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F—7—F : MPEG-4, BEESHE, BEFEL, 2774+, 7Y =27 VESL, Y AT LR
{Summary> MPEG-4, a new audio-visual coding standard has strong compression tools, such
as sprite coding. We have focused on sprite coding and proposed “Sprite Mode”. In sprite mode,
video sequence is divided into foreground object and background object. Foreground object is
compressed using MPEG-4 object coding, while background object is compressed using sprite
coding. Sprite mode does not always adopt any video sequence such that images having still
camera motion can be compressed in enough quality in low bit-rate. So, in this paper, we
developed new MPEG-4 video encoder using sprite coding. In the proposed MPEG-4 encoder,
multi-mode coding is newly proposed. Video shot suitable for conventional coding method is
coded by normal mode (conventional method), while video shot suitable for sprite coding is
coded by sprite mode. These two modes are automatic selected in any video sequences. We
improved the processing flow using stuck system in order to consequently process video such as
AVI format. We improved global motion detection algorithm, foreground object and back-
ground sprite generation algorithm. Then we proposed the simple rate-control for sprite mode.
Then, we have some experiment on MPEG-4 video coding. The result shows effectiveness’ of
proposed encoder in low bit-rate coding.

Key words: MPEG-4, Video compression, Sprite, Object coding, System developement

3 BE M

“MPEG-4 Very Low Bitrate Video Coding System by Adaptively Using Sprite” by Kumi JINZEN]JI (NTT Corporation, NTT Cyber
Space Labs), Shigeki OKADA (NTT East Corporation), Yoshiyuki YASHIMA (NTT Corporation, NTT Cyber Space Labs) and Hiroshi
WATANABE (Member) (Waseda University, GITS).

333



1. @C&®IC

¥ 5%, MPEG-4 Main Profile? ic B2 [A 75
AR EVIHFLLEES LY —VIcEBL, BEfRICE
35 H A ZEEE OAZREL-EREBICA 7T 4
FEBRTZAEERELTER, ATFA4 bEiE, Y
ZAM) w7 2B E R T ZBEGO—EOREE KO
BILER Y 7 <E&R, TV 7EK) ICHELZLD
T, JCOEBIIA 774 P2 8ATHET 2 TELA
329 EESIF, ATT7A P HBRHENICEBEE,
REFRFELECHEARTEHNZFSEOEEE b 26T 2
ERBEEMICLTERY, AR, A774 F03H 60
LENERICHIE RS D LEFEsEWwWI EHISNTE
D, BEEELFIEREENTW, A7574 bOEES
FUHSLOWIEDEE TR <, 1990 F 1% LI,
Irani? ® Wang® 12, 7V —ALBOKBHLEHE (7o
— NNV E—Ya V)OI EATTA N (EYA 2 EEF)
ERIZOWTHRF2To> T3, %1, Lee®
Smolic® & ZA 774 P E=FSCEAT 2WEET
2Tw3, LHl, ZheOMBEHS1LLEDET LA
Tz PELTHEERNLERAT A F 2/FEA
RIEAT2OICEE D, RAXRZFSEY 27 L42A
T4 MV RHEATELDOBRRERETWEDL 5T,

AT, BEKROEMEALEENEL, A 774
k&2 EGECHET 2 2 £ T, MPEG-4 Main Profile
WO 2 & ERRRTF S by A 7 A 2R L2,
BB AT ARRBET HICHIz>T, UTD 2 Hi
BOWIHLZRERZIT.

—2I, AT A F BT ERENREEAHTES
bhhi, BFESHELELIE2HELHI L
SEEY B AL A, BEE» S AT T4 bR EFE
BT 28EGO—EO 7LV —LB{EELE, Ch® X7
FA hvay bED LS FHEBIMICHE T S k%
RETZ, HFEEY-—NVTHEATIA P 2ERT BT
&, 7V—ABATREL, vay FEMICGEEEEH
Wi 2 ENb 5, LY — L OBGHER O,
m, v7u7uy 7R 7 v —ARTHEE 71— AR
FRHEGIOEZ THELLT 2 HED, E27F v 54
7 REIGEICYID B2 B AR ORENEEATY
5, Lixl, TheDhkidE = #{#(MC: Motion
Compensation) #&EAY — L L L, EEXHIZ7 1L — A
BICBWTLHENARETHE, —HT, A774 +¥
vy FOMEBICEAL T, FEHSYWEACUTRELT

(FE1) 28y, FAbh, A—LEwoT:AATORE,
(2 —EDO7v—LBEyavybLEEI.
(#FE3) I, P, BEZFxizl,

334

EREFFRIE $33H F35(2004)

Eichs, A7 FOBROHLZBEROERS L UFZ 0D
HAEDLYICL2BRINCEHED, EBCHELY AT A
WEATL00T7 VT X LOBETIZRENTWiH
olz, FRTRR, 7Vv—ABITHEICEEHET BHE%
EfffE 38%20, vyav bEMIIATSA FOBRMES
HEL, WEHFELY AT LNDEARFALD.

—ZoOHR, 2BEFAA TV =2 b — M EIEEDOR
ETH5, MPEG-4 Main profile B W TlX, #EHOD
EF447Y =2 b 2EICHFELT 22 LHNTEETH
3, A754 L —RBOETAA TV =2 v THB,
KOFERFKOETAA 7Y 22 + 2RI — b &I
TH5HELELT, Vetro 69 B NVFETFLTF 7V 27
bL— FEIEEORERToTWS, LL, £ERR
EF44 7927 b ERERAMEEROATIA MiZ
ZERTE ol FRTIE, ANV -3 IEEN
OEALEEL, EEER T4 P LEERRETA A
T ek 2BETAA TV POV —
HEEIRET 5.

VI, 2BTREARIICBIZHFSEY AT LAOEE
P, SEBIVLIETR, KV ATL5%#ET 21
Bl TATI4 byvay VlIHEBLIU2BETA 4
Tz 7 br—bRIEEEEINRETRLFRICEET S, 5
ETRMTEEERICL28RES AT LAOFHEEIT, 6
ETHEwmERRD,

2. R7S54 FEBICHICAWEFESES X T A
DIR/E

EETIE, A7 74 b EBEICENT AW IZBREFSE
A7 LADRERTS, TR, 2774 by av VNS
{boEs, A 774 P BRAEESE, BLIU, FRE
ey A7 LOERIZ DWW TR S,

2.1 RTS5q4rav S

AT74 P EFESRFELEATTIA PHFSLEL
5., BELSRXB AT, BRFAEA TV b E
EEATT74 FICHEWICHBEL, BREAT A MICA
754 VESEE, BIRA 7V 27 P CEERBRET A
A7V 27 VEESLEEBTE, A7 4y a v b T
Fibeo Z|ELTWVE, BIKATIA byay b F
StoasrRt. EREALIOOETAA TV
POEY PA MY —LREFEINTEEFEINSE, 73
—FRAITREELEAATEY PR M) —ARSESH
L, &E2XDEy PA M) —LZEEL, KL TERT
35, —H, ZhiznLT, 2774 FE2FERLE W,
MC+DCT 2EX LT 2/EbE/ —<Vyay b

(F4) WEAHTRATIA PE—FELEATWLS,



BY  RATS5A b AEGHICHEB L MPEG-4 BHERS{E AT 4

Foreground | ] ] _ . 1
object ! Arbitrary video object coding | Foreground
; - Shape coding —>  object
[ . | bitstream
Video Automatic two-layer ! - Texture coding :
video objects \ !
source . \
generation I :
1 i Background
: | Sprite coding : 1 g sprite
Background sprite, | | bitstream
Global motion . :
| |
I |
| Two-layer video object i
I
I I
i

rate control

e

BE1 2774 byay oS
Fig.1 The concept of sprite shot coding.
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Fig.3 The block diagram of proposed encoding system.
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Table 1 Video Sequences.

Image Frames size contents
horserace(a) 999 SIF | pan, zoom
horserace (b) 999 SIF | pan, zoom

skateboard 390 SIF pan, tilt
stefan 300 SIF | pan, zoom

5.1.2 skateboard
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xK2 2774 b ay bliHERO—H “skateboard”
Table 2 Example of sprite shot extraction “skate-

board”

Start | End | Second | Third | FG Final |Final
frame | frame | decision | decision | ratio |decision | shot
1 30 N N N N

31 60 N N N

61 90 N N N

91 120 S N 0.214 N

121 150 S S 0.092 S S

151 | 180 S S 0.101 S

181 | 210 S S 0.120 S

211 | 240 S S 0.063 S S

241 270 S S 0.097 S

271 300 S S 0.106 S S

301 | 330 S S 0.093 S|

331 360 N N N ; N

361 | 390 N N N |
%3 THRIRE, 2774 FE-FERE

Table 3 Average foregound ratio and sprite
mode decision ratio

Sprite mode Foreground
Image . .
ratio ratio
horserace(a) 0.478 0.140
horserace (b) 0.775 0.083
skateboard 0.538 0.096
stefan 1.000 0.094
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= 4 FEHEE
Table 4 Coding results
128 kbps, 15 fps 384 kbps, 30 fps
Object
Image Mode type Ave. QP | Ave. SNR |frame rate| Ave. QP | Ave. SNR |frame rate
[dB] (fps] [dB] [fps]
FG 19.99 25.35 15.06 10.51 29.45 30.00
B 4 BG 20.42 19.76 15.06 10.31 19.82 30.00
ropose
hor?egace Norm.| 30.10 | 24.80 10.88 | 23.77 | 25.90 30.00
a
Total — 23.24 12.88 — 24.21 30.00
Conventional — 30.37 24.97 8.83 25.12 20.20 30.00
FG 14 .41 28.06 15.00 6.91 33.43 29.65
BG 14.27 22.74 15.00 7.07 22.99 29.65
h Proposed
Orfggace Norm.| 17.36 | 29.31 14.53 | 10.90 | 32.32 | 30.00
Total — 25.39 14.89 — 26.50 29.73
Conventional — 27.00 26.94 7.39 14.12 29.40 30.00
FG 18.97 24.29 15.00 9.36 30.07 27.57
BG 18.71 20.29 15.00 9.62 20.25 27.57
Proposed
skateboard Norm. | 24.07 14.46 14.83 10.95 26.83 30.00
Total — 23.16 14.92 — 24 .46 28.69
Conventional — 26.40 24.46 12.85 18.15 26.38 30.00
FG 17.07 6.44 15.00 8.34 31.48 30.00
BG 17.00 18.19 15.00 8.30 18.23 30.00
Proposed
stefan Norm. — — - — — —
Total — 19.38 15.00 — 19.52 30.00
Conventional — 30.84 24.15 8.90 23.67 25.37 30.00 7
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Fig.7 Sprite Viewer. From upper left : Original image, coded image, global motion. From lower left :
foreground object image, background image extracted from sprite.

ﬁ@%%%ﬁ%uﬁﬁﬁbf&u&wﬁxf%#hﬁ%
HEEOBRTH S (FRE 1 EZSR). Lil, Hif
+7v 7 b (FG)EHEBTHIE, F—FVOPSNR &
Db 1~2dB &\ PSNR #ER L T2, AIRA 7Y
T2 McED YT SN QP EMRERFFShELD b/
xnErghszensY, &0 HHrVERTERTbR
fwa.HS;D,@Uﬁva—bwf.ﬁiﬁ%m
EOHRERGRLEL ) bBUEBREEEZERL T
LT ENbhb,

HEDE S i, BEFE KR, ERFSLEDTR
Et?67zﬂ—739%E&K5wT,Ew7V—A
L— FAERL, @rwRFLCL2ERMEORLE
Lo, LoT, KELGERRET 5 2 LA
Thb.

H6cERTI—FicdoTTI—FRRENATVDS
%%%%T.it,ﬂ?mxf%4r€:-vw;éﬁ
Eifg, AREFELY AT L ZHSLER, AIRE
@,%ﬁ@@,fﬂ—ﬂw%—yay%iﬁbtﬁ¥%
RY.

FEEHEY AT A2 1.5GHz Pentium IV 7o
rwH—hETLRANE PCKT, EREREZTIO
fEREONERE Ty 2 — FEIT) Z LD ARETH -
7-. %1z, 400 MHz Pentium III Bl E, 256 Mbyte LA E
DAY BET 5K PC W TERMT 2 — F 23]

BEThH B,
6. K Iz

%%6u,zfﬁ4bﬁ%m%%wtﬂﬁW&
MPEG-4 BiE&FELsy A7 L 2HRE L, A7 74
FASEEE Y 3 v bR BB TS, AT 74 b
{yavhm&TWjUXA%ﬁﬁbt.it,ﬁ%f
72y} EEBATTA MCHBRCHSRERST
202 BEFA ATV 27 b — MElEERRREL
pe. 21, EBCHELEREToC, BY— BT
6%%ﬁ%ﬁﬁﬁaﬁf%$ﬁiﬁ%mvx%A@&ﬁ
HERLT.

W O AFEERTTACUL o THERZT A A
hvyavEuikziFulz NTT 4 2N — A~ — A SR
FERA T 4 7EET DY 7 FEHRFSEBT 7V —
ZOEFRICBRHLET.

& E XM

1) Information technology-Coding of audio-visual objects-
Patrt 2 : Visual Amendment 1: Visual extensions ISO/IEC
14496-2

9) M. Irani, P. Anandan, J. Bergen, R. Kumar, and S. Hsu:
“Efficient Representations of Video Sequences and Their
Applications”, SignalProcessing : Image Communication,
Vol. 8 pp. 327-351 (1996).

3) J. Y.A. Wang, and Edward H. Adelson : “Representing

341



=2}

*

9

—

10

11)

12

13)

Moving Images with Layers”, IEEE Trans. on Curcuits and
Systems for video Technology, Vol.3, No.5 September
(1994).

ERFAE, EL W MHES IHER A 754 P HE
{txAviz: MPEG-4 BE§ERER", EFEHEEELSfT
#i3C5E D-I1, Vol. J 84-D-II No. 5 pp. 758-768 May (2001).
M.-C. Lee, W. Chen, C.-1. Bruce Lin, C. Gu, T. Markoc, S.1.
Zabinsky, and R. Szeliski: “A Layerd Video Object Coding
System Using Sprite and Affine Motion Model”, IEEE Trans.
on Curcuits and Systems for Video Technology, Vol. 7, No.
1, pp.-130-145 Fubruary (1997).

Aljoscha Smolic, T. Sikora, J.-R. Ohm : “Long-Term Global
Motion Estimation and Itsu Application for Sprite Coding,
Content Description, and Segmentation”, IEEE Trans. on
Circuit And Systems for Video Technology, Vol. 9, No. 8,
December (1999).

KIUBER, WRILE, #H&Z FBHES | “ERERCE Uk
MPEG-4 E7AFESLAR", BHRNEESEITE AVMEHF
FE£, pp. 9-14 July (2002).

FEER, FRFAE, EL ® IWEE: “2 751 &S
LEFALZMPEGA TV F E— FHAELLAROHFE,
PCS]J 2000, pp. 91-92 (2000-11).

A. Vetro, H. Sun, Y. Wang: “MPEG-4 Rate Control for
Multiple Video Objects”, IEEE Trans. on Circuits And
Systems for Video Technology, Vol.9, No.1, pp.186-199
February (1999).

K. Jinzenji, S. Okada, N. Kobayashi, H. Watanabe:
“MPEG-4 Very Low Bitrate Video Coding by Means of
Sprite Coding”, ICME (2001).

ERFAE ET # IHESR“ATIA M ERODD S
O—NVE—Y 3 BHE EFSE~0#A", BFEREEY
£=M3GESCEE D-1I, Vol. ] 83-D-I1, No. 2, pp. 535-544 (2000).
“MPEG-4 Video Verification Model version 17.0”, ISO/IEC
JTC 1/SC 29/WG 11/N 3515

K. Jinzenji, S. Okada, N. Kobayashi, H. Watanabe:
“MPEG-4 Very Low Bitrate Video Coding by Adaptively
Utilizing Sprite”, ICME (2002).

(2003 F 10 B 17 H=E=AT)

BRT A =%

FEl, tEXR-BIT-BREFT
E, FI3IEAKERELREET.
FENTTIc A#. F13E2H
~FU4HEIAFET, EMALAEE
RiEHEEMIE L > ¥ ZETA,
EREREEEEO D OE KL
B, Fe{bomEcHE, BE, B
FEEEFFEINTT H4 /1— 2
— AMEFRERA T + 7TBES Y
= 7 PIFREME F 10 EWTERE
%ZH. ¥ 13 The 6th SCI “One of
the Best Papers”. B iE#uE{EYE
=, BRNEESE, BREHRA T 4

TEEEA,

M B E #

EfREF¥eE £33%F £32(2004)

9, BEFEA BT - HRIITE. F
11, RIRZFAFEERRSELHE
BT, AFENTT At X
H{E D7z » OERFS{LEMT OB
PARICIEE, B, REOFAEEES
HAESHEAEERL 70— Fo
FEY 3 A MENES.

BE56, ZR-T-BFLH¥E, I
58 EIAERTEMEHNEF IEH
BELHET. AFEEBLEEEEL
HENTT)A#, ¥k, FELT
EHE{E S OREEFS/L, HDTV
BEERFEL BHEKHESNE,
MPEG B 3 % 5 A OWFFEEE S 1o
EHE, A, NTT H4 /85— RA~—
AWTFEFTEER A 7 4 THEE7T O Y =
7 PEFSEER I —FY) —
¥, F®WfFE A, L. IEEE, &
WA E MURTERA T 4+ TH¥2
£28.

a1 #w (F£8)

B8 56, dbk- T - & FZ. FE60,
FAARF¥ERELHFEBET. AE
NTT A#t, NTTHERICB LT
EROBREERSLICET 2Ti%Es
X UBEEGE(E v A T A DOBR I
¥, F12, RREHAEEREHRE
EWEL v ¥ — 8% F14, B
HAFERF R E R E S SR
£, YNF AT 4 TOEHRERS L
Uty A 7 202 B+ 2 BFge o sk
= b D, F114 X v ISO/IEC
JTC 1/SC 29 #¥&. I#4. IEEE,
EFRRERYE, HHLEES,
MRIERA T« 7THE, HEZEY
E-rd-

342



