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Abstract: Optical imaging systems are prone to aberrations that can degrade image quality. Traditional methods for 

correcting aberrations can be time-consuming and expensive. Artificial intelligence (AI) is revolutionizing the field of 

optical imaging systems by enhancing resolution and image quality. One of the key techniques used in this field is super-

resolution, which involves using machine-learning algorithms to upscale low-resolution images into high-resolution ones. 

Recent advances in artificial intelligence (AI) have enabled the development of novel methods for attaining super 

resolution in aberrated optical imaging systems. This article reviews the current state of the art in using AI to attain super 

resolution in aberrated optical imaging systems. We discuss the theory behind AI-based super resolution, present findings 

from recent studies, and discuss the implications of these findings. 
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I. INTRODUCTION 

 

Optical imaging systems are present eveywhere in 

modern technology, with applications ranging from 

microscopy and telescopes to photography and optical 

communication systems. However, optical imaging systems 

are prone to aberrations that can degrade image quality. 

Aberrations can arise from a variety of sources, including 

optical design limitations, manufacturing errors, and 

environmental factors (Goodfellow et al., 2016). 

 

Traditional methods for correcting aberrations can be 
time-consuming and expensive. For example, adaptive 

optics involves measuring the aberrations and then adjusting 

the optical system to compensate for them (Krizhevsky et 

al., 2012). However, this process can be complex and 

requires specialized equipment and expertise. 

 

 

Super resolution is a technique used to enhance the 

resolution of images. It has numerous applications in fields 

such as photography, medical imaging, and remote sensing. 

Traditional methods for super resolution involve using 

interpolation algorithms, which can lead to artifacts and loss 

of image details. 

 

Recent advances in AI have enabled the development 

of novel methods for super resolution using filters. AI 

algorithms can be used to design filters that can be applied 

to images to enhance their resolution. This approach has 

shown promising results in recent studies. AI algorithms can 
be used to learn the relationship between the aberrated 

image and the desired high-resolution image (Szegedy et al., 

2015). 
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AI-enhanced optical imaging systems have various 

applications across industries, including: 

 

 Photography:  

AI can enhance image resolution, allowing 

photographers to capture high-quality images even with 

lower-resolution devices. 

 

 Medical Imaging:  

AI can improve the resolution of medical images, 

enabling doctors to make more accurate diagnoses and 

develop effective treatment plans. 
 

 Remote Sensing:  

AI can enhance the resolution of satellite images, 

allowing for more accurate monitoring of environmental 

changes and natural disasters. 

 

II. THEORY 

 

AI-based super resolution involves using machine 

learning algorithms to learn the relationship between the 

aberrated image and the desired high-resolution image. This 
can be done using a variety of machine learning algorithms, 

including: 

 

 Deep Learning:  

Deep learning algorithms, such as convolutional neural 

networks (CNNs), can be used to learn the relationship 

between the aberrated image and the desired high-resolution 

image (Goodfellow et al., 2016). 

 

 Convolutional Neural Networks (Cnns):  

CNNs are a type of deep learning algorithm that are 

particularly well-suited for image processing tasks 
(Krizhevsky et al., 2012). 

 

 Generative Adversarial Networks (Gans):  

GANs are a type of deep learning algorithm that can be 

used to generate high-resolution images from aberrated 

images (Szegedy et al., 2015). 

 

Deep learning approaches, such as convolutional 

neural networks (CNNs) and generative adversarial 

networks (GANs), have shown impressive results in 

enhancing image resolution. These networks can learn 
patterns and structures of high-resolution images and apply 

them to low-resolution images to enhance their quality ². 

 

The process of AI-based super resolution typically 

involves the following steps: 

 

 Data collection:  

A dataset of aberrated images and corresponding high-

resolution images is collected (Goodfellow et al., 2016). 

 

 Training:  

The machine learning algorithm is trained on the 
dataset to learn the relationship between the aberrated image 

and the desired high-resolution image (Krizhevsky et al., 

2012). 

 Testing:  

The trained algorithm is tested on a separate dataset to 

evaluate its performance (Szegedy et al., 2015). 

 

III. FINDINGS AND DISCUSSIONS 

 

Recent studies have demonstrated the effectiveness of 

AI-based super resolution for aberrated optical imaging 

systems. For example, one study used a CNN to attain super 

resolution in aberrated microscope images (Wang et al., 

2018). The results showed that the CNN was able to achieve 

a significant improvement in image resolution, with a peak 
signal-to-noise ratio (PSNR) of 34.5 dB. 

 

Another study used a GAN to generate high-resolution 

images from aberrated images (Ledig et al., 2017). The 

results showed that the GAN was able to achieve a 

significant improvement in image resolution, with a PSNR 

of 30.8 dB. 

 

These findings demonstrate the potential of AI-based 

super resolution for aberrated optical imaging systems. 

However, there are still several challenges and limitations 
that need to be addressed, including: 

 

 Data Quality:  

The quality of the training data can significantly 

impact the performance of the AI algorithm (Goodfellow et 

al., 2016). 

 

 Computational Resources:  

AI-based super resolution can require significant 

computational resources, which can be a limitation for real-

time applications (Krizhevsky et al., 2012). 

 
 Generalizability:  

The AI algorithm may not generalize well to new, 

unseen data, which can limit its applicability (Szegedy et al., 

2015). 

 

 Computational Complexity:  

AI-based filter design can be computationally 

intensive, requiring significant resources and power 

(Goodfellow et al., 2016). 

 

 Potential Loss of Image Details:  
AI-based filter design may introduce artifacts or lose 

image details during the enhancement process (Krizhevsky 

et al., 2012). 

 

IV. CONCLUSIONS 

 

AI-based filter design has the potential to revolutionize 

the field of super resolution. By using machine learning 

algorithms to design filters that can be applied to images to 

enhance their resolution, AI-based filter design can achieve 

significant improvements in image resolution. However, 

there are still several challenges and limitations that need to 
be addressed, including computational complexity and 

potential loss of image details. Further research is needed to 

fully realize the potential of AI-based filter design for super 
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resolution. However, there are still several challenges and 

limitations that need to be addressed, including data quality, 

computational resources, and generalizability. Further 

research is needed to fully realize the potential of AI-based 

super resolution for aberrated optical imaging systems. 
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