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Hybrid Image Reconstruction Algorithm for Low-Resolution Images.
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Image Super-Resolution (SR) is a transformative method that upgrades Low-Resolution
(LR) images to High-Resolution (HR) by replenishing missing high-frequency details.
The SR domain is bifurcated into Multiple Image Super-Resolution (MISR) and Single
Image Super-Resolution (SISR), with MISR synthesizing a detailed HR image from
multiple LR sources, necessitating precise alignment, and SISR producing an HR image
from a singular LR input, offering flexibility but challenged by the need to extract
detailed information from scant data.

SR techniques are categorized into three main strategies: interpolation-based
methods, such as nearest neighbor and bicubic interpolation, which are straightforward
but tend to produce blurred HR images; reconstruction-based methods, which model
and then reverse the degradation process of LR images to generate HR counterparts,
demanding a comprehensive understanding of image degradation; and learning-based
methods, which leverage machine learning algorithms to predict HR images from LR
ones, encompassing dictionary learning-based SR, deep learning-based SR, Support
Vector Machine (SVM)-based SR, and random-forest based SR. This dissertation focuses



on learning-based SISR, specifically utilizing dictionary learning with sparse
representation algorithms, demonstrating significant efficacy in enhancing image
quality, even in challenging noisy environments.

A notable innovation within this research is the introduction of a hybrid SR approach
that merges the strengths of both dictionary learning-based and deep learning-based SR
methods. This novel strategy is aimed at improving image quality across both color and
grayscale spectrums, highlighting the crucial role of grayscale images in medical
imaging. The research aims to broaden the application of SR techniques across various
imaging fields, with a special emphasis on agriculture for detecting and classifying
thrips pests, proposing an integrated end-to-end automatic counting system to refine
pest detection and classification, thereby optimizing the monitoring process in
agricultural practices.

First, a comprehensive comparative analysis assesses the integration of dictionary
learning with sparse representation algorithms, revealing that the combination of the
Douglas-Rachford algorithm with k-SVD (KSVD_DR) surpasses other methods in
enhancing LR images. The KSVD_DR scheme, which employs the Douglas-Rachford
algorithm and k-SVD for improved computational efficiency, is highlighted for its
effectiveness in SISR image reconstruction, notably enhancing grayscale image
resolution.

Further, the dissertation develops a novel hybrid technique, combining dictionary
learning-based methods with transformer-based deep learning for post-SR image
enhancement. This approach, utilizing KSVD_DR for Pathway 1 and the Image
Processing Transformer (IPT) for Pathway 2, ensures high-quality image resolution
suitable for a range of applications, including general color and medical grayscale
images. Comparative evaluations against leading methods indicate the hybrid
approach's superiority in visual quality and performance metrics, despite a slight lag in
PSNR compared to state-of-the-art deep learning-based SR methods, but showing better
performance on grayscale images post-finetuning.

Moreover, the research extends the KSVD_DR method's application to agriculture,
significantly enhancing pest detection accuracy through SR processing. Validation
results, particularly with the Yolov8 detection model, underscore the method's impact
on improving thrips detection accuracy. The dissertation proposes an integrated
automatic counting system for farmers, leveraging the SR technique to streamline
agricultural monitoring processes.

However, it acknowledges the slight lag of its final images behind deep learning-based
SR methods in PSNR values for color images, yet excels in grayscale image processing,
surpassing the IPT model post-finetuning. Future efforts will focus on enhancing color
image processing and expanding the dataset to include yellow traps for broader
agricultural application, alongside improving the classification model to tackle data
imbalance issues, aiming for more accurate and comprehensive pest management
solutions.

In conclusion, this dissertation significantly advances SR techniques, showcasing
their practical applicability in agriculture, and underscores the importance of
continuous optimization to extend their utility across various imaging domains.
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