DEri=

W3 96-21-6-5

el CCD Z] A2 A& S 93 e 94583
R OB T, M W WL B & XU

Color Image Restoration for a
Single-CCD Color Camcorder System
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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 cannotl 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 3 The restoration structure of the multichannel Wiener

filter used in the proposed method
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Fig 11 The method to convert frame positions to field
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Fig 13 The processed R, G, and B channel color

positions components
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a3 12 9= 91X E 2= CFA/CCDY 714 9= 43 4%
Fig 12 The odd field color components of the CFA/CCD with “field” positions
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Fig 14 The block diagram of the proposed decorrelation
and restoration system
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Fig 15 Four different PSFs for R, G, and B channels
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Fig 16 Color components decorrelated in the processed R

channel
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Fig 17 Hardware structure of the proposed restoration system for a single-CCD color camcorder
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Fig 18 The R channel of the original color image
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Fig 20 The R channel of the restored color image by the
proposed method (FIR CLS filter =3 X 5. ISNR =
9.620dB)
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Fig 21 The magnified R channel of the color image

processed in the camcorder
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Fig 22 The magnified R channel of the restored cotor im-
age
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Fig 23 The R channel of the restored color image ontained
by using the original periodogram (ISNR =¥%.15
[dB])

el gatuAst AuAA A A gl 23 ISNR
g3t AFEE FIR CLS -9 Hee] "71 33 1904
wojAvt el ASSAANA B34S Ast 3
il 9] FEAnE F9§-8 u FIR CLS 54 U
el 5o mE ISNR gho] 3 2941 Rodzlth G
iwon ek A% Ar R A9 w5387 oE

o ¥ vl iz AA S G

H L FHe @E A AaaAAA HA o of ¢ ISNR
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Table 1 ISNR and the number of the tabs in the FIR CLS
restoration filter when the proposed decorrelation
and restoration processes are used

1SR ld:iHA Ix3|1x5]3%x3|3x5[5x3|5%5

R 6.95 7.10 968 | 9.62 | 9.67 | 9.48 |
G 519 | 532 h614 727 632 | 705

B | 743 7.67 {1000 10 00 | 9.95 9.80 |
TOTAL | 689 | 7.08 | 9.26 1 942 | 926 | 9.25

E2gel @AHAUE £UL ® FIR CLS %9
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] IX3 I XSI3X3|3X5[5xX3|5X5
R 829 | 8.79 7.927" 7;.53 7.88 | 8.43 A
G 7()(; 7.00 7 53 | 820 | 7.74 A 7.74
V Bﬁ 8.67; ‘/‘9‘2() 8 57 | 9.22 | 8.51 | 9.08
TOTAL 827 | 870 | 8.14 | 8.77 | 8.12 | 8.60
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Fig 24 The R channel of the restored color image obtained
by using the observed periodogram (ISNR = 4.5}
[dB])
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Table 3 Simulation results applying an imaging system of a single-CCD color camcorder to Na’s algorithm
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¢ ) 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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