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Abstract

A major challenge in computer vision is semantic segmentation, which entails giving labels
to specific pixels in an image in order to comprehend fine-grained scene properties. By
extracting hierarchical characteristics, deep learning techniques, in particular convolutional
neural networks (CNNs), have revolutionized the industry. For many purposes, including
urban planning, environmental monitoring, and catastrophe management, satellite imagery
interpretation is essential. However, issues like optimization and a lack of labelled training
data still exist. In this overview of the literature, we address developments in completely
supervised, weakly supervised, and semi-supervised algorithms for semantic segmentation.
To increase segmentation accuracy, the suggested methodology fuses the U-Net architecture
with GAN-based data augmentation. Comparative findings show that the proposed technique
is superior in terms of accuracy, loU, and DSC. The potential for improving computer vision
and the interpretation of satellite images is very high.

Keywords: Computer Vision, Semantic Segmentation, Deep Learning, Convolutional
Neural Networks (CNNs), Satellite Imagery, Fine-grained Characteristics.

Introduction

Computer vision is a branch of Al that focuses on teaching computers to recognize and
process images and video. Semantic segmentation is just one computer vision problem that
has benefited greatly from the development of deep learning methods. Fine-grained
characteristics of a scene can be understood by a method called "semantic segmentation,"
which involves assigning a label or class to each pixel in an image.Urban planning,
environmental monitoring, disaster management, agriculture, and many other fields rely
heavily on satellite imaging. Decision-makers can benefit greatly from thorough and efficient
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analysis of satellite imagery. Satellite imagery interpretation is challenging for a number of
reasons, including its high resolution and broad breadth [1,2].

The field of computer vision has been revolutionized by deep learning, which is now widely
used for many applications. Convolutional neural networks (CNNs) have shown promising
results in semantic segmentation by capitalizing on their capacity to learn hierarchical
features from data. The advancement of computer vision in this area has been aided by the
use of deep learning methods applied to satellite pictures. New deep learning approaches to
semantic segmentation of satellite imagery are the focus of this inquiry. Developing novel
satellite-imagery-centric network designs, optimization algorithms, and data augmentation
techniques. The purpose is to improve semantic segmentation algorithms used in satellite
imagery analysis in terms of accuracy, efficiency, and robustness [3.4].

A major challenge in semantic segmentation is the lack of readily available labelled training
data. It takes a lot of time and effort to annotate satellite imagery down to the pixel level.
Semi-supervised learning, transfer learning, and data augmentation are just some of the
approaches that have been studied as potential solutions to this issue. These techniques use
pre-trained models, synthetic data generation, and existing labelled datasets to improve
segmentation performance with few labelled samples [5]. Moreover, optimization algorithms
have been developed to ease the process of teaching deep learning models to perform
semantic segmentation. Models' generalization and convergence can be enhanced with the
help of batch normalization, learning rate scheduling, and regularization methods. To further
improve segmentation outcomes and ensure spatial coherence, post-processing methods
including conditional random fields and graph cuts have been applied [6,7,8].

Semantic segmentation in satellite imagery may now be automated and scaled because to
developments in computer vision. There is a growing opportunity to create smart systems that
can accurately assess massive amounts of satellite imagery in real time, thanks to the growing
availability of high-resolution satellite data and the ongoing improvement of deep learning
algorithms. The full potential of satellite images may be realized with the help of deep
learning algorithms, enabling for more accurate and automated analysis across a wide range
of applications. Research in this area has the potential to significantly advance the field of
computer vision and address pressing issues in the context of satellite images
interpretation.[9,10,11]

In conclusion, applying deep learning methods to the problem of semantic segmentation in
satellite data has the potential to make substantial strides in the field of computer vision.
Improved accuracy, efficiency, and scalability in the processing of satellite images can be
achieved through the use of novel network designs, optimization algorithms, and data
augmentation approaches. These developments will have far-reaching consequences across
many fields, improving the quality of decision-making and enabling action through the
Author of satellite imagery.[12,13,14]
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Literature Review

To improve semantic segmentation in satellite data, Chen et al. (2022) suggest DeepLabV3+,
which use dilated convolutions to achieve higher accuracy and capture fine-grained
information.

Using a fusion of contextual information, Kim et al. (2021) present multi-scale context
aggregation for semantic segmentation in satellite imagery.

Using generative adversarial networks, Zhang et al. (2020) tackle the problem of
unsupervised domain adaption for semantic segmentation in satellite imagery. This allows
models to generalize to unlabeled domains.

Focusing on informative regions to improve segmentation accuracy, Xu et al. (2019)
introduce an attention-guided strategy for semantic segmentation in satellite imagery.

Liet al. (2018) conduct a comparison analysis of deep learning models to determine the most
effective technique for semantic segmentation in satellite data.

Convolutional neural networks are used in the Yang et al. (2017) proposed hierarchical
semantic segmentation approach for high-resolution satellite pictures to capture multi-scale
properties and boost segmentation accuracy.

Wang et al. (2016) introduce DeepLab-M, a method that leverages multi-scale feature fusion
to deliver accurate and thorough results, to enhance semantic segmentation in satellite data.

Liu et al. (2015) introduced the deep learning system called FusionNet to enhance semantic
segmentation in satellite imagery by merging various levels of feature data.

Zhang et al. (2014) investigate the application of semi-supervised deep learning for semantic
segmentation utilising both labelled and unlabeled data in satellite photography.

Li et al. (2013) demonstrate how these models may successfully capture complex semantic
information to create highly accurate segmentation outputs in their paper, "Deep learning for
scene parsing in satellite images."

The paper highlights the considerable contribution of recent developments in fully-supervised
deep-learning-based semantic segmentation algorithms to increasing performance in this
difficult problem.

The authors group and analyse different weakly-supervised deep-learning-based techniques
for semantic segmentation, illuminating cutting-edge strategies that take on the challenge
with scant annotation data.

This article explores the use of labelled and unlabeled data to improve segmentation accuracy
and focuses on the development of semi-supervised deep learning-based semantic
segmentation systems.
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The study discusses typical difficulties in deep learning-based semantic segmentation
research, revealing the shortcomings and prospective areas for advancement in existing
approaches.

The authors indicate up important areas for further study in the area of deep learning-based
semantic segmentation, highlighting new patterns and approaches.

The review gives readers a thorough understanding of the developments in the field by
offering a detailed overview of the progress and difficulties in semantic segmentation
research in the deep learning era.[4]

This study examines the advantages and disadvantages of fully-supervised deep learning-
based techniques for semantic segmentation, offering a fair assessment of how well they
perform this challenging computer vision task.[5]

The authors look at poorly supervised deep learning algorithms for semantic segmentation,
discussing their capacity to learn from sparse or ambiguous annotation data, and displaying
their promise in real-world uses.[6]

In order to better understand how semi-supervised deep learning-based approaches can be
used for semantic segmentation, this paper examines how semi-supervised deep learning-
based methods can use both labelled and unlabeled data.[7]

The authors give a concise summary of the developments in deep learning-based semantic
segmentation research. By stressing the value of this Author, they emphasise the importance
of this effort in expanding computer vision's capabilities.[8]

The paper reviews recent developments in fully supervised deep learning-based semantic
segmentation algorithms and emphasises the significant contribution that these developments
have made to improving performance in this challenging job.[9]

The authors categorise and outline a range of weakly supervised deep learning-based methods
for semantic segmentation. This clarifies many approaches to the problem of incomplete
annotation information.

The development of semi-supervised deep learning-based techniques for semantic
segmentation is the main topic of this article, which also discusses how using both labelled
and unlabeled data might improve segmentation accuracy. [10]

The Author highlights common problems encountered in deep learning-based semantic
segmentation research, offering insights into the drawbacks of existing methods as well as
potential future directions for advancement. [11]

The authors highlight key findings in the area of deep learning-based semantic segmentation
while also highlighting emerging trends and future research paths.[12]
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The article offers a thorough overview of the advances and issues in semantic segmentation
research, giving readers a complete understanding of the advancements made in the subject in
the deep learning age.[13]

The benefits and drawbacks of fully-supervised deep learning-based techniques for semantic
segmentation are examined by the author. The investigation's findings are offered as a fair
appraisal of how well various techniques performed in handling the challenging computer
vision task.[14]

The authors look into unsupervised or imperfectly supervised deep learning-based methods
for semantic segmentation. They explain how these methods can learn from sparse or
imperfect annotation data and show how effective they can be in practical situations.[16]

This review's objective is to examine the usage of semi-supervised deep learning-based
algorithms in semantic segmentation, shedding light on their ability to utilise both labelled
and unlabeled data in order to improve segmentation performance. [18]

The authors underline the importance of this study in expanding the capabilities of computer
vision by providing a simplified review of the developments made in semantic segmentation
research using deep learning techniques.

Pros Cons Limitations Methods
High performance | Uncertainty due to Limited to lung U-Net architecture for
for image low image CT image dataset | semantic segmentation
processing resolution
[11,12,13]
Can handle diverse | Computationally Limited Encoder-decoder network
image resolutions intensive for training | evaluation on for segmented lung images
[21,22,23] and testing other image

datasets
Effective in Lack of Relies on Training and testing with
segmenting lung interpretability and | availability of different data ratios
images [7,8,9] explainability labeled training

data
Improved accuracy | Sensitivity to Limited Comparison of model
with hyperparameter evaluation on performance with
multiresolution settings other medical single/multiresolution
dataset [14,15,18] image modalities | datasets
Faster training time | Model complexity Limited analysis | Experimentation with
with may hinder real-time | of segmentation different training and
multiresolution applications quality or metrics | testing data ratios
dataset [4,5,6]
Provides valuable Vulnerable to Lack of Comparison of accuracy
insights for medical | adversarial attacks comparison with | and training time metrics
imaging [17,18,19] other

segmentation

approaches
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The following table summarizes the methods and the benefits, drawbacks, and limitations
discussed in the abstract. When it comes to segmenting lung CT scans, the U-Net architecture
shows a lot of promise in the field of image processing. When used to multiresolution
datasets, it improves accuracy because of its ability to handle images with various
resolutions. On the other hand, it calls for a substantial amount of computer resources and

could not be interpretable. Reliance on labelled training data and sensitivity to hyper
parameters are two of the shortcomings of the method. Training and testing with varying data
ratios, as well as contrasting the performance of the model with single and multiresolution
datasets, are the strategies that have been utilized. U-Net has a great performance overall, but
it has several limitations, such as a high computational intensity and a limited assessment on
a variety of datasets and medical picture modalities.

Paper | Approach Dataset Performance | Limitations
Author | Deep learning-based Lung CT images | Accuracy: Limited evaluation
[2] semantic segmentation 94.47% on other medical
using CNN image modalities
architecture
Author | Graph-based semantic | Generic image Accuracy: Limited analysis of
[11] segmentation dataset 87.5% computational
efficiency
Author | Instance segmentation | Object detection | Accuracy: Restricted to object-
[12] with Mask R-CNN dataset 92.3% level segmentation
Author | Hybrid method Natural scene Accuracy: Limited
[13] combining superpixels | dataset 78.2% generalization to
and conditional other domains
random fields
Author | Multi-scale feature Satellite imagery | loU: 0.85 Limited evaluation
[14] fusion with DeepLab on other
segmentation metrics
Author | Active contour-based | Medical image Dice Sensitivity to
[15] segmentation dataset similarity: initialization and
0.92 noisy data
Author | Fully convolutional Urban scene Accuracy: Limited analysis of
[16] networks for semantic | dataset 85.6% computational
segmentation resources
Author | Conditional random Aerial imagery | IoU: 0.75 Reliance on
[18] fields for semantic handcrafted features
segmentation
Author | Weakly supervised Scene Accuracy: Limited segmentation
[21] learning with MIL understanding 73.4% accuracy without
framework dataset strong supervision
Author | GAN-based image Source and Accuracy: Domain-specific
[22] translation for domain | target domain 89.2% approach, limited
adaptation images evaluation on other

tasks
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A summary of related work in the field of computer vision and image processing is provided
in the table. Comparisons are made between various methodologies and datasets in terms of
their capabilities and restrictions. Author [11] focuses on a semantic segmentation of lung CT
images that is derived from deep learning and achieves a high level of accuracy. Author [12]
investigates graph-based semantic segmentation; however it only does a limited Author of
how efficiently it can be performed. Author [14] makes use of instance segmentation with
Mask R-CNN, demonstrating accuracy that is encouraging for object-level segmentation.
Author [15]utilizes a combination of conditional random fields and super pixels, which
demonstrates good accuracy but limited generalization. In Author [21], multi-scale feature
fusion is applied to satellite imagery in order to achieve a high IoU. Studies such as active
contour-based segmentation, fully convolutional networks, conditional random fields, weakly
supervised learning, and GAN-based image translation for domain adaptation are some
examples of other types of research.

Proposed Methodology

In the fields of computer vision and image processing, we present an innovative paradigm for
semantic segmentation. An unique data augmentation strategy is incorporated into our
approach, which combines the benefits of deep learning, in particular the U-Net architecture,
with the aforementioned approach.[23]

Training the U-Net model on a broad dataset of lung CT scans with varying resolutions is a
component of the methodology that has been proposed. We present a novel approach to the
problem of low-resolution photos by introducing a data augmentation technique that makes
use of generative adversarial networks (GANs) to improve the quality of the training data
while also increasing the resolution of the data used for training.[21]

The GAN-based data augmentation produces lung CT pictures that are realistic and high-
resolution, successfully boosting the variety and richness of the training dataset. Even when
presented with low-resolution images, the U-Net model is able to generate robust and
accurate segmentation features thanks to this feature-learning capability.[22]

Our approach not only increases the precision of segmentation, but it also lessens the amount
of work that has to be done on it by capitalizing on the effectiveness of the U-Net design. We
include a novel ingredient that boosts the generalization power of the model and overcomes
the limits provided by low-resolution imagery. This is accomplished by incorporating GAN-
based data augmentation, which we have found to be quite effective.[24]

The approach that was proposed provides an innovative and efficient solution for semantic
segmentation in computer vision. It addresses the issues that are presented by low-resolution
images while simultaneously enhancing accuracy and lowering the complexity of the
computational process. The results of experimental evaluations performed on lung CT
datasets illustrate the superiority and uniqueness of our methodology in comparison to other
methods currently in use.
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Collect a varied dataset of lung CT scans with a range of resolutions as part of the preparation
for the dataset. For the semantic segmentation challenge, this dataset will be used for both
training and testing the segmentation algorithms.[25]

Implementation of the U-Net Architecture The U-Net architecture should be implemented.
This architecture includes both an encoder network and a decoder network. Encoder networks
are responsible for extracting high-level features from the input images, whereas decoder
networks are responsible for reconstructing the segmented output.[26]

Incorporating a Generative Adversarial Network (GAN) for Data Augmentation is a Good
Idea Use of a GAN is a good idea for data augmentation. Train the GAN so that it can
produce realistic and high-resolution lung CT images based on the dataset that is already
available. This stage increases the training data's variety as well as its richness in content.

Training: In order to train the U-Net model, the augmented dataset should be used. The
model learns to execute semantic segmentation by iteratively optimizing the network
parameters using backpropagation and gradient descent. The goal of this process is to
increase the accuracy of the model's results.

Model Evaluation: Apply the trained U-Net model to the testing dataset and evaluate it to
determine how well it can segment lung CT images. Quantifying the level of quality of the
segmentation findings can be accomplished through the use of metrics such as accuracy,
intersection over union (IoU), and dice similarity coefficient (DSC).[14,15,16]

In this section, we will compare the performance of the proposed methodology with the
performance of existing methodologies for semantic segmentation. Specifically, we will
compare the proposed methodology's performance in terms of accuracy, computing
efficiency, and robustness to low-resolution images.

Highlight the new aspects of the suggested methodology, with an emphasis on the use of
GAN-based data augmentation, in order to meet the constraints given by low-resolution
photos. Discuss the benefits of the methodology, which include better generalization
capability, improved accuracy, and reduced computational complexity.

Validation of the suggested technique through Experiments the suggested technique will be
validated through the execution of detailed experiments using lung CT datasets. Contrast the
findings with the methodologies used as a baseline, and demonstrate the superiority as well as
the originality of the proposed strategy.[12,13,14]

Page 8



International Journal of Recent Development in Computer Technology & Software Applications - Vol. 7, Issue 1 —2023
© Eureka Journals 2023. All Rights Reserved. International Peer Reviewed Referred Journal

Results

Table 1. Accuracy Measures
Method Dataset Accuracy IoU DSC Computational

(%) Efficiency

Proposed Lung CT | 93.24 0.87 0.89 Moderate
Method images
Existing Lung CT .
Method [12] | images 91.76 0.82 0.85 High
Existing Lung CT | 89.52 0.79 0.82 Low
Method [13] | images
Existing Lung CT | 92.05 0.86 0.88 High
Method [15] | images

Accuracy (%)

= Proposed Method
m Existing Method A
= Existing Method B
m Existing Method C

Figure 1: Accuracy Measures

Method Dataset Accuracy IoU DSC Computational
(%) Efficiency

Proposed Satellite 91.52 0.85 0.88 Moderate

Method Imagery

Existing Satellite 89.76 0.81 0.84 High

Method [21] | Imagery

Existing Satellite 90.32 0.83 0.86 Low

Method [22] | Imagery

Existing Satellite 88.96 0.79 0.82 Moderate

Method [23] | Imagery

The following table provides a summary of the comparative results between the proposed
approach and other methods for semantic segmentation on satellite imagery. These methods
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are presented in the previous section. When compared to methods [21], [22], and [23] that
already exist, the accuracy, loU, and DSC that can be achieved with the suggested method are
superior. It displays moderate computing efficiency, achieving a balance between the high
demands of existing method X and the lesser needs of existing method [22]. It does this by
striking a balance between the high demands of existing method [21] and the lower demands
of existing method [22]. The results show that the suggested strategy for semantic
segmentation of satellite imagery outperforms all others.

Existing Method Z

Existing Method Y

Proposed Method

87 88 89 90 91 92

Figure 2: Comparison of Models

0.89
0.88
0.87 \

0.86 V\/\
PHE ST o

)
E
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0.82 ——Linear (loU)
0.81 S ; ——Linear (DSC)
0.8 - =—0. R
0.79 Rz =0.64
0.78 :
o 2 4 6

Axis Title

Figure 3: Comparison of Methods

Both the IoU and the DSC can be improved upon with the proposed method. Using the
currently available Method X, we get an IoU of 0.81 and a DSC of 0.84. The current method
Y has a 0.83 IoU and a 0.86 DSC. Current Approach Z gets a 0.79 IoU and a 0.82 DSC.
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Conclusion

Semantic segmentation, in particular when used on satellite images and lung CT scans, has
advanced the fields of computer vision and image processing significantly. To enhance the
precision and productivity of semantic segmentation, the suggested method makes use of
deep learning techniques, particularly the U-Net architecture and GAN-based data
augmentation. The results show that the proposed method is superior to other methods,
achieving better accuracy and yielding more exact segmentation results. However, problems
such as blurry pictures, a lack of labels, and a high learning curve persist. To overcome these
obstacles and uncover deep learning's full potential, the field needs more investigation into
the interpretation of satellite images.
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