W3 96-21-6-5

el CCD #He| AR Al&gS $13 He| dAEd
R R T, M W oML OB & R

Color Image Restoration for a
Single-CCD Color Camcorder System

Woon Na*, Yong Cheol Park*, Joon Ki Paik** Regular Members

2 <

Rl R Ay AEue iy " Aldel Wisty zZh Y31 CCDE AMEshe tialdl, M2 &
18] AEE FNA0R MEYSE color filter array (CFA)S} 31119} charge-coupled device (CCD)E A}-£-31
A2 A3 o8 E ol Hr R 28 P4 QY Fda 2 A% A E FAA Rt By FHHo2
248 de] ARE 22 Al YoM e o] 23ty gAY E KZHinterpolation)¥ 2, tt& H# AdE Alold
v A I Ede HAde] dAsle F3Hog 4AAAE A @t

B efiMe dal 9 Ay 2 2w A4 717159 A RS AF o183 2AEA 7R oA
d g mdo 7kl B9 sy Ee] AE3, @Y CCD 8 AAE ] 34 AHE A 2L 9454 A
2do] Alghgol =3 AGE GAEY A2 stedol FRE AA s AAzE Aot rhe s Bl &
A CCD 28 I+ 39 CFAS glvte] CCDRREE RGB Hy Y& A7 ol s A2y A F
obell Azt Al e aAdy dsher F71AQA FRHERY A AVIAE L G3hrt dojdet Agtd B
A 2Ele WA AT A ke el o FslE A A, A Fste ArAE Y detE AR RN 7t
HAge B3t Ad A2 AtE By A2l FaH AN AAA ZAUANM BE NAE 43S A
shobe A2 Kol Ak Al2¥ & §3H9 ¥ 22 finite impulse response; FIR) WE 728 787 &
AAZE 8 sfA o] Thed Ao) b & G otk

al

2 of

ABSTRACT

Instead of using three charge-coupled devices (CCDs) for the corresponding color channels, most consumer’s
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color camcorders reconstruct color images by using only one CCD with a color filter array (CFA), which period-

ically samples different color signals. By this reason the resulting image cannol produce the full resolution of the

input image. More specifically, a single-CCD color camcorder reconstructs red, green, and blue color channels

from a color filter array followed by a CCD. During the reconstruction process, color cross-talk among channels

(interchannel distortion) and periodically space-varying blur (intrachannel distortion) occur. The proposed resto-

ration system reduces distortions due to interchannel interference, and then restores each color channel by remov-

ing the corresponding intrachannel distortion. Experimental results show that the proposed system provides the

improved images in both objective and subjective senses. A major advantage of the proposed system is feasible to

real-time image improvement because it can be implemented by a finite impulse response (FIR) filter structure.
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Fig 13 The processed R, G, and B channel color
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1407



WBLEFSER L '96—6 Vol.21 No.6

«0.0 1.0 | «x1.0 0.0

0.1 01] 01 -0.1

0.0 08| 08 0.0

x0.0 0.2 %02 0.0
(a) R Ag

*0.8 0.0 | 0.0 0.8
02 04 04 -0.2
04 -02)-02 04
*0.0 0.8 | x0.8 0.0

(b)Y G A

«0.2 0.0 | «0.0 0.2
0.8 00 {00 08
0.1 -0.1¢{-01 0.1
*1.0 0.0 |1 «0.0 1.0

(c) B A

32 15 R, G, 2213 B Aol gk 470 9] ohi A gst
Fev A T4 dehath
Fig 15 Four different PSFs for R, G, and B channels
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Fig 17 Hardware structure of the proposed restoration system for a single-CCD color camcorder

1409



B 15 BB 3Lk '96—6 Vol.21 No.b

12 P2 T I = AN = S g B 2 e o 2 27 e
B3 ARy WS AH dojal R, G, 4B A
s shillg NaAalelA guteg, AR gl
Hue 242 7A dxy oA ¥ &(modulation) 2] 2
% A At

WoAel Al 7l AN Al §18 g o]
28 39 ol A 3M - A Lol it *llfl
AN A I SHal 3MAlE) kel Wl sl st Ags]

M
a2, HE A AA A W el E i pstel] 9 el
thre) sraly) 7l Aok crefuh Ak A A ¢
A Qe ARG 7 HWre R vhel CCD A g AL
of o)al Aul JAL A Al Ar 2 %
& AR FEYY &S %:z?l Ak ol i A g
3} Wir o] Fr = (M= D7j o] vt

V. dH B

noo A= 1™l A A4 FE ARl st
27 A A2 D .4%51,04 Aol 4} Aelyl ol
1‘}1} 2.2.33 9] )\1 Al 119] rgjhﬂ [SIRARRAE o} 01 Al

g Azbes AN "?";L'}-

x 256() 21719 2ol G er vig A ’z}'f’l: !
g sk Aehel e atel R Aol 14l 18
so e,

0818 el del Fodel RAld
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1SR ld:iHA Ix3|1x5[3%x3[3x5|s5x3|5x%5
R 6.95 7.10 9.68 9.62 9.67 | 9.48 |
G 519 | 532 h614 7.27 632 | 705

B | 743 7.67 | 1000 10 00 | 9.95 9.80 |
TOTAL | 689 | 7.08 | 9.26 1 942 | 926 | 9.25
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Bl 9] ® 5o wht ISNR G

Table 2 ISNR and the number of the tabs in the FIR CLS

restoration filter when a restoration process is only

used
ERs
ISNR [dB] IX3IXSI3X3|3X5|5X3|5x%xS
R 829 | 8.79 7.92”7;.53 7.88 | 8.43 A
G 7()(; 700 | 7.53 | 820 | 7.74 A 7.74
V Bﬁ 8.6; ‘/‘9‘2() wé.S? 9.22 | 851 | 9.08
TOTAL 827 | 870 | 8.14 | 877 | 8.12 | 8.60
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ISNR [dB]
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229 9o 09 ANEY S AFR s Eelw A 7.79 2.78 8.62 7.27
¢ ) 0.00001
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Fig 25 The R channel of the restored color image obtained

by using the estimated periodogram (ISNR =7.79
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