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Fig. 1 Bayer color camera imaging principle: (a) Bayer color filter array;

(b) color filtering and restoration; (c) pseudo-color image imaging process
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Fig. 2 Bayer color camera spectral response curves
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Fig. 4 3CCD/CMOS color camera spectral response curves
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Fig. 7 Channel separation image of 3COMS color camera: (
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Fig. 8 Sub-channel gray histogram of 3COMS color camera:

PAT 00 2 525645 2R 0 1) 1k 4

ffif8 LA 4 E I K (510nm~570nm) )G 35

5 A HIL AR D

(a) conditions 1;

(b) conditions 2;
T AT Ll 7E 3CMOS A HLAT I B — 2 g Uk f . HHTTEITHQ%*&,
SR b SR FRY K KR SETT

(¢) conditions 3

i 7y



555 LEHEESE. CCD/CMOS ¥ 807 H HL B 5 48 8500 1 5% 603

B HA Gl iE e 52, 1 7E R 1 B 3@ 18 o JU-F- J0 e g S 5510 RE 9% e 1 Ay PR A% e %) B 15 5 i
IO T B, B JC O BB AR A T RIMR AL RS K A IR AR s B L B E ) o [FIEE, G 0 K
B R K BE BB AR R )2 MiAE R M Bl i P AR C N, T80 1, T8 3 fSE g SR 5
A, X — IR B R T IO R 3CMOS B @A AL 4 3 3 R A AR B R PR
2.2.2 FFIREEAHNL LI LS

FEIRF AR R 38 18 53 25 0 30 5 K B B gt it e a5 R an &l 9 &1 10 Biros . DL H v — 28 4 4
(T8 2) AT 50T 23 38O B 8 AR S - 9 510nm~570nm A4 Y6 3 B35 AH AL 938068 A s
FEIR B AHAIL 48 2R A5 09 MR A 220 38 73 25 ) ANAE G 3B ThOR FEme i s 20, HAE R\B @ E A
Me) J7 ] B 5 B T VL B A B B 7R T AE AN A TG R.OB L KRR, T 1 AT
3 IR — B SIS AL . AN A T 9 22 K BE e ;2% B FE IR OF U AH B R A AR ™ R Y 68 R R

W1

9 FEARF (NI HLE 8 43 5 114
Fig. 9 Channel separation image of Bayer color camera
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Tab. 2 Gray level distribution statistics of Bayer color camera
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Tab. 3 Gray level distribution statistics of 3CMOS color camera

SIE T WiE R WiE G Wi B R iE e
T 1 43 (35~77) 3(9~1D 3(8~10 —
TH 2 3 (9~1D 27 (76~103) 2 (9~10) —
TH 3 3 (8~10) 2 (9~10) 23 (28~50) -

AR SCES A 3 B a9 e 2 B e SRR S L Sy s PRI TP ] A L R A T
FRPLRNL . NFR 2 TR 3 48 T 0L K JEE G on A vl LAFE IR R AR AILAE AN A 38 18 A 22 0K i i
1M 3CMOS # @ AL A TSI . K n] LA L 98 JEH 6 T 3CCD/CMOS F (A0 AL AR A A7 76 3 (8
HR LR 5 T ZROR C AR LA A6 7™ B A0 6 e 08O . g 303 S 36 e I R JR A WL o 230 €2 B 40 S5 AR AL
T 7 p A TR 4 5 2R 1 el a3 (4D T AR AL v A5 A D' R S B e R S R — B T A A i 7 il 2
A 45 38 T8 HH A AR 23 AR g H A DA % 38 3 T DG B R RE T L I DA SR R AE O B R R =l B 1S S BT A
— AR AL BT HYORE S50 T A = K RE 2 R R B HEAT A (A B AR S 45 S T 6 e



604 S I (2022 4E) 55 37 &
1t 10 «10°
18l E 2010 El 16, EI
15
16 12
12
= 12 =
B 9 e % 8
£ &% g £
6
4
5 4
0 0 : S Jo0 . e
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
WK 2R LR K 9
(a)
A [} !R 30-”! E IO-I[I E
12 25 8
9 20
= = & 6
e 15 e
& 6 = 4
10
- 5 2
0 : — 9 - — 0 - : -
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
W4 W FiE e
(b)
«10° 12 it «10° -
i] 2 lg] s B|
16 |
9‘ 6
& 12 = 5
% 61 ey
& 8 i | 2
4 -‘l 2
0 : —_— 0 - e 0 - : - '
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
K 1 B4R B 4
(c)
K10 FREOHILTEEREETE.: (0 TH 1; (b T8 2; (o T8 3

Fig. 10 Sub-channel gray histogram of Bayer color camera: (a) conditions 1; (b) conditions 2; (¢) conditions 3
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Tab. 4 Comparison between theoretical calculation and experimental response of each channel (normalization)
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Tab.4 Mapping relationship between wavelength and rgb intensity value (0~255)
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Fig. 11 Schematic diagram of spectral response conversion simulation
SR 5 K R Ay T B2 PR e A G B PR IR S 09 RSO B2 T B T X S M Al . R AR
3COMS F A0 ML AT 7R R (0 AH B A S 15 e 1z o 250 R FH 52 35 i FH AR AL %9 0'6 35 W 1 R 450 & 43 310 A 00 7



606

X

hoo (2022 495 37 %

iR ML B D't L 5% Ak L 4 K BE A 7 45 3 T8 W] 3 A7
o ZE SRk A Ot 28 1 1 R 2 A R e e
S, foe 208 b W RS 20T 4% 230 €03 18 7E 7 AL i S
PRI P87 Ak, o 5 5 016 35 M 07 R R T B R I 1 52
M
e B OGIE i AT 5 By G T E 4 B L 4 1l
g PG A P 12 o o TR 5 B I o AR
Z 1) 3CMOS # @ AP, R G 38 18 JC W 1V, B 3
T T A e 7 5 AR FE R AL B R L BLG
Wit B TR BT W R [ A% T E R K B LT (A
R 13) 0 B 7 i 5t iy IR 28 50 385 el iy 5 A )5 L 7
(@)~ (IR G 5 () ~ (D 3CMOS i e Ak IA 5 SCMOS B R AT R (B Dt B
(@)~ (D FEJR 3 e P A At 38 T8 T 7 5 70 R R AR 2 WU A = T A
Fig. 12 Separation and comparison of channel images < BEMIRE o FH - FF AR 6 18 W B il £ 1 36 B v 1 AH
before and after spectral transformation: (2)~(c) after B¢ » 3 B0 1 G AF 28 e i 2 rp AN (A8 A5G 3 3 (B
illumination; (d)~ () after 3CMOS spectrum ED Y EE T e R, LR At R AH DG E I (R G
transformation; (g)~ (i) after Bayer S ED A BT WA LY 3SCMOS S i mi 7 il 26 o i
spectrum transformation U BE ) 3 T ) 0, BN T P I A 3 ) Y o AN
SRR G . ML LR — B BRI UE T FF R 2 ih A7 78 2 B H R 8500 T 3CMOS A X
HORAEAE S [ B S ) 07 o 550 110 25 S5t 35 BT AL 1) 6 35 i 7 A 2 3 T () 200 € o I 17 o B2 DA
3.2 BXRFBEXHE SRR

AR THEFE R B AL Ab B Y 25 I 38 v ook R 6 B2 £ H R0 B R . R RDUEEL R AN . X A
WEREA MG AT B R A AL 3145 3] Bayer IR, DISLHIFE /R CAH AL P (Y Raw & £ . Bifi J5 R F 5 ol
370 (0306 T B SR R AT K R e A WA AR TR 5 47 (B PR 5 IR GHE AT X LG, 43 ) 4% 3 3 (] 1)
PR B0 o LA UL (2 7 37 1 %o 4% 30 1 () B0 € £ B A R )

PL RGGB & 2R ] %) [ B bs 1 R (Lena [R50 JE4T FE SR AR AL BE, 28 F 2 <2 SB35 R &2 il 4 (E
P 30X 3 A I XU P AR vk SE B R 0 5, Sl e e # RGBS RN e TR AR Y 4% 10 R BT 4y
A7 48 78 €0 475 (D 3 3R] G AR A R SRR . T 14 JBOR T RGGB FE/R#620F L 68 38 7 )5 45 38 18
(o3 BT B RUG . DAZE SR T L HE 30K V9 4 1 AR o RV B0 S A 1 W 52 8 R, L o SO PR A {3 1Y
B IR R R ISR ROR T A,

6 JEIR T AR S b PG OR (R4 (B W 52 IR I 4530 1 K B R o3 A o IO 3 T8 B 1 3 iR g
ok 5t b 2 A A (0T 45 38 3 UK B 2 43 A Y R T

_ N+ N,
Nmml
s NG ARG 8K BE SRR s N, AR BRI B IR BE B 5 N TUR B BE SR 256,
F 6 YRS S 4% J8 E K BE YL A (0~255)

Tab. 6 Gray level distribution (0~255) before and after interpolation restoration
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Fig. 13 Gray histogram of each channel before and after spectral transformation: (a)~(c) after illumination;

()~ (D) after 3CMOS spectrum transformation; (g) ~ (i) after Bayer spectrum transformation
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Fig. 14 Each channel separated image after interpolation recovery: (a) standard sample image;

(b) 2X2 interpolation recovery image; (¢) 3X3 interpolation recovery image
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Research on color crosstalk effect in
CCD/CMOS color digital camera

SHANGGUAN Zhihao, ZHOU Shichao, MA Shaopeng

(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: The color channel separation principle of color digital cameras has important applications in
the field of experimental mechanics, such as single-camera 3D deformation measurement, temperature
and deformation synchronous measurement, etc. In the separation of R, G, and B channels, the color
crosstalk effect can significantly affect the accuracy of measurement. A comparison experiment based
on the filtered photograph was carried out between 3CCD/CMOS color camera and Bayer color
camera. It was verified that the Bayer color camera had a more serious color crosstalk effect, while the
3CCD/CMOS color camera basically had no such effect. Based on the imaging principles and
characteristics of the color digital cameras, the imaging simulations and color reproduction
interpolation simulations were conducted in conjunction with their spectral response characteristics.
The research results showed that the spectral response of the camera was the key factor for the color
crosstalk effect, while the post-processing color interpolation process was less influential. This study
can provide improvement directions and suggestions for the development of high-precision
measurement equipment based on color channel separation.

Keywords: 3CCD/CMOS color camera; bayer color camera; color crosstalk; spectral response; color

interpolation



