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Abstract

In the digital camera system, CMOS image sensor (CIS) is widely used because its size and weight become smaller
and power consumption becomes lower. However, there are common problems that colors of the recorded image do not
match those of the photographed object and that spectral sensitivity of the CIS used in different cameras varies largely in
each case. Therefore, color correction is needed because the spectral sensitivity of the CIS in each color is neither the
same color component for most standard colors nor the appropriate color representation for any output devices. In the
conventional method, a color correction is empirically obtained by a large number of iterative experiments, but the result is
not so satisfied. In this paper, a new method to obtain the efficient color correction matrix for digital camera using CIS is
proposed. We obtain camera transfer matrix under the certain white-balance point, and color correction matrix that makes
the transfer characteristic of digital camera close to the transfer characteristic of ideal camera is obtained. The
experimental results show that the transfer characteristic of digital camera by the proposed method is close to that of the
ideal camera. In addition, the image quality of pictures of digital camera using the proposed method is dramatically
improved.
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Fig. 1. Block diagram of imaging processing for digital

camera.
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(a) RGB pattems and (b) CMY patterns.
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Fig. 3. Schematic diagram for camera characteristic.

o] &34, &
g RGB 3ol
Slo]E WA~ (white
4% 33 WG AP o
T8t 714 13 A
54& 7
g o], dA) CISE g 2y 2R A I §s
FHo| A+ 24 T o]FoAn 7] Wl 3x3
FH2 FA= e A F2H AF PP vz HE
st Ay 2AES AT 7] "ol
HA, B =84 AR AF FiviEte] de 54
& T3] fg FAEE 19 3% 2o Algae
19 Jerd #elx~ Ay A7# (Macbeth  Color
Checken)®] 124& AME3ET, AlPNE Fd ¥
(viewing box, GretagMacbethA}2} The Judge II) W<}
TG AAAZIL 71E FU Des dollx 2HER
2] o -ul¥ (spectroradio-meter, Minoltar} CS-1000)
& Mgt A #AX, xy o FE, Y & FAHSH o
o #d 274 2 FdY 758 (geometry) S 1
st CIE 714 (CIE standard illumination and
viewing geometries)?] 45/0 & FAIStAx, A A
£33 3Y 2 ASTVIe A8 73 A A AT o
o] A7y AAE T #4948 (uniformity)E FA 3t
9;\1:}[16]'
A svlete] de EAE 737] Ha 283 i
%% RGB #< ¥t F4L 18 404 2. o]
A Amstd, A i 4EF 3k e A

e o

ol

2}



12 FHEE
1, NEo o|3E AlYM
Table 1. Test colors.

Test color X y Y
Blue 0.1972 0.1424 15.88
Green 0.3093 05026 61.22
Red 05374 0.3172 30.77
Yellow 04433 0.4801 147.40

Magenta 0.3751 0.2468 4824
Cyan 0.208 0.2784 4740
White 0.3220 0.3403 196.20

Neutral 8 0.3201 0.3425 131.80

Neutral 6.5 0.318 0.3398 8162

Neutral 5 0.3182 0.3403 46.16

Neutral 35 0.3159 0.3376 22.75
Black 0.3136 0.3319 9.42
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STEP 1. Gamma setting : sety, =1 for the linearity of
camera input and output data

T

STEP 2. White setting : set camera RGB output for
neutral patch being 1:1:1 and fix

T

STEP 3. Exposure setting : set the luminance for white
patch being 80 IRE ~ 90 IRE and fix

=
. Y
STEP 4. Balck balance control : control RGB bias for
black patch

R

STEP 5. White balance control : control RGB gain for
white patch

Balck balance

Yes

STEP 6. Acquisition of the camera output : average
value of the camera output RGB in the center

a8 4. Fiolet £33t RCB &5
Fig. 4. Data acguisition process for RGB of camera
output values.
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Table 2. Transfer matrices and camera output values for
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Table 3. CIE chromaticities for ITU~-R BT.709 reference
primaries and white (ITU-R BT.709, Standard of
internet  color system) and camera transfer )
matrix. -
r — Tristimulus value XYZ T —
RGB Primaries [Reference Ms T — CaTma
Red |Green| Blue Jwhite, Des Standard Camera transfer function
x 10640[0.300[0.150] 0.3127 32300 -15322 -0.4969 . Se =My T
vy 10.3300600]0.060| 0.3291 -09701 18777  0.0416 Standard RGB B
= 10.03010.10010.790| 03582 0.0557 -0.2042  1.0579 o olor space Color Correction
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Ll 20] ) Fig. 5. Block diagram of color correction for image
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Ms =Mcc 'McW (9)

7b oo gt whabd B =RoA Aekd A A
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M, =M, Mg, (10)
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Table 4. Color correction matrix obtained by the
proposed method.
Color correction matrix Sum of row
[+1.8322 -1.1775 -0.0774] 05773
MoccRGB —0.6698 +2.0433 -0.8286 05449
|-01222 13150 +1.9960 | pergs
Non white [+2.3014 -1.1572 —0.4392] 0.7050
comtpensa* MecCMY —-0.7239 +2.1346 -0.6997 0.7110
1on |+0.0734 —1.1125 +1.6856 | [ 06d65
[+2.0954 —0.9965 —0.3979] 0.7010
Mocci || ~0-6689 +2.0920 -0.7611 0.6620
[+0.0067 —1.1052 +1.7379| [ P304
+3.2587 —-2.1197 -0.1390] 1.0000
Mecrag || 111906 +3.6785 —1.4879 1.0000
-02172 -23673 +3.5845)[ 10000
White +3.3232 -1.6716 -0.6516] 1.0000
comtpensa Meccmy || —1:0453 +3.0834 —1.0381 1.0000
1on +0.1060 —1.6070 +2.5010 | {0000
+3.1129 —1.5043 —0.6086 | 1.0000
Mocamv | | ~0-9938 +3.1581 —1.1643 1.0000
+0.0100 —1.6683 +2.6583| {000
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Table 5. Camera RGB output value for test color.
ldeal target “Uncorrected Corrected
TIESt standard camera camera camera
S T GIB|IRIG|IBIR]G|B
Blue 10 11| 76| 42| 51| 77| 18| 33| 107
Green 161 79 14y B 97 76| b1}|115| 41
Red 114 8| 12108 61| 53|172| 31| 43
Yellow | 202 | 146 31206179 111 254 200 8
Magenta| 127 | 22| 731119| 8| 9] 171 | 45| 119
Cyan O 58| 8] 63| 8 {108 24| 79| 135

(313)
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Fig. 6. rg chromaticity coordinates for sample
patch.
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a2 7. HSV M ZEHOIMS MA G M
Fig. 7. Hue and saturation in HSV color space.
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Table 6. Color differences of sample patch in the rgb and
HSV color space.

Uncorrected camera Corrected camera
Test color
AE rgh AE SV AE rab AE .,

Blue 0.4060 04159 0.1433 0.12%
Green 0.4089 0.6003 0.2083 0.2289
Red 0.4486 04223 0.1861 0.2528
Yellow 0.2748 0.5267 0.0320 0.2049
Magenta 0.2492 0.5256 0.0757 0.1953
Cyan 0.3090 05910 0.1278 0.2665
Average 0.3494 05136 | 0.1289 0.2130

Relative color difference [%] 63.1 85

E 7. Z 7iozlel v H
Table 7. Transfer matrices of each cameras.

Camera Transfer matrix
T+32300 -1.5322 —0.4969
Ideal target camera -0.9701 +1.8777 +0.0416

|+0.0557 —0.2042 +1.0579

"+1.5873 —0.1199 —0.0874]
Uncorrected camera -0.0693 +1.0626 +0.3501
|+0.0698 —0.5589 +0.8311]

'+3.2062 —1.4921 -0.3630]
Corrected camera -0.7308 +1.7240 +0.1173

| +0.2451 —0.2843 +1.1494 |
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Fig. 8. Transfer characterization: (a) Ideal target
standard camera, (b) uncorrected test camera,
(c) corrected test camera, (d) Sony DSC-F505V,
and (e) Kodak DC-4800.
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