JURNAL ILMIAH COMPUTER SCIENCE (JICS)
E-ISSN 3026-7145 P-ISSN 3030-9840
Volume 3, Nomor 1, Juli 2024, Page 16-29
DOI: https://doi.org/10.58602/jics.v3i1.30

Advancements and Applications of
Convolutional Neural Networks in Image
Analysis: A Comprehensive Review

Hewa Majeed Zangana ', Ayaz khalid Mohammed 2, Firas Mahmood Mustafa 3
1IT Dept., Duhok Technical College, Duhok Polytechnic University, Duhok, Iraq
2 Computer System Department, Ararat Technical Private Institute, Kurdistan Region - Iraq
3 Chemical Engineering Dept., Technical College of Engineering, Duhok Polytechnic, Duhok, Iraq
hewa.zangana@dpu.edu.krd

Abstract
Keywords: Convolutional Neural Networks (CNNs) have revolutionized image analysis,
Convolutional extracting meaningful features from raw pixel data for accurate predictions.
Neural Networks This paper reviews CNN fundamentals, architectures, training methods,
(CNNs); image applications, challenges, and future directions. It introduces CNN basics,
analysis; including convolutional and pooling layers, and discusses diverse
architectures; architectures like LeNet, AlexNet, ResNet, and DenseNet. Training strategies
training strategies;  such as data preprocessing, initialization, optimization, and regularization are
applications; explored for improved performance and stability. CNN applications span
challenges; future healthcare, agriculture, ecology, remote sensing, and security, enabling tasks
directions. like object detection, classification, and segmentation. However, challenges

like interpretability, data bias, and adversarial attacks persist. Future research
aims to enhance CNN robustness, scalability, and ethical deployment. In
conclusion, CNNs drive transformative advancements in image analysis, with
ongoing efforts to address challenges and shape the future of Al-enabled
technologies.

1.INTRODUCTION

Convolutional Neural Networks (CNNs) have made a big change in how we analyze images in
different areas. They help us find and identify objects, classify things, separate parts of an image, and
do more tasks like that. CNNs are really good at using a structure based on the human brain to
understand pictures. They can learn important features from pictures and analyze them well.

In the last few years, CNNs have become very popular and are being used in many different areas
like healthcare, farming, ecology, remote sensing, and industrial inspection. For example, in medical
pictures, CNNs have been helpful in finding diseases, noticing problem areas, and making plans for
treatment. Studies like [1]. show good results. In 2018, [2] in 2020. Also, in farming, [3] pointed out that
CNNs could be useful for keeping track of crops, spotting pests, and predicting how much will be
harvested.

In addition, CNNs have been very helpful in studying nature, by making it easier to identify
different species, assess biodiversity, and map habitats [4], [5] They can find important information from
big sets of data about the environment. This has helped us learn more about how ecosystems work and
how to protect them.

Additionally, CNNs have been used in activities such as classifying land types, detecting changes,
and monitoring disasters through remote sensing. [6], [7] Their ability to study images of the Earth using
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different types of light has helped us learn more about how the land works and how to take care of
natural resources.

In factories, CNNs are used to check for problems with products and to make sure they are good
quality. By using computers to look for problems, CNNs make things faster, cheaper, and better.

Although there has been great progress, there are still problems to solve such as making CNN
models easier to understand, protecting people's data, and customizing the technology for specific
fields. This paper wants to talk about all the new things and uses of CNNs in looking at pictures. It will
bring together information from many different studies to show important patterns, ways of doing
things, and what will happen next.

In this review, we use important ideas from well-known works by [8] and others. In 2020, [9], and
Li and others. In 2021, they want to show all the ways CNNs can help with different types of pictures
and also their limits.

In short, CNNs are a great way to analyze images and find important information in them. They
can be used in many different fields to learn from visual information. This review is about how CNN
research is changing image analysis methods and how it's being used.

2.BACKGROUND AND THEORY

Convolutional Neural Networks (CNNs) are a type of advanced computer models made to work
with organized grid information, like pictures. They have become very popular because they work well
for analyzing images. This part gives a summary of the basic ideas and theories that support CNNs.

CNNs have special layers that find patterns in pictures using different filters. These filters are used
to merge with the input image to create feature maps that show local patterns and textures. Using filters
on the input image helps CNNs learn different visual features in a step-by-step way, from simple things
like edges and corners to more complex things like objects and scenes.

Pooling layers are used with convolutional layers to make the feature maps smaller while keeping
the important information. Some common pooling operations are max pooling and average pooling.
They make feature maps smaller by picking the biggest or average value in each area. Pooling helps to
make sure the translation stays the same and makes it easier for the computer to process by using less
information in the next stages.

Furthermore, CNNs usually have activation functions like ReLU to make the network able to learn
difficult patterns. The ReLU activation function is commonly used because it's simple and good at
solving the vanishing gradient problem during training.

Furthermore, CNN models usually include additional parts like normalization layers (for example,
batch normalization) to make training more stable and faster, and techniques to prevent overfitting and
improve overall performance.

One of the main benefits of CNNss is that they can efficiently handle big image data while using only
a few trainable parameters, thanks to their ability to share and use information from nearby pixels.
CNNs can learn to recognize patterns in different places and arrange them in order by using the same
weights. This helps them to not be affected by location and capture visual patterns well.

Also, the improvement in CNN designs, like residual connections and attention mechanisms, has
made them better at representing information and learning. As a result, they are now performing at the
highest level in image analysis tasks.

Simply put, CNNs are very helpful for computers to learn features and different levels of visual
information, which makes them important for analyzing images in many different ways.

3.RELATED WORK

This part shows a detailed summary of the current research on Convolutional Neural Networks
(CNNs) for analyzing images. It brings together important studies, methods, and results from different
areas where CNNs have been used for analyzing images.
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Anwar and others [1]. In 2018, a study carefully looked at how CNNs are used to analyze medical
images. They found that CNNs are being used to help diagnose diseases, find lesions, and plan
treatments using different types of medical images like MRI, CT scans, and histopathology.

Kamilaris and Prenafeta- Boldu (2018) [3] studied using CNNs to track crops, find pests, and predict
how much will be harvested.

Their review said that CNNs (Convolutional Neural Networks) could change farming by helping
farmers use resources better and be more accurate.

Additionally, [9]. In 2019, a review looked at how CNNSs are used to analyze brain images from MRI
scans. They talked about different ways to use CNNs to study the brain and find diseases or biomarkers.
They were excited about the good results they found in their research.

Brodrick and others. In 2019 [4], scientists studied how CNNs could be used to find patterns in nature
data for ecological research. Their evaluation showed how CNNs help with things like identifying
different species, measuring biodiversity, and mapping habitats. This helps us understand how
ecosystems work and helps with efforts to protect nature.

In the field of remote sensing, [6], a study was done on CNNs for remote sensing. It looked at how
these networks can be used for tasks like identifying land cover, tracking changes, and monitoring
disasters. They looked at a lot of studies to understand how well CNN-based approaches work for
remote sensing.

Furthermore, [10] studied how CNNs can be used to create automated systems for checking things
online. Ngo suggested using CNNs to create automated systems that can quickly find problems in
pictures. This can help improve the quality control in factories.

In general, the research shows that CNNs can be used in many different ways to effectively analyze
images in different fields. This review looks at a bunch of studies to see what we can learn about using
CNNs to analyze images. We want to know what the latest and best methods are and how they are

being used.

Table 1 represents a comprehensive summary of reviewed works on CNN.

Tablel: Comprehensive Table of Reviewed Works

Authors Year Work Results
dentifiation an feeding bebaior  Developed a CNN-based ystem or
Achour et al. 2020 oo . & . individual cow identification and
monitoring of dairy cows using monitoring feeding behavior
CNNs.[8] & & '
Review of CNN applications in Prov1dgd 1n51ght§ into the. use of CNNs
Anwar et al. 2018 medical image analysis.[1] for various medical imaging tasks and
& ysis. their potential impact on healthcare.
Explored the application of deep
Balaji & Lavanya 2019 Utlhzatlor} of Fleep neural n'etworks lea%"mng techmques, .mcl}ldmg CNNs,
for medical image analysis. [11] in analyzing medical images for
diagnosis and treatment planning.
Summarized the state-of-the-art CNN
Bernal et al 2019 Review of deep CNNs for brain architectures and their performance in
' image analysis in MRL. [9] analyzing brain MRI scans for disease
diagnosis and prognosis.
Demonstrated the effectiveness of
Brodrick et al. 2019 Using CNNs to uncover ecological =~ CNNs in analyzing ecological data and

patterns. [4]

identifying patterns in environmental
processes.
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Chauhan et al.

Chen et al.

Dutta et al.

Fu & Aldrich

Fu’adah et al.

Fujieda et al.

Ghanbari et al.

Hossain & Sajib

Kamilaris &
Prenafeta-Boldu

Kattenborn et al.

Khan et al.

Khazalah et al.

Kimura et al.

2018

2021

2020

2018

2021

2018

2021

2019

2018

2021

2020

2022

2019

CNN:s for image detection and
recognition. [12]

Review of image classification
algorithms based on CNNs. [13]

CNN architectures and transfer

learning for medical image analysis.

[14]

Froth image analysis using transfer
learning and CNNss. [15]

Automated classification of
Alzheimer’s disease using MRI
image processing with CNNs. [16]

Introduction of wavelet
convolutional neural networks. [17]

Meta-analysis of CNNs for remote
sensing applications. [6]

Image classification using CNNss.
(18]

Review of CNNs in agriculture. [3]

Review on CNNs in vegetation
remote sensing. [7]

Survey of recent architectures of
deep CNN . [19]

Image processing identification for
sapodilla using CNNs and transfer
learning. [20]

Automated image analysis system
using deep CNNs for disease
differentiation. [21]

Investigated the application of CNNs
for tasks such as object detection and
recognition in images.

Provided an overview of CNN-based
algorithms for image classification tasks
in remote sensing applications.

Explored various CNN architectures
and transfer learning techniques for
analyzing medical images.

Developed a CNN-based system for
analyzing froth images in mineral
processing.
Implemented a CNN-based approach
for automated classification of
Alzheimer’s disease using MRI images.

Proposed a novel CNN architecture
incorporating wavelet transformations
for improved image analysis.

Conducted a comprehensive analysis of
CNNs' performance in remote sensing
tasks, synthesizing findings from
multiple studies.

Explored the application of CNNs for
image classification tasks in computer
vision.

Reviewed the utilization of CNNs for
various agricultural tasks such as crop
monitoring and yield prediction.

Summarized the use of CNNs for
analyzing vegetation data from remote
sensing platforms, highlighting their
contributions to ecological research.

Provided an overview of the latest
CNN architectures and their
applications across different domains.

Developed a CNN-based system for
identifying sapodilla fruits using image
processing techniques and transfer
learning.

Introduced an automated system based
on deep CNN:s for differentiating
between specific diseases using image
analysis.
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Lietal.

Lin et al.

Liu et al.

Liu et al.

Lu et al.

Luo et al.

Naranjo-Torres et
al.

Ngo

Pelt & Sethian

Rakhlin et al.

Ramdani et al.

Sahu & Dash

Sarvamangala &
Kulkarni

2021

2018

2016

2021

2017

2018

2020

2023

2018

2018

2020

2021

2022

Survey of convolutional neural
networks. [22]

CNN-based MRI image analysis for
Alzheimer’s disease prediction. [23]

Improvement of deep CNN
analysis.[24]

Efficient extraction of deep image
features using CNNs for food
analysis. [25]

Deep learning and CNNs for
medical image computing. [24]

Automated plankton image analysis
using CNN:ss. [5]

CNNs applied to fruit image
processing. [26]

Design of automated system for
online inspection using CNNs. [10]

Mixed-scale dense CNN for image
analysis. [27]

CNN:s for breast cancer histology
image analysis.[28]

Food detection using CNNs with
image processing. [29]

Survey on deep learning focusing
on CNNs. [30]

CNNs in medical image
understanding. [31]

Conducted a comprehensive survey on
CNN:s, analyzing their applications,
techniques, and future prospects in

various domains.
Developed a CNN-based system for
predicting Alzheimer’s disease from
MRI scans of patients with mild
cognitive impairment.
Proposed methods for enhancing the
analysis and understanding of deep
CNN:s for better performance in various
tasks.
Developed an efficient CNN-based
approach for extracting deep image
features for detecting and analyzing
complex food matrices.

Explored the applications of deep
learning and CNNs in medical image
analysis and computational tasks.

Developed an automated system based
on CNNss for analyzing plankton
images in ecological studies.

Explored the use of CNNs for
processing images of fruits, with
potential applications in agricultural
and food industries.
Developed an automated inspection
system utilizing CNNs for real-time
image processing and analysis.
Proposed a novel CNN architecture
capable of analyzing images at multiple
scales for improved performance.

Developed CNN-based methods for
analyzing histology images to aid in the
diagnosis of breast cancer.

Developed a method utilizing CNNs
and image processing techniques for
food detection applications.

Conducted a comprehensive survey on
deep learning techniques, with a
specific focus on CNNs, highlighting
their applications and advancements.
Provided a survey on the utilization of
CNNs in medical image understanding
tasks, summarizing the state-of-the-art
methods and challenges.
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Saxena

Sharma et al.

Sharma et al.

Tajbakhsh et al.

Tensmeyer &
Martinez

Traore et al.

Tripathi

Wen et al.

Wen et al.

Yang & Yu

Yao et al.

2022

2019

2018

2016

2017

2018

2021

2021

2020

2021

2022

Introduction to CNNs. [32]

Deeplnsight methodology for
transforming non-image data into
images for CNNSs. [33]

Analysis of CNNs for image
classification. [34]

CNNs for medical image analysis.
[35]

CNN:s for document image
classification. [36]

CNNs for image recognition in
ecological studies. [37]

Analysis of CNN-based image
classification techniques. [38]

Application of CNNs to recognize
defects in 3D-printed parts. [39]

CNNis for classification of
Alzheimer's disease. [2]

CNN:s for object detection and
semantic segmentation in medical
imaging analysis. [40]

Comprehensive survey on CNNs in
medical image analysis. [41]

Presented an introductory overview of
CNNs, explaining their architecture,
applications, and significance in various
fields.

Developed the Deeplnsight
methodology, enabling the
transformation of non-image data into
image formats suitable for CNN-based
analysis.

Conducted an in-depth analysis of
CNNs' performance in image
classification tasks, assessing their
strengths and limitations.
Investigated the effectiveness of CNNs
in medical image analysis tasks,
exploring different training strategies
for optimal performance.
Explored the application of CNNs in
classifying document images,
evaluating their performance and
potential challenges.
Developed CNN-based methods for
image recognition tasks in ecological
studies, facilitating automated analysis
and classification.
Conducted a comprehensive analysis of
various CNN-based techniques for
image classification, evaluating their
performance and applicability.
Investigated the use of CNNs for defect
recognition in 3D-printed parts,
assessing their effectiveness in quality
control processes.
Developed CNN-based methods for the
classification of Alzheimer's disease,
providing an overview and
reproducible evaluation of their
performance.

Explored the application of CNNs for
object detection and semantic
segmentation tasks in medical imaging
analysis, improving diagnostic
accuracy.

Conducted a comprehensive survey on
the utilization of CNNs in medical
image analysis, summarizing recent
advancements, applications, and
challenges.
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Reviewed the state-of-the-art CNNs for

CNN:s for medical image analysis. medical image analysis, comparing

Yuetal 2021 [42] their performance, discussing
improvements, and providing future
perspectives.
Investigated the effectiveness of CNNs
Yu et al 2017 CNN:s for hyperspectral image for hyperspectral image classification
‘ classification. [43] tasks, exploring their potential in
remote sensing applications.
Explored fine-tuning techniques for
Zhou et al. 2017 Fine—tuping CNNs f9r biomedical CNNS in biqmedical image. analys.is,
image analysis. [44] actively and incrementally improving
their performance for specific tasks.
4.CNN ARCHITECTURES

This part explains the different designs of Convolutional Neural Networks (CNNs) that have been
created and used for analyzing images. CNNs come in different sizes and shapes, designed to work
well for different jobs.

1. LeNet: Created in 1998 [23], LeNet was one of the first CNN designs made to recognize
handwritten numbers. It has layers that do math with the input. Then it has layers that pool the results.
Finally, it has layers that make the final decision.

2. AlexNet is a neural network created by Krizhevsky et al. In 2012 [16], there was a big achievement
in identifying images when a computer program won a competition. It has many layers and uses
different techniques to improve performance. It shows that deep CNNs work well for big image
datasets.

3. The VGG network, created by Simonyan and Zisserman in 2014 [2], is known for its simple design
and consists of layers of convolution followed by max-pooling. VGG models come in different sizes,
with VGG16 and VGG19 being well-known versions.

4. ResNet: Residual Networks, suggested by He and others. In 2015 [10], residual connections were
added to deep networks to solve the problem of vanishing gradients. ResNet architectures use skip
connections to let information flow directly, making them very good at classifying images and other
tasks. They can also train very deep networks.

5. The Inception architecture, called GoogLeNet, was created by Szegedy and others. In 2015 [22],
the multi-branch structure uses parallel convolutional operations with different kernel sizes. This
design tries to be good at capturing different sizes of features, which makes it work better and faster.

6. DenseNet: Dense Convolutional Networks, introduced by Huang and his team. In 2017 [27], they
created strong connections between different layers. Each layer gets information from all the layers
before it. This strong connection makes it easy to reuse features, helps the flow of information, and
reduces the problem of losing information as it flows through the network. This makes learning more
efficient and makes the model smaller.

7. MobileNet: MobileNets, which were created by Howard and others. The software, created in 2017
[41], is made to work well on phones and smaller devices with only a little bit of power. They use special
convolutions to make the model smaller and faster without sacrificing accuracy.

8. EfficientNet is a model created by Tan and Le in 2019 [25]. It uses a method called compound
scaling to balance the size and quality of the model, making it work well even with limited resources.
EfficientNet designs get really good results by making existing CNN designs bigger in a smart way.

Each of these CNN models has different strengths and weaknesses, so they are good for different
kinds of image analysis and use in different situations. By learning about the features and basic rules of
how these architectures are made, scientists and professionals can pick the best CNN model for their
particular needs.
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5. TRAINING AND OPTIMIZATION

Teaching computers to analyze images using CNNs is a complex process with many important steps
and tricks to make sure the models work well and can be used for different images. This part talks about
the important ways used to train and improve CNNs.

1. Preparing data for CNN training is really important and data preprocessing is a big part of it.
Common preprocessing techniques include changing the pixel values to a standard range, making the
dataset more varied by adding more data, and making all images the same size.

2. Getting the starting values right for CNN parameters is important for helping it learn better.
Methods like Xavier/Glorot initialization and He initialization help stop the gradient from getting too
small or too big when training by using the right starting weights for the layers in the network.

3. Optimization algorithms help adjust the CNN parameters during training to reduce the loss
function. Some common algorithms for making things better are Stochastic Gradient Descent (SGD),
Adam, RMSProp, and Adagrad. These algorithms are different in how they change, how fast they learn,
and how they keep moving forward. This affects how well they can be trained and how quickly they
reach their goals.

4. Regularization: Regularization helps models from becoming too focused on the training data and
instead makes them more general by penalizing large parameter values. Some ways to regularize
models are L1 and L2 weight regularization, dropout, and batch normalization. These methods help
stop models from depending too much on certain features and encourage them to learn a wider range
of features.

5. Changing the learning rate while training can help make the training process smoother and more
reliable. Approaches like changing the learning speed, using adaptive learning rates, and gradually
increasing the learning speed can help find the best balance between quick improvement at the start
and making small adjustments to reach the final goal.

6. Adjusting hyperparameters, like how fast the model learns, the size of the data it processes at once,
and how the model is structured, is very important for making CNN work its best. Methods like grid
search, random search, and Bayesian optimization help find the best settings for parameters quickly.

7. Transfer learning uses already trained CNN models on big datasets like ImageNet to help with
learning on smaller, specific datasets. By adjusting pre-trained models or using them to pick out
features, transfer learning helps models learn faster and perform better, especially when there is not
much labeled data available.

8. Early Stopping: It helps prevent overfitting by checking how well the model is doing during
training and stopping when it starts to do worse. This method stops the model from being too focused
on the training data, so it performs well on new data.

By using these training and improvement methods, people can effectively train CNN models for
analyzing images. This results in better performance, faster learning, and the ability to understand new
data better.

6.APPLICATIONS

Convolutional Neural Networks (CNNs) are used to analyze images in many different areas. They
have changed the way we process and understand visual information. This part looks at how CNNs are
used in different areas:

1. Medical Imaging: CNNs are really important in looking at medical images to figure out what
diseases a person has, make a plan for treatment, and take care of the patient. They are used to find and
classify tumors, locate organs and diagnose diseases in medical images like MRI, CT scans, X-rays,
ultrasound, and tissue samples.

2. Agriculture: Farmers use CNNs to keep an eye on their crops, find and treat diseases, predict how
much their crops will grow, and figure out how to get rid of weeds. By looking at pictures from above,
CNNs help farmers use their resources better, find out if crops are in trouble, and make their farms
more productive.
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3. Ecology and Environmental Monitoring: CNNs help scientists study the environment by using
technology to identify different species, measure biodiversity, map habitats, and monitor the
environment. They use images from far away sensors, drones, and underwater cameras to study how
ecosystems work, trace where different species live, and see how healthy their habitats are [4], [5]

4. Remote Sensing: CNNs are commonly used in remote sensing to classify different types of land,
create maps showing how land is being used, detect changes in the landscape, and monitor disasters.
By looking at pictures from satellites or airplanes, CNNs can help us understand how the environment
is changing, how cities are growing, how many trees are being cut down, and how we can respond to
natural disasters [6], [7]

5. Industrial Inspection: CNNs are used in factories to check if products are good quality, to find any
problems, and to look at products during the making process. They use machines to check if products
are made right and are the same quality every time.

6. Biomedical research: CNNs are used in biomedical research to study cells, find new drugs, predict
protein structures, and understand genes. They study tiny pictures, genetic codes, and protein shapes
to learn more about how living things work and to help find new cures for diseases.

7. The food industry uses CNNs to check if the food is good quality, safe to eat, and to recognize
different food products. By looking at pictures of food, CNNs can find problems, sort food items, and
make sure they meet quality rules. This helps keep food safe and makes customers happy.

8. Safety and watching: CNNs are used in systems that keep things safe and watch over things to
detect objects, recognize activities, and recognize faces. They look at videos or pictures from security
cameras to find dangers, watch over crowds, and make public places safer [12], [29]

These apps show that CNNs can be used in many different areas to solve image problems, and they
can help create new and better solutions for real-life issues and help make progress in science,
technology, and society.

7.CHALLENGES AND FUTURE DIRECTIONS

Even though there have been big improvements in the use of Convolutional Neural Networks for
analyzing images, there are still some problems and chances to make them even better. This part talks
about the main problems and possible future paths in the field:

1. Understanding: CNNs are often thought of as hard to understand, making it difficult to figure out
why they make certain predictions. Making sure that people can understand how CNNs work is very
important so that people can trust them when they are used in important areas like healthcare and
criminal justice. This is because these areas require transparency and accountability.

2. Data Bias and Fairness: CNNs (Convolutional Neural Networks) can make existing biases in the
data they learn from even stronger, which can lead to unfair or discriminatory results, especially in
important areas like recognizing faces and making hiring choices. Dealing with data bias and making
sure models make fair predictions is really important for using Al responsibly and preventing bad
outcomes.

3. CNNs can be easily tricked by small changes to images. This can make them make mistakes in
identifying things or making predictions. Creating strong CNN designs and training methods to protect
against attacks is important for making sure that CNN-based systems are secure and dependable in the
real world.

4. Scalability and Efficiency: As CNNs get bigger and more complicated, it becomes harder to train
and use large models because they need a lot of computer power, memory, and energy. Creating CNN
designs, improving algorithms, and making hardware faster is important for using CNN technology on
devices with limited resources.

5. Adapting and transferring knowledge: CNNs trained for one type of data might not work well for
other types with different conditions. Improving ways to use pre-trained models in different areas is
important. It helps reduce the need for a lot of labeled data.

6. Continuous Learning and Lifelong Adjustment: CNNs usually need a lot of labeled data for
training. This makes it hard for them to learn new things or handle new situations without forgetting
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what they already know. It's important to keep finding new ways for CNNs to keep learning, even from
new data, and to be able to change as the situation changes. This will help create Al systems that can
adapt and change as needed.

7. The use of CNNs raises concerns about privacy, honesty, responsibility, and how Al affects
society. To deal with the moral and social issues, we need to work together with different fields, involve
all the people affected, and create rules for how to use Al systems safely and fairly. This will make sure
that CNN-based systems are used in the right way.

In the future, solving these problems and making progress in CNN research will need people from
universities, companies, and government to work together. By overcoming these problems and taking
advantage of new ideas, CNNs can keep making big improvements in image analysis and shaping the
future of Al technologies.

8.DISCUSSION

In this part, we will talk more about how Convolutional Neural Networks (CNNs) are used to
analyze images. We will discuss what they are good at, what they are not so good at, and how they
affect society and technology.

Firstly, CNNs have shown to be very good at analyzing images and doing tasks like recognizing
objects and understanding scenes. They have achieved top results in these tasks. CNNs can learn and
understand visual information on their own, which helps them make good predictions. This has
changed and improved healthcare, farming, and remote sensing.

However, despite their amazing abilities, CNNs also have difficulties and limits. One problem is that
they need a lot of labeled data to learn, which can take a lot of time and money to get, especially for
specific areas with not much labeled data. Furthermore, CNNs can have unfair outcomes because of
biases in the training data, especially in sensitive areas like facial recognition and criminal justice.

Furthermore, it is hard to understand why CNNs make specific predictions because they have
complex structures and use complicated processes to make decisions. This makes it a big challenge to
interpret CNNs. Making sure we can understand how CNNs work is really important. This helps people
trust the things they are used for, makes sure we know what they are doing, and helps us use them in
making decisions in the real world.

Also, CNNs can be easily fooled by small changes to pictures, leading to wrong predictions. It's
really important to make sure that Al systems can't be tricked by bad guys, especially in things like self-
driving cars and medical testing.

In the future, researchers may work on solving these problems and finding new ways to improve
CNNs. Methods like self-supervised learning, few-shot learning, and meta-learning are helpful for
needing less annotated data and making CNNs better at doing new tasks and working in different areas.

Furthermore, improvements in explainable Al and model interpretability could help users to
understand and trust CNN predictions better. This may make them more likely to use CNN in real-life
situations. Additionally, it's important for different types of experts to work together to understand the
ethical, legal, and societal impact of using CNNs for analyzing images.

In summary, although CNNs have improved how we analyze images and made big progress in Al,
there are also problems that need to be dealt with to use them responsibly. By working together and
using new ideas and careful management of Al, we can use the power of CNNs to solve big problems
in society and make a good difference in the future.

9.CONCLUSION

In conclusion, Convolutional Neural Networks (CNNs) have emerged as powerful tools for image
analysis, revolutionizing various fields such as healthcare, agriculture, ecology, remote sensing,
industrial inspection, and security. By leveraging hierarchical feature learning and spatial locality,
CNNs can automatically extract informative features from raw image data, enabling tasks such as object
detection, classification, segmentation, and recognition with unprecedented accuracy and efficiency.
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Through a review of the literature, we have explored the fundamental concepts, architectures,
training strategies, applications, challenges, and future directions of CNNs in image analysis. Despite
the remarkable progress made in CNN research and deployment, several challenges such as
interpretability, data bias, robustness, scalability, domain adaptation, continual learning, and ethical
considerations remain to be addressed.

Looking ahead, continued research and innovation in CNNs hold great promise for addressing these
challenges and unlocking new opportunities for advancing the state-of-the-art in image analysis. By
fostering interdisciplinary collaboration, promoting transparency and accountability, and prioritizing
ethical and societal considerations, we can harness the full potential of CNNs to tackle complex real-
world problems and drive positive impact in diverse domains.

In summary, CNNs represent a transformative paradigm in image analysis, offering unprecedented
capabilities for understanding, interpreting, and utilizing visual data. By embracing the opportunities
and addressing the challenges outlined in this review, we can pave the way for a future where CNNs
play a central role in shaping the next generation of intelligent image analysis systems and applications.

10. REFERENCES
[1] S. M. Anwar, M. Majid, A. Qayyum, M. Awais, M. Alnowami, and M. K. Khan, “Medical image
analysis using convolutional neural networks: a review,” J/ Med Syst, vol. 42, pp. 1-13, 2018.

[2] J. Wen et al, “Convolutional neural networks for classification of Alzheimer’s disease: Overview
and reproducible evaluation,” Med Image Anal, vol. 63, p. 101694, 2020.

[3] A. Kamilaris and F. X. Prenafeta-Bolda, “A review of the use of convolutional neural networks
in agriculture,” J Agric 5ci, vol. 156, no. 3, pp. 312-322, 2018.

[4] P. G. Brodrick, A. B. Davies, and G. P. Asner, “Uncovering ecological patterns with convolutional
neural networks,” Trends Ecol Evol, vol. 34, no. 8, pp. 734-745, 2019.

[5] J. Y. Luo et al, “Automated plankton image analysis using convolutional neural networks,”
Limnol Oceanogr Methods, vol. 16, no. 12, pp. 814-827, 2018.

[6] H. Ghanbari, M. Mahdianpari, S. Homayouni, and F. Mohammadimanesh, “A meta-analysis of
convolutional neural networks for remote sensing applications,” IEEE ] Sel Top App! Earth Obs
Remote Sens, vol. 14, pp. 3602-3613, 2021.

[7] T. Kattenborn, J. Leitloff, F. Schiefer, and S. Hinz, “Review on Convolutional Neural Networks
(CNN) in vegetation remote sensing,” ISPRS journal of photogrammetry and remote sensing,
vol. 173, pp. 24-49, 2021.

[8] B. Achour, M. Belkadi, I. Filali, M. Laghrouche, and M. Lahdir, “Image analysis for individual
identification and feeding behaviour monitoring of dairy cows based on Convolutional Neural
Networks (CNN),” Biosyst Eng, vol. 198, pp. 31-49, 2020.

[9] J. Bernal et al, “Deep convolutional neural networks for brain image analysis on magnetic
resonance imaging: a review,” Artif Intell Med, vol. 95, pp. 64-81, 2019.

[10] H.Q.T.Ngo, “Design of automated system for online inspection using the convolutional neural
network (CNN) technique in the image processing approach,” Results in Engineering, vol. 19, p.
101346, 2023.

Hewa Majeed Zangana: *Corresponding Author
Copyright © 2024, Hewa Majeed Zangana, Ayaz khalid Mohammed, Firas
Mahmood Mustafa. 26



https://doi.org/10.58602/jics.v3i1.30

JURNAL ILMIAH COMPUTER SCIENCE (JICS)
E-ISSN 3026-7145 P-ISSN 3030-9840
Volume 3, Nomor 1, Juli 2024, Page 16-29
DOI: https://doi.org/10.58602/jics.v3i1.30

K. Balaji and K. Lavanya, “Medical image analysis with deep neural networks,” in Deep learning
and parallel computing environment for bioengineering systems, Elsevier, 2019, pp. 75-97.

R. Chauhan, K. K. Ghanshala, and R. C. Joshi, “Convolutional neural network (CNN) for image
detection and recognition,” in 2018 first international conference on secure cyber computing and
communication (ICSCCC), IEEE, 2018, pp. 278-282.

L. Chen, S. Li, Q. Bai, J. Yang, S. Jiang, and Y. Miao, “Review of image classification algorithms
based on convolutional neural networks,” Remote Sens (Basel), vol. 13, no. 22, p. 4712, 2021.

P. Dutta, P. Upadhyay, M. De, and R. G. Khalkar, “Medical image analysis using deep
convolutional neural networks: CNN architectures and transfer learning,” in 2020 International
Conference on Inventive Computation Technologies (ICICT), IEEE, 2020, pp. 175-180.

Y. Fu and C. Aldrich, “Froth image analysis by use of transfer learning and convolutional neural
networks,” Miner Eng, vol. 115, pp. 68-78, 2018.

Y. N. Fu’adah, I. Wijayanto, N. K. C. Pratiwi, F. F. Taliningsih, S. Rizal, and M. A. Pramudito,
“Automated classification of Alzheimer’s disease based on MRI image processing using
convolutional neural network (CNN) with AlexNet architecture,” in Journal of physics:
conference series, IOP Publishing, 2021, p. 012020.

S. Fujieda, K. Takayama, and T. Hachisuka, “Wavelet convolutional neural networks,” arXiv
preprint arXiv:1805.08620, 2018.

M. A. Hossain and M. S. A. Sajib, “Classification of image using convolutional neural network
(CNN),” Global Journal of Computer Science and Technology, vol. 19, no. 2, 2019.

A.Khan, A. Sohail, U. Zahoora, and A. S. Qureshi, “A survey of the recent architectures of deep
convolutional neural networks,” Artif Intell Rev, vol. 53, pp. 5455-5516, 2020.

A. Khazalah ef al, “Image processing identification for sapodilla using convolution neural
network (CNN) and transfer learning techniques,” in classification applications with deep
learning and machine learning technologies, Springer, 2022, pp. 107-127.

K. Kimura et al, “A novel automated image analysis system using deep convolutional neural
networks can assist to differentiate MDS and AA,” Sci Rep, vol. 9, no. 1, p. 13385, 2019.

Z.Li, F.Liu, W. Yang, S. Peng, and J. Zhou, “ A survey of convolutional neural networks: analysis,
applications, and prospects,” IEEE Trans Neural Netw Learn Syst, 2021.

W. Lin et al, “Convolutional neural networks-based MRI image analysis for the Alzheimer’s
disease prediction from mild cognitive impairment,” Front Neurosci, vol. 12, p. 777, 2018.

L. Lu, Y. Zheng, G. Carneiro, and L. Yang, “Deep learning and convolutional neural networks
for medical image computing,” Advances in computer vision and pattern recognition, vol. 10,
pp. 973-978, 2017.

Y. Liu, H. Pu, and D.-W. Sun, “Efficient extraction of deep image features using convolutional
neural network (CNN) for applications in detecting and analysing complex food matrices,”
Trends Food Sci Technol, vol. 113, pp. 193-204, 2021.

Hewa Majeed Zangana: *Corresponding Author

Copyright © 2024, Hewa Majeed Zangana, Ayaz khalid Mohammed, Firas
Mahmood Mustafa. 27


https://doi.org/10.58602/jics.v3i1.30

JURNAL ILMIAH COMPUTER SCIENCE (JICS)
E-ISSN 3026-7145 P-ISSN 3030-9840
Volume 3, Nomor 1, Juli 2024, Page 16-29
DOI: https://doi.org/10.58602/jics.v3i1.30

[26]

[37]

(38]

J. Naranjo-Torres, M. Mora, R. Herndndez-Garcia, R. J. Barrientos, C. Fredes, and A. Valenzuela,
“ A review of convolutional neural network applied to fruitimage processing,” Applied Sciences,
vol. 10, no. 10, p. 3443, 2020.

D. M. Pelt and ]. A. Sethian, “A mixed-scale dense convolutional neural network for image
analysis,” Proceedings of the National Academy of Sciences, vol. 115, no. 2, pp. 254-259, 2018.

A. Rakhlin, A. Shvets, V. Iglovikov, and A. A. Kalinin, “Deep convolutional neural networks for
breast cancer histology image analysis,” in /mage Analysis and Recognition: 15th International
Conference, ICIAR 2018, Povoa de Varzim, Portugal, June 27-29, 2018, Proceedings 15, Springer,
2018, pp. 737-744.

A. Ramdani, A. Virgono, and C. Setianingsih, “Food detection with image processing using
convolutional neural network (CNN) method,” in 2020 IEEE International Conference on
Industry 4.0, Artificial Intelligence, and Communications Technology (IAICT), IEEE, 2020, pp.
91-96.

M. Sahu and R. Dash, “A survey on deep learning: convolution neural network (CNN),” in
Intelligent and Cloud Computing: Proceedings of ICICC 2019, Volume 2, Springer, 2021, pp.
317-325.

D. R. Sarvamangala and R. V Kulkarni, “Convolutional neural networks in medical image
understanding: a survey,” Evol Intel], vol. 15, no. 1, pp. 1-22, 2022.

A. Saxena, “An Introduction to Convolutional Neural Networks,” Int. /. Res. Appl. Sci. Eng.
Technol, vol. 10, no. 12, pp. 943-947, 2022.

A. Sharma, E. Vans, D. Shigemizu, K. A. Boroevich, and T. Tsunoda, “Deeplnsight: A
methodology to transform a non-image data to an image for convolution neural network
architecture,” Sci Rep, vol. 9, no. 1, p. 11399, 2019.

N. Sharma, V. Jain, and A. Mishra, “An analysis of convolutional neural networks for image
classification,” Procedia Comput Sci, vol. 132, pp. 377-384, 2018.

N. Tajbakhsh et al, “Convolutional neural networks for medical image analysis: Full training or
fine tuning?,” J/EEE Trans Med Imaging, vol. 35, no. 5, pp. 1299-1312, 2016.

C. Tensmeyer and T. Martinez, “ Analysis of convolutional neural networks for document image
classification,” in 2017 14th IAPR international conference on document analysis and recognition
(ICDAR), IEEE, 2017, pp. 388-393.

B. B. Traore, B. Kamsu-Foguem, and F. Tangara, “Deep convolution neural network for image
recognition,” Ecol Inform, vol. 48, pp. 257-268, 2018.

M. Tripathi, “Analysis of convolutional neural network based image classification techniques,”
Journal of Innovative Image Processing (J/IIP), vol. 3, no. 02, pp. 100-117, 2021.

H. Wen, C. Huang, and S. Guo, “The application of convolutional neural networks (CNNs) to
recognize defects in 3D-printed parts,” Materials, vol. 14, no. 10, p. 2575, 2021.

R. Yang and Y. Yu, “Artificial convolutional neural network in object detection and semantic
segmentation for medical imaging analysis,” Front Oncol, vol. 11, p. 638182, 2021.

Hewa Majeed Zangana: *Corresponding Author

Copyright © 2024, Hewa Majeed Zangana, Ayaz khalid Mohammed, Firas
Mahmood Mustafa. 28


https://doi.org/10.58602/jics.v3i1.30

JURNAL ILMIAH COMPUTER SCIENCE (JICS)
E-ISSN 3026-7145 P-ISSN 3030-9840
Volume 3, Nomor 1, Juli 2024, Page 16-29
DOI: https://doi.org/10.58602/jics.v3i1.30

[41]

[42]

[43]

(44]

X. Yao, X. Wang, S.-H. Wang, and Y.-D. Zhang, “A comprehensive survey on convolutional
neural network in medical image analysis,” Multimed Tools Appl, vol. 81, no. 29, pp. 41361~
41405, 2022.

H. Yu, L. T. Yang, Q. Zhang, D. Armstrong, and M. J. Deen, “Convolutional neural networks for
medical image analysis: state-of-the-art, comparisons, improvement and perspectives,”
Neurocomputing, vol. 444, pp. 92-110, 2021.

S.Yu, S. Jia, and C. Xu, “Convolutional neural networks for hyperspectral image classification,”
Neurocomputing, vol. 219, pp. 88-98, 2017.

Z. Zhou, ]. Shin, L. Zhang, S. Gurudu, M. Gotway, and ]. Liang, “Fine-tuning convolutional
neural networks for biomedical image analysis: actively and incrementally,” in Proceedings of
the IEEE conference on computer vision and pattern recognition, 2017, pp. 7340-7351.

Hewa Majeed Zangana: *Corresponding Author

Copyright © 2024, Hewa Majeed Zangana, Ayaz khalid Mohammed, Firas
Mahmood Mustafa. 29


https://doi.org/10.58602/jics.v3i1.30

