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The paper concentrates on the latest developments in the 
field of deep-learning-based image deblurring and 
specifically, Convolutional Neural Networks (CNNs) and how 
they are able to be used to deblur images. It discusses the 
different forms of blur such as motion blur, out-of-focus blur, 
and mixed blur and compares these methods under the basis 
of blind and non-blind methods. The article sheds light on the 
various architecture and model design, loss functions, and 
performance indicators applied in image deblurring. 
Moreover, it draws attention to the issues that are presently 
observed in the sphere and gives possible path directions of 
the future research. The review has condensed and 
synthesized existing literature to provide a clear overview of 
the current solutions in image deblurring and offers guidance 
to the researchers on how to come up with the more precise, 
efficient, and adaptive methods of deblurring. The 
developments are meant to enhance the use of image 
restoration techniques in practical applications and this will 
lead to the quality and reliability of deblurring processes. 
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1. Introduction    

Imaging processing is a crucial sphere in computer 
science, which works at developing and processing 
visual information. It is one of the most important 
tasks in this field, namely image deblurring where 
one tries to deblur a blurred image and obtain a 
sharp and crisp image.  
 

 
Blurry images can be caused by cameras shaking, 
an in-focus scene, and/or moving objects. More 
recently, however, with the introduction of deep 
learning, mainly through the study of Convolutional 
Neural Networks (CNNs),  
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Figure 1.  Computer Vision Statistics 

Imaging processing is a crucial sphere in computer 
science, which works at developing and processing 
visual information. It is one of the most important 
tasks in this field, namely image deblurring where 
one tries to deblur a blurred image and obtain a 
sharp and crisp image. Blurry images can be caused 
by cameras shaking, an in-focus scene, and/or 
moving objects. More recently, however, with the 
introduction of deep learning, mainly through the 
study of Convolutional Neural Networks (CNNs), 
the approaches of image deblurring and restoration 
surged compared to the traditional methods. These 
techniques have overtaken the conventional image 
processing techniques and are better performers in 
cases of complex situations such as motion blur and 
mixed blur.   The aim of the current review paper is 
to provide an overview of the latest developments 
in image deblurring with specific attention to deep 
learning-based deblurring. It serves to elaborate on 
the various reasons why the image is not sharp and 
the various methods and models that have 
emerged, to curb the same. The relevance of using 
CNNs in blind and non-blind image deblurring is 
also touched upon in the paper with an emphasis 
on the advantages and drawbacks [1]. In addition, 
it provides a comparative review of the most 
utilized deep learning models with their 
architecture, loss functions, and metrics of 
performance. The review will act as a guide to the 
researchers who intend on comprehending the 
state-of-the-art methods in the field of deblurring 
images and how they can be implemented in 
diverse fields. 

 

2. Literature review Image Deblurring 

Techniques 

 

Figure 2. Taxonomy of existing deep image deblurring 
techniques reviewed 

Image deblurring tries to obtain sharp images given 
a blurred input because of motion, camera shake or 
other effects. Historically, deblurring is seen as an 
inverse filtering issue, and it is necessary to know 
the blur kernel. The recent progress, nevertheless, 
combines the deep learning methods, such as CNNs, 
to learn the mapping between a blurred image and 
a sharp one directly [2]. CNN based models, such as 
DCNN, IRCNN and others, have offered far greater 
performance by training blur priors and using large 
datasets. 

 

Figure 3. Deep single image deblurring network 
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The recent progress, nevertheless, combines the 
deep learning methods, such as CNNs, to learn the 
mapping between a blurred image and a sharp one 
directly [2]. Model CNN based models, such as 
DCNN, IRCNN and others, have offered far greater 
performance by training blur priors and using large 
datasets. Moreover, attempts to recover not only 
the sharp image but the blur kernel is discussed, 
further  

enhancing applicability to real-world applications, 
under the term blind deblurring [3]. Such methods, 
though efficient, lack the ability to deal with non-
stationary scenes as well as non-uniform blur or 
real-time processing, which leads to ongoing 
innovations and hybrid approaches that blend the 
then existing approaches with deep learning. 

Image Super-Resolution Methods 

Image super-resolution (SR) is concerned with 
improving the image being of low-quality. SR using 
deep learning has transformed the subject with the 
use of neural structures such as GANs and CNNs 
generating outstanding performance learning high-
frequency information in low-resolution input [4]. 
Approaches like the SRCNN, VDSR, and EDSR 
employ deep networks and predict the value of 
missing pixels that should be and as such create 
high-resolution images [5]. Modern deep learning 
models are now trained end-to-end on enormous 
scales using already created features or 
straightforward interpolations, which improves 
quality [6]. Applications that need for exact and 
unambiguous resolution include surveillance, 
driverless cars, medical imaging, and satellite 
observation. Despite the difficulties of working 
with noisy pictures, high levels of blur, and 
processing expenses to enable real time, deep 
learning's end-to-end training capabilities allow 
the model to be domain-specifically modified [7]. 
The three most notable ones are edge deployment 
constraints, mixed blur robustness, and cross-
dataset generalization. Transformer-based vision 
models, unsupervised/self-supervised learning, 

and lightweight architectures are the latest areas of 
study that aim to balance efficiency and quality [8]. 
These techniques come in handy especially in areas 
such as medical imaging and satellite imagery 
where resolution is transcendent to excellent 
analysis [9]. Nevertheless, even in its current state, 
an SR approach is challenged by the noise artifacts, 
the ability to retain fine details, and the pertinence 
of obtained results to various datasets, leaving 
room to innovate and improve the method. 

Hybrid Models Combining Optimization and 
Deep Learning 

Research work on a hybrid model that integrates 
the use of conventional optimization methods with 
a deep learning mechanism in the restore image 
problematic is discussed in recent studies. 

 

 

Figure 4. State-of-the-art deblurring methods 

 

The reasoning behind these approaches is that 
these two paradigms use complementary strengths 
[10]. Optimization techniques like Wiener   

deconvolution, though inapplicable in blind 
restoration scenarios, perform quite well when the 
blur kernel is known, whereas deep learning 
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Figure 5. Deep video deburring network based on the GAN architecture 

 

Hybrid ways usually incorporate deep neural 
networks into optimization paths, learning 
complicated image priors and iteratively recycling 
the recovery procedure [11]. By means of this 
synergy, it is possible to manage more real-life 
effects, such as motion blur and out-of-focus 
distortions. A model and data-driven combination 

is a balanced approach and its advantages are 
higher efficiency and accuracy [12]. Nevertheless, 
these approaches have problems with 
computational complexity and their 
generalizability to novel kinds of blur, which have 
promoted new research in the area. 

 

Applications and Future Directions 

 

Figure 6. Deep network for single image deblurring based on a multi-scale architecture 
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Figure 7. Deep network for single image deblurring based on a re-blurring architecture 

 

Image restoration finds widespread use in many 
fields, including medical diagnosis, satellite 
imaging, surveillance, and autonomous cars in the 
applications of deblurring and super-resolution. 
Medical imaging just requires high resolutions and 
clear images to make accurate diagnoses whereas 
satellite imaging, increasing resolutions is 
important in analysing terrains [13]. Despite deep 
learning's progress, issues including real-time 
operation, handling excessive blur, and improving 
generalization across a range of datasets still need 
to be resolved [14].  The prospective studies are 
centred on designing more efficient models that 
would be able to process different types of blurs in 
real-time applications and achieve the least 
computational load of the system [16]. In addition, 
advanced and innovative practices like the use of 
transformers and unsupervised learning shows 
incredible potential in the context of overcoming 
the constraints of the image restoration practices 
so that they become more resilient and 
accommodating a variably large range of real-life 
circumstances. 

 

3. Proposed methodology 

The suggested methodology of this review paper 
will be patterned to be comprehensive and follow a 
systematic way of deep learning-based image 
deblurring approaches. The direction of the review 
is narrowed at the very beginning, as only 
published publications in the form of research 
articles, conference papers, and other academic 
sources on the topic of convolutional neural 
networks (CNNs) [17]. The source of the literature 
is reliable databases, such as IEEE Xplore, 

SpringerLink, and arXiv, so only peer-reviewed and 
quality-proven studies are included. 

 
Figure 8. Road Extraction Methods Based on Deep Learning 

The selected works are then divided into key 
thematic areas, such as, blind vs non-blind 
deblurring, loss function optimization, and the 
creation of a hybrid model. Each of the studies is 
studied in regard to methodology, use of dataset, 
architecture design, performance measurements 
and limitations [18]. Particular emphasis will be 
placed on the manner in which all the methods deal 
with various types of blurs, specifically motion blur, 
Gaussian blur, and mixed blur. 
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Figure 9. Deep Learning Models in Imaging 

 

The journal resorts to a literature review based on 
authentic sources (IEEE Xplore, SpringerLink, 
arXiv) to sort the papers according to the type of 
the blur, loss functions and model design. Tables of 
comparison provide datasets, architectures and 
major concepts whereas equations formalize the 

process of optimization and loss functions based on 
MSE. Hybrid methods combine classical 
optimization (e.g., Wiener deconvolution) with 
neural networks, e.g. to enable interpretability and 
flexibility.  

 

 

Figure 10. Improved Classification of Blurred Images with Deep-Learning 
The tables and figures in the comparisons are 
generated to illustrate and summarise the 
architecture model, training parameters and 
evaluation performance. Also, the mathematical 
representations, including loss functions and 
optimization equations, are interpreted to have a 

better understanding of the operational principle of 
the models [19]. The synthesis of results, as a final 
stage, identifies patterns, methodological issues, 
and research gaps, which are used to provide 
recommendations as to the further development of 
research [20]. The methodology guarantees that 
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the review is systematic, comprehensive and 
follows the purposes of developing research in 
image deblurring. 

 

4. Results and discussion 

This review summarizes recent approaches to the 
problem of image deblurring and super-resolution 
tasks based on deep learning and, in particular, 
convolutional neural networks (CNN) and hybrid 
networks. It includes motion blurs, non-focus blur 
and both mixed and non-mixed blurs between blind 
and non-blind; there are two types. Recent 
architectures such as DCNN, IRCNN or USRNet rely 
on learned priors and take advantage of large 
amounts of data to give superior performance to 
classical deconvolution in practice, in realistic 
situations. Figures are necessary for image 
processing research in order to display data and 
findings in an easily readable manner [21].  Figures 
add some visuality to the idea, process and result, 
whereas tables are used to give comparisons in 
details as well as quantitative information. The 
correct positioning, concise captions and the 
representative presentation of data make the point 
that they serve the research analysis and discussion 
[22]. 

The figure explains the various forms of image 
blurring that affect the visual quality in various 
situations. The cause of camera shake blur (a) is 
uncontrolled movement of the camera during the 
exposure period that manipulates the image as 
distorted and stretched. The cause of out-of-focus 

blur (b) is the inability of the camera lens to focus 
to result in soft-unfocused portions [23]. Moving 
object blur (c) is experienced when the object in 
motion blurs since there exists relative speed 
between the object and the camera. 

 
Figure 11. Types of Blurs  

The mixed blur (d) is composed of other different 
types of blurs and many times can be due to the 
intricate aspect such as movement at the same time 
with the focus problem [24]. Knowledge of such 
blurs plays a fundamental role in image processing 
to enhance the images and to restore them better. 
This figure shows an architecture to restore blur by 
means of Convolutional Neural Networks (CNNs). 
The degraded image containing blur is optimally 
processed by various methods such as compressive 
sensing, dictionary based and sparse prior. 

 

Figure 12. RNN Architecture process 

 

Compressive sensing facilitates retrieving high 
quality images with reduced measurements that 
uses minimal computation. The dictionary 
approaches are aimed at using the preconstructed 

image representations to increase the restoration 
process. Sparse priors help to keep the pixel 
structure of the image as much as needed with 
limited details [25]. A CNN will then apply 
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nonlinear mapping as well as pattern recognition 
in order to restore the image correctly. This 
method shows a combination of different methods 

of advanced image restoration that is one of the 
essential domains of modern image processing 

Table 2. Table of deep single image non-blind deburring methods 

Method Category Blur Type Dataset Architecture Key Idea 

DCNN [143] Uniform Gaussian, Disk Convolution CNN The first approach combines 
traditional optimization methods 
with neural networks to solve 
inverse problems. 

IRCNN 
[156] 

Gaussian, 
Motion 

Trains CNN denoisers and uses them 
as a component in model-based 
optimization techniques. 

FCNN [151] Motion Utilizes adaptive learning of image 
priors, with a focus on maintaining 
image structure using an L1 loss 
function. 

FDN [58] Motion Incorporates CNN-based priors along 
with an FFT-based deconvolution 
method for restoration. 

GLRA [104] Gaussian, 
Disk, Motion 

Leverages low-rank approximations 
of blur kernels to initialize CNN 
parameters, improving deblurring 
accuracy. 

DUBLID 
[67] 

Motion Recasts a TV-regularized method into 
a deep network for blind image 
deblurring. 

RGDN [32] Motion Integrates deep neural networks into 
a gradient descent method, 
optimizing image restoration. 

DWDN [23] Motion, 
Gaussian 

Uses explicit deconvolution in the 
feature space by incorporating 
Wiener deconvolution techniques. 

USRNet 
[155] 

Motion, 
Gaussian 

End-to-end training approach 
combining model-based and 
learning-based methods for superior 
image deblurring. 

 

The table gives a comparison of various methods 
based on deep learning that are used to blur deblur 
images and handle the type of blur (motion, 
Gaussian, disk) by using convolutional neural 
networks (CNNs). Each approach makes its own 
contributions, including using prior knowledge of 
traditional optimization with neural networks, or 
image priors to achieve better restoration [26]. 
Such developments point to the current active 
research area on improving image quality with 
CNNs and presents methods such as low-rank 

approximations, TV-regularization and feature-
space deconvolution. This set of techniques 
embodies diverse state of art methods within the 
area of image processing. 

𝜃 = 𝑎𝑟𝑔
𝜃
𝑚𝑖𝑛𝐿(𝐼𝐻𝑅 , 𝐼𝑆𝑅) + 𝜆𝛷(𝜃) 

The latter equation describes an optimization 
formulation that finds application in image-
restoration tasks (such as image deblurring or 
super-resolution). The objective in this case is to 
optimize the set of parameters to minimize the total 
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loss function. The loss is composed of two terms: 
the main loss (IHR, ISR) is the difference between 
high-resolution ground-truth image IHR and the 
super-resolved or restored image ISR, and the 
regularization component, that regulates model 
complexity avoiding that it becomes too complex to 
be trained [27]. This is a hyper-parameter 
balancing between fitting data and applying 
regularization to the model. This framework plays 
an essential role with deep learning-based 
solutions in image processing because the model 
learns to trade off reducing errors and 
generalization. 

𝐿 =
1

2𝑁
∑⬚

𝑁

𝑖=1

||𝑅(𝜃, 𝑖) − 𝑅(𝜃, 𝑖)||
2

 

The second equation is the loss function with a 
particular form, applied in deep learning-based 
territory of image restoration applications. The 
loss, L, in this case is obtained by averaging the 
squared differences between the predicted image, 

𝑅(𝜃, 𝑖) and the true image, R(𝜃, i) on each sample, i, 
out of N total samples. Such a loss function is more 

often called the mean square error (MSE) and can 
be applied during image processing (blur removal 
or super-resolution) [28]. The objective here of the 
equation is to minimize the error in between the 
reconstructed image and the real image of high 
resolution by varying the parameters. The squared 
difference serves to maximize the deviations in the 
negative direction, and will lead to models that 
perform optimally [29]. Deep learning method is 
used while training deep learning models to 
improve image quality by reducing blur or raising 
resolution [30]. Computational needs, real-time 
inference skills, and generalization to unexpected 
types of blurs are persistent problems [31]. The 
development of future directions is steering 
towards transformer-inspired architectures, self-
supervised learning, and lightweight edge-
optimized models that will be used to attain robust, 
scalable and high-quality restoration and be used in 
many different environments. 

 

 

 
Review the journals 

Theme 1: Evolution of Image Processing Techniques 

 

Figure 13.  CNN components 

Throughout works examined, image processing has 
evolved beyond pixel manipulation to using 
artificial intelligence. Traditional methods such as 
improvement, restoration, compression and 
segmentation, and recognition techniques are still 

essential but the majority of current advances are 
based on deep learning approaches, and CNN in 
particular [32]. Through these models, complex 
feature hierarchies are learnt; which allows higher 
accuracy in blur removal. super-resolution as well 
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as object detection [33]. Hybrid approaches 
combine deep networks with optimization-based 
priors to have the best of both worlds: achieve 
greater accuracy and overcome some of the 
shortcomings of each tradition. This revolution 
represents a move towards end to end, data-
intensive interpretation of images.  

Theme 2: Application Diversity and 
Impact 
Image processing is used in remote sensing, 
security, autonomous systems, and agriculture as 
well as healthcare. The medical or botanical 
imagery segmentation and identification are useful 
to predict the diseases, whereas the object 
detection methods such as the YOLO 
implementation varieties are used in the 
monitoring and safety features of industrial and 
urban systems [34]. Deep architectures have 
created the opportunity to perform facial 
recognition and analysis of facial expressions in 
real-time with high accuracies [35]. Each domain's 
methods are tailored to the type of data; for 
example, medical imaging emphasizes clarity and 
resolution, whereas satellite imaging emphasizes 
scale and environmental variability, demonstrating 
the field's adaptability [36]. The paper presents a 
review of deep learning-based developments in 
image deblurring and super-resolution with 
particular focus on convolutional neural networks 
(CNNs). It looks at motion, out-of-focus, Gaussian, 
and mixed blur, explaining blind and non-blind* 
restoration methods. Modern systems such as 
DCNN, IRCNN, and USRNet demonstrate potential 
for directly learning the hierarchies of complex blur 
priors from data [37].  Feature of extreme 
importance over conventional decompositions 
with inverse filtering and kernel estimation in the 
presence of hard, real-world problems. 

Theme 3: Algorithmic Innovations and 
Integration 

The existing studies focus on architectural 
improvements of models, such as multi-scale CNNs, 
GAN restoration, attention layers, and spatio-
temporal networks, to encompass more contextual 
content [38]. Hybrid training combines typical 
restoration algorithms (Wiener deconvolution) 
and the CNN-learning approach to obtain highly 
stable performance in blind and non-blind settings 
[39]. Architectures that are lightweight and 
efficient are designed to deal with deployments 
into edge devices. Recent developments like loss 
function engineering, transfer learning, and 
feature-space optimization show an interest in 
achieving this trade-off between computational 

cost, performance, and generalization in a variety 
of real-world imaging applications [40]. Medical 
diagnostics, satellite mapping, autonomous 
navigation, and security surveillance systems are 
examples of industrial applications where decision-
making accuracy is directly impacted by clarity and 
resolution [41]. End-to-end learning is an 
important possibility of deep models, as they can 
learn to adapt to some domain-specific limits such 
as the scale of remote sensing, or preservation of 
detail in such as clinical imaging.  

Theme 4: Challenges and Future 
Directions 

 
Figure 14. Fundamental steps of a computer vision for digital 

image processing 
Real-time processing, severe or mixed blur, and 
cross-dataset generalization are still problematic 
topics with modest development [42].  There is a 
barrier to deployment in resource-constrained 
environments due to computational requirements 
[43]. Resistance to noise, interpretability, and skill 
to unseen imaging conditions are all the problems 
that are still open [44]. Future trends will focus on 
transformer-based vision models, unsupervised 
and self-supervised learning and adaptive hybrid 
frameworks [45]. Research is also aimed at 
lessening model complexity, so as not to lose 
accuracy, which allows scalable, dependable image 
processing over more dynamic, various 
heterogeneous application conditions. 

Comprehensive Critical Analysis and 
Comparison 
The paper primarily summarizes the previous 
research on image deblurring and super-resolution 
methods based on deep learning, and particularly 
on Convolutional Neural Networks (CNNs). 
Nevertheless, it does not provide a critical analysis 
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of the advantages and disadvantages of the 
methods presented including DCNN, IRCNN, and 
USRNet. The paper would have benefited with a 
more in-depth comparison of these approaches in 
terms of such important aspects as performance 
indicators, computing efficiency, or real-life 
applicability. Lacking these comparisons, the 
reader cannot have a clear picture of the relative 
merit or drawback of the various ways [46]. Such a 
discussion would have offered more information as 
regards the performance of these methods in 
different conditions, which would be a better guide 
in future research and development in the field. 

 

Lack of Weakness Analysis 
The review refers to different methods without 
going into detail on the shortfalls of such methods. 
The inability of CNNs to process non-moving blur, 
real-time processing problems or computational 
costs are not discussed but rather accepted as 
important but not critically analyzed [47]. The fact 
that no analysis has been carried out on how these 
weaknesses affect the overall performance of the 
existing models reduces the worth of the paper. 

 

Missing Proposed Solutions 
Moreover, the solutions to address the weaknesses 
identified in the reviewed works are not presented 
in the paper. It does not discuss how the existing 
models can be enhanced or altered, either by 
hybrid methods that use CNNs along with 
optimization methods or by adding novel loss 
functions. While the old restoration and 
enhancement approaches are still useful sources of 
foundation, the new hybrid methods perform 
better by combining previously learnt picture 
information [48]. The health care, industrial safety, 
satellite monitoring, and human-computer 
connection. Domain-specific changes to the apps 
significantly enhance each domain [49]. 
Algorithmic breakthroughs including attention 
mechanisms, multi-scale structures, and 
lightweight designs are being used to overcome 
technical restrictions like computing load and real-
time processing [50]. The extreme blur situations 
hasta issue with, noise resilience, and dataset 
generalization. Transformer-based vision models, 
unsupervised learning, and edge deployment 
methodologies are the current developments that 
promise to increase capabilities and improve 
efficiency. By proposing these innovations, the 
paper would have been made stronger as it would 
suggest the way forward in the research and 

development of the image deblurring and super-
resolution sphere.  

 

5. Conclusion 

The studied literature shows that the industry of 
image processing is now going through a dynamic 
shift, thanks in a large part to deep learning, 
particularly convolutional neural networks. 
Together, these developments make image 
processing a key driver of intelligent systems, and 
interdisciplinary innovation is a required next area 
of work to surmount any present-day shortcomings 
and address the increasingly expanding needs of 
myriad and diverse real-world applications.  
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