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ABSTRACT
Received: June 7, 2024 There is so much research effort for developing and implementing deep learning-based
Revised: June 13, 2024 surveillance systems to manage health and safety issues in construction sites. Especially, the

development of deep learning-based object detection in various environmental changes has
been progressing because those affect decreasing searching performance of the model.
Among the various environmental variables, the accuracy of the object detection model is
significantly dropped under low illuminance, and consistent object detection accuracy cannot
be secured even the model is trained using low-light images. Accordingly, there is a need of
low-light enhancement to keep the performance under low illuminance. Therefore, this paper
conducts a comparative study of various deep learning-based low-light image enhancement
models (GLADNet, KinD, LLFlow, Zero-DCE) using the acquired construction site image data.
The low-light enhanced image was visually verified, and it was quantitatively analyzed by
adopting image quality evaluation metrics such as PSNR, SSIM, Delta-E. As a result of the
experiment, the low-light image enhancement performance of GLADNet showed excellent
results in quantitative and qualitative evaluation, and it was analyzed to be suitable as a
low-light image enhancement model. If the low-light image enhancement technigue is
applied as an image preprocessing to the deep learning-based object detection model in the
future, it is expected to secure consistent object detection performance in a low-light
environment.
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Fig. 1. GLADNet architecture (Wang et al., 2018)
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Fig. 3. LLFlow architecture (Wang et al., 2022)
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Table 1. Image dataset structure

Month Sunrise time Sunset time Number of images (no.)
First day Last day Day condition Night condition
November 06:59 17:17 360 360
December 07:30 17:26 372 372
January 07:49 17:57 372 372
1,104 1,104
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Table 2. Train and test dataset depending on Al models

Type of training method Model Dataset Type of images Number of images
GLADNet Night condition 1,104
Supervised learning KinD Train
LLFLOW Day condition 1,104
Unsupervised learning Zero-DCE Train Illumination fluctuated condition 2,208
Test Night condition 188
324 Yd
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Fig. 6. Comparison of low-light enhancement result: (a) Day condition, (b) Night condition, (c) GLADNet, (d) KinD, (e) LLFlow, and
(f) Zero-DCE
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Fig. 6. Comparison of low-light enhancement result: (a) Day condition, (b) Night condition, (c) GLADNet, (d) KinD, (e) LLFlow, and
(f) Zero-DCE (continued)
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Table 3. Evaluation results according to low-light enhancement models

PSNR SSIM 1 Delta-E |

Night conditions 8.362 0.043 38.022
GLADNet 11.506 0.057 8.034
KinD 10.878 0.053 1.225
LLFlow 10.771 0.049 14.257
Zero-DCE 10.672 0.050 23.151
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