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Table 1 SF index values of test images

Model T8 T9 T10 T11 Average
Ori 10.117 5 13.300 8 28.983 3 9.588 7 15.497 5
DE 33.311 6 49.228 8 56.503 6 44.200 5 458111

LIME 31.108 7 46.809 4 54.989 4 42.056 9 43.741 1

LIEAS 33.695 4 49.407 7 56.946 4 45.682 5 46.433 0

F2 MXEHRAGIERE

Table 2 AG index values of test images

Model T8 T9 T10 T11 Average
Ori 2.3102 3.4425 3.5877 3.104 4 3.1112
DE 9.672 1 14.203 8 16.676 9 16.166 3 14.179 7

LIME 8.774 4 13.637 3 15.2331 15.2118 13.214 1

LIEAS 9.728 4 14.3420 17.126 8 16.513 9 14.4277

3.2.2 HFHETTE BB ZAMR S

15 3 2578 Bl 1% (High Dynamic Range Imaging, HDR) /& 78 1T B HLE L 22 5 2 5B AR HSR S0 1L
S 308 5 RGBS T R O 3l A5 3 Rl RIS R B BT 22 01 ) ) — A B R, L Y 2 T i 3R L S SR A
K BH G T 5 3 f s B S X R ROVE RIS B . 2SI, WET K 7 A 48 17 Anfa) by 16 o B0 52 A9 W s 503, e %
B I B 1 DG T R DA KR 1R A ) BRI 1 B SRR AR At 2 T—ﬁﬁ%%&‘{ﬁfﬂﬁﬂﬁﬁﬁg*ﬁmE"J“ﬁé
FESH . MR A, R B A SCRE RS (4 PR R, X e 30 2830 R AT D, JF X Ee T —Fh HDR &5 3 5 A%
%175 ¥ (Tone-map First Denoise Last, TEDL )™, 1435 45 B 411 (5] 10 fi 7 o

% | & TR o > =
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|

B 10 TFDL 5 LIEAS # 7 ty 3 5 I8 % th %
Fig.10 Comparison of enhanced image between TFDL and LIEAS model

10 AT, ZE LS 1 LIEAS 8858 U0 40 4, RS AT FE 3 B S 32 T, B0 e e [l N, o) 700 o A 75 0
Ja B G BEATFE AR AT H L 0 3 BT s o RS TFEDL G EASE A7 B Wk A4 VR e L (E DA 35 0040 58 1 % W38 s 7] %0,
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%3 LIEAS 5 TFDL &2 7K B & L 13 2|89 SF.AG .EIH NIQE #4545 T 9 1E
Table 3 Average index values of SF, AG, EI and NIQE obtained by LIEAS and TFDL models on test images

Model SF AG El NIQE
TFDL 16.046 9 4.9017 48.579 7 4.015 3
LIEAS 28.287 5 9.764 8 95.285 5 3.004 9
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Fig.11 Comparison of images before and after dehazing by LIEAS
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Table 4 The index values of SF, AG and EI obtained by LIEAS model on the test image

Index Model T12 T13 T14 T15
SFA Ori 6.587 9.188 7.068 4.178
Proposed 11.464 23.187 13.244 9.289

Ori 2.406 3.818 2.751 1.766

AGA

Proposed 3.967 9.093 5.329 3.94
- Ori 24.641 39.102 2 29.036 18.650
Proposed 40.586 92.3351 56.628 0 41.821
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DLN"™F1 Zero™ . S5 i {5 5k A NPE #4521 Zero B(Hi 45 F1 DICM #4ls 427 B3 5 %
WA 3 WG 5 DX LG A B O Fh LR G s M RE o R A8 (R SF OB B AG U SR B ETL [ AR BIMEUT
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12 JBon T R IR RO IR A 9 P A ik i 3 s 45 R I ./ B W] 1, SRIE \BIMEF Fll Zero 3 5 Ji5 K {4
Vb JBE s BE B AR, 405 {5 8 B 2 ™ 8 NPE .MF  TBEFN # DLN 1458 5 % 7 M BE A 25, A I I, /4 6
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Fig.12 The result of different model enhancement

Zero

13 FREHGAMBTRENBEEmE S E
Fig.13  The enhanced city night and detail images obtained by different models
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Fig.14 The enhanced landscape and detail images obtained by different models
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Fig.15 The enhanced house and detail images obtained by different models
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Fig.16 Index values of different models corresponding to enhanced test images
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Fig.17 The enhanced result of different models with original reference images
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Table 5 SF index values of each dataset

Model Zero-data NPE-data DICM-data Average
LIME 50.574 6 37.7517 30.089 1 39.4718
NPE 35.0757 20.840 7 19.170 6 25.029
SRIE 28.702 19.844 7 17.333 5 21.960 07
BIMEF 29.676 21.743 6 17.972 7 23.130 77
MF 36.652 8 24.519 20.021 9 27.064 57
TBEFN 25.517 5 20.409 9 16.849 6 20.925 67
DLN 28.287 4 20.445 5 16.307 5 21.680 13
Zero 33.188 3 23.819 2 19.195 3 25.400 93
LIEAS 54.448 4 39.306 29.144 9 40.966 43
®6 TREHBIFEELEAGERE
Table 6 AG index values of each dataset
Model Zero-data NPE-data DICM-data Average
LIME 23.8534 15.152 1 13.673 8 17.559 7
NPE 16.630 1 8.672 3 8.799 11.367 1
SRIE 11.904 1 7.194 8 7.008 8.702 3
BIMEF 12.810 4 8.419 5 7.600 0 9.609 9
MF 17.026 1 10.025 8 8.826 1 11.959 3
TBEFN 11.916 1 8.564 2 7.317 6 9.2659
DLN 12.665 8 7.556 4 6.693 1 8.9717
Zero 14.801 8 9.546 7 8.092 1 10.813 5
LIEAS 25.850 3 15.690 5 12.608 6 18.049 8
R7T AEHEE EIEIRE
Table 7 EI index values of each dataset
Model Zero-data NPE-data DICM-data Average
LIME 118.884 4 113.937 1 96.712 1 109.844 5
NPE 82.83 65.997 7 64.9822 71.269 9
SRIE 66.466 7 57.194 5 57.052 60.237 7
BIMEF 68.099 3 64.234 3 59.503 6 63.9457
MF 83.272 5 74.871 6 67.057 8 75.067 3
TBEFN 71.873 2 64.234 3 60.470 3 65.5259
DLN 68.131 2 59.081 9 54.306 1 60.506 4
Zero 77.407 4 70.808 6 63.370 8 70.528 93
LIEAS 127.044 1 116.435 3 94.223 6 112.567 7
RS AEHIEENIQE IEIRE
Table 8 EI index values of each dataset
Model Zero-data NPE-data DICM-data Average
LIME 5.523 8 3.864 2 3.547 4.3117
NPE 5.426 7 3.719 5 3.450 7 4.199 0
SRIE 45221 3.8299 3.574 3.9753
BIMEF 4.698 8 3.860 2 3.5191 4.026 0
MF 5.5179 3.730 1 3.5116 4.253 2
TBEFN 4.012 5 3.628 1 3.484 2 3.708 3
DLN 4.784 4 4.194 8 3.6659 4.2150
Zero 5.098 1 3.6854 3.554 8 4.112 8
LIEAS 5.7359 3.728 3 3.403 3 4.289 2
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Low-light Image Enhancement via Extend Atmospheric
Scattering Model

WANG Manli, CHEN Bingbing, ZHANG Changsen
(School of Physics & Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: Low contrast and weak detail features of images collected in a low-light environment will
seriously affect the accuracy and stability of machine vision detection. In recent years, the low-light image
enhancement technology has made remarkable progress. However, the existing low-light image
enhancement algorithms have some problems, such as image detail loss, low brightness, local exposure,
insufficient visual naturalness, complex algorithm and high resource overhead. To solve the above
problems, a low-light image enhancement algorithm based on extended atmospheric scattering model is
proposed. Firstly, the maximum value of R, G and B color channels is calculated and the initial
transmission map is obtained by gamma correction. Secondly, the main structure and fine structure of the
initial transmission map were extracted, PCA (Principal Component Analysis) method was used to fuse
the main structure transmission map and fine structure transmission map to obtain the optimized local
consistency transmission map of texture detail removal. Then, the inverse atmospheric light value is
calculated using the dark pixel of the bright channel. Finally, the LTIEAS (L.ow-light Image Enhancement
via Extend Atmospheric Scattering Model) model is solved to obtain the final enhanced image with natural
color and good contrast. The enhanced model derived by the algorithm is similar to the Retinex enhanced
model in form, but the difference is that there is an additional correction term in the LIEAS model, which
can better suppress the excessive enhancement and detail loss in the image. The algorithm uses the image
fusion method to optimize the transmission image and can reproduce the contour and texture details well. In
order to evaluate the algorithm objectively, spatial frequency, average gradient, edge intensity and natural
image quality evaluation are used as the image quality evaluation metrics. In order to verify the effectiveness
of the algorithm, the parameter analysis experiment, model analysis experiment and performance
comparison experiment are carried out respectively. In the parameter analysis experiment, firstly, the
influence of the selection of gamma parameters on the enhanced image is analyzed. The subjective visual
analysis and objective data analysis are carried out on the test results under different parameters, and a good
gamma parameter value is obtained. Secondly, the influence of the selection of the maximum filtering
window size of the bright channel on the solution of the inverse atmospheric light value and the enhanced
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image is analyzed. The test results under different window sizes are analyzed to obtain an appropriate
window size. Then, the darkest pixel proportion of the bright channel in the solution of the inverse
atmospheric light value is selected and analyzed. Finally, this paper verifies the advantages of the
transmission map optimization method based on fusion technology. In the model analysis experiment,
compared with Retinex model, spatial frequency and average gradient of the proposed algorithm are
significantly improved, which also has prominent visual advantages, indicating that the correction term in
the proposed algorithm can better suppress the excessive enhancement and detail loss of the enhanced
image, and has good enhancement ability. At the same time, by changing the atmospheric light value in the
model, the proposed algorithm can also be used in image dehazing, and the image dehazing can get a good
effect from both subjective and objective aspects. In the performance verification experiment, three low—
light image datasets were selected to test, and the performance of the proposed enhancement algorithm was
compared with that of other eight algorithms from both subjective and objective aspects. Compared with the
other eight algorithms, this algorithm has the advantages of bright background, high contrast, complete
edge details, natural, vivid image, avoiding local overexposure and so on. The algorithm has more
advantages in spatial frequency, average gradient, and edge intensity, which indicates that the algorithm
has better performance in the aspects of image color richness and image sharpness. Both for the metric
analysis of the whole image of the dataset and for the metric analysis of a single image, the proposed
algorithm is very advantageous, and the model is simple and low complexity. Compared with the existing
enhancement algorithms, the proposed algorithm has some advantages in detail information retention,
contrast enhancement, image naturalness and local overexposure suppression.

Key words: Image processing; Image enhancement; Atmospheric scattering model; Image fusion;
Transmission map; Bright channel; Atmospheric light value
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