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Objective Assessment of Color Harmony in Dual-band Color Fused Images

GAO Shao-Shu, SONG Shang-Ge, NI Xiao
(College of Computer Science and Technology, China University of Petroleum, Qingdao 266580, China)

Abstract: The currently available quality assessment methods for images rarely fully utilize the color coding mechanisms
of the retina of human eyes and the visual cortex and fail to fully consider the influence of color information on image
quality. In this study, an objective assessment model for the color harmony of visible light (dim-light)‘and infrared color
fused images based on multiple visual features is proposed to address the above problems. This model incorporates more
color information into image quality assessment by considering a variety of visual features of human eyes
comprehensively, including the feature of visual contrast colors, t.he feature of'color information fluctuation, and the
feature of advanced visual content. Through feature fusion and support vector regression training, it achieves the objective
assessment of the color harmony of color fused images. Experiméntal comparisons and analyses are conducted using
databases of fused images in three typical scenes. The experimental results show that compared with the existing eight
methods of objective image quality assessment, the proposed method is more consistent with the subjective perception of
human eyes and has higher prediction accuracy.

Key words: image ‘quélity assessment; color fusion image; visual contrasting color; color information fluctuation;

advanced visual content
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NT e EmEEAE RGO, |5k, K
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e, o] DURARJZ LS SR (% SUot B 15 )

(ﬁuc)dzmﬁmm@gmwaﬂfa—/\, Fim) R Fin
VA — AL AE. IR AT AE R I 55 A I 4,
T @R 8. e, 1l 2R Fm & [RlJH (support
vector regression, SVR) Il gk 2% > B i & 5 30
J B S SR R R 2 TR B G 2.

DFICH _model = SVR_train(F"™", Q") (9)
Hr, DFICH _model 72 XUk B B % il & B4 i &= 7F
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Fin, ... puin Qi |25 PR 1 0T A A
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2 SRRk
ARSI B )4 SE B A . Windows server
2016, CPU Intel(R) Xeon(R) W-2145 CPU @ 3.70 GHz,
64 GB RAM, GPU 4 NVIDIA GeForce RTX 4000,
Python 3.7, PyTorch 11.0, PyCharm 2022.
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ASCRAE Jin SO e AL o R A R
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space). OFinYUV (fusion algorithm based on opponent
vision property in YUV space). SP (steerable pyramid
color fusion algorithm) & GTinYUV (global color
transfer algorithm in YUV space). MRTinRGB (color
transfer algorithm based on multi-resolution in RGB
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T3 i H R SE bR AT I 3 2053, 16 SR ) O SR
AHE 23 T R0 A0 B B2 i B S DA L. &1 7 45 HY gl
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o ER N E B B, R 4% R R 3 st

2K, ZREE L, il kB — K ER BB Ei‘ﬁ{ﬂl.. ‘

BTN R 00 73 H Ta) 1) 37 Bz 2R ;ﬁ%*ﬁ?‘%%ﬁl (Spear-
man rank order correlation coefﬁ01ent SROCC) JZ IR b
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PLCC) il J7 M e (root mean square error, RMSE).
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it e N\ R T LR
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AR LT B 5| N R, B = 4 F HL R 5
N, R PN 245 2R 5 N IR I %7&{1 H.

—— predict score
1.0y —— ground_truth_score
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R 1 R ANIRIZH S 7 M T Rk S 6

MRS RAF RIS IREMZMZ SROCC PLCC RMSE
- v 0.802 0.821 0.178
Y a \ 0842 0.854 0.186

y © 0850 0.866 0.181
N 0.903 0.898 0.142

\/
\/

= | = |
pe

gl%zl::‘c;% HiHy DFICH M 5 BLAT 1 8 I {55
BV 5 vE AT M A6 b s2 g6, LB S NRSLP,
NCMQAP!, MetalQAP*, HyperIQA”"), DBCNN!,
TReS™, MANIQAP* AT VCRNet™, [4 1 Hu# &M 7Y
P15 5 2 T (B AN BIR 32 30043502 [A] ¥ SROCC, PLCC
FI RMSE, 34 X 455 284 70 i) [ 4 8 (738 B (8] mean
time, MT) 1 T 70471, B AkLs Rk 2 fios.

MFE 2 R DUE Y, A5 HoAth 8 Fh i i AH
o TR L T P G e - O S & S 5/ R A A o=
X2 R Ay 2 6 = 3o R v ko i N PRI AR A S kgt
ATTHEL, REZR T KN H]. ERE, A0 & K
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* 2 H5IUA 8 FEGREITAN AR RE HLE ijle0.2022.168914]
RIRES SROCC PLCC RMSE MT 2 Ma JY, Tang LF, Fan F, et al. SwinFusion: Cross-domain
NRSL 0.729 0.630 0.194 2.583 . . . . .
long-range learning for general image fusion via Swin
NCMOQA 0.699 0.726 0.218 1.917 . o
MetalQA 0.893 0.890 0.154 0125 Transformer. IEEE/CAA Journal of Automatica Sinica,
HyperlQA 0.841 0.829 0.163 0.583 2022, 9(7): 1200-1217. [doi: 10.1109/JAS.2022.105686]
DBCNN 0.871 0.862 0.149 0.042 3 Li CF, Guan TX, Zheng YH, et al. Blind image quality
TRes 0.859 0.855 0.196 1.391 . . . .
assessment in the contourlet domain. Signal Processing:
MANIQA 0.890 0.887 0.162 0.286
VCRNet 0.874 0.879 0.152 0.703 Image Communication, 2021, 91: 116064. [doi: 10.1016/].
Ours 0.903 0.898 0.142 1.019 image.2020.116064]

BEAN 4R 75 e FOR LS 2 ORI |t 4 Zhang L, Zhang L, Bovik AC. A feat;lre«enriched completely
, R A K

blind image quality evaluator. IEEE Transactions on Image

4L =y S kY >
TS LE s, AR 7 2AR L, ASCIIEAE TID2013 Processing, 2015, 24(8): 2579-2591. [doi: 10.1109/TIP.2015.
CSIQ. LIVE ¥#fifk bA — M, 4k 3 Pr. 2426416] %
1E TID2013 F1 CSIQ ##a4E b, ATk H B KL 5 Zhou ZH, Lu W, Yang JC, et al. No-reference image quality
#OER 51@([7]7:75%5 b, ASCJ5EEAE LIVE $dE 4 assessment based on neighborhood co-occurrence matrix.
ESEAEAE TR ), (B b A ST T v R T A Signal Processing: Image Communication, 2020, 81: 115680.
. [doi: 10.1016/j.image.2019.115680]
JiE. ) ! . .
j 6 Kang L, Ye P, Li Y, er al. Convolutional neural networks for
&3 *ﬁﬁ!ﬁﬂ;lﬂ%ﬁ%ﬁzﬁ)ﬁﬂﬁ e no-reference image quality assessment. Proceedings of the
Fik TID2013 LIVE CSIQ 2014 IEEE Conference on Computer Vision and Pattern
PLCC SROCC PLCC SROCC PLCC SROCC .
NRSL 0733 0747 0859 0857 0814 0849 Recognition. Columbus: IEEE, 2014. 1733-1740.
HOSA 0.814  0.849 0.843 0.845 0.774  0.702 7 Zhang WX, Ma KD, Yan J, et al. Blind image quality
DBCNN 0838 0896 0912 0903 08383  0.868 assessment using a deep bilinear convolutional neural

HyperIQA  0.835  0.864 0.831  0.862 0.833  0.858

network. IEEE Transactions on Circuits and Systems for
TIQA 0.826  0.792 0.781 0.805 0.821 0.849

Ours 0901 0897 0882 0895 0909 0.912 Video Technology, 2020, 30(1): 36-47. [doi: 10.1109/
TCSVT.2018.2886771] '

8 Golestaneh SA, Dadsetan S, Kitani IgM. No-reference image

3 é,d:,: L/g\,]i %% quality assessment via Transformers, relative ranking, and

AN HE 3T 2 ML AR AE (R O BR e Bl self-consisten,cyiProceedings of the 2022 IEEE/CVF Winter

1 60 T R PR TR o T G 7 395 o 5k 75 40 ORI anferenée on Applications of Computer Vision (WACV).

Waikoloa: IEEE, 2022. 3989-3999.
9 Gu K, Tao DC, Qiao JF, et al. Learning a no-reference

FEERIRLE R J2 (14 B0 2 RS AL ) P e SR (1 S T A T
il 1 ) AL, [ B R S T O T O A R R

quality assessment model of enhanced images with big data.

FAG BT B, L3045 RERH, X TS 3R IEEE Transactions on Neural Networks and Learning
IRt (L) %Eé@@i&ﬁﬁ, %7 155 (P AE Aff P R S Systems, 2018, 29(4): 1301-1313. [doi: 10.1109/TNNLS.
FRMERE G, 5 AP VA 5 B T %7 i 20172649101

o A EG A @ TE AT A TR 32 B R OR H R R 10 Ma S, Fan YY, Chen CW. Pose maker: A pose
Ko, SR SRR 5 TT DA — S5 4R A D ] 5 125 12 700 £y ) recommendation system for person in the landscape

photographing. Proceedings of the 22nd ACM International
Conference on Multimedia. Orlando: ACM, 2014.
1053-1056.

11 Lu P, Peng XJ, Yuan CX, et al. Image color harmony

PEREANE S 37 50 R F G . [R] I an eyt — 25 2 m AR
£ H AR B IUR I VR RE, H572 45 5 B R TN A .

53 LRk modeling through neighbored co-occurrence colors.

1 Luo YY, He KJ, Xu D, et al. Infrared and visible image Neurocomputing, 2016, 201: 82-91. [doi: 10.1016/j.neucom.
fusion based on visibility enhancement and hybrid multiscale 2016.03.035]

decomposition. Optik, 2022, 258: 168914. [doi: 10.1016/j. 12 Lu P, Yu JB, Peng XJ. Deep conditional color harmony

176 A4 AR5 % Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


https://doi.org/10.1016/j.ijleo.2022.168914
https://doi.org/10.1016/j.ijleo.2022.168914
https://doi.org/10.1109/JAS.2022.105686
https://doi.org/10.1016/j.image.2020.116064
https://doi.org/10.1016/j.image.2020.116064
https://doi.org/10.1109/TIP.2015.2426416
https://doi.org/10.1109/TIP.2015.2426416
https://doi.org/10.1016/j.image.2019.115680
https://doi.org/10.1109/TCSVT.2018.2886771
https://doi.org/10.1109/TCSVT.2018.2886771
https://doi.org/10.1109/TNNLS.2017.2649101
https://doi.org/10.1109/TNNLS.2017.2649101
https://doi.org/10.1016/j.neucom.2016.03.035
https://doi.org/10.1016/j.neucom.2016.03.035
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F #5334 5

http://www.c-s-a.org.cn

i H AR SN A

1

14

15

16

17

18

19

20

2

3

—_

model for image aesthetic assessment. Proceedings of the
24th International Conference on Pattern Recognition
(ICPR). Beijing: IEEE, 2018. 2845-2850.

Gu K, Zhai GT, Yang XK, et al. Using free energy principle
for blind image quality assessment. IEEE Transactions on

Multimedia, 2015, 17(1): 50-63. [doi: 10.1109/TMM.2014.

2373812]
Wu JJ, Lin WS, Shi GM, et al. Orientation selectivity based
visual pattern for reduced-reference image quality

assessment. Information Sciences, 2016, 351: 18-29. [doi:
10.1016/j.ins.2016.02.043]

Wu JJ, Zeng JC, Dong WS, et al. Blind image quality
assessment with hierarchy: Degradation from local structure
to deep semantics. Journal of Visual Communication and
Image Representation, 2019, 58: 353-362. [doi: 10.1016/].
jveir.2018.12.005]

Jin WQ, Jia XT, Gao SS, et al. Subjegtive evaluation of
quality for color fusion', images. Optics and Precision
Engineering, 2015, 23(12): 3465-3471. [doi: 10.3788/OPE.
20152312.3465]

Kolb H. How the retina works. American Scientist, 2003,
91(1): 28-35. [doi: 10.1511/2003.11.28]

Ruderman DL, Cronin TW, Chiao CC. Statistics of cone
responses to natural images: Implications for visual coding.
Journal of the Optical Society of America A, 1998, 15(8):
2036-2045. [doi: 10.1364/JOSAA.15.002036]

Pridmore RW. A new transformation of cone responses to
opponent Attention,
Psychophysics, 2021, 83(4): 1797-1803.
Reinhard E, Adhikhmin M, Gooch B, et al. Color transfer
between images. IEEE Computer Graphics and Applications,
2001, 21(5): 34-41.

Lasmar NE, Stitou Y, Berthoumieu Y. Multiscale skewed

color responses. Perception, &

heavy tailed model for texture analysis. Proceedings of the

16th IEEE International Conference on Image Processing.

22

23

24

25

26

27

28

29

Cairo: IEEE, 2009. 2281-2284.

LeCun Y, Bengio Y, Hinton G. Deep learning. Nature, 2015,
521(7553): 436-444. [doi: 10.1038/nature14539]

He KM, Zhang XY, Ren SQ, et al. Deep residual learning for
of the 2016 IEEE
Conference on Computer Vision and Pattern Recognition
(CVPR). Las Vegas: IEEE, 2016. 770-778.

Deng J, Dong W, Socher R, et al. ImageNet: A large-scale

image recognition. Proceedings

hierarchical image database. Proceedings of the 2009 IEEE
Conference on Computer Vision and Pattern Recognition.
Miami: IEEE, 2009. 248-255.

Li QH, Lin WS, Xu JT, et al. Blind image quality assessment
using statisticaf struetural and luminance features. IEEE
Transactions on Multimedia, 2016, 18(12): 2457—2469. [doi:
10:1109/TMM.2016.2601028]

Zhu HC, Li LD, Wu JJ, et al. MetalQA: Deep meta-learning
for no-reference image quality assessment. Proceedings of
the 2020 IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR). Seattle: IEEE, 2020.
14131-14140.

Su SL, Yan QS, Zhu Y, et al. Blindly assess image quality in
the wild guided by a
Proceedings of the 2020 IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR). Seattle: IEEE,
2020. 3664-3673.

Yang SD, Wu TH, Shi SW, et al. MANIQA: Multi-
dimension attention network for no-gefetence image quality
assessment. Proceedings of the 2022 IEEE/CVF Conference
on Computer Vision and Pattern Recognition Workshops
(CVPRW). New Orleans: IEEE, 2022. 1190-1199.

Pzi‘n. ZQ, Yuan F, Lei JJ, et al. VCRNet: Visual compensation

restoration

self-adaptive hyper network.

network for no-reference image quality
assessment. IEEE Transactions on Image Processing, 2022,

31: 1613-1627. [doi: 10.1109/TIP.2022.3144892]

(B e 5K EER)

Software TechniquesAlgorithm #XAFH AR 5% 177

© TEREBIK R

http://www.c-s-a.org.cn


https://doi.org/10.1109/TMM.2014.2373812
https://doi.org/10.1109/TMM.2014.2373812
https://doi.org/10.1016/j.ins.2016.02.043
https://doi.org/10.1016/j.jvcir.2018.12.005
https://doi.org/10.1016/j.jvcir.2018.12.005
https://doi.org/10.3788/OPE.20152312.3465
https://doi.org/10.3788/OPE.20152312.3465
https://doi.org/10.1511/2003.11.28
https://doi.org/10.1364/JOSAA.15.002036
https://doi.org/10.1038/nature14539
https://doi.org/10.1109/TMM.2016.2601028
https://doi.org/10.1109/TIP.2022.3144892
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 DFICH模型的基本原理
	1.1 视觉对立色彩特征
	1.2 色彩信息波动特征
	1.3 高级视觉内容特征
	1.4 DFICH模型训练和质量预测

	2 实验结果与分析讨论
	2.1 实验数据库与实验结果分析
	2.2 消融实验和性能比较

	3 结论与展望
	参考文献

