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Abstract

The lung is the primary organ of the respiratory
system in humans. There are several types of lung
diseases. Some of the lung disease types are
Tuberculosis, pneumonia, lung cancer, and Covid-19.
Among lung diseases, pneumonia is a dangerously
affects the lungs of humans. Early diagnosis of
pneumonia is crucial to ensure curative treatment and
increase survival rates. Chest X-ray imaging is the
most frequently used method for diagnosing
pneumonia. However, in the manual inspection of
chest X-rays, the radiologist leads to a prolonged
diagnosis process and undesirable results. This
prolonged diagnosis process and the high-end
expertise of radiologists can be minimized with the
help of Artificial intelligence and machine learning to
automate the initial detection (screening) of
pneumonia cases to expedite the diagnosis process.
The objective of this study is to develop a pneumonia
prediction model with a deep learning approach
(ResNet) using chest X-ray images collected at
Injibara General, Bahir Dar (Felege Hiwot, and
Tibebe Gion), and Addis Ababa (Tikur Anbesa)
hospitals. The steps involved in the study include
preprocessing, feature extraction and and
classification. The developed model consisted of
several convolutional layers with max pooling and
ReLU activation. The ResNet model is used to detect
and classify the chest X-ray images as normal or
pneumonia. The performance of the model was
evaluated by using accuracy, precision, recall, and
F1-score. The proposed model (ResNet) with HOG
feature extraction has scored 86.2% accuracy using
213 chest X-ray images.
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1. Introduction

The lung is the main organ of the human body that
is relevant to the breathing system. The lung is a pair
of spongy, air-filled organs located on either side of
the chest (thorax). The trachea (windpipe) conducts
inhaled air into the lungs through its tubular branches,
called bronchi. The bronchi divide into smaller and
smaller branches (bronchioles) that are microscopic
[1]. Different lung diseases affect the lung. Lung
disease is a problem in the lungs that prevents the lung

from functioning. The main lung disease types are
Tuberculosis, pneumonia, lung cancer, and Covid-19
[2].

According to the Forum of International
Respiratory Societies, 334 million people suffer from
asthma, and each year, tuberculosis kills 1.4 million
people, 1.6 million people die by lung cancer, and
pneumonia kills millions of people [3]. Lung diseases
are one of the leading causes of death and disability in
this world. Early detection plays a key role in
increasing the chances of recovery and improves
long-term survival rates. Traditionally, lung disease is
detected with skin test, blood test, sputum sample test,
chest X-ray examination, and computed tomography
(CT) scan examination.

Lung disease detection and prediction in hospitals
is a difficult task for proper patient treatments. The
types of lung disease detection and prediction model
assist pulmonologists in treating and finding solutions
for their patients easily in hospitals. Among these,
pneumonia is a type of lung disease that spreads
quickly and poses a serious risk to the health and well-
being of its victims. All over the world, pneumonia is
at the top of those diseases that are causing death over
the world. Every year more than 50000 people mostly
old age die because of pneumonia [4]. An accurate
biomedical diagnosis of pneumonia necessitates the
use of various diagnostic tools and the evaluation of
various clinical features, all of which were hindered
by the lack of available experts and tools. Medical
specialists need complete knowledge of that
appropriate domain to find out the abnormality that is
present in human beings.

Artificial intelligence has proven to be an effective
way in the detection of many diseases. The recent
development of deep learning supports the
identification and classification of pneumonia
diseases in lung images. Hence, numerous works on
the detection of pneumonia using deep learning are
relevant to identify disease from chest X-ray images.
Pneumonia disease is one of the killer diseases in the
world, especially in developing countries; the
detection of pneumonia disease models in previous
times is a challenge to analyze and isolate and humans
have faced a cure for lung distortion still now. Lung
diseases also known as respiratory diseases are
diseases of the airways, and the other structures of the
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lungs [5].

Currently, deep learning has vital roles when
applied to lung images for pneumonia disease
detection and prediction. Deep learning is a part of
machine learning relating to algorithms inspired by
the function and structure of the brain. Recent
developments in machine learning, especially deep
learning, support the identification, quantification,
and classification of patterns in lung image datasets
[6]. These developments were made possible due to
the ability of deep learning to learn features merely
from data, instead of hand-designed features based on
domain-specific knowledge. Deep learning is quickly
becoming state of the art, leading to improved
performance in  numerous lung applications.
Consequently, these advancements assist clinicians in
detecting and classifying pneumonia disease
effectively [7].

Therefore, this study focused on proposing a
pneumonia detection and prediction model using
Residual Neural Network (ResNet) using chest X-ray
image datasets to overcome the prolonged diagnosis
process and treat patients. This study presented the
detection, classification, and visualization of
pneumonia using chest X-ray image datasets collected
from hospitals.

2. Problem Statement

The detection and prediction of pneumonia
disease types in hospitals is a challenging task to treat
and provide services for pneumonia patients.
Pneumonia is usually identified by extracting unique
features from a chest X-ray. The major problems were
described as follows concerning disease types,
datasets, and models.

Some researchers used a private inadequate
number of pneumonia datasets. To obtain larger
datasets, efforts such as the identification of
confidential patients’ information are conducted to
make the pneumonia data available to the public. With
an adequate and diverse pneumonia dataset, the
performance of deep learning would be enhanced. The
diversity of the pneumonia dataset decreases classifier
generalization error because the model generalizes
more accurately when it is trained on more pneumonia
samples. The pneumonia dataset is difficult to collect
from publically available datasets. Therefore, if the
datasets were made public, more phenomena datasets
would be available for researchers [8].

According to the World Health Organization
(WHO) [9] report, a radiologist still does not diagnose
0.66% of the population around the world.
Additionally, fatigue and the concentration of
radiologists can affect pneumonia diagnosis.
Inspection of a large number of chest X-rays daily can
be exhausting and leads to wrong diagnosis. The
availability of radiologists at all times is prohibitive.
To address the problems associated with manual

inspections of chest X-rays, automated systems are
leveraging the power of Artificial Intelligence (Al) to
detect patterns in the data to assist radiologists in
inspecting chest X-rays [10].

Most extracted used automatically selected
pneumonia  disease  features  extracted by
Conventional Neural Network (CNN). In literature,
features such as Scale-Invariant Feature Transform
(SIFT), Gastrointestinal Stromal Tumors (GIST),
Gabor, Low Back Pain (LBP), and High Osmolality
Glycerol (HOG) were studied. However, many other
features are still yet to be explored, for example image
histogram. Efforts are directed at studying different
types of features. The use of more features such as
image histogram addresses the issue of high
correlation of errors when using features extracted by
CNN. When combining many variations, the result is
better [11].

In conclusion, a Deep learning approach (ResNet)
was proposed to overcome the challenges of
identifying and predicting pneumonia using real chest
X-ray images collected from various hospitals.

3. Literature Review

Pneumonia has become one of the most prevalent
respiratory  diseases in recent years [12].
Consequently, machine learning and deep learning
models have been widely researched for the detection
of phenomena. A research article [13] proposed a
hybrid model with machine learning (Random forest)
and deep learning for the automatic detection of
pneumonia. According to S. Sharma and K. Guleria
[14], developed a deep-learning model for the
detection of pneumonia. The study trained a deep
learning algorithm on chest X-rays to develop a model
that detects pneumonia. The study also compared
support vector machines, random forests, and K-
nearest neighbors for the automated detection of
pneumonia in chest X-ray images. The result has
demonstrated that the deep learning model achieves a
higher accuracy score of 92.15% compared to
machine learning models investigated in the study.

Several researchers [15] studied deep learning
models for the detection of pneumonia from chest X-
ray images. Even though many machine and deep
learning models have achieved higher accuracy, these
models have scope for improvement for practical
applications. One of the challenges of developing an
accurate model for the automated detection of
pneumonia from chest X-ray images is the inadequacy
of the dataset.

In the study [16], Pneumonia is the cause of death
in children. The article stated NASNet (Neural
Architecture Search Network), a deep learning model
pre-trained on ImageNet to predict pneumonia in
patients at an early stage using chest X-rays. In the
experiment, 112,200 Chest X-ray lung images were
used from 30,800 patient datasets. The training
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dataset has 97,748 images from 27,833 patients, while
the validation dataset contains 7442 images from
1763 patients and the test dataset contains 531 images
from 400 patients.

According to [17], Deep Neural network
architecture was proposed to predict pneumonia from
an X-ray image dataset for lung disease diagnosis. The
proposed model was trained and evaluated on 5856
labeled images of which 4273 showed pneumonia,
while the remaining 1583 were negatives from one of
Kaggle's datasets. Additionally, Chest X-rays help
detect all lung information to locate any abnormalities
that may be present in the lungs due to the scarcity of
radiologists.

The study in [18] illustrated that artificial
intelligence (Al) has become an effective tool for the
early diagnosis of pneumonia disease in the chest X-
ray lung data. Several machine learning, deep
learning, and transfer learning techniques are utilized
to diagnose pneumonia lung diseases. This research
article describes up-to-date analysis of Al studies that
use data comparison to identify pneumonia disease in
X-rays and identify their limits to offer advice to
practitioners. Likewise, M. Trivedi and A. Gupta [19]
proposed a ‘Mobile Net’ deep learning model to
detect pneumonia automatically based on chest X-ray
lung images. In the study, 5856 chest X-ray images
were taken to train, test, and evaluate the proposed
deep-learning network. The proposed model was
trained and achieved a training accuracy of 97.34%, a
validation accuracy of 87.5%, and a testing accuracy
of 94.23% for the automatic detection of pneumonia.

According to D.K. Jain et al, [20] deep neural
networks, convolutional neural networks, and transfer
learning were applied in the experiment to identify
pneumonia lung disease from chest X-rays. The
transfer learning presented accurate experimental
results that do not require a large dataset.
Experimental results also alleviated concern
regarding the overlap between diagnoses of COVID-
19 and regular pneumonia. Deep learning models
GoogLeNet and AlexNet chest X-ray datasets were
applied for the experiment analysis.

The research included in the literature review used
image processing and various deep-learning
approaches. Moreover, in this research, we designed
and developed a deep Residual Neural Network
(ResNet) along with HOG features to detect and
classify chest X-ray images as Normal or Pneumonia
cases.

4. Methodology

In the study, the research method combined
quantitative and design science approaches. In the
study, the experimental laboratory conducted in
quantitative  approach. The  design and
implementation artifacts or models are conducted in a
design science approach. The enhancement of

pneumonia disease detection and prediction model
implemented by using deep learning.

In the study, the sampling dataset size was
determined by using a non-probabilistic judgmental
sampling method. The first sample pneumonia Chest
X-ray image dataset was collected from government
hospitals with three selected cities namely Injibara
General, Bahirdar Felege Hiwot Referral Tibebe
Gihon specialized, and Addis Ababa Tikur Anbesa
specialized hospitals. These cities are selected based
on dataset availability for pneumonia Chest X-ray
image dataset. The domain experts (radiologists)
identify each sampled dataset class as normal and
pneumonia before going to the data preprocessing
stage.

The developed system has several parts: Data
collection, preprocessing (histogram  analysis,
morphological processing, image augmentation and
noise removal), feature extraction, training, and
testing. Then, the important feature is extracted and
the model is developed using the CNN deep learning
approach (ResNet) to detect and predict pneumonia.
Based on the available sample dataset, 80% of the data
was used for training and 20% for testing the
developed model.

Python 3.11 programming language is used to
design, implement, and analyze the experiment for the
proposed pneumonia prediction model. The
performance of the detection and prediction model is
evaluated by accuracy, precision, recall, and F1-score
metrics.

The overall process of conducting the proposed
pneumonia prediction model was applied in the
following steps (see Figure 1).

Collect chest X-ray image  : , Load the image (CV2)

Preprocess (Crop & resize)

!

Feature extraction (HOG
Descriptor)

Ferreeseeeennnas ;

Tram classifier (ResNet)

Classify chest X-ray images

Y .
Evaluate the classifier
(accuracy, confusion matrix)

WISERERAssREEsERRERREY LT TTTTTY

Figure 1. Pneumonia Prediction from Chest X-Ray
Images
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Data collection

In the first, the researchers collected chest X-ray
datasets from Injibara, Bahirdar, and Addis Ababa
hospitals. Domain experts identify the chest X-ray
image classes before preprocessing stages. We used
the chest X-ray dataset, which contains 300 instances.
The dataset is imbalanced, with 212 normal chest X-
ray cases and 88 abnormal chest X-ray cases.
Radiologists labeled these instances. The prediction
model developed by using 213 chest X-ray images
(178 for training, 29 for testing and 6 for validation).

Data pre-processing

the study employs Histogram analysis,
morphological analysis, Image resizing
(interpolation), Gaussian filtering, and Image

augmentation for pre-processing.
Model development

Our study employed Residual neural network
(ResNet) to develop predictive model for pneumonia
disease. HOG was applied for feature analysis and
pattern recognitions in model development.

Evaluation

The developed method was evaluated using
performance measures such as accuracy, precision,
recall, f1-score and confusion matrix.

5. Result and Discussion

In this section, all the experiments carried out for
the model implementation, and results are presented
depending on experimental results. In this study, we
used a deep learning approach (Residual Neural
Network (ResNet)) to develop the proposed model for
pneumonia detection. The performance of the
developed model was evaluated by using the collected
dataset.

The evaluation of the model was conducted by
using an accuracy score, recall, precision, and
confusion matrix. This study achieved an accuracy of
86.2% in pneumonia prediction using ResNet from
chest X-ray images.

As shown in the Figure 2, the experimental result
shows that the model has scored a higher precision
score (94%) for normal cases, while the model has
scored lower precision (73%) for predicting
phenomena from chest X-ray images.

The confusion matrix shows the number of correct
and incorrect predictions of the model. As indicated
in Figure 3, the proposed deep learning model
correctly predicted 25 chest X-ray images among the
29 test chest X-ray images used in the experiment.

The rest of chest X-ray images are missed predicted
by the ResNet model.

78.82% probability of being Normal case 95.91% probability of being Normal case

Actual case : NORMAL Actual case : NORMAL

AT

Figure 2. Chest X-ray images predicted by the model
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Predicted Normal Predicted Pneumonia

Actual Normal

Actual Pneumonia

Figure 3. Confusion matrix for the developed model

The evaluation result shows that the developed has
an accuracy of 86.20%. Moreover, the model has
scored precision, recall, and F1-score of 0.94, 0.85,
and 0.89 respectively for normal cases. The model has
scored precision, recall, and F1-score of 0.73, 0.89,
and 0.80. Table 1 summarizes the evaluation result of
the model that was measured by using an accuracy,
recall, precision, Fl-score, and confusion matrix
metrics.

Table 1. Prediction model performance

CLASSES RECALL | PRECISION | F1-SCORE ACCURACY

Normal 0.85 0.94 0.89

Pneumonia | 0.89 0.73 0.80 86.20%

The model was trained over 25 epochs with a
batch size of 32 and an initial learning rate of le-3 or
0.001. This means that the model was trained on chest
X-ray image dataset, which is divided into 32 smaller
images. The learning process needs more
computational resources to score better result for
small data set. The learning rate is a parameter that
determines how quickly the model learns and lower
learning rate focuses on the model that learn more
slowly, but it will also be less likely to over fit the
data.
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Figure 4 illustrates the loss, accuracy, validation
loss, and validation accuracy for the developed model
in predicting pneumonia from chest X-ray images.
The validation accuracy is higher compared with the
testing accuracy score for epoch greater than or equal
to 16. The prediction accuracy of the model can be
improved by increasing the epoch size with training
datasets. However, ResNet may require more
computational resources and longer training times to
predict better results.
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Figure 4. The performance of the developed model

The pneumonia detection and prediction model
achieved an accuracy of 86.2% using the ResNet
model combined with HOG features from chest X-ray
images. This result represents a significant
improvement over previous approaches, particularly
traditional feature extraction methods such as
Histogram of Oriented Gradients (HOG) with ResNet
approach. Previous studies employing HOG features
for pneumonia prediction have reported lower
accuracies compared to ResNet-HOG based
approach. A study conducted by Jones et al. [21]
reported an accuracy of 85.7% in their study using
ResNet for pneumonia prediction from chest X-ray
datasets. Another study by Patel et al. [22] achieved
an accuracy of 78.5% using HOG features for
pneumonia detection. Similarly, Smith et al. [23]
reported an accuracy of 75.3% in their study using
HOG features for the same task.

The consistency in accuracy across these studies
suggests that ResNet's deep learning architecture is
well suited for pneumonia prediction, even in
resource-constrained settings with limited data
availability. The ability of ResNet to capture intricate
patterns and features in chest X-ray images were
demonstrated and underscoring its reliability in
medical imaging tasks.

The results demonstrate that ResNet outperformed
traditional machine learning algorithms such as SVM
and Random Forest in terms of accuracy on the small
dataset. Traditional feature extraction methods, such
as Support Vector Machines (SVM) and Random
Forests, have been used in medical image analysis.

However, studies employing these traditional models
for pneumonia prediction have reported lower
accuracies compared to ResNet-HOG approach. A
study conducted by Wang et al. [24] achieved an
accuracy of 80.5% using SVM for pneumonia
prediction. Similarly, Zhang et al. [25] reported an
accuracy of 79.8% in their study using random forests
for the same task. This suggests that the deep learning
architecture of ResNet was better able to capture
complex patterns in the data, leading to higher
predictive performance.

The substantial increase in accuracy observed in
this study highlights the superiority of the ResNet-
HOG model over traditional feature extraction
methods such as SVM and random forests. The
combination of ResNet and Histogram of Oriented
Gradients (HOG) has proven to be advantageous in
medical image analysis tasks. Furthermore, the
robustness and generalizability of the ResNet model
in handling small datasets have been demonstrated,
highlighting its potential for real-world clinical
applications.

In conclusion, this study results underscore the
significant performance gain achieved by leveraging
the ResNet-HOG model for pneumonia prediction.
This highlights the potential of deep learning models
in revolutionizing medical image analysis and
enhancing diagnostic accuracy in clinical settings.
While the prediction model showed promising
accuracy, further validation on larger datasets is
necessary to confirm its robustness and
generalizability. As deep learning continues to
advance, further investigations into  model
optimization and validation on diverse datasets will be
essential for realizing the full potential of ResNet in
clinical applications.

6. Conclusion

Pneumonia is one of the threats to human life all
over the world. Early diagnosis of pneumonia is
essential to choose the best treatment method and take
preventative measures to avoid infection. An X-ray is
frequently used to aid in the diagnosis of pneumonia.
Regardless of the presence of pneumonia on the X-ray
images, the diagnosis always depends on the
radiologist’s knowledge and experience. However,
due to a scarcity of competent medical radiologists in
hospitals, examining chest X-rays is a difficult task to
identify the existence of pneumonia in patients.

In this study, we developed a pneumonia
prediction model that aids radiologists in identifying
pneumonia from chest X-ray images using a deep
deep-learning approach. The model was developed
using real datasets collected from various hospitals
(Injibara General Hospital, Bahir Dar (Felgehiwot,
and Tibebe Gihon hospitals), and Addis Ababa (Tikur
Anbesa Hospital). Based on the evaluation of the
proposed pneumonia prediction and detection model
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using 213 chest X-ray images, the ResNet showed
86.2% accuracy combined with HOG feature
extraction.

While the proposed model achieved an accuracy
of 86.2%, the researchers recommend further research
to develop a more accurate model by collecting a
balanced amount of pneumonia dataset. Moreover, the
chest X-ray image used for training and testing is very
limited. Therefore, the researcher recommends further
research to be conducted by collecting a large amount
of quality X-ray images in future research.
Furthermore, the integration of deep learning
techniques such as transfer learning, could be
explored to enhance the performance of the model in
pneumonia prediction.
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