p) @anmnsauanesagln 2.4 Tnawsasuuaiisng

= o g
AZLALUAANU

, Bl ono
91171 2.3 doutlsenauANNENLAIIWIA 4 X 4 9ANTW [20]

K i j k I

A m n o p

917 2.4 AundsdautsznaumaudnuasIuin 4 x 4 9ANn
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9um 0 mmmémf;mmnm?ﬂizmmhumf;”w’m@qmmw A B C uaz D
a1 gunsaAusniaInnIstszanaluuuaueuaINgAnIn | J K uas L
TR 2 GNNT0ANUIIANANIRAERIA A B C D Uag | J K uag L

TR 3 FNUNTAUIDAINUUANLENF BT 45 937 ANFLAININII7
TNA 4 A1UNTDATLINIAINULINLETINT 45 BAN AINTNAIHNIENE
A 5 GINNI0AIA0 26,6 IANLLIAINIINANNEN AN
TR 6 A1NITDAIUILIT 26.6 BIANANNIILLIURLANNENLAIININUIN
TR 7 SNNT0ANLINIT 26,6 B4ANMIIRINNTINANTNAIINIE e

Tum 8 A1N1TDATUARN 26.6 BIAIGINTTLUINBUANUINAININE el
Tpagnisnuanafagili 2.5

Amduudendauilsznauaniduugaawnn 16x16 annIw ax1samn e

1%

AN 4 TWuA EazIRLAAIL

s 0 gunsaAuessanAastssin Ul NNgNaANIN H
T 1 awnsnAusiaInnIsdsziluugsaaInnguannIn v
TUuA 2 AMNIDAIUIUANNANRREANANANAANN H WAz V

A 3 a11190AUIIRAINNENAANTIN H TURLINULENAINTNHNIEIY kaTNgNATN
qanan V luuuanueaindaeliann

Tnaaunsnuanesagli 2.6



Mode 0 Mode 1

M|A|B|C|D|E F | G M| A|B|C|D|E F | G
J J >
K K >
A \j A Y|y A >
Mode 2 Mode 3
M|A|B|Cc|D|E|F]|oc M| A|B|cCc|D|E F | c
|
; MEAN v
(A.D
K I"H) K
A A
Mode 4 Mode 5
M| A|B| e| D|E]|F |G M|A|B|C|D|E F | G
I
J J
K K
A A
Mode 6 Mode 7
M|A|B|Cc|D|E]|F]| oG M|A|B|C|D|E F | G
|
J J
K K
A A

Mode 8

K B

317 2.5 nadnsiane lusnaesdoulsenauanndiLasIuNg 4x4 ANNW

MuA 0 D4 8
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MOEIe 0 Mode 1 Mode2 Mode 3

I
T
T

A\
N
A\

M e V M Mean (H+V) V /

L_lvwwy \ 4 > /

7U71 2.6 nadhssianielumlangesdaudsznauauiduuasun 16x16 annn

WA 0093

A miunmsdhsianie umsnesdeutlssneumnuidndawn 8x8 annn

ianun 4 TnuadneAffeNUNI9M99aNe U sH 99891 72 Na LA NI N LA IUI A

16x16 9ANN

223 NISNTUATETUININNSH

=

Wasanndnynnaaiaimetintiuasiaonduiusszndnsdayanialfni-

o

o 9 A v

198" (Spatial temporal correlation) @ liiARA NI TauIRTaYys adesnsandaya

=)

% £ d’jd v a ' o di/
gdfauiadliinainsig °] PNU

1. nadhsialuLEnAYeENeEeaanI19a (Time Sub-sampling Coding) nN9Ldinswa
Qddﬁl o v v v 1 o v o o/ 1 dl
rnzLneen Aatn liandaya liuanusatanTia s un A NsaLies
2. nn3dnsaA1AINNmNg (Different Coding) § 2 LUL A N1TENIRALRNIZANNAN
sruINaId  LATNISENITAANAINNANGTTMINaUABN  (Block-Based  Different
Coding)  Imgn1sdns AN AINNANNTEMI 1NN aNARANANAUETR9A AL
dl a o a U =3 [ % 1 U 7N % ] 1
nnegRaiuANNAG1EARITL Lianafeslddauia (overhead) Tunistsuandn
£ o ) 4 X \ ] .,
qanwladninasunlas. aananlalidnisdasunilas daunisdnsiasimang
rfmﬁ‘wdfmuﬁ@ﬂﬁmﬁumqﬁquzgﬂLLﬂQLﬂuuﬁﬂﬂﬂ'ﬂﬂ 1 feu uARINUUUAAL
< o =
vaanazgnUiNInfFuLme
3. nsszanaunnAaeud (Motion Estimation) WAy A13TAENITAABUN (Motion
Compensation) 1luasnisandeyaluniadnsia  Tnadisiaenizaauuansg

A e o D o a0 =
wnunazdnsiaiamsn  Tnasiald Liﬁmm?mwmmmmmammwiumwmm?

indaunaaeing IAiasuanqantslusuntishldiqnaulumsndall drsaune
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° P A A ] - dl a o § v
MWM’]LLM%GVILH@H%LM@QM@@WL‘Eﬁlﬂfm FINLARATNITIANR LN Vmiﬁ@qﬂqﬁ‘ﬂﬂmﬁqu

¥
Yy adada |

wanFallls A3RESNIY ANTAENITAANA NNTUsTNINNTARRURAILN

o o = o

vmdAy ludanaesnisdusadnyeunndnvicl
2.2.4 n1suUaazdauIasaniswilas (Transform and Inverse Transform)

NM?gU H.263 1dn1sutlasuuy DCT 1u1auAen 8x8 AN UA& ML

NIMIFIU H.264 1EN1suLlasiuaIuauin (Integer Transform) 1U1ALABN 4x4 qANIN

nsutasuuuanuaudn U uaInnisilatiuy DCT Sensiiinaunefanisudasasi
Use@nsnmnandngduuunasudasuuy DCT Iagdiuaeniudnsiawuunialumean A
AuisrAnanszuanse DG (Direct Coefficient) wadUAandiutsznauAuidulasazgniin

o o ° ) , v = o . @ A A o A
N'\“’Q@L?ﬁl\‘]LL@gﬁwqﬂq?@ﬂﬂﬂ@u LL@Q@QWqﬂq?@Qm@H@m@QU@@ﬂVIW]@ﬂLL@@\?@QE‘UVI 2.7

-1 16x16 16 17
DC

] L] L1 ] i L ] ]

0 1 2 3 18 19 22\ | 23
g g 2 | g g g g

4 5 6 o 20 | 21 24 | 25
L] L] L] i

8 9 10 11 Cb Cr
L] i L 2

12 13 14 15

Luma

&
=

2109 2.7 N33AFeNANA NI AN

a

AINTUE X AUA 4x4 AT AIRINTDANUIULARNNANNIN (2.2)

a a a a a b a C
; |b ¢ -c -Db X a ¢ —-a -b
Y =AXA" = (2.2)
a —-a —-a a a -¢c —-a b
c -b b -c a -b a -c
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2.2.5 nisaraulnduaznsaunumanilszansnle

nsateulndiiludunavaesnisgadadeyaunedsu nisgrydedeyatues
o a

uﬁm%uiwmm%mmmmw%mmmnmmm famalilunn mm@u%ﬁmmm@m

k1]

@edayahildae faiinndenmenlndifluduneniislrnndnfyseduaudaiianiadn

samsiiuandioe dmduninsgan H.263 lanavusduaesnisateulnd (quantization

step) 137 32 szAvuslunnsgan H.264 lanmuaduasinasaseulng (quantization step)

'
a S

149 51 32fy Andutls=@viaaedn suilaaus iy Andudls=Ava Nogn1esuLuEIe
Hpaz Lmummmﬂ?mmﬁmwummm DC (Direct Current Coefﬁment) fwmmnm LL@J]LM@@
BandndutlssAvanssugadu AC (Alternate Current Coefficient) waziiiasinunizaseing
BearndutlsyAna FiiufinfadlneEuanAdulszana DC %ﬂummﬁ’m H.264 Haxiia
Fearnduilsz@vaeg 2 33Ae nanaauuLdnudn (Zigzag scan) Lﬂiﬁ%ﬁﬁfagimﬁﬂﬂu
NIRTFIU H.263 337 2 e n13N9IALLLE (Double scan) AT B A duLszAnane

2 78 uanaAagLin 2.8

5

ﬂ7ZG 0—>1—>2 5
L7 %
LK Bl

(%)

717 2.8 3An1INTAANANLITANBULLEN LN IAT WL A
2.2.6 Mmswnsialaulnsi

v - [
WudunaunisudatAtainduilsz@ninieanudnlgannnisananlng e

duarluwiaiwedaduinasrueenll Ineninsgiu H264 H3snadnsiaeuinet 2 78
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Aa Context-Adaptive Variable Length Coding (CAVLC) [21] war Context-Based
Adaptive Arithmetic Coding (CABAC) [21] 1a&Q5 CABAC @1u13nanensdnlaninndn
CAVLC 1szunnd 5%-15% [18]

227 nmsUszuun1sLARaun  (Motion Estimation) Wag NISEALEENISLARAUN

(Motion compensation)

n1sdszininiaAaennlunIIMAHLANENIEHd 19gAN NN A AARES

]
[ % g A aaA

AuszndrunsnaaasunaanuinslnfisunetAafiua sl A anduiusgarsanizansdd

v
o

14 !
ANTNFRUNINAT AHa ANt sndn sz NuAnseunuiazdnsiaianaw e
ld  wansnsnanyAdaresaan wlinInainseaeuesdng Ifiaeuanqaniily

wlsnuileliqeaulumsutnll - dsanmnsnmaumisiulasunlasizanizandt  1n

¥
a al

- 4 Ao ey : Y axy . & A
ARTNITEANRUN wﬂ‘wmmm@mmmumnmamiﬂim ADULTENIT NITTALTENITIARDUN

Tnavialilaungesudanildlunissamanisipfaeuniauin 16x16 1sa 8x8

QAN T9IUNRIFIU H.264 A mFLLARNRRIWIA 16x16 9ANIN AMNITILLNIBIALASN

TN AAN1FaNe 4 WUL AD 16x16 16x8 8x16 8x8 AANIW WARPNAILN 2.9 uas
=

AmFuuRanidaun 8x8 aanan @unsauNIRauIAAN1ABN4 uuL AD 8x8 8x4 4x8

LAY 4x4 AN Wansagl 2.10

16 8 8

16 0 0 1
1 2 3

1 2 3

717 2.10 NMautisuABNIUIA 8x8 AN
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o o A (3 oI/ <3 1 o [ dall allall
ZQ’M‘J‘Uﬂ’]ﬁ‘L@@ﬂ?Ju’]ﬂ‘ll’ﬂ\‘lll@'ﬂﬂtﬂﬁl‘l/]’ﬂﬂ m@n‘umm%mmm::mmuwumm

'
o aaa

X ﬂHmVL‘ﬂﬂW‘uﬁ (Homogeneous) LL@”U@’ﬂﬂ‘ﬂu’]ﬂL@ﬂLMN’]”Z@’]Mﬁ‘HﬁuV}V}N?Wﬂ@ ZIRUANN

m?LL'i_immmmmﬁquﬂﬁ 2.111[20]

‘]Jﬁ 2.11 LL@@QﬂW?LLU\?U@ﬂﬂﬂﬁﬁlluﬂﬁW[20]

A o 2a - v = . ' o

Waninisudennianninlnapeunningasendtansntiaqiuuaz s
1 £ b5 [~ ‘dl v g dl b5 o
Aeunin TunnsAunudeni natAsea N LUANLNNIAWN (Search area) WaAIAY

dl Qdd‘ Yo ¥ 1 [~ :// gq’/ = ac 1 1 1

U 2.12 TnedsnldinaaulnalAeNIznINUAANINARIURNANEAT W ANANHKANFNS
duys yrnfieas (Mean Absolute Difference: MAD) A4&:N19% (2.3) ANAIMNLANFNANAIRDY
994 (Sum Square Difference: SSD) A9@Nn137 (2.4) ANNLANFNNENYINITIN (Sum

Absolute Difference: SAD) Iagimumdanilasuilasdanda wamasnisaaaud

1 Xx+N-1y+N-1

MAD(dx, dy) = r e > (mn) =1y (m+ dx, n+ dy)| (2.3)
m=X n=y

x+N—1y+N—1

SSD(dx, dy)_— Z Z J(mn)—=1, (m+dx,n+dy)>  (2.4)

1989 N x N A 1U1A1a4LARN

(mn) e ArpuduLasasn k AR (m,n)

MAD(dx,dy) Aa Araaauuanstsdnysniiaas iWannmasnisnaauimingy (m,n)
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SSD(dx, dy) AR ANANLANFANNNAIAR999: WHANAAFNTARAUNYINAL (m,n)

search Area

[]
motiol /L

vector|a] turnent|block

92109 2.12 N33z anIgLAaaLN

L1l

AMFuNInIgIL H.264 AiaszAuAMLNLEN28aNsLsTNuNITIAREY
TwaanniBuuLuATIRAN N (Half-pixel Motion Estimation) W 1/4 uaz 1/8 qanws
2181700 Wi un12IP AL tA RN L8N AanFunnslssinaunisAdauluaannLEN

WUUATIQANIN ANNITOLAAS ARSI 2,13

(6, bb D
E F G b H | J
cc dd h m e ff:
K L M S H P Q

917 2.13 NMINIAIRANINIZUT N 2 9ANTN

a

N19MANTENINNqAN AN TN IFaInneLszanauAnlugae (Interpolated)

InelE9asnsaanauduasaNwadanina (Finite Impulse Response (FIR) filter) 6 woy @494
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asnsaNEANTastinvinge (1/32 -5/32 5/8 5/8 -5/32 1/32) [20] W F@4N1INIRANIN b

aNN90AUINALAAINAANIW E F G H | waz J anaunisi (2.5)

b = round ((E-5F+20G+20H-51+J)/32) (2.5)

X Py a o ~ N o
u@ﬂ@qﬂUqu?ﬁ’]u H.264 ‘lﬂﬂﬂq?LWNIVIN@ﬂq?VIWQ’]ULWﬂﬂq?HU'ﬂ@

Fryrynouamsidlfaa [18] sledd

1. ANTANUILRNAAFNTAReUN WL THATA (Unrestricted Motion Vector Mode) 1514
2 o - = X et — [y |
A dnnwesnnnedenlndeanuaniuiaan Az lann1slsTuniuantag
(extrapolation) AamanARat ulvmanAslLRIgIW H.263

2. NIRIEARE AN AN (Weighted prediction) N3TALTRNITIAABUNAINITD
ftununnigula

3. NNI0BARAILATALMINENBIAINAIALNIIUARININ (Decoupling of reference)

| 1
A =

4. @NN1T0ENBINITLIZNN NP A BUTNLAZNITALIINNTAR A UNGIEA 5 TunaY

a Q

=3 ]

i LN s s AeuTTIE LU NN W d e TR maeAaNAn
AfiAursavidaareunsunaumii InamatialiiuNInsgIU H.263++ 1w

5. annnndnutnguaannlasudenisaizanda nasEesansunnTasuRanuuLtia
1eju (Flexible Macroblock Ordering) Uselamianansizeadunntasudanuul

S 1

¥ 1 1
taneuildniunisuiiansinmnanla (Region of Interest) WanAIgLN 2.14

Slice
Group #0

Slice Group #1 |

Slice Group #3

717 2.14 nadangunniasufenuuutinney

6. amsndnAulasstnesing < lada(Network friendly)
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v
7. awnsnutidayasanidudau o) (Data Partitioning) Inedndayadauiuiaou

drAnyazrinnisdedayadiutiuneu Inamatlaldiuninsgiu H.263++ uiu

228 guuuunsanFaeRn M

1) %uﬂ@jumw (Group of Picture Layer ) Usenausaganuammsuvane-insueg)
lunguifiuatu uasidasngunmazBufudneaonuuy | Sieawsudiaow
T

2) %ugﬂmw (Picture Layer) UsznausaaqanInawiawiniy Frununniaaniad Tae
yialillu 1 asazilsznandng 2 daude ma‘ﬁmﬁjl,l,@zmﬁ‘ﬁmﬁ

3) %miaﬁmzmjmi@ﬁ (Slices and Slice Groups) lnsusazaladasilsznausae
ﬂZﬁﬁ\m‘ﬂ\iﬁ\l’ﬂﬂ?Uﬁ@ﬂ%@iﬁﬂ’]@’]ﬂﬂ’]?ﬂﬁ@LLUU?’]@L&]@§ (raster scan) NI9LLNY

nanaladuansdegiin 2.15

Slice#0

Slice#1

Slice#3
hid

31/7 2.15 nMsBeRs LN IAsuABNLLLUNA

4) dunnlasuden (Macroblock layer) wstazunlmsudanazilsznaulisdaaqanin
UIA 16 X 16 AANIN

5) duuaan (Block layer) Usznaulilfiaaqaninauwia 8 x 8 9anIw
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229 guuuudygraBanaunld

gﬂLLuuﬁlﬂuNﬂmigﬂu H.263 Aa CIF (Common Intermediate Format) Lag

=< A =

QCIF (Quarter CIF) aqiANAzIaEAaAAdATINEsaNgluLL CIF wsaygiluuuisenay
fnsdautsznaumnudduazdautsznauanndnugs Taagduuy CIF azlidoutsznay
AHINAS Y Hanuauaan wlunuauaiiily 352 0w uazluluigs 288 annIw dau
Tuguuy QCIF azilmnuazldenanasriNmily Ae Auauqan wwwueiily 176 4
A uazluuunsa 144 qanaw - ludoutlsznatmaanidndesgluuy CIF waz QCIF (Cb
= = 3 =, > = . P
uaz Cr) azipnnaviduatesndndaviliznananidduugs  Wesanaaulasannudy

wasus i lasiapaudng aslududlusiaslddoyasespnudndaziaaaniniin

[
a £ [

2.3 NMSAILANARTIE NS UNIASFIUNISAITUAR YU IIAN AUTUFS [17]

N13AILANEATNAMIL AVC wiiveanld 3 szfiu Ae szAuUNgNNIW (GOP
level) seALWIN (Frame level) Lmzizﬁuﬁuﬂmﬂﬂﬂ (Basic unit level) @1N190LAANAN
meiugﬂﬁ' 2.16 Tmﬂﬁ"lmfzﬁumjumwﬁﬁm@ﬁﬁmmﬁﬁmuﬁmﬁmﬁ*uLﬁﬂ?ﬁmﬂ@umwﬁu I
anelus AL INAN (Frame level) ynnsAIa s uauD Al maNe AN dn e a
Tunsazinsy quuiu@:ﬁumifmﬁugmﬂ@ﬂ (Basic unit level) ANINIIMNRNUIBLALLIN
Mmﬂumifmﬁuﬁmﬂ@ﬂﬁu y Lﬁfaié’@‘hmuﬁmLﬂfmmﬂu?zﬁwmﬂﬁuﬂmﬂ@ﬂLLCZ}’Q%V‘?'}
MsAmeulndnnTmeflaeldlunaindiaes dansvnAmeuindwisfineiilden
ANNLANANANYIRI (Mean Absolute Difference) #iatl amuansnIaaeLdeuluite
AuuaAAaulndwidises Lﬁ'@L-i"mﬁamunﬂmqaﬁugmﬂ'@ﬂ Fnnssans il
PuAN8 N wdnnzANKInNanudnazanAdudedzanlues Tneudenin
@xLmimmmimu@uﬁmma?wi"ummgmmimiﬁmﬁmmnmﬁaﬁmﬂ%uqq Lme&T\igﬂﬁ'

2.16

2.3.1 NMSAIUANDATITEALNANDTN

]
=

TuszantAumawuindviudisian wanalungunn  Tunsiiin

v 1
wsnusnueangunIn AU UTARINNAATUIUAIZNNNTT (2.6)
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u(nl ’l) * N
F 9op Initial QP Buffer Capacity
r
Initial Parameter : : :
| | |
| | |
| | |
| ] ]
| | |
| |
L] | |
GOP Bit Allocation - : :
| v
|
T.(n,
GOP Target Bits = M :
AN J }
1-8 '
v ~ ] Buffer
8 f(n,,) 1
Frame Bit Allocation - : B.(n,;)
|
|
| i
Frame Target Bits = f(n, j ) :
|
|
Y |
|
Basic Unit Bit Allocation -t t
|
|
Basic Unit TargetBits = R, :
Y |
|
f(n, i )>0 |
YES NO !
| >
|
3 |
Qp=Qp +1 :
|
|
|
\ |
MAD ' !
Complexity ,
Estimation - Quadratic model :
i |
ch |
|
|
|
|
A \J |
|
AQP-Limiter —————m = ———
Basic Unit Residuals v Residual Bits ? Total bits
ENCODER Actual Bits

7171 2.16 UABNlABTUNTNNITIATLANERINEIUTLNIATFIUNNTALTIE

v
A o o

dryenannnsiFlduga
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u(n;,) B,
T, (ni,O) = = 17 % Ngop - (E‘ Bc(ni—l,Ngop ) (2.6)
(=12, =12",Ngp) AasFua g lungunng |

T

r

Aa AnuulindmFungunw
I o ! !
Ngop A8 AuumsnlUIAaZNGHAIN (GOP)
A o
F. Aa dmgaunaa
A o ra‘ v 1 Wa, ! o a ] o
B, A 1atiliasEusuinaminiuaeaminvesdnsninluteadeoyon

A o a d‘ 1 o T o ¥ o ]
B, (n; ;) Apdauaudanazanag uiwmasundsanidrsiausiavinsu

A o a 1 o dl . 1 dl .
u(n, ;) Aa anainlutesdayoin luwsni j lunguawi /

Tagaurudngazanluivinasaiuisan waulsne 1 lunanswinnislua

1evreslva Inednuaudnazanlniwleiuasandisiamsn j (B, (n,,,,)) wlfannis

A I £ dl 1 1 % ra‘ % o U dl 1 J o O a
L@ﬂﬂﬂﬁu@ﬂ%@lﬂﬁ‘zwﬁﬂﬂquwLW@?L?Nmuﬂ‘uﬂ’]ﬁ\lqﬂ‘ﬂ’éﬁﬂizﬂ')’mﬂ’]@%ﬁﬂﬂ‘\]’]%')%ﬂﬁl@ﬁ@ﬂiﬂ

TN afIaUNINAUNTN A LNAA197219198712 U0 A% M 11N 91 d 1998 s 1 N LUt

1 %

Auauiianaunsnaangiesdoanlsd uansluanniei (2.7)

Bc(ni,j+1)=min{max{01 Bc(ni,j)+A(ni,j)_ }, B}

u(n;)
F

Bc (nl,l) :% (2.7)

Bc (ni+1,0) < Bc (ni,Ngop )
We A e awndeildlunisidasiamsn j lungunnd i

FAUUAININI TN TRUAR LN TN LATA A AININITANUI LRI WIUT A AL AD

AN AU A TUANNNTN (2.8)

Tr (ni,j):Tr (ni,j—l)_ A(ni,j—l) (2.8)
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2.3.2 NMSAIUANAATITEALILNSA

Tusrsuiiniianisnnanuls Wy 2 dunay
1. Pre-Encoding Stage 1nn1sAnaninauauimiivsunaiednsia luusazin
) o dd‘ % o = [ A [ 1 o 2’/
3 uAd LI aLeN 2 928U A szAUNGNATN waz seAUWeN Tudu
pautarA uIAIAau IndNI S Inassasl

2. Post-Encoding Stage 11n1315UAM11HR5HN 7] ndsnisdnsvausiazingy

2.3.2.1 ®7U Pre-Encoding Stage

Tuduneul AL RT AL U H 8 T ULA A LN U LA LN TR U LIUN

{ G a = :// ar é’
mm@uiqummmﬂmu 2 TUADUAIY

AURAUN 1 Nuuadsiidanuiag (Target bits) drususnnn Tnadnla
UNIEANNITDATUITUAIN 2 491 AD AIUTINNIAINIZALNGNNNLATAIUNNIAINTEALLTH

<o X ve Lo X
waf dunauiluiild 2 duneusiansail

v 1
TURAWN 1.1 ﬂ’]ﬁ‘ﬂ’)ﬂ@ﬂﬂﬁﬂ?ﬁ‘ﬂﬂ(I\/Iacroscopic Control)

nsnangszauinesidunne (Target Buffer level) wasnlilldlunng
ALt LAR9luANNNTN (2.9)
Bc(ni,2) - Bs /8

T, ) = ThI(, )+ e (2.9)
p

e Tol(ny, ;) @e szautiwaiitlvanglwmsud / lunguaini i

N, Aa auaumsanin P lungunn

v 1
TURAUN 1.2 mﬁ?muqu'ﬂm}ﬁﬂﬂ(I\/Iicroscopic control)

aninanadnesiunisauandadivung F(n, ;) dsenaudae 2 dou dou

nldseuiives (f(n,,)) uazdaunuiainazAungunin
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ArununannszautinimasaiuiraA A nanuIuinluiimas svsuin

wlasidlmune dnsnsnuazamna ludesdyyrnnsuansluaunii (2.10)

F(ni,j): U(niyj)

+y(Tbl(n; ;) - B.(N ;) (2.10)

1
aa o

e y A AAeh Tuntinmua IFNANWNTL 0.75

AMUNNIANIZAUNAHANNAT LARINAFNEIUTENTINAUIUTAAILUAD
° o ¥ o ' o A ¥ o ! % v A
duniudnsiausnlunguainuazanuey P wlsnasmae waavinnisdasinutindsdlviang

1 v 1
aliAdanugnsiasuanauduansuaunisi (2.11)

r( Ij)

P

f0))= @A) e g i) 2.11)

dl = 1 I 90/ o a Zj/ [ 3 dldglo val [ o
Wa B AR AN0HINENEAYSSWE 0 D9 1 luninavualddaAwinny 0.5
AuUAAUN 2 AuaAAaKRndNIH e siae i lNwman a3aad [12] [16] [22] Aauanalu

ANN9N (2.12)

R =bxQ™"+b,xQ? (2.12)

dl A o a dl ¥ % . A 1 ¢ o o .
bNB Riﬂ'ﬂ AUIUTANALIATHRALNTN | Q AR mmaﬂmmmmﬂm |

o

A 1o a £ o d‘ o o dl o o
blLLZQZ b2 AR ANANLIILANIAUALN 1 LATAUALN 2 ANNATGL

ANsunAIAtau INEA MU TNIRAN A48 FasNanunan 2 TladeAa
TunafiadsaesimunainanyAgaundm suuassunegAntiuaiuns
WnaaAns AT LEauRAAaTU TagldATaNenudUtautIaILAazingH
=KX v Ao A dl ¥ v Y 1 1 ] o o dl
AepaeiATil (index) NFUanANTUTRY 111 ANAINWANFANANYIDliaAE
2. Tunalldsldsmundagyadauin (overnead data) uazianinasnisiaaaunas
v o a dl ¥ o dll ¥ o a dl ¥ o
FasalaanatnauLinnazidnsiawsy el ldanuaudnidnsiaine
g’/ 1 v a [ %’/ 1 = o Y £%
Tuatinaiag AatiuniAtAaulndlngiansnn 2 tadednafuaiungm

AIlARANNANNIN (2.13)
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%:blqu-i-bzx(giz (2.13)

|
dl A 1 1 o g ndl o o . 1 1
e M Aadiauuansdnysaliaaadmiumsn i TnaAiauwaneng
o g ai % a 3 1 ] o/ s dl o o
AuysaliedzmldaniumadadulngArpanuuans eduysoiiadedmiu
flaqiiulneldlunadadu IngAruaninauanaumisRaiuaemsy

AT LARIAIANNIIN (2.14)
MAD; =a, * MAD; , +a, (2.14)

\Ha MAD, Ag Araaanuandwdny sndnativasinsuilaqiii
MAD, , A8 A1A NuANENANYsnlaas 1aaiWsunieumii
a,,a, A ANdNLlscAn tnaGuAun A lHRAWYINAL 1 Way 0 AMNRIAL

= } %3 o ' dl dl ] o .
H; ﬂ‘ﬂﬂl‘ﬂ&l’]@ﬁ’luﬁ")LL@xLQﬂLﬁl‘ﬂ?ﬂW?ﬁ@‘ﬂuVI@’]V?UL‘V\I?N /

Fatfuanngannsh (2.11) Aansnvn A uAn A IndSsuanslusunns T
(2.15)
f(n,;)=H(;,)
M(n,;)

=a xQ;} +a,xQ;7 (2.15)

iernisAuaniAtAeulndaziiniadsiamsntiaqiu(Q,, ) el

aAa o

| ¥
ANWATY YRR AL GausaLlasiunnTuasinnsUiuAasaulndwi s dinasly

TiAataulndnagianisdnsiaiisuilaqiuiuainseuindiianisdnsiamsunaunti

AN9RLLAY 2 920U Tnswanalugunisn (2.16)

Q, = Min{Q,, +2max{Q,, = 2,Q,.}} (2.16)

G

o & = o v o ' by
LA Qpp AaA1AfaLndInINsid siamsunaunTin

|
o {

TasArmraulndnldazgnuiuliAldiiudAngauazAgegaaasiunisg

neulndsandnalugnnii (2.17)

Q,. =min{51, max{Q, 1} (2.17)
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WalgAraaulndugiassinllldiniamuun (MODE) AN NAINSULA

avinlasuRen [23] Aananalugnniai (2.18)

D(s,c, MODE|QP) + 4, 4.R(s,c, MODE | QP) (2.18)

mode

WaAl . =0.85x2%3 AU UL | Bay P

mode

‘e MODE A8 INTRA SKIP INTER INTER+4V INTER+Q(-2) INTER+Q
(-1) INTER+Q(1) wazINTER+Q(2 Tmm INTER+Q(c m‘Emm'ﬂnmmmmﬂumm@uim

wasudas T c sz

InaA1 D(s,c|MODE) dalaaldaAianuuansniasdassanssnineuiia

suRenAgnaineay (s) fuxnlasuaansulul (c) uldainaunisi (2.19)

16,16

D(s,c, MODE|QP) = >_(s,[x y]- ¢, [x v, MODE| QP])*
x=1,y=1

+ 828: (s, [x y]=c, [x y,MODE|QP])* + z ¢, [x v, MODE| QPJ)?
x=1y=1

x=1y=1

Tner ¢, [x, y, MODE | QP]74 mmwnmmemm‘imm@ﬂﬁgﬂzﬁwﬁu
s, [x y] e AnuduwaspeassnlasudansiuiL ¢, ¢, S, WAz S, Ao AnAaesun

Tasufan 491 R(S,c|MODE) fa aquaudanlsainniadeninuauazaipsaiulng
2.3.2.2 /79U Post-Encoding Stage

NINTUFUANIINTRRIAI 11U 3 bz a, lulwadady b wazb, Ty

TuanIAsgasdIus LM AR U IndNI A inas
2.3.3 MsALANEATITEAUVUNEN U Ut s

Tudauilaznanafeleneania e NUg UL AL LAZN1TATLANEATITEAL

Waeugutiat
2.3.3.1 UsnuraaniigWugutas (Basic unit)

quﬁqL‘v\liuﬂ@xﬂfaué’fmm‘lmuﬁ@ﬂummmimuﬁfﬁm Wi AIWKWUL QCIF

@ = 1 ' & ' o
azilszneau 99 1nlATUABN I@ﬂmu’]QMU\Tﬁu’)ﬂWUﬁ'quﬂﬂﬂ (Nmbpic) AR ﬂ@NTﬂ\‘]N"IIﬂ?U@@ﬂ
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PHIUAATUE 13 9 11 uaz 33 WnTAsuAenuansAsgln 2.17 Asudnuaumiseiuguties
Tunflawsn Ny, @aunsaAwanldanngaunsi (2.20)
Nnbpic

N, = — (2.20)
t N mbunit

1 @) ®)

4)

®)
. -1 |
91l 2.17 TUINNRIENLTTUEIDE

a

2.3.3.2 M9AILANARTIUBINUIBWUF 1UEBE

AHIUNNEYRINIIALANENTITRIMUILNUFIUEIRE AD NvAAtRUInT
a rdl dl o a all 1 % v a o o a
WsHwmaTuNzan - InanuasNtesnuIutanldlulsasiWsnseslndineaiuauouis
Whusng f(n ) Tuudazisusnnige Inadsznaudos 6 dunau Al
6’3 a o o a Adl Y o o 1 g 1 o
duRaun 1 Awinesnulaflddviumdiaiugudesdaqiu R(n ;)

A 1

dl A 1 = 1 o a o ¥ o ISP i’/ ] =2 :l/
e kAe wihenugudesiaqiiunaziiniaidnia tne klAsmaus 1 09N L Inedu

mbunit

X Y o .
RautlsznaLnlg 3 dupautas

Tupaun 1.1 Ausnssusudadvanedniundienugutesilaqiiuie
A o a A o o ¥ o 1 d’j 1 :l/ 1 =
fio (N, ) P ULDRAwARd WL siamdefug e k 09 N
a9

war N, Ag f1usuniseiugudesaanan TngduaudmdwvsngAiuanaan f, /Ny,

dupaui 1.2 AususuIuind iudauindmiuniaenugudesailaqiii

(M, ) damnsnAanlfanaunisd (2.21)
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~ ~ 1 Mg k
My« =| M, x(1--) |+ ’
hdr ,k [ dr k-1 ( k)J k

- k k
Mygr = [mhdr,k X N_j + (rnhdr,l x (1_N—)J

unit unit

(2.21)

dl A A o a ] o Y a o % ] dgl 1 dl
bR My AR AIUIULAUBDIAIUNILLNATY @WM?UWH’JEW‘L@S’]MH@EW K T

sutlaqii my, , Ae SauIudnzesdauiananaInnIstseannsnnauii

?:/ d‘ o o a dl Y o [ 1 dgj 1 o
AUpARUN. 1.3 mmmmmuumﬂmmu?Uumﬂwuﬁﬁuﬂ@ﬂﬁwuu Rcb N
ANNN9N (2.22)

1:rb
Nub

Ry = My (2.22)

v
[

TURAUN 2 IugAIANLANA WANYTnlednd vl ugutat
flaqiiulaeldlunadauduy  lapaurninauaInA R T sunauntnasaNnig

(2.23)
MAD,, = a, * MAD,, , +a, (2.23)

dl A 1 1 % c d’ 1 dgl o

LA MAch AR V’ﬂﬂ’ﬂllLLmﬂ[51’Nl’&ll‘i,lu?ML@@ﬂﬁlﬂﬁﬂMQﬂWHﬁquﬁ@@quu
a4 01 e o G ' 2

MAD,, , A% AMAAINLANFANENYTDllaaeaRIndae NUgIunauniln

A 1o a £ QI ¥ o vl (e o o
a,,a, AR ANdNUIANT Tna FuAUNIMUA THNANYINTL 1 LAY 0 ANNAIAL

PYUAAUN 3 ANUIUAIAAU INENN TR RS TaY T IuIAan 1 Add e el

seaunguan Inawatsounlél 3 nacld

NI 1 ArAseulndnIsRimefdnitmaaiugiuusn luinsuaunsom

1Fanann19h (2.24)

ch = Qapf (224)

dl A 1 dl 1 < a o‘:l/ ! v
LA Qapf A ANRAEAIAU TN RnasTawsuTaawsunauntin
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IS AR 4

dd‘ 9/ o = 1 o QI 1 o/
natd 2 dranwaudedivuna (f,) SAdeandn 0 fnnaiuAtIzaL
AraulndwiIs linasiie ldlinasana U ud AN 9@ A U1 BB AN UHIENIN

gnxnaunliannaunisi (2.25)

Qy = Q,, + DQuant (2.25)

dl A 1 G a o 1 dgj 1 ! %
bNB Qpb AR mmrﬂﬂmww’muﬂmm@wmﬂwugmﬂ@ﬂﬂ@wm

DQuant {Aifiu 1

o LS = ]

UFudrmraulndwiniimafinaliiguinindyyinnavadsuizauseiie

o

v
o

o -l% o/ ! rdl P4 1 a I OI 1 ¢ o
ﬂumﬂ*‘uumxﬂ@umﬂf;@ﬂ%eﬁﬂmmmiu mumrngmLL@:;ngngm%wuma‘m@uimmm

n199% (2.26)

Qu = Max{L Quy — A, min{51Q, +4,Qu}} (2.26)

dd‘ P2 o a a 1 o 1 8
nstun 3 dnanuaudsiuuna (f, ) 8Amnnan 0 AuanAtAleulnd

NP SANTHAANAIZAIAIANNTIN (2.27)

%ﬁ%ﬁi=QXQ£+QXQJ (2.27)

= o c

dl £ o a = 1 d‘ o AE KX o g 1
LW@IM@‘MJ‘I'WW UTUNTUIANA PIUFEUAD LA BNNNTUAININTUTLAA

1AUINENITRAAFFIANNNTN (2.28)
ch = max{Q,,, — DQuant, mi n{(§cb,Qpb + DQuant} } (2.28)

14

i ! v
diuaaneulndnlisaddiiudnigauazAgigaaesdunisataulndss

ANNN9N (2.29)

Qu = Max{L Qy, — A, Min{51Q,, +A,Q,)}) (2.29
& a 2 ° o ] 1 |
AUNDUN 4 L@@ﬂ‘l:m\lmmmuLLszmﬂwuﬂﬂuﬂ@ﬂ
v 1 ¥
AURNBUN 5 ﬂ?‘]_lﬂqqququumﬂ\uﬁaﬂ LL@?J@']muMuQﬂﬁug’mmﬂ

Tunaudl 6 Uiudn Q,, ndvandnaviaasuynudisiugiudeslumsuy
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2.4 NMFIRANINABININ (Quality Measurement)
TUN193AAMUNINIBIN NN AFNTUIINNITLIUNITATENITIARAUN F08AT

A A @ aa ) Ay vl v o gy
UsHNUNNTARBUN  IUITRTIRARLIN ﬂqWVI1ﬂﬁJﬁqu1ﬂ@LﬂﬂQﬂUﬂWWV]mfﬂQﬂq?ﬂ?:ﬁqu

'
o

wntdagnenls Anlddanun wtanldiuag 2 1lia Ae AANRANAIANIAYIADIRAS

WALANERINAIUATY N IR AR AT LN
2.4.1 AMANNEANAIANIRIERILRAE (Mean Square Error: MSE)

\{unnsdnAnININLLL Objective #1X1TOAUIUAIANNIIN (2.30)

2

a9 M xN Aa 1u1a199NIH

X(m,n) Aa Arpoidulasaamsuiiagiungm (m,n)

q

1
=

X" (m,n) A8 AIAINDNLAIIDAUNINAN9BINA(m,N)

242 AaRTdIudANMEanRadNIMTUNIY  (Peak Signal to Noise Ratio:
PSNR)

Wudndpaminanluiuy  Objective  Ainenanulimonuusngluig

Subjective [27] @NAau leaInaNnIIN (2.31)

2
PSNR =10log R (2.31)

M
m=

1 N R 2
M x N Z;;(X(m’”)—x (m;,m)

Tnafi R= 25 Wa Lunusinquiin uaz R wnuauengagamiuhllduesdnyonn

MxN A2 111019974

X(m,n) An Arpndinuasteswsuiiaqiiuiige (mn)

q

b

XR®(m,n) Aa AAduLAsadNsNEn9Benan(m,n)

q

3
dusvanendnusaruildAdnsdrusensadtysnnisundy (PSNR) WuaAni

[

o = o c

1d3ntse@nsnmingFundiArnmnindaysyinnsvia

[
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FIEAZLALALNEINUINEI RN US LA TEULNUNLFUD

o =

ﬁwmﬁwuﬁ’ﬁﬁﬂmu@ﬂ'?uﬂa;ﬁ%ﬂwﬁﬂim Fryrynod

%

AVIAURNNINTFIUNNS

o a

o/ o dl v 4 dl dlv a ol v 1 -dl
[NTUR tycyﬂm ﬂ‘wuum LW@IM@’]M’]?N'&@@W?‘W@M?WUIFHPI’WVL@@FLI’N SEESA NI EPala LTINS

[

31fAN19Us=3nan 157 100 fadAuT Iedsnsazidsndausing | fafd
3.1 NINSINURITESUL

svuvaztlsznaulldandauser uansdsg 3.1

Rate Control

Unit 7/ Buffer fullness level
oP 4 Bit
4 Compressed
Video output
H.264
. =2 Buffer I
Uncompress Encoder
Video input

917 3.1 nmsaNABNIEUL

! A o o o el 1 = o dl 1 ¥ o
d49UuIN AR AAUAIWRANANR WENsTLen Wakunsdnialaaunng

'
v o A

v
FIUNIAITAATY YR AT AIT LGS Inenilasadinavarinduauiafidesnsliiumiae
n13AILANERIT(Rate  Control  Unit) #i9ein1amInANdnsaazinnismAtasaulngnis

dwafunnzan  Taesiusuiansesnisaaansesiuatuulnneangtesdnynynuliuay

[

uoudnszanhniwines Inediuoutanlianisneanddedyanldazgniioliluim
waslae fdriauuiinegluiinesiin mianisaiuandnsazanauIBLaNARAINGY
dnsvaiadlesiuia fidy Tunsnitadauwuinag haiWme ey wisanisraurudng

aviinanudanisansadnsiaie deetunsatlyidey yalutivlivlas

3.2 ANBUSA U UIANANLLN

v o

6

FryrU10dan Fenfndn Al Ane vl Ao ANALATNNARBLNIATFI

o 6

(T a E Ertdlale

(Standard test sequence) ﬁﬂﬂslu'a‘ﬂl,mu QCIF (176x144 9aNIN) GG

kT

o

THuuuumsAninn uaznisdssgndnunnielnvieg éﬁgﬂw 3.2
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'
o

gﬂﬁ' 3.2 drysynndaanFdn e aau luinanfinug
(n) Foreman ﬁf«‘imqmmu%mm 400 W9
(1) Silent fi8nualsasiaan 300 sy
(m) Carphone fanuaumsnievian 381 s

(4) Salesman JA1ULLNTUTIVNA 400 1T

3.3 NSMINULRISTULNULAUE

o e

NNe8ad1If Y IRANAYLLLINA93Y | RINAIATYAR  nn9ilazisnanansdl

prtier| Aeansldetugnieuszaiaiies iesanmmnaieidenddwaudniidn
wiaudazilsufiauanndtdunuinfaemngliaumuinfifuasgnifoazan|Flu
wasaasiadnaia wasiinnstssianaiaesies (ouffer delay) dndayasvanluiv
wasuin ez lddwesunniiuiy (buffer overflow) Tnenlnffieannslssisnanuas
Muudnazanliines sadnsiaazninisnssinadnwsn  (frame  skipping) Faifhy

o o

anaesny lsaitiasiunsnaenlmaesdnyyndariml Aidnadnusitiaus

b2
% o

N19ATLANERPIAMTLNINTFIUN AT Ad Ty Iy dRTALITUGS (AVC) IiNeaunInAesnsi

o a ° ¥ 1 = a a =R o '8 1 Ao
@mmmmimmwﬂimmﬁmw Iﬂﬁlimﬁﬂ‘]ﬁf’]NZ‘]ﬂﬁ‘ZVlU‘ﬂ@\?ﬂqﬁ‘@Z@NUWLV\I@? NWUAINHAINUIU
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= o :J/

wsnnszlnaninuazanAAuN WA UARTIFIY Metlilasannanuaudadinmana iy
o IS all ¥ o a ' o =2 v =< a o‘d‘d 1 ° a
RNUIULANLAITRRAATILANFINAUNIN @\‘liﬁﬂﬂ”lﬁ‘ﬂﬂ‘]ﬁ’w\l”lﬁ"’lﬂ\lLm@ﬁ%mm@m@ﬂ’]ﬁ‘ﬂ’]ﬂu@UMLﬂ’]

dJ a o o 1 A 1 ' %’ v A ¥ o o { ! %’
nuNY TNAmasAIna1nne Adainutindatinvung (ﬁ) Imﬂimmm@ﬂiummqm

o =

wiln wudn ArdasthuwindadmanadnasasiuaunsunsyinauazAgnin gty nns

e o oAl

o A s { vl é{ o I o N a 49(
AL LN‘ﬂﬂ?‘]_lﬂ’ﬂ‘MNﬂ’mqﬂﬁluﬂqu’]um?Nﬂ?:ﬁiﬂﬂ@ﬂ@ﬂLL@ZﬂWQMﬂWW@mmW AANAUAL

=

v

o o A | 1 % o dl G a ao o K 1 I % v a a
AN NNTRANANINUNUTNN NN ZaNIT UAINEN mﬁQﬂWﬂQQuWMUﬂUMLﬂWMNWELﬂ@ﬂu

° o

o Aa o oR ¥ o o 1 ' o o ¥ o
LL‘]JZN[5]’13J@ﬂ‘]:fm3ﬂ’1'wqGWIﬂu'ﬂ\‘]i@uqL@u‘ﬂﬂ'\?ﬂ?ﬂﬂqﬂqx‘]uqﬁuﬂLL‘]JU‘]J?‘]JWJVL@ A8z NINIg

diupdasiuindadiunnayninsundngia

atiglafmy  n9UsuANdTN I TmEINMNNE  AINITDAARNUILINTN

1 dl 1 ij/ dl o I I8 a ca ¥ o0 K K o a
nezlnmndauuniiavintiuliladainnisniuunAraa L Ind w12 inasu oA n9Ra 1 waula
granluinmasluaneiy My asiuaNaulaguiunisninunAipaulndwiIsdnas
Taaantlanaanuruinazan lumimasluanzduiatlasful linauuinazan e s
wnnanAgegaties - lasneaeusaniunianmuaaItsiuindatuinauuLAh
way  wuudsusale  TnananimagaunuiinilsuAtnastinwinuLlsuda leaungn et

1sr@nSnInANgn

3.3.1 msAnmmanssnuTaINIsazaNLWinasIaINIsALANARSIRINTLNIASFIU

NTAITRAR Y YR A AT UgIsaRuMNA S A AL IaInANNs sz aan

TudautuannansznuLeInIazanetinesresnisatuANdnsd ML

o = o Aa o o o

NIMIFIUNIAIRATURRARTIFYTUgIseARIN INERIR A AT ATeAN TR TN N9 524

o

wan Tneialilifadendnasianislsziananluscuuaasans [24] uanesagln 3.3 isznay

Aot

1. U nsdszAvaniiinannaadngdia AT, (nnsilseRsanlinaannnistszana
NA)
2. mstlssianainnainiiinasaeasiodingia AT,, (N9AILANERI LiAsT

naudIandasAyy1n)
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Transmitting unit Receiving unit
Video Video

input output

Video Video

|
|
|
| encoder
l
|

- ( ) » Encoder
buffer

|
|
|
decoder :
|
|

|
|
|
|
|
Channel [}
- Decoder _>Q_'_>
-
: buffer
|
[

Delay : ATe ATeb ATec ATdo ATd

o

717 3.3 fladesineidnasanislsydanan luszundeansnieinvieg [24]

3. mssrAanaiiaainnisgeringes frytyntu AT, (@1anAanea9ea
ﬁ@qz‘iagﬁyﬁmu?@mm?qLﬁmmﬂmmﬁmwmmmm?m%aﬂ@ﬁﬂﬁﬁmm
Fovunlvidetanalus (retransmission)

4. nstlszAananfiinnainiimle s esanessiia T (MIARINNNTAILAN
§nalvingi ansnnansiialaatingliazem)

5. nstzdanaififnaannialasananareesinensia AT,

ITU-T Iinnunr1gegAreInIslszdananaunmaaniuliaainis
aunuingdwiainaliluunagon G114 ladiin 150 ad3ui [24] Asiulunisenaes
=® o o 1 a yd‘ a aa a o o a dl a d? a
STULAIAAAINITUTEANRAN 139 100 Hadau g nsunislszdanaifinanainaunianenn

n17aranaa9tn luinwafueemaldnavia

W LAAIHNANIENLLBIN1TAANTBITHINBT129N17AILANEN TG U

eQ

o v & o !

v 1 i
NIRIFIUNNIAITAGEY AT ATTUgUNRANTAAINIIUSEANANT 100 HaddunTiserns

q

'
aAa o a

nwdtyeyralfvimd awinnisdnsdiadtynnnavmilaaldandunnsing o dheian 32

Aladinpaduld [25]

ANUTUNITNAI2INTNTEIAAADUNTHATNNANFUNIAINAWIBT A b TH

wasraasuilaqiuB (n;, ;) fTdmmannddgegnessuininines fadnviaaziin

1 o

nsnazlpadumsndnld  ineldduauinluiwmesnAnses igndsaangdesdnynyinen

=) i = - o/ o/ 1 M =) QI/ o
nn9srAananiinaanntminassadnmiaastasnin —— 3u Tnasialiaznivua i
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1 o c 1 o u(n|lJ) 1 a
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Silent 3314 20 32.09(-1.05)
Salesman 34.78 16 34.57(-0.21)
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AUARAUN 1 NN1IUINANTINNNTARBUN (motion activity) [26] Iaeule

ANNATINTBIANINABSNTLARDLA TUUUILNL X uazunu Y Inauldannaunnsi (3.7)
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53199 4.2 AMAUNINATYEIARTIAYTLAZAWIMINNsZIaaAT AN TastiwinT s uane

5N 7] TBIRNALATN Carphone

Aaumsunsglen | Aramunndtyooud i (dB)

0 20 30.75
01 20 30.74
0.2 19 30.77
0.3 17 30.83
0.4 15 30.93
0.5 15 30.92
0.6 12 30.97
0.7 12 31.01
0.8 12 31.03
0.9 8 31.18*

1 10 31.05

*Aa ANAUNINATI YD AT R
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Abstract

The upcoming H.264/MPEG-4 Advanced Video
Coding (AVC) video compression standard promises a
significant improvement over all previous video
- compression standards. In this paper, we study the impact
of low delay constraint on the rate control algorithm
proposed for AVC, and show that the performance of AVC
rate control is degraded under such delay constraint. This
results in PSNR degradation and many skipped frames. We
then propose an improved frame-layer rate control scheme
to effectively allocate the number of bits and monitor the
buffer fullness. Simulation results show that our proposed
rate control scheme encodes the video sequences with less
frame skipping and with higher PSNR compared to rate
control for AVC.

Keywords: Advanced video coding (AVC) standard,
H.264/MPEG-4 Part 10, Low delay, Rate control, Frame
skipping,.

1. Introduction

The high bit rates that result from the various types
of multimedia data make their transmission through their
intended channels very difficult, especially for digital
video. Digital video compression technologies are
introduced such that the video can be compressed to
transmit at low bit rate medium such as Public Switched
Telephone Network (PSTN), Local Area Network (LAN),
and wireless networks. These enable the development of
several digital video communication applications such as
video conferencing. c

The upcoming ~H.264/MPEG-4 AVC  video
compression standard - [1] promises a significant
improvement over all previous video compression
standards. In terms of coding efficiency, the new standard
is expected to provide at least 2x compression
improvement over the best previous standards and
substantial perceptual quality improvements over both
MPEG-2[2] and MPEG-4[3]. The standard, being jointly
developed by ITU-T and ISO/IEC, will address- the full
range of video applications including low bit rate wireless
applications, - standard-definition and high definition

broadcast television, video streaming over the Intemet,
delivery of high-definition DVD content, and the highest
quality videc for digital cinema applications. The ITU-T
name for the standard is H.264 (previcusly called H.26L),
while the ISO/IEC name is MPEG-4 Advanced Video
Coding (AVC) which will become Part .10 of the MPEG-4
standard.

One important component of video codec is rate
control. It is a necessary part of an enceder to allocate the
suitable number of bits to each video frame and then
smooth out the wvariable bit rate to constant bit-rate
channel. Rate control schemes have been widely studied
in standards, like MPEG-2, MPEG-4, H.263[4]. For AVC,
there are two different rate control schemes proposed in
the literature. One is based on MPEG-2 TMS rate control
[5] and thus is not suitable for low bit rate video
applications. Our study bases on another scheme, which is
based on fluid traffic model, linear model, and rate
distortion optimization (RDO) [6].

In real-time video communications, the end-to-end
delay for transmitting video data needs to be very small,
particularly in tweo-way interactive applications such as
videophone or video conferencing. If one or several frames
occupy higher number of bits. than speculated, the
additional number of bits will be accumulated in the
encoder buffer and resulted in the increase of buffer delay,
which is the time needed (at the beginning of a frame’s
interval) to send the bits remaining from previous frames.
When the number of bits in the buffer is too high, the
encoder usually skips encoding frames to reduce the buffer
delay and avoid buffer overflow. However, the frame
skipping produces undesirable motion discontinuity in the
encoded video sequence.

In this work, we study the impact of low delay
constraint on the rate control algorithm proposed for AVC,
and show that the performance of AVC rate control is
degraded under such delay constraint. We then propose an
improved frame-layer rate control scheme to effectively
allocate the number of bits and monitor the buffer fullness.
The organization of this paper is as follows. In Section 2,
we introduce rate control algorithm for AVC, In Section 3,
we illustrate the problem by showing the effects of
accumulated encoder buffer of AVC rate control on the
video quality under low delay constraint. In Section 4, we




describe the proposed rate-control scheme., Section 5
presents our simulation results and demonstrates that our
proposed scheme is effective in reducing the number of
frames skipped while improving the average PSNR
compared to using AVC, The conclusion is presented in
Section 6.

2. Background on Rate Control for AVC

AVC rate control is composed of three layers: GOP
layer rate control, frame layer rate conirol and basic unit
layer based on fluid traffic model and linear model.

2.1 GOP layer rate control
In this layer, we need to compute the total number

of remaining bits, 7T, , for all non-coded frames in each

GQOP. In the beginning of the ith GOP, the total number of
bits allocated for the ith GOP is computed as follows in eq.

(1
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where N, denotes the total number of frames in a group
of picture (GOP), n; ; (i =1,2,--+, j=12,:--,N,,,} denotes
the jth frame in the ith GOP, F is frame rate, B _is buffer

size, and B (n; ;) denotes the occupancy of virtual buffer

after coding the jth frame computed based on fluid flow

traffic model, as defined in eq. (2).
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where A(n; ;) is the number of bits generated by the jth
frame in the ith GOP, u(n, ;) is the available channel

bandwidth and at jth frame in ith GOP computed as in eq.
).
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2.2 Frame layer rate control

The frame layer rate control scheme consists of

two stages: pre-encoding and post-encoding stages.

2.2.1 Pre-encoding stage
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The objective of this stage is to compute
quantization parameter for all frames via two steps:
Step 1 Determine a target bit for each P frame. Step 1 is
composed of the following two sub-steps.

Step 1.1 Macroscopic control (budget allocation among
pictures). The bit allocation is implemented by predefining
a target buffer level for each P picture as in eq. (4).

Bc(ni.z)"Bs /8

Tbl(ni,jﬂ) = 751(”;,1)" Np )

@
Step 1.2 Microscopic control {(target bit rate computation)
The target bit rate , f(n;,; ) ,for the jth P frame in the ith

GOP is scaled based on the target buffer level , the current
buffer level , the frame rate, and the channel bandwidth . It
is given as in eq. (5): ’

“(”i,j)

fin; ;)= +7(Tbl(n; ;)= B.(n,;)) (5)

r

where in y is a constant and its typical value is 0.75

Further adjustment by a weighted combination of
the average number of remaining bits for each frame is
given as in eq. (6):

T () -
—7N——_—"jf+(1~ﬁ)*f(n,-,,-) Q)

P

f("i,j)=ﬁ*

where in # is a constant and its typical value is 0.5

Step 2 Compute the quantization parameter and perform
RDO The details of the step 2 are given in [6].

2.2.2 Post-encoding stage
Update the parameters @, and @, of linearmodel,
the parameters of quadratic R-D model as in eq. (8).

2.3 Basic Unit Layer Rate Control

A basic unit is defined that a frame is composed of

N macroblocks (MBs). A basic unit is defined to be a

mbpic
group of contiguous MBs which is composed of N

mbunit
MBs, where N, The total

number of basic units in a frame by N, is computed as
in eq. (7).

, is a fraction of IV

buni mbpic *

. N, bpi
Ny =57 M

mbunit
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Figure 1. Factors contributing to the end-to-end delay in a video communication system .Adapted from A.Crtega and K.Ramchandran, Rate-distortion
methods for image and video compression, JEEE Signal Processing Magazine (Nov.1998),15:23-50.Copyright [EEE

The basic unit layer rate control selects the values of
quantization parameters of all basic units in a frame, so
that the sum of generated bits is close to the frame target
Sf(n; ;). The Mean absolute difference (MAD) of current

basic unit in the current is predicted base on linear model
by that of the basic unit in the co-located position of the
previous frame. Suppose that the predicted MAD of
current basic unit in the current frame and the actual MAD
of basic unit in the co-located position of previous frame
are denoted by MAD and MApr, respectively. The

{inear prediction model is then given in eq. (8).

\ MAD, = a,* MAD ,, +a, ®

The details of the basic unit layer rate control are given in

[6].

3. Effects of Accumulated Encoder Buffer of
AVC Rate Control on Video Quality under Low
Delay Constraints

In this section, we demonstrate the impact of the
accumulated encoder buffer of AVC rate contro! on video
quality due to low delay constraints.

End-to-end delay from a video source to a
destination can be contributed by. several factors, as
shown in Fig. 1. The end-to-end delay consists of encoder
processing delay, AT, (including acquiring the data and
encoding); encoder buffer delay, AT, {(to smooth the
rate variation in the compressed bit stream); transmission
delay, AT, (delay caused by transmission itself, which is
usually very small, and the delay due to queuing and
perhaps retransmission in a packet-based network);
decoder buffer delay, T, (to smooth out transmission
jitter); and decoder processing delay, AT, (including both

decoding and display buffer for constant frame play-out).
When the source is pre-compressed, as in video broadcast
and streaming applications, the encoding delay is not a
critical issue. The [TU-T G.114 standard recommends a

maximum eone way delay of 150 ms for acceptable
quality of international telephone conversations [7] and is
also relevant to interactive videco conferencing
applications. Thus, in this paper, 2 delay constraint of
100 ms is assumed. —

To show of effects of the accumulated encoder
buffer of AVC rate control on video quality, several video
sequence were encoded at 32 kbps using AVC rate
control.

The bits in the encoder buffer belong to previously
encoded frames and must be sent before those of the
current frame, thus introducing a delay in the system,
denoted as buffer delay. Other sources of delay such as
the encoding time can also be important, although the
latter is implementation dependent and hence hard to
quantify. Nevertheless, we focus on buffer delay since
that is generally a major delay component when
transmifting real-time video. With our frame skipping,

the number of bits in the buffer B, (n,,; ) will not be

larger than A (at the beginning of the current frame’s
interval), and hence the buffer delay will be less than

uin,
seconds. By default, we set M = —i(—'lj-l {as

u(ni E¥) ) ;
in [10]), and hence the maximum buffer delay (z ) is
defined as in eq. (5).

r

M

ulny,; )
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®

r

iie, bit rate is 32 kbps, frame rate is 10 fps then
maximum buffer delay is 100 ms

Figs. 2(a) and 2(c) illustrate the buffer fullness
level. Figs. 2(b) and (d) show PSNR of video sequence.
On the average, the PSNR on AVC rate control under
low delay constraint is dropped arcund 0.74 and 1.9 dB
for “Claire” and “Foreman” sequences, respectively. The
number of frames skipped are 18 and 23 frames, for
“Claire” and “Foreman” sequences, respectively.




4. Proposed Low Delay Rate Control for AVC

The simulation results from Section 3 state that
using AVC rate contrcl under low delay constraints
results in the encoder buffer fill-up and many skipped
frames. In this section, we propose rate control scheme
to improve the video quality.
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Figure 2. Simulation using the video sequence coded with AVC rate
control at 32 kbps and a target frame-rate of 10 fps (a)«b) Using “Claire”
video sequence .(c)<{d) Using “Foreman video sequence. (a),(c) Buffer
fullness level (in bits) at each frame interval, maximum delay
constraints(dashed line). (b),(d) PSNR comparison between AVC rate
contro} (solid line) with delay constraints and with no delay constraint
{dashed line).

4.1 Frame skipping
_ Before the current frame is (inter) coded, we update
the number of bits in the encoder buffer (B, (n;,;)). It is

given as in eq. 10,

”(”i,j_x )
B.(n;,;)y=Bc(n; ;1) +(Aln;, ;4 )- (—7—'—)) (10)
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The initial buffer fullness is set to zero. The updated
number of bits in the buffer equals the previous buffer
fullness plus the bits used for the previous frame and
minus the number of bits taken by the channel per frame
interval (i.e. 3200 bits). If buffer fullness is larger than or
equal to encoder buffer size, the encoder skips encoding
frames until the buffer fullness below encoder buffer size,
as shown in eq. {11).

while B, (n;, ;) > M
{Bc(ni,,>=3c(ni,j)—i(f§"—“l} an

r

4.2 GOP layer rate control
In low delay applications, the typical format of a
GOP used is IPPPPP...., and there is one GOP in a-

sequence. The total number of remaining bits 7, for all
non-coded frames is computed accordingly as in eq. (12).

u(n,;)

Tr (nl,(}) = * Nggp (12)
The buffer occupancy is computed as in eq. (13).
u(nl, j)
Bc(nn,jﬂ):max{o:Bc(npj)'*' A(”u)“ 7 }
B (n;)=0 (13)

The total number of remaining bits 7, for the jtu wiauns is
computed accordingly as in eq. (14).

T, (nl,j) =T, (nl,j-l) - A(nﬂ,j—l) 14

4.3 Frame layer rate control .
The frame layer rate control scheme consists of
two stages: pre-encoding and post-encoding stages.

4.3.1 Pre-encoding stage.

The objective of this 'stage is to compute
quantization parameter for all frames .If buffer fullness is
greater than 25% of maximum value, there is a tendency
that buffer will overflow. Thus, the weighting parameters
in egs. (5) and (6) will be set as y =1.0, 8= 0.1, The
algorithm can be summarized as in eq. (15).

(B (n,,,)> kM (15)

u(ny ;) + 7(Tbl(”1,j )-B, (n; )

7("1,1'):

r




r( l,])

Sfln,,)= ﬁ“‘ +(1 ﬁ)*f(nj)}

where k is constant

4.3.2 Post-enceding stage

The buffer fullness will be checked again for the
chance of frame skipping. If buffer fullness is larger than
or equal to encoder buffer size, the encoder skips
encoding frames until the buffer fullness level falls below
encoder buffer size. We use buffer constraint condition to
protect buffer overflow, thus reduce frame skipping.

5. Simulation Resuiis

We perform simulations with three test video
sequences: Foreman, Claire, and Carphone with following
parameter settings: QCIF(4:2:0) format, an input frame
rate of 30 fps, an encoded frame rate of 10 fps, a QP for
the first I picture = 32, a QP for the first P picture =34, a
Bit rate of 32kbps, a buffer size of 3200 bits (corresponds
to 100 ms delay),and other parameter settings are shown in
Table 1. The PSNR calculation when frame skipping
cccurs is done according to the rate-control tests in MPEG-
4, which stated: it was decided that when a frame is
skipped, the previous encoded frame should be used in the
PSNR computation because the decoder displays the
previous encoded frame in place of the skipped one.
Simulation results, compared between AVC rate control
and our proposed scheme, are shown in Fig. 3 for the
“Claire” sequence and Fig. 4 for the “Foreman” sequence.
With the proposed frame-layer rate-control, we achieve a
better PSNR (up to 0.75 dB improvement) with up to 50%
reduced number of frames skipped, as shown in Table 2.
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TABLE 1
PARAMETER CONDITION
MYV resolution V4 pel
Hadamard on
RD optimization off
Search Range +16(QCIF)
Reference frames 1
Restrict Search Range 2
Symbol mode UVLC
GOP structure PP
Frametobeencoded 160

Buffer fullnass(Bits)

Fig. 3. Simulations using the “Claire” video sequence coded with AVC
(Rate control) at 32kbps and a target frame rate of 10 fps. (@) PSNR
comparison between AVC and our proposed frame-layer rate- control
scheme. (b) Buffer fullness (in bits) comparison at each frame interval.
The asterisk at the bottom denotes a skipped frame of our proposed
scheme.

TABLE 2

COMPARISON OF NUMBER OF FRAMES SKIPPED AND AVERAGE PSNR FOR AVC AND QUR PROPOSED SCHEME

Video Total AVC Rate Control Qur Proposed Rate control
Sequence Frames ’

# Frames PSNR # Frames % of PSNR

Skipped (dB) Skipped Frames (dB)

Skipped
Reduction

“Claire” 100 18 39.85 9 50% 40.20
(+0.25)

“Foreman” 100 23 28.91 i1 52% 29.66
(+0.75)

“Carphone” 100 22 30.94 15 . 31% 31.28
(+0.34)
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¥ 8 % 8
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Buffer fullness(bits)

Fig. 4. Simulations using the “Foreman” video sequence coded with
AVC (Rate controf) at 32kbps and a target frame rate of 10 fps. (2)
PSNR comparison between AVC and our proposed frame-layer rate-
control scheme. (b) Buffer fullness (in bits). comparison at each frame
interval. The asterisk at the bottom denotes a skipped frame of our
proposed scheme.

6. Conclusions

In this paper, we consider the scenaro of low
delay scenario for two-way video communication. We
show that, the performance of AVC rate control under
low delay constraint is dropped as there are many

skipped frames and PSNR degradation. To improve the

overall quality, we proposed rate control scheme for real
time communication, which take into the effects of the
encoder buffer fill-up. As a result, our proposed rate-
control schemes encode the video sequences with betfer
motion continuity and with better PSNR quality.
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Abstract

The wupcoming H.264/MPEG-4 Advanced Video
Coding (AVC) video compression standard promises a
significant improvement over all previous video
compression standards. In this paper, we study the impact
of low delay constraint on the rate control algorithm
proposed for AVC, and show that the performance of AVC
rate control is degraded under such low delay constraint.
This results in PSNR degradation and many skipped
frames. We then propose an improved rate controi
scheme to effectively allocate the number of bits and
monitor the buffer fullness. Simulation results show that
our proposed rate control scheme encodes the video
Sequences with less frame skipping and with higher PSNR
compared to rate control for AVC.

1. Introduction

The upcoming H.264/MPEG-4 AVC video
compression standard [1] promises a significant
improvement over all previous video compression
standards. In terms of coding efficiency, the new standard
is expected to provide at least 2x compression
improvement over the best previous standards and
substantial perceptual quality improvements over both
MPEG-2[2] and MPEG-4{3]. The standard, being jointly
developed by ITU-T and ISC/IEC, will address the full
range of video applications including low bit rate wireless
applications, standard-definition - and high definition
broadcast television, video streaming over the Internet,
delivery of high-definition DVD content, and the highest
quality video for digital cinema applications. The ITU-T
name for the standard is H.264, while the ISC/IEC name
is MPEG-4 Advanced Video Coding (AVC) which will
become Part 10 of the MPEG-4 standard,

One important component of video codec is rate
control. It is a necessary part of an encoder to allocate the
suitable number of bits to each video frame and then
smooth out the variable bit rate to constant bit-rate
channel. Rate control schemes have been widely studied
in standards, like MPEG-2, MPEG-4, H.263[4].For AVC,

there are two different rate control schemes proposed in
the literature. One is based on MPEG-2 TMS5 rate control
[S] and thus is not suitable for low bit rate video
applications. Our study bases on another scheme, which is
based on fluid traffic model, linear model, and rate
distertion optimization (RDO) [6].

In real-time video communications, the end-to-end
delay for transmitting video data needs to be very small,
particularly in two-way interactive applications such as
videophone or video conferencing. If one or several
frames occupy higher number of bits than speculated, the
additional number of bits will be accumulated in the
encoder buffer and resulied in the increase of buffer delay,
which is the time needed (at the beginning of a frame’s
interval) to send the bits remaining from previous frames.
When the number of bits in the buffer is too high, the
encoder usually skips encoding frames to reduce the
buffer delay and avoid buffer overflow. However, the
frame skipping produces undesirable motion discontinuity
in the encoded video sequence.

In this work, we study the impact of low delay
constraint on the rate control algorithm proposed for
AVC, and show that the performance of AVC rate control
is degraded under such low delay constraint. We then
propose an improved rate control scheme to effectively
allocate the mumber of bits and monitor the buffer
fullness. The organization of this paper is as follows. In
Section 2, we introduce rate control algorithm for AVC.
In Section 3, we illustrate the problem by showing the
effects of accumulated encoder buffer of AVC rate
control on the video quality under low delay constraint, In
Section 4, we describe the proposed rate-control scheme.
Section 5 presents our simulation results and
demonstrates that our proposed scheme is effective in
reducing the number of frames skipped while improving
the average PSNR compared to using AVC. The
conclusion is presented in Section 6.

2. Background on Rate Control for AVC [6]

AVC rate control is composed of three layers: GOP
layer rate control, frame layer rate control and basic unit




layer based on fluid traffic model and linear model.

2.1 GOP layer rate control

In this ]ayer, we need to compute the total number of
remaining bits, T, (n;,,),n, denotes the jth frame in

the ith GOP for all non-coded frames in each GOP. The
" details of the GOP layer rate control are given in [6].-

2.2 Frame layer rate control

The frame layer rate control scheme consists of two
stages: pre-encoding and post-encoding stages.

2.2.1 Pre-encoding stage. The objective of this stage is to

compute quantization parameter for all frames via two

steps: »

Step 1 Determine a target bit for each P frame. Step 1 is

composed of the following two sub-steps.

Step 1.1 Macroscopic control (budget allocation among

pictures).The bit allocation is implemented by predefining

a target buffer level for each P picture, as shown in eq.

(1.

B,(n,,)-B, /8
N, -1

Tbl(n; j41)=Tbl(n; ;) — 1)

.where N/, denotes number of P frame in this GOP, B is
buffer size, and B, (n; ;) denotes the occupancy of virtual

buffer after coding the jth frame
Step 1.2 Microscopic control (target bit rate

computation).The target bit rate, f(n;,; ) for the jth P
frame in the ith GOP is scaled based on the target buffer
level , current buffer level ,

bandwidthu(n,

frame rate ', , and channel
"y ) . Itis given in eq. (2).
(, i)

P'

fln ) =—>2=

;where frame rate,y is a constant and its default value is
0.75.Further adjustment by a weighted combination of the
average number of remaining bits for each frame is given,
as shown in eq. (3).

[y =pF*—=

+y(Tbi(n; ;) - B, (nz JN o 2

T.(n; ;)
Tt =B ) @)
p
,where in # is a constant and its default value is 0.5
Step 2 Compute the quantization parameter and perform
RDO. The quantization parameter O , corresponding to

the target bit is then computed by using the modified
quadratic model as in eq. (4) [10].

f("pj)"H("h;)
M(n,;)

=a,x0;' +a,xg;? @)
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;where H denotes the bits used for header, motion vectors
» M, is MAD current frame, 0 ; is the quantization level

used for the current frame , @, and bl denote first and the

second-order coefficients. To maintain the smoothness of
visual quality among successive frames, the quantization
parameter is further adjusted and then used to perform
RDO and details of RDO are given in [6].

2.2.2 Post-encoding stage.Update the parameters @, and

a, of linear model as in eq. (5) and the parameters of
quadratic R-D model.

2.3 Basic Unit Layer Rate Control

A basic unit is defined that a frame is composed of
N macroblocks (MBs). A basic unit is defined to be

a group of contiguous MBs which is composed of
N MBs, where N, . is a fraction of N,

mbunit pic *

if 1S

mbpic

The total number of basic units in a frame by N,
denoted by Numt T mbpu:/ mbunit

The objective of basic unit layers is computed the
guantization parameter for all basic unit in a frame and

sum of generated bits close to frame target bits f(n;, ;)

wunt

via six steps:
Step 1 Compute the number of texture bits Tj,k for the

current basic unit, details of step lare given in [6]
Step 2 Predict the MAD of current basic unit in the
current frame and actual MAD of basic unit in co-located

position of previous frame are denoted by MAD ,and

MAD ,, , respectively the linear prediction model is then
given in eq. (5).

MAD, = a,x MAD , +a, &)
Step 3 Compute the guantization parameter of current
basic unit O, by using the quadratic R-D model. We

need to consider the following three cases:

Case 1 For the first basic unit in the current frame, the
quantization parameter is set to the average value of
quantization parameters for all basic units in the previous

frame, Qapf ,denotedas 0, = Qapf

Case 2 If the number of bits left to encode the rest of
basic unit in a frame is less than zero, the quantization
parameter should be set to be greater than the
quantization parameter of the previous basic unit,

Qpb,such that the sum of generated bits is close to

S (n, ;) ;as shown in eq. (6).




O =0, + DQuant {6
To maintain the smoothness of visual quality, the
guanti- zation parameter is further bounded, as shown in

eq. (7). ' : i
ch =max ﬁ: Qapf - A:mln 5 L Qa}:f + A: ch} } (7)
IfN,

mbunit
the value of A is set to 3 and otherwise A issetto 6.

Case 3 If the number of bits left to encode the rest of
basic unit in a frame is greater than zero, a quantization

is less than the total number of MBs in 4 row,

parameter (O, is computed by using the quadratic model.

The value is bounded in order to reduce the blocking
artifacts. The detail are in [6]

Step 4 Perform RDO for all MBs in the current basic unit.
Step SUpdate the number of remaining bits and the
number of non-coded basic units for the current frame.

Step 6 After coding a whole frame, Qapf is updated.

3. Effects of Accumulated Encoder Buffer of
AVC Rate Control on Video Quality under
Low Delay Constraints

To show of effects of the accumulated encoder buffer
of AVC rate control on video quality, several video
sequence were enceded at 32 kbps using AVC rafe
control.

The bits in the encoder buffer belong to previously
encoded frames and must be sent before those of the
current frame, thus introducing a delay in the system,
denoted as buffer delay. Other sources of delay such as
the encoding time can also be important, although the
latter is implementation dependent and hence hard to
quantify. Nevertheless, we focus on buffer delay since
that is generally a major delay component when
transmitting real-time video. To impose a low delay
constraint, the. number of bits in the buffer

B_(n,, ; )must not be greater than A (at the beginning

of the current frame’s interval), otherwise the frame will
be skipped. Hence the buffer delay will be less than

M seconds. By default, we set Af = M

u(n;,;) F,
[9], and hence the maximum buffer delay (z) is

M = i seconds. In our study, bit rate of 32 kbps,
u(”; Y] ) F
and frame rate of 10 fps which correspond to the
maximum buffer delay of 100 ms are used.

Figs. 1(a) illustrates the buffer fuliness level. When the
buffer fullness level reaches a certain level, i.e., 3200 bits,
the frame is skipped.The frame skipping results in
discontinued motion. In simulations, we take the first 300

2

,.as in
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frame of video sequence which has originally a frame rate
of 30 fps. It is then encoded with a target frame rate of 10
fps, i.e.,96 coded video frames for “Foreman” sequence,
in which 20 video frames are skipped under low delay
constraint. AVC rate control, when operated under low
delay constraint, also results in the PSNR degradations
especially the sharp drops due to the frame skippings, i.e.,
the PSNR on AVC rate control under low delay constraint
is dropped around 1.52 dB for “Foreman” sequence, ,as
shown in fig. 1(b).

Buffer fullness(bits)

55888

oy

h=)

F

4

7]

o 1
15¢ === AVC rats control with no delay constraints
16 3 h | ™= AVC rate control with delay constrainis

. 10 20 30 40 &0 =1] 70 80 k]
®)

“ Figure 1. Simulation using the video sequence coded
with AVC rate control at 32 kbps and a target frame-rate of
10 fps (a)-(b) Using “Foreman video sequence. (a) Buffer
fuliness level (in bits) at each frame interval, maximum
delay constraints (dashed line}. {b) PSNR comparison
between AVC rate confrol (solid line) with delay
constraints and with no delay constraint {(dashed line)”

4. Proposed Low Delay Rate Control for
AVC

The simulation results from Section 3 state that using
AVC rate control under low delay constraints results in
the encoder buffer fill-up and many skipped frames. In
this section, we propose rate control scheme to improve
the video quality.

4.1 Frame skipping

Before the current frame is (inter) coded, we update
the number of bits in the encoder buffer(B, (n;,, )), as in

eq. (8).
u(ng,jq)
B.(n;,;) =B, () +(A(ny, 5y )~ (’——F“—)) @)
The initial buffer fullness is set to zero. The updated
number of bits in the buffer equals the previous buffer
fullness plus the bits used for the previous frame and.
minus the number of bits taken by the channel per frame
interval (i.e. 3200 bits). If buffer fullness is larger than or




equal to encoder buffer size, the encoder skips encoding
frames until the buffer fullness below encoder buffer size,
as shown in eq. (9).
while B, (n;,,) > M
{Bc("i»j)=3c(”i,j)"i(—"%—t‘—l} &)
4.2 GOP layer rate control

In low delay applications, the typical format of a GOP
used is IPPPPP...., and there is one GOP in a sequence.
The total number of remaining bits 7, for all non-coded
frames is computed accordingly as in eqg. (10).

u(n, )

Tr(nl,o):' *Ngop (10)
The buffer occupancy is computed as in eq. (11).
“ u(nx,j)
Bc(nl,jH) = max{()’ Bc (nl 13 ) + A(”x,j) _——FT_—}
B .(n,)=0 an

The total number of remaining bits 7, for the jth frames
is computed accordingly as in eq. (12).
T(n)=T.(n,;,)-Am;) 12

4.3 Frame layer rate control

The frame layer rate control scheme consists of two
stages: pre-encoding and post-encoding stages.

4.3.1 Pre-encoding stage.The objective of this stage is to
compute quantization parameter for all frames. From our
study, we observe that there is a tendency buffer overflow
if the buffer fullness is greater than 75% level. Thus, if the
buffer is greater than 75% level, the weighting parameters
used in eq. (2) and (3) will be set as y =1.0, = 0.1,
otherwise the default value of y and #, as stated in section

2.1.1, will be used.

To get a better target bit-rate estimation, we need to
consider complexity each frame from MAD. If the MAD
of previous frame is greater than average MAD and buffer
fullness less than 75% level then increase the target bit
rate by 10%. The target bit-rate estimation can be further
adjusted, as shown in eg. (13).

if {(MAD,, > MAD, . )andB,(n,, ) <nM}
f(nl)j)=1'1(f(n{5j) (13)

;where MAD 1 is the MAD previous frame , 71 is constant

MAD Average
three frames.

is the average of MAD from the previous

4.3.2 Post-encoding stage.The buffer fullness will be
checked again for frame skipping. If buffer fullness is
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larger than or equal to encoder buffer size, the encoder
skips encoding frames until the buffer fullness level falls
below encoder buffer size. We use buffer constraint
condition to protect buffer overflow, thus reduce frame
skipping.

4.4 Basic Unit Layer Rate Control

In basic unit layer rate control, the computation of
quantization parameter for the first basic unit (case 1) and
when there are enough bits to encode the rest of the basic
unit in a frame (case 3) is done according to the original
algorithm as stated in section 2.3. For case 2 where there
is not enough bits to encode the rest of the basic unit, the

quantization parameter ,ch, will be set to be greater
than that of previous basic unit, i.e., by setting the value
of DQUANT to 1. However, the final quantization
parameter, QC , will be bounded by less than three levels

of average value of quantization parameters in previous
frame, as stated in eq. (6). As a result, we observe that the
sum of generated bits for all basic unit is always much
higher than the expected frame target bit rate. Thus, there
is higher possibility for excess encoder buffer
accumulation and frame skipped, as we already show in
the simulation in fig. 1. To alleviate this problem, we
then propose a condition for selecting the quantization
parameter by monitoring buffer fullness level at the basic
unit. layer. We define the current buffer fullness after

encoding the basic unit &, B, ,as shown in eq. (14).
k
B, =B.(n,;)+> B, , 0<B <2M (14)
i=1
where B, ; is the number of bits used to encode basic

unit i . If B, is lower than threshold 4% level, the final

quantization parameter is set as in eq. (7), otherwise we
retain the value calculated in eq. (6). In the simulation, 4
is set 10 1,75 .The algorithm can be summarized as in eg.

(15).
f(f(n,;)<0)

0., =Q,, + DQUANT (15)
(B < hM){
Q‘:b = max {1’ Q"Pf - A’ min {5 L Qapf + A’ ch }} }

else
ch = ch
5. Simulation Results

We perform simulations by using JVT reference:
software [8] with three test video sequences: Foreman,
Claire, and Carphone with following parameter settings:




QCIF(4:2:0) format, an input frame rate of 30 fps, an
encoded frame rate of 10 fps, a QP for the first I picture =
32, a QP for the first P picture = 34, a Bit rate of 32kbps,
a buffer size of 3200 bits {corresponds to 100 ms delay).
The PSNR- calculation when frame skipping occurs is
done according to the rate-control tests in MPEG-4 {11],
which stated that it was decided that when a frame is
skipped, the previous encoded frame should be used in the

PSNR computation because the decoder displays the .

previous encoded frame in place of the skipped one.

The comparison between AVC rate control and our
proposed scheme is shown in Fig. 2 for the “Foreman”
sequence. With the proposed rate-control, we achieve a
better PSNR (up to 1.27 dB improvement) with up to
160% reduced number of frames skipped, as shown in
Table 1.

Buffer Fullness(bits)
- 8688

35
30 .
2=
[ ]
o 20 H ';‘
H F R AVYC rate control
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10 pie] 30 40 f4 &0 70 82 80

“Figure 2. Simulations using the “Foreman” video
sequence coded with AVC (Rate control) at 32kbps and a
target frame rate of 10 fps. (@) PSNR comparison
between AVC and our proposed rate-control scheme. (b)
Buffer fullness (in bits) comparison at each frame interval®

6. Conclusions

In this paper, we consider the scenario of low delay
scenario for two-way video communication.. We show
that, the performance of AVC rate control under low
delay constraint is dropped as there are many skipped
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frames and PSNR degradation. To improve the overalk
quality, we proposed rate control scheme for real time
communication, which take into the effects of the encoder
buffer fill-up. As a result, our proposed rate-control
schemes encode the video sequences with better motion
continuity and with better PSNR quality
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“Table 1. Comparision of number of frame skipped and average PSNR for and our proposed scheme”

Video Total AVC Rate Control Qur Proposed Rate Control
Sequence | Frames
. )
# Frames PSNR | #Frames A’ggﬁ“ PSNR
Skipped {éB) Skipped Reduction {dB)
“Claire” 99 17 39.76 0 - 100% 40.38 (+0.68)
“Foreman” 96 20 29.16 1 95% 3043 (12D
“Carphone” | 97 20 31.13 2 90% 31.75 (+0.62)
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