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Presently rapid development in wirgless communication technology enables the
transmission of coded multimedia data such as images, and video though wireless network.
The new video coding standard named H.264 is designed to for the suitability for wireless
video transmission. Nevertheless video transmissions over wireless channels have many
challenging problems, due to Multipath fading characteristic. Thus, effective error control
mechanisms such as forward error correction (FEC) and/or automatic repeat request (ARQ)
have been proven to be suitable approaches especially when applied jointly with video
coding. One important component of video encoder is rate control. Its main function is to
allocate number of bits to each video frame. Rate control has a buffer to smooth out bits to
constant bit rate channel.

In this thesis, we invesligate the scenario of wireless H.264 video transmission where
ARQ has been adopted as an error control technigue. While using ARQ can ensure reliable
transmission, consecutive retransmissions cause the degraded PSNR and a lot of frames
skipped. We then propose an improved rate-control by monitoring buffer occupancy and
integrating channal throughput estimate for both frame and basic unit layers. Simulation
results indicate our propose scheme can improve PSNR of up to 1.84 dB with no frames

skipped, compared to that of H.264.
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TnadnBasauuiansaslddiniudnsiasinsdsainunnlddes wudiuinigs
AANIWLLL | $9AINNABNTWLLL P H0enige ABAMNLLIL B ANANRUS TSN nILLL |
P uaz B 1ilufagiln 2.2 nwsnansaud 4 aadluniniuy P ldaannisdnsdamsuadum 1
(WsNuu 1) dousniuy B Hagadnsnluaiadui 2 way 3 leainnnsenadansniuy | way

P

i

51171 2.2 AnuAniussTUdaNsIuLY | P sy B Tun1sininanisinasui

222 masuameluisu

¥ v
= a

nsdnsdagsdatliduntsanaaiudndeululninudsn i (Spatial

u

Redundancy) 124insnfsen1siudndesatugiunisiansaunannuditensesdayanielu

= a o X
nimsuing ARARNINTANY
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o =

1. nsgudaya (Sub sampling) Aa nisudinsiadnynyind

o

AVATLULLNNAIU NANIAE

1 v
o

nsdsawuuLNsnEiavTadindas AeanIasgan Wit inliaiunsnan

¥

U 1l al A [ %% % dl M ¥ o

foyaaliurinads A AuAndRIININanas War dayaunsdaunlalsvin
nsdinsiasesgnaZsiuludlaanisdseunny(interpolation)

2. n3aeulduLILNENUNTaN19aRANANTEIGANTW  (Coarse  Quantization or
Depth Reduction) ilunisananuaudeyalasdeyainsdsuaasningniiall

3. msdsauuunisuilas (Transform coding) @aflunisuilasdayaninainiaiu
1394 (Spatial domain) Wlulatumaed (Frequency Domain) dulse@nsannnig
wlasavatflugilaasiifuazgnaniag AR eaiannadnsiasall

4. nsiaeulnduuunnwas (Vector Quantization) feganiwazgnuinguuay
wapsunuentdtydnHaiaIngaatia (code book) tWanINsdedTyANERImMIYINGL
d’ o/ o = 1]
galunnsdszudpanuaudaliinnsgs

aa o e

dmiunimsgunnadnsiadoyayandlsvial H.264 nisdhsvantalusn
azutiveanifutfandauilsznatinaidesadneuuin 4x4 ﬂqmmw%\mm 9 Tunmuazuden
dauLlsTnaumINgdedadNTuIn - 16x16 4NN a4 Tuasuazdmiuuden
doutlsznav@awin 4x4 4 Tune IeanisdenivdnenisdisiaaanainniauiAIANg
wANFANLndaIN (Sum Absolute Difference Error) ﬁﬁ@ﬂﬁ@ﬂ

A uFuuaandaulsenauANdesadNTun g 4X4 f«gmmwﬁ@:ﬁqm@ﬁﬁ@ﬁm
meﬁqgﬂ‘ﬁl 2.3 Tatusiazqanin (a 08 p) mma‘ml,mmﬁ\igﬂﬁ 2.4 Taausazivund

= o -&J
TIURZLAEUAAIU

fnatiNuAandIullszna
AYIHADIRAINLUIA 4X4

AN

9117 2.3 doutlsznauANdesadneTuIn 4X4 AN [17]
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J e f g h
K i j k
L m n o] p

92109 2.4 AILULNAI USRI LAINAAIAIN9UUNA 4X4

a

T1uA 0 ﬁmfammnma‘ﬂixmmlmmqr%qmﬂﬂ-gmmw ABC laz D

Tue 1 Auania N sdazanadluiiouenaINaanIn | J K uay L

Tiam 2 A A0ANANLRALEIA A B C D lay | J K uag L

um 3 AMuaUAINAANIN A B C D E F Uay G AMNLUINLEN 45 a3pnrL
LU AR

Mum 4 AIUATIAINAANIN A B C D | J UaY K ANNKUINLEN 45 83p1L
LIRS ANEEANEAT9

Mum 5 AUINAINAANIN A B C D WAy J ANNWUINLEN 26.6 B3pNL
LIRS ANEAEAEATA

Mum 6 AUAWAINAANIN A C | J uag K ANNUUINIes 63.4 a9pnriy
LRI ANEEAILNT

WA 7 FIUtUANNaANIN A B C D UaZ E FANLWUINILEN 26.6 B3A1L
LU ANTNRIENe

ug 8 ATUINAINAANIN | J K LAY L ANHLUIYLEN 63.4 AL

angneauliann

Tnaaunsouansfiagi 2.5



14

Mode O Mode 1
A ] C 5] E F (] "] A B ] 5] E F G
! -
J -
14 =
Y| r Y| r L -
Mode 2 Mode 3
Al B | C D ElF | o M| oA B C o E F I
]
MEAN
(A D ~
1)) ~
L
Mode 4 Mode 5
A B C =] E F L] [ °] A B c 5] E F L]
! N
4
K
INN NN
Moda & Mode 7
A | B (v o | E F | & M| A B | © o E r G
\_‘. !
-""\.._‘ ‘\‘| J
~ Y VYV
Mode 8
A B c D E F G
.-""/
| Py
— fﬁ

=l a
317 2.5 madsaniehudsuresdaulszneumugesadinuin 4x4 Taum 0 e 8
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dmfuudandanulsznauanudesadnimuia 16X16 aanw aunsawnldisan 4

= . X
Twum saazBansail

L ]

L
Tuum 0 Awausnnisdszanluuuasmsinnguaanin H
Twym 1 Avanmanmsdssrnasluuiuauanngugann v
. ' al ;
e 2 AwsnsinAnaioannguaanin H uas v

Twua 3 Aamsinnguaanam H Tuuwamueasminenundie wasann
: X
neMaann V uianussasandaslyenn

—
Tntannsounsanagi 2.6

Mode 0

Mode 1

H

II e i il
7 2.6 vihmianeluwsumesdoutlsneunaudesadnisunm 16X16 Tuum 0 T 3

. 11
duiunmadaaianis lumsieesdoulsenauaudngiuns 8x8 iviauus

4 Tnuadnwuzadranunindimiamelumsuresdaudsznauanudesadnamunm 16x16

223 msuiswassuiadlsy

J il '\J - L [ L i s
WavaindeyoyrdaiainegRniuasiimndniugssndndayaniafigil-

s - H P =
1281 (Spatial temporal correlation) T NAA NI IOUTBITBYS NBsiBINIaATEYAN

. X - . &
TieuiiEldinaliadie dall

1. madniauuugauniana (Time Sub Sampling) nstisiganizurasulaeh

Fanamsiasiaainisaiamssivnel T uwm

2. madsiadiauuanAng (Different Coding) 3 2 wuu Aa nasdsialanizaniu

RANANTENIT N THRAENITENTRA ATAINUANANITEWI N UADN (Block-Based

Different Coding) Intin1adinsiaianizanuuansnssndtansuatdeanudufiug
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sosdrdunmRegRnfuiiasadnaRafy uienakeslddauia (overhead) u
nniauandiganiwlaiinisnaouwlas aanmlalifinisudeuwlas dounns
dnsvinsrAuAnAsErineuRansnaiunsinmazgudaiuudendesqion
'Hﬁ:il‘ﬂﬂ&uuﬁﬂmﬁ.ﬂﬂ‘i:qﬂﬁ’m"lllﬁtl'!_llﬁﬂ‘l.l

n’tfﬂﬁ':mmmﬂﬂﬁﬂuﬁ (Motion Estimation) WAZ NITTIALEE n’mﬁﬁ'ﬂuﬁ (Motion
Compensation) {hAZnsfiadratuilaasdeysiidieasldluntssdoyoyroiaien
iﬁqﬂﬂﬁﬂqﬁa‘lﬂ A9 nNenaDa (Reference Image) 19 nABNIgARBLR (Motion
Veclor) uazANANHRANAIATRIN W (Residue) Funmlddrdadayaninuaninany
Ramanatianuinle MadhsiiassudraniaBeannsotiudaldunndusint site an
winuviiefine BanisdssinmninaieuiiudmnTui s liauiianan
Viounain Wituanlanndnduiu faky MsUssanainnadauiiaaiiunumandiy

TudausesnstiudadtucuanidAviend
tucy :

2.2.4 mawdasuaznmisudasunau (Transform and Inverse Transform)

amiuuasgau H264  Mnasulasuuusatuaui@n (Integer  Transform)

= Ld - 1 l’;
MRUAEN 4x4 NMsilasuuus N lERugmaInmsutlaauuy DCT (Discrete Cosine

- = a = = i )
Transform) Jansdiinanisudasunduazivss@nsnininndnguwuuniswdaduyy DCT

= :‘ r - i -‘ -
Tnudrudamivdsiauuunislumsy Avdulscans DC sasudandqulsenaumiiudas

adnRzgnAREEuasiINsdlUiaw udssninsdidayarsrudannvasuanisagy

o
N 2.7

-1 16x18 16 17
P2
o
Ed L
EeATA
oc
kil [ Fd ) r:,'l 1 | \{.d
0 1 2 3 18 19 22 23
o | o) | v | | A
4 5 6 i 20 21 24 25
LA d L rd
-] g9 10 1 Ch Cr
e '{.:I | |
12 13 14 15
Luma

: - ' o
gl 2.7 nMasdaiFaerdinlszfng
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Bunm X 1um 4xd MawdasasnsoAuanldainannagi (2.1)

a  a i a a b a C
b —c =b X —a -=-b
Y = AXAT = ¢ @ ¢ a (2.1)
a4 —a —a a a —¢ —a b
c =-b b - a —-b a -c
1
a=—
2
T3} b-icas(i)
N2 8
AR '3_’"]
J2 8

" o
225 nmisaaulnduaznnsaunuardulseans

nsmaulndithuduneurenisgadadeyaundou mequidedeysiver
fuArasaulndndrefedidrraaulndiidaungqdadeyaliuin Araseulndiid e
grundeyaliisy FatimsdendaednfiluiuneuiiiianmdAysediavdniiionsg
dnsaisaniur@ndag daufusnnsgiu H.264 Wawusduaasnisaennd (quantization
step) 14 51 sz Andanlsz@vissesmsudasuuudmamdy ddinlszdnanegnakiuy
$rufleszunumdinlszans DC dmnilgauasiveBunindulsyans AC wanilarin
nizateuIndGasdfnlsy@na i la Fuaindrdunlssang oc fslusnasgau
H.264 ﬁﬂ:ﬁ'ﬂ‘ﬁmﬁ'ﬂﬁuﬂjﬂﬁﬂﬁﬂﬂ 2 A5An MensauuLinuin (Zigzag scan)ihidaild
aglaeialudshanasgudewningl 327 2 Aa n1ansauung (Double scan) &nwouzns

. <l o
GuadrdinlszBvana 2 95 uamsdagin 2.8

u:‘r-:r. 5E—>g 0—>1—>2 5

/z \ {
v VA

[

5]

-l - -
7N 2.8 FnensadnduUssAvsuusdnuanuasiuyg
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226 nsusRasuuauingds

Hluduneunisulasdranndulss@niniansmanldannnizaseulndli
Phusrluwifieduduiinassueenty Tneumsgu H.264 Tasnadnsiauuueuings 2
3% Ae Context-Adaptive Variable Length Coding (CAVLC) [18] uas Context-Based
Adaptive Arithmetic Coding (CABAC) [18] IaeiiF CABAC a@unsnassmsiinlauinngs
CAVLC Uszanmufauaz 5 1 15 [5)

=l =) . =l =
227 madssaruni19iAfaun (Motion Estimation) WaE N199AEENITIARAUN
{Motion Compensation)

o a \ ' =i
msdssunmninafsuiiunisnamuandiassudnganniganadie
" ' " J
Auszudrarsuaaadsniifiafiy T.mE1]nﬁwl-mﬁﬂgjﬁnﬁuﬁ:ﬂmwﬁuwufﬁum nuiai
i " Ly
Fendianuirfeuntanatdanaliannsaringddianizanuuansiaunuiandnsians
- - = E - =
n Taeiald imaninsaaunfididrsesgann i mnaninafoungesing lAiaeuanan
{ ] - J e ] 1 1 i i
wialulsamiilldagetulurdsudaly dusansowisiumiiuasuulasvraiGandd
i o ) ! aada -
wnweinaageud iliasaasAmuansaslUlE 35UGEENGY MesasanaAReun
- < i i
TmgdlUawissesudannlilunassmrunisiafeuiiiania 16x16 viia 8x8
- -3 J [] =
qanm Felunnasgiu H.264 dfuudenfifiaua 16x16 amnsomlmunaudenliiauns
t’ A B ‘I o - a A‘
@NLAYINNA 4 WL A8 16x16 16x8 8x16 8x8 uamanzLlil 2.9 uax dwiuudeniisuia

4 -
8x8 axsaut WHnnadn1a8ing uuu Ae 8x8 8x4 4x8 UAY 4x4 uARIAIZUR 2.10

16 8 8

16 o 0 1

71 2.9 nsutiudenaunn 16X16

8 4 4

51 2.10 mawdsudanaunm 8X8
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v
=

o o A < ul/ < 1 o o dldld
mmumsm@ﬂmmmmuaﬂﬂimﬂmﬂﬂuaﬂﬂmmm’l,mymm:mmuwumu

[
g

o o =3 (=3 o [ % d” aAaa a
ANWUCLANNYG (Homogeneous) LATUADNTUIALANLUNICATNTUNUNNNIEALLALANIN

q

NINLABNUAAIAILN 2.11 [17]

51 211 wamenastsudennelunan [17]

1 |
aa

Lﬁ'@ﬁqmmmﬁfaﬂwmmmwiﬂ&ﬁmmnﬁ@m::wiwLWiuﬁ@aﬁuLLa:LWiu
Aeunin TunnsduvaugenilndiAeanunsov Ui usinnsdumn (Search area) 1neiAa7i
AL IndIAeNT LI N saa N TURVANEAE i MAD (Mean Absolute Difference)
SSD (Sum Square Difference) ag SAD (Sum Absolute Difference) meﬂvﬂgﬂﬁl 2.12 1ag

o 1 dl dl = 1 'S dl dl
AuanilasuLlasizania neainieaaun

search Area

(]
motio J-

vectorja”] current|block

717 2.12 nstlszanmunisndaui
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AMTUNIATIU H.264 TFmussaumslszuimniswwasu s nidnuuuas
. " & ol al . B
AN (Half-pixel) 14 1/4 uaz 1/8 anwdaarusain Widssuraunisiadaun Wiusiugn

.: I [ J -~ i o i
ey dAwiunalrmnumsedeulmaniBnuuuaigan i asnsousad il 2.13

L A aa B
c b D
E r G B H 1 J
f 1 ¥
oo d h mgr P [
i i A i
K L M 5 H P Q
R [+ ] 5
T hh u

rdﬁ 2.13 UAAINITMIAIGANINTENT N 2 AN

nsArErinaganmatnaut ldannaslszinmlugaa(interpolated)
Inaldnamnsesaauauesdsiadaiia (Finite Impulse Response (FIR) filter) 6 Lol F929a7
nspsiiFdaainminAe (1/32 -5/32 58 58 -5/32 1/32) [(17] viu FBANNTMIANIN b
ANT0AMIUIAIINGANINE F G H Tuaz ) AnANN1ER (2.2)

b = round ((E-5F+20G+20H-51+J)/32) (2.2)
228 sUuuunsAAEBIATYYNN

uanasg i H.264 WimuagiuuunisdnGasdoyaludyanamignidnsia
pradadLdusig 1 aiinsdaduedeyamuiieyalugauiresdygrndendulum

J 1 i’ i’ el (] L LA - ] - 3
wasg e bilifneanianianuduan laoazwiniludrduiusing q sl
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1) FungunIW (Group of Picture Layer ) U3enaufdganuauinsunans-insueg)
TunquIRE9il LazuAaNENAINAL BUFUFEWINAWILIL | Wit

o o = o

2) %ugﬂmw (Picture Layer) usznausqaqanIntwIAvNAL&I Y ARTIAY
Tnevialullu 1 wsnaziszneudan 2 dade Uﬁ‘ﬁ‘ﬁﬁ@jLL@ZUﬁ‘ﬁ‘ﬁﬁﬁ

3) tunladuazngualad (Sices and Slice Groups) Tnausazaladazlsznaudag
ﬂzjmjfaqm‘ﬂmuﬁ@ﬂ%aié’mmﬂm?ﬂmmLLumf]mmf (raster  scan) N3

uiangualaduanssiagiln 2.14

Slice#0

Slice#1

Slice#3
BN

917 2.14 nasutiangualad

4) Funnlasudan (Macroblock layer) wiazsalasudanazilsznaulildaaqnnin
AUIA 16 X 16 GANIN

5) duuden (Block layer) dsznaulisasqaninawin 8 x 8 ganw

aAa

2.3 MeAILANDAFIAINTUNISLASURN Y YU AN AL H.264 [19]

NNIAILANEATIAMTL H.264 uileanls 3 svdu Resedungunn (GOP
level) 32ALLNTH (Frame level) izﬁuﬁuﬁ;mﬂ@ﬂ (Basic unit level) mm?mmmﬁqgﬂﬁ' 2.16
Tmﬁimzﬁumg’umwﬁ’]m?ﬁﬂmmﬁﬁmuﬁmz%wﬁ*uL%@ﬁm@;umwﬁu I ansuluszay
s (Frame level) Anunasanaudaidimaneivinnisdnsialuusazimen douluszdu
miaﬂ‘ﬁugm (Basic unit level) %mffu’ﬁmuﬁmLﬂﬁumﬂ‘l,umifmﬁugmﬁu g iielEs 1w
ﬁmL‘flWimﬂslmzﬁwmﬂﬁuimué’%z‘mﬁﬂﬂq@uimstWiﬁﬁLmﬂmﬂiﬂmmﬁqﬁmm i
ﬂ’]’imfﬁif]ﬂfmﬂwﬁ“wqi’]ﬁLﬁmfﬁls’ﬁmmmLLmﬂﬁméﬁ”mymi(l\/lean Absolute Difference) fag
anuiansnanageLeulies s Aaeulndnnimes Lﬁmﬁwﬁmmunﬂmw
ﬁugmm”qﬁﬁm@muﬁﬂmuﬁrm;léwummﬂuwxlw WAINNINIIATUIIINAU KT AT AN

padaliiimas  Tnaufenlaezunsunisarupudnsdmiunisdnsiadnyoy ol

H.264 a11190uandliAagLen 2.15
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Targut Bitrabe Indtial QP Guiffer Capasity

QP demand

i Uinit Residuais Y o T
71 2.15 uRanlaszunsunisALANERTIAMTUNIATI Y H.264

2.3.1 ﬂ'l'ﬁ‘ﬂ’ﬂlalti‘lpﬂﬁﬁﬁﬂﬂﬁ:llﬂﬂ“

TuszdullazAannnmdanaulsdwivdamian o e lungunwlunsdn

L) L] ] -:l' L L J
dharlsuusnasangunm SmuwaulaiaiuaAuanaaaunim (2.3)
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un, Bs
Tr (ni,O) :%*Ngop _(?_ Bc (ni—l,Ngop )) (2.3)

r

Te?l  nj(i=12A,j=12A ,Ny,) ABRIALUNINT j lungunni i
T, Aes uaudaduiungunn
Ngp PRI umanluuAazngunIn (GOP)
F Asdmsuvau
A o a aj 1 o o v o ]
B.(n;) Apd uauianazanagluiiaiudaainidnsiausazinsy

A o 1 o dl - { d‘ -
u(n; ;) AeaRItesdnyqan Tumsnd j lungunind |

Taen12arRR AU ndza N LT masaunsaawnsine E LU uana e
nainnslvarediva Inadrwaudnazan e fudeandnsiamsu j (B (n;,,,.))
A 1 £ dl 1 1 o raal U [ 1 dl 1 1 6 o o a
wanAteeNgaszndneA e FENAUALANINIgATEUd AN AU IUA UILTnazan L

TinafraaWsunauntiafiuN a9 9 19a U U AN 19 N1 709 9T @ LW TN AR UNTIN AL

1 o/

o a dl ! % dl
nuuiinnaunsneangtesdnn il uaasluaunism (2.4)

u,,)
i) =B (0 ;) + AN ;) _F—}

r

B. (nl,l) =0 (2.4)
B. (Ni,11) =B, (ni,NWu)

B.(n

e A(ng ;) Aesuandanldlunisdnsvamsni j lungunand |

AN ALARLININIASAARININ1FAIUIUA UL A ALA D TALIT NA W0

Tanldlunisdnsidaeanaindam IFduFungun iy uanasannim (2.5)
Tr (ni,j) :Tr (ni,j—l)_A(ni,j—l) (2.5)

2.3.2 NSAIANBASITEALILNSH

Tuszsutiniianisniauls Wy 2 dunay
1. Pre-Encoding  Stage Auatiunatuaudmiinuuneiiadnsia luunaziney ws
o o dd‘ % % = o A o 1 [ % :’/ g
A mFunsiiidnsviaiies 2 92U ABTTALNGNAIN LarsrALney Tudunautas

ANUITUATNANAU TN R IRaFs0e
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2. Post-Encoding Stage UiuA1nW1310imessing o nasnisidnsiausiazivay

2.3.2.1 /49U Pre-Encoding Stage

Tudupauiatunsnatudmd e lulsasns) LAZNITAIUITINN

{ G a = 2’/ o g
ﬂﬁﬂ’)’ﬂuiﬂﬁW’]i’]NLﬁl‘ﬂﬂﬂﬂN 2 1UADUAIY

AURBUN 1 NuUADAINUNIEY (Target bits) Ansuwsn Tnedmtlviung
ANNNTDATUINIATN 2 d0U AAUTNIANITALNGNANLATAUNNIANITALTWINaSTURa L

2 e 2 L o X
Tuale 2 dupautas A
Y - %
AURBUNT.T NITATVANNANTIA (Macroscopic Control)

AseALTWWasituNg (Target Buffer level) azgniiuualiusiazinsy
TnadAGusiuReAszauTmasitimuiendsandsiamsn P idsuusniasa Thi(n, ,) @9
azAwiniudnazanludnidesveansnidu B, (n,) aniuAszauinimasitlmniees

wassialiazgnAtuuiaunii (2.6)

_Thi(n;,)

Tbl(n
N, -1

)=Tbk(n; ;) (2.6)

i, j+1

e Thi(n,,;) AeszAuiiesitvaneluwsud j lunguaini |

N -Aasuaums P lunguam

dupanit 1.2 N19AILANAANIIAY (Microscopic control)

anninanadedunisaundadlwang f(n;,;) dszneuday 2 dau dow

nldseduiives (f(n,,;)) uazdaununannszdungunin

Aaunuianszdumasaiuanainatuauisluiwines sesutininas

Wnune dnsmsulazans lutesdynnssuanslugaunisy (2.7)
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F(ni,j):@

r

= 7(Bc(n; ;) =Tbl(n; ;)) (2.7)

ey ARANANT T9RINNIAsgIUuALAA 1T 0.8 [19]

doununanszaungunwm lfainauauiinasmaeduiudsiamsnlu
NENATNUNTARRIWIU P iWsHAsAaLdanInsaatwindadimanaialiaidaon

gﬂﬁmmﬂ%uﬁqLmeﬂu@mm?ﬁ (2.11)

Tr(nij) rs
f(ni,j)=ﬂ*N—_’j+(l—ﬂ)*f(ni,,-) (2.8)

o - AV & {9 < 0 '« yysl
We £ ABAIDNUIUUNATANTY smmummgmmwumm”m 0.5[19]

aunaud 2 AuinArateulndniadinasiag lTunanasdes [20] [21] [22] &4

WA luaNn1In (2.9)

R =b xQ*+b, xQ;? (2.9)

[ =

dl A t:ll ¥ 0% . A i o © o . A 1
e R, Aesnudullanazidnsiainsd i Q; AeAtAdanlndd miumsn i b, uay b, AaAn

1
v o A

ANUTLANTAUAUN 1 LAZAUSUN 2 ATNASL

o

NN9UNAIPAUINGAN NS TNIAAN1A94 89 Faaiiansaundn 2 TadeAa

1. TPANNAYRNARNTNANANK AT uRdWsHIFas ilsunatiRaiuar A ududay

49

[

¥ o o Y 17 o [ o KX K o Y ' dl
ﬂmﬂﬂumﬂummmLmﬁim‘ﬂma”l,mmmmmmmsﬁusﬁ@ummumumu DINTL

1 1
e ¥ o Y

(index) NldUanANdUTanvasLsaziNTNAL dANANNLANANANLF0IRA

2. Imm@ﬁﬁm?mﬁmu%g@dmﬁq (overhead data) BAZINMAFNTLAARUAFITNNT
o a dl % o =® % % ] o I8 dl dl
Audnndnsiasnassiasaudeyadiuianazinameinisnaaun (H,) aanhl

ANunANARU NG IasNa1sun 2 Tadsdefuain1saaIalaaInaNnsn (2.10)

%=bleil +b, xQ; (2.10)
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o a e e A e .
e M, AaAANLansednysaliafasdviumen i InaA1ANNuansng
duysnlimasun ldannTuwmadadulnaArprnuandsduysaliadaduiuilaqiiulae 14

TLAATIAY T8ATUIDANELANANLNUALIAUIBINTNABUUTIA AINFNN1TN (2.11)
MAD, =a, *MAD, , +a, (2.11)
e MAD,  AaAAuuAnaNdNLsnlieataadinsuiiaq iy
MAD, , ABANAINLANFANANLZAlaAE0UNINNBUNT
a,,a, AaAANLIZANs InalEusun ualiNAWINAL 1 Lz 0 AMNAIAL

FAtIIRNNANNN9N (2.11) A1HNTDUANKIDIAN AU INTAIAR lLANNTT (2.12)

f(ni1j)_H(ni'j)
M(ni’j)

% T N -2
=a; xQ +a,xQ; (2.12)

wainsAtwnmArAeulndiaginnsdasiamsuilaqiiu (Q,, ) Tiuda ively
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ch = maX{l, Qapf - 6’ mm{Sl! Qapf + 6!6cb}} (226)
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wWaafgegn way At ARTzazU1eTa9naTEd ATy naRS 2 &ty

a Q

Channel coded

data 4 = !

. - Wireless Channel impulse
QPSK | Signal Shaping using | .
. — . - —— S 'l | —
Modulation Myguist Filter respense with additive

| | noise

Received data
with errors

QPSsSK | ! Maximal Ratio Symbol Timing
Demodulation Diversity Combining Recovery

917 3.1 udenlaezunsunisanaastesdyynlians

% 1 o

Tnannslfrenduasanasstesdayanaisaniuaeniuaininsgunisidnia
2199 H.264 HansznuaednisdsiayaludazgnuaaaunialfReulasaesdesdyoy sy
a o ¥ ar dl = a rdl o 1 [ % [ % dg’
wisdimainiadnsianimazan Inainig1iiaadh L N9 a9 maad Y1 A9l SNR
(Signal to noise ratio) ANAYINDgIgARaLlinlans ( fy) AINTTWNIANLSEAN (Time delay
spread) AN lAafERT9@NaNTA (Antenna Diversity) WAZLLWAIATIRI TRty YN0 B9

ANHUNNEARINI TR LIRS IAALAazuana 13 lwinda 2.2

AN ARe N AT UANaa T a9 A Ty ULARASAIANINNT 3.1 B9
durnnfimefnaneesdesdn o uiluy waaedn [12] ndaunuadui Ang (Packet) Az
Auuawinty 80 Tn WaldArnnalimasninnsan 3.1 anaedesdnyyns azligiuu
ANNRANANATRITad s lusEAuLRAINATAL LAAIDNA ALTRIUR ALNANR AN
Hananm ezl BER (Bit Error Rate) = 107 PER (Packet Error Rate) = 0.15 uay

a g d‘ 1 o o a o
AN AR (Average-burst-length) 1WNfL 19 TABAINIIDNIAUANITNH AT

o

dl 2N [ dl ¥ =
LW@I‘WLWT]@\?@Q.JO&IWMWWN AUANBUCNABNNITANEN
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A9 3.1 fatawim e sl lunnanaesdesdy oy aslFanauuuam e

Multiple Access TDMA
Modulation QPSK
Channel rate 32 kbps
Maximum Doppler Frequency 1Hz
Transmitted Signal Power 15 dB
Time delay spread Y, of symbol period
Antenna Diversity 1

3.2 NSANHILAZILATIZNANMMWIAIA IR aAL lugluuuaasnislssidiv
AN WIAelE A1 Peak Signal-to-Noise Ratio  (PSNR) n1elAn1541aa4n1549
AuaradanAilitutasdyaindlsanadians NRIANNAANAIATAILRALNR WAL

AANENIURL T THANTEALIFTG

3.21 ﬂuuﬁg'\umﬂumiﬁﬁamszuu

1. desdynron idudasdyninlfanauuusiaviuaudnsdnan §

©

'
o =

dasdtyounutleunal uasiinisdszasnandunazad
2. nsuidaianaindeyautu ARQ  azdiasnsidnnisdeludidszay
ANNATILTA
a dl a é’ % o aAa o e‘d‘ o a 2 a
3.AnuRANAIATRRTWALA YRR AN AT UazgnUnTadaeinatia
n3untlamand RenansnuuldtnaanisiAaeuwd (Non  motion-compensated  error

concealment)
a o o
3.2.2 W'Is'mmem"li"lumﬁmamszuu

Tganfuafanansdasdrynyrnelfans [29] Anansdasdrynyrnildlunig

= a o o Q} o o a v Y dl 1
nagau Inadniadmefuanildlunisenaasiuateiuneluiadean 3.1 Tunimagauuia
nMranaestasdynuaaniii 3 natl muAtAnuinelidaafioianslunimed 3.2 Teay
IAAIANENITLTAMIRAY ANERTIANEANANALRALNG LAYANUIUILITAN A1NNNT

ANAAITANATY YU
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AN9799 3.2 AdnRvastasdynulFanaanaesnldlunimaaad

neel AR fR31A9NN AYNENITRY auaudsas
ANt pethilaas | Bewanauienn | Dsasiads (WAALNF) (ﬂ%\‘i)
1 1 Hz 0.15 19 395
2 10 Hz 0.12 6 619
3 40 Hz 0.09 2 1142

wsan waiasdtyn nuuLwaem At utnelilaas [33] Taa

Arpananelidand Wiy 1 Hz Wunnsanaesdesdy oy osuus

AAST (slow fading)
Arpnmdnelidaas windu 10 Hz Wunsanaesdasdoynyinm

wanunans (medium fading)

AANDaalilaad winiu 40 Hz unsanaesdasdoynyinmu

WAL (fast fading)
DAl ranAuFEnBesadnaTadty yrouaRsied

aquns AU ANA
H.264 14 $u UM 9.0 [31] Inadwisndimaslunasdinsviauuy Extended profile aaimnnziy

nuilsegneuuulians [5] Aawanslunnsisi 3.3

AN9199 3.3 NINRaFN 1 N1 MeRaL

MV resolution 1/4 pel
Hadamard on
RD optimization on

Search Range (pixels) +16
Reference frames 5
Restrict Search Range (pixels) 2

Symbol mode UVLC

GOP structure IPPP
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aa o

3.2.3 NANTENLUBINTRITDYA ANFAMNINURIA YU IRV AL

=

TuridatazAneinansznuaainisdetayaludsannininaesdnyoynns

|
] Aa o

flidaldnsiasag H.264 duiunisdeaaniadiiutesdyyinsliatantnisdelud nng

1 ]
= =

fimﬂmuums’ﬂummmﬂumeﬁagﬂm 3.2 Faiflusruunisdedny iy avAlin
dasdtynynul¥aneNindsnismauanANianNaIALLL ARQ 1szinm Selective Repeat —

ARQ w1 Tnaidiavinnsdnsiaduaindmdirunduadaudazindeayanninisdisia

v
o

LZQ?“’QVL‘IJLﬂU1Q1uUWLW®?ﬂ®QmQL?IW?M@“’Q’W]H%@"’M’]N@VWHﬂ’]?L“lI’]?VI@L@?@LL@"J@\‘]NWM

o 4

dasdnyartianslugtunusesuiaing Livamnaay 80 Jauazifudenafideran

a

dasdtyonneldluiivasans ARQ nneiliiuazninimeaagauuiAnNAf i uiAnmAl

o/

gnsiasarlifiomauAN ARQ (ARQ Controller) asdryrynniilaundu ACK twauanTida

a

D

wianesial usdmasilsiunudaluuiananiaNtana AvTaLRANATUGIUNETE

HanannazlifinnrLAN ARQ d4dnnynnitlaunau NAK waliiwmasuas ARQ zd\m,ﬁmﬂm

A 1

wudiRananavzegouunandun g Inadsanyagaulidmiunisdedeyalusidndeyan

a

=)

TFuanniedslnsiiiludeyan lilinannianaavisagovne

feedback from Decader
ARQ Controller
Wireless Channel

. Video
Fr:dﬁllj Qutput
1]
I—h Videa Encoder = Encoder Buffer [ L —— Decoder Buffer (== Videa Decoder ——
T M

Transceiver  Transcelver

Buffer
Informmation ARQ Buffer

Y

Rate-Control Unit

717 3.2 szuunisdneianldlunameaey

=

nmageuaryinnisidnsiadoyaadandiedlng ligeWsiafuinsgiunig

@

dinsiadtyoynafvimd H.264 989 VT $1 M 9.0 Tneldnnsaaugudnsnuundns dng

o
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32 AladnFAad U1 AMUUATAIUNTNT 10 ITNAAUT Laziva lFauauds luinmasisng

M v ! ) o qI/ o o1 o 'y o 4 o

aglignaseangdesdrynyns aevialilazimualidigegaaasauiainimesvassaidinsia
1o u(np]) = o ~1 a 1 dl &

winny By == [31]TmﬂmmqmmmmmmmwaqmluLmezLW@mm1m@ﬂﬂgﬂLLuumm

r

RananArasTaNAty A nTandu faraastasdry 1w dwmesaunasung

luviada 3.1

dufulunsiigdesd Ui A NEANAIA LRANANTAINNRANANA

[

avfiaaninirdelunineazninisndnuesdayanfain 289 ludnasanneinuni 39zl

u

WARZININ A9tuN1TANUI IR UD AZ s aNAsIae T F1a9fq1dN 9T daziN1999 )

Y

UL RaraNTaIteyansesds s ldsaaninannisi (3.1)

U

u(n;, i)
Bc (ni '] ) 2 Bc (ni,j—l) + (A(ni 1j-1 ) N\ ('F—)) + Bretx (31)

r
'
a 1

A o a k72
B AR mmuummmmmmﬂ@mﬂm

retx

=

Tunsalmifawlsunszlnn N19ATUIRIAY AN INATY Y WA AT ALTH a2

PSNR (Peak signal to noise rafio) AZAIHIUAINNITUININADUNEINIATUIUUIAN

o aAa o P 173 v o o o
@mmwmytyﬁmqc-mﬂuLmuLW?wgﬂszmmmiﬂmez‘wmumm@mmmmmmmw

o 6

winag] TneldudnnisAiuanrIAun IndnInARTIAdRAN AR Ua 1T TunsAaLANS R

189 MPEG-4 [2]

HANNINAAELYNUARSUgLN 3.3 D4 3.8 uAT A9 3.4 D9 3.6 9171 3.3 (N)

- 3.8 (N) LARANANUILUAALNARANAIAN FaInndalud 717 3.3 (1) - 3.8 (1) WAPIFERIN17D

a a

1%

1a9tasdrynyIm T9Rdaanisnrastesdyaniazanasinn ludraunanean (deep
fading) @9 lugasfanaaaziniiian1sazanvenfiindeyaluinmas 517 3.3 (p) - 3.8

] 1
= o 6

(A) 917 3.3 (1) - 8.8 () UAAIAIATININATYUNDATIALITRANAAAIHNA SaNDe T AL N

[

nezlamludaanamean WaniniaFaudeuludesdyyundainatidaasmnadunugn

1
] o =&

desdayarouinfai azidsngnisalinamsaniitiesndn desdtyyrnuningedn inldnas

4 !

dzan1a9FuudnluinasiFununtdasndt danaldaruumsunselnntiasnidi a

waAaluAN919% 3.4 - 3.6 Tag
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o AuiudesdnynyuniAinnuinetidaas windl 1 Hz wansznuresnisdedaya

%

U ¥
Tnsdsionnunnaesdtyyndavimiinliawumsunsylan Winau 14 wsn uas

ANAUNINATIENDATIAIAAAY 1.96 dB AMMFLANALAIN Foreman waz A110u

aAa o Ly

wannszlan WxAW 13 s uaz ARUAIWATYY I ATIATaRAS 1.08 dB d1uiL

ANALNW Carphone

o AuiudesdnynyuniAinaannatlilaas windl 10 Hz nansgnuaasnisdedaya

%

U ¥
Tnsdsionnunnaesdtyindanmimiiarusumsunsylan Wnau 10 s uas

o

ANAUNINATYIBIATIAAAAY 1.46 dB AUMSLANALNIN Foreman waz A110u

be

aa o 'S

wsnnszlnm AN 12 Wsn waz ANRUNINATIE N ARTIFAAAY 0.88 dB A1y

ANALNW Carphone

o Amiutesdryynuniiananndsetilaas windu 40 Hz nansznuaeINsdetoya

o

Tnsdsiopnunnpesdynyandaiaiaiaauaumsnnsyian s 2 wsn uay A

aAa o LS

AN WA e URATIFiaAAY 0.45 dB A1MFLIANAUNIN Foreman WaE AU

aa o s

| 14
nsvlam WaAW 4 Wan waz AIRIAINATITINAATIATanRAS 0.50 dB AuFLANAL

NN Carphone
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40

35
30
25

20

15
10 -
s
oA MEAIMI N NN NENNT ] SN—m NN NS N} S—

1 10 19 28 ar 48 55 Bt 73 82 o1 100 108 118 127

Murrber of ermor pachkets

(a) Frame number

. (M)
=1 ) Al |

20000 '

15000 i I |

10000

Channdl throughgat (bits'sec)

5000 - \

1 10 1o 28 a7 48 55 = 73 a2 o1 100 1098 118 127

() Frame number

(1)

2000

Channel without error

8000
7000

= = = « Channel with errors

6000
S000
4000
3000

Buffer fullness (bits)

2000
1000

1 10 19 28 37 46 5 64 73 82 91 100 109 118 127
{c) Frame number

(m)

40

Channel without error

= = = Channel with errors

PSNR (dB)

15

1 10 19 258 37 45 55 54 T3 82 1 100 109 118 127

{d) Frame number

()

19 3.3 (1) AMUIBBRANAAIMNEAANATA (1) FR8ANN19D (A) ANNLANTRITANWES () A1

2ap

UNINATY I UARATIAY 2B9RNALNIN Carphone  Wnsiaday N1msgau H264 W

)

dasdtyounneliananiarnnuinatilaes windu 1 Hz
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40

35 4
30
25 4
20 4
15
10
. i |
o - | A8 7
1 100 1009 118 127

1 10 1o 28 37 48 55 = T3 82 =]

Number of error packets

(a) Frame numhber

| . (ﬂ)
= (Y 2

15000 I

——

10000 -

Channal throughput (hitssec)
E

5000 4

1 10 A5 28 a7 48 55 B4 73 82 ©1 100 109 118 127
{b) Frame number
(1)

10000
9000 +
5000 -
7000 -
G000 -
5000 A
4000 -
3000
2000 -
1000 4

Channel without srror

= = = : Channel with emrmors

A TR
= m

Buffer fullness (bits)

1 19, 1@ 28 37¥ 46 55 64 F3 82 -91 100 109 118 127

{c) Frame number

(m)

40

Channel without error

a5 = =_= «Channel with errors

30 !

251 %

PSR (dB)

20

15

10

1 10 19 28 aF 48 55 64 73 82 91 100 109 118 127
{d) Frame number

()

19 3.4 (1) AMUIBWRANAAIMNETANATA (1) FR8ANN19D (A) ANNLANTRILTANWES () A1

2ap

o

UNINATY YRR AN 209AIFLNIN Foreman  idneviading nnsgIu H.264

2D
=)

dasdtyeunnelfananiAanuinatilaes windu 1 Hz
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40

35 |
30
25
20
15 4

10

Number of emor packets

5

o 4
1 10 12 28 37 45 55 (=2 T3 a2 a1 100 109 118 127

(a) Frame number

n)

=Dy

Channal throughput (Lits'sec)
=% (]
:

1 10 10 28 37 45 55 a4 73 a2 a1 100 108 1118 127

(b)) Frame number
(2)

10000
2000 -
8000 -
7000 -
5000 -
S000
4000 -
3000 -
2000 -
1000 -

Channel without error

= = = : Channel with errors

]
1y
L]
"
Y

Buffer fullness (bits/sec)

L]
|
.
LY
TOA T T T AT T T T T T

1 10 19 28 37 45 55 64 T3 82 91 100 109 118 127

(c)} Frame number

(A)

<40

Channsl without emmor

= = «Channel with errors
a5

PSMR (B

25

15

1 10 19 e 37 45 55 54 73

{cd) Frame number
)
19 3.5 (1) AMUIBWRALNAAINEAANATA (1) AN (A) ANNLANTRILTN WS () A1

£ap

=

UNINATYUN

o

ATIF 209A1ALATN Carphone  LINIRAAYY NIATFIU H.264

o)
=b_

dasdrynrnslFananiAinanuinathilaas wiaiu 10 Hz
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35 4

30

25 o

20

15 +

MNumber of emror pockets

10 4

5

o -

1 10 18 28 37 <45 55 G4 73 82 a1

100 1089 118 127

[(a) Frame number

20000 <

15000

10000

Channel throughput (bits/seg)

e VY

sy

12000

10000 +

E

8000

<000

Buffer fullness (Hits)

2000 -

i8 2B

37 46 55 G T3 82 a1 100 108 118 127

(b)) Frame number

(2)

Channel without error

= = = « Channel with ermors
w

18 28 a7 45 55 54 T3 82 81,/ 100 108 118 127

fc) Frame number

(m)

PSNR (dB)
&

150

10

Channel without emor
= « Channel with emors

£ap

o)

dasdtyounneliana e

UNNE YN AT A 289RNALNIN Foreman

55 64 73 82 91 100 109 118 127

(d) Frame number

(%)

28 37

o

\insviasae N1mIgu H.264

AnuDAalilaas windu 10 Hz

46

19 3.6 (N) AMUIBWRALNAAINETANATA (2) AN (A) ANNLANTBILTN WS () A1

P
N
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40
35
30
25
20
15

10

Number of error packets

5

o -
1 10 19 28 37 486 55 54 T3 82 a1 100 102 118 127
{a) Frame number

= P A

15000

5000

Channel throughput (bitsisec)

1 10 19 28 = 45 55 B4 T3 82 a1 100 108 118 1127

(b} Frame numiwer

(2)

s000

Channel without error

FOOO -
= = =  Channel with errors

S000

5000 4

4000

2000

Buffer fullness (bits)

2000 S

1000

1 10 = el = 3F. =43 55 G e B2

(=) Frame number

(m)

<40

Channel without ermor
= = = :Channel with errors

35 +

30

-

PSNR (dB)

25

15

1 10 19 28 = r 45 55 G4 73 82 91 100 108 118 127

{d) Frame number
()
19 3.7 (1) AMUIBWRANAAIMNEAANATA (2) FF8E1N19D (A) ANNLANTRILTNWES () A1

2ap

= [ o

UNINATYEYIUARTIAY 28981ALNTN Carphone  isWaday NamsgIu H.264 9

o)

dasdrynnsliananiAiaanunaatilaas winfu 40 Hz
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40

35 4

30

25

20 H

15 4

10

Number of error packets

5

1 10 19 28 37 45 55 G4 73 82 91 100 109 118 127
fa) Frame number

(n)
Z:ﬂ : S\ W\(\/\/\ ﬂ/\lwﬁfwf\m\ WW

20000 <

15000 o

10000

5000 -

Channel throughput (Lits/sed)

1 10 10 28 ary 46 55 84 T3 a2 a1 100 108 118 127
{b) Frame number

(1)

Fooo

Channel without ermor

So00

fa = = = Channel with emors

S000 -

4000 -

menm®

3000 -

Buffer fullness (bits)

2000 -

1000 o

1 10 19 28 B T = 55 64 F3 Bz a1 100 100 118 127

{z) Frame mnumber

(m)

40
Channel without error
a5 - = = -Channel with errors
(] [ H " _5,-.-‘—"'
30 P i : s
ﬁ = L | :' ) -
=4 L] 5 e - : i
5 25 | l.ll = .
' - : :
20 4 L | 3
4 !
15
10

1 10 19 28 ar 46 55 G4 73 82 91 100 102 118 127
(cd} Frame number

(9)

1% 3.8 (1) ANUIULWANAANNEANAA (1) AF84I1N17D (A) ANLANTBTHmaF (1) AN

£ap

o

o aAa o e o F v Y dl
UATNATYUNDIAN AL TBIRIALNIN Foreman LUNTUNARIEL mmgm H.264 N

o)

dasdrynrnslFananiAiaanuinatlilaas wiaiy 40 Hz
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Ly {

N9 3.4 usumaus uusnnsziaauarANAUNNATY U AT ATIY NGNS
AILIANARINAMTL H.264 dennutasdtynralianaladiimnuiianais uay deedoymyin

Fanandeaudsaatitlaas windu 1 Hz AdauRanaalasld ARQ

E 1.d.ea e Channel Without error Channel with errors
Seguence Frames
# Frames PENER # Frames PSNE
Skipped (dB) Skipped (dB)
“Foreman”™ 133 19 30087 33 2841
“Carphone™ 127 1& 3170 29 30.62

= Ly 1

13199 3.5 iraufsusauauwlsaunsyiaanaz AN Ay R A Al ng1anng
AILIANERINAMIL H.264 deriaudesdtynaslianenluiimnniianats uay deednyoyin

FananiArAuDAaUilaas windu 10 Hz nHANRenatalasld ARQ

E 1_d.ea R Channel Without error Channel with errors
Sequence Frames
# Frames PSNR # Frames PSNR
Slripped (dB) Skipped (dB)
“Foreman™ 133 19 30.37 29 2891
“Carphone™ 127 16 31.70 28 30.82

o L '

1997 3.6 uEaunauAawawsnnzIaauarAIANINATY U WRRTALsENIN9NNg
AILANERIIAIMTUH. 264 dsrnutesdnaanlFaanlifinauianann uaz 1asdnynnn

FananiAA U AaLlaafvindy 40 Hz AdAuRanaaTaald ARQ

v 1.deo e Channel Without error Channel with errors
Seguence Frames
# Frames PSME # Frames PSNR
Slkipped (dB) Skipped (dB)
“Foreman™ 133 19 30.37 21 2992
“Carphone™ 127 16 3170 20 31.20
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3.3 madiulgsturaudimsaruandnsiszauisy Tntldrauatlaunaunlaaan
FRIRUPINRAZIULSIABNTRIERId uud TN s A ANl LS Ene

3.3.1 waadesdnn

ﬁ'lnuﬂm:ﬂmm‘ﬁmﬁmmwm’l?muﬁﬂﬁums‘ﬁq-i’ﬂgﬂlumﬂmﬁmﬂu
Aanarnresisyairlidoatnnsniesdesdyrusnsiussinasanluiviiofeas
dsaiiAfisdudenaisnunmaeadygnfifiimiianss fnutainniuuudiass
anuzrsstssdy st lddmiuninaanrnsiduaiunrneeed iy
dramh e deyaildaannisinue il seduseudanaslunisaouaudns u
AmendnuFiasnaafaniniiuudaass Markoy afddnusu Maunutedyyan
Gilbert Hszduwiang (Packet level) meuldianlaiifvuslFtesdyqniifnenznis
NIEALTBIANEANAIALLILITSAR (Burst Error Channel) WLILISI689 Markov A84601UE

-
HnswdnuzAall

B

Fy,

1M 3.9 WUUANGD Markov ABIANTLE
- @0UER (Good State: Sp) wRANARzamaTadetiudasdyqnlignies
- @A0MULLa) (Bad State: S,) whAnaRdetiuteadyuaiiaaulana A

5 -
UWAAILLLANAEY Markov aa«mmuz‘lﬁﬁqgﬂﬂ 3.91nef B,,P,,P,.P, Ad
] [] J 1 il j‘ [ - [
Ararndnazilulunisuldouantu:  Teonmsulasuaoiussaniatulundasuiang An
iy alay am o acd - - ar ] J
AMUHANEIANIATATEINAINA aziAuduiusAuAIAbhssidulunslaeuulae
-I ] i -I 3 [T -
anue TnefiAarruiissivreantsdfauidssgnrusaruisoAua e lésan ATUAN U

TBITENA YU LTUATAINENNLITARIERETBUNANANTAURANAIA WALARIININTAA
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wianaRanNana (PER)  Jaflunanldaindensinfanaasdasdnyynns Tnaaunsoidiau
annnsuanaunIndautazidulunisiddsusniuzasswuusnasstesdynynlians

WU Markov 2 401U l@A9aNn9 (3.3)

I:)oo P01 _ 1- P01 P01
PlO Pn PlO 1- PlO

P=

A = 1 3| dl = a
Wa P, A Avuudlasivaesnisasuanuzananiued lanusa

P, AamwNiaviunesnisnlasuanuzainaniusa ilaniuzian

=

A T [ dl a
P, ~am udlazilvaesmisilasugaiuzainaniusianlianiuga

P,  Aapudasiunasniailasusniuzainaniuziaalianiusian

Arpunazidulunisildauaniug Py uaz Py avunsoudldann
ANYATIUVBIULUAIABY Markoy 294 Gilbert Tnedianeadsafaniniauianafin
na1mazfinisnsyanuiuuuiaa adinlnadAranue1aaueadsafiadsluniiang
Winfu 1/ P, Fardusalden Po ANANNST (3.3)

1
~ Mean_ Burst _ Length

Pio (3.3)

ANNATAMIATARINEISARRAETRIENALNA AN gL uLLANEANANA

< Al ve - & o ! v ' 1 o =
weNAINAT IS5 nde i aastasdyaanslians lasArantnasiuluniadaa
anuy Py, anunsnmnldainAtanntiazdulunisasuaniuy Py uazdnsnisiie

WAANARANAIA (PER) AI4NNITN (3.4)

~ Po* PER

o1 = m (3.4)

annvisndautnazifulunindasuaniuzaastasdyynnliane wa
A0 FUAUIANTANATY YN TU AZ@ NN TN UL AR dEA NNt ad Yty e lua A
4 Y- . - d v e ¥
fgazindeyailildlunislfudndmuisnaziinisdisialudunausesnisaouny

5197
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AnAnaNINIIIazaNyF e Fuin1sdedynynuileundu ACK/INAK - 71
nan t lnsanuzaesdasdynndiansa o nan t-d arunsodauunulédsog S (t-d) Tnadn
d Aa Arnastszasnanlunisihunigllnduaesdeyassudeddeuazdiu deiuannivisnd

' = dl - ' =
Autaziuluniaasuaniue P luaunisi (3.2) azanunsovoninasaananazidu

a9l asuanusdasdynns ol a0 k Idannaunisi (3.5)

zk|S(t-d)=S,)=[z,(k|S(t-d)=S,),z,(k|S(t-d)=S)] ;ne{01} (3.5

TuusazunlraaaninasastansAIntiiasiiiuresaniue S, ay S, 194
da9dtyeynnd o a1 k- aaunsnunulidaaaniue S, aastesdyyiiingn t—d uag
Amuald nt —d | S(t —d)=S,) ArArANnazduIesdn Uz ENFuTesTasd N

Anan t—d Taunleainannigi (3.6)

1, when i:j} 36

I, j {01, ”i(t_dls(t_d)zsj):{o otherwise

AnNgEaed Markov ArpaNtAziiuzesanueinal k awwnsaun b

AMNANANNUNALLTUIBIANIULNRAT k-1 FNANNNTN (3.7)

2(k|St-d)=S,)=7z(k=1|S(t-d) =S )*P (3.7)

ANANNI97 (3.7) aziiinladnAipnutasiiuwesdnuzinan k- aadh
k >t — d a1:170muansldannAANLnaziuaes@n W BN AU IUANNNT (3.6) WATLEN

FndAannavilulunislfsugnnug luannisi (3.2) saudnaluannisi (3.8)

2(k|S(t-d)=S,)=z(t—d|S{t—d) =S )*Pki (3.8)

TuiUuanaesesdtyoim wianangnasldadagnsesazianiug S, way

' £
a =

wRANANTANRANAIAardanIuy S, Aetu 7, (k| S(t—d) =S, ) AsuansdeAIANN

1
al 1

m%LﬂummmmmLLﬁmﬂm%’@ﬂNQﬂﬁmﬁLqm k uaz 7, (k|S(t—d)=S,) wansiamn
AHUNAzlWlUN 94 IURANALAAAANRANAIATINAT K UAIRINN19AINYENTAINN
razifulunindasuaniuelugaunisi (3.8) 1iazdulalaniznanisnaadnngme oy

¥
ArAontaziuseansdeianmlfatnegndias z,(k | S(t—d)=S,) flwsaiuigm
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MugdIdaa1unrnaestasdynyudniu i wianadaldldannAedssespanuidnaziiy

Tunsdeuiaina lfatinsgnaasludes | wiane ldasannisy (3.9)

t+i

p(i|S(t—d):Sn):%Zﬁo(klsa—d)zsn) (3.9)

k=t+1

3.3.2 nMsUsuilgarunauiinisaruANans lussausN
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a o o aAa o o

uRANARRAMNRANANA BT desdninnuidaa1d190anaduaz TN INaSuRIF N TR N

T @

I
1 a
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'
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tednieynn Feasiinisaunlaadsdeteyaresdangnidnsiareansuiiiounn Taemn
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1 v 1

a g

andnsdouaesinnaclud (RBits) saredsnasiaisunangnasllluges N wsunau
i1 (AveNBits) frapsdaunvnlaiAruinninAdnduidaaw H azlddndaedyoynud
a dl v o ] a v 1 1 1 a QI dl al o =R
AYNAANAIAgILiasaInFasian1sdelindayaluiuinndiantazuilasunaeliag
Warsnndtesdnynyiniag luaniuzian (S,) dntlaandnaziansundiagluaniuga (S,)

F9ANN9N (3.10)



54

.., RBIts
if——)>H State =S 3.10
(AviBits) ! (310

else  State=S,

Tunimagavuaadnadnusiiaanldann AveNBits Tutna 3 sNAAUUTN LALATTA

GulAasu H windu 0.3

AURAUN 2 UFuArnsdIuin y uazan S

nnsdfudntauntin ¥ uazA fB neunazidndumeu Pre — Encoding
10an19AaLANERs luszALes  InednanusuiinazanaasiWilefiAninndnFeasy 50
resrnniinefgegaretdaingia aziinisliudiawdmtin ¥ uazAn B aniad 0.8

waz 0.5 1w 1.0 waz 0.1 [32] mANaNn13h (3.11) pasalil

if (B,(n,,)>0.5xBy)
y=10,8=0.1; (3.11)
else y=0.8,4=0.5;

gj ﬂl o a d o L b q' - 1 ﬂl -
AUABUN 3 AU NN f (niyj) ‘VI‘Q%VI’]ﬂ']‘iL‘lI']‘&‘Mﬂ‘lI’ﬂQW\I‘ENVIJ NANNTINAN |
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1
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fe (N;;) = F(n;;)x(p(i|Current_State =S, )); (3.12)
i=f(n,;)/Psize

Wa  PSize ARIUIAR9LAALNR (AWINTU 80)

foq (N; ;) AEANLIZANUIRII UAUTRT LT Tunnsdedayangniasaaamsn
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SifapF Nty

Tunaud 5 dsuardaidviang f(n, ;)
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if (Bc(ni’j)+ f(ni’j))>1.5>< B;) (3.13)
f(ni,j) = fest(ni,j);
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D>, MAD - § (k) - > MAD. 2 (k)
_ (2= Pa = | )X(U(nFi,,-)) (3.14)
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k=1
TUABUN 2 AuInaaUzilaqtuIaItasdtynu

arunsnAuIsanIuriaqiuaestesdrysyrulnaNansainanndoy sy
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kz=:| MRS U(ni,j)
Fi e (M) = 52 T
Y. MAD § (k) ' (3.15)
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dasdnyoynnag luaniueh uaz HAwindu 1 dndesdtyninegTuaniuzian aza1unsnm

RxBits 1#59a1n199 (3.16)

b=

' MAD 2 (k
cb( ) u(ni,j)

MAD % (k)

RxBits = (5 )x (- p(i|Current _ State =S,) (3.16)

\Ha RxBits AaAitszainesamutaililunisddoyalsilugog i winine

Tunaun 5 UsuduruiansvaanldlunisiinsiarauiiaNugiuniuae

v
USudmRuuinnawaa £ (n. ) &1sunisdisiautnanugutanine
rb ij 49

ANUILANNHARNNTE 9N UL TR LN e TeannnfsAu s luN AL AU sen D

w93 uuiinnldlunisdedayalul Asaunish (3.17)

fio (N, ) = f e (0, ) — RXBits (3.17)

Tunaun 6 Amulndaihuanaaasiiaiugiutasi | dagiin ?, (n.;)

Al msngresrdsenugutee faqriuidnsialnenasiwinde
MAD (1)

Nunit

> MAD} (k)

WAPNAIZNNTN (3.18)

MAD 2 (1)

1(l(ni,j) = £ (N )% 5
> MAD j (k)

(3.18)

& a £ Y o ' & a va o v a
GUABDUN 7 Lmﬁ?ﬂﬂluﬁxﬂU“u’]ﬁlwuﬁquLW’ﬂlﬁ‘LﬂUﬂﬂﬂﬁ\?ﬂu‘umt{hﬂﬂqﬂ

&I ¥ ) d‘ 17 o a A g v a = dld
Wasannsaan s lidanidnsiaasian lnairesdn s uunaninig
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a o KX K o a o 'y ?/ o ¥ o 1 dglJ o
ndimeslngArileneanuauinludwinesuoueidu (B, ) nasainidnsiamisaiugiu k A

@Nﬂ’]ﬁ“ﬁl (3.19)
Kk
B, =B.(n,;)+ > A(n,;) 0<B, <2B (3.19)
i=1

v 1 1
5W@ﬂuquﬁm1uﬁwvalmfmmzﬁuﬁﬁqﬁ@ﬂﬂdnmG‘mﬂﬁﬂummﬁwmm\r (Buffer
Threshold) h Galunsmegaviildan h = 1.75 Insldu1annimagauaes [7] Arpaulndg
a - o o & ] VY A ! o - a o
W19 HMBFAHNITUFUILALAIANNIIN (3.20) wtadANINNdIszALqaEunlasy axld

ArAenndntsdme s nTunanaeInIsALANEn lussALMNENUg W

it (£(n,,;) <0)
Q= Qg +DQUANT (3.20)
if (Bk < hBS ){ch = maX{l, Qapf —A, mln{511 Qapf +A, écb}}}

else  Q, =Q,
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4.2.1.1 HANISNAFAUNUAIALAIN Foreman
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4.2.1.2 HANSNAKALNUAIAUNTN Carphone

NARBUAUAIAUNIN Carphone LINIHANIUNA 127NN HANIINAFAL
LaReAagLn 4.3 Inegilh 4.3 (n) wassanuaudianazanluinvmasvessindswansaumey
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=
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4.2.1.3 HANISNAFAUNUAIALAIN Silent

NARDUNUAIALANIN Silent NTHANINNA 99 TN NANITNARDLLAASA
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o
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UFurlpnisacupudna luszatinsuntiaue annanismaaaunLadsntiaueTuszil

Aa o
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4.2.1.4 HANTNARDUNUIIAUNIN Akiyo

NARDLALAIALAIN Akiyo MNIHANIUNA 99 LWTN HANINARDLLAASAS

1M 4.5 Iaagii 4.5 (n) wamsdnuauinnazanluivivesuesdodnsiansaumauszngng

2ap

o
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(n) AauUlnazdan liWiasuessagngia
50
- = = .H.264
45 - Frame layer proposed

PSNRCB)

25

20

1 11 21 31 41 51 61 71 81 91

Frame number

dl P ad o Qdd‘ o o o o o o
gﬂ‘l’] 4.5 N@ﬂW?WWQQULﬂ?‘HHLWEUQﬁMWNNWWTﬂﬁuﬂUQﬁWuWL@Mﬂiﬂﬁ‘%ﬂﬂLW?Nﬂ’]ﬁﬁ‘U@’]ﬂU
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all al aa o Qdd‘ o o o o
ANTNN 4.2 L‘]_I?‘EI‘LILV]EI‘LIN@T]'W?‘VIﬁ@@u‘]ﬁﬂqmﬁﬁ’?uﬂur)ﬁ%uqL@uﬂiu?;‘iﬁuLW?N@WV?U

1
1 o P

a0 dl g (P
TANRATUTUITUNH ArANDAaLidaad windu 1 Hz

s CRITA T T N7ATLANERT . _
AN . nspuANdRm Tl iauelusz sy
1=131a (L) H.264
{1UU 417U .
TREAYIEd
s PSNR Wz . PSNR
% Uy
niclan | (dB) nezlng . (dB)
nizlapfians:
{33 (i)
Foreman” 133 32 28.41 22 31 29.28 (+0.87)
‘Carphone” 127 28 3062 19 32 30.90 (+0.28)
“Silent” 99 25 31.62 20 25 31.82 (+0.20)
“Akiyo” 99 25 38.74 21 16 38.95 (+0.21)

¥ % VY o ndl [ % dl
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o
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4.2.20 WFEugun1sAINANERTI IS ALY E N NIV LA UAALAENITAILAN
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TudqutiaziflunisuFauieunan1MAgaUAR9N17AILANS AT LA U

q

¥ 1
TuszAumitaNuguiuNIIAILANERINTeINIRTg Nl sTadtyey AR H.264 (e

] o I
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4.2.2.1 HANISNAFAUNUIIALAIN Foreman

NARAUAURIAUNIN Foreman WMNTHATINNA 133 1IN HANIINAGAL

LaRAagLIN 4.6 IneigLlh 4.6 (n) wamsanuaudianazanluiwmasvessiadswansaumey
1 ac o ad o o [ 1 dQIJ a‘l o all

FEUINIINIRTFUALAENIUS LU aNsArLANE R TussAumaeNuguninaue 3U74.6

(a )memmmmwmmmqmqﬁﬁﬂﬂ ?ymﬁmmmﬁmqﬁﬁﬂﬂﬁLiﬁiﬁmﬁqﬁ%mmﬁm

3
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10000 — —— —————
9000 - - - --H.264
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4.2.2.2 HANSNAKALNUAIAUNIN Carphone

NARBUAUAIAUNIN Carphone LINIHANIUNA 127NN HANIINAFAL

LaneAagLin 4.7 Iy 4.7 (n) wassanuaudianazanluinmasvessiadsiansaumey
1 aa o ad o o [ 1 dQIJ a‘l o ai
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9000 > o & 2

8000 : - - -:H.264
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4.2.2.3 HANISNAFAUNUAIALAIN Silent

NARBUNUAIALANIN Silent LNTHANINNA 99 NIN HANIINARDLILAAIA
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- - - .H.264
Basic unit layer proposed
35 4 . - - -

PRNRBD
W
o)
Il

25 - W A -

20

Frame number
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4.2.2.4 HANTNARDUNUIIAUNIN Akiyo

NARDUALANALNIN Akiyo NIHANIUNA 9AWTN NANITNARDLILAASAS
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q
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a
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dl al aa Qdd‘ o ] dgll
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o o ! o aAa n:ll g (P
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L. AU IUd N17AILANERAT e L ox
FEUNN . . nsmuguaRsfiuausluszdumdeiugu
dnTiig (i) H.264
110U d10u .
FEUAZTEY
twlTn PSMR s . PSNR
% ERITGRIETE
nizlem (dB} ng=lnm ,=. (dB)
nrzlapfianas
{3y (i)
Foreman” 133 32 28 .41 0 100 30.25 (+1.84)
‘Carphone” 127 28 30.62 0 100 31.41 (+0.79)
“Silent” 99 25 3182 0 100 32.50 (+0.88)
“Akiyo” 99 25 3874 0 100 39.87 (+1.13)
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=
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4.2.3.1 HANISNAFAUNUAIALAIN Foreman

NAFAUNUAIAUNIN Foreman MNFHATAONNA 133 1WNTN HANITNARAL
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H.264 ﬁuﬁﬁmiﬂ'?uﬂgqmsmu@u@”mﬂuizﬁuW\Iiuﬁﬁ’mu@ AMNHANIINARDUNLINID
dauelussiumsuilArAMA N UNUART ATLARENINNT1BNINTF UL H.264
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4.2.3.2 HANNSNAFKALNUAIAUNTN Carphone

NARAUALANAUNTIN Carphone NIHATIIUNA 127 TN HAN1TNAdaL
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4.2.3.3 HANISNAFAUNUAIALAIN Silent
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4.2.3.4 HANTNARDUNUIIAUNIN Akiyo

NARDLALAIALAIN Akiyo MNIHATUNA 99 LWTN HANINARDLLAASA
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4.2.4.2 HANSNAKALNUAIAUNIN Carphone
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4.2.4.3 HANISNAFAUNUAIALAIN Silent
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4.2.2.2.4 BANSNAKALNUKIALNIN Akiyo

NARDUALANALNIN Akiyo NIHANIUNA 9AWTN NANITNARDLILAASAS
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4.2.5.1 HANISNAFAUNUAIALAIN Foreman
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4.2.5.2 HANNSNAKALNUAIAUNTN Carphone
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4.2.5.3 HANISNAFAUNUAIALAIN Silent
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4.2.5.4 NANITNARDUNUIIAUNIN Akiyo

NARDUALANALNIN Akiyo NIHANIUNA 9AWTN NANITNARDLILAASAS
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4.2.6.2 HANNTNAKALNUAIAUNTN Carphone
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4.2.6.3 HANISNAFAUNUAIALAIN Silent
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4.2.6.4 HANTNARDUNUIIAUNIN Akiyo

NARDUALANALNIN Akiyo NIHANIUNA 9AWTN NANITNARDLILAASAS
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Abstract

In this paper we study the effect of H.264 rate-control on the
retransmission — based wireless channels. We found that the
accumulated bits in encoder buffer due to retransmission increase the
number of frame skipped and degrade video quality. In this work, we
propose a rate control improvement of H.264 video coding for video
transport over retransmission — based wireless channel. Simulation
results show our proposed scheme provides better video quality with

less frame skipping compared to that of H.264.
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ABSTRACT

In this paper, we investigale the scenario of
wireless H.264 video transmission where selective-repeat
ARQ has been adopted as an error control technigue.
While using ARQ can ensure reliable transmission,
consecutive retransmissions cause the degraded PSNE. and
a lot of frames skipped. We then propose an improved
rate-control by monitoring buffer occupancy at both frame
and basic unit layers and integrating channel throughput
estimate at the frame layer. Simulation results mdicate
our propose scheme can improve PSNE of up to 0.8 dB
and reduce the number of frames skipped around 30%,
compared to that of H.264.

L INTRODUCTION

Presently rapid development in  wireless
communication technology enables the transmissions of
multimedia data such as images, and videos. Although
video is a more meaningful way lo convey important
information and there are many applications used today
such as video conferencing, streaming video, and video on
demand, etc., its high bit-rate requires more advances
video coding technology to efficiently compress data and
transmit into networks. Recently JVT H.264/MPEG-4
Part 10 is the video coding standard that has high coding
efficiency and network friendliness properties make it
suitable for wireless video transmission [2].

The multipath fading characteristic of wireless
channels requires effective error control mechanism such
that the highest possible quality of video data will be
delivered at the destination. Data-link layer solutions,
such as forward error correction (FEC) and/or automatic
repeat request (ARQ), have been proven to be suitable
approaches especially when applied jointly with source
coding [3]. While using FEC may incur some unnecessary
overhead, ARQ is proven to be more reliable methods
unless bounded delay iz strictly required. In source
coding, the aspects of adapting source rate-control taken

Tel: (66-2) 218-6909, Fax: (66-2) 218-6912
: chula.ac.th, Supavadee.a(@chula.ac.th

into  consideration the effects of wireless channel
condition have been investigated thoroughly by
researchers [3-6]. In those schemes, the source coding
parameters of the next frame are decided based on the
encoder buffer fullness, channel bit rates, and channel
priori information. Specifically if considening the scenario
of using ARQ, previous studies [3] showed that taken into
consideration of the effects of buffer fill-up due to
consecutive retransmissions could effectively improve
video quality both in terms of peak signal-to-noise ratio
(PSNR) and the number of frames skipped.

Previously we have investigated the reference rate-
control model of VT H.264/MPEG-4 Part 10 [1] which
uses linear and quadratic rate-distortion model to calculate
suilable quantization parameters to encode each video
frame. The study has been done under the impact of low
delay constraint over error-free channels [10]. The results
indicated that using proposed rate-control scheme by
monitoring  buffer fullness and adjusting  coding
parameters accordingly at the frame and macroblock
levels can improve video quality.

In this work, we investigate the scenario of
wireless H.264 video transmission where selective-repeat
ARQ has been adopted as an error control technique, First
the effect on the video guality has been shown in Section
2. Improved rate-control scheme using the knowledge of
buffer fullness monitoring  and channel throughput
estimate is shown in Section 3. - Simulation results are
presented in Section 4. Section 5 presents conclusions
and discussions for future work,

2. EFFECTS OF ARQ - BASED WIRELESS VIDEQ
TRANSMISION ON VIDEO QUALITY

In this section, we briefly provide the overview
of H.264 rate control where we simulate the effects of
video transmission and show simulation results.

2.1 H.264 Rate control
In H.264 rate control, a quantization parameter is
determined by using linear and quadratic rate — distortion



maodels. The rate contral in H.264 (7] is composed Group
of picture (GOP) layer, frame layer and basic unit layer.
When encoded the current frame, rate control will
compute the occupancy of encoder buffer by using fluid
traffic model as shown in eq. (1). The imitial buffer
fullness is set to zero. The N, denotes the total number

of GOP, n; ;denotes the jth frame in the ith GOP,
B.(n;;) denotes the occupancy of encoder buffer,
A(n; ;) denotes number of bits generated by the jth frame

in the ith GOP, F, denotes the target frame rate and
u(m; ;) denotes the available channel bandwidth.
u(ng, i)
Be(is;) = Be(i ) + (A, 1) = (= 2=)) (D)
r
If the occupancy of encoder buffer is larger than
the maximum enceder buffer size, Bg, rate control will

skip encoding frame and release accumulated bit in the
encoder buffer to the channel. The determination of a
target bit for each P frame composes of 2 steps.

Step 1.1 Budget allocation among pictures. The bit
allocation is implemented by predefining a target buffer

level, Tbl(n, ,,,), for cach P picture, as shown in ¢q. (3),
where N, is the number of P frames in GOP,
Thl(n; ;1) = Thl(n; ;) ‘W (3)
-
Step 1.2 Tarpet bit rate computation.
The target bit rate, f(n;, ; ), for the jth F frame

in the ith GOP is scaled based on the target buffer level,
current buffer level, frame rate, and channel bandwidth. Tt
15 miven in eq. (4),

wlng ;)

fln,)= +p(Thl(m; )= B, (m, ) (4)

r

I;whr:n:: ¥ is a constant weighting factor and its defaunlt
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 eqg. (5),

T, -
S )= AL gy Fy) )
p—J

sWwhere T (n, ) is the total number of remaining bits left

to encode the jth frame onwards in the ith GOP, and # is

a constant weighting factor. Its default value is 0.5. Note
that the detail information of H.264 rate control can be
found in [7].

1058

2.2 Simulation Results

In this work, we uses wireless Rayleigh fading
channel simulator software as in [8] to simulate the effects
of wireless video transmission. In particular, we set the
parameter to simulate slow fading channel at Maximum
Doppler Frequency = | Hz. The packet error rate (PER)
and mean average busrt length (in packets) are 0.15 and
19 respectively. We use JIWT H.264/MPEG-4 Part 10
reference software version JM 9.0 [9]. The videos are
encoded at 32 kbps. The maximum encoder buffer size is

u(n;,
set to 35=M

[10]. The error pattern that is
generated from the wireless channel simulator corrupts the
encoded video sequences. Each error packet has an effect
on the encoder in order to retransmission at a later time
cormresponding to the round-trip delay. After encoding

each frame, the occupancy of encoder buffer, B (n, ), is

updated by taking the retransmission bits B, into
account, as shown in eq. (6)

Hc{ﬂilj )= Bc ("IJ"I] +(A("itj-] }"{u[n;'j_l ]]}"' Brow (6)
B W
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Figure 1. Simulation using the “Foreman™ video sequence
coded with H.264 rate control at 32 kbps and a target
frame rate of 10 fps.

Fig. | shows the effect of ARQ - based wireless
video transmission using “Foreman™ sequence, Fig. 1{a)
shows that the channel throughput is reduced if there are a
lot of packets needed to retransmit. Fig, 1(b) illustrates the



buffer fullness level. The accumulated number of bits in
the buffer while retransmission occurs is much higher that
of the error-free channel. Thus, without the proposed
algorithm described in Section 3, there are additional 14
frames skipped compared to the error-free channel. Fig.
1{c) shows PSNR degradation. There are several sharp
drops in PSNR especially during deep fades which can be
as bad as 10 dB drop. On the average, PSNR degrades
1.96 dB, when compared with error-free channel.

3. PROPOSED H.264 RATE CONTROL

To effectively alleviate the problem of degraded
video quality due to the accumulated number of bits in the
encoder buffer which makes the bit allocation of H.264
rate control ineffectiveness, some extra information
regarding the channel condition is needed. In this work,
we utilize two state- Markov model, the simplified Gilbert
channel at the packet level [11] where state S is the good

state and state §) is the bad state. This model has been
shown to provide a coarse but sufficiently estimate
approximation of slow-varying fading channel [3]. This
model will be used to predict the state of the channel and
we can analytically derive the estimated channel
throughput (more detatled derivation is shown in [3]) to
use as a prior information such that bit allocation of the
rate control could be wvastly improved. Our proposed
algorithm monitors buffer occupancy in both frame and
macroblock levels while the estimated channel throughput
is used in the frame level only. The algorithm is
implemented with the modification of JM 9.0 software,

3.1 Frame Layer Rate Control

In the frame level, the target number of bits of
the current P frame, f(n, ;), is adapted using channel
information. The algorithm is summarized in 7 steps, as
follows,
Step 1 Determine current channel state by calculating the
ratio of the retransmission bits, RBits, to the number of
transmitted bits, AveRirs, collecting during 3 coded-
frames interval, as shown in eq. (7). If this ratio is greater
than a threshold, A, then the state is declared as a bhad

state.

e dﬂvf;is
Step 2 Determine the model parameters, ¥ ,and f to use
in eqs. (4-5). If the buffer occupancy, B.(n )+ is higher
than half of the maximum buffer size, By, both model
parameters will be set empirically as shown in eq. (8).
i (Bu(n,;)>05%Bg) y=10,4=0.1 ®)
else ¥=080=05

)>H State=S, else  State =S, (7)
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Step 3 Calculate the target bits for the current P
frame f(n; ;) , as stated in eq. (5).

Step 4 Calculate the estimated average number of
successful bits per frame-interval, f. (n, ;). This is

done by adjusting target bit rate, f(m ), with the
estimated channel throughput, i.e., the average probability
of correct packets transmitted in the i-packet interval,

pli|Current _State = 5,1[3],  where  i= f(n ;) Psize,
PSize is a packet size, set to 80 bits. Computation is
shown in eq. (9).

foukm )= fn, )% (pli| Current _State = 5,))  (9)
Step 5 Adjust the new frame target bits o be [, (m ),

which is generally less than the computed frame target, if
there is high tendency that there may be a chance of
frames skipped, otherwise, use the same frame target,
Sln;), asineq. (10).

if (B (my j) + f(ny ;1)) > 1.5% Bg) (10)

S(n;)= feu(mij)

Step 6 Perform basic unit layer rate control, as described
in Section 4.2.
Step 7 Update buffer occupancy, as shown in eq. (6). If
there are more frames to be encoded, go to step I,
otherwise, stop.

3.2 Basic Unit Layer Rate Control

In basic unit layer, a suitable gquantization
parameter for each basic unit will be computed. 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 [7]. For case 2
where there is not enough bits to encode the rest of the
basic unit, we propose a condition for selecting the
quantization parameter by monitoring buffer fullness
level at the basic unit layer, as discussed in [10].

4, SIMULATION RESULTS

We show a simulations of H.264 proposed rate
control by using JVT software version JM 9.0 [9] at 32
kbps, with three test sequence “Carphone”, “Foreman”
and “Mews”. Encoder parameters are defined in the
extended profile of H.264 [1]. The maximum encoder
buffer size set to 3200 bits. The PSNR calculation when
frame is skipped is done according to the rate control test
in MPEG — 4 [12]. The comparison between JM 9.0 and
our proposed scheme is shown in Fig. 2 for the Foreman
sequence. With the proposed rate-control, we can achieve
the average PSNR increase of up to 0.8 dB with up to
32% reduced number of frames skipped, as shown in
Table 1.
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Figure 2. Simulation using the “Foreman™ video sequence
coded with H.264 JM 9.0 rate control (solid ling) at 32
kbps and a target frame rate of 10 fps. (a) Buffer fullness
(in bits) and propose H.264 rate control (dashed line). (b)
PENR companson between JM 9.0 and our proposed
scheme.

5. CONCLUSION AND FUTURE WORK

In this work, we investigate the scenario of
wireless H.264 video transmission where selective-repeat
ARQ has been adopted as an error control technique.
While using ARQ can ensure reliable transmission,
consecutive retransmissions cause the degraded PSNR and
a lot of frames skipped. We then proposed improved rate-
control by monitoring buffer occupancy at both frame and
basic unit layers and integrating channel throughput
estimate as an extra information to the rate control at the
frame layer only. Simulation results indicate our propose
scheme can improve PSNR and reduce the number of
frames skipped at a certain level. Currently we are
working on the integration of channel throughput estimate
into the basic unit layer,
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Table 1. Comparison of number of frame skipped and
average PSNR for IM 9.0 and our proposed scheme

Wideo Toual 184 ©.0 Rare
Proposed Rate Control
Sequence | Frames Coaral
ool
Frames
WFrames PSMR | & Frames FSMNR
Skipped
Skipped {dBE) Skipped (dE)
Reductio
n
.22
Foreman 133 n 2841 Fr 3%
(#0813
. LT ]
Carphene 127 8 3062 1% 3%
{+01,28)
HMews 9 23 .77 7 6% J20G
(+0.29)
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Abstract—In this paper, we investigate the scenario of wireless
H.264 video transmission where selective-repeat ARQ has been
adopted as an error control technique. While using ARQ can
ensure reliable transmission, consecutive retransmissions cause
the degraded PSNR and a lot of frames skipped. We then
propose an improved rate-control by monitoring buffer
occupancy and integrating channel throughput estimate for
both frame and basic unit layers. Simulation results indicate
our propose scheme can improve PSNR of up to 1.8 dB with no
frames skipped, compared to that of H.264.

L INTRODUCTION

Presently, rapid development in wireless communication
technology enables the transmissions of compressed
multimedia data such as images, and videos. The new video
coding standard named JVT H.264/MPEG-4 Part 10
designed to have high coding efficiency and network
friendliness properties make it suitable for wireless video
transmission [2]. Nevertheless, transmissions over wireless
channels have many challenging issues, due-to-multipath
fading characteristic. Thus, effective error control
mechanism such as forward error correction (FEC) and/or
automatic repeat request (ARQ) have been proven to be
suitable approaches especially when applied jointly with
source coding [3].

In source coding, the aspects of adapting source rate-
control taken into consideration the effects of wireless
channel condition have been investigated thoroughly by
researchers [3-6]. In those schemes, the source coding
parameters of the next frame are decided basedonthe
encoder buffer fullness, channel bit rates, and channel priori
information. Specifically if considering the scenario of using
ARQ, previous studies [3] showed that taken into
consideration of the effects of buffer fill-up due to
consecutive retransmissions could effectively improve video
quality both in terms of peak signal-to-noise ratio (PSNR)

This research is in part supported by the Cooperation Project between
Department of Electrical Engineering and Private Sector for Research and
Development, Research Unit for Digital Signal Processing, Ratchadaphisek
Somphot Endowment, Chulalongkorn University, and Thailand Research
Fund.

and the number of frames skipped.

Previously we have investigated the reference rate-
control model of JVT H.264/MPEG-4 Part 10 [1] which uses
linear and quadratic rate-distortion model to calculate
suitable quantization parameters to encode each video frame.
The study has been done under the impact of low delay
constraint over error-free channels [10].  The results
indicated that using proposed rate-control scheme by
monitoring buffer fullness and adjusting coding parameters
accordingly at the frame and basic unit levels can improve
video quality.

In this work, we investigate the scenario of wireless
H.264 video transmission where selective-repeat ARQ has
been adopted as an error control technique. First the effect on
the video quality has been shown in Section II. Improved
rate-control scheme using the knowledge of buffer fullness
monitoring and channel throughput estimate is shown in
Section III.  Experimental results are presented in Section
IV. Section V presents conclusions.

II.  EFFECTS OF RETRANSMISSIONS ON H.264 RATE
CONTROL AND VIDEO QUALITY

A. H.264 Rate Control

In H.264 rate control, a quantization parameter is
determined by using linear and quadratic rate — distortion
models. The rate control'in H.264 [7] is composed Group of
picture (GOP) layer, frame layer and basic unit layer. When
encoded the current frame, rate control will compute the
occupancy of encoder buffer by using fluid traffic model as
shown in eq. (1). The initial buffer fullness is set to zero. The

N 4op denotes the total number of GOP, 7, ; denotes the jth
frame in the ith GOP, B.(n; ;) denotes the occupancy of

encoder buffer, A(n; ;) denotes number of bits generated by



the jth frame in the ith GOP, F, denotes the target frame
rate and u(n; ;) denotes the available channel bandwidth.

B.(nj,;)=B.(n; ;) +(An;, ;)= (%)) (1

If the occupancy of encoder buffer is larger than the
maximum encoder buffer size, B, rate control will skip

encoding frame and release accumulated bit in the encoder
buffer to the channel. The determination of a target bit for
each P frame composes of 2 steps.

Step 1 Budget allocation among pictures. The bit
allocation is implemented by predefining a target buffer
level, Thl(n, ,,,), for each P picture, as shown in eq. (2),
where N, is the number of P frames in GOP.
B,(n;,)~By /8

N,-1

Step 2 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, frame
rate, and channel bandwidth. It is given in eq. (3),

Tbl(n; ;1) =Tbl(n; )~ @)

u(ni,j)

fn ;)= + /(Tbl(n; ;) = B.(n; ;) 3

,where y is a constant weighting factor. Further
adjustment by a weighted combination of the average
number of remaining bits for each frame is given, as shown

n €q. (4),
f(‘li ) ﬂ* r( i,j) (1 ﬂ)*i(ﬂi ) (I)
5] Np ] 5]

,where T (n, ) is the total number of remaining bits left

to encode the jth frame onwards in the ith GOP, and S is a

constant weighting factor. Note that the detail information of
H.264 rate control can be found in [7].

B. Simulation Results

In this work, we uses witcless Rayleigh fading
channel simulator software as in [8] to simulate the effects
of wireless video transmission for slow fading channel. The
packet error rate (PER) and mean average busrt length (in
packets) are 0.15 and 19 respectively. We use JVT
H.264/MPEG-4 Part 10 reference software version JM 9.0
[9]. The videos are encoded at 32 kbps. The maximum

u(ni:j)
F

r

encoder buffer size is set to By = [10]. The error

pattern that is generated from the wireless channel simulator
corrupts the encoded video sequences. Each error packet has
an effect on the encoder in order to retransmission at a later
time corresponding to the round-trip delay. After encoding

each frame, the occupancy of encoder buffer, B.(n; ;), is
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updated by taking the retransmission bits B,,,. into account,

retx

as shown in eq. (5)
Bc(niaj):Bc(ni,j—1)+(A(ni’j—l)_( ))+Bretx (5)

Fig. 1 shows the effect of ARQ — based wireless video
transmission using “Foreman” sequence. Fig. 1(a) illustrates
the buffer fullness level. The accumulated number of bits in
the buffer while retransmission occurs is much higher that
of the error-free channel. Thus, without the proposed
algorithm described in Section III, there are additional 14
frames skipped compared to the error-free channel. Fig. 1(b)
shows PSNR degradation. There are several sharp drops in
PSNR especially during deep fades which can be as bad as
10 dB drop. On the average, PSNR degrades 1.96 dB, when
compared with error-free channel.

u(n, ;1)

9000 " Channel with no error

8000 . - - - .Channel with errors
7000
6000
5000
4000
3000

Buffer fullness (bits)

2000
1000

0 b o
111 21 31 41 51 81 71 81

91 101 111 121 131

(a) Frame number

Channel with no error
- - Channel with errors

91 101 111 121 131

Figure 1. Simulation using the “Foreman” video sequence coded with
H.264 rate control at 32 kbps and a target frame rate of 10 fps.

III.  PROPOSED H.264 FRAME AND BASIC UNIT LAYER
BIT ALLOCATION

To effectively alleviate the problem of degraded video
quality due to the accumulated number of bits in the encoder
buffer which makes the bit allocation of H.264 rate control
ineffectiveness, some extra information about the channel
condition is-needed. In this work, we utilize two state-
Markov-model, the simplified Gilbert channel at the packet
level [11] where state Sy is the good state and state S| is the
bad state. This model has been shown to provide a coarse
but sufficiently estimate approximation of slow-varying
fading channel [3]. This model will be used to predict the
state of the channel and the estimated channel throughput
can be derived (more detailed derivation is shown in [3]).
Our proposed algorithm monitors buffer occupancy and
calculates the estimated channel throughput in both frame
and basic unit levels. The algorithm is implemented with the
modification of JM 9.0 software.



A. Frame Layer Bit Allocation

In the frame level, the target number of bits of the current
P frame, f(n; ;) , is adapted using channel information. The

algorithm is summarized in 7 steps, as follows.

Step 1 Determine current channel state by calculating the
ratio of the retransmission bits, RBits, to the number of
transmitted bits, AveBits, collecting during 3 coded- frames
interval, as shown in eq. (6). If this ratio is greater than a
threshold, A, then the state is declared as a bad state.

.., RBits
lf(AveBits

Step 2 Determine the model parameters, ¥ ,and /3 to use

y>H  State=S, else  State=S,  (6)

in egs. (3-4). If the buffer occupancy, B.(n;;), is higher

than half of the maximum buffer size, By, both model
parameters will be set empirically as shown in eq. (7).

lf(B((nz,j) >O‘5XBS)

y=1.0,4=0.1 else y=08,4=05

(M
Step 3 Calculate the target bits for the current P
frame f(n; ;) , as stated in eq. (4).

Step 4 Calculate the estimated average number of
successful bits per frame-interval, f,(n; ;). This is done

by adjusting target bit rate, f(n,;;), with the estimated
channel throughput, i.e., the average probability of correct
packets  transmitted in  the  i-packet interval,
p(i|Current _State=S,)[3], where i= f(n; ;)/ Psize , PSize
is a packet size, set to 80 bits.

fm(n,.’j) = f(n,.,_,)x (p(i| Current _State = S.,)) (8)
Step 5 Adjust the new frame target bits to be f,,(n; ;) ,

which is generally less than the computed frame target, if
there is high tendency that there may be a chance of frames
skipped, otherwise, use the same frame target, f(n; ;).

if (By(n; ;) + f(n; ;) >1.5X By) F )= fog(n;) ©)

Step 6 Perform basic unit layer rate control, as described
in Subsection B.

Step 7 Update buffer occupancy;-as shown in eq. (5). If
there are more frames to be encoded, go to step 1, otherwise,
stop.

B. Basic Unit Layer Bit Allocation

In basic unit layer, a suitable quantization parameter for
each basic unit will be computed. To be able to allocate bits
properly according to the channel condition, we propose the
monitoring of buffer fullness as each basic unit is encoded so
that the adjusted bit allocation of target bits for the current
basic unit can be done to compensate the above-mentioned
effects of retransmission.
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Step 1 Update the current buffer fullness after encoding
the previous basic unit, /-1, as shown in eq. (11),

Bi(n;,;)=B.(n; ;) + By 1o +A41(n;,5)

Num'z Num'z
D MADG (k)= 3 MAD (k) (11)
k=1 k=l i’
B ( Noniy )X ( Fr )
D MADJ, (k)
k=1

swhere B, (n;,;) is current buffer fullness of basic unit /,
B,.» ;-1 denotes the total number of retransmission bits

during the period of encoding all previous basic units,
and 4;_;(n;, ; ) is number of bit used to encode all previous

basic units.

Step 2 Determine channel state of the current basic unit
by observing the acknowledgement (ACK) or negative
acknowledgement (NAK) received during the previous three
basic units. Majority number of NAK implies the channel
state as bad.

Step 3 Calculate the new frame target bit for the current
basic unit, f; ., (n; ;) , by taking into account the updated

current buffer fullness, as shown in eq. (12),

Nunil
Z MAD 2 (k) (n, )
— u l’li,l-
flinew (nisj) = fl\fu_/ui . ]
Z MAD 2 (k)
k=1

+ 7 X (Tbl (n; ;)= B(n,;))
(12)

, where yset to 0.8 if current state is a good state,

r

otherwise set to 1.0.

Step 4 Calculate the estimated retransmission bits,
RxBits, for f; ,a,(n; ;) wherei=f, ., (n; ;)/ Psize.

N it
D MAD (k)
RxBits = (=L
D, MAD (k)
k=1
X (1= p(i|Current _ State = S,)

Step 5 Adjust the remaining bits f,, (n; ;) for the current

“("i,j)) (13)

r

frame by the estimated retransmission bits from eq. (13), as
in eq. (14).
frb (ni,j):flinew(ni,j)_RXBils (14)
Step 6 Compute the target bit for the current /th basic
unit f;(n; ;), as shown in eq. (10),

w10

i) = Fonm ) X5
ZMAbe (k)
k=l



, where MAD,_,(I)is a predicted mean absolute difference
(MAD) of the /th basic unit in the current frame.

Step 7 Compute the quantization parameters of the
current basic unit. We need encoded bits of all basic units
close to the frame target; we will adapt quantization
parameter according to our algorithm proposed in [10].

TABLE L PSNR AND FRAMES SKIPPED COMPARISON
. Total
Video Fram JIM 9.0 Rate Proposed Rate Control
Sequence es Control
#Fram Fi rﬁm Fi :/:lrftfes
es PSNR es Skipped PSNR
Sktgp ¢ (dB) Skipp Reducti (&
ed on
30.25
- -
Foreman | 133 32 2841 |0 100% (11 34)
Carphone | 127 28 3062 | 0 100% 7
P : o | (+0.78)
. 3247
0,
Silent 99 24 31.62 0 100% (+0.85)
. 39.78
0,
Akiyo 99 25 38.74 0 100% (+1.04)
10000 -
9000 - -=-=:JM9.0
8000 - Proposed
:
2
g
a

111 21 31 41 51 61 71 81 91 101 111 121 131

(a) Frame number

- ==.JM9.0
Proposed

35

w
o
L

PSNR (dB)
N
[$)]

20 -

1 11 21 31 4 51 61 71 8 91 101 111 121 131

(b) Frame number

Figure 2. Simulation using the “Foreman” video sequence coded with
H.264 JM 9.0 rate control (solid line) at 32 kbps and a target frame rate of
10 fps. (a) Buffer fullness (in bits) and propose H.264 rate control (dashed
line). (b) PSNR comparison between JM 9.0 and our proposed scheme

IV. EXPERIMENTAL RESULTS

We show a simulations of H.264 proposed rate control by
using JVT software version JM 9.0 [9] at 32 kbps, with four
test sequences, “Carphone,” “Foreman,” “Silent,” and
“News”. Encoder parameters are defined in the extended
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profile of H.264 [1]. The maximum encoder buffer size set to
3200 bits. The PSNR calculation when frame is skipped is
done according to the rate control test in MPEG — 4 [12].
The comparison between JM 9.0 and our proposed scheme is
shown in Fig. 2 for the Foreman sequence. With the
proposed rate-control, we can achieve the average PSNR
increase of up to 1.8 dB with up to 100% reduced number of
frames skipped, as shown in Table I.

V. CONCLUSIONS

In this work, we proposed improved rate-control by
monitoring buffer occupancy at both frame and basic unit
layers and integrating channel throughput estimate as an
extra information to the rate control. Simulation results
indicate our propose scheme can improve PSNR and with no
frames skipping.
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