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Abstract. This thesis provides an in-depth study of MATLAB-based image super-resolution
techniques, covering the application of traditional methods (Fourier Transform, Wavelet Transform,
Sparse Representation, Bicubic) and deep learning methods (SwinlR, NAFnet, Path-Restore). In the
section on the background and significance of image super-resolution techniques, the wide range of
applications of MATLAB in the field of image processing is explored. In the technical foundation
section, the principles of image super-resolution technology are detailed, relevant image processing
functions and tools in MATLAB are introduced, and the key steps of the technology are described.
In the practical application, the comparative analysis of different methods is demonstrated through
an example of image super-resolution in a real scene, including the effect diagram and MATLAB
code. In the conclusion, the advantages and disadvantages of each method are summarized, which
provides a certain reference for the future development of image super-resolution technology.
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1. Introduction

With the continuous development of science and technology, image processing technology plays
an increasingly important role in several fields. As one of the key technologies, image super-
resolution technology has received widespread attention with the goal of improving image details and
clarity. In this thesis, MATLAB-based image super-resolution technology will be studied in depth,
combining traditional methods and deep learning methods, in order to comprehensively understand
its effects and advantages and disadvantages in practical applications [1].

In the field of image processing, MATLAB, as a powerful mathematical computing tool, provides
a rich set of functions and toolboxes, which provides a convenient and flexible platform for
researchers. MATLAB enables the exploration and implementation of different image super-
resolution methods, including traditional Fourier Transform, Wavelet Transform, Sparse
Representation, and Bicubic, as well as emerging deep learning methods, such as SwinIR, NAFnet,
and Path-Restore. These methods cover techniques ranging from classical to cutting-edge, providing
diverse options for image super-resolution research.

This paper will start with the background and significance of image super-resolution technology,
elaborate the application of MATLAB in image processing, deeply analyze the principles of image
super-resolution techniques and related tools in MATLAB, demonstrate the effects of different
methods through practical cases and comparative analyses, and finally provide a comprehensive
evaluation of each method through conclusions. This research aims to provide practical experience
and theoretical support for the further development of image super-resolution techniques [2].

2. Overview of Image Super-resolution Techniques

2.1. Background and Significance of Image Super-resolution Techniques

Vision is one of the main ways for people to get useful information from the external world, it
inputs images from the external environment into the brain through the visual system, and then the
images are perceived by the human brain. Visual perception is the human's knowledge and awareness
of this world and drives its advancement and development. In today's fast-changing science and
technology, with the development of the network, multimedia technology has also developed rapidly,
and multimedia information represented by pictures and videos has been widely disseminated. Images
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or images are used to record the daily life, express and communicate emotions, and transmit
knowledge and work. Multimedia resources are taking on a new form in people's learning, life and
work [3].

Image is a kind of image containing many kinds of information, and the clarity of the image is
directly related to the goodness of the information conveyed by the image. Low-resolution images
are difficult to fully preserve their texture details due to their small pixel density, resulting in the loss
of image information; while high-resolution images have finer textures and clearer visual effects, thus
the demand for high-definition images and videos is becoming more and more urgent. At the same
time, in computer vision, high-resolution images and videos can help computers better recognize and
understand the outside world.

2.2. Application of MATLAB in Image Super-resolution Techniques

Currently, they are obtained by using high-precision digital imaging instruments for mise-en-scene
photography and down-sampling of high-resolution images. The first approach usually costs a lot of
money in terms of acquiring some valuable instruments and is relatively cumbersome to run. The
second approach employs a software approach and is therefore much easier to use. There are various
languages in which this function can be implemented, such as C, java, MATLAB, etc., but MATLAB
is one of the simplest.

2.2.1. Implementation of Traditional Methods

MATLAB provides a rich set of signal processing and image processing functions, such as “fft2
for Fourier transform, "wavedec™ for wavelet transform, and “bicubic™ for Bicubic interpolation. This
makes the implementation of traditional methods intuitive and efficient.

2.2.2. Development of Deep Learning Methods

Utilizing the deep learning toolbox in MATLAB, researchers can easily construct, train and test
image super-resolution models. For example, deep learning networks SwinIR, NAFnet and Path-
Restore can be used for model building and parameter tuning through MATLAB.

2.2.3. Image Pre-processing and Post-processing

MATLAB provides rich image preprocessing functions, such as “imresize’, “imfilter’, etc., which
are convenient for researchers to preprocess the input images. Meanwhile, post-processing can be
carried out by MATLAB to optimize the super-resolution results so as to make them more in line
with practical needs.

2.2.4. Effect Visualization and Analysis

Using the graphical processing function of MATLAB, the researcher can visualize the effect
comparison graphs of different super-resolution methods. Through the visualization tool, the
differences between the various methods in image detail recovery can be better understood and
quantitatively analyzed.

2.2.5. Practical Scene Application Cases

MATLAB provides a convenient way for researchers to apply image super-resolution techniques
in practical scenarios. By writing MATLAB codes, image super-resolution in real scenarios can be
realized, and the research results can be better applied to practical problem solving.

Overall, the application of MATLAB in image super-resolution technology not only provides a
convenient way to implement, but also provides a powerful and flexible platform for researchers to
help them study and optimize image super-resolution technology.
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3. Fundamentals of MATLAB Image Super-resolution Techniques

3.1. Principles of Image Super-resolution Techniques

Image super-resolution techniques aim to recover sharper and more detailed details by increasing
the spatial resolution of an image. The basic principle involves both traditional methods and deep
learning methods.

3.1.1. Traditional Methods

The Fourier Transform is able to analyze the frequency components of an image by transforming
the image into the frequency domain. In super-resolution, detail can be improved by enhancing high-
frequency information. After the Fourier transform, filtering can be performed to enhance the high
frequency components.

The Wavelet Transform is a time-frequency transform method that can capture detailed
information at different scales by analyzing images at different scales. In super-resolution, the wavelet
transform helps to extract the high-frequency details of an image [4].

Utilizing the idea of Sparse Representation, it is believed that an image can be represented by a set
of elementary atoms. By choosing the appropriate bases, efficient representation and recovery of the
image can be realized, thus improving the spatial resolution of the image.

Bicubic Interpolation is a commonly used interpolation method that can generate high-resolution
images by performing interpolation calculations on image pixels. However, this method may lead to
image distortion when dealing with large super-resolution.

3.1.2. Deep Learning Methods

Convolutional Neural Networks (CNN): Among the deep learning methods, convolutional neural
networks have achieved remarkable results in image super-resolution. By training CNNs with deep
structure, the network is able to learn high-level features of images and achieve more accurate super-
resolution results.

SwinIR, NAFnet, Path-Restore and other network structures: These deep learning network
structures improve the network's ability to capture and reconstruct image details by introducing
advanced techniques such as attention mechanism and non-localized features, which further improves
the super-resolution of images [5].

3.2. Related Image Processing Functions and Tools in MATLAB

3.2.1. “imread” and “imshow"

“imread” is used to read an image file while “imshow" is used to display the image. These two
functions are the most basic reading and displaying tools in image processing.

1.  img=imread('image.jpg’); % Read image

2. imshow(img); % Display image

3.2.2. "imresize’
“imresize’is used to resize an image and is a common preprocessing step in image super-resolution.
1. resized_img = imresize(img, [new_height, new_width]);

3.2.3. Frequency-domain Processing Functions

MATLAB provides the function “fft2" that performs the Fourier transform for processing images
in the frequency domain.
1. fft_img = fft2(img); % Perform Fourier transform on image

3.2.4. Wavelet Transform Functions

The Wavelet Toolbox in MATLAB provides wavelet transform functions such as “wavedec™ and
“waverec” for wavelet decomposition and reconstruction.
1. [c, I] =wavedec(img, n, ‘wavelet_name’); % Perform wavelet decomposition
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2. reconstructed_img = waverec(c, |, 'wavelet_name’); % Wavelet reconstruction

3.2.5. Deep Learning Toolbox

MATLAB's Deep Learning Toolbox contains many functions for building, training, and testing
deep learning models. Researchers can use these toolboxes for building and optimizing image super-
resolution networks.

1. net =alexnet; % Example: Loading an AlexNet model

3.2.6. Filter Functions
The “imfilter” function in MATLAB can be used for image filtering to smooth or enhance an image.
1. filtered_img = imfilter(img, filter);

3.3. Key Steps in Image Super-resolution Techniques

3.3.1. Image Preprocessing

Image preprocessing is a key initial step in super-resolution techniques. This includes grayscaling
of the image, denoising, and resizing if necessary. ‘imresize” and other related functions can be used
to resize the image.

3.3.2. Feature Extraction

Feature extraction is performed on the image to preserve critical spatial and frequency information.
In traditional methods, Fourier transform, wavelet transform, or other frequency domain processing
methods can be applied. In deep learning methods, Convolutional Neural Networks (CNNSs) extract
features through learned filters.

3.3.3. Model Selection and Training

Selection of an appropriate super-resolution model is a critical step. For deep learning methods,
advanced network structures such as SwinIR, NAFnet, and Path-Restore are selected. Then, the model
is trained using a training dataset to learn the mapping relationships of the images [6].

3.3.4. Model Evaluation

The trained model is evaluated and its performance is verified using the test dataset. Various
metrics such as PSNR (Peak Signal to Noise Ratio) and SSIM (Structural Similarity Index) can be
used to quantify the super-resolution effect.

3.3.5. Image Reconstruction

Super-resolution reconstruction of a new image using a model that has been trained. This step
produces a more detailed and clearer image by mapping a low-resolution image to a high-resolution
image through the model.

3.3.6. Post-processing

Post-processing is optionally performed to optimize the super-resolution results. Post-processing
can include steps such as removing image artifacts, adjusting contrast, etc. to obtain a more natural
looking high resolution image.

3.3.7. Effects Analysis and Comparison

Compare and contrast super-resolution results with the original image, and between different
methods. Image quality evaluation metrics or visual analysis can be used to assess the performance
of super-resolution techniques [7].
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4. Practical Application of MATLAB Image Super-resolution Techniques

4.1. Example of Image Super-resolution in a Real Scene

Image super-resolution technology, as a method that can effectively improve the imaging
resolution, has been widely used in many fields such as video surveillance, medical imaging,
multimedia, etc. IEEE defines image super-resolution as a high-quality, low-noise, high-resolution
image that is processed by a specific algorithm in a single frame or the same scene. In Fig. 1, (a) is
the original low-resolution image and (b) is the super-resolution high-resolution image. It can be
clearly seen that the high-resolution image has finer texture details and clearer boundary structure
than the original low-resolution image.

(a) (b)
Figure 1. LR image and reconstructed HR image. (a) Original LR image; (b) reconstructed HR
image

Image super-resolution can overcome the limitations of the performance of existing imaging
devices and the interference of environmental noise to obtain high-quality high-resolution images,
and is the most effective way to improve image resolution. According to the number of input low-
resolution images, they can be categorized into single-frame and multi-frame. This thesis focuses on
the super-resolution of single-frame images and incorporate a priori information based on which the
high-resolution images are reconstructed.

4.2. Comparison and Analysis of Different Methods

This paper introduces the super-resolution algorithm based on MATLAB software. In recent years,
scholars at home and abroad have proposed a variety of methods to solve this problem. This paper
compares and analyzes the characteristics and performance of various methods with several examples
in real engineering [8].

4.2.1. Comparison of the Effectiveness of Traditional Methods

Fourier Transform, Wavelet Transform, Sparse Representation and Bicubic Interpolation are
implemented for image super-resolution using MATLAB. The traditional methods show some effect
in improving the image resolution, but the ability to recover complex textures and details is relatively
weak, which may lead to excessive smoothing or distortion of the image.

4.2.2. Comparison of the Effects of Deep Learning Methods

Super-resolution of the same image using deep learning methods such as SwinlR, NAFnet and
Path-Restore. The deep learning methods perform better on complex scenes and texture restoration,
and they are able to better preserve the details in the image. This is due to the deep learning network's
ability to learn and model complex features [9].

4.2.3. Comparison of the Effect of Interpolation Methods

Interpolation method is a commonly used super-resolution reconstruction algorithm, which
includes linear interpolation, quadratic interpolation, cubic interpolation and so on. In MATLAB
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environment, the fitting of model parameters is achieved by using the interpolation function that
comes with MATLAB. For example, 1D, 2D and 3D interpolation can be realized by 'interpl’,
‘interp2' and 'interp3' functions. This algorithm is characterized by simple computation and fast speed,
but it does not restore the details of the image well. The performance is limited when interpolation is
used for super-resolution reconstruction when there is a lot of noise in the image.

4.2.4. Comparison of the Effect of Reconstruction Based Methods

The purpose of reconstruction based algorithms is to extract as much high frequency information
as possible from a low resolution image for the purpose of improving the resolution. Several typical
reconstruction algorithms such as inverse filtering, bilateral filtering, and Wavelet transform are
implemented using MATLAB software. Taking the Wavelet transform as an example, the 2 D
wavelet decomposition is realized by using the "wavedec2™ function of MATLAB, and then the high
frequency subbands are reconstructed by interpolation method, and then the wavelets are
reconstructed by the “waverec2" function. This algorithm has the ability to better restore the details
in the image, but it is computationally intensive and susceptible to noise interference [10].

5. Conclusion

This thesis is an in-depth study of MATLAB-based image super-resolution techniques. Now, with
MATLAB's wavelet toolkit and signal processing toolkit, it is believed that MATLAB will play an
increasingly important role in super-resolution image reconstruction. The research in this paper
provides a deep understanding of the principles and applications of the various methods, and also
provides a series of feasible solutions to the problem of image super-resolution in real-world scenarios.

However, it should be noted that each method has its applicable scenarios and limitations. When
choosing a suitable image super-resolution method, comprehensive consideration needs to be made
based on specific application requirements and scene characteristics. Future research directions can
focus on further improving the performance of deep learning models to adapt to a wider range of
image super-resolution application areas.
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