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Multi-Mode Reconstruction of Subsampled Chrominance Information
using Inter—Component Correlation in YCbCr Colorspace
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This paper investigates chrominance reconstruction methods that reconstruct subsampled
chrominance information efficiently using the correlation between luminance and chrominance
components in the decompression process of compressed images, and analyzes drawbacks involved
in the adaptive-weighted 2-dimensional linear interpolation among the methods, which shows
higher efficiency in the view of computational complexity than other methods. To improve the
drawback that the spatial frequency distribution is not considered for the decompressed image and
to support the application on a low-performance system in behalf of 2-dimensional linear
interpolation, this paper proposes the multi-mode reconstruction method which uses three
reconstruction methods having different computational complexity from each other according to the
degree of edge response of luminance component. The performance evaluation on a development
platform for embedded systems showed that the proposed reconstruction method supports the
similar level of image quality for decompressed images while reducing the overall computation
time for chrominance reconstruction in comparison with the 2-dimensional linear interpolation.

W keyword : | Chrominance Reconstruction | Chroma Subsampling | Colorspace Conversion | YCbCr Colorspace |
Image Decompression |

S 1 #080121-002 HArgtz g @ 2008 (28 129
X - 20084 019 21 WAXKL: ZAF e-mail : ykim@silla.ackr



>

A = (chrominance)

e

O
fo
-

>
T
i o N

4o
i

o
o,

f

o
B
i rf ro

o
i
ot |t

=]

k1
o
2
i
2

>
Jo g o o

ox N
AR

i

=

e

ox o

H

shofof sHoi2-4].

Folut AL 98 Ak 9l
F(JPEG &5 MPEG E5)0| A
(27 113} o] AE AR 8] 420 B 422
Atsted 285131 gloh{1]. whebA
Folalr] Y3l FHFH o2 RGB
171 7ol A &% (upsampleing) &
A RS 444 =2 A TFAs e oF 3

=
o

(a) 4:2:0 G4 ME
I3 1. MPEG EZ0AM H9

(H2 & 3= ME,

3= wlo] Al FAH(Bayesian estimation) 7]¥k] A
T S ARSI 2y of W vkl
Aoz Qs A BRE FHA HlEEH Y,
Qul3le H&H Sag sdshs d=xds A

(Feedforward neural network) 7|84 AH&3te] A=
N3 E A7 PEe Akt e, JE s

A FZ29 o|7l dA ARE o] &8t AARE A
o 3&A17It) Bartkowiak[4]E 329k A
W 3l&(gradient) ] 23| DHT BAL

ot
o

=]
=

do | ;10 frt
2

o
Mr ol
1o

O
Al

X

o
2
>

St H = AEY ks ARG ol &std TR E A
SH o2 ZAFA o] /FFREF o|E¢ 22 HF B3t
H(2-dimensional linear interpolation)S A¢Fait).
o] ¥l e Balsl AAY AME AlgshE 7)ol v]s)
A3 AN BEREE E98 kol HdE 94
FAL FEE Bolx gl

£ =72 Bartkowiak7} Al A3-4 7R & 7t
2229 A8 Rrbge BAEES $45, o)s ¥
AHe hAEke] makd FAje) 22 AT Al
ME AL 5 E I AR AR AT 71ES
Atsta, 1 45E H7Heh

B =R 7AL v 2t 23004 A= AR A

A

A7 dlolEl7t 2t BAA S0



76 SIEEHIXSHEI=2X| '08 Vol. 8 No. 2

2 2JF 7Hluminance-chrominance-based  colorspace)
& FE ARSI O] 23, 3 =-AE T)uke] Aol E
A ] 98 AT U7t IE JE
?45101 e Y, A= *v‘i—% A T2 A9l
gg3t] 24 Hel %

ko] RGB Z &3t vlnste -
AeE Pk ozt TR
21 e B Fa vk
Bartkowiak[4]3= 1%t A1zt *l’\“‘°l e} FA
ol Rigsithz A 544 A3 A ZeT
o TAEES Bt HEAH o2 ago|2AY o
VA Z Yehl L o) o]u| o] tha] vy ks B
3 A& FZ3 Previr A4HE A 8510 3ha7ke)

%i}%% Ak %3}%{‘4 @il §IE9Jr A= ‘““i}° s

A &S
E’\B—h}ﬁ]

\_
o %

il

oy

U
2,
r <
2
_hi_
i
g -
7]
2
g
~ 4
B
=
2§
B
Q.
@
%
mlm
A

v‘i-* ‘}‘”‘:} 2383, 3Es AR Hskgt

A7t %EH olF ARAteld] FEdART o =

T Alew, 4= RGB #H#F 1t

TJr7P S skl w3, skt

9 7%4% dAsHA soltets ojdd dadAdl =

A 4R U]ilxl Bae 2482 T3 gAsAch
q

2.2 MgX
34 Bartkowiakh Aok 4¢
A9 4P Bl 144 49 3
B} olf3e S2ES Ate 29 Waee (2
# 2ol RAFE Pt o) BRY & ATk

IIERIE 71 2K MY H7H

a3 2. f=et M HRA0| Haks A

3 2t
L—14 q—q‘
T, X, T, %
= 1
Loa[" 1674 W
T, —.’L‘O Z2 _1170
L-L| |G-G
e 2
a2k @
2(2)& ol &3t ATt shs Ax R ghe
A2 & gl AL 4 @ To| HET & Utk
Cy=k, C, + k,C, 3)
|L2 — Ln| |I’1 - Lul
0:]7]}\1’ k= F - LOH— !L ‘Ln! k= | - L(l|+ ILl - Ul
£ ol 190 47 okd 71538 Aejsta gow,
Ly, L 223 [ Abole] #AIE uejste] A 320w
gk,

1349 A% B2 e 23H A5G4 HelE)e] o
ﬂﬂﬂﬂﬂ”@giﬁ%E¢Aﬁ}&m@mW}
AL WEe (17 315 2ol 2 BAZ FAT R
WANA 4 3 olg3te] oIk T A A= A
E2VE 37 AE 4TS AV T SR
dee) 4FB F7 AES o g3te] AE AR Yz}
POz 2 HE FUSD 1 A% e Ao
2 2Y3] AFH AE 4B AN



77

e YHo| OHF RE M7Y

YCbCr HHZZHM 7

H
H

Tl
o

)
=1y

<

Y
11

%’ -

50000
45000
40000
35000
30000
25300
0000 +
13200
13390 4
5000

b
Cobsn
COBOT

g0t

46

15

- 58
T4

£4
£3
9

s
L &t
X
Lk
- 1E
¢ e

61

cET

2 o 9]

o

o, o1

L

.

& e A= Bl

1A &3 gl

)

(e}

g 4 8

-

273033363942454851 5437 5052666897275 78

BIe 59
Wl 2} 3ol 28l 745X gho] 25 0o] Hof

AeE A

<]

1

3

ped

«

A

F 9 91215182123

H O
1= 48E =

A

boll o

(=]

2

A

2

3]

a3

SHA

200050
253050
306090 e
150000
1300563
S0000
_‘
A, 2
)

2%

=1
ol—

43
el 4}

ey AR AR AT
HZPHel of3] A4

°©

35

4 71t wae o, 2309 A

Bl

Bartkowiak7} A
He AT 7Y Al
3] Q17+ A7 A|2"o] o zpolE A

2.3 H|

A

CERIREC R

)

A

b2
)13 B

o
=

)‘\l.

Al Al

7z

=
K3

kol Aiol7) Wiel

A 139 ] 7}

3

1] 9

S

A4

oo W} e,

or

G

=

o]

A7t

o]

Z(Objective

HImage Quality Assessment)

H #rch

)

IXl =
oE =

=

Image Quality Assessment) 7ol s &

2.4 3¢
ASATHB-10].

1

],

AUt 54 gl g Bite OS Fo
A eMH=s} agn @ & o,

(edge)7t &4



78 SInBH=SI3[=2X| '08 Vol. 8 No, 2

gt oz MSE(Mean Squared FError) EE
PSNR(Peak Signal-to-Noise Ratio)o] %4+ Al5 9] of
7= 7]gksle] °§’3 FAE &3} Ve

A Ak g s HEd Bl g
7Hg Bol H&EaL gl T8y o] e

o
ol

o2 R o
H

d rR ofl o
- fo

tlo it hu

oA olE F4 WHEC] U] ANF = J4 FR
43k de Pr"—i?'é}f}%‘% HAF ITHE]
ool It FB A FEE Es) S o

7] 71 g 11]°P51219.U1, HEAS ReZ PQS
(Picture Quality Scale)®} SSIM(Structural Similarity)
index %l ATHIIIO0L. PQSE Thkdt 3 ¢1x] 24
&2 AN o) 7hs Ao shte) E
2 ANk A #A o) BE Bt ojel Yo
B3 el tEidE F2E S48 Eake 4e

7h A ﬁ“:}[9]

32 =3

(contrast) ¥]2 ZA gt 18] 3459 ABHAAE o]
3 T Z(structure) ¥]
4 Ed 23AS 71]1‘}"25}5}[10].

5]
SSIM indexE Al%bete] F2 g AWAstan ol
SSIM index&¢] BTgt& Artale] shte) 4 3
ZAX)(MSSIM: Mean SSIM)E | A 3t}
B =EE Uy 9% *“°ﬂ i’”*"ﬂ’ﬁ 22t9 My
FEHA AL 2
d T e e XH:r“é 71Eg At
), "é% H7ke] HolAd 5& mEshe] Aot

1= 18l SSIM indexS AH-8-3}

2L e o2
é
b1
oX,

i ok mi o

-IW mg H }'ﬂ [:\rl" T
]
ik
o[X
J&
o[r
o,
N

ki

ll. ks 2E Mz 7 71Y

B RO 23804 A BAEE 428 1
Bishel 209 M3 RAUH FAHE FEY 29 9%
F28 AYshaA AR BRESL o} mukel 315

o
o] we Aeg 7 Al2RelA HEo] 7 A%
q
°

oA Altshs AT 7L 234404 B
g eI G TERER] AR e NHS A
A A 2gle EAE e et Ak Aee 4
BAA ) 7Hkste] 35 ] sl A7) vt
A= AR AT e d2A Hdke ve L=

Al 74 (Multi-mode reconstruction) 7}%io]t}. Aste
AT 718 F2g s AnEd oga 2ok
DPﬂll st e A ME EH——o]—-‘E o=
F S5 thah oA EA ARE W2 ¢
A YEE(R)E Attt oA ¥ers Hx
o AE =5 HellA 9] Ml gradient) @& SA 5,
+7 2ol Ak,
y(iNG, 770, DE 2x29] 3x AF £S5l & w,

o A

3% oX
ML orir Mo

mlkl T m
oX

~—[Ey03 zl]y )} @

i=0 i=0

= 3| Ze0 - L]

i=0
G=+/(g,) +(g,)*

Toll wet 24zt e A4
7I¥E A&t oA g2 da] F e YA
(threshold) (7;, 7,)& AAstaL, A B3=7F A A
A GAA nETG ol Aw ARE 93] Bt
T e AR % A7 7S AEska, 7 A
°‘74] A LEY 5L Fede A8A 7bEAE Hd 2

=

@A 2. o)A ghg-xe] 4



79

RO 08 2E M7
o

A

WO Mo
L:E@}ﬂwim‘_oi Hd.
uwﬂxwx:oo_aoh% oo
oy oj lrﬂoﬁlﬁo ,&_m -
Urwuleﬂu7e?ﬂl S 5 3
ga,_oxgﬂp1w oy ¥ 2 o35 &
Jlgﬂon*nlug*o;o,_du._o ™ L Bf = b= &ML R =
WQMomd.ﬂﬂiu% B Lo 8 = |21 858 8 o
5 A hm ok Q c || 282 5 R o
2 5o _° © = % 2 |5|28% < o o
i il 1 X phn = "o 7o) o | =32 &) k] ~ o zn D
L= 9 LS R ol o < ©lao| . gl=2g| § o T3 C
oﬁ-tﬁ.q iy . 5| oo 8 23 e
oom S Slel g |Eos2 25 o = S8 F
o A =~ ~ B o 5 Q| kY mwm >3 Jo o ol oy
o) o <X T T %X TH = = o | = c 828 a il o =
<0 A,Aoz.lﬁw_ R < ] = L(n\fD. 5 E Ho‘__o o =
= = A zn 2 8 £ |5|822 ol do gn ] T
ﬂwo.ﬂo_qgonn”oo = T 2 - S| S22 | o+ ‘mﬂxo]nﬁ ol
~ELmER & B 2|2 |3|888| 5 NS <
-~ @%ﬂyﬂzz F o M Ro[ € 2 1g5/882| 5 W oo P
o Hnmo%ﬁo]midvm gaiam ) p mﬂw g 7m]a:|_mw2mv
B0 x@a?@%w_@ wewm R 3|18 | R w o E 3
L_O EJI%O,.UAH ,DvOUJI ﬁow_.mr o < S ﬂ_,W‘.Mo lr‘_HA.m7 —
%0 S a1 EmEE B8 F TR %
%annztr%%ozdr&mo,7 Rlz|2l g8 2 Eﬂlegﬂ‘mﬁu
. d|7 ]xOur_ Mo gg =< T 5 Cmmms £E_ oy E]Qﬂ ~
> Ho mp ™ o N W W - w Jlo L kg o a8 ooz K == Neo  ~
—_— oo ol Ltﬂmﬂ POIJ,AI._Mﬁ <} %0 = MT. P.W/ zTﬂ./l.AEMI_/rn//u\
Lo EAE Y . g | 7" PHY N x5
GG - clC
#oul z Lo R e
H I z ﬂ%&iq i
= U~
2 1er))7
n ,n_%(/nm@m
0 T
;o "’ —
WETERSE ko w s
T oo o % R —
51 qarwrlﬂ% g B KW G _
~ BRE R = o N o T B E
et MU Cmﬂoﬁa\/%l %o o o
o ~ =M R ] G~ z i
= R 1 Ol gy W o R
= o B S R K T Wy T o M B
Eﬂwg:@ = =W E o o Koo
T oy T TR — R
Ko @w‘i%i & o7 oo == § o
oo o#o“mwb_o_o Homwmwhﬂo z £ _]on._
m._ TR o o) D.IH \,Al‘_ o BN \_M” 12%1 = = o H_ﬂ_
s BrETiLTriis o of
=3 T Mo n }O#Vﬂr. _ A Ak
.Ho%%ﬂﬂmMéEh}oﬁl = = o T
© ??E%meugumoﬁi@_?_ s 2 = ow T
y mmﬂm}ﬂqﬂ@aMW%% = S T oR
S ] HA.I _.i mu. ﬂ ™ [EX < W T ~ FI E,:I.IE: HT o ,m..ﬂ 10
g r Qzﬂﬂﬂﬂl1;¢. I = =
& T o do — Judldlwx ! 0l I oo
ATL]LaHL,omﬂJxﬂ& o = =
wri_mﬂmuuz_-uﬁo]r,;oq .,muor. = O <°
Eazmlu_%w«ﬂaroﬁ g e ¥
5o oo T = B T me % ,,m, po o
E*_.AT_LJ,E_E zumoﬂul
%o 1o
WX
" A

©6)

A ()3 2

2R

e JAAE

[

A A]

[}

=

=
[

T A
tod ALESEE

3

3

3
e

d
A
=



oo
o
ok

I ZEHX3t3|=2%] '08 Vol. 8 No, 2

OE RS ATA Z1Ee oA Bgme] djd oA
o el ol 44500 oldf & g gl 44
g G dal 59 2 51 Wske NE $Eg A
A 48E B A% 298 nesd 0F RE A7
4 718e] B 0] 249 AY ughgel B9 £
o &6} sags— AA m, T»—g 7, 22 3%

%
%

% ?J_H]—;G oz ]PEGr
9 45 Bkl F2 AHEE Ggoz o n

A (2™ 619 57k 2d 341G
JPEG =9 glo|ByE o]gsle  U=(quality
level=50)%F Fofl Altd 7He =
AT 7IHe Je3to d&d

(a) Lena
(512x512x24bits)

(b) Boats
(720x576x24Dbits)

(c) Baboon
(512x512x24bits)

(d) Barbara
(720x576x24bits)

(e) Goldhill

(720x576x24bits)
3 6. AY g

B g F2& grsl] As 98 949 &
Aol ti3) PSNR¥} SSIM indexS &4 3ked H)wls}
Ak olwl PSNR3} SSIM index?) 2R Fa&3
[12]01 4 A&3t= MSU Video Quality Measurement
Tool ZEI1AE At 54 449 SSIM index
& A4 71EdE vas dues (29 719 2ok

0587
B — N
— c
oo W
054
983
M o N3

o W d ~-Goldhil)
st i BOBS

a? s Barbars
083 i B3boon
08%8
087
088

T RN IRENERT INEMERZ URIDHFY

[
o
=
2
>,
o
4
3o
i
©
o
o)
ko
[
2
By

o

40,

of

>

>,

e |

e
o F[O il

2]

S

2

o

fit

Y

rﬁ

norx

o

e
Mook A ox

rjg
2
o
Lo
o
ot
== mlo
kel

=
-4
ol
2
£

2
o
o @ im o W £

BN
o
S
=
rir
pot
F1°
>

o ot
ox
il
1o
ok
o
M
k)
oy

i (51

i)

oX,
o,
N
)
Ru)

[ﬂJ
=
&
i3
B
i
ol
§
=
of
oy
o fo

%rﬂn e

b
N
=N
I
I
il
N
%

YCOWCr Aelg7kell A =)
HqF kel BE T4 % (Red, Green, Blue)ol 9%
ok Ae AR A74 7ol RGB #3e] +
‘A Eol VA= FFE AR Y3 7 A A
E PSNRE 5438t vladtedloh. [19 819 (@<} (b)
Y7t Lena®} Baboon 47dllA A4 =1d¥ PSNR
A4 71EEE v Relch

e rir



81

HHo| O BE 7Y

88 SAH

i

Ho
o}J
3K

ol
58

s BOBYE

iien Gorgihil]
e BAROAN

g LR
~3-Barbara

a7t A ekta

& Al

2
#of

A
4 7l

off vl A

a3 9. X+

wAH o2 15726%9)
B0
400

200

3
2000
180D
1600
1450
{mse.

o]o] ¥} Baboon

D

YCbCr Z{S oM 7

©
-4
&
o
i
L]

#G-PENR
# 3-PSNA
B R-PSMR
WGPENR
8-PINR

}

PSNRE SSIM index

[e)

L

(a) Lena FAOJA{S] MA} z{e PSNR H|Z
(b) Baboon GAlMA2] AiAF xiE PSNR H|Z

a8 8. MY 7ldHof mE MM xHE PSNR Hlid

[2E g]

20 -

ol

Baboon %732} PSNR ¥13}%0] A Yeht

o|&
TEA o

A 484 73

HE.gkor, YChCr

Rz

719l e 4

A ghol A st

L

3t

k<)

274

=
=

ARE

o RE7t 27) Wl

3

B
M)

J
b
"o
=

puln
i

el

1 9t} 718 2 Bartkowiak7}

3

AR
o

32

JPEG decoder

el
=

Az

Bo

Jjo
o

X

o
T

ol

1

AR

V= g AT 718 Aole] 48 A7 o]

EYA| viele] st

]
=

43

=

=

A

o

e
oW

ol

Atole] Bl AZE A}l

v

30
7o
R
<

J

]

(28 9lell M

o] 2kl gt

H
H

ted At 7]

I3

359

o A

°|H, Lena @A thg 2= A4 719



[00)
N
ok
1
rky
]
Lok
ﬂ
I
A0
A
=}
(o]
<
o
[0 ¢]
Z
o
N

4 ot of o
e S ox Ob ofk

e oo
e
B
ol
2
2
iy

o~
o}
=
rE
]
<
ol
X
o,
oft
]

(1] ISO/IEC IS 11172-2, Coding of moving pictures
and associated audio, part 2: video.

(21 B. Schmitz and R. Stevenson, “The
enhancement of images containing subsampled

chrominance information” IEEE Trans. on
Image Processing, Vol.6, pp.1052-1056, 1997.

81 G Qiu and G. Schaefer, "High quality
enhancement of low resolution colour images,”
IEEE Int. Conference on Image Processing and
Its Applications, 1999.

[4] B. Maciej, “Improved Interpolation of 4:2;0 Color
Images to 444 Exploiting
Inter-Component Correlation,” 12th European
Signal Processing Conference EUSIPCO, 2004.

[51 J. S. Abel, V. Bhaskaran, and H. J. Lee, “Colour
image coding using an orthogonal decom—
position,” Image Proc. Algorithms and
Techniques III, SPIE, Vol.1657, pp.58-67, 1992.

6] X. Wan and J. C. Kuo, "Colour distribution
analysis and quantization for image retrieval,”
Proc. of SPIE Conf. on Storage and Retrieval for
Still Image and Video Databases, 199.

[7] S. J. Sangwine and R. E. N. Horne, The Colour
Image Processing Handbook, Chapman & Hall,
London, 1998.

[8] G. Sonja, G. Mislav, and M. Marta, “Reliability
of Objective Picture Quality Measures,” J. of
Electrical Engineering, Vol.55, No.1-2, pp.3-10,
2004.

Format

{91 M. Miyahara, K. Kotani, and V. R. Algazi,
"Objective Picture Quality Scale(PQS) for
Image Coding,” IEEE Trans. on
Communications, 46 No.9, pp.1215-1226, 1998,

[10] Z. Wang, A. C. Bovik, H. R. Sheikh, and E. P.
Simoncelli, "Image Quality Assessment: From
Error Visibility to Structural Similarity,” IEEE
Trans. on Image Processing, Vol1l3, No4,
pp.600-612, 2004.

[11] Wolberg, G., Digital Image Wraping, IEEE
Computer Society Press, Loa Alamitos, CA,
1992.

[12] http://www.compression.ru/video/quality_meas

ure/video_measurement_tool_en.html

7 4 F(Young-Ju Kim) kel
}

m £ 19009 29 : At AN
| AT SAIA])

£1900d 19 ~ 1964 89 : 7
HAAFE $eAsdATA
i

YA
1909 89 : $ArjSm A

g

<HEHHER  EEPYE, 94 2 4F =
Q

oh Y, Qe Ea A

’



