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A study on decision on scalable coding method for IPTV service

over heterogeneous network
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Abstract

In heterogeneous networks SVC (Scalabile Video Coding) will be used for IPTV service. This paper analyses how to
determine the optimal inter-layer reference scheme according to final level to be displayed in hybrid scalable coding which
consists of spatial, quality and temporal layer. It determines where to stop layering quality layer stacks in lower spatial layer
according to the relationship between noise induced by loss of high frequency component eliminated by filter in order to get
rid of aliasing when spatial layering is processed and noise induced by quantization when quality layering is processed. This
paper shows the choice of the level of layering between spatial and quality to get better coding efficiency and then
presents what is needed for determining it.

Key word: scalability, reference order, bitrate, bit energy (dB/bps)

I.ME 3} 817] Aol F2%=el whet Uiro] WS 3= AL A7
gtk o)A tE Py Aol HIEZEHS AZTAR

E R ok ofy

AAUHE 2ol Pt 7o) BAE AHE WA A2 AYVOE Y T o) AN AZe) £2S
Aok £3e] 22 A9 g 5+ A ol @ Healg

gl & 3 38} 3
) ];geil:ﬂrtj:_m :)ﬁle};iirﬁnisézc}iﬁioﬁjon, Kyunghee University 2 HAE FelA F-8-3H AHEE gtk 2
150, U Uiamlinel) w57 BAAE FUATH E AT TUL BE 2E 3
) 20%%53&?10149-0; TR TEE R Az A A AFEE ol AL oA} A&3le AL



L
Ny
=
rg
el
“l‘i‘
=
ol
=
‘.>.l:
=)
—3
<
R
=
I
i
f
rot
2,
of
-
for
ot
o2
Y
.
ox
0%
el
2
fin’
(o
2
-4

>
|t
i)
()
2l
1o
4y
ol
ot
o
tlo
i)
2
g
e
dlo
[o
ol im
ro
Al

BN

o,

n

2

£

rir

i ¥
Lo do -

it

Y o
ofjr
-

e Mo 32
3
T

= X
e rle

L
X
]
)
[\)

-
kN
!
fob
o
ok
2
QL
ey
oly
)
g
o)
o 1o

o3t

ol lo
2

o
¢ o
8 3 gp
N
X,

A

x

°

0

e,

(o]

3

rfe

_g

<!

X

2

z,

i‘
%
ot 2
2 opd ook

“"_I
2

%4 93 292 pasa
S 8 ) A B9e o) 3
do Zua WML ¥

2

g 2o
N

TJ
40 =
AC)

to

FH‘ fos
Hd mo

1. AlSs 39 B &g dol 24

7y Agstet £ AZsrt 284
AZstel tal L7198 2 AFEl }é‘ﬂl oA 7]
R GolE et ok I AL = =
7 FAR HEE] o8 1 “a ﬂ }—t— Fees 4
2 7 3o o FoMe 1 J
i) Ao

i QH

ol

E,.,
djo
e
o,

mn‘.

0::

_?l_l‘

rir

::l_,

ox

HAZE Y] S A
o 2 Feoll tiated 4
Aol Fut ~HEYHS E3
T2 8kg Zlojth

I8 99 A5 HHYH F AEFTHC] e g
Zolme A 1 o e S T3 & Blojn
A1oA 232 JY9 &R 9 FE Ni (&F
AZY 72), Nf (HEZ A8 AFHoAe e,
Na (8415 )l tig 2otk 4 M3 N2 £57]i
W A BEE9 712 HZE sy @ 3 | BE &
259 F&9 T2 o sHY AA Fol "ok hAE
ol 9§ ¢4 7S (intrinsic noise)> THAEF T A}
A= IFo AquR Y ol EF W HA A

IfDown sampling

Na

J2 1. O MEU0| ME FI4 AHEHO| Hijel 4B &S
Fig 1. Change of frequency spectrum and sampling noise by down
sampling

MxN)Ol A AF 3} AUA] (M2)x(N/2))E @ Relch L
ke O3 2tk

N2

M2 N/
NS R
i=0,

=0j=0

TR PG

1=0j=0

N,

mtrmsw

o] AL thMEY & 9 AASFA god s
(aliasing noise)E =] 7] WiEo) BEHE AHEE 1
g 9t} o] FHANAM FAEH ] FFE WA Tol
ot AFao] YT F N7F SAgeh 1 ok 429

o A3 (M) hE F (2 A5 F
(BHY 3 A3)9] Aot}

il



38k =21 20079 A|1298 A2%

(2

M2 Nj2 i }

]ijiltering MX N LZ-J:)E(F -

j=0

2 ¥ e A 94 L TFE AUET} I
7 e 4 337 7o) WHY F 2Fae] Auixe Folct,

Na.lzasmg
L& 3

- S-S

i=0j=
A‘HEE_ g}

Hgste Fee ol Al A Fe

Matal = Mntrinsic + ]Vfiltering + Nulia.sing (4)

2. YRt5 &E
g Fee o] A7t HEFOR PRt HEA

wAlaks FHEolth 9 A Q ¥e ol 1Qe) UER
Az 217 2YAA RED AS WA W BF S

24 Q) Al W3 s BAL KT &7 ok
A3 94 e Uo) A3 TANE ISk 3, W)
7)ot 2YSA REE 3$ Q7 FHAR 10 e
A HSE & 4 Ak

D&M cheMEH 3 Atste] E 2
Aatgrh o] AlME Mz e 37+ S4E& 7 94
o thated o2 d F-EEo] 9% R-D F4dol | ZA yet
L}-‘—“—X] A8 L E3led Audch 1HAME JAre] 743
EAL g ®3le 3 EC (Energy compaction)oll o3t A
g3y 24 ME 3, HIES, QP (YA FetvlE)e

woll thated

M

O:

95

BA7H BC7H BHE Bl el ol9A) YehteA 19

=g B3 dgach NgdAE o3 WdS BEHE &
2 2A1% T2 B9 AZS) HES F7P7t 39 AS
AX e S da A

1% 122 54 0he 459 A2

e} d2A vehdd & & Ark 2 &
& B¥E YEE 3E oluA PIUE EC

EC(%)
95
90
85
80
75
70
65 7 Dbus Bcity d;‘ew_ R
60 Ofootball B foreman [Jharbour |

‘Bice B mobile

3 2, WAME9 EC
Fig 2. ECs of images

o] g AA iAo W A A v &
The 3t 7ol A4t

M2 N2

EC= ZZ /ZZ (6)

i=0j= i=0j=

gAtell i8] ECE 3§ Rolt}. EC7}
Fo] 2 Gt T2 THiglel
l A Jepts EC7L 2 JA

TiQloA B O §40] &
FstA vebdrh

2. Of|4x|] YE =S R-D =M

o] WolME 129 YAE F oA BYEI} E



96 AR 9 0 EHTAN PTV HujAg A% AZRIS Wy 28 I g a4+

e 27t WiE R-DFANE EH T T3S 74 9
o) Fir Ao TEE OM N2EE o I A
712 yehz AZE e T9 B3 ZH AW AFE
vehdoh geigoz A A7t A2 LTS 8ol
FRAT Q71 el - 2ol 0 2HE I 27t 23
A Hoh AFe A7t AL F & BEEE AN A
H FEsAn

o ok of

Histogram of Coefficients

Quantity
eamo\(—fff~—---f ******** T~ Foreman| |
: ‘}----MoMb ‘
20000 : Football |1
15000
10000
5000
0
1 10 100 1000

Magnitude of Coefficients

D2l 3, ECY} 27 Cl= dAEe| Fufe H|f BlAETM
Fig. 3. Histogram of frequency coefficients of images which have vari-
ous EC

19 4% A3 A% QPel BE 343 vehdnk. Qb7
6 o1 HE AYHIA T HAWA NAFA 24

dB

80

70 r - ' X ‘

60 . X : ‘

50 | ' l L

40 1 !

30 hﬁ__‘
p ' ‘——O—Foreman.

oo T R A ' _1~I—Mobile

--&— Football |

10 :

48 42 36 30 24 18 12 6 QP
72l 4, QPoj W2 PSNR

Fig. 4. PSNR along with QP

< HIth ole A Fig 27 39 3% 7] W

9 5& QP BIER 9 A E Uehd Zolth QPE
s we} v Ege] astEd QP7E E45 QPY
Z7lo W2 HESY A& Y "otk o) ¥E
gol hERS M 5, A8 Mo vt Qprt &
< W& QPE AA E‘L}ér% WERY M7t 2A EolE
A9k QP7F £ W QPE F/MALE WiERS Mgt 2
A Z2A &7 fEo)th. 1d6L 323} BEL] AAE
vehd Aolth F wEe] BAE I749 T-USE ABE
g Atk

Kbps
16000 y T - 7 v

I I | ;

14000 +F0I’€man‘77‘_'___7:’7'_.____|777J__ 5

—g— Mobile X : :

12000 L;A—Footba!l |_-77>f__‘__;,_,,
e Footbat |

10000
8000
6000

4000 +

T2l 5. QPO WlE HIEE
Fig. 5. Bitrate along with QP

dB

80

70 T

60

50

40

30

20 ) .
t —a—Football |
10 : :
0 3000 6000 9000 12000 Kbps

32! 6. H|EE0 TE PSNR
Fig. 6. Bitrate along with PSNR



o
opr
ol
o
_\%
r -{U
2
N
S
S
3
P
™
—
)
r{l
_é
o

o] oA T} METo] R-DIAOE DA veht
BA Yol Id 72 Al 97 (234 CIF)S| RD 34

7 7+ 44-& JISVM 6.59 ®F ZE(normative filter)=
teuEYslT JUEY & F (299 QN RDFA
£ ysrdt
dB
i "—e— ForemanQCIF
7 & -~ - i~ ForemanCIF
! —&— MobileCIF
T3 S S ~> MobileQCIF

%~ FootballCIF

sl -~ FootbalQCF_|

30

25

£ D
20 |9 e

15
0 500 1000 1800 2000 2500 Kbps

02 7. cre MBS Fae| A M )
Fig. 7. Quality improving limit of down sampled image

7} QCIFS} 32-& < 'Mobile' 21dB, ‘Football' 25dB,
Foreman' 30dBol A 1 oA 223 &=t} ol 139
A ZY Fgo] 93 ojth 1de A HA A=
EC7t E48 &1 EC/ BE&FE yd.

¥ el B8 8 3L ASAN F
AE 7HA) #3E W AA vEXEYS 2
7} AEAE dohlle Aolth & FelM=
Xoﬂﬁ k91 AT s st A 741"011 ulxl—t—

S o AgatA Lotrs) sl el ATl F2 A
4= ol QPE HSAIA 14

oﬁ.ﬂl
\l l:q.

# QPY A9l AS 3Hd o)

o¥ o

97

ojgA Wa=A A¥stch. 19 82 Foremand] 49 ¥
7F Aol QP #E 7+ 7} 34, 40, 46, S1E 17 & 39
7 AZS) QP 2 7 Zboll tisf 51 JSVM i QP %)
oA 12 7k W3t Aeloh 18ele 3kl A QP M
sofl W& A9 I A 33 FA vl (EnhanceQx)
o} 3ty 37 A= 32 FA (QCIF_Single)°] AUth

dB Foreman

36 : e :
34 M
3t : e
OO

30

28 1
j ——————
2% b - - ------=—QCIF_Single :-
—— EnhanceQ51.
LY o/ - —&— EnhanceQ46! -
_______ «__.____,_,,,_. T EnhanceQ40: _
22 ' ‘ . EnhanceQ34

20 .
51 48 45 42 39 36 33 30 27 24 21 18 15 QP

2! 8. ForemanOfjA QP3O T2 5t¢ 37t 2fojofel & 70T

Fig. 8. Contribution of lower spatial layer to PSNR over QP for Foreman

2% 9% Mobileol thl 2 8L @ Aol 4 B
2 AR QP %2 342 TAHE ALE st gold
(39 AZ9 ol M YOBE) el Wtk

dB Mobile
27 . v
» [l}" AT g g G O
5 i " ]
23 ‘
&
21 1
" GO Single
~g- EnhanceQ51,
e o oo —a— EnhanceQ46’
' L - EnhanceQ40.
15 : :

51 48 45 42 39 36 33 30 27 24 21 18 15 QP
2! 9. Mobile0llAl QPgoll k2 Stof ST Hlojofe] PSNR 7|0ix
Fig. 9. Contribution of lower spatial layer to PSNR over QP for Mobile



98 AR 9 : EAFAM PTV MeI2E 9@ AZEss W4 24 TP B 47

Foreman®] 7% 49 &7 A%< QPE 512 ¥A 1A%
7% 39 27+ A3 PSNR3} Apol7l A Yo B = 3
9 AZ FFE Bol Po} 3 AZ2 QPHel 50 o)t
7F e ARRE G AFe] o|5E EA Bk A9 T
7+ AZ9) QPRtol 469 734 391 AlFol QP Fhol 45 ol
371 8 o) 0|52 HA H7, 400F TAHY A9 38013,
342 TAY 7A$ 27 o3 H o|5S dEth 13U 3]
27 A2 QP 3ol 22 o} o Fopx|A HH 3 AT
A 8] o] 5ol glonz Al AZe] o5& fith Y Al
%9 PSNR Fol= Al 7HA 9902 £48 4 sled 1
AL 319 AZ E e Ztsty QAT A9 AT A
32 A7 UF AN 89 AZo) A A 9%
FA Zate 99, 49 AZol 39 AF5 %S ot
o]5& B 99 I 38 AF AAH Y o]50] AR
= 99 o|t} IEE &9 Aol FE AZIE =
o] AFE F WAl AdHdMe o5 HI A AAS
A WA Ao A HEZS] FHyt "ok T+ Aol
oz 39 AZdAM FA AFse] M ANt 22
MobileS Z& Wgo 3 B3 A2 24 Foremandl] 4]}
A8 AFo) 39 AZY 9FE FA LEe & F Uk
w2bd ECHl wE 319] AlZelA e 3hd Al A (19
7t 31 AEA A AZ 3 Aol @) & A
o HESS Yo 5 %E Aol AA 79 AEd

golmaln) g Rolth

of o}

)

»or

V. A& 2t = =4 HYo| 4E AL 88

B AME A 7HAY £ AZFTZ (O™ 10) F AS
of weh o™ Zo| 7HF E&FUA I1¥ 83 19 92
23t} 120 B Ao Ahd) A g 3 52 £ A
27Z28 A9ey 28 E VA9 -8, 98 ¥ 1F

9 Y *x F MY A T2 WY =30

3% 102 AFAM A AF T ARTE HEE Y

31Q3 S1Q3 $1Q3

S1Q2 S$1Q2 siQ2

S1Q1 S0Q0 S1Qi S1Q1
i i
S1Q0 S0Q1 S1Q0 S0Q0 S0Q0
Q2Up Q1Up QOUp

10, HE T BE &M
Fig. 10. Reference order of inter layer prediction

JISVM 652 F9 &¥onm CIF  (352x288)%
QCIF(176x144) 43& A3ttt det QPE 6°lth IV
ZolM I 83 19 99l tisf g Al 7HA A& o
&3 7] A% A, B, C & 3.

@ 7S A: 3] AZ9) PSNRo] 2p7HAIT 49 AZH9)
PSNR Zz7} U AX &L 72 X3t

rir

F 12 E AoA 48T 89 AlZ (Base)d A AS
(Enhance)®] QP 18] A% QPHEC] HllA AF¢



PETHNERA 20079 ALY A2E

A 7K S (A% A, A$ B, 75 O F olvdl aFe=
A (19 83 I 95 FX)E Jepdth A5 A% Col
e QPEALE A 7HA 729 W& 27 (1810)F
£ 39 AZelM F2 AZS 2A ¥ 7E (QUUp)7t
&) 7% B tsiME AFE ¥ 72 (QlUp
52 Q2Up)7t E&A 0t}

dob fole oM Py

1. ForemanX} Mobile2] MEHS! case0i| CHS! 51 S7t H\S0t &% 37t
A9 QP

Table 1. QPs of lower and upper layer for chosen case of Foreman

and Mobile

Foreman Mobile

Case B B
Qo 51 51

o2}
§ Q1 45 45
Q2 39 39
Qo 51 51
m Q1 45 45
= Q2 39 39
Q3 33 33
Case A C
Qo 45 30

w
§ Q1 39 24
Q2 33 18
Qo 34 40
m Qi 28 4
= Q2 22 28
Q3 16 22
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Table 2. Gain for overall bitstream of Fig11

bitrate PSNR bit energy | GAIN
(Kbps) (dB) (dB/Mbps) (%)
QOUp 994.2 34.38 346
Q1Up 874.2 33.99 389 15.5
Q2Up 830.28 33.96 40.9
E 3. O8h2 of HA HE2EZ0Me| 0|5
Table 3. Gain for overall bitstream of Fig12
bitrate PSNR bit energy | GAN
(Kbps) (dB) (dB/Mbps) (%)
QOUp 4141.68 46.17 111
Q1Up 4230.12 46.11 10.9 -5.5
Q2Up 4351.44 4597 10.6
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Table 2. Gain for overall bitstream of Fig 13

bitrate PSNR bit energy | GAIN
(Kbps) (dB) (dB/Mbps) (%)
QOUp 1021.92 34.5 33.8
Q1Up 933.6 3425 36.7 16.6
Q2Up 837.48 33.92 40.5
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Table 5. Gain for overall bitstream of Fig14

bitrate PSNR bit energy | GAIN
(Kbps) (dB) (dB/Mbps) (%)
QoUp 1254.24 37.18 29.6
Q1Up 1480.2 37.35 252 -55.6
Q2Up 1977.36 37.66 19.0
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