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Abstract: With the advancement of medical imaging technology, low-resolution and noisy endoscopic images often hinder 
accurate lesion identification. This study explores deep learning-based super-resolution for endoscopic images and compares 
it with traditional interpolation methods. The results show that deep learning significantly improves image resolution and 
restores fine details, particularly in complex textures and small lesions. Both quantitative and qualitative analyses reveal that 
deep learning outperforms traditional methods in image quality, detail recovery, and visual effects, enhancing the clinical 
application of endoscopic images and improving diagnostic accuracy.
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1. Introduction
1.1 Background and Research Motivation

Endoscopic imaging is widely used for diagnosing digestive and respiratory system diseases. However, the resolution 
of traditional endoscopic images limits the detection of small lesions, affecting diagnostic accuracy. Super-resolution 
technology can address this issue by enhancing image details[1]. While traditional super-resolution methods have seen some 
success, they have limitations in processing medical images, especially endoscopic ones.

In recent years, deep learning-based super-resolution methods have made significant strides. These methods can learn 
complex features from data to improve image quality. However, few studies have focused on applying deep learning to 
endoscopic image super-resolution. This study aims to explore the potential of both deep learning and traditional super-
resolution techniques to enhance endoscopic images for clinical use[2].

1.2 Research Purpose and Significance
This study seeks to evaluate the effectiveness of deep learning-based super-resolution technology in improving 

endoscopic image quality. By comparing deep learning and traditional methods, the research aims to offer better solutions 
for clinical applications.

Academically, the study advances the use of deep learning in medical image processing, specifically for endoscopic 
images. Clinically, improving image quality will help doctors detect lesions more accurately, improving early diagnosis and 
patient outcomes.

2. Overview of endoscopic high-resolution imaging and super-resolution technology
2.1 Endoscopic Imaging Technology

Endoscopic imaging uses flexible or rigid endoscopes for in vivo visualization, transmitting real-time images of the 
body to a display for doctors to observe and diagnose lesions. It is widely applied in fields like the digestive, respiratory, and 
urinary systems, offering benefits such as minimal trauma, quick recovery, and ease of use. Modern endoscopic equipment, 
aided by high-resolution displays, provides clearer images, allowing doctors to observe delicate structures. As optical imaging 
technology advances, the need for better image processing and optimization has grown, and super-resolution technology is 
an effective way to enhance image resolution and detail.

2.2 Overview of Super-resolution Technology
Super-resolution (SR) technology improves image resolution and details by using algorithms to generate high-

resolution images from low-resolution ones through extrapolation and reconstruction. It is widely applied in fields like 
medical imaging, remote sensing, and satellite imaging[3]. Traditional methods, such as bilinear interpolation and multi-
frame super-resolution, rely on mathematical models to enlarge and restore image details, but often suffer from blurring 
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and distortion due to limited information in low-resolution images. Deep learning-based super-resolution, particularly using 
convolutional neural networks (CNNs), has significantly improved image quality by learning complex image features from 
large datasets, allowing for higher-quality image reconstruction. Deep learning also enhances image quality through multi-
frame fusion and video sequences.

2.3 Application of Deep Learning in Super-resolution
Deep learning, particularly CNN-based super-resolution methods, has advanced the field of image processing, 

especially in medical imaging. Traditional methods struggle with limited information in low-resolution images, often 
leading to blurred or incomplete details. Deep learning, however, can restore these details more accurately. In single-image 
super-resolution (SISR), CNNs extract features from low-resolution images to generate high-resolution ones with improved 
detail. Generative adversarial networks (GANs) further enhance this process by generating more realistic and detailed high-
resolution images[4]. Deep learning also excels in multi-frame super-resolution, where it fuses multiple low-resolution 
images to improve clarity and detail. In medical image processing, deep learning significantly improves image clarity and 
diagnostic accuracy, making it a promising tool for future applications in the field.

3. Experimental methods and results analysis
3.1 Datasets and experimental settings

This study used publicly available endoscopic image datasets covering gastrointestinal and respiratory tract images, 
including both benign and malignant lesions. The datasets contained low- and high-resolution image pairs, with low-
resolution images generated by downscaling the original images to one-quarter of their size, simulating real-world clinical 
conditions where device limitations often result in lower image quality.

Images were pre-processed for consistency, standardized in size, and converted to grayscale to focus on structural details 
and minimize color variation. The deep learning-based super-resolution method was compared with traditional interpolation 
techniques, such as bilinear and nearest neighbor interpolation, which served as benchmarks[5]. The effectiveness was 
evaluated using PSNR and SSIM, with higher values indicating better image quality and closer similarity to the original 
high-resolution images.

To assess model performance, we compared well-known deep learning models like SRCNN, VDSR, and SRGAN 
under different conditions, including varying noise levels, lesion types, and image resolutions. The setup also considered 
computational efficiency, training time, and the models' ability to handle realistic clinical variations.

3.2 Results and Analysis
This section compares the performance of deep learning models and traditional interpolation methods in processing 

endoscopic images, focusing on PSNR, SSIM, and visual assessments.
Quantitatively, deep learning models (SRCNN, VDSR, SRGAN) significantly outperform traditional methods like 

bilinear and nearest neighbor interpolation in PSNR and SSIM values. SRGAN, for instance, achieves over 10% higher 
PSNR than bilinear interpolation, with notably better structural preservation. These models excel at restoring fine textures 
and high-frequency details, crucial for medical diagnoses, especially in regions like lesions and blood vessels[6].

Qualitative analysis shows deep learning models, particularly SRGAN, restore image details effectively, improving 
lesion visibility. SRGAN-generated images in gastrointestinal endoscopy, for example, offer clearer lesion delineation 
compared to traditional methods, which often result in blurry images. This fine detail recovery enhances clinical diagnosis, 
making SRGAN especially valuable in medical imaging.

SRGAN also outperforms other models in noise robustness and resolution recovery, demonstrating superior denoising 
and detail restoration in noisy or low-resolution images, which are common in clinical practice.

In conclusion, deep learning methods, especially SRGAN, greatly enhance endoscopic image quality, improving both 
quantitative metrics and diagnostic accuracy, supporting more informed clinical decisions.

3.3 Comparison of deep learning and traditional methods
This study compares deep learning-based super-resolution methods with traditional interpolation techniques (bilinear 

and nearest neighbor) for endoscopic image enhancement, using both quantitative metrics (PSNR and SSIM) and qualitative 
visual assessments.

Quantitative results show that deep learning models (SRCNN, VDSR, SRGAN) significantly outperform traditional 
methods in PSNR and SSIM, indicating better restoration of image details. These models excel at recovering fine features, 
crucial for medical analysis.
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Qualitatively, deep learning models, particularly SRGAN, excel in restoring complex details like small lesions (e.g., 
ulcers or tumors). Traditional methods, by contrast, often produce blurred images, hindering accurate diagnosis. Deep 
learning models can adaptively learn the relationship between low- and high-resolution images, improving sharpness and 
recovering high-frequency components, especially for complex textures.

While traditional methods are faster and less computationally expensive, they fail to restore fine details. Deep learning 
models require more computational power, but advancements in hardware (e.g., GPUs, AI chips) are expected to make them 
more practical for clinical use.

In conclusion, deep learning methods outperform traditional techniques in endoscopic image enhancement, offering 
significant improvements in image quality and diagnostic accuracy, despite higher computational costs[7]. These methods 
show great promise for future medical imaging applications.

4. Conclusion and future prospects
This study demonstrates the significant advantages of deep learning-based endoscopic image super-resolution 

technology in improving image quality. By applying deep learning models, especially SRGAN, the clarity and detail 
recovery capabilities of images can be significantly improved. Deep learning methods can adaptively learn the mapping 
relationship between low resolution and high resolution, accurately restore complex textures and tiny lesions in images, and 
greatly improve image quality. In particular, when processing small lesions, blurred areas, and edges in endoscopic images, 
deep learning models show excellent performance and can generate more realistic and clear images.

The application of this technology provides higher quality image support for medical image analysis and helps improve 
the accuracy and efficiency of clinical diagnosis. Deep learning methods not only perform well in image quality, but also 
enhance the details and layering of endoscopic images, allowing doctors to see the lesion area more clearly and make more 
accurate judgments. It has broad prospects in actual clinical applications in the future.

References

[1] Chen Jian, Zhang Zihao, Wang Ganhong, et al. Establishment of an Artificial Intelligence-Assisted System for Colonos-
copy Quality Control Based on Different Deep Learning Architectures [J]. Chinese Journal of Medical Physics, 2024, 
41(11): 1443-1452.

[2] Zhou Jielu, Lin Jiaxi, Zhu Jinzhou. Application of Artificial Intelligence in Endoscopic Diagnosis of Colorectal Tumors 
[J]. Chinese Medical Equipment, 2024, 39(09): 136-143.

[3] Wu Yahui, Zhu Shiqi, Wu Yudong, et al. Colonoscopy Image Classification System for Submucosal Colorectal Tumors 
and Polyps Based on Few-Shot Learning Algorithms [J]. Chinese Journal of Medical Physics, 2024, 41(07): 897-904.

[4] Chen Jian, Wang Jennie, Xia Kaijian, et al. Comparison of Deep Learning-Based Methods for Colonoscopy Image 
Segmentation and Classification of Colorectal Polyps [J]. Journal of Shanghai Jiao Tong University (Medical Science), 
2024, 44(06): 762-772.

[5] Zhang Qiusheng, Lin Qi, Li Guanghua, et al. Research Progress on the Application of Deep Learning-Based Artificial 
Intelligence Technology in Gastric Cancer [J]. Digestive Tumor Journal (Electronic Edition), 2024, 16(02): 223-230.

[6] Yao Hanmin. Preprocessing and Assisted Diagnosis of Esophageal Lesion Images Based on Deep Learning [D]. South-
west University of Science and Technology, 2024. DOI: 10.27415/d.cnki.gxngc.2024.001235.

[7] Cheng Zhuo, Liang Hui, Xing Lumin. Research Progress and Prospects of Deep Learning Technology in Laryngopha-
ryngeal Endoscopy Applications [J/OL]. Journal of Otolaryngology, Ophthalmology and Otorhinolaryngology, Shan-
dong University, 1-9 [2024-12-14]. http://kns.cnki.net/kcms/detail/37.1437.R.20240522.1300.003.html.


