20108 118 ©XASsts] ==X H 47 # SP #H X 6 = 127

=z 2010-47SP-6-15

A A 98] A D A AR BUK 1S 9l
sz g 7] AR 7P

( New Prefiltering Methods based on a Histogram Matching to
Compensate Luminance and Chrominance Mismatch for Multi-view
Video )
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Abstract

In multi-view video, illumination disharmony between neighboring views can occur on account of different location of
each camera and imperfect camera calibration, and so on. Such discrepancy can be the cause of the performance decrease
of multi-view video coding by mismatch of inter-view prediction which refer to the pictures obtained from the neighboring
views at the same time. In this paper, we propose an efficient histogram-based prefiltering algorithm to compensate
mismatches between the luminance and chrominance components in multi-view video for improving its coding efficiency.
To compensate illumination variation efficiently, all camera frames of a multi-view sequence are adjusted to a predefined
reference through the histogram matching. A Cosited filter that is used for chroma subsampling in many video encoding
schemes is applied to each color component prior to histogram matching to improve its performance. The histogram
matching is carried out in the RGB color space after color space converting from YCbCr color space. The effective color
conversion skill that has respect to direction of edge and range of pixel value in an image is employed in the process.
Experimental results show that the compression ratio for the proposed algorithm is improved comparing with other
methods.

Keywords : multiview video coding (MVC), Cosited filtering, histogram matching, color conversion,

illumination compensation (IC).
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Example of illuminaton mismatch between
neighboring views.
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Table 2. Average performance of Fecker's algorithm, proposed first algorithm and proposed second algorithm. The PSNR
and bit saving rate differences are calculated compared to multiview video coding without illumination
compensation.
Fecker’s Absh= A WA 719 Aotel= F WA 7Y
method - ; ;
bit bit bit
. Y Ch Cr . Y Ch Cr . Y Ch Cr
saving saving saving
sequence %) (dB) (dB) (dB) %) (dB) (dB) (dB) %) (dB) (dB)  (dB)
Ballroom 6.25 -032 032 0.31 -18.90 1.29 1.22 1.27 -23.66 150 152 1.64
Exit 2121 | -058 014 0.56 -22.16 1.82 1.06 1.50 -3241 216 124 2.82
Racel 1735 | -1.19 0.4 0.28 -2584 | 0.88 1.65 1.68 -23.14 061 201 1.67
Rena -6.95 -030 098 097 -1966 | 0.29 211 2.74 -1598 | -0.07 260 2.86
Uli 4.39 -041 121 0.60 -55.68 1.74 2.83 2.03 -25.78 169 313 2.36
Breakdancers -8.39 014 182 1.06 -3959 | 3.39 378 2.15 -28.93 267 279 2.33
Ballet -1.27 -015 111 0.93 -1743 | 2.09 2.01 1.77 -14.15 193 201 2.08
Average 466 | -040 086 0.67 | -2847 | 164 210 188 || -23.44 | 1.50 2.19 2.26
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Fig. 8 Example of images that are compensated

illumination mismatch by proposed method.
(@) Sequence “UIi” (b) Sequence “Ballroom”.

2¢] PSNR¥} HIE A7g2 =9 BAS

IS ges)
A% el $x3 Astelel Aol e
2004 HH AjZo] A= T 7HA WY
Feckerd WAlHt gyxo=w z4y

o
9]

7&

=

2 o
B 10 :
ox o AN H

o
et oo O
[0
ol
2
o
£
o)

2
=)
= N

AS 1o 39l 31, Ballroom, Exit, Racel, Rena Al
. Breakdancers, Uit A2 ZE9} 3t4 WS
A Az A g 7Hs A8 T oA W
(Prefilter +Actual Range Color Conversion)ol]lA 7}
2 A5S Wtk T3 Breakdancers, Ulixs A<t
= 7|l tis) Ade el & AlfzaRTg o F

& 4 oAtk dufstd S Al AT Algbel &

4 off

>
rr

]

.

=2

ol o E
= o’ N}
y T

2 rl
2
o
&
=z
o,
1o

£ 30

>
Mg 2 oo o

o,
ol
[>
i
4

Zy o] H=dh 8
| ", s|l=Ea9 v
AAA He A9E B
allroom, Exit, Racel Al# 22 A7kl
o] A& o] thE L, 10
9] zo]l&= AA A ¥ o] Breakdancerstt Uli
I3 AdiAom we A e Btk
Az el 3z s e g S|l AEH v
o] A8 tE F47Ee =Zag A
at7] wzolth o] F 2 /el Aol whet
SR wiS sk A sdE 2
. 19 9+ Breakdancers, Uli, Ballroom, Exit
13 A3s &= FH4RD curve)S Ho

(0T

AR

o
rr
>
o)
>
O

;8 Oﬁ';

o

lo e
BN
of

M
Hoox
> = &g
=z 2
ooy
g
gl
o 2
>

2

B S i = Mo

v

>,
o
ol

o,
e

o o

A

N

FO > ox, oM
NN
2N
|o
fr

-
oL

N
N
%0
o

>

0ol
[
o,

>
o



201049 118 MX3es ==X M 47 # SP H X 6 = 135
4 46 47 -
- /‘ i ”/‘
[ : 43 s % 45 = 46 F T
. 42 - i m A’ s A
! £ = -~ =T 45 b ai
v 41 ,,’ 7 43— e i .
il a7 g a =TT g4 i -
. ~ 4, 2 7 P =7 S/ e
(i B3y —= g 4 Lly Ent g
i gy < - & 40 %42— f///
y £l -*Original, Y 2ol | |=Original, Cb 3 {7 -=Original, Cr
" 16 | - Fecker's. Y s -+ Fecker s, Cb 41 / = Fecker's, Cr
v 35 ~PrefilteringtGCC, Y 3 ~PrefilteringtGCC. Cb 40 ~+PrefilteringtGCC. Cr
I ’ = Prefiltering+ ARCC, Y i = Prefiltering+ ARCC, Cb| — PrefilteringtARCC, Cr,
3 — ‘ 36 39 : : :
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
Bitrate (kbit/s) Bitrate (kbit/s) Bitrate (kbit/s)
42 r A 2 44 X 45 . 3
" ,/ L 5 o s 44t ra b L
40 ’ A 2 - . Pl
4 42 2 3 43 1 P
39 7 ’ s A A -
‘ = af b all B - b 2|
o 38 I ) 5 = p
=) ’ i) . - ’
=37 ' =40 7 /// [ 7
% 3 ] % / / iz £ 4
Z 36 7 39 7 3 4
s W A - /'y
g3 T —=-Original, Y 2 a8 s e -+Original, Cr
Ll N S = ~=Original. Cb ;
. ‘: Y - Fecker's, Y 37 + = Fecker s, Cb L -+ Fecker 's. Cr
f —-Prefiltering+GCC. Y 36 | ~-Prefiltering+GCC, Cb 37 L —+-Prefiltering+GCC, Cr
2 ~ Prefiltering{ ARCC, Y ) ~Prefiltering ARCC. Cb —~ Prefiltering -ARCC, Cr
3l 3 ' . 3 I
0 10000 20000 30000 40000 0 10000 20000 30000 40000 0 10000 20000 30000 40000
Bitrate (kbit/s) Bitrate (kbit/s) Bitrate (kbit/s)
42 44 7 44
" P =
4 Prary . e 5l A
40 it i Py 153
Z A% - oz
[} 9 e 2 - 42 Zo =
a1l a3 - = L7
| S Ea , R ¥ 77
4 o Vs
] % 36 77 % 20 { Z 40 oyl L
- 2 ’ g T . B /e | s
1 %35 /’f, S ?" -=Original. Cb ) i i--OngmaL Cr
: - w0 | & L | .
' 34 o Tecker s ¥ | =39 .‘/, — Fecker 's. Cb = 39 g ‘-O'Fecker s, Cr
. By ~Prefiltering<GCC, Y | s ~-Prefiltering+GCC, Cb P ~-Prefiliering+ GCC, Cr
% ~ Prefiltering+tARCC. il = PrefilteringtARCC, Cb 1*" Prefiltering+ARCC. Cr
3 — ¥ : : .
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 GOOD 8OO0 10000 12000 14000
Bitrate (kbit/s) Bitrate (kbit/s) Bitrate (kbit/s)
43 S 46 47
7] s 1 t
42 —E 4 P s 46 L
7 < 4 27 i
41 //“; " # ”/a 45 ’/ ,r"
40 = / P4 |
3 1 8l = 7 o e —%=
[; ~ 39 i " = = R / A _
: ‘ 43 .
% 3 g o | If ; ? / == ——
2,*0 . ~=-Original, Y A ~=Original. Cb o | ¥ ~*Onginal. Cr ‘
£037 + & z
® I = Fecker 's. Y s A |+ Fecker 's. Cb ) ! ~ Fecker 's. Cr |
36
—-Prefilteringt GCC. Y 10 |=-Prefiltering+GCC. Cb i b —-Prefiltering+ GCC. Cr ‘
35 ¢
- PrefilteringtARCC. Y! = PrefilteringtPRCC. Ch) — Prefiltering t ARCC. Crl
34 ‘ : == s 30 39 :
0 2000 4000 6000 8000 10000 0 2000 4000 6000 $000 10000 0 2000 4000 6000 8000 10000
Bitrate (kbit/s) Bitrate (kbit's) Bitrate (kbit's)
(a) (b) (©
o =l i = =] =]
3% 9. &Y= Jl=dw (@ Y M2 (b) Cb HE (C) Cr &2
Fig. 9. Rate-Distortion comparison of different coding schemes (a) Y component (b) Cb component (c) Cr component.
= o zod 9l x]9o] % = 5
V.2 E o= gz #9 9A9 Aol Fom g <A
=] 2 = = [
Al 2 2 =dA d4e] BASHA HaL, ol=
=] A =35 H 53 A= =] o
B R AE A HEe B53 Ao 2 A" oAl Elde $E8 A Aske A910] itk oy
= 5 = = O =] = = 5 i=4 O = =] o] =] = o
G e 1 Aeolw 9 s &S Aste 2AlE g 2AHE alde] AAste] & =2l A= RGB A
> =) =) = > o 3 = o~ = o= 5 =
3 dstr] fsto] SR v 7S o] &3 &3t TxAA FRE e s2Eaf Yo 2 By a3
B0 % o = = 3 DE Sk O 5 > 53
A 29 292 B4 7S Agtesih vAlA H = FAI7] s S e dAe Y

(858)



136

[1] ITU-T RECOMMENDATION H.264 “Advanced
Video Coding for  Generic  Audiovisual
Services”. May 2003.

C. Doutre, P. Nasiopoulos, “A Colour Correction
Preprocessing Method for Multiview  Video
Coding,” Department of Electronic and Computer
Engineering, University of British Columbia.
ol-gA], A% A, “SlAEIH wjHE o]&
& oA HH 2] Sl Al AR BA 7R
Sh=rak3rsts] sk l3], Nov. 2009, pp. 191-194.
ol A, AMY=, AE, A, ‘A vt
2 BS99 oA WEAes nEd AR
AxE 71W7, SieEets] ghsols], Jul. 2010.

U. Fecker, M. Barkowsky, and A. Kaup,

(2]

(3]

(4]

(5]

o 5 A{(s44 8 9)
2000 % eka 4743
SA} 2
20000 ~ @A) - 3

AAg et A 7
<FgHA ol B, ARE, A%
A2, WA >

s}t
&1

7

S N

mE Tlgkel B2 7E 0|84 2|

“Histogram-Based Prefiltering for Luminance
and Chrominance Compensation of Multiview
Video,” IEEE Trans. ,vol. 18 no 9, Sep. 2008.

U. Fecker, M. Barkowsky, and A. Kaup,

“Time-constant histogram matching for colour

compensation of multi-view video sequences,” in

Proc. 26th Picture Coding Symp. (PCS

2007), Lisbon, Portugal, Nov.2007.

P. Brox, I. Baturone, and S. Sanchez-Solano,

“Interlaced to progressive scan conversion using

a fuzzy edge-based line average algorithm,” in

Proc. IEEE Int. Workshop Intell. Signal

Process., Faro, Portugal, Sep. 2005, pp. 10-15.

Keith Jack, “Video Demystified 3rd edition”,

Harris, 2001.

Y.-L. Lee, J.-H. Hur, Y.-K. Lee, K.-H. Han, S.

ChoN. Hur, J. Kim, J-H. Kim, P.-L. Lai, A.

Ortega, Y. Su, P. Yin, and C. Gomila, “CE1l:

illumination compensation,” in Joint Video Team

(JVT) of ISO/IEC MPEG &ITU-T VCEG,

Document JVT-U052r2, Hangzhou, China, Oct.

2006.

[10] Y. Su, A. Vetro, and A. Smolic, “Common test
conditions for multiview video coding,” (2006)
Doc. JVT-U211, [Online]. Available:
http://ftp3.itu.ch/av—arch/jvt-site/

[6]

[7]

[8]

7 Al 2HBAE )

1985 A g ot A x}-3-sta}
Al £
1987 A& st 233k}
AL E4
1993d Purdueti a4 7] 38k}
WAL £
1993 d ~1994d AR AAAA(F) AdA L
1994 ~1997d st o st WA ApEeh ) Fulge
19973 ~d A FLdsty dx-gsty w4
<FIAAEE 1 3D JAFAH /LS, Aol EH

719k G A e, vaAad A Eals A >



