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A multilayer linear fusion algorithm for
endoscopic image enhancement

Wang Shuangyuan'’, Yao Zhiyuan', Zhang Yurong', Xue Huaiqi', He Gengsheng’

!School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
?China Southern Power Grid Energy Development Research Institute Co.,Ltd., Guangzhou, Guangdong 510530, China

Abstract: An image contrast and brightness enhancement algorithm for human upper gastrointestinal endoscopy is
proposed to address the problem of blurring of details such as insufficient and uneven illumination in endoscopic
images. The algorithm improves and weighted fusion of the adaptive gamma-corrected luminance enhancement
algorithm and contrast-limited adaptive histogram equalization algorithm. The input images are processed
separately and the final weighted fused enhanced image is obtained. The proposed algorithm is applied to the
partial images of the upper gastrointestinal tract in the open access dataset and compared with the existing
algorithms for algorithm effect testing experiments, using peak signal-to-noise ratio (PSNR), structural similarity
(SSIM), and natural image quality evaluator (NIQE) as the image evaluation metrics. The experimental results show
that the proposed algorithm enhances the image with higher quality than other algorithms, which significantly
improves the image quality and provides a good basis for image detection.
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AR SCEIEAERCR RN INGREE 2 ) 50k, (R T H A
G UG AL FIETL . 25 LT, ARSCE AN S5
G A BB, A B AR

%2 NIQE
Table 2 NIQE
ESEE JEL a5 CLAHE GC AGCWD Retinex-Net Zero-DCE ENDOIMLE ARSI
Pylorus 3.776 3.37 3.762 3.586 3.626 3.893 3.705 3.543
Retroflex 3.538 3.385 3.802 3.569 3.789 4.265 3.628 3.373
Z-line 3.636 3.069 3.273 3.471 3.821 4523 3.675 3.112
%3 PSNR
Table 3 PSNR
Ef% CLAHE GC AGCWD Retinex-Net Zero-DCE ENDOIMLE AR
Pylorus 17.18 8.23 13.45 17.61 16.37 14.34 19.43
Retroflex 12.99 9.15 13.91 18.51 17.61 15.41 18.96
Z-line 13.77 9.77 14.98 18.77 18.03 15.45 19.56
%4 SSIM
Table 4 SSIM
&5 CLAHE GC AGCWD Retinex-Net Zero-DCE ENDOIMLE EN RN
Pylorus 0.938 0.655 0.896 0.711 0.787 0.881 0.955
Retroflex 0.893 0.653 0.894 0.778 0.737 0.884 0.936
Z-line 0.913 0.751 0.901 0.793 0.764 0.871 0.946
%5 HakLi
Table 5 Ablation experiment
GC (R AMhifH) [ 1% GC PeECLAHE AR
PSNR 8.56 10.23 15.68 19.55
SSIM 0.579 0.773 0.897 0.948
NIQE 3.785 3.368 3.186 3.246
%6 A
Table 6 Run time
Bk CLAHE GC AGCWD Retinex-Net Zero-DCE ENDOIMLE AR
/s 40.35 12.18 6.21 3.45 0.01 5.46 4.56
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Fig. 3 Comparison of different algorithms for three sets of images (a-c) of Pylorus
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Fig. 4 Comparison of different algorithms for three sets of images (a-c) of Retroflex-stomach
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Fig. 5 Comparison of different algorithms for three sets of images (a-c) of Z-line
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A multilayer linear fusion algorithm for
endoscopic image enhancement

Wang Shuangyuan'’, Yao Zhiyuan', Zhang Yurong', Xue Huaiqi', He Gengsheng’

ar ’

b

(a) Origin; (b) Layer1 luminance enhancement algorithm; (c) Layer 2 CLAHE algorithm; (d) Layer 3 linear fusion algorithm

Overview: In the field of medical imaging, human upper gastrointestinal (GI) endoscopy plays a crucial role in
diagnosing and managing various pathologies. However, the diagnostic efficacy of this minimally invasive procedure is
often hindered by suboptimal imaging conditions, such as inadequate and irregular illumination, leading to blurred
visual details. These challenges underscore the necessity for advanced image enhancement techniques that can
effectively address such issues and consequently enhance clinical decision-making. This study aims to propose an
innovative algorithm for enhancing image contrast and brightness specifically designed for upper GI endoscopy.
Recognizing the shortcomings of current methods in dealing with complex endoscopic images, our research focuses on
developing a solution that addresses the dual problems of insufficient and uneven illumination. Our goal is to enhance
the visibility of critical anatomical structures without introducing artifacts. Our method innovatively integrates adaptive
gamma correction for luminance enhancement with a contrast-limited adaptive histogram equalization (CLAHE)
algorithm. Applying these techniques separately to the input images and then performing a weighted fusion, our
approach achieves a balanced optimization of image contrast and brightness. This fusion strategy ensures that important
image details are preserved while mitigating potential issues such as over-enhancement and noise enhancement that
may be associated with individual algorithms. To rigorously evaluate the performance of our proposed algorithm, a
series of experiments were conducted on a subset of upper gastrointestinal (GI) images from an open-access dataset. The
evaluation included comparisons with several established enhancement algorithms using quantitative metrics such as
peak signal-to-noise ratio (PSNR), structural similarity index (SSIM), and natural image quality evaluator (NIQE). The
empirical results showed that our algorithm consistently outperformed existing methods on these metrics,
demonstrating its superior ability to enhance image quality. Specifically, it achieved higher PSNR values, indicating
reduced noise and distortion, and improved SSIM values, reflecting better structural preservation similar to the original
image. Furthermore, the decreased NIQE scores validated the naturalness and perceptual quality of the enhanced
images. In conclusion, this research introduces a novel and effective image enhancement algorithm for upper GI
endoscopy that effectively tackles the common issue of insufficient and inconsistent illumination. The proven ability of
this technology to enhance image quality without compromising diagnostic integrity paves the way for more accurate
and efficient endoscopic examinations, reinforcing its importance as a cornerstone in the advancement of
gastrointestinal diagnostic imaging.

Wang S Y, Yao ZY, Zhang Y R, et al. A multilayer linear fusion algorithm for endoscopic image enhancement[J]. Opto-
Electron Eng, 2024, 51(6): 240063; DOI: 10.12086/0ee.2024.240063
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