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Abstract: To address the issues of low visibility in hazy images and dim brightness in dehazed results, a

new transmittance estimation method based on contrast and luminance similarity is proposed for image
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dehazing. First, a differentiable image quality objective function is constructed using contrast and
luminance similarity, from which a closed-form analytical solution for transmission is derived by
maximizing the function. The transmission is then refined upward via a feedback mechanism. Next, a
candidate atmospheric light generation method based on the dark channel prior and quadtree decomposition
is introduced, which enhances the robustness of atmospheric light estimation by selecting the second-
largest value from the candidate set. Finally, the haze-free image is recovered and enhanced using the
atmospheric scattering model. Experimental results show that the proposed algorithm outperforms
comparative methods across multiple image quality metrics. In terms of no-reference evaluation, it
achieves superior mean performance in visible edge gradient ratio, saturated pixel ratio, and BRISQUE,
with an average gradient ratio improvement of at least 11. 0% and a reduction in saturated pixel ratio of at
least 30.4%. For full-reference evaluation, the average PSNR is improved by at least 9. 5% compared to
similar algorithms. Moreover, the average runtime is reduced by no less than 12.76%. Overall, the
proposed algorithm effectively enhances both image visibility and brightness while maintaining high
computational efficiency.

Key words: luminance similarity; contrast; image quality function; dark channel; quadtree algorithm;

feedback mechanism
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Tab.1 Blind image quality assessment metrics
DCP SLP ALSP
Image - - - -

r e c BRISQUE r e c BRISQUE r e o BRISQUE
1 1.195 0.030 0.244 21.082 1.297 0.034 0.006  26.614 1.471 0.030 0.063  23.917
f2 1.742  0.177 0 11.522 1.568 0.237 0 10. 021 1.935 0.251 0.007 11.838
f3 1.225 0.073 0.002  15.626 1.483 0.065 0.526  13.356 1.565 0.116 0.003  12.835
f4 1.314 0.130 0.002  9.337 1.336 0.082 0.001  10.360 1.407 0.125 0.010  8.612
5 1.204 0.314 0.066  16.252 1.474 0.265 0.113  14.985 1.467 0.253 0.208 15.515
ol 2.240 3.784 0.027 31.613 2.193 3.107 O 28.311 3.264 4.197 0.108  29.283
02 1.385 0.404 0.003  25.954 1.932 0.363 0.691  31.892 2.213 0.379 0.001  26.764
03 1.444 0.566 0.165  20.362 1.421 0.483 0.339  19.696 1.761 0.649 0.083  21.404
o4 1.868 3.509 0.088  38.223 2.513 1.773 0.103  38.081 2.497 3.939 0.059  38.202
05 1.595 0.718 0.159 24.771 1.698 0.649 0.248  23.492 1.828 0.667 0.045 24.135

Average 1.521 0.971 0.076  21.474 1.692 0.706 0.203  21.680 1.941 1.061 0.059  21.251
OKNet ZRIDNet Ours
Image - - -

r e o BRISQUE r e o BRISQUE r e o BRISQUE
fl 1.167 0.002 0.027  30.700 1.667 0.063 0.026  17.441 2.196 0.030 0.012  20.923
2 1.248 0.010 0 10. 304 1.858 0.207 0 11.595 2.769 0.198 0 14.728
f3 1.150 —0.007 0.251 19.621 1.458 0.061 0.120  16.338 1.472 0.041 0.082  16.005
f4 1.115 0.019 0.006  14.025 1.613 0.181 0 7.441 2.01 0.086 0.004  10.447
f5 1.142  0.043 0 15. 417 1.492 0.322 0.019  15.537 1.929 0.215 0.001 13.39
ol 1.560 1.044 0 33.777 2.529 3.592 0.003  32.654 2.173 2.983 0.006  27.813
02 1.049 0.035 0.001  31.537 1.875 0.342 0.040  32.039 2.201 0.287 0.036  28.827
03 1.262 0.129 0.023 18.388 1.787 0.497 0 21.717 2.285 0.379 0.011 17.983
o4 1.296 0.952 0 32.569 2.025 2.762 0O 41.347 2.516 2.345 0.001  38.592
05 1.206 0.170 0 21.257 1.770 0.761 0.022  23.759 1.991 0.585 0.008  22.583

Average 1.220 0.240 0.031  22.760 1.807 0.879 0.023  21.987 2.154 0.715 0.016  21.129
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Tab.2 Comparison of running time of dehazing algorithms b
Image DCP SLP ALSP OKNet ZRIDNet Ours
Fattal 445 4E 1.978 4.089 2.084 53.537 42.585 1.723
TR HE % 2.310 4.731 2.511 27.132 50. 897 2.012
RESIDE %45 £ 1.754 3.506 1. 649 19.628 32.485 1.535
Y {E 2.014 4.109 2.081 33.432 41.989 1. 757
4.3 GW-MTSA EiE W15 47 #3 HEBHMERIEER
BT A =[1117, # ¥ S 85 g: Tab.3 Convergence validation results
f@/wcmu&mm-«aa/\ﬂzmwu Ha) e TH BE R
ST I s () IO IR R R LA NS S IS S TS S a
irlunl(l‘):Irlln(rnax(t irlutl(x)v tmin)’ ) . (26) Fatral;ﬁ(*}g% 24.2 29 21 100
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B T Al \maﬁ_ o TR PR WA SLs a2 10
o B SGA §(1(2)). PR AR e HAR L4 99 M T
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Fig. 7 Experimental results on three different scenes
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Tab.4 Objective experimental results on three different

scenes

ERCS BRISQUE  PIQE NIQE t
OTM 22.759 36.632 6.610 15.175
GCANet 20.128 38.729  7.121  12.920
CLAHE 14.872 40.961  7.316 0.830
OURS 20.024 37.783  6.484 1.765

4 ¥ w4 R W 7E BRISQUE f5 5 I,
CLAHE B8 e A% 4 14. 872, &5 B I 2 i
£ B 45 4 NIQE o] WL [ AR B 22 . AU
JBT P T H A 2 Fh AL G  E PIQE 845 |, OTM
Bl , AR SCHE B R Z . 1ENIQE #8 bk b, AR 0
T B R AR B,k OTM . GCANet il CLAHE
Iy IAK 1. 9% 8. 9% A 11. 4%, WKk & 1) P % de %
VT AR AR B GE TR LB LSS A,
FERZS A AR =R LR SRR AR SO
Refr e ARIERI., HEEITHEL,
CLAHE fe R, A SCH L R Z , A1 b R) 28 70 1
OTM &L & 8. 615, LWl 2 .
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Tab.5 Effectiveness validation of the transmission correction module
Image i T R AE IE AR oV BRISQUE vy PIQE v
Fattal (45 4E H 0.020 15. 099 10. 212
Jc 0.047 15. 382 10. 223
EAS R G /RS A 0.012 27.160 10.018
Jc 0.019 28.570 10. 126
RESIDE %4 4 H 0. 006 15. 089 8.110
J 0.008 17.174 7.790
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