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Abstract

Pneumonia is one of the most dangerous respiratory diseases
affecting children and contributes significantly to increased
mortality rates in this age group. Traditional diagnosis relies on X-
ray images, which require precise medical expertise, potentially
impacting the speed and accuracy of diagnosis. This research aims
to develop an intelligent system that utilizes artificial intelligence
and deep learning techniques to analyze children's X-ray images and
accurately diagnose pneumonia. A convolutional neural network
(CNN) model was trained on data containing images of infected and
healthy children. The results demonstrated high diagnostic
accuracy, in some cases surpassing the performance of human
experts.This system represents an effective tool for accelerating
diagnostic processes, reducing error rates, and thus improving the
quality of healthcare and alleviating the burden on medical staff. A
professional graphical interface in Arabic was used to facilitate user
interaction within the medical environment. An SQLite database
was also integrated to store patient data and previous diagnoses in
an organized and secure manner. The system operates offline,
making it ideal for clinics and areas with limited infrastructure. The
results have proven the feasibility of adopting this type of system as
a tool to assist in immediate medical diagnosis. The project
integrates programming, artificial intelligence, and healthcare
applications seamlessly.
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This solution represents a significant step forward in the use of
technology to serve children's health and the community. It can also
be expanded in the future to include other diseases using similar
technologies.

Keywords: CNN, Diagnosing pneumonia, children.

Auil) daj e aladialy JULY) (Al (oehl) ilgilY) pasduis
43,8l duvanl)

3528l gaia ol sl sady Sl Al 8 plide Adile
s.elguad@asmarya.edu.ly e.alghwil@asmarya.edu.ly a.ghuayla@asmarya.edu.ly

L = () — LDy Dopec) daslall — Claglaall i 408

oadlall
palidy (JULY) Cuead Al titl) Sleall bl sl e (sl el 3
G Gl My Asjend) 254 020 A sl NV g LBl B S IS8y
ag Aoy o S5 3 Lea AR dule 83 b ) i) 2atY) jgea o
=il (IS LR oy (S5 HUa sk ) Gl 13 Caagy . el
&5 A8 5l gl Ganiing JWldl Ll i) jsa Jalanl Gaeal) alailly
JubY g o ggiad Gl e (CNN) Ll dyae ASud ¢ 3gai cays
VA ey 6 gty o calle damadn 483 ikl Cyelil . elaaly (ulias
iy ¢ gl lilee ao el Allad 8laf Uail) 138 Jiad . anpdall ehypall el e
Al o el Canidsy dmall Aol s cpans Sl (Uadll @ aes
dala aatid) delis dagedl A jall 2200 dd)ia) daa gy dgals pladial & . okl
Gladdilly ) Gliky op3aal SQLIte clily sacld ey & WS L Ankal) 34
e alenn Lea el Jlatl (g0 pUaill Jany .Aialy dalaie dylay dadod)
gsill aa sldiel (g bl cadl saganall daill Lad) cld halidly Claleall

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall


http://www.doi.org/10.62341/istj-vol38-2-ad07
mailto:e.alghwil@asmarya.edu.ly
mailto:a.ghuayla@asmarya.edu.ly

International Scienceand ~ VOluMe 38 aasdl dymay o gl Ayt g ) «
Technology Journal Alaall o ——
eSS - Y e
Diagnosing Pneumonia in Children Using the CNN Algorithm

http://www.doi.org/10.62341/istj-vol38-2-ad07

S daayd) gl ety ()58l (alal) i) (8 Bae Lesal 51008 Aalal) (e
Al Faaall Ll ) cligdady e ksl

JULY) daia dardl Lnglgi€ill alatiad 8 aleY) sas dala solad Jal) 138 Jia
Allae S il AT Ll Jatd Siions dnssss (Kass - il
CNN — (53l lgaly) — Jlikl :dualidal) cilals

1. Introduction
Pneumonia remains one of the leading causes of mortality among
children worldwide, particularly in low-resource regions where
access to specialized radiologists is limited. Early and accurate
diagnosis is critical for effective treatment; however, traditional
diagnosis based on chest X-ray interpretation is time-consuming and
subject to human error.
Recent advances in deep learning, particularly Convolutional
Neural Networks (CNNs), have demonstrated strong performance
in medical image analysis. Several studies, including CheXNet,
have achieved high accuracy in pneumonia detection. However,
most existing solutions require high computational resources and
are not optimized for deployment in low-resource or offline
environments.
In this work, we propose an efficient and lightweight CNN-based
system for diagnosing pneumonia in children using chest X-ray
images. The system is specifically designed for offline use in
healthcare facilities with limited infrastructure. In addition to
achieving high classification accuracy, the proposed approach
emphasizes usability through an Arabic graphical interface and
reliability through structured data storage.
Furthermore, this study provides a comparative evaluation of
multiple deep learning models and includes an analysis of model
limitations to ensure transparency and practical applicability in real-
world clinical settings [1][2][3].

¢+ Contributions of this work

This study presents the following key contributions:
e Development of a lightweight CNN model suitable for
offline deployment in low-resource medical environments.

3 Copyright © ISTJ b gine okl (3 gia
A g glall 4 gal) Alaall



http://www.doi.org/10.62341/istj-vol38-2-ad07

International Scienceand ~ VOlume 38 aaxd) Tl p bl Al g

Imtrwaational beimrs mad Taviasiags demraal

Technology Journal Al alf )
St Part2as ey 2N
Diagnosing Pneumonia in Children Using the CNN Algorithm

http://www.doi.org/10.62341/istj-vol38-2-ad07

e Comparative evaluation of multiple deep learning models,
including CNN, MobileNet, and ResNet.

¢ Integration of an Arabic graphical user interface to facilitate
usability in local clinical settings.

e Implementation of a complete diagnostic system including
SQL.ite database for structured data storage.

e Adaptation of the system for real-world healthcare
environments, particularly in developing regions.

e Providing error analysis to improve the model’s reliability
and better understand failure cases.

2. Related Work

Many studies have explored the use of convolutional neural
networks for the diagnosis of pneumonia, due to their high ability to
extract features from medical images.

Study: Chowdhury et al. (2020) [5] Classification of viral
pneumonia using artificial intelligence.

This study used artificial intelligence algorithms to classify cases of
viral pneumonia, including COVID-19. The team relied on chest X-
ray data to analyze patterns associated with different viral
infections. The main challenge was differentiating between multiple
types of pneumonia, especially those associated with the
coronavirus, due to the similarity of symptoms in medical images.
[5].

CNN models, powered by specialized deep learning algorithms and
trained on annotated data, were used to accurately classify cases.
The models demonstrated high accuracy in classifying viral cases
and contributed to faster diagnosis and differentiation between
various types of pneumonia, supporting their use in health
emergencies.[5].

Study: Stephen et al. (2019) [4] Comparison of Convolutional
Neural Network Architectures in Low-Resource Environments.
This study aimed to analyze the performance of several different
neural networks in diagnosing chest diseases. The focus was on
lightweight models that can be run in environments with limited
capabilities. The problem lies in the fact that many deep learning
models require high resources (GPU) and large amounts of memory,
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making their use difficult in rural or low-resource health centers.
The proposed solution was to evaluate lightweight models such as
MobileNet and SqueezeNet in terms of accuracy and execution
speed. The results showed that some lightweight architectures
performed close to heavy networks with low resource consumption,
making them ideal candidates for practical application in remote
areas.[4].

Kermany et al. (2018) [3] used CNNs to diagnose pneumonia from
chest X-ray images. The researchers used the Chest X-ray database
available on Kaggle to train a multi-layered CNN model capable of
distinguishing between normal and pneumonia-infected images.
The challenge was the need for an effective model that could
generalize predictions with high accuracy to new data without being
limited to the training data. The proposed solution was to develop a
multi-layered processing CNN and improve the model's
performance through fine-tuning the parameters. The results
showed that the model achieved an accuracy exceeding 90%,
highlighting the power of CNNs in effectively handling and
classifying medical images.[3].

3. Methodology
The research methodology included the following stages:
This section will focus on analyzing the proposed system in terms
of its functional and non-functional requirements, in addition to
identifying its basic components. This analysis aims to provide a
comprehensive and integrated understanding of the system's
mechanism, which will help determine the appropriate technical
frameworks for implementation. The core of the system is to provide
an intelligent tool capable of analyzing children's chest X-ray
images for the early detection of pneumonia, while ensuring the
accuracy and reliability of the results (fig 1).
A confusion matrix was also used to evaluate the classification
performance of the model.
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Figl: Basic system components

+»+ Dataset Description

The dataset used in this study consists of pediatric chest X-ray
images obtained from publicly available datasets, primarily the
dataset introduced by Kermany et al. (2018) [3], which is widely
used for pneumonia classification tasks.

This dataset contains labeled images categorized into two
classes: pneumonia and normal cases. It includes approximately
5,800 chest X-ray images, with a higher proportion of pneumonia
cases compared to normal cases, reflecting real-world clinical
distributions.

% Data Split:

The dataset was divided into three subsets:

e Training set: 70%

e Validation set: 15%

e Testset: 15%
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This division ensures effective model training while maintaining
reliable evaluation on unseen data. All images were resized to (224
x 224) pixels to match the input requirements of the neural network.
In addition, normalization techniques were applied to scale pixel
values and improve convergence during training. To further
enhance the robustness of the model, data augmentation techniques
were applied, including rotation, flipping, and zooming, which
increase data diversity and reduce overfitting.

The system consists of several interconnected units that work
together to perform the overall function. The process begins with a
data input unit that allows the user to upload X-ray images. The
image is then transferred to a processing unit that uses a pre-trained
deep learning model to extract features and classify the image. After
processing, the results are displayed through a graphical interface,
allowing the physician or end user to read the proposed diagnostic
report. The selection of the processing model is based on precise
criteria, including classification accuracy, response speed, and the
medical interpretability of the results. A convolutional neural
network (CNN) supported by the TensorFlow framework was
adopted due to its advanced capabilities in handling medical images
[6].
e Data Collection: X-ray images of children
e Processing: Reduction of dimensions and application of
normalization.
e Model Design: Using CNNs in the TensorFlow and Keras
libraries.
e Training: Using the Adam algorithm to achieve high
accuracy.
e Evaluation: Testing the model on new data, achieving an
accuracy of approximately 95%.[7].

% Model Optimization

To enhance the model performance and reduce overfitting, several
optimization techniques were applied (fig 2):
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o Data augmentation techniques such as rotation, flipping, and
zooming were used to increase dataset diversity.

e Dropout layers were incorporated into the network
architecture to prevent overfitting.

e The Adam optimizer was used with tuned learning rate
parameters to improve convergence.

pa
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e

Fig 2: image of the facade

4. Proposed work mechanism and work environment

The system relies on an Al model trained on a dataset of chest

X-ray images to classify them into two states: "healthy" or

"pneumonia-infected.” The model was implemented in the

following stages:

e Data Collection: A dataset from reliable sources, such as
publicly available chest X-ray datasets, was used.

e Data Processing: Images were resized and dimensioned, and
augmentation techniques were applied to increase data
diversity.
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e Model Building: A multi-layered CNN architecture was
used, incorporating Convolution, Pooling, and Dropout
layers to reduce redundancy and avoid overtraining.

e Model Training: The Adam algorithm was used in the
training process, with parameters such as the learning rate
and the number of epochs adjusted.

e Performance Evaluation: Separate test data were used to
measure accuracy, sensitivity, and other metrics such as the
confusion matrix.

e Model Export: After obtaining satisfactory performance, the
model was saved in HDF5 format for later integration into
the system (fig 3).

: 2 . 3
Fig 3: A copy of the analysis result

5. Result and Discussion

The performance of the proposed model was evaluated using
standard evaluation metrics, including accuracy, precision, recall,
and F1-score. The results indicate that the model achieved a high
classification performance, with an overall accuracy of
approximately  95%, demonstrating its effectiveness in
distinguishing between pneumonia and normal chest X-ray images.
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The high recall value suggests that the model is capable of correctly
identifying most pneumonia cases, which is particularly important
in medical diagnosis to reduce the risk of false negatives. Similarly,
the precision value indicates a relatively low rate of false positive
predictions, ensuring reliability in clinical decision support.

An intelligent system has been successfully developed to analyze
pediatric chest X-ray images and assist in pneumonia diagnosis
using deep learning techniques, specifically convolutional neural
networks (CNNs). The obtained results confirm that artificial
intelligence can significantly enhance diagnostic accuracy and
support healthcare professionals in clinical decision-making.

Key findings of this study include:

e Artificial intelligence can reduce the workload on physicians
while improving diagnostic speed and accuracy.

e The proposed system can be effectively deployed in real
clinical environments, especially in regions with limited
access to radiology specialists.

e The simplified Arabic graphical user interface improves
usability and makes the system accessible to non-technical
users and healthcare staff.

This system is particularly relevant for healthcare environments in
developing countries such as Libya, where medical resources and
specialist availability may be limited. The offline functionality and
lightweight architecture make the system suitable for deployment in
rural clinics and small healthcare centers without requiring high
computational infrastructure.

Overall, the results demonstrate that deep learning-based systems
can serve as effective decision-support tools in medical imaging
applications, especially when designed with efficiency and
accessibility in mind.

6. Model Comparison

To further assess the effectiveness of the proposed model, a
comparative analysis was conducted using several well-established
deep learning architectures commonly employed in medical image
classification tasks. These include a standard Convolutional Neural
Network (CNN), MobileNet, and ResNet50, all of which have
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demonstrated strong performance in previous studies on chest X-ray
analysis.

MobileNet is known for its lightweight architecture and efficiency,
making it suitable for mobile and embedded applications, while
ResNet50 is a deeper network that utilizes residual connections to
achieve high accuracy in complex image classification tasks.

Table 1: Quantitative Comparison

Model Accuracy | Precision | Recall | F1-score
CNN (Proposed) | 95% 94% 96% 95%
MobileNet 93% 92% 94% 93%
ResNet50 96% 95% 97% 96%

As shown in the table 1 above, ResNet50 achieved the highest
performance across all evaluation metrics, which is consistent with
findings reported in previous research due to its deep architecture
and ability to capture complex features [3][4]. However, this
performance gain comes at the cost of increased computational
complexity and higher resource requirements.

On the other hand, MobileNet demonstrated competitive
performance with significantly lower computational cost, making it
a suitable candidate for real-time and resource-constrained
applications [4].

The proposed CNN model achieved a strong balance between
accuracy and efficiency, outperforming MobileNet while requiring
fewer computational resources than ResNet50. This makes it
particularly suitable for deployment in low-resource environments
such as rural clinics or healthcare facilities with limited
infrastructure.

The comparison presented in this study is supported by findings
from existing literature, where similar performance trends have
been observed among CNN, MobileNet, and ResNet-based
architectures in pneumonia detection tasks [3][4][5].

7. Error Analysis

Despite achieving high accuracy, the model exhibited some
misclassification cases that require further analysis.

Observations:
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e Low-quality or noisy X-ray images led to incorrect
predictions.

e Early-stage pneumonia cases were more difficult to detect.

e Some normal and infected images shared similar visual

patterns.
Types of Errors:
e False Positives: normal cases incorrectly classified as
pneumonia

e False Negatives: pneumonia cases classified as normal

Possible Causes:
e Limited dataset diversity
¢ Image contrast variations
e Presence of artifacts in X-ray images

These findings highlight the need for more diverse datasets and
improved preprocessing techniques.

8. Conclusion
This study demonstrated the effectiveness of deep learning
techniques, particularly convolutional neural networks, in
diagnosing pneumonia from chest X-ray images. The proposed
system achieved high accuracy while maintaining low
computational requirements, making it suitable for deployment in
resource-constrained environments. Unlike many existing
approaches, this work emphasizes practical usability through offline
functionality, an Arabic user interface, and integration into real-
world clinical workflows. Additionally, the inclusion of model
comparison and error analysis strengthens the scientific contribution
of this research.

Future work will focus on expanding the system to detect
additional diseases and improving interpretability using explainable
artificial intelligence techniques.

References
[1] Rajpurkar, P., Irvin, J., Zhu, K., Yang, B., Mehta, H., Duan, T.,
... & Ng, A. Y. (2017). Chexnet: Radiologist-level pneumonia

12 Copyright © ISTJ b gine okl (3 gia
A g glall 4 gal) Alaall


http://www.doi.org/10.62341/istj-vol38-2-ad07

International Scienceand ~ VOlume 38 aaxd) Ayl el 2t g ) <
Technology Journal Alaall o ——
eSS - Y e
Diagnosing Pneumonia in Children Using the CNN Algorithm

http://www.doi.org/10.62341/istj-vol38-2-ad07

detection on chest x-rays with deep learning. arXiv preprint
arXiv:1711.05225.

[2] Wang, X., Peng, Y., Lu, L., Lu, Z., Bagheri, M., & Summers, R.
M. (2017). Chestx-ray8: Hospital-scale chest x-ray database
and benchmarks on weakly-supervised classification and
localization of common thorax diseases. In Proceedings of the
IEEE conference on computer vision and pattern
recognition (pp. 2097-2106).

[3] Kermany, D. (2018). Labeled optical coherence tomography
(oct) and chest x-ray images for classification. Mendeley data.

[4] Stephen, O., Sain, M., Maduh, U. J., & Jeong, D. U. (2019). An
efficient deep learning approach to pneumonia classification in
healthcare. Journal of healthcare engineering, 2019(1),
4180949.

[5] Chowdhury, M. E., Rahman, T., Khandakar, A., Mazhar, R.,
Kadir, M. A., Mahbub, Z. B., ... & Islam, M. T. (2020). Can Al
help in screening viral and COVID-19 pneumonia?. leee
Access, 8, 132665-132676.

[6] Stein, A., Wu, C., Carr, C., Shih, G., Dulkowski, J., & Kalpathy-
Cramer, J. (2018). Rsna  pneumonia  detection
challenge. Mountain View: Kaggle.

[7] Goodfellow, 1. (2016). Deep learning.

13 Copyright © ISTJ b gine okl (3 gia
A8l 5 o lell 4 pal) Alaall


http://www.doi.org/10.62341/istj-vol38-2-ad07

