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Activity Dominant Vector Selection

Adaptive GOP Selection

Context-Adaptive Binary Arithmetic Coding
Context-Adaptive Variable Length Coding
Common Intermediate Format

Cascaded Pixel-Domain Transcoding

Discrete Cosine Transform

The Discrete Cosine Transform domain Motion Compensation
Difference of Histogram

Forward Dominant Vector Selection

Fidelity Range Extensions

Group of Pictures

Joint Video Team

Histogram of Frame Difference

Hierarchical Variable Size Block Matching

Inverse Discrete Cosine Transform

International Electrotechnical Commission

Inverse Quantization

International Organization for Standardization
International Telecommunication Union  Telecommunication
Standardization Sector

Mean of Absolute Difference

Motion Compensated Temporal Filtering
Motion-compensated Embedded Zeroblocks Coder
Motion Compensation

Motion Estimation

Mutual Information
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MPEG Motion Picture Experts Group

nz_per percentage of non-zero coefficients
PSNR Power Signal-to-Noise Ratio

QCIF Quarter Common Intermediate Format
QMF’s Quadrature Mirror Filters

(0) incoming quantization parameter
QP Quantization Parameter

O, re-quantization parameter

SAD Sum of Absolute Difference
SVC Scalable Video Coding

SVM Support vector machine

UMCTF  Unconstrained Motion Compensated Temporal Filtering
VCEG Video Coding Experts Group

VLC Variable Length Coding

VT Video Transcoding
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ABSTRACT

Video sequences are often used in different application environments, ranging
from transmitting channels, storage media and display terminals. Video adaptation
provides different technical schemes including video transcoding and scalable video
coding, which all provide the responding resolutions. For instances, video transcoding
module can be adopted in network access point, and the required video format can be
transcoded directly. On the other hand, in scalable video coding, source video is
encoded once, and decoder can receive partial bitstream according to its special
application.

Video transcoding can be classified as homogeneous transcoding and
heterogeneous transcoding according to incoming bitstream standard and outgoing
bitstream standard. In homogeneous transcoding, there are main three aspects: spatial
resolution transcoding, temporal resolution transcoding, and bit rate transcoding. The
easiest implement of video transcoding is cascaded pixel domain transcoding and it is
also the most computational complexity scheme. To speed up the re-encoder process,
the decoded information from incoming bitstream should be utilized in video
transcoding.

In scalable video coding, source video is encoded at the highest resolution, and the
decoder can receive partial bitstream depending on specific rate resolution required by
a certain application which can release the burden of encoder. The popular hybrid
motion compensated prediction and block transform scheme will cause the “drift”
effect when the decoder receives the in-complete bitstream because of its recursive
structure. The wavelet encoding scheme based on motion compensated temporal
filtering, which entirely abandons recursive structure, can provide high flexibility in
bitstream scalability for different spatial, temporal and quality resolutions. However, in
conventional motion compensated temporal filtering encoding scheme, the group of
picture structure is fixed which don’t consider the variation of motion activities in real
video sequences.

In video transcoding and scalable video coding, the main contributions in this
thesis including:

1. In intra prediction mode selection of spatial resolution transcoding, the



WRXEETZAEY

percentage of non-zero coefficients (nz_per) in pre-coded frame is utilized as
criterion to select macroblock mode in downsized frame. A Th_I_Q, model
describing the relationship between re-quantization parameter and threshold of
nz_per which implemented by an exponent curve is proposed in this part. This
model is converted into a linear regression model, and least square method is
adopted to estimate parameters in the model. To meet up with the requirement
of specific video sequence, an update process of parameters in the model is
proposed in this thesis, which utilizing selected macroblock modes in
re-encoder process. After the selection of intra macroblock mode, a fast intra
prediction mode selection is proposed in the thesis, which utilizing incoming
macroblock modes and prediction modes in pre-coded frame, and
computational complexity can be reduced greatly by the proposal. According
to the experimental results, on the pre-condition that the maximum PSNR loss
is about 0.6dB, the computational complexity can be saved is about 20%~25%
by the proposal comparing to full search algorithm.

In the inter mode selection part of spatial resolution transcoding, nz_per is
utilized to classify the motion activity of current macroblock, and some
candidate macroblock modes are skipped according to the classified result. A
Th_P_Q, model is proposed to descript the relationship between nz_per
threshold and re-quantization parameter in re-encoder process. As similar to
Th_I_Q, model, an exponent curve is adopted to descript the relationship
between nz_per threshold and re-quantization parameter, and an update
process of parameters in model is also proposed in the thesis. The initial
motion vectors of macroblock are calculated according to pre-coded frame,
and they are not very precision, especially in the situation of re-quantization
parameter is large. A new motion vector refinement method is proposed which
adopts nz_per as criterion to calculate the refinement steps. In the proposal,
with the increase of re-quantization parameter, the refinement steps increase as
well. In the area with high nz_per value responding to high motion activity, a
longer refinement steps is used. The 7h_P_Q, model is also extended into
temporal resolution transcoding in this thesis. According the experimental
results, the proposed method achieves about 15-20 times improvement in the
re-encode computational complexity comparing to full search algorithm,

while the maximum PSNR is degraded by 1.1 dB, and about 35 times can be

5
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improved by the proposal in macroblock mode selection part.

3. The classification method is introduced firstly into macroblock mode selection
in this thesis. A fast mode decision scheme is proposed based on support
vector machine. The features vectors used in training and classification stage
of support vectors machine are distilled from incoming bitstream, including
motion vectors, residual data, pre-coded macroblock modes, and quantization
parameters etc. A H.264 video transcoding including spatial resolution
transcoding, temporal resolution transcoding, and bit rate transcoding
simultaneously is implemented based on classification method for the first
time. The extensive experiments are performed including intra mode selection
and inter mode selection. In intra mode selection part, the proposed method
achieves about 15 times improvement in the computational complexity
comparing to full search algorithm, while the maximum PSNR is degraded by
0.3dB; On the other hand, about 25-30 times can be speed up in inter mode
selection, while the PSNR is degraded by 0.2-1.2dB depending on different
sequences and bit rate.

4. In MCTF encoding scheme, we propose an adaptive group of picture structure
selection scheme, in which the group of picture size and low-pass frame
position are selected based on mutual information. Furthermore, the temporal
decomposition process is determined adaptively according to the selected
group of picture structure. A large amount of experimental work is carried out
to compare the compression performance of proposed method with the
conventional motion compensated temporal filtering encoding scheme and
adaptive group of picture structure in standard scalable video coding model.
The proposed low-pass frame selection can improve the compression quality
by about 0.3-0.5db comparing to the conventional scheme in video sequences
with high motion activities. In the scenes with un-even variation of motion
activities, e.g. frequent shot cuts, the proposed adaptive group of picture size
can achieve a better compression capability than conventional scheme. When
comparing to adaptive group of picture in standard scalable video coding
model, the proposed group of picture structure scheme can lead to about
0.2~0.8 dB improvements in sequences with high motion activities or shot cut,
especially abrupt shot cut.

From the above mentioned, in the research of video transcoding, a H.264 video
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transcoding including spatial resolution transcoding, temporal resolution transcoding,
and bit rate transcoding simultaneously is implemented in the thesis for the first time. In
the proposal, the incoming bitstream with H.264 format should be full decoded. After
the change of image format (spatial resolution, temporal resolution, image quality), the
outgoing bitstream is re-encoded with H.264 also. In scalable video coding part, an
adaptive group of picture structure selection is proposed based in mutual information.
In the final part, the opening issues are discussed, and the future directions are analyzed

as well.

Keywords: H.264, Video Transcoding, Macroblock Mode Selection, Linear
Regression, Mutual Information, Motion Compensated Temporal Filtering, Group of
Picture,
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PRI N AR A2, MERBEE, FHEMR, FHERARSEBER
HFE. BImELKM L, EANMEEREM. LM, RS LM%, &M%
R REARNTREFEEER: RARHEF4E, HPC, PDA, FHl, N
8%, XELFRMLRMCPURE, AFKD, FHZR, BRENSHERK
ER. ATRENXERFAMFENS R, MRESKEEEMNRAE, NME
BMHAR (Video Adaptation) [IJAMMME RN AR T ZMERTE, TN
TR R RERAAE R, X EMAVSAT S B, A R— B R IR
MR P IR K. B ENTARE R — NN HR, HiERE B
B E X[1], BB LR A& A PRI B A S RN AN 85 F 2R,
XA KRBEE: WHHEHAR (Video Transcoding), B 5 % 4ih3H AR (Scalable
Video Coding), X#Wi#ZHE (Key Frame Selection), £:3k4}#] (Shot Detection),
PLHHER (Video Description) %. AiRICHFF MG HEE MR AMAT 4
FmEEAR, WEMZENR, ST AMAEERARAEREANETEEN
R, WNTEN T ARMMLSE: FIATS>EmEHEAR, IR EEERLH
— IRV G 20 B R I LA O, AN TR B PR 48 RO 20 om AR I 2 5 O 4 o R B 2 3B 400
TSR] . —EMARZAET, ERAUMAEEEAR, NEMSEASL (B
%, RERSHE) FEGSMIFHE (AEHBEEDD, B VERRRFEE
AR, WH.2633/H.264; W 4R mBBART T EMIM T3 T LU 5E R
PSR F B, (B R ZE AR AR AR . M E BE & a5k
B, REREAAKNATE.

1.1 YR BR K H WA R EAR

VAR EATRLE 1-1. PIREBRMAR —MHSRER (Ehs)
PiE S1, HRAPEE T1, BE R, H# C1 %), SFHBEER, TUBES
—MARRUE R (RIS S2, KHESHE T2, BER2, i C2%). A
AR £ FE 43 28, AAMEETETT LARI S A A2 530 o RIE AR H LS imiag X,
VLA 30 8 43 g b () S RO R bR P R R B A . B IR BSOS 3 A\ LA TR 0 380
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SRR T ARKRERR, Sl 1-1 FEAGRER Cl, Rtk C2.
PR 9 EL B R N T D LR IR T R — 2R bR, B0 B X B R BRI
£, NENARMHE, XESATRSFHEREDR2]-[11], FESHREE
[12){13), HLRFREME27-31]=4 .

WAL 0 Hs
L. S1 BEFHE: S2
HR) 4y B T1 o ® (]S> P T2
B#. Rl o T | E#: R2
bifE: Cl PifE: C2

A 1-1 YA SR

25 (6] 43 ¥ 22 4 1 R S SR AAT R 5 B R ST X B R L AR R L, R4
AT B HHFIB)-[6IFER LB EERSHEEHED, —4
ERMREREHREEH. BRREGMEHETN 2 KB, St (R
BREB) H—AER (16x16 REHR) NNERKER EHRZEMBMAM,
HESHETHEE) BN M ER, REETFRAENINERNES)REEIHE
—ANERSP, WTEFRR.

16 16

16 / \ °
of 1\

¥ 12 ZESHREHEPEHRE M H

ERMFEAERL (1], EBBRXERFEEE(19], EFEREHTHNIE
IR EN4), FHMEN), PRIME[], [141%%. WIECE[19], PRETERMRER
B EAEREIEFERT, Laipih— MRS N2 RERENXBEE S
BMBAER L, T EERDARSTLENF, EANEHRESH TENE



WHERAFHELRARX

MBCERI6] [71. [10], IoALPlalfE[8]. [10]1%, ¥ WA EHEZH KRBT K
BERER, MURARZGRES.

SCER[66)E IR T —REMER AR F F# BB R BRIy E. % ER
TR 3  J A B R %% (Discrete Cosine Transform, DCT) #¥5%8
R, BOKEBNED S DCT REERAL B ER. BN ANSREREED
—AMRIEHIIER DCT Z#HKRLH.

FEETEZMHRER (0 H264) MEEP, HIb—MHAK RRERKER
R /G i ik B 24 60 B R A RI3)-[5], [16)-[18]. FL L, FHhAEMEEGEZ)
KEEFFREVIMRE, SCER[SIBF AR E K F MiEs) K B E HIE N
i, EHBARPANEETRERTERENERLMNEHKE.

BRI AP A SRME (EFBMWD EBERLRFRMBN. &
RS HREEES, ATBIMTEREF, WREMLUEFWESSEM, U
CEHMEBEHRBEHAEFE. W 1-3, F, W46, F,, BEF, U F, FEH
Fu THIGHREREETFTUH, HIEA Fao.

A |
X
Fn-2 Fn-l Fn

1-3 BtihiEzABHIHE

% H Bt B 5 % H FDVS(Forward Dominant Vector Selection)[63] »
ADVS(Activity Dominant Vector Selection)[13], A= [RI{E[10], M FHI{E[10]
%. FDVS[3) B R H K BERKNRNEHRBEANETMITENER:
ADVS[13] M FE & X8 UMk iE ) B A RIZIM R E S R &, FaIRIZ
BEEEHIEFREAECRER: AR EE0)FEUEENE3) KB,
BAFEETRE, EANENERZORRETREAE: TUmsCrEy 100
EHE MBS ) FME

PR R DI E AR B R AR 63 FRMKFD R, 8% i B4k
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R H[68), [69FEFH EM27]-B1REHR. HTFEHRREMEEREPERAIRS,
HEAT L EF S EHAS BREBFEEFENBN, TAZTRERZSHER
Fig:; WEREREFEULH, FARMNELIK, EREVNFERBERAR.
a7 H.264 IR TS, LEAS KB/, SEABE K 4MB KERRR,;
TREE RIS KESIM, SERBRESN 16MB. EXER27]9, HiER
B RIS MK B HAE A B, REFEEFHELEIERKRE. 554,
WREBFAOVIAEBRE, EFRLUSHRRZE, FEBWMRE, BHEB
MM, CER[281FI[2915I AT — A5 E SR AR KRR B BALREHIT
THME, CRR22)F AT H264 EFHRBACHEBIHFENEE, FiHHRE
MPEG-2 F% F B ZEFAF B REAEH T H.264.

FAMBEMFHEERALANGEW, a5 HFTFHRMARHEHEN, TR
HEREERR, BEHER BB N, MAREHTHUERSE “E8” MM,
R BEERS, B 14 HE 1-5 DEFEAEBAFI NG B TXRFHEH
B

?f@ﬁfmﬁm}a4ﬁgw1}4 gm2}+{mﬁgjjﬁ5?

1-4 FF¥F45# (open-loop transcoding)

BAAR -———  ——— ! R
——> W e KR RER T e R L[ WRE —
[AASRE S Satint) — D | L _

e L R
> e ] T | et
[}
! R |
! N
e Y
! izt - Wigr2 <
EHRR a IO )

f
Bl 1-5 IR H (close-loop transcoding)

R R R BRI, MAHTEIE T4 0 R R AL DM A B Feis . b
R IT ARG M B AR B AT, TP ERGE M A R R . R FEH T, @
AR FEEELME, BEGRRMOWEE; MEZRBEET, AHEXE
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B, HENRHENRHRBHITERE, BN TiE, SHEEEEER, &
TFEAEBALFRAITELHEE, NTSERER MUY, 2115111
TBEREHIMEN B BB IAMEFTE R E E, HRE— M EAEEX
MERE ZRIRE.

WHENRE S LR FTAREMA LR T SEE, RiERERHERN
BERHTEHRRD (MR RIRA LB, Cascaded Pixel-Domain Transcoding,
CPDT), WA 1-6 Fim. BREZFEHUREHERERERBNAE. ATHEE
MDA, ENAEETRFTERSFARLAIINER.

o meRt |
REfE MK
BAES B B
Bskiiid e | Ewmm | W
e
EaE |

1-6 ZBX#%T5(Cascaded Pixel-Domain Transcoding, CPDT)

FEET H.264 PSSR, KEBTIT A A N E P2 bR e (R AL I 254,
T &t Xt H.264 BIFRHEN S ISMIBFRIEAR £ W, A CEHR H.264 BIFRHE R E#T
THERARIDH, HRET—RIFBRTE. B5h, 3 H264 BVSAEEANER
F2E,

1.2 AT RSB EAR K H RS RIR

AT REENMBIE RN, BEETFERSARMOLER, ATmT %58
A SIE. AT 2 4E5 (Scalable Video Coding, SVC) ¥, %l IEE
—RURmIEED PR T R HERR, TR AR R BRI & 05 s
BRI ERBATRSEIT], FLSmE T msmrfia.

7 H i HARE s ME/ R RIRERE T EF, HTRA Ti%.ﬁﬂ‘lﬁﬂ?‘iit,
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WRBEREZHEAR, RLEBEB"HN. T MCTF (Motion
Compensated Temporal Filtering ) FI/MEMASIB T R TEMHFE T ER RIS
X, MRATIFHRXRS, FEaflgLs e EB AN, 5o, %A R LU
Rt EE., B EARBE=AFHEHNT S ERE.

B b, MCTF RfE R B2 AT LLE B S 20 4ERT[35]. Ohm[36]f## 1R T 7€ MCTF
FHRPHFESNE T EREER A EERE, HARBIER (Quadrature Mirror
Filters, QMF’s) X} B [a] L HIME SO FE#AT T 2 E R HH T 3C#K[36], CHR[37]
R T H—F 88 A B E WA &E W%, FRE T — GOP £ (Group of
Pictures, GOP) WEEIZHIH . RAFFHITIN[38])-[40]## R T £ MCTF H T
SEBEEHEHEREEELEEMNEE. AT 8H B GRS EEWTNEE
Wi, SCER[41], RIREBET—HEFEHHEHNBRAAFTREER

(Motion-compensated Embedded Zeroblocks Coder, MC-EZBC). ZE& lLAFHITE M
T, BHREEEFRABRKAOLFRR, XMB71RE T —HEHRENDERR
B, AT ERRSR R ILAC )7 % (Hierarchical Variable Size Block Matching,
HVSBM). B THEZR LREBAEHFMERE, BAEWRA RN /MBI
MCTF %i#5 75 £3#4T T W5 [43]-[45]. BT MCTF 5 £ £ B i E T /DB HIR 5%
B LEARZ —46], STHFEEMS ERPERESHreT LZE SCIR[47]PE 2.

g = kPSR B R RS RE, T2 T /D #) MCTF SR 7 AsEBL
AA%M%E S E. B ITUT (International Telecommunication Union
Telecommunication Standardization Sector) HILH%t5 L KA (Video Coding

Experts Group, VCEG ) M ISO/IEC ( ISO-International Organization for
Standardization, IEC-International Electrotechnical Commission) 1551 E &£ XA
(Motion Picture Experts Group, MPEG) A MIEBXEMMA (Joint Video Team,
IVT) B4% H.264 §BEIT SVC [70]{73], HAEAIRAER—HERE, N
ETHERRA.

R T4 MCTF F/MEgwIB A ESD, GOP £HMEREEH, FEMIEL
B3 B s v R I 1E R, T3 BRI A B3 _E M ANIE BT DA R 4
PERERIHR R, 7E B AT MCTF BEALF, 3E 4R H C#kA MCTF F GOP 4 HiE#
BT HT . '
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1.3 AR TR A AR X E TR

ARXHTRABRCIEET H.264 MM BB ARMETF MCTF BI7] 4 %44
HERABIS .

FEET H.264 WMHEBHMAR P, KRXEKEH T —HET H264 1R
BEZME. M. REEAHEMEETE, BXRENEFHHLN RN ERE
BUBEFE FBUHAT TR R . ZERSCR M MR T H264 FMABEEE RS, B
ARG AT 0 H264 R, WA H.264 WIS T E R LM (g X8t
), EEREGRAZ FEFHLHY, RTREKRANERE S =/ HE:
FREISHE, HEASHE, EBRFER. FRANIENFLSUTLANHE:

1.

ZE S PEEBMAERERTS . AXETEEERE T H201E
B, Gt RGRRPINTNERMOETREES (iz_per), HE%H
ERERENRERITHLER, HMEHELHERER (4MB/I16MB).
AT HERBHEnz_perBERMEFEUSHE (Q) HWFXER, AR XERH
T—ATh 1 OA8RY, SHRDIEH RO Fnz perBHEN( R, 2
X ESAR R BT R TR, BB TN EIHER, RSFHERN
TRIEETTEETS . AT BREB T 1 QERIEEEN AR MG
Fl, FRARBT —HELHEBIBRFEFERI SR F .
Th_I QSRR TRRFFWIA FEIRER, RFEHFRKERIN B F (b
PR, ARCRE T —FREMMA TSR EE T E. TR
AFRBMAN RS E G PRI R A TR, #HREERRT
SRR A TSR RN . RENLREREH, HYTLE
Fi%, TEBKPSNR (Power Signal-to-Noise Ratio) #1%#J0.6dBR{ETF,
AT BRI A £ RIENI20%~25%, T E TR L4428 E
EHT10%ER .

25 (8] 7 B R IO R R R 5. SRR, A
Giitnz_perfl, FHFHAE KRG 280 % BT EE K B s v R AAETY, M
TSk MHMZIEERBRMIIRA, THBEE, E£EHnz pert, &
XRWTTh P QMR 5Th I QMRIFEM, SRR RRAE St
KHGRQHMnz_perBIEMIKFR, HELFEMIREPHTHN TS,
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WASCR M, Th_P_QAERY AT DUARIE AR 2 H 25 2 SR 7E X 35K
R, WX TFEFERARIRK, RAHTREETPxSHKE HIRA,
Xt FE)RIZ X, RABFREP16xI6KEFIHNR, Ao KHEE
WETEBHEERE. 55 BTLIERNEIRERRERGEGT
HHiR, XEPGHEMEHREHFE—ERFH, LHEHQB KA,
AR REEREAL. AXRET —HFNESHREAUTR, &H
RF Unz_pertE HBHREMUS KN, BREEQHEM, EF)XR
BRWSKEELHM. KRIETESSBARNKR, E3Ka
AP KBK, MESHTFEHXE, AUNSKEE. 2XE—F
¥Th_P_OMERVE BT R B PR ETE, HRETBIFNAR.
BIEMERRY, MET2ERE, ERAPSNRIALALIBHR®RT,
A7 BT LR B AL B IR 15-201%, B {NE BEFEERREIE,
=Y EASR = 29356 o

. AE R NET ARG EENIHEEPREEFERER, FHA X

Tk, AXERERT ETH 2640 RN TR, BE. KRE=AHE
FIEE TR, ZHEBHTRPANRALFRPRIGGERE, FEAER:
BEHEGPEREE, RELE. BHRE. BUSHST, HFEXLR
ERBEMAB BRGNS RBHEE, WML B ek
B, @dBERNLER, HEET2ERE, E&APSNRIIAL1.2dBHIIR
T, AXHETUK S HBEERFI2E, HNEEBEFERLYTS
FER, WIETLLREZ1301

FEETEZEH MCTF MR 2R REBBEART, GOP R~TEREEH, E5H(E

LR SRR BT A]_E MR B A K. HEFRMSUTSIRTEN AN, Hik
EH REEIEN LB A E R R, §3%E5, A BN

BWTF:
. RIEMSRPE RS, AR E T —FKhaarFIMCTF4R 3 77 .

18

EHREE T GOPL L HMI BB E KB EMA S, HHGOPLH
AR B B BE BEN I HE, N4 A GOP R T H M@ WA
FEsr. CEAREM A RSP, FNFIHAGOPHFHYIIE BEMIrHEE
KEEHIGOPR T, MifiikEMGOP RN MURERIEEZ) R A MM BE



WHRXFHEEEE T

R, T B[R~/ GOP W BRII8 3h 25 2 th B (R # — B . ZE 26 E IGOP
A, ASCHKRH T —MMEEMKRERETE, ZFEETEERER,
A—AGOPWIR X ) 5 RWIE AR, 337 24 8 3 e 1) L fry
FRRE KB, AR5 LA TS B HIBUE S R GOP I 35 3%
1E, T B &P B Ll — SRR R . 555, A SCRE%EMNGOP
G, T —F BEMN AR, R R T e MR
EER, ATIRDBEIMMRE, VELSR. RELRER, 3t
Tt FRAERERL (CHAFRENS L) RERYRIZH
FF8l, A CHIGOPLE 3 v B K 3R B IR e e

RXMENZHNT: 81 8H%R, FENE THHESBERNTH RS
HEHARKBL, 82 BT TET H264 MMMEBHER, $3EFENRNS
B3 PR 500, b AAEWA R B R R R GRS, B 4 Tyt
SREHERS, ERAEBRSRAERERS, EF 5 B, ANETLHEAR
PIEREE T —F RN RFER. BE. BR=/HFHEN H264 #B5R%, $6
EXET MCTF MBS RIEAT Tii8, HRE T —HMASHEEN R,
BRRTEAEXMNBEURBETENES.




WHERXFH 2L

F2E HET H264 BIFL 30555

H.264 tR#ER ITU-T K VCEG FI ISO/IEC f) MPEG 4R IVT BX& FF R M
FRE, L #7 ) MPEG-4 AVC (Advanced Video Coding), F{EX MPEG-4 15 10
WA . ABURB R MR A, H264 AR ARGEI BEENEIE
x4 BEZ B, WA BENMEKSE (Context-Adaptive Variable Length Coding,
CAVLC), WAHEMNMZHFIH A% (Context-Adaptive Binary Arithmetic
Coding, CABAC), i3 Fifll (intra prediction), Wila]¥# Cinter prediction), %
BEW, FHIEH (loop filtering) FHIAR .

2.1 H.264 mIBHEAR

H264 PERAT 114 BERE CGRESB M 18 RERE (AR KiEafh
W, HRAT 6 MkMBRHBRT 12 RRNEE, FHSHTNREED, B
TR A IE 5 85 VUBUE 28 ISP LLAE (3 F B0 % 8x8 He(Wm H.263), £ H.264
FRANRTE 4x4 3R, BFRBRIRERTRADT , B EER1 5 R E AR
XFMERT, BRERIBRTHHEEANT, MAEEHYELENTERED
KAWD: H264 ERATHHHE&HEHTR, CAVLC #1 CABAC, HF CABAC
HCAVLC BHEXREER, AEESAEELR. £H264 %, TRAZIMEH
WIKE ST, WERBRNEFFERZIMRINELRISEN, HmEEALT
AN E RIS R AEASHEM, HIEH WA T, XH
RAUKBLRA—ASEMEFOREEER. EETHRNEHMES, EEHE
BRIAG ESH RN, NI SFBEGRE T M, & H.264 PR T HBIER
BARXT RPN ATALEE, AITiRE T EBRE. TENARX TR KD
PR TR ol ) FRBUBEAT VR AT IR

2.1.1 W A T

T P TR P AR R TR AT S ATIRIR R E, HX B ZSETRE, N
T 2F T BEMERIMERNE. 7€ H264 KA TS, LREZES &
A LU{# A 14MB.ISMB.116MB & =% , . I8MB {1 F17E FREXT(Fidelity
Range Extensions) &, AXAZHFITIHiE.
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WHEXFET2AEY

WMRERMEAT 4MB K, BAEIEHRINE 16 1 4x4 FH, 84 4x4
THRAEZBHMMER, FMERIEE o MEEX. B 2.1 AHT—4 4x4
FH (BFE: a. bs v ...s n. 0. p) RHEMBHKE (X. A, B. .... K. L),
B 22 5T TR 9 MEERAER.
X[ATB]C

E[F]GH]

=) (5PN RN fen oo

T Do O

I
J
K
L

8l~joi®
Qi IR{O

B 2-14x4 FHREZHBBE

0 (vertical) I (borizontal) 2(00)
WABCID[EIF[CIA] [H[AB[CID[E[FIC]H] W[A[B[C[D[E[FICTH]
A 1} nion
£ i3 K]

3 diagonal down-left) 4 diagonal down-right) 5  vestical-right)
W[A[B[CIDJE[F[C]A]  [W[AIB[CIDIELFCIA] W[A[B[CID[E[F[C]H]
74\ I\
Xl g K
L Ly L

6 (horizontal-down) 7 (vertical-left) 8 (horizontal-up)
A[BJC[D]E[FIG]H] A[B[C[D[E[FIG]H]

s 5/

A[B[C[P[E[F[C]H]

=

/,
/

T =

B 2-24x4 ZEETHRER

WRERAEF 116MB KR, N F 245 AR — AN FRER . 5% 116MB
KA, H.264 R4ELT MUFPii s TR, BT 522 H. /KF . DC Fl PLANE,
K =mE 58 2-2 %4, PLANE XL THE:
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21
e
i//-/
iz

)

B 2-3116MB PLANE £ & WRIER

5, BESEAES N6MB ZRARMMATMES, FRZAETE
R4 BIE H.264 A2 (baseline profile) F R4 8x8.

2.1.2 o ] T

BREIEI TR S F F S B WORAME LRI, X PR Z BT RS, ER0FIA
TR A LR, AARAHEIELE 24.

ﬁm—»@@—»’}'ﬁ . o I v I g R
""" . A
R
AT *
R Y uEe

Y
Bt
45055 R
N i o] R [ REB [
- — AT
CAIRE aamie e Wb

B 24 BEH TR RS R

H.264 FEFH TR A/PNZEH TN, ZRATELEI5 R 16x16(P16x16). 16x8
(P16x8)~ 8x16 (P8x16). 1 8x8 (P8x8): MIFE{FF P8x8 MIAHAER, NEA
8x8 HUHE AT LLigt— 2RI 8x4+ 4x8. BX 4x4 (W& 2-5). H4b, H.264 i&AF
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WHERFEL Y
HT SKIP ERKR, ZRHEEHTEZHIER FRIX K.

16

16

16x16 16x8 8x16 8x8

8x8 8x4 4x8 4x4

B 2.5 ERAR~TRS

TE H.264 ', 1M (Intra frame) {VEMAWIATRMIZ LR (4MB = 116MB),
P (Inter frame) WINITTRES A ZIFTE MIEHRZER (MMB. 116MB. SKIP. P16x16.
P16x8. P8x16. P8x8 %), T i3 st () PRI L= A 40 58182 % SRR(32]- [33)-

22 ETF H.264 BIVLHET RPTRIUR

H264 fER T A RKIERER, WA TESHLRE, HiLR H264 KR
TREENFENTS. WER 24 FEHFMES, mEEALERE, BB
BRBUEERRYHTENMGH, HUAHSHEREROTRRE, HEEMR
W ER/NEABRERY ., B, BREMEEHRZET H264 HUSASD R
FMRZ—[23126]. ZEASHBFARBEEEFEREEHRLR, NEEFEL
¥, MERUSHENEK, BEENERLUAELE, BREESHLE.
B, AEUSEERNN (R, SERRLH Pex8 KR, MHEEELS
g, SERBREEZE Pl6x16 B, AFRISHREMD, WEBERK
HFRH 2, HATEBP—NERNNERGEEERT 4 M ES, REERHX4H
EREVE BA LHCERIEFERE, RO HREDT, FRTEERESR, [
BB T REMZEMZEME, HEEEPHERENAESE, FESD
T HETRERKEBIER SRIGH M) LR KR ERMBRRKORRSET, €
FebdeP, W LAH A S R BRI B A R R AR, W4 EE.

EA—EHANREXET H264 MHEDHERBT TR, X740 T
MEPG-2 | H.264 IR BIBF L, i FIEE MBS KRR F S B EB 0N,
FHHES THRERZENERER, FARITETHERERSHEBRNMN TR, X
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WHRXFET R

BR[75)BH T —FiREREFEH R, %5 FET MPEG-2 3| H.264 KR H IR
B, FEPRET —F DCT REFIBHX LR AR ERE R E, HAI AN
i e) B R B ZE A B TR A SR KR, SCRR[76)F[ 791 R A Eeds R i 2
BREPERERGSHFFE, HIM761PERE T —FblE KRR FTE, #%
FRPETEHES KBRS, ROTEM7EE L E 7B 484 B 2 A B
B8 . SCER[78]38 R —FF M MPEG-2 3| H.264 MBI A ik, %Ak
FIFHA ELARAUR B DCT RECK ARSI FIMTA AR KR . Hith H.264 BIMIA
S KR (116MB/I4AMB) £ Hi#i A\ DCT RE M7 ZR R 5E . SCER[79]03F H.263
B H.264 FIFE TP A/ R ERERUEFRHT TR, EWAERRYEESP
FIF H.263 TR EM H264 B4R, ANATHEHEHE, XREEFHR
BALFPRERT 114 BEEK.

WAEET H264 MUBEEHAT, KE0REMEPEIREREEELT,
I MPEG-4 3| H.264, H.263 3| H.264 % . T4t %t H.264 HIFRHEA EL IR E
FHARE W, A4 H264 HbRHEREDHAT LR ST R, BHEFHGH
B A REEGE BT THEANRISHT, MHRE T —RIVMBRT R

WMEERHR, WEBRELIE MR, WAEET A BREREENRBIRYE
B, HPEENSEEERR, BE2WHEK “FE8” BN, AOHAARRBHTIE
# “EB” MMNRHTE[N00]-[102], HP—MORRERBRBMES#E (DCT
domain Motion Compensation , DCT-MC) [101}, W0 F Efi7R:

WATBH - - opmmenn - HITY

___*‘?ﬁ#ﬂ’: »———»1 E‘%E | 1 ?——ﬂ?{l{z‘;——l»ﬁméﬂﬂ —_—
[
Eh Witk

I . V

|

i

| S a2

! |
! @FE
b .
i

|

: >
P EHNIME - WETZ -

“F

B 2-6 THBHEE

B E AT H AT BREMEIMEFENR FREGENLHEFBENF
BREIEF)ETH[100], [134], [135], Ti H264 KAT 14 RENEBIET, 7ET
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WHEXFEL RN

12 BGEEERMFEAT 6 #hkmHEIBESE, AKX T RHEEBHIES)
FMERIERERITATIE . 55 H264 TR T H M B IBE B R, REBREs0#
EFTE MR, TIHBIER KRR 2B R R R A, R ME A%
W, YRFEF-DST K “EB” BN, NBLERRE.

T ERiHE, EARHFET H.264 HPMEES, WA H R
¥k H264 #3N, BIAK H264 WFRRESSHERE (RESHB), £F8E
BRAZEERmSEY, HHERGRANERRE=ATE: ZRSHE, i
BAHE, EE. HPHSEHEaEFELLR. dTAXEZ RS HES
BARESBREEFEHZETEFRUNEE, HEAXMEFTBAEE T
W, %3 FEHE s BT ERSHEEN, NRESHEREDY, KE-2FES
HREN =157,

23 K |

EENAT H264 FHFAMERHREAR, BEHET, TSEM, FRERES.
HEAN AT AP AW TR AR, 55, RAELITRTET H264
IS R E AR R RELR, WETF H.264 FIUAE B FrAER W E#T T 2

B, FIEH LN BREEEHNE S H264 355, FHtACKATREZHIN
5etS, BEHHEENMET AR UAHBNTREE.
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WHEXFET R

£33 E TESPHEED

3.1 58

AN PR EE LR B THE, BERTHIET 855 BEME
BHHIFER. EXRMAREBNET H264 NERSPRZKED, EIRLNE
BRETH LR REE/MORS BRAEN. FEFERABHEREETH
£ EMFEEERE, KEFEEHREARTEERARN, FEFRAFED
RO ERER . STR3IVAE A T EMERH DCT REMRERIENERERE
il g

AXRHNDT AL HEELFEET SEREE, FELEFELLR. £
RMELS K, ERERNERBEFRRR. LOE H264 MATRT, ZE1L
FEBN, SEARESH UMB ERER; ThEHELSKESHMN, SEH
BORABE I 116MB. ZESCHR[2719, HRTEDRAT & B I AR TR K B AR A By
W, REBEEFBRUEHEREE. 55 mBEEFFAVRKBRE, B
FRILSHRIRE, FAEWRE, HREBHN. XR28M295IAT—4
5 BRI ERER N B BLREHT T 1M,

FIXERANBERET R 2, BRERTEEGFH—NERMNERGER
FRPANESR . ASCRRBIRR TR ER b LT EE”, FRHETEGRNSHE
FHRA LRI, RS AT ST R B A BRI YA BRI A% L
B, ERHETREER L ESUEERE, WHE 3-1.

qo
%

P8x16 P16x16

W 3.1 LTRSS NN ER

26



tWFRXFE TR

AR ERAEHEPERROAFTEEFRSENERER., BHRESSH.
PUAFT AR R C 3R, 7058 AR IE S5 7T AR BN A R K R BB R & .
REHESEE. RPREFETUMFTAEZTRY (&1 DCT ZHEENLE
MR MHBIRERME, KXKRZAnz_per’s nz_per BIEMK, EREREN
FEEE, ZRXEAVEAFEE WAER) RESHE AR WiEER). 5
S TEETEFHEL, UHBRAAFEHINTRANERSYE, Kb —IRBA
BHBERTHHEUSE, WY 00 B MREEFHEIBETHELSY,
B8R Q.

AR nz_per fEAEFEWAMINBERGAER, HRHT ™ 0o #H, &
S HIN R B SRS (Th_I-Q, R AWM EHERS (Th_P-Q,
BED. Th 10 BRRARK S LA ERGAEE (1I6MB/I4MB); T Th P-Q,
BERRARX S L ZRAEXBAEER. FEsdEa5#Tite.

3.2 Th I-Q iR

AMAEAEED, BEFTEAYWEIEERE (11I6MB/14MB), R
FEAFRKERRR EFETAEL, BAEMMATRELE 22 18 2-3. &8
32 FiAIERT, WANRUSH 0~20, FiAMSEAMATRRER; S50
RBEEAFERDMERAANMNBREERER CHT EuiEEAEEFE—T,
AXEHRALEERDE), LRPEFT ENEHFEUSHHTUR 0={25, 30,
35, 40, 45}. $IXTHEIEGAEENSHEREE (4MB =K 116MB), EL4%
T HNNIRGEEBTE nz_per BTFIME. B 3-2 FREAIRE 0., HABIRE
nz_per, EIAM R %R R 16MB KR LLHI, LA B &R R 14MB R L6
MZERERTUEH, it 0, K/, LaTEBRFER N 16MB 5 Hxt i
nz_per FEJEEZZ N T AMB ERFTF N nz_per BIFHME. B 3-2 4
LRHEREZMBFIINFE (RIEFHIRE, AXARNLRERHBRZT
TREMNLR, GZEELMHFIALITFHER).
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" i1emB
3ot| M 14MB

25.90

AEE R E L BI(nz_per)
s 5 3 b

(34

o

26. 23 27.31

29.

12

31.80

'
30 35 40 45
EHRILBHQ)

B 3-2 nz_per. Q, 1 116MB/I4MB ) L. 5

MIELELRER, TURLETERNNY nz_per B/, BEEH
116MB HITTREVERK: AT NI nz_per (HEI KB, WiEHE 14MB HIHER
B TAFEAS - MERRE—PUERZLE L. 8 3-3 HELRP, X RE
BBPEA nz_per i, HHETHERLEREFMEENLIERER, F4H
TEA Q. ERER 0~{30, 40, 50}. EIFHAIFEEAN nz_per 8, Y22
LHCRRER [16MB KA BE . AXMLRERTTURHAENE D, 4 nz_per
HR, HETERMEA 116MB FBEERIEE B, T nz_per R KH, X514
BREA 4MB KBRS, 7S5, BBE O Wi, HFK nz_per (XM A 245
FEREF 116MB HIEE AR EIE . LI Y nz_per=10C 1B S KIZRFTR), 7 0,30
B, €/ 116MB RIBEEIRIK: 4 0,~40 B, £/ 116MB FIHEE LA T 80% A

A TH Q=50 1F, BEMEIJLFIX 100%.
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WHRAFHEFAe

g

8 B
L} T
= gy
.
SR

~
O
T

4l HI T 16MBIY) 8 %

8 8 8 8 3

-
=3
T

N ke Ml

T
EFRE L BI(nz_per)

<

33 AR Q. 5k 116MB MR

3.2.1 Th_I-Q, BEIMBIA

M ERZHTATLNE M, nz_per 7] LAE A4 116MB/IAMB KRR, 08 2
BIERX N nz_per HNTFREANBME (EXHKZH Th D, RTUEEEEY
116MB KX, FNEFF 14MB. B R R EX M HEE? WE 3-3 EETLUEE,
ZBEERE O HX. H 34 AHTHRIFFINLRER, TRPNEA o
EE—ANEEKBIE Th 1, MR XFTERN NN nz_per 4/ TFXABEHIHE,
AAEA 116MB EHER, FUEA 4MB K8, B4 kR0ET TG4
O, PriEBMEEBIME Th I, AEBARFEHE BB ESLERENL
8, WEESEMERILFESMHA,
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34 BAFFH Q. 5 Th IMXR

MXA L ERATUF Y, ERIET ERERAZHRAMGIRT, 0.5 Th i
HXABEET— MM, AUERABEMLRNE Q5 Th IKXER, ¥
WZHh Th 10 B8 HERARENG.1), HF afbRIGHELEHSH.

Th _I=ae"™ G.1)
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WWFEKFEL 2R
3.2.2 2% a f b s
BHAEMEXG.HHITERMEMLE, B —TRHERITERI[34], REF AR/
ZREMHERFSE a 71 b. XERG. B BOY S AT LAE B2 R
(3.2)-

InTh_I=Ina+bQ, (32)
SHIRy M cRRE Th 1 Ma, BREKXWTF:
y=InTh_I 63)
c=Ina (4)
XHERGDHTURELR:
y=c+bQ, (.5)

RE\ERPZFiEMGTH, EHc ML ATUHTRBE:

niQriyi _eriiyi

b = =l i=]

nY0,2-30.)

i=1 i=l

iyi —bZ”:Qri

p— i=1 i=1
c— : 3
.7'

(3.6)

HEREIHIMGHRAZERXG.6)M(3.7), TLUBZISH a A b BIEHHED T

nZnQn‘ InTh_1, “iQriilnm—-Ii
i=1 i=1

b=—=l - L (338)
n2,0;-Q 0.
Sinth_1,-530,
a = exp(+! =) (3.9)
n
Hop
n R .

O R i MBS B FHME.
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Th_I; &% i Wi BHE nz_per #1°F31.

FTHEAH-NRERHETF. BREHBN Th I-05E &% 0= [20, 25, 30, 35,
40, 451, 7Th I=[1.07, 2.15, 4.10, 7.52, 12.99, 33.69]. FIAZA (3.8) M
(3.9), a b MEHHEDFIZ a = 0.7932, b= 0.1320. # a F b FfIHEIA
FAG. D, RULIBRTEN Th I-Qtk. TREFLE 3-5, HPTEME
KW Th I-Q 84k, BB S M a M b METHETH AR, GIATLIE S, 78 1-¢
BRI ER T Th TH QHIX R,

35
30, : 1
25|
5 207
]
N 15|
10t
5t
OJ L L — L J
20 25 30 35 40 5
o,

3-5 2% a fl b Hfti

323 B a b EH
REER L TEBRES ST SN EE Th 10 &&. Hik, FE
X REMMAUTFIRATIR, BR—M6N Th 10,84, RIFEZEXE.8)M
GOfEit 2% a M b FIVIIAME, HEHBMERPIUNER. THAHHER
EHSH a Wb HRE,
a: HWIAYIME Th 10, &5,
b: fFR4ET Th_I-Q. &, MIEFXG)MG.9)HITFSH a flb;
c. FRSEaMb WMBEXRGC.D)UHE h_I
d: VHHEEIME Th_low F Th_high:
Th_low = 09xTh_I;
Th_high = 1.IxTh_I,
e: for(BAVIIATH Z1R)
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R A F TP

{
K BT ERG T RIR B R P E nz_per 18
if(nz_per < Th_low) % 116MB £ LR,

else if (nz_per> Th_high) ¥+ I4MB RIE K,
else

{
Eb8 14MB M1 116MB, #%EFHERRKR,

iR EERER E [dMB)  num_4++;

else num_16++

}
if{num_16 > num 4)

1% Th_high M Q. %SN3 Th_1-0, K6
clse

1 Th_low ¥ Q, % INE| Th_I-Q, 4

f: gotob, ¥FET—H;

M ERARBBTTUE L, ATREFSH a M b, LKEANBEDIHA
Th_low #1 Th_high. MR nz_per XF Th_high, ME % HFH WMB, W R nz_per
BT Th_low, HEEEN 116MB, WE nz per ELTEXHEZE, WEE
116MB 1 I4MB FEFRIFHEREA . LEimiBE RN, 44 nz per (B
REFNBEEZ AN BREEFENERRYMMER, WREEN I6MB 8P

(num_16 > num 4), BWHRHFLHHEIMK, TUELRB GF Th_high B O,
SmE h IO, EA): T, ATLLE HIFK.

3.3 Th_P-Q HH

7E H.264 1, P Wik R vF A Z R E A B 14MB. [16MB. SKIP. P16x16-
P16x8. P8x16. P8x8 %&, I P16x16 Al SKIP KA % HMAEZBRAFENX
B, P8x8 Ml I4MB %R ¥ HILEEIZ 38 A BIZI X i

TEEESHERITN NN nz_per HE5HERARREREUIME, LRE
Rl 3-6 i, BAKRR LETERFTX RN nz_per BIME, AABERRE LR
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WHEXFELFAIEX

£ P16x16 2 SKIP KB MEE (HEBRE/AY). ZFMENHRTARMN
EHENSE 0. NEPRARTTUEY, BEH nz_per MEEN, ZHIER(E
i P16x16 B SKIP Wit gk, F5b, BEEBUWSRWHEKR, MR nz_per
Frxt BRI E B ER P16x16 B SKIP MMt B7EaM. RS 3.2 FAEM
Th IO A AEM. B 3-7 WAHT P8x8 B UMB ER G nz per HIIX R, R
%, X nz_per EXTHEABER, LATERTAEEEREH P8x8 L 4MB
KA, 550, ZBERRKEE O MMKTEE.

Stefan

1g

049

0.5
04

03}

P16x16:RSKIPA T IR

02}

01

nz_per (%)

Bl 3-6 LRI ERNNE nz_per 5 FEHRHER (P16x16 5 SKIP) HIXFE

bod
o

P8x8skI4x4ir) H i
o
"

nz per {%s)

B 3.7 4HTERITNA nz_per (i LiFEREM (P8x8 uk AMB) HIXFR
¥ B nz_per HE KK (A 50%-60%), =& MENN RS, WiAEREYMLHNHFS L
BEER, R E A XS E RN D, FICAR RS B
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WHRXF MR

WIE LR, SHTAXR, LA 3-8 fIE 3-9. B 3-8 LRPAEAN
O EHE—AEEHBE (Th_L), IR LHE RN nz_per B/ FX/NE E M
BIE, BAEM Pl6x16 EHREAR (SKIP KAK{F A7 P16x16 MBI HE4T), TN
ERLHREEERENERLY. BRAERIRTAEDN o SHEENE
SEHME Th L; MNAXBSRAXBHECHBE N ES52BRENERTREL
8, MEMRILFTLAR. B 3-9 PRI P8x8 M1 4MB EHFE—AEE
BIE (Th_H)» 3 nz_per HATXANRMER, REEEEN P8x8 5 UMB, &
WHEFR MR EEE.

Stefan
45
40+
m 35t
)
14
P4
2L 30t
25} 1
—e—FULL
-+ -FIX
20 - :
0 500 1000 1500
B E(KBPS)
Stefan
20 - : — . /
15! / 4
§1 10} /
g /
// f
i
5 / 7
|
T {
,/”//l J
20 25 30 35 40 45
or

B 3-890, M Th L KIXKF
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WHRXFELRAE

Stefan
45 e e
40 )
—_— i
[e) 35|*
i
z |
zZ
2 3oi
25.. ___Vd___;
. —o—FULL
! -+-FIX ||
205 500 1000 1500
% (KBPS)
Stefan

B 390 MTh HHIXR

M ERFEANELR BATTUEH, ERELBERAZHRKRWRT, BE ML
M Th HE O MXAMEMIEE L, X5 Th 15 Q KIRRKLL. HtAHAE
s Stk #E Th_P-0, (B8 Th L-Q. &M Th HQ.EEWHN) HA:

Th_L=ae" (3.10)
Th_H =ae"® (3.11)

5 mh_1-Q #AIEM, B4 a M b AT UE R %N (3.8)M(3.9)
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WHRXFELRMIEX

33128 a b MEH

Th_P-Q, BERIhSEMEH HES Th 10 HARIR WK, BEERAVIEN
Th_H-Q, F! Th_L-Q, &R AR ERG.100HG.1)FT B % a M b B¥E, &R
BEEETX a M b EH. THAHEFRSH a M b KHRE.

a: BAVIERE Th H-O.F Th L-O, %4

b: FIFAXE Th H-Q &M Th L-OEEHEREHE K afb,

c: HAEXG.10E Th L FRHSXE.1)IHE T H;

e: for(LRIMIFTE £R)

{

fEH 3.5.1 Prifiik I FRE B R KR,
if(nz_per > 0.9xTh_H 3 H nz_per < Th_H)
{
if CEFEMERLR R P8x8) num_high 8++;
else num_low_8++;
}
iflnz_per <1.1xTh_L 3t H nz per>Th L)
{
IR R R ERKEIR P16x16) num_high 16++;

else num_low_16++;

}

percentage_1 =num_high 8/(num_high 8+num_low_8);
percentage 2 =num_high 16/(num_high_16+num_low_16);
if(percentage 1<0.10) ¥ 1.1xTh_H 1 Q, % ME| Th H-Q, &5

else ¥4 0.9xTh_H M O, %sME| Th H-O, 4
if(percentage 2 >0.90) ¥ 1.1xTh_L Q. ¥FM%I Th_L-0, 4
else ¥ 09xTh L M Q. %MEITh L-Q, B4

£ gotob, ¥ TF—hi;
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WHRKF E+ZARL

HTETH Th H-Q, EAETHISE a M1 b, RES TR LATERITN MK
nz_per (EALZEBIEMBE (KT 0.9xTh_H B/ANF Th_H) B FTEBERIAE, Rk
FHER P LHEWRDECH P8x8 KR (percentage 1 < 0.10), WIEWRE HF1BIME
AREMIE, FEBLEAT B LIxTh H 1 o, FNE| Th H-Q, £E&). 55k,
Th L-Q. B EMEF HES Th_H-0, E&KM.

3.4 WAL

FIF 3.2 WETRK Th_ 1-Q A, FTUPLBEREHRER . MEEFRER
KRR 116MB, 7EAILF L SAD (Sum of Absolute Difference) A #ERIMiR, 4 FF
RIEFAER (K 2. 1. 1 BATRD, HEFAEAER/D SAD WFAENX; WRE
BRI EHRARRI R AMB, BANEIRHESR 16 1 4x4 FITFIR, BNMTRESZHE9
AR (LB 2-2), MEKIX 9 FREEXLBERX, BLEHKE
M. AXPEROEREFLE 2, LaiERPEN x4 FREBE R HE
B 4 4x4 FH, XL 4x4 BIRATREALT 116MB ERA, WATEEA T 14MB
o, LA 3-10. BPREBGRRFA LA—INERRE 11I6MB, HRKHEL
14MB, T £ 24 /7 B8, th R F {B00, B01,B10, B11} i %} B[ 4x4 B4L F 116MB
EHRA, TEMNXHEHERS TR,

IN3]|O
T16MB =
0141|5
146|713
s3[1]i]e]e|5]s8 [ G|
2121614718134 Bo | By | B: | B
111171582 |8]41}1 Bo | By | B2 | Ba
0111254016 {(0}2 B, | 8, | Bo | B

B 3-10 WA BB K33 R
EH 1 ST 4 4 4x4 FERALT 116MB W, A 3-10 #{B00, BOI1,
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WHEKFH TR

B10, Bl1}. M 3-11 £HXMHERA THEEREBLMENTRIERMER L
B, B RIBRAAERR 9 FGE TR, PAIRRRN S TR i 16 L.
MK EERTLUEH, R 0. 1. 2MEHBE (B 87.5%) Emmidd
i 6 R . EHEHR 1T, KETUAEEM 6 FEX, HEMAER . 1. 2
%A B/ SAD HHER,

35 —r

30+ ]
25+ 4
g 20+ i
A3
Y
E o -
10+ j
] . |
(] — .—____- __J
1 2 3 4 5 6 7 8 9

ORI A AR X

3-11 ZEfER 1 FEATRER A0 e

BOL 2-1: XFRLH 4 4 4x4 FROLTF UMB E8RA, WA 3-10 §{B02, B03,
Bi2, BI3}. ERXFHER T, REEKRPHIT—A 4x4 FTFREE K B ORI
A, i, kB2 MRMIFEBERTH 4 MBI HH2,1,2,7). ETFH
LB PHGIT LB REBEN Bo2 FX 4 MRNERZ —EE., EF
MR %R B2 MBERTERRX 4 MIMERZ —ME, HUB44R
A~ T B02 FIBMBRMTERRIX 4 MUAKRZ —HE, BREHE, B2
R 4 MR —HMERE. FHEAXREERIX 4 HARIERE DR
B, ZEZDHE 4x4 BTG 5 REHER, NABENEHEE.,
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WWHRAFEERALEL

Akiyo

100

80

84.96%
74.01%

Foreman

|
ol—

81.15%

65. 07%

1 2

Garden

100i

80
i

60
40
20

0 1

62. 55%

79. 43%

2 -

Stefan

100

70. 05%

50 I
oL—
1

84.19%
2

3-12 FHEEIR R RTE WA AR X R

0L 2-2: €@ 3-13 FILRP, BAGAEFELSH 0. QUIFRERF9
MRMEROEE (AEERERN), X84 0 BF I MERRFTEN
PR MEE. BN LRTLUES, BE O KBH, MlEo0. 1. 2/
1% FRBE 2 & K 5 ( 0,=20: 60.04%, O,=30: 65.16%, 0,=40: 74.57%) . Lk 2 i,
FEHER 2T, BEE O MMK, FEHO0. 1. 2 ZFEXMED I RER K.
X3k 0 WET—AMERMME, %0 KT ZBMEN, EERANMRERA £
mo. 1. 2 fEAREERN, FHMNFTEZFEREEP SAD KA.



WHRXFE T PAE T

40 T - T —

2 2 0 B 40 5
B0.04% 61.20% 65.16% 69.14% 7457%  63.09%

3-13 0, 5#A 0. 1. 2MIKFR

3.5 AR AL

35.1 BERBRERATRE
AR H BB R R R R R L 3-14.
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WHEXFETFMIE

o >
B A
SR o T4
| EREMHAE

EAESKIPASHY

num_116MB > 2

\ N
EFET16MBRTY | v

i+ # nz_perti{l

ﬁ&mﬁ%gj[ﬁ#mw%@ | Wiz
[ | J

( B

B 3-14 duEl KRR

T IEERBEERHERE, AR — LA KR R RAT T b 7.
WR 4 MXNESRAR SKIP KE, WLFEREREEREHN SKIP K7, W 4
MR A 3 AL ER 116MB KR!, WS FTERERE S [16MB.

WR nz_per H/MT Th L, WEEIEFR Pl6x16 KR 4 Plex16 B,
WRBFIEMEELIR, 346033 K ESTMEARR, WiH%AN SKIP £,
WR nz_per KT Th_H, WK I NI RER, BB H00 4MB, 1
HEEN 14MB, TUEFAH P8x8. W nz_per MEFHANBIMEZ [, WEEMNFE
RAhIESE, WEERUERI 3. 5. 2 EHREREFEMUED, FHIMEFEGLIFHEXGE
BRTEH Th H-Q R Th_L-Q #A, BAAFENS 3158 afbMEH.
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WERAZEE SN
3.5.2 ERRBIEEKEN
AP, EREMEEAENRTETRIB/ME:
COST = SAD + AMV,,, G.12)

e

SAD & TRHIE 5% (& a] 4 25 18 R 48 %4 {8 f 71 Sum of Absolute Difference).
M ERBNHEHREHERD AR EHREBRBERGEGFHEHRE

GRS LBED HHEAS, BAtEEL 3. 5.3 MHMENRERTE.

A REEUSEMXNIREET.

MVys REFRBHIHEMNLREKE, XEANEHREHNRERTRHRE.

TEEREBEED, FEREERIBBUEXG12)HENRILE, Hik
BRI B/MEEABLNERRE.

353 MmE R BRTHH

AAERBRAERE TR 2, H264 PEFHEHFTHMR/NFRY 4x4. &
L 4x4 SR BfL, WLFTEGP—NMERNNERGEERPH 64 MEFHRE,
A 3-15.

mvy, mvm mvoz vaS mve, mvos Mmyye | MYy,

MY o | MV | MV, | MV | MV, | MV g | MV | MV,

MYy | MYy, | MV, | Vyy | MV, | MV | MV, | MV,

mvso mv3, mv32 ”l\r':!3 mvu mv35 mv36 mv37

mv,, my,, | mv,, MV | MV, | MV, | MV, | MV,

MVg, | MV, | MVgy | MV, | MV, | MV mvg, | mve,

MV | MYy | MYy | MV3 | MV, | MY | MV | MV,

MVag | MVyy | MVgy | MMVa3 | MVoy | MVys [ MVs6 | MYy

B 3-15 Rekg iz ki
Y ERPENRYEDWIGEEF) R ERHX 64 MEg)REHEBEH, A
I HFERR 3-1. RPFFITTEPE RS RME %5 P8x8, P8x16, P16x8,
P16x16 IHH VMR RE, HPiHH P8x8, P8x16, P16x8 I AKX K 5 14K
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WFHEAFEEFRRY

BPHESH KR, HTHEHHEE, HH P16x16 R T P8x8 KIMILHIEZ)R
B BN

& 3-1 PIEs X EATHE

ERER Ul ES (g

P8x8 {mv88,;,-. i, ]'20,1 } mv88,~J = median {MV4x,; *p mlei+l,4xjx'“;mv4xi+3'41j+3}

P8x16 {mv816;, j=0,1} mv816;= median { mvy, 4 MV} g5, V7 4xj+3}

P16x8 {mvi168;, =0,1} mvi68;= median { MVyxip MVyxit, oc..MV4xi +3,7}
P16x16 {mv1616} mv1616=median { mv88;; i, j=0,1}
3.5.4 BEIR BRI

DU e R E R R I RE S R B IFE—E M, LHRS 0 BX
. B, AXREMFES, BETRENEREBUE, FENEHRER
T, METEATREM, nz_per HBRXNXBEREEIHBARIZ, EIF
ERKNENREMUS K. KRB nz_per tEHEBFI KBRS KITHER,
BEE#E o M, BHRBANSKEES M. BIXKEFIINATER,
£ 32 AR KMARTKS O KKK,

% 32 BREWB KN Q HIXE

o BRRFK
0,<=10 1
10<0,<=20 |2
20<Q,<=40 3
40<Q, 4

TEA SR T ES, BHRENRLS KR nz_per HEBENAIHRE,
B b K TER %R G.13):
step =min( SR_TAB[Q:], (SR_TAB[Qr]-nz_per/Th_H)) (3.13)

HA5 8 SR TAB BRI AR 3-2. MIWAXMHE, MR nz_per KIE
KF Th HE, RARAME 32 EXHBERALSK, RAFBRT, APk
O nz_per WIEH BEN KN, ATTRIE T ERZEBIEBAN (nz_per BX,
BRIBHRIZD, FRBEKHEN)REASK: TN TEEA RO,
FRBRENRL D KT, #EMHTATEE.
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WHRAF T2

3.6 LRLER

AL KK H)BITHIER Intel Pentium-IV 2.66GHz, 512M K, Microsoft
windows B1ERZ. £ FHEHMIERS, WMANERKEBZR S CIF (352x288),
WA 30 W/, MARRASEN 20. BEEABRTHLEIEFY 2, BME
FeTREBRMA QCIF (176x144). REIER /5 BG a5 R E L E G+
XL 4 MERIVIVE. MARNRGBRK BB AL H264 SEKM IM12.1 G
1B, BOHESHENE 3-3. FESFULL"RAERALEREETHITEREME
HRIMER. “FASTREALRBAIFE. BIMEBRSEEENRIOER
BoEtE . REEE G R T B REFREEE =25, b TFEGHENATEPE
EHHMS, XERFLHAHBIENE. “EFRON AR TENESR
SR BN HTFAXMH RSB RENE RGEERER, FHitk
RMLB T REEEFEEIRRR R, FEEERERNERER.

R 33 RN MBI RBESE

e 1 g3
kS 30
ProfileIDC Baseline profile
Y bt ] 2RRE
ZEWBE 1
PR EH OFF
HESK 16
#HILBH 20

3.6.1 WINEAEFLR

EMARAEELRS, FHEVSER 1 WEHTHRS. SRPHANIE
Th_1-Q, &R 0, =[20, 25, 30, 35, 40, 45], Th_I=[1.07, 2.25, 4.10, 7.52, 12.99,
33.69]. A% 3.3 WHRBIMEBMER A 30. B 3-16 41 T BT 5
BER, BFRURT2ERENKLHFENESEE. NLRERTUES, &
MAERIEGEERRERAK, LWFERFFI Akiyo’ 8 K PSNR %% 0.6dB, T
EHEFRIIFPEEL LR K.
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WEHRXFHTFERY
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g
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25
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75 % (kbits/s)
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&

——FULL
—— FAST

500 1000 1500 2000 2500 3000

& 2% (kbits/s)
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45
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N
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WHRKXZ ML 2AE

Stefan
45;7 v v — v W
40-
o 35}
)
4
2
g 30t
25 1
—e—FULL
—— FAST |;
20

0 500 10b0 1500 2000 2500 3000
B % (kbits/s)

A 3-16 TR REHSR

R 3-4 45T ERREMAIIR K77 B K HRER B R R R P R
SR, AIGRUATTE R MRIEN ER S MREN 70%EH; MECEBEEE
BRETIFRITHIFERT, E ST ERIFER (U218 RIEM 20%-25%.

£ 3-4 “FAST” FI“FULL"#ERY HL

B3 BHEEE () EFEFERERIEE (B
FAST FULL FAST FULL
Akiyo 3.218 4.690 0.478 2.344
Garden 3.557 4.898 0.469 1.989
Mobile 5.105 6.630 0.650 2.520
Stefan 4.210 5.833 0.578 2.377
3.6.2 AR F LK

FEWEEEFELR S, RES—WUER 1, XKLWEMH P Wi%mE. &
BRI Th_H-0, &4 0~[20, 25, 30, 35, 40, 45], Th_H=[19.31, 22.36,
26.39, 36.24, 50.70, 73.24]; ¥146 Th_L-Q, &4 0,~[20, 25,30, 35,40,45], Th L
=[0.19, 0.49, 1.07, 2.15, 5.18, 14.55].

AN ERAE LR, 2BREENSHTMGEEL KN 16. B, &
SCRSKBL T SCER[A)RIBI ¥ (FRZ A L. B 3-17 AR ERPHET
SRRIE, Li T ENAHERESEEGE. A AERN Li M5 EERENE
REEARL, EEIIBIZINFIIPELEREMLRKRRL, W Stefan, HER
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WHRRFELFMIEX

PSNR BK{HZN 1.0dB. EREEIIMRMFFIT, AEHRELBREEITK.

Akiyo

45 — - e e

PSNR(dB)
68

&

—— Li i

| — - FASTi|

25

20 40 60 80 100 120

45

H
o

PSNR(dB)
g g

500 1000 1500
7 3 (kbits/s)

Mobile

35

PSNR(dB)
w
=)
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WHRKFH LRI

Stefan

PSNR(dB)

—o—FULL |

——Li

—+ - FAST|

0 500 1000 1500
B £ (kbits/s)

3-17 EANFFIMEREHLB

R 3-5 GHT=MTEFHEAN AN L. HYFLERE L B
AT LUK B B9 4n R R [B] 3 AT AR R4S 5.5 1%, AR I LR B4 15 1%
RERBEEFERRYISMOFEN, HMTFEERE, Li OHETYMEEERE
®E 6 76, MARBNFETLURR S FEL, NTTRANNE T &R
FRIEBINT (6]

R 3-5 ZFOTEETFERER LR

FF51 ERmBHE (8) AR ERRTIRE (BD)
FAST | Li | FULL | FAST | Li | FULL
Akiyo 219 | 648 | 3705 | 065 | 454 | 3529

Garden 4.09 9.58 | 5837 1.86 7.13 56.18

Mobile 564 | 11.78 | 8348 | 256 8.45 80.33
Stefan 5.13 | 2048 | 7545 | 222 17.51 72.86

3.7 KFNG

ERET H264 NZ RO HERBRGET, FEARBRTEERPHERE
FOEFRE AR T — MR A ERARGEFE T . BHEEANERR
FIXLLBIE TR 20 BI—MHERTEEBRFRERMET 4 MNEGBE BT HE
B AXRHEMFTERE T MR G B A FOE BB . ZEM ARG
Bia, FICREHTEFRARGERGPUNERBEFTRELE (nz_per) H
MENERFRRRL . MR RIERER S, FIR nz_per HMERIRIS L4 AT
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WHEKFHLFMILX

EXBHEHER, REARMEEER, Bl EERRERIER, AT
WHEUHEN . B, dXWIREREY, AXRET M EENNEREH
Wk, EITER R EROR B3 RARES REHL LK. E/EM nz_per
R HITHE IR, A SCER RS RLR R nz_per BIESEHBUSHMXR
(Th_Q, BED, HEEKMMAR—TEERERE, #—PRARDPZREXR
I HEEATHSE. BRENLRERKRY, SLRREML, EEHERM
ERKMBERT, ACRME T ER LUK T ERRBEEMTHE, N
T4 & B D AR -
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WHRAFH TR

£ 45 HES YRR

4138

N E D REES, BTHRIMEERSE, NEEWDERWIENSE
W, WERNEHNREBFEFE, BEFENEHRBIEES G, KRN EE
FDVS[63], ADVS[13], A ia{E[10], MAFEHE[101%. Bob, BT
BEF, FETEEFFIMERMLMK, NTTEsmE, BLEENEEM+HH
FEREFIEFRE . XETRION S HEZHBIEE TS BEEETS, 4
F TR RIS .

MEE 3 EROHEE, DiTEREREE SRS B GRS HREHEL
REY, HRUT Th O BARMHREAESEFENSY 0. %R, 4=
K- RER, FHFEIR RS REEE S E.

HE2EHE 13 SHMNESHEEEPHREEG, F,05500, F, %S
#F, W F, Pi8E Fo PRBESHREREETHE, 3459 F,o. ERNTENE
# FDVS[63], ADVS[131%. XX LAiEREH%EZLE (B 13 % F, &
F, FAZED) FZRENANELH, AETELBEEBLE—, 2N
“nz_per’s MEHMR LW, nz_per @K, BWREEZENWP, SFTEHRFTLTRK
BHEEBARIZ, ST ERIESE Pex8 MRS T &,

THEHEL PN ERKIEH ERENER B 41 HLRE RHLHTHF
“Stefan’ P HFTERE) nz_per L5 HEREBMKR, FTEENLNBRZTLE
RiEBH. NLRERBHBALUEY, Y nz per DK, % Pl6x16 MIBE
RE; BEE nz_per KK, % P8x8 MIMIEZ WM. X B 5550 ) PR 415
MaEERL. HUTUSBEESHEEERY, B nz_per WEFH BRI,
SRR Th_ L Th_H. BRGEH K nz_per NF Th L, W4ETRREZEEESY
P16x16 (SKIP) #: WR nz_per KF Th H, WIMFEEEB% R P8x8 LAY,
R E L], WNFHERER ik, |
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WHERXFET LY

Stefan

100 - gr————
R JJN [~ P16x16

o ~

A

- PBx8

% el L
$
601
X
&
® 40}

20

0 ’ s N SRR DS
0 20 40 60 80 100
EBRHLH
B 4-1 nz_per SERERIMIXFR
42Th_Q, THE

FEERBMFEEBLIETEEETEFREANRAE, BT ERRENE
BESEASHERX, BME TR LA Th HBRMS Q. FX. XFWRHENTh O, T
BRI A Th L O, TEEN Th H O, TRAERES, EMNFANATHRERE
Th_L ) Th_H.

42 F1E 4-3 LUF% ‘Foreman” ABIBH T —MERER, LRIAE
AN QEBREERME Th LA Th H, MBZFERSNE nz per MF Th L, $AE
F P16x16 FHRKE, MR nz_per KF Th #, WiEF P8x8 KH, HNEM4LHE
RIENFE ERLEFEFRRER. ERIEEREE S SR REILTFARR R
B, B 4248HT Th L5 QMXER, B 438 Th HE QIR R,
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WHRAFEE LT

%0 25 3b 3‘5 4b 45
EFRUSH

B 420 5 LBXER

Foreman
100|- T : —

20 25 30 35 40 45
EHFELSEQr

B 430 S Th HBIXR

MXANERERTURY, ERIET EEEEAZHANEGRT, Q. 5Th L
M Th HHXRABREETF—MREME, SHERSZTEIFEEBTEM. B
B, REHABBMERER Q5 Th L. Th HRIRER, HHRZA Th QO TH
B, ¥UEEARERE.1)M4.2), HFafb RIEHMEZNSHE.

Th _L=qe® @.1)
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WHEXFHET 2L

Th_H =ae”® (4.2)
HFAEMEAN Th 0 THRYE EEN Th 0 HERA -3, BHSHIIME
WREFIFE LM, HZBAFRR.
4.3 RPRREER
FERHBNE MR EREEROIELE 4-4.
pig

KA xART B
shizEh k&

Gt FE R K nz_perfd

nz per < Th L nz per > Th H

|

HEFEP16x16 | | ANFTERBIPESE| | 1EHEP8x8

( B )

44 WEEIEFRALRE

R LT ERIME R, FEL T EXNNA nz_per fH. WR nz_pe E/MF
Th L, WEBIEFEHR P16x16 KA, 7E%Y P16x16 I, WRBHEMRELM,
FEUFEHEESTREAR, WiEEA SKIP KR, HIBREFRAELN L
3.52 4. BHIRBAM T RBER LE 3,54 REHIFTE.

B TR R PR RS R AR, TitE nz_per B IEHIXIRHFAE
—EEREGAR (WA 1-3), BRI 60 % ST N E F R Rk R
FR, A SCEERS (8] R ST PR E S EWA TR K (14MB/116MB), £
TR P HE TSI 14MB/I16MB KB5S Th_Or THE,
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IWFRXF L FAE

44 LR ER

ETHEHRERY, MAKBBERTA CIF (352x288), Mi#E% 30 Wi/fr, %
ARIBWSEA 200 ZXWRAT 2, 3, 4 EHBMMLFAET, EEEBES
WIS RHR 15 B/E, 10 BUE, 7.5 BUF. MARNEGLREEN H264
ZERH IM12.1 HwiB, KRESHEALE 3-3. FSFULL"RREHLBREER
TR ARG RERINER, BHTUMHERIKN 16 AR BMFER
RT=EMAEVREHNRENH L, 5512 FDVS, ADVS, FinaEE
(WMED). BN RSHHFENN B SRR ERmEHRFES, bF
A RHABTETEEFTRERS, XERHAEBELRIHEHE. “EF
IS RN EF AT R AMEN; BTFAXMTESLBRENET
RIGFEERRR, HUACRMLE T HEEERERER LN, A<gE
FREBI A F R

ALRPHAERWER 16, R{/EWBER P %G, % P BIP A EA
116MB M 14MB SR FRER . TRPMAKYIG Th_L-0. 54K 0-[20,25,
30, 35,40, 45], Th_L=[05,0.8, 1.6,3.2,5.9, 11.7); ¥4k Th_H-Q, &K 0~[20,
25, 30, 35, 40, 45], Th_H=[27.5,29.3,33.2, 39.1, 58.6, 88.2]. & 4-5-F 4-7 4
TARBHMETENFINLRER. NERTUEFH, BiEMEREN (I
15 W/, Z LR BN FENEE RSB REENAK, EHRANLIEET,
PSNR HIZEBRARET 0.5dB. BEE MR M RER, RXHHERNRRLEHT
TR, mrEmiE N 7.5 WU/AE, MHFELEET, PSNR BRRHELR 1.1dB.
FIEy, AR =Rt EREE R EM AN ERERILTFREEN. N
RERETLEN, NTEIHFENFF (W0 Akiyo), PIZREIHEN AR H
M EREMAK, FEEEERENZEJNRD; ME3HEIBIZIKFS (W
Stefan) BEEMIFEMFEIK, AXMHERBETRERR.
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WERKFETZAEX
PR B E, MR 4-1, XM ER S ARmEBERTUERAL 15 15,
BRTEIA 20 £ B RBBEEFEERERIG R, WATLURE 35 LA, ATk
KIYE T RBEERERIR 6. 55, MERPHLER, FIH FDVS HiEHH
VIShiEsh R BB AE R, TR R ERAFEN. RER 45~E 47 HER,
=T EHEFERILEREEN, KETL, FDVS HERAIFH.

# 41 BHEREHE

FHl | WME (W) | EF M RS (B H PR BRI (B
FDVS | ADVS { WMED FDVS ADVS WMED
Akiyo 15 11.5 11.5 10.0 254 24.2 23.7
10 114 10.9 104 24.0 22.5 20.6
7.5 11.2 10.1 10.0 24.3 21.7 18.3
Coastguard | 15 20.1 19.1 19.0 41.0 37.0 35.5
10 18.7 19.5 19.0 37.4 36.4 353
1.5 19.3 194 18.7 39.3 36.7 34.6
Foreman 15 17.3 17.0 16.7 333 325 31.6
10 18.5 17.5 17.3 36.4 324 31.1
7.5 19.4 18.9 17.9 373 343 31.8
Stefan 15 19.3 18.6 18.5 39.5 38.3 384
10 18.6 18.7 17.5 38.6 37.1 36.1
7.5 18.7 17.7 17.0 38.2 36.5 335
4.6 EE /G

ERT H.264 MIMIEHEDRET, FENBEMEENEBRFHERERE
FRY, AR T —FRER LR RIEE T AERBFTEN RS E
Btz B R LT REANBELH] (EICFRA nz_per) AWK 261 ERATE
XIBHBER, WEAFKZEIIER, Pt RiEEREREIK, Wi
BitErE. AEEET EHSHERERLS, FERANRENERFELSEE
B A — MR, HRREEM A — TR MR, &5 EHR DR
SHE R P i S HOAT A4, eI RE P X S HEN B B sk 4 R R,
S5&8REML, EESEEREZERARMELT, AR HKNITET KRR
REERFREEEE, WITHTEEHREHIEE R,




tWFRAFE TS

$ 5 E KE-ZE B PR

5135

TEERESD, MAREERLEREHE: mode 1= {I4MB, [16MB}, Wija]fEik 2

HERAIE: mode P= {SKIP, P16x16, P16x8, P8x16, P8x8 }.
ET H264 M ARBERNUAEBEYTEEB LRI, BERANARA

FETAEVAEET, 7T UFMAEEBE BR RS R ERER, NTHHE T
g, EEBTITURRNERAE: BREGTERER, REKE. 5K

B. BUSHE, MERKBEENEMRRZMNREERERES (mode T K
mode P) FEHFH—. MRMNBBERPATLURREBSEENE, TEIFE

RABILERAERE EROR TIX LA E R &, WISE AT BUFI B 2 R0 7 R 5 5

KE,
5.2 3XFFFEHL Support vector machine (SVM)
IRRAENRE—FEEELOIETE, ENFHHA SR NAZ T

REGUR, WX RBI[80]. HLiAREM[81]. FHHM[82)5%.
LERERAEX,i=1,.. N ABHFEHNy e{,-1}, XFAEBHNIELS

PR R TR MR E:

N 1 N

max Za,.—EZa,ajyiyjK(x,.,xj),

% = i,j=1
N (CRY)

st. Y ay=0,0<q<C, i=l,..,N.
=1

(5.2)

FE7 RH B A I R BUA -
y= sign(ia,.K(x,x,.) +b)

R CRETET, K(x,x,) RERH, ©HIFERREHB - EETHE,
N 2T R BN, N, ZRNFE X FRBIME S FER RN, x

RBARR I ROFERE, y ROEER



WFRERXFETEAHE

EVSRFI, MARORFE 8 x, TEMRRGSE BRI, T H A2y, 3
REEWEMOBERER, VI B HRRRTLUR L 21 RE/ .
5.3 HF 1L [ B A& #

TEVSREL IS RIS A R NE RATE: RGEGERKR, RERRE, B3R
B, BUS%. TASHBEARHBESAK:
F _V ={MV,ERROR,MODES,QP} (5.3)

K My RERZF) KB, ERROR KRR EHM, MODES Ron BRI BBR TR
FRER, oP RREUSE. TEHXNSMFEZE—ITiE.

53.1 PIAEXEF P RRIELRE

i 18] 53 B B D h AT AE M A RS BRI a3, T R R 2 R F P
T P AR U % 16

A X RANBGRERET N 2, Bk L7kt MERGBERP 4 MER,
WE 5-1 P, BAEREE & BOERER AT R B RREHIE R B 45,
AICGERFIX 4 NEREBFERD—MFE, ZEERTRK(S.3)F # MODES.

MB1 MB2

)| cume

MB3 MB4

B 5-1 ZESPREBTHER

H.264 FRAAMR 4x4 MEETHR, B8 44 THREHZEBNEFRE, &
BARRIR T 460 4x4 FROWR (AW BRBEIIHER), FIOEHRHEEZD
4 M ERMEFTREALLEIE R —MFIE, ZFFERZRR(S.3)TH) ERROR.

il A AR R B S B IERIEEUR 5.3.4.

5.3.2 Z (A5 Pr R P KR EE R

A%, ERROR 1 MODE #i&# 5l #4340 R .
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H.264 L 4x4 THRAR/DRALEITIES G, BHit, 43 REEED 44
FEH, TRMBFAEREUT, B 44 FRGF HEGMEFE R, W4 NERE
HE 64 MEAKRE(HHKFEMEET ). R IX LB KBS WIENISE,
B SHERIHE. KAXEANLHERE) 44 THIEHYBENRE,
ERUHEGTERS, WEEE(1], EBEXERRERE9), REBEBEHH
RIEBI K E[14], FIME[1), FEME], (141%%. RIE\ETER19], PEEHEH
BORBHF, ACEFEFEME .

REREXX 16 M"BEHREER MVIS, WEM T E
{mv, e MVS,i=0,..,15} F & & 45 :

P(mv,)= P(mv;)P(mv,)

. {—(mv,‘—ﬂ’)zl 1 {-(mv,.’-eyy} 5.4)
N Tk EEETES ORI P b R To

XEREKFNEES MBI REMEML, ofMomhTFRM:
& =median{mv{ eMVS,i=O,....,15}
¢’ = median {mv, € MVS,i=0,...,15}

X l e -
o= 8o 59)

o =Ll -mv|
1633 '

TESH—MEFB, LE 5-2. BRELRDSETERE 16 MIKBE
BHIREE, DR NEI DL, Kb A LRIt TiRL R TR
#BERER T H RN .
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E—rrea)
09 R -

SRR

(\ N

1 ‘1
\/ \
A
0 5

J
ZHRE

i
/

0

'

i
'

0: i A

-20 -15 -10 5 10 15 20

B 5-2 EFHREHADGFFE

LA R, [REAK 64 NMESRBETTLARLR 2 A5, NTRKH
RBETRERBHER. ATRE-STEHEER, AXFATXENEHXE

(R(G.3)FHH MY BB ARFFIE:
mv_o=

o+

0X

o"l

(5.6)
+ IH’ |

my_0=

5.3.3 I [H) 4 HF E H 0 b O RFIE L

ER R P RERGD, BAMTREEHF, EHit, UEZFWENSENMEE)
REFEEFTHE, WA 13 SHNESHEREETHRERE, F, 3246
Wi, Fo #EF, W F,PEE F. PREDREREEHITE, HERE Fa. &
R E iR FDVS[63], ADVS[13)%, BRIEAXE 4 EMLRER, FDVS
BRBAE, B AEEERA FDVS TEEHREIIRE. '

WA PR IR, HANBMIZ SN 64 4 4x4 FHREMITHIET)
K&, RiHEAPRETRITEL 16 MIGBEER & HFIRBGHE.

EREZ RS HEEEELT, LirERANNERGEGP —NER, #%



tWFR K FE TR0

FERE 16 4 4x4 FREVEZ)R B HEEAVIREF K ERBIUFIE, &ER
FIR B FIET R B LB 4 MODES 1 ERROR.

534 Wi EEEPFEERE

AXPHFREBAHEFEAEH. BARLEERD 0, EFELS
B¥HA O QBERDMTF 0y AWEWHE, XUEH Q-0 ENENSHIM
HE GRG.3)FH oP).

5.4 T A /by [ 45 2R, 2 %

FIRTR 2 RB AT R BEYERFTERZLZIE, 4P RN ET L
BERERE . ETRETLRN, WEDE R SR I 7 2 75 A 15 R
HEVNEHBINZHFREHTHR. AXFRENIMRERN, 2 RkEENE
HEXE. ANEHEHE, TOWAARRE T HE 8 Fm 2 E83]-(85].
EXERBEBEE S, VHEBBIRAXERER SR FRENRE, NTiXIE
BEXEME T X FRBHNM. ASCRASCERS4RE B INAR RN R E
BRHITHEE .

5.4.1 BIERERE

FEWARRIEED, XEFmEREE A XR%ERE UMB K [16MB, FEHE—$H
I4MB 1 116MB EHMAERX, REEEHEL 3.4,

5.4.2 WA

BRI RN T B
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WHEXF LR

THEAFE R E

v

MR R B

Y Probability=1?
N
Y

TR R >PROB_TH ?

A 4
ERABRKMEBAR MR 7 PR P00 i B
Z [AlE# B

(s )

Bl 5-3 Rl R FR R

FEMifR) RAVERE S, B MG BT RIUFHER R, F3IARIFREN
BADR T & R EA

B F SKIP KA AT IR AE TR 2 B ¥ P16x16 KR!, FMAEARICH SKIP
P16x16 A R—HKLLEE, 74w P16x16 KAIET, WREFRERE, MA3IAE
i SKIP A,

R FRM A P8x8 K, BT E 8x8 TR (8x8, 8x4, 4x8, 4x4) #FIF 3.5.2
A AT R

R Hn 8RR HEGER, BENSEE RHFE—eHi, R
[86]-[88I A X FMEMTIN T HBER], ARG REXLEER XL I8
%, HME MR R T KSR RCTIFCHR861R HFIMRER, R



WHRAFELFEX

fEH THERER (probability=1), HEHBRKXHEE MR KRG 0 E /DT HME
PROB_TH, MIMNFANMEEHBRAMEHRA PR, HEFARR 352,

5 EWE—H, EMEXNEFPHTFTESHRENAL, KERHE—H
EBHRERLEK, AUPKESEFEUSENIXRLE 3-2.

55 EREER

LR FMAB GRS A CIF (352x288), WIZ K 30 Wi/H, 0=20, 0,={20, 25,
30, 35, 40} . ESIRIEVSFFIRIRMAE R H264 BE KM IM12.1, BAASE
A& 3-3. HEFAST'RAREN G L, “FULL"RTLREE.

Foh, ASCRAT MICER[88] T B3 K 0 BALIKA:, 48 )43 A 2 o6 B HE
%&EﬁﬁK(x,.,xjhexp(—y”xi—-x,"z),7>0, Hdy=08, EFHETF c=1. &5

B, XHFRMEHERFEENARBOMAFIIHTELIG, H4HCER84)4R
H B D B VI 2548 2 4 32 e ) BOEAT R 7

5.5.1 BIABREELR

EWARRERELR D, FEWEHSER 1 WmSE, BEBREFLY 2, Bk
BFH 1, BIERES HEERL. ENFFIRESEELE 54, RIEERTEE,
FXRBHAESLHRERETE. W Akiyo’F5H, BKH PSNR ik
0.3dB, HRK=AFIILFEEMABIR.

Akiyo
46 :
44!
42"
A4o[
<
X 38]
z i
B 36
34}
32| o]
30: ~+ FAST -

200 400 600 800 1000 1200
B # (Kbits/s)
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Coastguard
42-
40 :
38 4
D36
L 34
&
32
30, 1
28 —o—FULL ||
—+— FAST
26 —
500 1000 1500 2000
75 # (kbits/s)
Mobile
40 L
& 35 4
i
[14
Z
L 30}
25 —e—FULL ||
——FAST
1000 2000 3000 4000
B # (kbits/s)
Stefan
40+ 1
i
% 35!* 1
: |
zZ
7]
o
30 -
' —e—FULL
25f ——FAST|]

7500 1000 1500 2000 2500 3000
’ % (kbits/s)
Bl 54 o] A TR FF o R 45 A

TRAWTHENTENEERN. NCRERTUFE, HETEERE,



WHRKFE LA

A H A RTS8 | B4 20 30%; 35 1% ik or Sk et A, A

EMRTCAIR =LY 15 FF, AV E TEHHE.

R 51 BHSHEHE

=21 migatE () EFERAETINTE (B)
FAST FULL FAST FULL
Akiyo 3.71 5.31 0.20 2.46
Coastguard 4,44 6.31 0.18 2.71
Mobile 6.39 8.83 0.22 2.86
Stefan 4.63 6.75 0.21 2.76
552 ARMFIE R BRES LR

THFNELRERTHE T ARAMFERBOER. LRPERERHETH
2, BEIAFAH2 WIER 15608, REE—WE 1M, XAW9% P . #
R 7 AT RN T ETUA S ARSI ERE, LR 5-2, BFEX
FRTHAFEEDE, NS MTaESeSFIERLSHE oP, X PFE—
K.

£ 52 FROFFERERIAR

RE LK

VA VB \Ae VD V_E V F VG
ARRITE MV ERROR | MODES | MV, MV, ERROR, | 2%
ERROR | MODES | MODES

IEAHERERISERAR AR 5-3~K 5-5. RPMBIEEMHEN PSNR 5
ERREMEME. FLE, XPRAMEMHEZAAT —EMERHE, thin

HEBHREMFFIEmy_o Rmv_0 BE/E, BHESNE Pl6x16 Bk SKIP # K,

XEHFE MODES W8/, FIRX N5 ZEHOE hB/D, HIkiX b =M EA AL
MIARFSFER B EEHRAERE, MiZGREETENLRER B

#* 5-3 Akiyo
Bitrae(kbps) |V.A |VB |vC |VD |VE |VF |VG
5 +0.00 -0.14 0.13 -0.10 -0.13 -0.09 -0.09
10 +0.02 -0.08 -0.05 +0.00 -0.04 +0.00 -0.04
20 +0.31 +0.26 +0.23 +0.29 +0.23 +0.26 +0.34
40 +0.44 +0.47 +0.48 +0.62 +0.60 +0.44 +0.48
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& 5-4 Coastguard
Bitrate(kbps) |V.A | V.B vCc |VD |VE V F V.G
50 +0.63 | +0.54 |+0.59 |[+024 |+032 [+026 |+0.23
100 +042 | +049 |+047 |+041 [+036 |+0.32 |+0.31
200 +040 |+041 |+035 |[+042 |+032 |+032 |[+033
400 +042 |+031 |+024 |[+030 [+023 |+027 |+028
#£ 5-5 Stefan
Bitrate(kbps) |V.A |V B Ve VD |VE V F VG
80 +0.60 |+057 |[+0.53 |[+058 |+0.59 |+0.59 |[+0.59
160 +0.71 |+070 |+073 [+071 |+073 |+0.71 | +0.71
320 +0.70 |+0.66 |+0.64 |[+0.72 |+0.69 |+0.68 |+0.70
640 +0.50 |+049 |+0.51 |[+051 |[+0.50 |+0.49 | +0.50
553 FBEIPHEEILER

EERSHEHEERP, RES—WEAMATRE, X055 P w, K
BREBEFH 2. BTFXBERAZRTRSHERN, EHi, BWIETR 1, BXE
WHE 2> PR30S, SRAFE &V _F, Bl ERROR 1 MODES. B 5-54H Tk
FHRLE, HPFASTRAAWRHBAFE, FASTPERST 542 #
‘probability=1"f{5 5, BEHE PROB TH=0.5, ‘FULLRREERMNER. RiE
M RER, SHBEIRIZINFS, FASTHX T FULL KRB K. W
‘Stefan’ FF 5 H, B KB PSNR EZH A 0.6dB. X T ‘probability=0", 4

‘probability=1"Ff, E4E1ERERT LIRS 0.1dB.
Akiyo
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PSNR(dB)
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0 20 40 B 66__”80 ' 100 7 120“
B 4 (kbits/s)
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‘FULL i, ‘FAST A{ETER Mg aTfa] Lol CARELY 10 5, BB RIEEE
B RIRTTR], WIATLAREL 30 f§. ‘FAST P H ik FAST 7EZ SRR RIE IR IR

S HIEHFER L 6%.

# 5-6 BERRMAAMLE

i ]l EFmioetE (#) WHEREANE (B)
) FAST | FASTP | FULL | FAST | FASTP | FULL
Akiyo 4.68 4.86 41.25 2.20 232 39.06
Coastguard 5.94 6.11 82.47 2.81 3.03 79.76
Mobile 6.78 7.19 94.69 2.86 3.04 91.01
Stefan 6.65 6.54 85.72 2.98 3.00 82.46
5.5.4 BRI H R LB LR

AATP LR R B RS HEEEES, BRERETH 1, BiEF 25
K2 A5y, 3 A0WUE). KRERSHHLE o MK 10, RIEEPLRE
R, 5FRISPHEEEEM, SIHBARZIKFFIMESEERRRRE. B,
BEEDIR KK, EEERERAEIERY. i, 3 Stefan’ ZEMIZERY 15 Py/EbH
B K PSNR K4 0.5dB, TOZEMIERN 10 Wy/E B REHIKHA 1.1dB. £

[P, FAST PPHERBERR, #ER&K PSNR HZA4 0.2dB.
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Stefan
40
@ 35}
v
P4
(7]
o
30}
v’ ——FULL
—+ - FAST
25! —— FAST_P |/
0 500 1000 1500 2000
5 # (kbits/s)

5-7 WA 10 WU I B4 HE e L

EMHTENTERERERLR 57 K 5-8. M\RFPHOLHRLER, BE%mG
WEE, FAST 5iknl LURMLY 15 15, M EHRARIAT (0 MIAEIR L 25 1%,

£ 5-7WER 15 WU AITHE S B LB

51 EHHRLEE (B) EFEERRTNE (B)
FAST | FASTP | FULL FAST | FAST P | FULL
Akiyo 931 9.41 73.05 5.45 542 69.45
Coastguard | 12.79 12.89 192.79 7.09 7.25 187.70
Mobile 12.59 12.61 174.08 6.45 6.70 168.56
Stefan 12.46 12.56 184.92 6.74 6.96 179.70

& 5-8 WIEN 10 BURH K EE A

]l EHmIGEE (B) EHRERFARE (B)
FAST FAST P FULL FAST | FAST_P FULL
Akiyo 6.40 6.45 50.76 3.57 3.61 48.29
Coastguard 8.96 9.17 138.81 5.33 5.56 135.26
Mobile 8.64 8.72 115.98 4.55 4.84 112.32
Stefan 9.32 9.45 135.29 5.11 5.13 131.49
5.5.5 B-Z ) HEEHELR

AL R[S T 0 8] 53 5 R E A4S 6] 43 B 3R 4400 . 2% o B RIS 458
BFA 2, BiEF47% 2 (15 Wi/#) M3 (10 Wi/B). EgEERERLE 5-8
ME 59, WMIEEDPLRER, BKRHPSNR %4 1.2dB ( ‘Stefan’ FFEF|
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BEWIERFH 3 (10 0/8) B, BEEFMEHBAR 5-MF 5-10, FLHET
DL B RISEE RS 12 15, BHEARKBEZREGL 30 &,
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3 (kbits/s)
Coastguard
40 .
38
36}
i
—_ {
g
€ 32,
E f
30-
]
28 —e- FULL 17
26 | —-FasT |
' —— FAST_P |
24— = T
0 100 200 300 400 500

4 % (kbits/s)
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Mobile

40' 1
| / 1
-~ /
35-
o
2
g
& 301
a
25; —e—FULL |/
— "FAST |
|~ FAST P/
0 200 400 600 800
9 % (Kbits/s)
Stefan
' :
40} 4
.35
[14]
S
[rd
4
QL 30
—e—FULL
25+ —+-FAST |
—— FAST_P
0 200 400 600 800
% (kbits/s)

5-9 W4 10 WUEb I A -2 2 R T

&£ 59 WER 15 W/ KEHETRE

51 HwigEtE (F) R ESEREE ()
FAST FAST P FULL FAST FAST P FULL
Akiyo 2.50 2.62 20.72 1.17 1.21 19.67
Coastguard 3.21 3.37 45.63 1.59 1.62 44.33
Mobile 3.68 377 48.00 1.52 1.69 46.06
Stefan 341 3.60 46.95 1.53 1.65 45.29

# 5-10 Wi 10 WU MEREE

g g Et(E] (F)) R ERENE B (F)
FAST FAST P FULL FAST | FAST P FULL
Akiyo 1.72 1.76 14.14 0.81 0.85 13.46
Coastguard 227 2.35 32.73 1.11 1.16 31.93
Mobile 241 2.52 31.12 0.94 1.09 30.50
Stefan 2.40 2.56 34.40 1.03 1.09 33.29




WFEXFETFAE

5.6 AF /NG

AEE R LS R RSB PRI B R RER. WA A i
S, FNREERPRBUFERN R, BRAEIXE, FHEERGSHERER,
BUSH, RERES. RIOHERETINTBLVIGHFREIBE, kil
MERRE . IRBATHEMERE, AELHTRENLRER. MiRERER
#or, MLT 2R, ERKPSNR AT 03dB AR T, REHETLUH
BFELERRBMERE R L 15 15 WUHERIE TS, ML T2, 8K PSNR
PR 1.2dB AR T, WL AERE PSR M BEIR 25-30 £,
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WHEXFELFAIEX

F6F ETF MCTF BI/NEA] R 4mAgIE AR

6155

FEET MCTF B/NEGRSE RS, 20 E) LBk 38 KR et 6] 44 2 K E
EJE, GOP R-HERMEET . BFUHFFIFRE3)REEILE, HERE
# GOP R~t+, AR MTIER: Ba)tbRPRMA—RIMBEY 2B
# GOP W; TiF—4 GOP A& T ARIMEBaIME K. SHERmERE_EREH
RAOBERE, BRMYRARIEENAELE, LHABHRZN, wiEgIBks)
BIEE K. ATHRABIFEHREN MCTF %E75 %, UMCTF (Unconstrained
Motion Compensated Temporal Filtering) 7E CER[48]F #ii&HH . T RE —A=H!
2%, Wm: GoP R~F, MESHBER, 2EWHE, BE (K& WHEF,
P AT CUREAR R MU EITRE. EXEHRARIRIXES R E.

BT ARSI EERE R, XRALEFHBENK GOP R+,
H7E MPEG-x & H.26x FFFIHmSH ORI T —&H57E. X#49], [SOIRRLF
FiIa] Z BB (Histogram of frame Difference, HOD) Rt B fuila] Bk
%, B—NAREEIL T BRI 5R E¥ AL )5 B Z (Difference Of Histogram, DOH)
[49]. 4% DOH %t B#BiEsE BABURKITER, EHIAERY T ETROEARL
75 B JTE[50], [S1]. ZESCHR[49] P A T it R iTRI 25 w1 _b B 8RB MAD

(mean of absolute difference). SAD (sum of absolute difference) 1 SAD KJZ%
WS BOR dE ISR GOP %5#. FECRR[S2)F, %4 GOP KEMtr £
24T T A RS RN

FERT MCTF H/MNBAUARGR IS 7 b, BE&ERH GOP RT3 FH W ICHR[41]
F[54]. 7ERTIR] LRI LRTHERRT, BEERROMIER AR RE
RE#ITT BB, FAMRET —ANRE, BRI EGTETUGEIAR
GOP %, I M GOP HIR~F . fEbsHE SVC B P iR T BIEN# GOP
Ji~+ 75 (Adaptive GOP Selection, AGS) [71]-[73], ZEZFZEP FEME— I BEK
1 GOP R~F, w16 Wi, 3FLLZ RS FRIFTE 7 R AR 54T TigsS, Bl
16, 8, 4, 2, HMEMZIFHREENAE, HEZTENTEERERS.
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AR T —FP BIENIERF GOP 4751, GOP 4HAESE GOP R+
EEALENEEMN TS, H—F, MCTF MgEH RRTEER GoP RTAIK
BT BENFE. EARCHERRR GOP &M ik i BHA.

HfF BATLA BRI R R, Bk, B CAE A VR 81 ki sk B
B2 —[55]-[57]. CER[SSHER S BRME LIk, BEREHA. HHE
VAR, HEESBBIEMED, FAELGERARNEFME. T
FESCHR[S6]F, MR T —METHEFRMEIRERMEN L. BEILKES)
£ S B ELA5 B AR o] S S AR R A, £ 3HXANRMRYE, SCEK(S7)
REF— MR E R BRI A5 BT T BRI

6.2 Haar MCTF (Motion Compensated Temporal Filtering)

7E MCTF XA T IF A RS Ak, MIELallse2d G BHB M A. £ MCTF
G RP, WHFFIHEERIS BIELR GOP, E—1° GOP A, BRIAHM
HOETERS ] BB B R ITIEE, WA 6-1 PR EIJERIS L Haar H8).
WwEFTR, GOP AMMIxT Rl A — AN XUEE A Haar MEGHAITEER, A RIKE
WREEN, FFTNMBEREEEMERSX—IR. WEE-BEL, WX (Fo,
F1) 508, AACEW Lo fmiEml Ho. £B B L, F—BE4ARMIE
HWILO, L1, L2, L3 ZkEEHIt () uEse, FFA R4 KA LLO, LL1 A= @Ehi
LHO, LHl. ZE&/5—Z, LLO M LL1 HXiEH, A MBS/ LLLO f1 LLHO.

fERS (6] L 5E 2R 5 18 Bl —AMEE M (LLLO) & F 4N &i@ Wl (LLHO, LHO,
HO, H1, H2, H3). HJ5iXLiE 18 B 0@ WO el i 4 A BEAT — 48 /MR
e, NERBFERABRAR T EEITHRES, W MC-EZBC [41],[421% .
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6-1 Motion Compensated Temporal Filtering (MCTF)

wntiE B RES, A TH P REESENRE, BREEEMNPRRE,
BEHERETRIEHTM, WE 6-1 FX (FO, F1), F1 hEANRELL Fo 1E
ASEWEHATEEE T, FHEFRFMILARRAE RSB HO, H3EZBRE
(connected pixels), fE@EMT (L) FiEMi (H) AT ARSH:

1 1 -
Hlm,n}=—=1,,[mnl-—1,[m-d, n-d,
[m,n] \/.2_ slm,n] \/5 S [m n ] 61
. m-d,,n—-d ) =Hm-d, +d,n-d, +d +2I,[m-d,n-d,]
ARF L, [m,n] REML,, PECE [m,n] EOGREE. WREHIERE
WEshME, I, [m-d,.n—d, | RRW L, FELLE [mn) ERIEELSER, FTEA
MEHNKER,,d). (d,d)RWI, RAKEHRE, BEiHE LR
[36), [37), H[m-d, +d ,n-d +d RHEEEN (HARG.)IHE) HiEHES
B, R, THEARE W XER T, S EE i AR,
BAMATIHEESEXHK37), [41], [54]-
ME 6-1 FJLLEH, BB #EERS GOP RFXRMT:
n=2" (i=12,.) 6.2)
X B ARKRGOP R, i it ol LSRR
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WMREF—NSHEE, FIRERRET H NS HAE. EXFEE MR
AT, BIFFIPARBENEREET . MRENMEESAFTEERR
RIS () 2K, XA B b ) B REIWEGE S B EF, WERRPRFSI 6
FHEAESE, REESHBARIZNIAR. RN, EE3)E N PR
B, HREEMEEMMTTRE T HE.

6.3 H{ R (Mutual Information, MI)

{7 B AT AR Bl ) 45 B AR, BRI AT CURD SRR B 62 3K 30 57 A SC S T 4R X

[55]. WUEBRHMZU MERDIEERE RZIFR.
BXR—/ BN R, KWRNIEEEA ={al,02...av) REMEREE

%%J: {p,,pz,...,pN},pX(x=a,-)=p,', p,ZO; ml‘]ﬁ 2 Px (X) =1, *Eﬁ%ﬁ»ﬁ?, XB@%%J:

XEAy

H(X)=- Z Py (¥)log py (%) 6.3)
FEX, YHEEAHA: -
HX)== 3 pu(m))og(pe () (6.4)
RIS
I(X, Y)=—m§M Py (%) logpf’(‘;—%-; 6.5)
iz REBAHNXARDT:
I(X,Y)=H(X)+H(Y)-H(X,Y) (6.6)

EYUVEEEMMUMFS S, REMCENEREBETUSHTE. &
EMIFFIRE RSN ERNRETES: 0FIv-1, HPNABRKKEN . $3f
RESE, FBL.G,)) (0<ij<N-1) REWF, TREMRENERMEME,.,

AR RIBEER . B AT DAV S X P e SR A B ELAR BE

N=1N-1 PY (i _])
MIIYH' =- :Y+ (l’ j) log—“_ﬂ;— (6'7)
- ZZ ! P ()EL ()
ML, =Ml +MI, + M, (6.8)

R, BESENAEREMY, M, KB ERRE—#.
ARFTES, RBFSIRKMARERTERES B L. Bk, AXERMIES)
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WHERXFE LR

BRUMEERHHALERESE.

AR BT AR bt a) (92240, BREE B E AR MR 1B ), thak B
BRIZIREE RN NEBRENLE R E, MERNE)UANRANILESR
B, THEL-MERRAGRA. EXRT, EHSBAHETERTERTEE
HRESRAUHFRKEMRELRE, S3hTNE E 3R R ERN TR
fa-

COST =AR,, +D,,, (6.9)

KR, REHRE SANLR, D RRERENRE, ERLRPIE

BHEFI=24. WREHTHERLRER, BixtcosTiiE%, HFEHEFER

EM/costT BALETH—LE. ERPELE T S5 ERIGOP R X
4377 ¥:DOHFHOD, &R NE 6-2.

1

oo}
oal). | B

07 L VA

TN
08F -
v

osf

04F

0.3}

0.2

o - -
-

S
I NS,

&
<
-~

2V rA
01F f ! |
/) Y b \M‘

0

Bl 62 HfsE, DOH, HOD i@zl xX R

ME 620G RATUNEN, JEFBAZEH (1/cosT BR), BN
EREMEAERME. MR, WREFBARIZL (1/cosT BIK), Mzt ERIEH
FAERME. WmEH2000i6i/5, EERGUHFS], K E2008) /50 NE
BLUmRS, BIERK, LA 6-3.



WHRXFH T RMIEX

Frame 206

Frame 207 Frame 315 Frame 323

B 6-3 MIFFHPE LTI

RIEE 6-2 BEREF, DOH F HOD i th o] LU BR H F7 31 B2 sh i R
EMHXPFTTIE, LA R H S5 T ML ITA K BRE LT, e
FF5 4 200 24, DOH 1 HOD 7 &3 LB K Mg, M E 5 B ENIGEE R
HER R BR B Sk

6.4 35 Haar ) MCTF g5 £

FEZA SR 4 B9 haar # MCTF %55 R, B& GOP S #kFERK 7] 4#2
ERBERBS, HP GOP AMMIFELER BENMMHE, XEET GOP R+
EFEACEVEFERRLY, BfE, HIEEER GOP 4HEH b ket sl i

6.4.1 BIEMN K GOP R~}
FINTE6.3RIHEA, Wit [a] Bl ZU 4932 B %F N & BeAR Ml [a) B3 BVE, RIEE3)

T cosTth B m, RZ IR, BRI LR (el 738 545 SR A ik
GOP R~THIARHE, LMRISFMIZ =, AT LUEHRBRKKIGOPR T, MEIKH
) E AR BIEN NEBEMGOPR .

M THEBISERETT LR, EE3)EZIRBOE BB ENGOP R, MiE
G RIVB AR K MIGOP R <A AT AE — e ML LR s IR th g . ek
K ep AL “Foreman” 441, B RFACIF (352x288), W% A30M1/F.

85



R K F 2P
MKBLER (B 6-4) TLUER, EFYELERERIKMIMER (MKES:
180-211), B MGOPR~T AR HILLEMERE (GOPA4ERLEF), FIRS, FIHH
5 BEBR&SMPIB (W% S : 250-281), HAKKIGOP R~} M L4 1% RE B4 (GOP
A2 BORBREF ).

45—
*
_Ar’—;‘ &
40 el DR
8 ®3 - o .
o .
& o
Z
£
S 35!
—+— GOPsize=32
—o- GOPsize=16 |
—& GOPsize=8
30} |~ * - GOPsize=4 |
500 1000 1500 2000
5 # (kbps)

(a) Pi%R5: 180-211 Wi H: 32 ¥ MI=1.420751

45 —
— =3
40t
o0
o -
o =
p4 z
4 |
> 35¢ o
g ——- GOPsize=32 |
—o- GOPsize=16“
—&- GOPsize=8 ||
30! -+ - GOPsize=4 -
1 . . b it
500 1000 1500 2000
4 (kbps)

(b) WigRT: 197-228 Wi H: 32 F MI=1.538233
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WERXFH LA

45 —— — —
|
] {
i
__40¢
m
s
v
Z
4
S 35} 7
. —— GOPsize=32 |
4 —o- GOPsize=16
e —8- GOPsize=8
30+ - - GOPsizg-—:«t .
500 1000 1500 2000
52 (kbps)

(c) WidR 5 212-243 W% H: 32 34 MI=1.775050

45— - -
__40¢
fe1]
z
14
Z
g
> 350 )
e ——GOPsize=32
[2/ R —0- GOPsize=16
e —& GOPsize=8
30 7 -+ - GOPsize=4 |
500 1000 1500 2000
3% (kbps)

(d) Wi%R5: 250-281 W% H: 32 FIIMI=3.069295

B 64 FREzHEMRARN GOP R+ T Hsl BB M R4tk a8

6.4.2GOP R~ ik #
ik, RE ERLRMER, o UARAEYEE B EREEGOPRS, 25t

REMLR, THS B FHLEREMGOPRTXANSKREE, L6,
HAZH low MI, median_MI T high MI & PIFHIGOPR ~ HHI1H.
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R KF T2
# 6-1 P HE (S BMEHM GOP R~tX &

EYUERME  (average MD GOP i+
average_MI < low_MI 4
low_MI <= average_MI < median_MI 8
median_MI <= average_MI < high_MI 16
high_MI <= average MI 32

IR BT B B R MERE K, X R BB HE T RA
—, FEHYSBFA—/GOPA. Hitk, EFRATFHIEEBERRLGOPKFR,
A 300 8 5 W) - A5 R (8 (8] B bR HE 22 R BB HIGOPRI R, BABA IERI—4GOP
WIBEEhEE R, A SO BT R bR v Z B {E Ay var_T.
T4 ik GOP Tt iNEE:
a: HIkEtk:
n=0;
WEREEZHE var T,
B —WIEEE Fo;
b:  BRE GOP R+
ni+;
ER—WEIE F
HEWE, A RFREE S BN AR BEM,., B
WEEEBEES MM, M, WFHEERE, TS

n-1
average _MI =ZMI. /n

i+l
i=0

JFH:

if( (average_MI < low_MI) && (n>=4))
encode_GOP();

else if( (low_MI <= average_MI < median _MI) && (n>=8))
encode_GOP();

else if((median_MI <= average_MI <high_MI) && (n>=16)
encode_GOP();

else if(average_MI >= high_MI) &&(n>=32))
encode GOP();
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WHEKXFEE2AR L

else
WHERBERSE (Ml M2, .M. 2} FEE o,
if( o, >= var_T) encode_GOP();

else goto b:

“encode_GOP()” RZ<3CH&H )2 haar i) MCTF 4G A%t —4 GOP #1T4%H%.

WiE B BENRE S &ML, A HERG.7)TE.

AR AESD, FHEE BENGREE RN XSS GOP R, i#&
FE /) GOP RF AU AEIRIE S 31K B R B BN M X ZE, 1 AF—4 GOP B#f
M2 R R — B

6.4.3 (KB M ATEFF
FEAEZLRETMCTFR/MNESRB A E S, KEWHIALE i 8 LSk kR ik

€. WA 6-1, ZEENGOPRIKEMILLLO A BEF0. MEMRBERAEHN—E,
WERAL B E . (B2, XLEEHFRWEE AL LGIGOPHRERR. BE
FEBA, BT NRASCRIHEMCTFREEWINIERE RE. X EWHREAT LA
— MR PRI — AR E MWD HRTAB AR, SR EAENSRER
H[55), [56]. B, REWEREBUEA R R LA FGOPRKEDIKIERE. &I,
FIAICHER[SS1HF M — M (frame clusters) IRECSCEWIA N —/1GOPH
HEAREM. EiXFkP, ERUHR (GOP) ASHMWIRAHBRANLER
{ERwIROEE D B RAARERMD, BLTR:

F,, =m?x[71\,—NZ-IMIjJJ (6.10)
Hhy RSB MWIEE, AP, ®R_EEHGOP.
Ml RWIFNFEESBHEGBE, HPAEVHS.
Fio, 7 MNGOPI%E E B B LA R
FERHESR, BMTUEY, EUEGERENERRET, BENRA
RF WS HARBTH WIRFFE B KA KB

6.4.4 I [A) 4> iRt B A SE
EEFE TGOPE G (GOPR~HAMEEMIS B ), GOPRTAIBeARFHHER

(6.2), TKEMMN ELATRZEZME, NIFHGOPEMATR &ELME
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WHRKF 2R
FhaarfIMCTFSRASEF2, LA 6-1FTRAEEIEAEEH.

HETMCTFHMAGRIE T R, B o) LK R 2 & LIRS A R 4T
1. BEE S EERIIN, WXl MRS ARE. WA 615K, ERES
BERSHNAE, 22, 32L, WixtEfEEES50R 100, 200, 4. Rt
AR EE LK, BLEAMEAETR, NEsIlRERK, HERKHL
K. El, ZERESBIES LRER L, ERRENBTANEERTRRE
BIRMBR L ETE, NTTRBEERHAKAWBKEMMER.

ETF ERSHT, FCRE T — AN HKhaarIMCTFRRIS H %, 0T LURIE &
FIGOP R~F RMKEMINL B, B 3hHhsE i 6] L wiBE Xk AE R LiEs) a5
e AP, APEREMIAT T F S 7 b B im i R el e ERIRAE K
E5E, WRRET FTAMBRP BRI S REMRFEERERS.

FEARL PR RIE B BE KR Hhaar, HTIREMAERN BENHE, WREXA
G5 5 T haar/ M FIMCTF RIS T R P RE S AMERI A 7, H T BUMIRT (8] 1 8B
BHm. AN TES, LEREWETFMMIERE RSN, LERE
WL 7 A P R IS 3 T, AT SR AT B b R AIE J8 R S (B T RO BE B AN LB K
iZ.

THEHEAGOPR R 14, {KiEMIA B ZFSEHIHA, NE 6-5. NEFHER
UUEH, JGOPRTHER(6.2), FEMLEWMENE 6-19FFf, ZGERTL
5 £ 45 i 8] 4 R R — B




WHRXFE T FMIET

3510
0 1 2 3 4 5 6 1 8 9 10 11 12 13 14
]
L L L) LJ J J J v
bt =
“__ w_ /A A

U Hug
WS B

| HAERAN
| HH RN AN

B 6-5 mEAFTE

6.5 LRER

AL LR IBITIREE A Intel Pentium-IV 2.66GHz, 512M P37%, Microsoft windows
BERS. LRPEFARBIRUMVITS], AR 6-2. XFEHE HVSBM[37]
PHIARRIEEA 64x64 F 4x4. MCTF B E{LEVIME RN B MC-EZBC[41], [54]
BATHIE. 5b, FERLRAER T HSH[SSI FRISE K.

BB PERAH T S SVC A GOP R~Fi# ik AGS I,
ANEEHT 5E%M H264 HEERMULE. SANRARGROREHN
H.264 Z2E M4 IM12.1 &S, BIRESEALE 3-3.

6.5.1 IE4atERE LA
® 62 MHFH REEzhHR
AR NS Wi H i 22 ey P
Mobile CIF (352x288) 300 30Wi/Eb B%
Foreman | CIF (352x288) 300 30WUE | P, k%
Stefan CIF (352x288) 300 30MmE/Fp g
Football SIF (352x240) 125 30mi/Eb B
Tennis SIF (352x240) 112 30Mmi/Eb Ik
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IWFEXFE LRI

£ 6-4-F 6-8B/HBT EANMFHILKLE R, HAGOPS f*‘GOP16’ &/~ GOP
Rt 8 116 MIfE 4 MCTF RIBHRHLRLER. LBRPERTH4A Gor R
~HEH IR {E ADGOP1’ #I*ADGOP2’, W& 6-3.

% 6-3 HENIESF GOP R-T S HE

B3 low MI | Median MI | High MI | var_T
ADGOP1 1.5 20 3.0 0.15
ADGOP2 1.4 1.9 3.1 0.14

£55 ‘method+KF’ 7R 7% “method”ff A T KB WL

MR RTLUEH, NFESERHEHZRAKFS (Foreman), REH
BAUIFH] (Tennis), REXEH, /A BERMAERE GOP RTHIkEE
IR RIFELETERE, WMEMFBIMILEEET, Tennis FFFIZAER# 0.8-1.0 dB.
TisHE st WA KEIFS], W0 Mobile, Stefan, Football, HI&EN%EHF GOP

RSP BEEgatE fe RS A M.
AL FALRMCTFRE S R, 8 38 A B ZLHIE 3 51, WStefan, Football,

A 3CHR I B S P RE MO HE 7 vE AT A B A R RO - TEAFIELRRE T,
E& B K AERS0.3-0.5 dB.

ERFELVRREEIHERIFF, FXHEMERFERER E5H.264
FE, EEKNFEIP, AXHENAREH2640 ERERERRANER, K4
HEEERETMCTFRHB AR N —MRARE. R 69 BEHUTEAXTES
H264EH B REMHE, NLRERTLUER, FXTEMHREEREH.264
BBL, XLEETMCTFHREFEMA—AMRARTE.

FESAGS FIERILLER S, A 307720 AR EMIPSNRIEZ10.25 dB. RHETE
GRVIRKIFS, W Tennis’, AR LR B AIPSNRLAI0.9dB. W RN % 18
GOPRSHEHE T4 BB LVHRMEN, HALFFIh AT ELLAGSH K
PSNR{E#70.15dB. & 6-10 LA H T A HEMAGSHEFEGOPEWNIZER
EEMLE . HTFEAGSHETREXN &M FGOPRT TR, MAHkX
GOPR~FA168t, MFEX R H16, 8, 4, 2% MG RFITMGRI, %idFE
RAEFEFHNBI S B, AXHTENCGOPEMERNEHEREEREDT
AGSTi .



ITE PN e 2 1742508

# 6-4 Mobile FIE K E L

B PSNR(dB)
(kbps) | GOPS GOP16 | AGS H.264 ADGOP!1 | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
400 2426 26.13 26.13 26.87 2592 25.94 26.13 26.12
600 26.99 28.98 28.98 28.49 28.68 28.68 28.98 28.95
800 29.00 30.69 30.69 29.67 30.51 3042 30.69 30.64
1200 3167 32.99 32.99 31.62 32.81 32.75 3299 3292
1600 33.52 34.54 34.54 33.14 3440 34.37 34.54 3441
2000 34.95 35.93 35.93 3438 35.79 35.69 35.93 35.78
% 6-5 Foreman 1R K HE LB
BE PSNR(dB)
(kbps) | GOP8 GOP16 | AGS H.264 ADGOP1 | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
400 32.93 33.29 33.61 35.64 33.52 34.01 33.50 34.00
600 3494 35.18 35.51 3721 35.35 35.72 35.36 35.80
800 36.29 36.41 36.78 38.36 36.48 37.13 36.59 37.03
1200 38.28 38.32 38.69 39.95 3845 38.92 3847 38.84
1600 39.68 39.67 40.05 41.13 39.79 4031 39.83 40.17
2000 40.87 40.84 41.20 42.13 40.99 41.17 4097 4128
£ 6-6 Stefan FIERE LR
B PSNR(dB) .
(kbps) | GOP8 GOP16 | AGS H.264 ADGOPI | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
600 28.45 28.63 28.76 31.50 28.51 28.96 28.55 29.14
800 30.30 30.40 30.56 3275 30.33 30.76 30.33 30.89
1200 32.82 32.74 33.01 34.69 32.79 33.20 32.83 33.29
1600 34.58 34.46 34.76 36.22 34.64 35.13 34.61 35.07
2000 36.03 35.86 36.20 37.50 36.15 36.42 36.08 36.47
# 6-7 Football 1R A H b4
L PSNR(dB)
(kbps) | GOPS GOP16 | AGS H.264 ADGOPi | ADGOP! | ADGOP2 | ADGOP2
+KF +KF
600 25.12 24.66 25.34 27.39 25.18 25.62 25.10 25.58
800 26.43 25.99 26.58 28.77 26.42 26.92 26.38 26.86
1200 2831 27.90 28.43 30.78 28.29 28.81 2827 28.74
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1600 29.93 29.56 30.00 32.34 29.89 30.37 29.88 30.31
2200 31.89 31.50 31.96 34.37 31.87 32.46 31.82 32.29
2600 33.10 32.73 33.18 3547 32.98 33.61 33.02 33.50
3000 34.21 3392 34.26 36.52 34.09 34.62 34.16 34.58

# 6-8 Tennis R K F LB

1254 PSNR(dB)
(kbps) | GOP8 GOP16 | AGS H.264 ADGOP1 | ADGOP! | ADGOP2 | ADGOP2
+KF +KF
400 29.84 30.38 30.54 31.52 31.31 31.39 31.31 31.40
600 31.61 32.10 3229 33.18 33.18 3325 33.11 33.15
800 32.96 33.51 33.67 34.51 34.51 34.61 34.48 34.57
1200 35.06 3542 35.61 36.37 36.42 36.59 36.44 36.56
1600 36.71 37.05 37.23 37.74 37.92 38.10 37.98 38.01
2000 38.03 3822 38.39 38.90 38.97 39.12 39.06 39.13
£ 69 EHIMENHER
Mobile Foreman | Stefan Football | Tennis
H.264 (sec) 335 315 328 125 101
ADGOPI1 (sec) | 6672 6486 7028 2873 2624

£ 6-10 %+ GOP HHIEH BRI

Mobile Foreman | Stefan Football | Tennis
AGS (sec) 17610 17700 17570 6093 5259
ADGOPI1 (sec) | 77 72 65 17 15

Bl 6-645 H T YL FF %) Tennis’ H1Football’ 75 5 % 1200kbps1f 7t T & W1 /1] K
HILB. ZEFFF Tennis’™, WihS ho6FIo6Ht Xf LK B k7 R e, Hgtdxs
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MLt e E A BB E . 7B 6-6-(b)F HiR T GOP R~ Al A 8B K@ Ml ik #%
SR EM AN ERREER, SR REN, BEFEARERSTH
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BARKIR R B ke, TTLABRIE S HMWIEAE. R, 23)FE MR AE 2
AR, FEEBRD, FTLMEARKE GOP R~tR4uHg, BN EH R bR
A, WAL ERRGERAFEFINE)E R, FHESA S5 “Foreman” #5873 5%
BHER, FAE 63 HHNSHEADGOP!’ , #2|“Foreman”f) GOP XI5+ 5
BT

% 6-11 Foreman fJ GOP %)%

514 5 GOP R~F var T Average MI
000-015 16 0.041909 2.956068
016-028 13 0.148091 2.920942
029-044 16 0.044507 2.948020
045-060 16 0.089403 2.918054
061-076 16 0.015122 2.951476
077-092 16 0.050900 2.639132
093-096 4 0.122002 2.730832
097-128 32 0.045612 3.454166
129-139 11 0.149865 3.002180
140-155 16 0.141933 2.584028
156-158 3 0.034239 2.358859
159-168 10 0.139096 3.053249
169-176 8 0.014505 1.901475
177-184 8 0.004491 1.568553
185-188 4 0.000806 1.438558
189-192 4 0.001846 1.305902
193-196 4 0.000872 1.273837
197-200 4 0.000066 1.306545
201-204 4 0.006877 1.491141
205-212 8 0.000553 1.536467
213-220 8 0.001397 1.571624
221-228 8 0.000801 1.662251
229-242 14 0.064574 1.982049
243-249 7 0.071476 2.012392
250-265 16 0.070580 2.820932
266-284 19 0.141868 3.219963
285-299 15 0.082141 2.844399
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Intra mode selection in downsizing video transcoding

based on H.264
Liu Zhaoguang, Peng Yuhua, Yang Yang
(School of Information Science and Engineering, Shandong University, Jinan 250100, China)

[Abstract]
In downsizing video transcoding based on H.264, a common topic is how to select

macroblock type in downsized frame. An intra mode selection method is proposed in this
paper, which supports downsize transcoding and re-quantization transcoding
simultaneously. In the proposed method, a threshold about the total non-zero coefficients
of responding four macroblocks in pre-coded frame is used to select intra macroblock type.
To calculate this threshold which related to re-quantization parameter (called Q, in this
paper), we propose a Th_I-Q, model including two methods to calculate the threshold, and
called direct method and percentage 116MB method, respectively. In the direct method, an
exponent model is proposed to describe the relationship between the threshold and Q,; In
the percentage 116MB method, the threshold is converted into the calculation of the
percentage of macroblocks with 116MB mode in downsized frame (called per_16 in this
paper), and the relationship between per_16 and Q, is also modeled as an exponent
function. The two exponent models are all converted into linear regression model, and
Least Square Estimation is used to estimate the parameters in the models. Furthermore, if
I4MB is selected, the intra prediction modes in pre-coded frame are utilized to select
prediction mode for 4x4 blocks in downsized frame to save computational complexity. We
compared the rate distortion performance and time cost of proposed method with the full
search algorithm. The results of simulations demonstrate that the proposed method can
attain a time of saving up to 30% and 80% in total encoding time and find mode time,
respectively. At the same time, the compression performance of proposed method is

close to the results of the full search algorithm.

[Keywords] video transcoding, H.264, macroblock selection, linear regression

1. Introduction

Video sequences are often used in different application environments, ranging from
transmittion channel, storage media and display terminals. Transcoding is one of

technologies to meet up these applications. Video sequences were encoded in high
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resolutions, and the target low resolutions to suit for special application can be
converted directly in transcoding. In homogenous transcoding, there are mainly three
transcoding types, including downsizing transcoding [1]~[8], frame rate transcoding
[9]1~{10], and re-quantization transcoding [12]~[13]. In this paper, we will talk about
downsizing transcoding and re-quantization transcoding.

Downsizing transcoding includes integer downsize factor [1}~[4], and arbitrary
downsize factor [5]~[7]. The downsizing transcoding with integer factor (usually
equals to 2) is relatively simple. One of the topics of downsizing transcoding is motion
vector compose. For the situation of downsize factor equals to two, which means there
are four motion vectors in pre-coded frame, the problem is how to find the best motion
vector in downsized frame. There are many methods were proposed to solve this
problem, including random-choose-one [1], DCmax [15], majority {10], average [1],
median {1], [10], etc; If the downsize factor is an arbitrary value, one motion vector in
downsized frame is responding to several motion vectors in pre-coded frame, and the
commonly used methods to compose these motion vectors are weighted median [6],
[8], weighted average [4], [S)], [8], etc. Another topic in downsizing transcoding is
block mode selection [4], [3] in standards which allows different block modes, e.g.
H.264. In fact, the motion vectors and block mode are associated with each other,
Reference [3] utilized motion vectors and residual data in pre-coded frame and
determined motion vector and block mode in one scheme.

In transcoding, if the target frame size and frame rate are not changed,
re-quantization can also be used to achieve low bitrate [11]~[13]. The block mode used
in higher quantization parameter is different to the one in lower quantization parameter.
In reference [11], the bit length of pre-coded macroblock was used as the criterion to
determine the macroblock mode in re-quantization process. Another topic in
re-quantization transcoding is how to compensate re-quantization error, which will
cause drift effect. References [12] introduced a mode-dependent matrix to compensate
re-quantization error.

According to data operation domain, transcoding can also be classified into pixel
domain transcoding and transform domain transcoding. In reference [16], mismatch
between motion compensation in spatial domain and motion compensation in
transform domain is analyzed and a lift constant is proposed to compensate the
mismatch,

The Intra-prediction technique, which utilizes the spatial residual correlation
between adjacent macroblocks/blocks, is recognized to be one of the main factors that
contribute to the success of H.264. The difference of mode selection between pure

encoder [17]~[19] and re-encoder in transcoding [20] is that there are many useful
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information can be utilized in transcoding, including residual data, macroblock type,
etc. As far as authors’ knowledge, there has not been any paper discussing about
intra-frame mode selection in downsizing transcoding based on H.264. In this paper,
we propose an intra macroblock mode selection method in downsizing and
re-quantization transcoding in pixel domain based on H.264, and downsize factor is
equal to 2 in the paper. In the proposed method, the input bitstream should be full
decoded. After downsizing, decoded information is utilized to speed up re-encoding
process in transcoding,

The rest of the paper is organized as follows. The intra macroblock mode of H.264
is reviewed in section 2. The proposed Th_I-Q, model which is adopted to classify
I4MB and 116MB is introduced in section 3. Method to select prediction direction in
I4MB and 116MB is discussed in section 4. Experimental results are provided in

section 5. Finally, conclusions and future works will be discussed in section 6.
2. Intra macroblock mode

In H.264, block size of luminance component can be predicted as 4x4 (14MB), 8x8
(I8x8) or 16x16 (I116MB). I8MB is only used in FREXT (Fidelity Range Extensions),
and it is not discussed in this report.

In I4MB macroblock mode, the whole macroblock is divided into sixteen 4x4
blocks, and every 4x4 block has one prediction mode. Figure 1 shows one 4x4 block (a,
b, c, 4, e,..., m, 0, 0, p) and its adjacent pixels (X, A, B, ..., K, L), and Figure 2 shows
different prediction modes for 4x4 block.
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Fig. 1 4x4 block and its adjacent pixels
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Fig. 2 4x4 Luma prediction modes

The whole macroblock will be predicted with one prediction mode in 116MB mode.
There are four 16x16 prediction modes are used, which are mode O(vertical), mode
1(horizontal), mode 2(DC) and PLANE.

The macroblock mode of chrominance components is similar as 116MB mode,
which includes mode O(vertical), mode 1(horizontal), mode 2(DC) and PLANE. The
difference is the block size of chrominance is 8x8 in baseline profile of H.264. The
detail discuss about intra prediction mode can be seen in reference [21], [22).

3. Th_I-Q, model

In fact, there are two parts in the intra macroblock mode selection, macroblock type
selection and prediction direction selection. Firstly, I4AMB or I116MB is determined to
be used, and prediction direction is selected in the following process. The proposed
Th_I-Q, model is used to classify 116MB and 14MB in the first part.

3.1 Introduce of the model

For each macroblock to select mode in downsized frame, there are responding four
macroblocks in pre-coded frame (when downsize factor is 2). Let us consider the total
number of non-zero coefficients of these responding four macroblocks in pre-coded
frame, which will be called ‘num_nz’ in this paper. Obviously, the value of num_nz is
larger than zero and smaller than 1024 (32x32), and it is the indicator of residual data
of pre-coded frame. The high value of mum_nz is responding to great residual energy,
and vice versa.

There are two quantization parameters in transcoding, QP in pre-coded frame (called
() and QP in downsized frame (called Q,). In the following experiments, O; = 20. and
after downsizing, different Q. (25, 30, 35, 40, 45) is used. The rate-distortion
optimization method employed in H.264 (called full search algorithm in this paper) is
used to find the best intra macroblock mode. Figure 3 shows the relationship between
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the average value of num_nz and macroblock type in downsized frame. The horizontal
coordinate of Figure 3 is QP (Q,) used in re-encoding process while the vertical
coordinate shows the average value of num_nz in pre-coded frame. For every fixed Q,,
the blue bars represent the average value of num_nz for all macroblocks using 116MB
mode in downsized frame, and the red bar represents I4AMB mode. From Figure 3, we
can see that the macroblock using I16MB in downsized frame corresponds to smaller
num_nz value (smaller residual data), and [4MB macroblock has larger num_nz value.

The experimental results in this paper are the average of many commonly used
video sequences, except for special declare.

Fig. 3 The relationship between num_nz and Q, for I116MB/I4MB

It is well known that the percentage of I16MB increases with Q,. When Q, is small,
only macroblocks with very low num_nz are selected as I16MB. As the increasing of
Q,, more and more macroblocks with larger num_nz are selected as I116MB mode.
Hence, the average value of num_nz for 116MB macroblock increases with Q,.
Meanwhile, as more and more macroblocks responding to small num_nz are selected
as [16MB with the increase of Q,, the average value of num_nz for left macroblocks
which mode are [4MB will be higher too.

From this experiment results, we can conclude that when deciding the block mode
of the current macroblock in downsized frame, the probability to use I16MB mode will
be high if the value of responding num_nz is small. And if the value of responding
num_nz is large, the probability to use I4MB is high. Let us explain this conclusion in
another experiment, as shown in Figure 4. The horizontal coordinate is the value of
num_nz (responding to every macroblock in downsized frame) in pre-coded frame, the
vertical coordinate is the probability using I16MB for macroblock in downsized frame,
and different Q, (30, 40, 50) is represented by red, green and blue curves. When
num_nz is small, the probability of using I116MB for current macroblocks is very high,
and this probability will decrease with the increase of num_nz. On the other hand, with
the increase of Q,, the macroblock with the same value of num_nz has the higher
probability to use I16MB. For example, for the macroblocks which the responding
value of num_nz is 100, the probability to use II6MB mode is very low (be nearly to
zero) when the Q, is 30. This probability will increase to about 80 and 100 respectively
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Fig. 4 Different O, and percentage [16MB type

From the previous analysis, we can select num_nz as the criterion to choose
macroblock type. Further more, we select a threshold for num_nz to determine mode
(called Th I in this paper). The value of num _nz in pre-coded frame for current
macroblock will be accounted and compared with Th_1. If num_nz is smaller than Th_1,
the macroblock will be coded with 116MB type, otherwise use I4MB type.

In this paper, two methods to calculate this threshold, which called direct method
and percentage I116MB method, are proposed and the discussion in detailed is made in
section 3.2 and 3.3.

3.2 Direct Method

It is obviously that the value of Th_I should increase with Q,. Our experimental
results of some video sequences are shown in Figure 5 where Q, are constant values
[20, 25, 30, 35, 40, 45]. A fixed value of Th_[ is selected for every constant Q,, which
can be seen in right part of figures. If the value of num nz in pre-coded frame for
current macroblock is lower than the fixed 7h_I, the current macroblock will select
116MB directly; otherwise, [4MB will be used. The blue curve of responding left part
is the rate-distortion curve of the selection of Th_I in right part. The red curve in left
part is the rate-distortion curve using full search algorithm to find best macroblock

type.
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Fig. 5 Relationship between O, and Th 1
Under the condition that the compression performance is almost same as full search

algorithm, and the relationship between Th_I and Q, is nearly an exponent function.
We use two parameters to represent this function, as shown in equation(1):

Th _I=ae™® ¢))
From equation(1), we can obtain the following equation easily:
InTh_I=Ina+bQ, 2
Let us replace Th_I and a using y and c respectively, just as following equations:

y=InTh_I )]
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Ina=c Q)]
Hence, equation (2) can be written as linear regression model:
y=c+bQ, ®)

As is well known, Least Square Estimation can be used to estimate parameters in
linear regression model:

"i Q. ‘iQﬂzﬂ:}’;

=—= — (6)
ny.0:-3.0,.)

i=l i=]

iyi—bigri

c= i=] i=1 (7)

n

b

Let us replace ¢ and y using equation (3) and (4):

”iQn’ lnTh_Ii_iQriilnTh_Ii
b= i=i i=} i=1 (8)

1303 0.y

i=1 i=1

S inth_I,-530,
a= exp( i=1 i=] ) (9)

n

Where:

n is the number of frames.

Q,; is the Q, in ith frame.

Th_l; is the threshold used in the ith frame.

Let us consider an example, Q,= [20, 25, 30, 35, 40, 45], Th_I=[11, 23, 42, 77,133,
345]. The estimated parameters are a = 0.7932 and b= 0.1320 using equation (8) and
(9). The result is shown in the following figure, the red curve is the real Th_I-Q, curve,
and the green curve is the estimated result.
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Before the re-encoding process, transcoding does not know the best value of
parameters for current video sequence. Hence, initial Th_J-Q, set with expensive
experiments are required to calculate initial value of @ and b using equation (8) and (9),
and the initial value of Th I is calculated using equation (1). After the encoding of
whole frame, a and b can be updated according to encoded results, and 7%_/ is also
updated certainly. The following pseudo codes are the process of calculating and
updating of parameters a, b, and Th_I

a:

b:
c:
d:

Input initial T%_I- 0, set.

calculate a and b using current 74_I- Q, set using equation (8) and (9).

calculate Th_ I by a and b using equation (1).

calculate mode refinement thresholds, 7h_low and Th_high.

Th_low =09xTh I;
Th_high = 1.1xTh_1I;
for(all macroblocks in downsized frame)
{
Account num_nz for current macroblock.
if(num_nz < Th_low)
encode_I16MB();
else if (num_nz > Th_high)
encode_I4MB();
else
{
Mode refinement between 14MB and 116MB;
if(best mode is I4MB)
num_4x4-++;
clse
num 16x16++

}
}
if(num_16x16 > num_4x4)
add Th_high and Q, into current Th_I-Q, set;
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else
add Th_low and Q, into current 7h_I-Q, set;

f:  goto b to re-encode next frame.

In this process, two mode refinement thresholds (Th_low and Th_high) are
calculated. If the value of num_nz for current macroblock is lower than Th_low,
[16MB mode is selected; If num_nz is larger than Th_high, 14MB is selected;
Otherwise, I16MB and [4MB are all tested to select the best one, and the result is
recorded ( ‘num_4x4’ or ‘num_16x16" added by one). After the encoding of whole
frame, if the num_16x16 is larger, which means current threshold is too low, the higher
threshold (Th_high) will be added into Th_I-Q, set; otherwise, the lower threshold
(Th_low) is added into set. And the threshold for next frame will be updated before
re-encoding next frame.

3.3 Percentage 116 MB method

In this part, we will introduce another method to calculate threshold 7h_/. Let x
represents the percentage of macroblocks with 116MB in downsized frame. 7h_[I is the
threshold we want to find to classify [4MB and I16MB. Let M represents the total
number of macroblocks in downsized frame, and it is known for current transcoding.
Hence, xxM represents the number of macroblocks with I16MB in downsized frame.
From the previous section, we know that one macroblock in downsized frame is
responding to one value of num_nz. Hence, for every value of num_nz (0~1024), it is
certainly responding to some macroblocks in downsized frame, just as shown in Figure
7. From zero, we accumulate the number of macroblock for every value of num_nz
(just as the shadow area in Figure 7), and let n represents the accumulated value. If n is

greater than xxM, the responding value of num_nz will be the threshold Th_I.

43 T

Al -1

nunber of puerohlogh
e
=
T ——

Fig.7 num nz and responding number of macroblock in downsized frame
The relationship between num_nz and responding number of macroblock in
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downsized frame is known in transcoding which means the curve shown in Figure 7 is
known. M is also known to transcoding. Hence, the unknown value of this method is
only x. We know that the value of x (the percentage of macroblocks with 116MB)
increases with the QP, as shown in Figure 8 (red curve). To fit the curve shown in

Figure 8, we can use the following exponent function:

per_16=ae™® (10)
Where:
per_16 is the percentage of macroblock with I1 6MB.
Hence, the estimation of parameters a and b are similar to the method one. The blue

curve in Figure 8 is the fitted curve using the equation (10).

8

percentage of [16MB
8 W 5 B 8 3 8 8

38
v

Fig.8 The percentage I116MB and QP
Before the re-encoding process, initial per_16-Q, set with extensive experiments are

required to calculate the initial value of a and b using equation (8) and (9), and the
initial value of per_16 is calculated using equation (10). Furthermore, the responding
Th_I is calculated using per 16.

The update of parameters in equation (10) is similar as section 3.2, and pseudo codes
are no longer given here. The actual threshold used in the paper are Th_low = 0.9xTh_1I,
and Th_high = 1.1xTh_]. If the value of num_nz is lower than Th_low, I16MB will be
selected; If the value of num_nz is greater than Th_high, I4AMB will be selected;
otherwise, mode will be refined between 116MB and 14MB, and the best one will be
selected. When it comes to the end of encoding of current frame, the final result of
percentage of macroblcoks with I1I6MB will be added to the current per 16-Q, set.

Hence, the value of T%_J is updated when the next frame begins to re-encode.
4. Prediction direction selection

Afier the selection of macroblock type, the following problem is how to select the
prediction direction for I16MB and I4MB mode. If the selected macroblock type is
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[16MB, there are four candidate intra prediction modes can be used. And if the
selected macroblock type is I4MB, there are nine candidate modes can be used for
every 4x4 block.

In this paper, if I16MB is selected, all four candidate modes will be tested with SAD
(Sum of Absolute Difference) to select the one with the minimum SAD.

If the macroblock type is [4MB, the prediction mode should be selected for sixteen
4x4 blocks from nine candidate modes. As is well known, every 4x4 block in
downsized frame is responding to four 4x4 blocks in pre-coded frame, and they are in
116MB or I4MB macroblock, as shown in Figure 9. In this example, the left sub-figure
shows the responding four macroblocks in pre-coded frame, and the right sub-figure is
the current macroblock in downsized frame. Only the left-up macroblock in pre-coded
frame is 116MB in this example.

S1N310)

2174618
116MB o Ts T

e ]7]3 \
33116658 8, | BV 5.,
21216478 ]|3]|4 5, e, |8, |8,
Ll 7s51218)4]1 s, |® |8, {n,
ol1l2]s5]ols]o]2 5, |8, |5, |5,

Fig. 9 Intra prediction modes

(1) Situation one: the responding four 4x4 blocks are in I16MB macroblock, e.g.,
Boo, Boi, Bio, and By, in Figure 9. Figure 10 shows the probability of every
prediction mode used in this situation. The horizontal coordinate of Figure 10
are nine candidate intra prediction modes, and vertical coordinate is the
percentage of every prediction mode selected using full search algorithm. From
the experimental result, we can see that the sum of the percentage of mode 0, 1,
and 2 (about 87.5%) is much higher than other six modes. Hence, only mode 0,
1 and 2 will be tested with SAD in situation one and the mode with minimum
SAD will be selected.
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Fig. 10 Probability of every intra prediction mode in situation one

(2) Situation two: the responding four 4x4 blocks are in J4AMB macroblock, e.g.,
By, Bgs, Bis, and B,; in Figure 9. One 4x4 block in downsized frame is
responding to four 4x4 blocks in pre-coded frame, which all have their
prediction modes. For example, the responding four prediction modes of 4x4
block Bg; is {2, 1, 2, 7}. Let us consider the probability of By, to use one of
these four modes. Figure 11 shows this probability between modes in four 4x4
blocks and current 4x4 blocks. The experimental results are obtained by full
search algorithm. The left bar of every sub-figure means that the optimal
prediction mode of By, is one of the responding four prediction modes (Akiyo:
74.01%; Foreman: 65.07%). The right bar of sub-figure means that the optimal
or sub-optimal prediction mode of By, is one of the responding four prediction
modes (Akiyo: 84.963%; Foreman: 81.15%). That means the prediction mode
of By, has a high probability to select one of the four responding prediction
modes in pre-coded frame. Hence, we can only consider responding four
prediction modes as candidate modes to save computing time. In this paper,
only these four modes are tested with SAD and the mode with minimum SAD
is selected as final intra prediction mode.
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Fig. 11 Relationship between pre-coded modes and current mode

(3) A phenomenon in situation two. Figure 12 shows some results in situation two.

The horizontal coordinate of figures is (, in re-encoding process, which values
are {20, 25, 30, 35, 40, 45}. The vertical coordinate are percentages for all nine
candidate prediction modes selected by full search algorithm, which is
indicated by nine bars in figures for every Q,. When @, increases, the prediction
modes used in I4MB blocks will concentrate on mode 0, 1, and 2 (e.g., 0,=20:
60.04%, O,=30: 65.16%, Q,=40: 74.57%), just as shown in Figure 12. It means
that, in situation two, the probability to use mode 0~2 is large when (J, is high.
In this paper, a hard threshold is set for Q,. If O, is larger than this hard
threshold, mode 0, 1, 2 will be added as candidate modes besides responding
four prediction modes. The intra prediction mode will be selected from these
candidate modes with the minimum SAD.
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5. Experimental results

In the following experiments, the frame size of input pre-coded frame is CIF
(352x288), frame rate is 30fps, and the input QP is 20. All frames in test sequence are
I-frames encoding with JM12.1. Symbol “Proposed_1” and “Proposed_2” correspond
to the proposed direct method and percentage I16MB method to calculate threshold
respectively, and “Full search” means the full search algorithm to find intra mode for
every macroblock.

In the experimental results shown in Figure 13, the initial 7% I-Q, set used in
experiment is O,=[20, 25, 30, 35, 40,451, Th_I =11, 23, 42, 77, 133, 345]. The initial
pe_16-Q, set used in experiment is 0,=[20, 25, 30, 35, 40, 45], per 16 = [2.97, 5.38,
10.91, 17.12, 26.93, 37.89]. The hard threshold discussed in section 4 is 30.
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Fig. 13 Rate-distortion of several sequences
In the experimental results shown in Figure 14, the initial Th I-Q, set used in
experiment is 0,=[20, 25, 30, 35, 40, 45], Th_I = [8, 20, 35, 70, 150, 350]. The initial
pe_16-Q, set used in experiment is Q,=[20, 25, 30, 35, 40, 45], per_16={2.5,5.0,12.0,
19.0, 29.5, 42.8]. The hard threshold discussed in section 4 is 30.
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Fig. 14 Rate-distortion of several sequences
According to Figure 14, the proposed algorithm yields similar rate distortion

performance compared with the full search intra-mode selection algorithm, and

compression performance of the proposed two methods to calculate threshold are

very close to each other. Because the update process (can be seen in section 0 and 0) of

parameters in Th_I-Q, model is introduced in the re-encoding process, the proposed

two methods to calculate threshold are not sensitive to initial Th_I-Q, set and pe_16-Q,

set according to the results of Figure 13 and Figure 14.
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0 shows the computational complexity compared with the full search algorithm.

There are three time-cost parts in transcoding, including decoding process,

downsize-sampling process, and re-encoding process. Because the research topic of

this paper is intra mode selection in re-encoding process, the time-cost of other two

parts are not listed here. The ‘re-encoding time’ is the total re-encoding time, and ‘find

mode time’ is time cost in intra macroblock mode selection. According to 0, the total

encoding time saved by our method is 20%~30% and the time cost in mode selection
can be saved by our method is 75%~80% comparing to full search algorithm. The
computational complexities of two methods to calculate threshold are very close to

each other.

Table 1 Comparison of time cost, between full search algorithm and proposed method

Sequence re-encoding time find mode time frame
(sec) (sec) number
Proposed_1 | Proposed 2 | FULL | Proposed_1 | Proposed 2 { FULL
Akiyo 3.518 3.533 5.624 0.478 0.480 2.445 300
Garden 3.957 4.060 5.877 0.519 0.540 2.189 250
Foreman 4.108 4.029 6.007 0.571 0.568 2.670 300
Mobile 5.905 5.811 7.630 0.650 0.680 2.846 300
Stefan 4.610 4.655 6.983 0.578 0.533 2.496 300
Football 1.165 1.174 1.797 0.185 0.197 0.847 90
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To obtain better compression performance, a hard threshold is introduced in section
0. The experimental result of sequence ‘Akiyo’ is shown in Figure 15. The red rate

distortion curve represents that no hard threshold is used, and blue curve corresponds
that hard threshold is equal to 30. The method to calculate 7k _1I is the direct method.
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Fig. 15 The use of hard threshold
According to this result, the compression loss will be higher with the increase of Q,,
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and the maximum value of loss is about 0.5 db. The situation without hard threshold is

certainly can save computational complexity, which total encoding time is about 3.480
seconds (3.518 when hard threshold is 30) and find mode time is about 0.402 (0.478
when hard threshold is 30) seconds.

6. Conclusions and future work

An intra macroblock mode selection method in downsizing transcoding based on
H.264 is proposed in this paper. The total number of non-zero coefficients of
responding four macroblocks in pre-coded frame is used as the criterion to classify
I4MB and I16MB in the proposed method. The Th_I-Q, model is proposed in this
paper to suit different video sequences and re~quantization parameters. In the proposed
Th_I-Q, model, two methods are proposed to calculate Th_1, called direct method and
percentage 116MB method, respectively. In the calculation of Th I, the proposed
exponent models are converted into linear regression model, and Least Square
Estimation is used to estimate the parameters in the linear regression model. The
results of simulations demonstrate that the proposed method can attain a time of saving
up to 30% and 80% in total encoding time and find mode time, respectively, compared
with full search algorithm. And the rate distortion performance of proposed method is
close to the full search algorithm.

In the proposed method, some initial data from extensive experiments are required.
How to modify the proposed model to omit the input of initial data is a possible
extension of current work. Many fast intra mode selection algorithms are proposed in
pure encoder based on H.264 [17]~[19]. How to utilize the exiting algorithms in
transcoding is also a fruitful direction for further research.
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An adaptive GOP structure selection for haar-like MCTF encoding

based on mutual information
Liu Zhaoguang, Peng Yuhua, Yang Yang
(School of Information Science and Engineering, Shandong University, Jinan 250100, China)

[Abstract]
In conventional motion compensated temporal filtering based wavelet coding scheme,

where the group of picture structure and low-pass frame position are fixed, motion activities in
video sequences are not considered. In this paper, we propose an adaptive group of picture
structure selection scheme, in which the group of picture size and low-pass frame position are
selected based on mutual information. Furthermore, the temporal decomposition process is
determined adaptively according to the selected group of picture structure. A large amount of
experimental work is carried out to compare the compression performance of proposed method
with the conventional motion compensated temporal filtering encoding scheme and adaptive
group of picture structure in standard scalable video coding model. The proposed low-pass
frame selection can improve the compression quality by about 0.3-0.5db comparing to the
conventional scheme in video sequences with high motion activities. In the scenes with un-even
variation of motion activities, e.g. frequent shot cuts, the proposed adaptive group of picture
size can achieve a better compression capability than conventional scheme. When comparing to
adaptive group of picture in standard scalable video coding model, the proposed group of
picture structure scheme can lead to about 0.2~0.8 db improvements in sequences with high
motion activities or shot cut, especially abrupt shot cut.
[Keywords] Key Frame, Mutual Information, Motion Compensated Temporal Filtering, Group of Picture
1. Introduction

Video sequences are often used in different application environments, ranging from
information transmission, storage media and display terminals. In order to satisfy different
applications, different encoded bit streams are required. In Scalable Video Coding (SVC), the
bit streams are coded in terms of different possible resolutions, and decoders can receive and
decode different resolution bit streams for their specific applications.

The popular hybrid motion-compensated prediction and block transform scheme will
cause the “drift” problem when the decoder receives the in-complete bit stream because of its
recursive structure. The wavelet encoding scheme based on Motion Compensated Temporal

Filtering (MCTF), which entirely abandons recursive structure, can provide high flexibility in
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bitstream scalability for different spatial, temporal and quality resolutions.

In fact, the use of MCTF was available more than 20 years ago [1]. Ohm [2] solved the
unconnected/connected problem caused by motion estimation, while the temporal
decomposition was explained by Quadrature Mirror Filters (QMF’s). An approach to obtain
low-pass and high-pass frames, and a rate-control scheme in the Group of Pictures (GOP) level
were proposed in reference [3]. The introduction of lifting structure [4]-[6] in MCTF can

resolve the un-complete reconstruction problem when the fractional pixel precision motion

estimation is adopted. To encode the high-pass frames and low-pass frames more efficiently,
Motion-Compensated Embedded Zeroblocks Coder (MC-EZBC) was proposed and developed
in references [7], [8]. To save more bits in low bit rate coding, the scalable motion information
encoding methods, e.g., Hierarchical Variable Size Block Matching (HVSBM) [3], were
proposed. The MCTF in the wavelet transform domain was also developed in references
[91-[11], which allow better spatial scalability capability. Since the MCTF is one of the core
technologies of the wavelet based scalable video coder [12], some hardware architecture design
methodologies for MCTF, including computational complexity, external memory bandwidth,
and external memory size, etc., were discussed in reference [13].

In the MCTF based wavelet encoding scheme, the GOP structure is fixed by temporal filter
type and temporal layer. But in the real video sequence, the fixed GOP structure may cause that
some successive frames with same motion type are divided into different GOPs, and frames
with different motion types are included in one GOP. When the bitstream is decoded at the low
temporal layer, there will be much variation of motion activities in the reconstructed video
sequence. To achieve flexible encoding scheme, Unconstrained Motion Compensated
Temporal Filtering (UMCTF) was proposed [14], in which some control parameters including
GOP size, temporal decomposition level, reference number, high-pass frame number, and
low-pass frame number etc. can be setup by user according to different video sequences.
However, the paper did not address the ways for the determination of these parameters.

Because of variation of motion activities in video sequences, a variable GOP structure is
necessary, and different methods have been proposed in coding MPEG-x or H.26x bit streams.
The histogram of frame difference (HOD) was calculated in references [15]-{16] to measure the
correlation between frames, and another commonly used method is difference of histogram
(DOH) [15]. Because the DOH is not sensitive to local motion information, the block-based
histogram method was introduced in references [16], [17]. Mean of absolute difference (MAD),
sum of absolute difference (SAD), and variance of SAD of all macroblocks in the current frame
and reference frame were calculated to determine the intra/inter encoding modes and GOP
structure in reference [18]. The mean and variance of blocks were used in reference [19] for
scene adaptive video encoding. In reference [15], the percentage of intra prediction

macroblocks of the current frame was used as a criterion to determine the GOP size. In the
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MCTF based wavelet video encoding scheme, adaptive GOP structures were used in references
[7] and [20]. A threshold on the percentage of unconnected pixels at the current temporal level

was used to determine whether to process motion compensation filtering in the next temporal
level; hence an appropriate number of temporal decomposition levels were achieved. But this
method cannot modify the GOP size according to the variation of motion activity in video
sequence. An adaptive GOP size selection scheme was also proposed in standard SVC model
[71])-{73]. A full GOP size is pre-determined in this scheme, e.g. 16, and pre-encodings are
required with all sub-GOP sizes, i.e. 16, 8, 4, and 2, which is leading to expensive
computational complexity.

In this paper, we proposed a method to select the GOP structure including GOP size and
low-pass frame based on Mutual Information. The temporal decomposition process is then
consequently modified according to the selected GOP structure.

Mutual Information (MI) is 2 measure of the information transported from one frame to
another, which can detect the differences among successive frames. Hence, it can be used to
detect shot boundaries and key-frame extraction [24]-[26]. In reference [24], MI was used to
detect the shot cut, fade-in, and fade-out in video sequences, and retrieve key frames from the
selected frame clusters. In reference [25], an automatic determination of the threshold based on
MI was proposed for shot boundaries detection. The camera motion and zooming may decrease
MI values and cause false detections of non-existing shot boundaries. In order to overcome
these limitations, reference [26] maximized the MI with respect to a specified transformation
model of the inverse of the non-desirable camera motion.

The remainder of the paper is organized as follows. In Section II, the background of
MCTF and MI will be discussed briefly. A haar-like MCTF encoding scheme, including the
adaptive selection of GOP size, low-pass frame and temporal decomposition process is
proposed in Section IIl. Experimental results are presented in Section IV, and conclusions are
drawn in Section V.

2. Background Technology

2.1 Haar MCTF

The MCTF employs the open-loop structure. This approach can avoid the temporal
recursive structure which causes the ‘drift’ effect in the decoding process. The original frames
are filtered along the temporal direction with the motion trajectory as shown in Fig. 1. The
low-pass frames and high-pass frames are transformed by 2-D spatial wavelet and coded by
embedded coding, e.g. MC-EZBC [7]-[8].

As shown in Fig. 1, in the haar MCTF, pairs of frames are filtered using a two-channel haar
filter-bank. For the connected pixels, the low-pass frames (L) and high-pass (H) frames are

given in the lifting structure as shown below:
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Video
sequence

24 temporal level

LY, Ly,

% 3 temporal level
LLL,

LLH,

Fig. 1 Motion Compensated Temporal Filtering (MCTF)

H[m,n]=J—IE-Iz,,,[m,n]--j—iiz,[m—d_,n—dn] )

Lim—d, ,n-d )=H[m-d, +d, ,n-d, +dn]+s/512,[m—(7m,n—c7"] (¢3)
where I,,.1[m,n] represents the pixel value of position [m,n] in frame Iy, (d,,d,) is the
motion vector of pixel [m,n] in frame I, I,,[m~d,,n—d,] is the interpolated value of
pixel in I;[m,n] when the fractional pixel motion compensation is adopted. (4,,d,) is the
inverse motion vector in frame /,,, and the details about calculating it can be found in references
[2)3), Him-d,+d,,n—d,+d,] isthe interpolated value of pixels achieved by equation (1)
in the high-pass frame. The process to calculate high-pass frame is also called ‘prediction’ and
the process to calculate low-pass frame is called ‘update’. Detail discussion can be found in [3],
[7], and [20].
From Fig. 1, we can find the relationship between the GOP size and temporal

decomposition levels:

n=2" (i=1, 2,..) 3)
Where n is the GOP size, and i is temporal decomposition levels. In this fixed scheme,

different types of motion activities are processed in the same way. There are two drawbacks in

this arrangement. First, when the receiver decodes a bitstream in the lower temporal layer

136



WFEXFH 2L
(frames in higher temporal layer should be discarded), it may find the much variations of
motion activities in the decoded video because some high motion activity frames are discarded;

While frames with low motion activity are reserved too long. Secondly, when the motion
activity is high, the use of short GOP size can achieve better compression capability, while for
frames with low motion activity, it is good to use long GOP size. So it is desirable allow an
adaptive GOP size according to motion activity.

2.2 Mutual Information (MI)

MI refers to a measure of the information transporting between frames. It can be used to
detect shot boundaries and key-frame extraction [20]. A large difference between frames
(corresponding to the high motion activity) leads to a low MI value, while a small change
between frames responds to a high MI value.

Let X be a discrete random variable with a set of possible outcomes 4x = {ay,a5,...,ax}

with possibilities {p;,p,,....on}, pdx=a)=p, p;=0, and Z Py (x)=1. According to the

xedy
information theory, the entropy of X is:
H(X)==3, py(x)log p,(x) @
The joint entropy of variable X, Y is: o
H(X,Y)=- ﬁ;hpn(x,y)log(pn(x,y» ®)

The MI between random variable X and Y is given by:
I(X,Y)=- Z pxy(x’y)logm (6)
x.yedy dy py(X)py ()
The relation between MI and joint entropy is given by:

I(X,Y)=H(X)+H({)-H(X,Y) @)

In a YUV formatted video sequence, MI of the luminance and chrominance components

can be calculated respectively. Let us consider a gray level video sequence with intensity value
ranging from 0 to N - 1. For the luminance component, RL, (i,7) (0<i,j<N-1) is the

probability that a pixel with gray level i in frame F, has a gray level j in frame F,.,. So we can

obtain the MI value of the luminance component and the total MI as shown below:

M =-E§P’ (i, j)log 1A %) 8)
gt P DPL())
ML, =Ml +MI, + ML, )

The definition of chrominance components with probabilities pY, (;, /) and PGJ) >
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(0<i,j < N-1), for calculating the MI values of 7Y

M7, in equation (9), are the same as

:
that for luminance component.

It is well known that, the main energy of video sequence concentrates on the luminance
component, so in our approach, the motion estimation is performed on luminance component,
and motion vectors obtained are also used in chrominance components prediction.

In the following experimental work, Lagrange multiplier [3] was used to make a trade-off
between the cost of motion vectors and the prediction errors. The goal of motion estimation is

to achieve the minimum COST given below:

COST= AR, +D,., (10)

Variable block size motion estimation was adopted in our experiment, and R,,, is the total
bits required coding motion vectors, Dy, is the prediction error, and A is lagrange multiplier
which is selected as 24. Because of the relationship between the MI value and motion activity,
the higher MI value corresponds to the lower COST between frames. To show the results more
clearly, we use the reciprocal of COST: COST = 1/COST. The other commonly used methods
for selecting GOP size DOH and HOD are calculated also in our experiment. All values are
normalized for simplification and results are shown in Fig. 2.

1

09

0.8

o7kt
.\
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04

0.3
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0.1

=== 1/COST
0 L i 1 L4 i 1

250

Fig. 2 Relationship between MI value, DOH, and HOD with motion estimation COST
We can see that when the motion activity is high, the MI value is low, and the motion

estimation COST is high (1/COST is low). For example, in the position around frame number
200, the MI value is low and the inverse of COST is also low. Comparing to the original video
sequence, we can find that the video in this segment is a shot transfer because of camera motion,

see, Fig. 3, which leads to a high motion estimation COST. Hence, MI can be adopted as a
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criterion to measure motion activities between frames.

Fig. 3 Camera motion in foreman sequence

According to the experimental results shown in Fig. 2, DOH and HOD can’t catch motion

estimation curve as well as MI. Especially when the frame number is 200, there are peaks for
DOH and HOD curves.

3. Haar-like MCTF Encoding Scheme

In our proposed haar-like MCTF encoding scheme, the GOP structure is selected
adaptively based on MI which including GOP size selection and low-pass frame selection.
Furthermore, the temporal decomposition process is determined according to the selected GOP
structure.

3.1 GOP size selection

As analyzed in Section I, high motion estimation COST leads to low MI value, and vice
versa. So, we use the average MI value as one criterion to select GOP size. When the average
MI value between frames is high, we can use a long GOP size, while a short GOP is used when
the average MI value is low. More information is included in high motion activity frames. If the
GOP size is short in this frame type, when the receiver decodes the low temporal layer, it can
get more frames than a fixed GOP size. On the other hand, if the differences among frames are
small, fewer frames are to be used.

From the following experimental results, we can find that the GOP size is related to
compression capability in difference motion activities. Let us use sequence “Foreman” as an
example, which is in CIF format. According to Fig. 4, when the average MI value between
frames is low (frame No: 180-211), a short GOP size can achieve a higher compression
efficiency, and when the average MI value is high (frame No:250-281), a long GOP size gives

some better results.
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Fig. 4 Compression performance with different video segments, MI values, and GOP size
When the MI values of successive frames vary greatly, it means that the motion activity in

successive frames is heterogeneous, and these frames should be partitioned into different GOPs.
In our approach, besides average MI, the standard deviation is adopted as another criterion to
limit the variation of MI values in frames by a threshold var_T.

The utilization of average Ml is implemented by three MI thresholds, low_MI, median MI,
and high MI, and the relationship between the GOP size and these thresholds is given in Table
1.
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Table 1  The relationship between average MI value and GOP size
average M1 GOP size
average MI <low_MI
low_MI <= average_MI < median MI 8
median_MI <= average MI < high MI 16
high MI <= averageMI 32

The pseudo codes for adaptively selecting the GOP size is as follows:

a: initialization:

n=0;

set standard deviation threshold var T

read the first frame data Fy;
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b: determine GOP size
n++;
read one frame data F,;
calculate MI value M1, ; , of luminance component between F,,, and F,;
calculate average M1 value of MI set: {Mly ,,MI, ,,...,MI,, ,}, which given by:

average_MI = ;{:iMI, n/n
i=0
and :
if{ (average MI < low_MI) && (n>= 4) ) encode_GOP();
else if( (low_MI <= average MI <median MI) && (n>=8) ) encode GOP();
else if((median_MI <= average_MI <high_MI) && (n>=16) encode_GOP();
else if(average_MI >= high MI) &&(n>=32)) encode_GOP();
else

calculate standard deviation o, of {Mo‘l,w].z,. . 'Mn-l.n}'
if(o,>= var_T) encode_GOP();

else gotob:

where “encode_GOP()” is the process of encoding one GOP, MI value of luminance
component “Ml,, ,” can be calculated by equation (8).

In the proposed method, the average MI value and standard deviation are used
simultaneously to determine the GOP size. The selected GOP size does not only adaptively
change according to the motion activity, while also the motion activity within one GOP should
be homogenous.

3.2 Low-pass frame selection

In the conventional MCTF based wavelet encoding scheme, the position of low-pass frame
in a GOP is determined by the temporal filter type. As shown Fig. 1, the position of low-pass
frame LLL, is Fy in GOP. If only one temporal level is decoded in receiver, the decoded frames
are at fixed positions. But in many situations, they are not the optimal representative frame of
GOP. As far as our knowledge goes, there is not any paper has discussed the low-pass frame
selection in MCTF encoding scheme. Key frame extraction is to find one or several
representative frames from one video shot for video indexing or retrieval [24]-[25]. Hence, the
method to extract key frame from a video shot can also be introduced to select a low-pass frame
in GOP. In our scheme, method in reference [24] to extract key frame from frame cluster is
introduced to determine low-pass frame position. In this method, the most representative frame

is the one which maximizes inter-frame MI in the cluster:
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N-I
F,, =max %FZ"MIN (11)

Where N is number of frames in the cluster, and iri the selection of low-pass frame, we can
consider it as the GOP size.

M1, is the MI value of luminance component between F; and F;.

Fy is the selected representative frame from GOP.

In this approach, the selected low-pass frame can preserve the maximum correlation
between frames within the GOP, which can reduce the prediction error in the GOP and improve
the compression capability.

Adaptive Temporal decomposition process

After determining adaptively the GOP size, the frame number in the GOP may not satisfy
the equation (3). A problem arises from the adaptive GOP size selection is how to determine the
temporal decomposition process. At the same time, after the selection of a low-pass frame, the
selected low-pass frame position may not be position Fy, so the temporal filtering scheme in Fig.
1 cannot be used directly.

In MCTF encoding scheme, temporal filtering is proceed in frame pair, and with the
increase of temporal decomposition level, the distances in reserved frame pairs become longer.
For example, just as shown in Fig. 1, the distances in 1* 2™ and 3™ temporal level are 1, 2, and
4 respectively. If the distance in frame pair is too long, it will lead to expensive prediction error
and further great encoded bit cost. Hence, the frames at longest position away from low-pass
frame should be filtered in low temporal level as far as possible to ensure that the distances in
reserved frame pairs are short.

We propose a haar-like MCTF encoding scheme based on previous analysis, which can
adaptively determine temporal decomposition process according to the selection of GOP size
and low-pass frames position. In our proposal, the longest frames before and after low-pass
frame are all filtered in the current temporal decomposition level, and the reserved frames
which be filtered in the next level will maintain a short distance with low-pass frame.

The temporal filter type is haar in this paper, but the motion compensation direction is no
longer in accord with conventional MCTF encoding scheme because of offset of low-pass
frame position. In the proposed approach, the backward motion estimation is used in frames
before low-pass frame and the forward motion estimation is used in frames after low-pass
frames. This method tries its best to induce the distance between current frame and reference
frame which can reduce the motion estimation COST as well, i.e. it can improve compression
efficiency.

An example is used to illustrate this proposed approach. Let us consider GOP size is equal

to 14, and the low-pass frame is F3. The temporal decomposition process is as shown in Fig. 5.
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When the GOP size satisfies the equation (3) and the position of low-pass frame is Fj, the

process of proposed scheme is the same as the conventional haar filter.

Key Frame
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Fig. 5 Temporal decomposition process
4. Experimental Result and Discussion
Extensive experiments are performed to evaluate efficiency of the proposed encoding
scheme. The experiments were run on Intel Pentium-IV 2.66GHz processor with 512M
memory. In our experiments, video sequences with different motion characteristics are selected
at 30fps (see Table 2). We use the Hierarchical Variable Size Block Matching (HVSBM) [3] in
motion estimation and the block size selected varied from 64x64 to 4x4. The low-pass and
high-pass frames obtained from MCTF are transformed and encoded by MC-EZBC [7] and
[20]. Part of software module downloaded from [27] is utilized in our experiments.
The comparison with existing standard H.264 and AGS are also given in our experiments.
The software to encode video sequence in H.264 format is JM12.1, and conditions in JM
encoder is shown in Table 3.

Table2  Video sequences and their motion characteristics

Video sequence Frame size Frames number | Motion characteristic
Mobile CIF 300 Low
Foreman CIF 300 Medium, shot cut
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Stefan CIF 300 High
Football SIF 125 High
Tennis SIF 112 Abrupt shot cut
Table3  Conditions in JM encoder
Condistions Values
Frame rate 30
ProfileIDC Baseline profile
Motion estimation Fast full search
Reference frame number 1
Rate control Enable
Search range 16

The experimental results are shown in Table 5-Table 9. ‘GOP8’ and ‘GOP16’ represent the
GOP sizes are 8 and 16 in the conventional MCTF encoding scheme respectively. ‘ADGOP1’
and ‘ADGOP2’ are the proposed adaptive GOP size selection method with different the
parameters set are given in Table 4.

Table4  Parameters set in adaptive GOP size selection

Name low_MI median_MI high MI var_ T
ADGOPI 1.6 21 3.2 0.16
ADGOP2 1.4 1.9 3.0 0.14

The symbol ‘method+KF’ means the method with adaptive low-pass frames selection.

According to experimental results, the proposed adaptive GOP size selection does not
improve the compression performance of video sequences with the homogenous motion
activities, e.g. mobile, stefan, football, and the low-pass frame selection is not suit to low
motion activity sequence (mobile).

For a video sequence with the abrupt shot cuts (such as the tennis) or camera motion, the
adaptive GOP selection can improve their compression performance. Especially for a shot
being cut of abruptly, it can improve the compression efficiency greatly, about 0.8-1.0 db in the
tennis video sequence. The low-pass frames selection scheme is suitable for the sequence with
medium to high motion (foreman, stefan, football), and can improve the compression quality by
about 0.3-0.5 db.

In the scene with low motion activity or abrupt shot cut, the overall compression
performance of proposed method is very close to H.264, and the proposal still lags H.264 in
other situations. Computational complexity of the proposal and H.264 is also compared in 0.
According to the result, the computational complexity of the proposal is also too expensive and
this is a future research topic.

In the comparison with AGS, about 0.2-0.3 db improvement can be achieved by the
proposed GOP structure selection. Especially in the scene of abrupt shot cut, the proposal can
improve about 0.9 db comparing to AGS. If the GOP size selection is considered only, there is
about 0.1-0.2 db compression performance loss behind AGS except for abrupt shot cut scene.
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The full GOP size in AGS is 16, and therefore the sub-GOP sizes are 16, 8, 4, and 2. The four
pre-encoding should be carried out with full size GOP interval to selection final GOP size, and

this is leading to expensive computational complexity just as shown in 0.

Table5  Rate-distortion comparison of mobile
kbps methods — PSNR(db)
GOP8 GOP16 AGS H.264 ADGOP1 | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
400 2426 26.13 26.13 26.87 25.92 2594 26.13 26.12
600 26.99 28.98 2898 28.49 28.68 28.68 28.98 28.95
800 29.00 30.69 30.69 29.67 30.51 30.42 30.69 30.64
1200 31.67 32.99 3299 31.62 32.81 3275 3299 32.92
1600 33.52 34.54 34.54 33.14 34.40 34.37 3454 34.41
2000 34.95 3593 3593 34.38 35.79 35.69 35.93 35.78
Table6  Rate-distortion comparison of foreman
kbps methods — PSNR(db)
GOP8 GOP16 AGS H.264 ADGOP! | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
400 32.93 3329 33.61 35.64 33.52 34.01 33.50 34.00
600 34.94 35.18 35.51 37.21 3535 3572 35.36 35.80
800 36.29 36.41 36.78 38.36 36.48 3713 36.59 37.03
1200 38.28 38.32 38.69 39.95 3845 38.92 3847 38.84
1600 39.68 39.67 40.05 41.13 39.79 40.31 39.83 40.17
2000 40.87 40.84 4120 42.13 40.99 41.17 40.97 4128
Table7  Rate-distortion comparison of stefan
kbps methods — PSNR(db)
GOP8 GOP16 AGS H.264 ADGOPI1 | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
600 28.45 28.63 28.76 31.50 2851 28.96 28.55 29.14
800 30.30 3040 30.56 3275 3033 30.76 30.33 30.89
1200 32.82 32.74 33.01 34.69 32.79 33.20 32.83 3329
1600 34.58 34.46 34.76 36.22 34.64 35.13 34.61 35.07
2000 36.03 35.86 36.20 37.50 36.15 36.42 36.08 36.47
Table8  Rate-distortion comparison of football
kbps methods — PSNR(db)
GOP8 GOP16 AGS H.264 ADGOP1 | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
600 25.12 24.66 2534 2739 25.18 25.62 25.10 25.58
800 26.43 25.99 26.58 28.77 2642 26.92 26.38 26.86
1200 28.31 27.90 28.43 30.78 2829 28.81 28.27 28.74
1600 29.93 29.56 30.00 32.34 29.89 3037 29.88 30.31
2200 31.89 31.50 31.96 3437 31.87 3246 31.82 3229
2600 33.10 32.73 33.18 3547 3298 33.61 33.02 33.50
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Table9  Rate-distortion comparison of tennis

kbps methods - PSNR(db)
GOP8 GOP16 AGS H.264 ADGOP! | ADGOP1 | ADGOP2 | ADGOP2
+KF +KF
400 29.84 30.38 30.54 31.52 31.31 31.39 3131 31.40
600 31.61 32.10 32.29 33.18 33.18 33.25 33.11 33.15
800 32.96 3351 33.67 34.51 3451 34.61 34.48 34.57
1200 35.06 3542 35.61 36.37 36.42 36.59 36.44 36.56
1600 36.71 37.05 3723 37.74 37.92 38.10 37.98 38.01
2000 38.03 38.22 38.39 38.90 38.97 39.12 39.06 39.13
Table 10 Comparison of computational complexity between H.264 and proposed method
Mobile Foreman Stefan Football Tennis
H.264 (sec) 335 315 328 125 101
ADGOP]1 (sec) | 6672 6486 7028 2873 2624
Table 11 GOP structure selection computational complexities in AGS and proposed method
Mobile Foreman Stefan Football Tennis
AGS (sec) 17610 17700 17570 6093 5259
ADGOP] (sec) | 77 72 65 17 15

In ‘tennis’, there are abrupt scene changes at frame 66 and frame 96, which lead to a great
decrease in compression performance, as shown in Fig. 6-(a), and this situation is improved
greatly in our adaptive GOP structure selection schemes. However, AGS can’t improve the
compression performance greatly especially in abrupt shot cut position because of its weak
scene change detection capability.

Positions of the low-pass frames have changed in the ‘GOP8+KF’ scheme as compared to
‘GOP8’ scheme, as shown in Fig. 6-(b), but the average values of PSNR of the ‘GOP8+KF’ is
higher than that of the ‘GOP8’ scheme by about 0.5 db.
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Temporal scalable decoding analysis
In our approach, the GOP structure selection is adaptively modified according to the

motion activity among successive frames. When the motion activity is high, a short GOP size is
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used, while a long GOP size associates with the low motion segments. As discussed in Section

I, the main part of information is included in frames with high motion activity. When a
receiver decodes a bitstream in low temporal level, it can get more frames in high motion
activity video segments and fewer frames in low motion activity segments. Hence, the decoded
video sequence can descript the original video sequence more correctly than that of a fixed
GOP size MCTF scheme.

For example, the GOP size selection of the video sequence ‘foreman’ is shown in Table 12,
using the parameters set ‘ADGOP!’ given in Table 4.

Table 12 GOP sclection in ‘foreman’

Frame number GOP size var_T average_MI
000-015 16 0.0419 2.9560
016-028 13 0.1481 2.9209
029-044 16 0.0445 2.9480
045-060 16 0.0894 29180
061-076 16 0.0151 29514
077-092 16 0.0509 2.6391
093-096 4 0.1220 2.7308
097-128 32 0.0457 34541
129-139 11 0.1498 3.0021
140-155 16 0.1419 2.5840
156-158 3 0.0342 2.3588
159-168 10 0.1390 3.0532
169-176 8 0.0145 1.9014
177-184 8 0.0044 1.5685
185-188 4 0.0008 1.4385
189-192 4 0.0018 1.3059
193-196 4 0.0008 1.2738
197-200 4 0.0000 1.3065
201-204 4 0.0068 1.4911
205-212 8 0.0005 1.5364
213-220 8 0.0013 1.5716
221-228 8 0.0008 1.6622
229-242 14 0.0645 1.9820
243-249 7 0.0714 2.0123
250-265 16 0.0705 2.8209
266-284 19 0.1418 3.2199

285-299 15 0.0821 2.8443
When the receiver only decodes one temporal level, the decoded low-pass frames of

‘ADGOP1’ and ‘GOP16’, in ‘foreman’, are shown in Fig. 7.
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Fig. 7 Comparison of low-pass frames between fixed GOP size and adaptive GOP size
In Fig. 7, the curve represents the MI values among frames, ‘+” indicated low-pass frames

decoded in the lowest temporal level in a fixed GOP size of 16 for encoding, and “*’ indicated
low-pass frames decoded from the adaptive GOP size selection using parameter set one
‘ADGOP1’. Obviously, the number of low-pass frames decoded in ‘ADGOP1’ scheme is more
than the fixed GOP size scheme when motion activity is high, around frame number 200.

5. Conclusions and future work

A haar-like MCTF encoding scheme is propose in the paper. In the proposed method, the
GOP size can be selected adaptively according to MI values between successive frames. After
determining the GOP, the low-pass frame in a GOP is also adaptively selected using the MI
values. Finally, the temporal decomposition process in MCTF is determined according to the
selected GOP structure. Experimental results show that when the proposed method is applied to
videos including shot cut, or high motion activity, better compression performance can be
obtained comparing to the conventional MCTF encoding scheme. In the scene with low motion
activity or abrupt shot cut, the overall compression performance of proposed method is very
close to H.264, and the proposal still lags H.264 in other situations. With the comparison with
H.264, the computational complexity of the proposal is also too expensive and this is a future
research topic. About 0.2-0.3 db improvement can be achieved by the proposed GOP structure
selection comparing to AGS in standard SVC model.

The parameter sets of calculating the GOP size given by the proposed method are achieved
by extensive experiments. The theoretic relationship between MI values and GOP size selection
are possible extensions of the work. The method of low-pass frame selection using the MI

values among frames in GOP is computationally expensive, so, fast algorithm or other methods
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to extract low-pass frames are fruitful directions for further research.
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