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Residual and High-frequency Replacement Based Color Reconstruction
Method for SONY-RGBW Array
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MOoE Key Lab of Photoelectronic Imaging Technology and System , School of Optics and Photonics, Beijing Institute of
Technology, Beijing 100081, China

Abstract RGBW filter arrays are often used to improve the imaging quality of detectors at low illuminance, but the
corresponding color reconstruction methods are still designed according to the characteristics of Bayer array, and do
not make full use of the advantages of luminance information, resulting in poor reconstruction results. To overcome
this defect, guided filtering is applied to delve the correlation between luminance information and color information
first. Then, multi-step residual-based interpolation algorithm with increasing sampling rate is designed, based on
the smoothness of residual, which is applied to the spatial characteristics of the SONY-RGBW color filter array.
Moreover, combined with the interpolation results in the orthogonal directions, the iterative process is introduced
and the pixel-wise evaluation factor is improved to improve the edge adaptability of the algorithm. Finally, the high-
frequency component of the luminance image is used to enhance the color image. Experimental results on the Kodak
data set and images in real scenes show that the proposed method can reduce color aliasing, reconstruct clear image
detail, and the objective criteria with or without reference images are better than the existing color reconstruction
methods for RGBW color filter array.
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Fig. 6 Image acquisition system. (a) System composition; (b) relative spectral sensitivity of each band
£ X SONY-RGBW € % B 271 4% 45, 78 97 4R B W) :R(i ,j)+GG,j) +BG,5) (20)
8 PR 00 Al A% 2 5 b ok W00 PR 1 A7 SR B 75 5 3 )
T L 4% 20 40 G 3205 . LIS 26 10 7% 6 8 #4) 76 T4k Pl 6(b) & W], R.G B il 78 I 20 50 B (B K
PR AT RS ko] Jr vk, ze VEFDY 780~ 1100 nm) A7 — G W K » 3% 1 Ji7 AT I A6
WS R.G B =3 i 25 1 7 AR D, (200 AT Ry

(R, Gaj) + @]+ [Gu (o) + P ]+ [Bu(iaj) + Dy
3

W(Za]): :W‘,S(lvj)_’_@n,ry (21)

HF R (GG (i) By (Giuj) W (i) f% 4.2 BEGEWIEN SRR EE

0] UL i B Gl K L S 380~ 780 nm) 9 i Ji F A RIHR-CRM 76 9032k 4% L B 3 7 e
5 RGBW AIHL W 3l 38 78 U1 21 40 3 B A7 A8 i) 1 6% HERA P L €0 36 PR L A RE B 45 O 1T kAT 0
WAE T EPEIA— N E ALK, SR, TEA S % EAR BT, 0% (15 M
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(PSNR) ™| 25 46 K e B2 (SSIMD ™ | B 0, #fg 1% 2%
(AE)™ [CIE1976 L a'b" B fa 55 ] 8 2% (AE )"
B 31F (0, T MG 2505, PSNR L SSIM H 1 8 ok 26 71 4]
1R EAY R AT AE AE ,, BB/ R B Rk B
ERAL BRSNS,

% 18 3 S bR AR S AR AR S EAR L 5]
ANH—A4k 77 22 (NV) . Brenner # . Tenenbaum Ff
JIE i B PR 1) 75 B B2 DA S50 L B oK R B
15 35 WA
4.3 IWHEREHH

S'EEUEE‘J%B\AIZH%E@ X} 6 ﬁF RGBW [ %]

W=

B 7 AR 7T, Kodak 04 4 RTS8 100 pixel X 100 pixel (4 J5 # B H F o 5 #2451

R0, F g B A AR o A R 3 08 A & 0
PEM . 6 Bl E R L 40O CFA2. 0 A ofE 5 ik
(Standard) \HETF F R M B 52 51 540 PR
# 7 EM (Pan+ PCA) L 3 T Brovey 5 #:) iy =5
5 S0 B R IG5 7 v (Pan+ BT) | 3 T il 52 -
VR E TR AR Rl A Y A T | 40 R R I O 1k
(Pan+1HS) & F Gram-Schmidt iF 38 4 e (i 25
Gl P PER SR )5 7 (Pan+GS) M3 T & FIEHI
WIS B B 5 | 54 B R 5 7 1 (Pan+ HCMD ,
[R) R, 27 H 5 2R PR (B 15 (Bilinear) DL 32 B 52
AP eGSR 7 R

!!‘532_- !’E'

. (al) (a2) ZHEAE;

(b1) (b2) Standard; (cl) (c2) Pan-+ PCA; (dl) (d2) Pan+ BT; (el) (e2) Pan-+IHS; (f1) (f2) Pan-+ GS;
(gl) (g2) Pan+HCM; (hl) (h2) AP; (i1) (i2) Bilinear; (j1) (j2) RIHR-CRM
Fig. 7 Color reconstruction results for local patches with 100 pixel X 100 pixel patch size in the Kodak data set by different

methods. (al) (a2) Reference image;

(el) (e2) Pan+1HS; ({1) (f2) Pan + GS;

(bl) (b2) Standard;
(gl) (g2) Pan + HCM;

(cl) (c2) Pan+ PCA; (dl) (d2) Pan+ BT;

(hl) (h2) AP; (il) (i2) Bilinear;

G1) (2) RIHR-CRM

X T 23 8] K P J7 1) e M A0 DX B,
Kl 7Cal)~ G Frzas , RIHR-CRM % 4 ik & 1 T
A S BSE I I AT R B R AR L IR
A AR B B M A% . Standard . Pan+ PCA ., Pan+
BT.Pan+1HS Hl Pan+GS (I EMLE R P EL T

IR R 09 B A% . Pan-+ HCM i 5 #4) 25 51 %
WL 2%, M GBI R . AP Ik E T R
AT A P45, AEL TR A5 3 R A 5% 8 M . Bilinear @44
SESL R BT PR AS . X T IR B SCH L R A 1Y
R X, G0 & 7 (a2) ~ (52) BF R . RIHR-CRM #¢
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S MRS M T AR AR L TR I Sk DXCIUAE AR R A £
o, {5 B0 52 5 3 AR ME . Standard ., Pan + PCA
Pan+BT.Pan+1HS.Pan+GS fl Pan+HCM [ E 14
S5 R vh il 2 XA R B BRI A TR A
IR AR QA SR VIR i o/ T AN o
Bilinear 1% 8 14 25 S 341 2% X 3 A7 78 52 5 0 O £

&, FLIEN 7 3 (R A RORY

# 1 45 Kodak £ 4k b 24 5k ERAF- 147 0
WA 25 5. 0T LA . RIHR-CRM 78 PSNR, AE,
AE,, NV . Brenner # [ 48 #5 I 30t F HAth Jr . 76
SSIM #& b5 I B 22 T AP, 7E Tenenbaum #f B 485 I
W& 22 T Pan+BT, 3R 1 d A A Fabn e LAE

# 1 Kodak #Hi 4 24 TR KGR 197 24 % WLAT AN 45 231

Table 1 Average objective evaluation results of 24 images in the Kodak data set

Tenenbaum Brenner
Method PSNR SSIM AE /(® AE,, NV /10°
gradient /10’ gradient /10"
Standard 27.8958 0.8996 8.2931 4.6224 1.0737 8.9788 2.3830
Pan+PCA 30.7391 0.9722 8.6045 4.6332 1. 0227 8.9342 2.6498
Pan+BT 30. 3443 0.9715 8.5520 4.7163 1. 1769 9.4156 3.3962
Pan+1HS 31. 1460 0.9710 8.2395 4. 4054 1.0228 8.9407 2.6481
Pan+GS 30. 9867 0.9716 8. 4802 4.5743 1. 0234 8.9421 2.6656
Pan+ HCM 26.6498 0. 8100 7.7380 6.3052 0. 9840 8. 7758 1. 5265
Bilinear 29. 9875 0.9423 7.2701 4. 6420 1.0749 8.9779 2.3075
AP 34.3974 0.9836 6. 2552 3.1303 1. 1001 9.0433 2.5763
RIHR-CRM 35.0781 0.9831 5.3147 2.5905 1. 1190 8.2401 2.7829

Kl 8 45 T S Pr it rp R B R i R R R (A

(al) (b1)

8 EAR BT, Lbrga T R F RN 100 pixel X 100 pixel B9 /& E e % @ w45 R, (al) (a2) &% F 14,
(b1) (b2) Standard; (cl1) (¢2) Pan+ PCA; (d1) (d2) Pan+ BT; (el) (e2) Pan+IHS; ({1) ({2) Pan+ GS;
(gl) (g2) Pan+HCM; (hl) (h2) AP; (il) (i2) Bilinear; (j1) (j2) RIHR-CRM
Fig. 8 Color reconstruction results for local patches with 100 pixel X 100 pixel patch size in real scenes by different
methods. (al) (a2) Reference image; (bl) (b2) Standard; (cl) (c2) Pan+ PCA; (dl) (d2) Pan-+ BT;
(el) (e2) Pan+IHS; (f1) (f2) Pan+ GS; (gl) (g2) Pan+ HCM; (hl) (h2) AP; (il) (i2) Bilinear;
(G1) (j2) RIHR-CRM
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S SR X, 4 8 Cal) ~ G TR » RIHR-CRM
WA MR ST AR S BE A% 3k G I 15 RO L O £
MG 4>, Standard 9 #4255 i & XA A
e b LA 32 0 8 0 5oy Fn Bl L 4, HO & R I
e ¥ % B . Pan+ PCA, Pan+ BT, Pan + IHS,
Pan-+GS B9 B A4F R &2 3 G 4015 15 5 (B K&
NGB P EE—E WA S, Pan+ HCM
(1% 7 ) PR A o AL A, TR v B B
JEHE NG XIS . AP I E R
2t S Y 2 X B AF 76 4 05 R0W . Bilinear B EE 1) &
BB, B R R m i E R . T &7 mER
ff) i 750 I8, AN 8 (a2) ~ (32) R, RIHR-CRM %%

I MR A2 AT AR R TR 8 B AR Xl e T
RN R AR 25 T Ta) 4T 3 U F AR . Standard (9
i PTG e 20, Bk A Xl A 7 M DL 2252 | A 1A 2800
Pan-+HCM 1Y KRB N B . Pan+PCA  Pan
+BT.Pan+1HS,Pan+ GS, AP, Bilinear A8 % % 4
Hu PR 52 R A R R

2 B/ LPR R REM 15 5K H ARG 1 F
BRIP4 9 . FTLLVE #, RIHR-CRM 7 PSNR,
SSIM.NV ., Tenenbaum # & . Brenner # & 15 5 I
BT H Al 77 . 78 AE $§ 45 I B& 22 T Bilinear, 1£
AE,, 1545 F#82 T Bilinear Fl AP, % 2 ikl %k
(EWIEiL 7 &) (=8

H2 SEREROTRIEN 15 3 E1 ARG TE E T 4 2

Table 2 Average objective evaluation results of 15 natural images in real scenes
Method PSNR SSIM AE /(® AE NV /10° Fenenbaum Prenner
gradient /10’ gradient /10"

Standard 32.1782 0. 9397 6. 8866 3.5140 2.3837 16. 0011 1.4930
Pan+PCA 35.0570 0. 9881 6.9797 3.2265 2.3527 15.9921 1. 6205
Pan+BT 35.0757 0. 9879 6. 8445 3.2465 2.3534 15.9958 1.6301
Pan+1HS 35. 0801 0.9878 6.9869 3.2334 2.3527 15.9929 1.6160
Pan+GS 35.0750 0.9879 6.9827 3. 2465 2.3530 15.9931 1.6230
Pan+ HCM 33.1137 0.9576 6.5504 3.5308 2.3178 15. 8917 1.2117
Bilinear 39. 8064 0. 9889 3.6776 1. 6720 2.4228 16.0129 1.4732
AP 39. 5536 0. 9876 4.1182 1. 9004 2.4373 16. 0344 1.5414
RIHR-CRM 39.9237 0.9907 3.9344 2.5687 2.5267 17.7630 1.7438

25 A BORY I 43 A RLVE A BT DL A .
RGBW JEGREINE ( FH A ik R 45 A T L 5 FE R
P B R HEAT A Y AR RO S SR R
A {5 B . JC T O IE 5 A RS I, i 45 5 B ER
0 G R RN DR B B A% . RIHR-CRM #1) H
B8 25 4 (L R R B 628 A5 48 T 11 30 44 9 R Of £ IE 2 4
B R A 5 B A A0 19 P B R 0 5 A P s R AR B
FUR m A M5 B e i > @ B IR &, BLAh,
RIHR-CRM [ K Z 80 % L8 b 0 T W0 Fb i 784 1) ¢
IRBED R AT MY )70 T RVG LB &5 % 1t 1 XL/
FAnE 1 Ca) {7 1 FE IR B 3 50 e ¢ 1) o0 4 1 1
A NI .

F &L 6 Cb) ml i, A5 F vh 45 38 38 rh 2R A
CLAMER T, WL B 3 5 R AR R AE R (05 1 )5 MK AR
HAEPE A B S . |9 NIzbrifdh FIR i@
RIEZER ., B9 (al)~(a3) NTERERE BRI
LA IR BB R R AR R R IR L ES H EA .

& 9(b1)~ (b3) X H] RIHR-CRM H #4 1y [&11% , h
T 4538 1 A T L1 A6 1 S R P 34 A AR e R, R UG R
FAFE 2 TR, B 9Ccl) ~ (¢3) Jg F F B (0 £ 1
J 4 (CCMD - R 47 B K 1F I Y 45

M 9 AT LUE WL i CCM B IE , G
B AR T, B A R B A Z W&, B9
R A BT R RE U A b BB B8O T
W R A A N IR AL BE 0, (B T3
A A AR E S ) R AR IR A AR 25 X 2 A
y CCM ¥4 33084 T AR Sy 3 1 [) A fie e, KT
FEWE KA R 760~1100 nm 9 3F 21 40 % By N 3 £
PR M R R, 2R G0 R (R B bR o A Y I A

5 4 1w

FSE T 3 T 5% 25 1 458 e 1) SONY-RGBW
G B A R 6 M O 5—RIHR-CRM, £
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B9 SBRi s ARG BT 0 A DR 2

Fig. 9 Color correction results for images in real scenes

Kodak %405 4 F1 55 by 37 57 R S R 1 52 56 45 R 3
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o R T AR B, SRV 0 R 7 S st A B, SR fIG
HEBE A% T B 2 RGBW I8 O [ 41 % (0 3 4 380 7 1%
IR =

& % x #t

[1] Bayer B E. Color imaging array: US3971065 [P].
1976-07-20.
[2] Mabuchi K.
processing method of solid-state imaging device, and
US8098311[P]. 2012-01-17.
[3] Hamilton J F Jr, Compton J T. Processing color and
panchromatic pixels: US8274715[P]. 2012-09-25.
[4] Han ZH, Jin WQ, LiL, etal. Nonlinear regression
1IEEE

Solid-state imaging device, signal

electronic apparatus:

color correction method for RGBN cameras[]J].

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

2004001-12

Access, 2020, 8: 25914-25926.
Losson O, Macaire L., Yang Y. Comparison of color
demosaicing methods [J]. Advances in Imaging and
2010, 162: 173-265.

Rafinazari M, Dubois E. Demosaicking algorithm for
the Kodak-RGBW color filter array[J]. Proceedings
of SPIE, 2015, 9395: 939503.

Oh P, Lee S, Kang M G. Colorization-based RGB-

white color interpolation using color filter array with

Electron Physics,

randomly sampled pattern [J]. Sensors, 2017, 17
(7): E1523.

Lee S H, Oh P, Kang M G. Three dimensional
colorization based image/video reconstruction from
white-dominant RGBW pattern images [ J]. Digital
Signal Processing, 2019, 93: 87-101.

Kim J, Kang M G. Color interpolation algorithm for
the Sony-RGBW color filter array [J].
Imaging, 2018, (13): 1-4

Electronic

Kang M, Jung M. Low-dimensional manifold model

for demosaicking from a RGBW color filter array[J].

Signal, Image and Video Processing, 2020, 14 (1):
143-150.
Kwan C, Chou B, Kwan L Y M, et al. Debayering

RGBW color filter arrays:
[C]//2017 IEEE 8th Annual Ubiquitous Computing,
Electronics and Mobile Communication Conference
(UEMCON), October 19-21, 2017, New York,
NY, USA. New York: IEEE Press, 2017: 94-100.

Acritical

a pansharpening approach

Vivone G, Alparone L, Chanussot J, et al.



$£58% £ 20 H1/2021 £ 10 A/EtE5EBEFFEHE

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

comparison among pansharpening algorithms [J].
IEEE Transactions
Sensing, 2015, 53(5): 2565-2586.

Chavez P S Jr, Kwarteng A W. Extracting spectral

on Geoscience and Remote

contrast in landsat thematic mapper image data using

selective principal component analysis[J].
Photogrammetric Engineering and Remote Sensing,
1989, 55(3): 339-348.

Aiazzi B, Baronti S, Selva M. Improving component
pansharpening through multivariate
regression of MS -+ Pan data[]]. IEEE Transactions
on Geoscience and Remote Sensing, 2007, 45(10):
3230-3239.

Kwan C, Choi J] H, Chan S H,

resolution and

substitution

et al. A super-

fusion approach to enhancing
hyperspectral images[J]. Remote Sensing, 2018, 10
(9): 1416.

Gharbi M, Chaurasia G, Paris S, et al. Deep joint
demosaicking and denoising [J]. ACM Transactions
on Graphics, 2016, 35(6): 1-12.

Kwan C, Chou B.

debayering performance of RGBW color filter arrays

Further improvement of
using deep learning and pansharpening techniques[J] .
Journal of Imaging, 2019, 5(8): 68.

Kwan C, Larkin J. Demosaicing of Bayer and CFA
2.0 patterns for low lighting images[J]. Electronics,
2019, 8(12): 1444.

Kiku D, Monno Y, Tanaka M, Residual
interpolation for color image demosaicking [C] /2013

et al.

IEEE International Conference on Image Processing,

September  15-18, 2013, Melbourne, VIC,
Australia. New York: IEEE Press, 2013: 2304-
2308.

Ye W, Ma K K. Color image demosaicing using
iterative residual interpolation[J]. IEEE Transactions
on Image Processing, 2015, 24(12): 5879-5891.

Kiku D, Monno Y, Tanaka M, et al. Beyondcolor
difference: image

residual interpolation for color

demosaicking [ J]. IEEE Transactions on Image
Processing, 2016, 25(3): 1288-1300.

Monno Y, Kiku D, Tanaka M, et al.
Residual Interpolation for Color and Multispectral

Image Demosaicking [J]. Sensors, 2017, 17 (12):

Adaptive

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

2004001-13

2787.
He K, Sun J, Tang X, et al. Guided image filtering
[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2013, 35(6): 1397-1409.
LiY M, Sun HY, Guo H C. Image preprocessing
method based on bilateral filtering combined with
guided filtering to enhance laser three-dimensional
images[J]. Laser & Optoelectronics Progress, 2019,
56(15): 151007.

ZEWR A, IhVEENE, SR . RGAURIE 5 5] SRk H R
Bot=4e G G I 8 2 1] BOt5tm 7
ik, 2019, 56(15): 151007.

Wang S, Zhou X L, Zhu P, et al. Remote sensing
image enhancement based on non-subsampled
contourlet transform and weighted guided filtering
[J]. Laser & Optoelectronics Progress, 2020, 57
(12): 121018.

F, MR, KRB, L EETHAE T RAERE P
FINAL S| S 08 U 1) 38 SR PR R 3 0 [T WO 5o 7
iR, 2020, 57(12): 121018.

Subhashrahul S, Pradeep S K. 2-D discrete wavelet
transform [J]. International Journal of Engineering
Research & Technology, 2012, 1(5): 1-4.

Horé A, Ziou D. Image quality metrics: PSNR vs.
SSIM[C] /2010 20th International Conference on
Pattern Recognition, August 23-26, 2010, Istanbul,
Turkey. New York: IEEE Press, 2010: 2366-2369.
Treeby B E, Varslot T K, Zhang E Z,

Automatic sound speed selection in photoacoustic

et al.

image reconstruction using an autofocus approach[J].
Journal of Biomedical Optics, 2011, 16(9): 090501.
Gillespie A R, Kahle A B, Walker R E. Color
enhancement of highly correlated images. 1I. Channel
ratio and “chromaticity” transformation techniques
[J]. Remote Sensing of Environment, 1987, 22(3):
343-365.

Tu T M, SuSC, Shyu H C, et al. A new look at
IHS-like image fusion methods [J].
Fusion, 2001, 2(3): 177-186.
Gunturk B K, Altunbasak Y, Mersereau R M. Color

Information

plane interpolation using alternating projections[]J].
IEEE Transactions on Image Processing, 2002, 11
(9): 997-1013.



