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Abstract: Images taken under low-light conditions are affected by low visible light and noise, which
reduce the visual quality and also result in loss of important information. This article proposed a low
light image enhancement method that combined smooth clustering and the improved Retinex algorithm

to estimate images taken under low-light conditions. An image was separated into the detail layer and
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the base layer via smooth clustering. Then, max-RGB was used to find the maximum value of each
channel to estimate the value of each pixel, construct the initial illumination map, and optimize this
map based on local consistency and alternating direction minimization techniques. Adaptive Gamma
correction performed non-linear relabeling on the optimized illumination map, providing the final illu-
mination map. The input image could be enhanced by using the information of the final illumination
map, and the enhanced image was fused with the detail layer to obtain a clearer and more detailed im-
age. The proposed model exhibited better performance compared with the LE algorithm, GC algo-
rithm, HE algorithm, SSR algorithm, MSR algorithm, MSRCR algorithm, and MSRCP algorithm:
the edge intensity is 1. 00e + 02, average gradient is 10. 520 6, and spatial frequency is 52. 050 8. The
highest image definition achieved is 14. 656 2, which is superior to other algorithms considered in this
study, in both subjective and objective evaluations. The experimental results show that the proposed
algorithm can generate imageswith higher definition, clearer edges, and richer textures.

Key words: smooth clustering; low-light image enhancement; gamma correction;illumination estima-
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Tab. 4 Time-consuming to extract the detail layer
A 3X3 5X5 7X7 9%x9 11X11 13X 13
WaterC . 347 619 0.139 927 0.133 522 0.116 450 0.180 017 0.107 742
HighB .315 179 0.119 980 0.106 949 0.088 325 0.153 153 0.074 185
StreetN 611 427 0.363 090 0.396 026 0.375 745 0.448 283 0.368 180
Al . 367 852 0.149 000 0.174 596 0.127 632 0.181 763 0.416 284
SuburbanB .501 128 0.304 825 0.346422 0.298 910 0.392 409 0.365 806
IndoorT . 413 297 0.410 123 0.128964 0.110 875 0.199 125 0.156 544
x5 HATERELER
Tab.5 Results of detail layer quality
& R 3X3 5X5 TX7 9x9 11X11 13X 13
WaterC 4.592 204 8.709 809 10. 726 4 11.712 53 12.302 73 12.778 47
HighB 9.211 405 13.619 98 15.254 32 16. 060 70 16. 602 48 16.920 73
StreetN 5.877 242 10.919 48 13.006 81 14.047 58 14. 654 66 15.061 11
Al 1.604 750 3.182 350 4.610 308 6.010 517 7.293 785 8.404 926
SuburbanB 1.172 227 3.182 842 4.760 517 5.740 888 6.391 800 6.883 933
IndoorT 4.267 611 7.683 356 9.838 266 11. 247 41 12.285 00 13.032 69
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Fig.4 WaterC Enhancement map
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Tab. 6 Result of EI evaluation quality function

Tk OnGra WaterC HighB StreetN Al SuburbanB IndoorT
LE 3.57e+01 3.08e+01 3.06e+01 5.24e+01 2.52e+01 1.63e+01 2.63e+01
GC 4. 77e+01 3.69e+01 5.49e+01 4.09e+01 3.20e+01 2.11e+01 4,82e+01
HE 9. 75e+01 5.05e+01 9.25e+01 6.3le+01 6.20e+01 3.56e+01 7.74e+01
SSR 5.43e+01 4,17e+01 8.02e+01 4,21le+01 4.36e+01 2.04e+01 6.94e+01
MSR 5.43e+01 4,17e+01 7.97e+01 4, 20e+01 4.36e+01 2.04e+01 6.94e+01
MSRCR 5.19e+01 3.7le+01 7.94e+01 3.84e+01 4.33e+01 2.11e+01 6.34e+01
MSRCP 8.24e+01 4, 71e+01 8.77e+01 5.90e+01 5.52e+01 3.94e+01 7.93e+01
RetinexNet 8. 95e+01 6.32e+01 1.13e+02 7.66e+01 5.12e+01 4, 68e+01 9.79e+01
Ours 4 9.64e+01 6.57e+01 1.00e+02 8.32e+01 5.66e+01 4. 7T4e+01 8.20e+01
F£7 AGEERERHER
Tab.7 Result of AG evaluation quality function

Ik OnGra WaterC HighB StreetN Al SuburbanB IndoorT

LE 3.573 4 2.923 8 3.054 0 3.300 7 2.332 1 1.514 8 2.548 8

GC 4.864 5 3.5155 5.796 4 4.010 6 2.972 4 1.988 7 4.769 7

HE 9.982 8 4,923 7 9.8311 6.232 4 5.814 7 3.347 1 7.636 1

SSR 5.637 9 4,042 3 8.665 7 4,138 7 4,057 4 1.921 4 6.891 1

MSR 5.637 4 4.041 9 8.617 3 4.129 1 4.056 5 1.919 7 6.888 7
MSRCR 5.337 6 3.583 2 8.554 6 3.738 3 4.039 0 1.985 4 6.2159
MSRCP 9.047 7 5.033 7 9.612 6 6.412 8 5.280 6 4.092 5 8.104 1
RetinexNet 9.390 0 6.547 6 12.443 2 8.000 9 4.967 2 4.571 0 10. 040 5
Ours 4 10.095 0 6.367 7 10. 520 6 8.289 0 5.2815 4.462 7 8.1255
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Tab. 8 Result of SF evaluation quality function

ik OnGra WaterC HighB StreetN Al SuburbanB IndoorT
LE 20.125 9 16. 068 4 15.753 8 23.955 0 13.969 3 9.092 1 16. 295 2
GC 26. 640 0 16.535 8 28.700 1 20. 675 6 14.157 0 9.988 7 23.767 2
HE 49.537 2 21.228 1 48.103 3 30.654 2 26.268 5 17.859 5 38.753 6
SSR 34.357 4 17.134 3 43.291 6 19.794 3 17.233 6 9.594 8 32.813 2
MSR 34.349 9 17.126 1 43.071 6 19.742 5 17.230 4 9.588 9 32.818 4
MSRCR 31.115 6 15.276 4 41.777 7 17.549 2 17.227 7 9.719 1 29.525 4
MSRCP 43.451 3 24.257 6 45.838 1 31.460 3 24,648 4 24,064 5 39.096 4
RetinexNet 44.877 0 28.575 6 59. 903 6 38.159 1 23.991 1 21.958 3 45.704 9
Ours 4 49.005 9 32.866 8 52.050 8 44.875 6 25.858 7 22.620 7 44.333 1
9 EGHEMRERHER
Tab.9 Result of EG evaluation quality function

VRS OnGra WaterC HighB StreetN Al SuburbanB  IndoorT
LE 4.456 4 3.664 1 4.027 7 4,227 4 2.581 1 1.715 5 3.033 2
GC 6.250 0 4.422 7 8.274 8 5.1310 3.340 0 2.312 6 5.897 0
HE 12.789 5 6.288 4 14.109 0 7.9918 6.644 9 3.856 4 9.416 6
SSR 7.459 1 5.145 5 12.642 8 5.279 4 4.539 8 2.219 6 8.562 4
MSR 7.456 5 5.145 9 12.572 8 5.267 0 4.537 8 2.217 6 8.561 5
MSRCR 6.950 2 4.554 5 12.446 0 4.711 1 4.529 2 2.289 7 7.584 1
MSRCP 13.047 6 7.423 3 14.408 3 9.638 8 6.211 2 5.765 3 10.703 3
RetinexNet 12.403 5 9.192 8 18.520 6 11.148 4 5.956 2 5.707 3 13.166 8
Ours 4 13.172 1 8.191 9 14. 956 2 10.792 4 5.946 1 5.184 7 9.922 5
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