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Abstract: In recent years, deep learning technology has made remarkable progress in medical image reconstruction and 
enhancement, and has become one of the research hotspots in the field of medical image processing. This paper discusses the 
latest research progress and application of deep learning in medical image reconstruction and enhancement. Firstly, the 
importance of medical image reconstruction and enhancement and the limitations of traditional methods are introduced. Then, a 
detailed discussion was conducted on the application of deep learning models, including Convolutional Neural Networks (CNN), 
Generative Adversarial Networks (GAN), and Autoencoders, in medical image processing. Specifically, an analysis and 
comparison were conducted on the image reconstruction ability of CNN models, the image enhancement effect of GAN models, 
and the image denoising and reconstruction of Autoencoder models. Then, the advantages and challenges of deep learning model 
in medical image processing are discussed, and the future development direction is discussed. Finally, the research results of this 
paper are summarized and the prospect of future research is put forward. The research in this paper provides some enlightenment 
and reference for researchers and practitioners in the field of medical image processing, which is helpful to promote the 
continuous innovation and progress of medical image processing technology. 
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1. Introduction 
Medical images play a vital role in modern medical 

diagnosis and treatment. With the continuous development of 
medical imaging technology, various medical image data, 
such as radiology images, medical ultrasound images and 
pathological images, are constantly emerging, which provide 
doctors with rich information and help them make accurate 
diagnosis and treatment plans [1-2]. However, because the 
acquisition process of medical images is limited by equipment 
and technology, images may be affected by noise, artifacts, 
insufficient resolution and other problems, which reduces the 
quality and usability of medical images. 

Traditional medical image reconstruction and enhancement 
methods are often based on mathematical models and signal 
processing techniques, such as filtering, interpolation, 
denoising and so on [3-6]. Although these methods can 
improve the image quality to a certain extent, they often rely 
on manually designed feature extractors and manually 
adjusted parameters, which are difficult to adapt to complex 
and changeable medical image data. In addition, these 
methods often fail to deal with noise and complex structures 
in images, which limits their practicability in clinical 
application. With the rapid development of deep learning 
technology, especially the rise of deep learning models such 
as Convolutional Neural Networks (CNN), Generative 
Adversarial Networks (GAN), and Autoencoder, the field of 
medical image reconstruction and enhancement has also 
ushered in new opportunities and challenges [7-9]. Through 
end-to-end learning, the deep learning model can learn richer 
and more abstract feature representations from the original 
data, and then realize the accurate reconstruction and 
enhancement of medical images. Compared with traditional 

methods, the deep learning model has higher accuracy and 
adaptability, and can better handle different types of medical 
image data with different quality. 

This paper aims to discuss the latest progress and 
application of deep learning in medical image reconstruction 
and enhancement, discuss the advantages and challenges of 
deep learning technology in medical image processing, and 
look forward to the future development direction. Through 
the analysis of related research and cases, I hope to provide 
some inspiration and reference for researchers and 
practitioners in the field of medical image processing, and 
promote the continuous innovation and progress of medical 
image processing technology. 

2. Application of Deep Learning in 
Medical Image Reconstruction and 
Enhancement 

CNN is a deep learning model specially used for processing 
image data, which plays an important role in medical image 
reconstruction. Through a series of operations such as 
convolution, pooling and nonlinear activation, CNN can learn 
the feature representation from the original image data and 
realize the reconstruction and enhancement of the image 
(Figure 1). 

In medical image reconstruction, CNN is often used to 
process radiological images, such as X-ray, CT (Computed 
Tomography) and MRI (Magnetic Resonance Imaging). By 
training CNN model, low-dose or low-resolution medical 
images can be reconstructed, and the image quality and 
diagnostic accuracy can be improved [10].  For example, 
researchers used CNN model to reconstruct low-dose CT 
images, so that low-dose CT images can reach the quality 
level of standard-dose CT images, thus reducing the risk of 
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radiation exposure of patients. 
In addition, CNN can also be used for segmentation and 

registration of medical images, helping doctors to locate and 
identify diseased areas more accurately. By training CNN 

model, different tissues and structures in medical images can 
be automatically segmented, which improves the efficiency 
and accuracy of medical image analysis. 

 
Figure 1. Medical image processing based on CNN 

 

GAN is an antagonistic training framework composed of 
generator and discriminator, which is often used to generate 
realistic new image data. In medical image enhancement, 
GAN can be used to generate high-quality and high-resolution 
medical images, or to enhance existing medical images. 

For medical image generation, researchers have 
successfully generated realistic medical images, such as skin 
lesion images and fundus images, using the GAN model [11-
12]. These generated images not only have realistic 
appearance, but also have similar characteristics to real 
images, which can be used to broaden and expand medical 
image data. In medical image enhancement, GAN can be used 
to enhance medical images with low quality and large noise 
interference, and improve the clarity and contrast of the 
images. By training GAN model, we can remove noise and 
restore details in medical images, thus improving the quality 
and usability of medical images. 

Autoencoder is a kind of neural network structure widely 
used in machine learning and deep learning, especially for 
unsupervised learning and semi-supervised learning scenarios. 
Its core function is to encode and decode the input data to 
learn the compressed representation or potential features of 
the data, so as to realize various tasks such as data 
dimensionality reduction, feature extraction, denoising and 
anomaly detection. The basic structure of Autoencoder 
includes two parts: encoder and decoder. The encoder is 
responsible for mapping the input data to a low-dimensional 
hidden layer representation, which is usually realized by 
multi-layer neural network, accompanied by data 
compression and feature extraction. The decoder is 
responsible for mapping the representation of the hidden layer 
back to the original data space to reconstruct the input data. 
The structure of encoder and decoder is usually symmetrical 
to ensure the effective compression and reconstruction of data. 

According to different learning paradigms and construction 
types, Autoencoder can be divided into many types. For 

example, shrinking Autoencoder and regularized 
Autoencoder belong to discriminant model, and they restrict 
the complexity of hidden layer representation by introducing 
regularization term, thus improving the generalization ability 
of Autoencoder. Variational Autoencoder is a generation 
model, which captures the potential distribution of data by 
introducing probability graph model, thus generating new 
data samples. 

Autoencoder is an unsupervised learning model, which is 
often used to express advanced features of learning data. In 
the reconstruction and enhancement of medical images, 
Autoencoder can be used to realize the reconstruction and 
denoising of medical images. Autoencoder reconstructs the 
original image by encoding the input image into a low-
dimensional potential spatial representation, and then 
decoding the potential spatial representation into a 
reconstructed image [13]. In medical image reconstruction, 
Autoencoder can be used to process medical images with low 
resolution and large noise interference, thus improving the 
quality and clarity of the images. 

In addition, Autoencoder can also be used to denoise and 
reduce the dimension of medical images, extract effective 
information from images and suppress noise interference, 
thus improving the quality and usability of medical images 
[14]. By training the Autoencoder model[15], the noise in 
medical images can be automatically removed and the images 
can be reconstructed, which provides more reliable data 
support for medical image analysis and diagnosis[16-17]. 

3. Application Cases of Deep Learning 
in Specific Medical Fields 

3.1. Design of Experiment 
The purpose of the experiment is to evaluate the effect of 

the method based on deep learning in radiology image 
reconstruction and enhancement, and compare it with the 
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traditional method. Use the public radiology image data set, 
LIDC-IDRI (lung CT image data set) and IXI data set 
(magnetic resonance image data set) to ensure that the data 
set contains medical image data of different cases and 
different diseases. 

3.2. Experimental Method 
Choose different deep learning models, including 

reconstruction network based on CNN [18], enhanced 
network based on GAN and reconstruction network based on 
Autoencoder[19]. The experiment preprocessed the original 
medical image data, including noise removal, standardization 
and image enhancement[20]. The preprocessed medical 
image data set is divided into training set, verification set and 
test set. The training set is used to train the deep learning 
model, and the model superparameter is adjusted through the 
verification set[21]. Evaluate the performance of the trained 
deep learning model on the test set, including image quality, 
reconstruction accuracy, noise removal effect and other 
indicators. The deep learning model is compared with the 
traditional radiology image reconstruction and enhancement 
methods, and their differences in image quality and 
processing effect are analyzed. 

3.3. Experimental Procedure 
The experiment randomly selects a part of medical image 

data from the public data set as the experimental sample to 
ensure that the sample covers different disease types and 
different cases. Preprocessing the selected medical image data, 
including denoising and image enhancement. The pre-
processed data is used to train the deep learning model, and 
the parameters are optimized on the verification set. Evaluate 
the performance of the trained deep learning model on the test 
set, and record the evaluation indicators. This paper analyzes 
the differences between deep learning model and traditional 
methods in image reconstruction and enhancement, and 
discusses the advantages and limitations of deep learning in 
radiology image processing. 

3.4. Experimental Results and Analysis 
The generalization ability score reflects the performance of 

the model in processing medical image data of different 
disease types. The higher the score, the better the 
generalization ability of the model, which can adapt to data of 
different disease types and produce robust prediction results. 
Figure 2 shows the generalization ability scores of different 
deep learning models. 

 
Figure 2. Generalization ability of different deep learning models 

 

First of all, it can be seen from the figure that there are some 
differences in the generalization ability scores of the three 
deep learning models in different disease types. GAN model 
shows the highest generalization ability score in most disease 
types. This shows that the GAN model has strong adaptability 
and generalization ability when dealing with different types 
of medical image data, and can produce high-quality 
reconstruction and enhancement results. CNN model also 
shows a high generalization ability score in many disease 
types, although it is slightly lower than GAN model, but it is 
still better than Autoencoder model. CNN model can 
accurately reconstruct and enhance different types of data by 
learning the feature representation of medical image data. The 
generalization ability score of Autoencoder model in some 

disease types is relatively low. Although the Autoencoder 
model performs well in some specific tasks, it may have some 
limitations when dealing with complex and changeable 
medical image data, resulting in its poor generalization ability. 

To sum up, from the perspective of generalization ability 
score, GAN model has better generalization ability than CNN 
and Autoencoder model, and can better handle medical image 
data of different disease types. This result shows that GAN 
model has a wide application prospect in the field of medical 
image processing and is expected to become one of the main 
technologies for medical image reconstruction and 
enhancement in the future[22-24]. At the same time, CNN 
model also shows high generalization ability and can be used 
as a stable and reliable choice. The Autoencoder model may 
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need to be further optimized and improved in some scenarios 
to improve its generalization ability in processing medical 
image data. 

According to Table 1, compared with the traditional 
methods, the three deep learning models, CNN, GAN and 
Autoencoder, have achieved better performance in image 

quality, noise removal and image detail restoration. Among 
them, GAN model is the best in image quality and noise 
removal, while Autoencoder model is slightly inferior to 
GAN model in image detail restoration but still superior to 
traditional methods, while CNN model has made significant 
improvements in three aspects. 

 
Table 1. Performance comparison results 

model PSNR SNR SSIM
traditional method 30.5 dB 15.2 dB 0.75

CNN 34.2 dB 18.5 dB 0.82
GAN 35.7 dB 20.1 dB 0.85

Autoencoder 33.8 dB 17.8 dB 0.80

It should be noted that medical image data involves the 
privacy of patients, and how to ensure the security and 
privacy of data is an important issue. It is necessary to study 
the deep learning model based on privacy protection, such as 
federated learning and homomorphic encryption, to ensure 
the effective protection of patients' privacy information in the 
process of medical image processing. The black box nature of 
deep learning model limits its interpretability in medical 
image processing, and it is often difficult for doctors to 
understand the decision-making process of the model. We 
should focus on improving the interpretability and 
interpretability of the deep learning model, including 
designing explanatory methods and visualization techniques 
suitable for medical images, so as to enhance doctors' trust 
and understanding of model decision-making. 

Medical image data often have many different modalities, 
such as CT, MRI, etc. How to effectively integrate multi-
modal data for comprehensive analysis is a challenge. It is 
necessary to study the joint processing methods of 
multimodal medical images, such as cross-modal feature 
fusion and cross-modal data enhancement, in order to 
improve the comprehensive utilization efficiency of medical 
image data. At present, most medical image processing 
methods rely on manually designed rules and parameters, and 
lack the ability to adapt to different scenes[25]. In the future, 
we can explore adaptive medical image processing methods 
based on reinforcement learning, and realize adaptive 
reconstruction and enhancement of different medical image 
scenes through autonomous learning and adjustment of 
models, thus improving processing efficiency and 
performance. 

To sum up, solving data privacy and security, improving 
model interpretation, studying multimodal data fusion 
methods and exploring adaptive methods based on 
reinforcement learning are the main problems facing the 
medical image processing field at present and the important 
direction of future development. Through continuous 
research and innovation, the development and application of 
medical image processing technology can be further 
promoted. 

4. Conclusion  
The deep learning model has made remarkable 

achievements in the field of medical image reconstruction and 
enhancement. Through deep learning models such as CNN, 
GAN and Autoencoder, high-quality reconstruction and 
enhancement of medical image data can be achieved, and the 
performance of image quality, noise removal and image 
details recovery can be effectively improved. Compared with 
traditional methods, deep learning model has higher accuracy 

and effect. Compared with the traditional methods based on 
mathematical model and signal processing technology, the 
deep learning model can better process different types of 
medical image data with different quality, and has higher 
adaptability and generalization ability. Deep learning model 
still has some challenges and problems in medical image 
reconstruction and enhancement, such as data privacy and 
security, model interpretation and interpretability, multimodal 
data fusion processing and so on. The future research 
direction should focus on solving these problems and promote 
the further development and application of deep learning 
technology in the field of medical image processing. This 
study provides some enlightenment and reference for 
researchers and practitioners in the field of medical image 
processing, which is helpful to promote the continuous 
innovation and progress of medical image processing 
technology. Future work should focus on the optimization and 
improvement of the deep learning model to improve the 
performance and efficiency of the model to meet the actual 
needs in the field of medical image processing. 
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