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Abstract This paper introduces a new scanning method for network-adaptive scalable streaming
video coding methodologies such as the MPEG-4 Fine Granular Scalable (FGS) Coding. Proposed
scanning method can guarantee the subjectively improved picture quality of the region of the interest
in the decoded video by managing the image information of that interested region to be encoded and
transmitted most-preferentially, and also to be decoded most-preferentially. Proposed scanning method
can lead the FGS coding method to achieve improved picture quality, in about 1 dB = 3 dB better,
especially on the region of interest.
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| nRing: # of n” Water Ring (Water Ring (n)) (initial value = 1)
nMB: # of MB's in each line (A, B, C, D) of Water Ring () ;
OriginX, OriginY: Origin coordinate (X, y).
i CurrX, CurrY: Start (upper-left) coordinate of Water Ring (n). }
{ CodedMB(x, y): Encoding or decoding function for designated |
i MB(x,y), in which VLC or VLD for each bit-plane are performed. |
InBoundary(x, y): A checking function to distinguish whether the
designated MB(x, v) is located at the outside of the picture.

et 2ol

Step 1: Coding of the ‘Origin’
: if(InBoundary(OriginX, OriginY))
CodedMB(OriginX,OriginY),

Step 2: Coding ‘A-line’ of Water Ring (n)
CurrX = OriginX - nRing;
CurrY = OriginY - nRing:
nMB = 2 * nRing,
for( j=0; j< nMB; j++ )
if(InBoundary(CarrX+j, CurrY)) CodedMB{CurrX+j,
CurrY);

Step 3' Coding ‘B-line’ of Water Ring (n)
i x = CurrX + nMB;

for( j=0; j < nMB; j++ ) i

if( InBoundary(x, CurrY + i) ) CodedMB(x, CurrY + i) |

Step 4: Coding ‘C-line’ of Water Ring (n)
for( j=1; j < nMB; j++ )
if(InBoundary(CurrX, CurrY+j)) CodedMB(CurrX,
CurrY+j);

Step 5 Coding ‘D-line” of Water Ring (n)
y = CurrY + nMB;
for(=1; } < nMB; j++)
iftInBoundary(CurrX+j, y)) CodedMB(CurrX + j, y);

if { not Frame Coded )
{ nRing++. goto Step 2, }
else Stopi
H°ﬂ/‘1 Xﬂ/‘ld HE2 ki
B 394 CIFE 949 Z$ 4749 HEEHdqt
% 396(22 X 1870y vl=28E 3d &A% A
drh oy d@mYAl e tHE"A] &8
of st TAF Fm2 wn|F Adbke)n],
A WEH Y FE2E Huddx }E i‘ﬂ
A28 FHE ALEFS FAE Fro|d),

Step 6:

A7 HWIHE 0|88 FGS RE J|H

E & & FGS 29 Al&99] d=r
@ 72 dady 228 18 69 mASA AL
g AladeE, 7t HEZH ¥R A Fas



HEHZ H3HA 2AdE 2ET vt 33E AT M2 270 3y 323

(Bit-plane VLC)E 3% w, 99 54 IX2HH
HE 20E Y3t Mo T IPY wazE S
AXNE ZPsn, T WAREE e IYFEE
X 2R T Mshe @AY d=Zdud g=
Tl EAgtt
AgE WY FGS A8AE dzdge, 13 6(a)dl
ZAE AF Zo] 71&9 FGS 939 71U 53|
7, GEAA el oE HEZYQ PEA i3 o
Aolx Ztzte] HEZHQ ¥R [ H53sE &9
g o, 499 B HAZREH JEANE 5Pt ¢
HdHoz 7YY WaREE X E FAAQstx, A
g $A wet &4 £ 2A EF TEE 7
Z 64719 DCTAFEE A2AZ 20 &A= shie
P dH3 T, 15 PEY Ho] ITH wmef
RLEE FAldl #83k= Aoz AU
AgA e FGS ZsAEF dzde 1d¥ 6(b)%}
Zo] AT dgog F3AZTA A4 HEXERY
o] YaYE s, WA AHP A3 HEXEY
Aat e} FLH(AITNM A2 YRE HEdhod
E fAY Ee AHdO g&HE A 4F ol ¥
o F¢ a2 ES) U AXEH HE
W2 shH7Zo] tli#Y(Bit-plane VLD)-& &
of gho] F3iste ©AZE 71E9] FGSEY

>
do

o | MH ox ) o lo
16
2
2

it plane m Bit-piane VLC
§ocT Swin along Water Ring
Scan order Enhancement
FGS Enhancement Encoding Bistroam

(a) A=Y F=

- Fes Decoding
Sitstream Bit-plane VLC E - . Enhancement Video
_Sistreem .
alom ot Piog 10CTHP r—
Scon order

- el

Base Layer Video
(optional output)

Motion
Compensation

=Foxe FEUY YAE d3He dmyrt
HYe] TR X vlazEBEAqX AlFE
£ %3 A9 49FAE VIEY g 27
HE o] 83 FGS =29 w9 Ze} vlwsiych
a9 7] #F AW WHE o83 FGS Y WY
Ha 49 Z23E TS 2196 B8 2709 o
4& MPEG-4 £F3 3oy 2 AMgEE 2H#
(Stefan)” B4 Y(Sequence)E. CIFgo2 30HzZ A
3 AR u, ZIRAELE  256kbps(bit  per
second)Z AF3L3, FGS AlFolA 73} HEAEZS
Aiste HEFFPAT FENGE] Afoz Hu)
512kbpsete] HMIEAER-TS Tixn] oA 40 o}
AEE e RodxEa gl

a4, @ BAE FL V&9 HAH 2
o] &% FGS W WHoz A" Fioln, @=
AE e #E 270 S o83 FGSEHE S

o

=

3t

538

3 Axl gigoldt, ‘~H® 91E(Tennis Player) ¥-£&
&

P

=

o o
18

o rlr of

AHEY @9 FUET @9 FAolM, Bl 2
Hog 34d stdS T F Aok ABFA 34
PSNR(Peak Signal to Noise Ratio)g ©]&3&ta 21
z2 #ASIE Y. @2 EAIY 2#MEZE Luminance
(Y) #F2o PSNR vz Ii=Zoly @3 @2 EAIE
O EE 242} Chrominance(U, V) %9 PSNR Hln
JRE2A, dF AWL o83 FGS Wyel PSNRo
71&9] FGSWH vl vty oz gt of 2 ~ 3dB
7l 288 & F Utk PSNRY A4 217t Ajz} A
"8 133l CIF 949 F4% X ROI
(Region of Interest) W2l PSNRE AH4Htg o, ROI
€ 14x10788] mjmzEEoz PAHY gt Fi=z
CIFgdele % 22<18/09 mjzZ2E5e] ot diyy
o] 394 €8 A By, F94 HAA F2 EF
o] 2 HAE H FdR AAAAA I Ao
w, A9 diRie F8 B B =FdA A
ROI9 Yol X3tz o} "2e|@a) ol ‘)tz
oy, ‘FHE AJE29] ROIS dE 27 8o =AEHTH
g 7oM HA 29 AARE FE3 viel Zo] 3@
Hozv A@EAHoZr AF 27 PHES &3¢ FGS
9 "ol 7]&9 FGS #¥Eg 438 B
F ded, A7 YEhve 49
¥ Bz J%¥(sub-figure)& o] &3l EANF 4 girh
YL 71E9 FGS %

o
i
L]
f
H
N

IgoM, @22 BIE K
HollAl HEZHI ¥R =

oft N



324 AR =EX HFE ) A A 8@ A 3 Z(0026)

2y 7 MPEG-4 FGS 2% 9o 1}

8¢ zog HAFHIZ] Aofog tjmY WM F

o 2 guEH FLFPELE o8&
o agE P 27 JHF 23 vEZHRN(@L) 2
YolA MSBelz HAIE BE)e 94 Hojges 25 =
d SFHAATHET AFMoz HYA 9, MSB-1
HEZH A doletrt 49 1/4 olsivt tEHo| ¢hr ¥
o (AN E HYH YA & BAEE 29 o)
olely} QoM YEPE FHFHA %3 A9
Azt Al2eEle) o] B ) ‘2H 94 do A8 3§
DA e AN PEAE REv 3ld 34E H e
F2A, g Zege AA SHS FHFHLE Yol u)
stdo] Aoz AZEe w74 | Aelth o4 n)3)
AE 20 WEg o] 83 FGS 39 WHe, O X719
F-1%e] tigo] $5E WAzESFY AL HoF
I glEd], MSB HIEEZ#H L 7&e] Wi 5t =
T fage] ¢tg=Eda, 9A MSB-1 HIESZ Q] g4
FJRE FEAHoZ tzde] gadies BoFu gtk
SR BE 27 PHS o] 8sle] Q7ke] AZAIAH )
APgstesE 4 2y FIERE 329 vy
F35te] s Y19 GRS HeHdHoz sy
2 ANE Ho 23 ok 1 Ay @2 EAE FAtA
ARE & Ql%e] 3 TR GAe] o] AnFo
2 s & Utk olE Qe Az AlxH"le) 3
A IHE 270 WS A Eete, 94 ZE e FYRE

It

R £e golel 54 ANRE A= %
a3, tmn RolAE Fue] FYRERE F& el
54 AX%H U=29e Y5 3% 2
g o4 A48 HEAEY o
= 9 zeglel FYRE =
@ 249 e ANY 5 AST AAY Aol

e

(a) 2HT & by =W 4

(c) sitguiny € (d) 7 4

1% 8 ROI9] o



HESFo) HeHe) AAYsE ~ES

B Hte 29 AT M2 A0 Y 325

2% 9 FGS¥# Ate

I 99 Y 79lM AMEE “Stefan"FA d FolA
71&e] FGSS 32 2708 o] &% FGSWHO R 248
‘%l 733’—]- AL SnapshotoE Hw3tHr) :L'%M]H
o9t (e)= FGSE AME 23 gArolg (b),

9} (f)T: 1tE S o] &8t T3 ZHd ¥ l 1
A ARE A3 ol Yol FHAQU AL vl
o # Holw, ARMY WY At JlFHoz ¢4
2 44 2838 5 Ao

a3 102 ¥ CIFE 10Hz 94 |9 sl
64kbpse] HIEAEZS 7BAZFoz HEslm AU
512Kbps7tA12] 441 H|EEANM, FGS 293 3§ =
Ag ol&3 FGS ZHY ZIHE, ROMAA Fahd
PSNR(Y)& ©l&3ta vlmsldch AME® ROIY z27)

8
8

ROIPSNR (Y} in dB

! AOI Aegion: 14 X 10 MBs.

128Kbps  192Kbps ~ 256Kbps  320Kbps  384Kbps 512Kbps
Decoded Bit rate

-6~ FGS Coding ~#-FGS Water Ring

64Kbps 448Kbps

29 10 EW 94 Qo] oF 1Eel FGS =W, HE
20 ol§% FGS =9 Wl tig ROM
2] PSNR (Y) 4% Hlw



326 AR asts =R HF

£z el FAR AXF 14x10749 WARES

2 AR 2goA FEAWE o83 FGS i%‘
o] ROIWOIME 7188 FGS =29 #Wid
PSNR(Y)& 1~2dB A% Ed&th

29 11e ‘28w CIFE 5Hz34 g diste ¢
AR A% o fdkbpss) HIEXEYS 7EA
Zoz AEsIm, Ho] 512kbps7HAL] FAl HIE&NA,
7|20} FGS 29 Wi# 38 278& o4& FGS 23
o] A3%-S, ROIVOIA PSNR(Y)S ©]&3te] Hlwst
Art. 2golA, ROIWS PSNRE AHEW, HE20E
o] 43 FGS A9, BE 4 HES tistd FGSH
t} ¢} 2dB 3dBAE ¢4 AFHE FoluAt ol o
2 A0S 0|83 FGS 29 ol ROIuMWh 71&9)
FGS =4 Z2#HE vi$ 4 AAZE < BaFm gl
t} ROIGIA9) 33 g2 WA 03@1011 g A3
PSNR <=X)of isiAe WsE FX i, 830 &
ol 93k A lolME W & zo|E ZA Hoh

Stefan Sequence: base layer 64Kbps , 5Hz, CIF Format

ROI PSNR (Y) in dB
N BB EE 2R ERE

" ROl Region: 14 X 10 MBs

64Kbps  128Kbps  102Kbps  256Kbps  320Kbps  384Kbps  448Kbps  512Kbps
Decoded Bit rate
~o-FGS Codling ~e-FGS Water Ring

Y 11 ‘AE® 94 g g 212YFGS 24, st
2L o] &HFGS =W Wl dig ROI
2] PSNR (Y) A% Hlx

M

2

g44d (CIF&
=256kbps, HUl HIE
2d 7\ FEAAE o)&F FGS 29
7% ¢} PSNR(Y) A% vl

‘2HW 7NRAE HES

£=640kbps)l A, FGS

o] A4 A 8@ A 3 2026

ag 129 #H# 23S Ol%fa FGS =9 w¥# 7|
29 FGS2R 7199 H=29 due #deg, v =3
etk ROI°1]’~1 PSNR(Y) % o] g3t Wlmg IRTE
=X vz gde CIFE ‘28w 3¢ €2
o] &3t . :1?4011*1 HA & & e ue o] B =
o4 AstE wEe] PSNRo| 7129 FGS W

ulste] §4 1~3 dBAE 5
6.8 2

B wRoME Az Az Axde] AHHES A
Aoz Fad 54 Fyree g oz
Aze A WEIL FALAAT AT FAR
3o @PgRE Moz HIY sl st AU
Q%o Aotez © oy A=l WolA W4W RE
WEsEYS OagUds FaA %Y AR §
AR FANES HAE By WAT S DA SHE A

e Beizw

27 Ee ALY ALE 27 e ol
gade Yhe 4L WAAT, A% e

GgARE ANese otk Aty PHE FGS 2
g 7ol Mg AEA7H 4 Qe ROMS F3
% %22 o 1dB~3dBAE $4NY 4 Ak

Zngd

[1] W. Li, J. Ohm, M. V. Schaar, H. Jiang, and S. Li,
MPEG-4 Video verification model ver. 18.0, ISO/
IEC/ JTC1/ SC29/ WG11/ N3908, 2001.

[2] H Radha, Y. Chen, K. Parthasarathy, and R.
Cohen, "Scalable internet video using MPEG-4,”
Signal Processing: Image Communication, vol. 15,
pp. 957126, 1999.

[3] W. Tan and A. Zakhor, "Real-time internet video
using error resilient scalable compression and
TCP-friendly transport protocol,” IEEE Trans.
Multimedia, vol. 1, pp. 1727186, 1999.

{4] S. McCanne, M. Vetterli and V. Jacobson,
"Low-complexity video coding for receiver-driven
layered multicast,” IEEE J. Select.
Commun., vol. 16, pp. 98371001, 1997.

[5] 254, 24, “MPEG 2E&W Al25lolAd QoSA
olg g = =F "y A=d 77, 53
wBysrs =84, vol. 26, no. 10, pp. 651 ~661, 1999.

[6] MPEG-4 Fine granular Scalability Verification
Model version 4.0, ISO/ IEC/ JTCl/ SC29/ WG11/
N3317, 2000.

[7] Streaming video profile for FGS PDAM, ISO/
IEC/ JTC1/ SC29/ WGL1/ M5673, 2000.

[8] H. M. Radha, M. V. Schaar, and Y. Chen, "The

Areas



HEHIZ 3&HA 2ALH

1,1

MPEG-4 Fine-grained scalable video coding
method for multimedia streaming over IP,” IEEE
Trans. On Multimedia, vol. 3, no. 1, pp. 53~ 68,
March 2001.

[9] MPEG-4 Fine granular Scalability Verification
Model version 3.0, ISO/ IEC/ JTC1/ SC29/ WG/
N3097, 1999.

101 MPEG-4 Fine granular Scalability Verification
Model version 2.0, ISO/ IEC/ JTC1/ SC29/ WGI1/
N2926, 1999.

(11] 23, A2 253} o838 ¢ Juf HEH nl
t) 984" Networked Video Workshop 2001, pp.
23~46, 2001.

R

D 19859 AMoiste A SN AR,
19879 QAmEm  ARF (I
AP, 1991'd Case Western Reserve
Univ.,, Dept. of EEAP (M.S.). 19954
Case Western Reserve Univ., Dept. of
EEAP(Ph.D.). 19959 ~ 1997:d EdiH
2} dEHte] dys AYdyg 1979 ~ 2001d A
etn Bt AAes RS 20008 ~ @A A
g AFHTSY Bus FdReks dejuidie] st
Az A, AAAL, A, AAs

344
1992 ZEUeE  FA-FRIHFHAD.
19949 ZHEdigta uige dA-Fstad
(Z8AAD. 2000 AEUw wisk
Axtget (FarEAh, 20009 59 ~
AA FFARFAATY HErtold
: FE AP, BARke A EA
g, 94 ¢+= FErte] AlAH®, remote sensing ¥

28" HYL 33E AP M2 20 3

327



