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MTO-GAN: Learning many-to-one mappings for color constancy
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Abstract ;: Color constancy is an important research direction in computer vision, but most algorithms focus on uniform distribution of
single illuminant, and the problem of non-uniform distribution of illuminant has not been well solved. In order to solve this problem, a
direct correction method based on generative adversarial network is proposed to transform color constancy into a many-to-one mapping
task under the condition of non-uniform distribution of single illuminant. According to the characteristic of color constancy, the image is
divided into content code and illuminant code, and the image under the target illuminant is reconstructed by changing the illuminant code
to target illuminant code. At the same time, in order to make non-standard illuminant more diversified, the illuminant sampling module
is added to help the network learn more abundant illuminant information and realize many-to-one mapping. In order to guide images to be
mapped to different illuminants when different illuminant codes are input, the illuminant supervision module is added to distinguish
images with different illuminants, so as to help the illuminant conversion module better combine content coding with specific illuminant
coding to generate target images and achieve color constancy. At the same time, aiming at the task of this paper, the non-uniformly
distributed illuminant is rendered on the existing dataset, and the dataset with non-uniformly distributed single illuminant is constructed.
The experimental results show that the proposed method solves the problem of non-uniform distribution of illuminant well, surpasses other
algorithms in non-uniform dataset, and the final image is closer to the image under standard illuminant.
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Fig. 1 Diagram of color constancy task
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Fig.2  Simplification of color constancy task.
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Fig.3  Color constancy task further simplifies the schematic

MG YRR BB Di ] LSS 51 4 e RIS ) 6 U, 5 B
HCIRFARAII Trans 51 20 N 25 G B8 1 HE 2 19 OG IR da 4
R 3 AR R A AR
2.2 YREDIEHR

g e AT 55 1 B R IR R BRI A AN S
A HSCIRBIARE G IR T, P AR SO B G P9 25 45 (1)
FEUE 2 [AH B ST HAT AT 43 B 1 6 R N 28 Rl
V5T AT SR SRR R N 2 S B B Ee FDGIR
it Ei PRS2, o WA HAS R Ec 765
A—@EURG , R Z AR 2SR BURE e A3 B N 4
ity C, SCIRAmISEIEE Ei A CIEE [ r,g,0], 38



541 BT 20 X0 — SRS A JOGS 47 190 46 1) i PR R - 127 -
WA I EC
»  HAHEC —
-
e
- Trans
IR g PSR EREI ﬁ
B ot ’
N SR YR M B AR DI

B4 22X —Wess A T 2 MTO 45447 G5

Fig.4 Many-to-one mapping generative adversarial networks schematic
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Fig.5 Distribution of gt values in cube + dataset
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Fig. 6  Distribution of gt values in Gehler-Shi dataset
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Fig. 7 Diagram of illuminant sampling module
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Fig. 8 Diagram of illuminant conversion module
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Fig. 9 Diagram of illuminant supervision module
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Table 1 Ablation results of uniform cube + dataset

T FHIME H e SIME OB 25% B 25%
Jek 2.76 2.16 2.47 0.62 6.43
S 1 1.34 0.99 1.16 0.28 3.03
) 1.36 1.02 1.16 0.28 3.11
SEHy 3 1.10 0.79 0.92 0.22 2.52

F2 IEHE cube+HIIRE FRHRBKIRER

Table 2 Ablation results of nonuniform cube + dataset

SLIA PSNR MSE SSIM

gk 29.03 71.23 0.72
SCHG 1 30. 87 50. 83 0. 81
Sy 2 29. 61 53.35 0.78
S 3 32.58 41.91 0.85
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Fig. 13 Qualitative results of ablation experiments on a uniform cube + dataset
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Fig. 14 Qualitative results of ablation experiments on an inhomogeneous cube + dataset

TEWME 13,14 PR EtEgs 1, s A — Ak
FRAESGIR T B, thial 4 5140 51k 4 A S2EAR IE 1 45
B AN —H bR ESCIR T EUR . X T 25) cube + %k

YA LAOSCIR (RS0 1 AT A A, S 2 A vy P (R

B AR DR L R T B8 v DX, 246 1 5246 2

FISEHG 3 A LU UL T M7 82 S 4 (HL 5286 1 A2 2 4033



- 132 LSRR R e o

5536 4%

TERGIEIHE ) 42 FEAT DX, 7 A 1 S BEASER ) 175 00, LA 52
% 3 ARG T B, B R B T R 40
TEJG AT SE 024 e v JEZR A SE IS 2 78 J5 B IR
AR RE I 38 50, S0 1 Wl BV B 38 o | A 5
% 3 JLT-BEA 3% v D, ARG T P B R

X AERIST cube+ Bgi 4 1 B SEH, 755 1 1T HISE R
Hh LA HE A 3 A S HG EE S A0 R S L (5 22 B
KO 25 ARSZE 1.2 F 3 (45 RHTAE K28 XA
BANRIRR B AN 20 03 A5 B G | BeAT S8 b PR SR IR A
B L) oG i B0 (AR BOR UL, 5250 3 X FhBLR SN0,
FOESS RO IR T &, a5 2 Fr= KA
PR IE 28 SR v B2k SEO 1 ORISR 2 A IE S Y MR R T
HR B — AP ) o0 A, S 2 38 B VR ES 3R X

B, HAT S0 3 A2 R LB AL B T O IR AR 8 41 4 A
AT, R AN 1 T 2 A B TR RS, [ FE 2R
3ATHUZE R gl T80 1 FISEES 2 A RAFE 3850
(R AT B R ) L, 52 3 (10 205 SR S I 3 F s 15
%, It LA AT, SEE 3 A B A HE SR AR AR S A I A
g FEIR R T E R, FRUCUE B SE S8 M A 1Y B
AMEEHCERLE S Bl 0 245 T 47 1) 2% 2] SR OE , B— Rl
3.4 EHHHEETHEMAEITTE

FERIE I AE Y S] cube+ BUHHEE T Gehler-Shi £ 4 4
LA AT SE S, 5 2 MUy R Sl vk B R L g SR
3 FR AR R e, FRIAR TR, LA,
LR AT BRAT , IS A AR TG IR A ik S T4 R
PGS IE T 95

%3 7EIEHH%S) cube+FNIEFS 5] Gehler-Shi #HIEE B H EMITEL LI ER

Table 3 Comparative experimental results of existing methods on non-uniform cube + and non-uniform Gehler—Shi datasets

; AEH4] cube+ JE4%] Gehler-Shi
i PSNR MSE SSIM PSNR MSE SSIM
white-patch|[ 8] 23.18 99. 07 0.47 21.91 105. 06 0.53
grey-world[ 9] 23. 14 99. 97 0.31 21.93 105. 74 0. 46
shades-of-gray[ 27 ] 23. 14 100. 00 0.38 21.93 105. 21 0.42
FFCC[ 15] 25.23 97.95 0. 67 24.76 98.71 0.54
Fed[ 16] 23.96 99. 12 0.61 22.05 102. 39 0.47
MDLCC[ 18] 24.37 97. 65 0.62 23.58 98. 60 0.53
C4[19] 24. 89 98. 13 0.65 23.93 99. 87 0.49
pix2pix[ 21 ] 29.91 69. 19 0.77 29. 45 69. 89 0. 66
cycleGAN[ 22 ] 29.03 71.23 0.72 28. 64 75.74 0. 60
AngularGAN[ 24 ] 30. 15 66. 11 0. 80 30. 32 54.42 0.71
AL 32.58 41.91 0. 85 31.97 47.29 0. 81
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Fig. 15 The results are compared by other methods on the non-uniform cube + dataset
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Fig. 16  The results were compared with other methods in the non-uniform Gehler-SHI dataset
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% 4 7E cube+F0 Gehler-Shi #iEsE LB A EMITLE R LER

Table 4 Comparative experimental results of existing methods on cube + and Gehler-Shi datasets

i Gehler-Shi cube+
= FHfE T WM RAF25% ®E25% VI HE WM ORI 25% FeE25%
white-patch 7.55 5. 68 6.35 1.45 16. 12 6. 80 3.85 5.21 0. 68 16.93
grey-world 6.36 6.28 6.28 2.33 10. 58 3.52 2.55 2.82 0. 60 7.98
Bayesian[ 28 ] 4.82 3.46 3.88 1.26 10. 49 - - - - -
General Gray-World 4. 66 3.48 3.81 1.00 10. 09 3.22 2.12 2.44 0.43 7.77
Fe4 1. 80 0.95 1.18 0.27 4. 65 1.35 0.93 1.01 0.30 3.24
FFCC 1.61 0. 86 1.02 0.23 4.27 1.38 0.74 0. 89 0.19 3.67
MDLCC 1.58 0.95 1. 11 0.37 3.77 1.24 0.83 0.92 0.26 2.91
C4 1.35 0.88 0.99 0.28 3.21 - - - - -
pix2pix 2.84 2.32 2.59 0.71 5.99 2.45 2.01 2.31 0.67 5.05
cycleGAN 2.90 2.06 2.62 0. 62 6.59 2.76 2.16 2.47 0.62 6.43
AngularGAN 2.56 2.05 2.43 0.58 5.23 2.27 1.46 1.98 0.67 4.88
AL 1.31 1.21 1.33 0.44 2.31 1.10 0.79 0.92 0.22 2.52
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