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Abstract - Leukemia is a life-threatening type of cancer, in
which early diagnosis is necessary for proper treatment that
could help in curing the disease or prolonging patients’
Computer Aided Diagnosis (CAD) systems and
Machine learning (ML) models are very useful tools for
automating the detection of leukemia from blood samples’
images, avoiding the limitations of manual screening. In this
paper, we propose a method based on pretrained
Convolutional Neural Networks (CNN) with Support Vector
Machine (SVM) for the detection of Acute Myeloid Leukemia
(AML) and classification of blood images into normal and
leukemia. In parallel with SVM model, three other models were
applied in the classification process for the performance
evaluation, K-Nearest Neighbors (KNN), ensemble, and
Decision Tree (DT). SVM reached an accuracy of 97.44% which
is higher than the other three models (94.87% for ensemble,
87.18% for KNN and 76.92% for DT). These results suggest
that the proposed method could be used for the detection of
leukemia in blood samples’ images.

survival.

Key Words: Leukemia, Diagnosis, Convolutional Neural
Networks, Machine Learning, Transfer Learning

1. INTRODUCTION

Leukemia is a life-threatening disease that affects both
children and adults. It is a type of cancer that originates in
bone marrow and results in the production of immature
white blood cells. The rapid growth of this cancer inhibits
the production of normal blood cells which is highly
required in different body organs for proper immune
response. In contrast, the abnormal cells flow to important
organs, such as the liver and the brain, causing critical
damage. Leukemia is classified, depending on its speed of
progression and the phenotype of the cells, into acute
lymphoblastic leukemia (ALL), chronic lymphocytic
leukemia (CLL), acute myeloid leukemia (AML) and chronic
myeloid leukemia (CML)[1]-[4]

Artificial intelligence (Al) tools are being deeply integrated
in medical practice nowadays, with many Al-based software
have been approved for medical use.[5] The digitalization of

microscopicimages of pathological samples, which paved the
way for the use of Al tools, is widely expanded because it
eases the process of saving or translocating the sample for
further or later observation.[6]

Computer Aided Diagnosis (CAD) systems are developed to
help pathologists to overcome the limitations of manual
screening of pathological samples, including the relying on
the technician’s experience and skills, and the long-time
function that may affect the sample microscopy.[7][8] These
system are being widely used in different laboratory devices.
Peripheral blood (PB) analyzers and automated cell
counters, for example, use the digital image of the PB to
recognize and discriminate between blood composing
cells[9], count the number of each type of cells, and
distinguish between normal and abnormal cells.[10] These
system are also used in the classification of chest X-ray
images into normal or having a lung disease.[11]

The simplicity of using automated systems in the
classification of medical images and its efficacy in the
diagnosis process helps in the early detection of many
diseases such as glaucoma, skin cancer, and leukemia which
is a must for the success of the treatment.[12]

Diagnosis of leukemia, and despite the advancement in the
microscopic examination of blood samples and the devices
designed for this process, is still suffering delay and should
be replaced by a faster and more reliable methods. For that,
CAD systems automate the process using image processing
machine learning techniques.[1], [7] Many approaches and
models were proposed for the using CAD and machine
learning (ML) for the detection, classification, and diagnosis
of different types of leukemia.[13]-[16]

Convolutional Neural Networks (CNN) are highly accurate
models widely used to overcome many problems involving
image classification. [7], [17] In this work we approach a
method depending on transfer learning CNN with Support
Vector Machine (SVM) to improve the accuracy of leukemia
image classification.
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2. RESEARCH METHODOLOGY

The data set used in this study were taken from the Kaggle
Dataset. It consists of 195 images (96 normal and 99
abnormal) and divided into 80% training data and 20% test
data.

2.1 Proposed Workflow

The proposed method includes three main steps (Figure
1):

2?1.1 Step 1: Processing

The method proposed in this paper used three operations
when training the deep learning model. The following
operations are:

A. Convert to RGB: In this operation convert all
Leukemia images to RGB color model.

B. Resize all to 227 x 227: All images have
different pixel size because they take from
different device, so in this operation change the
dimension of all images to fixed 227 x 227
pixel.

C. Augmentation

2.1.2 Step 2: Pre-trained deep learning model and
direct feature extraction.

Our model used transfer learning Convolutional Neural
Network (AlexNet) to be pretrained. The architecture of CNN
consists of three types of layers: convolutional, pooling and
fully connected layer (Figure 2). The initial (convolutional)
layer only learns low-level features. Increasing the layers
will increase the features and the network will learn more
specific training task patterns. In our work we used the
pooling layer to reduce the number of features of the
resulting data and to overcome the overfitting problem.
Convolutional layers calculate the output by performing the
activation function (a rectified linear unit, ReLu).

2.1.3 Step 3: Classification with machine learning
models

To classify the features, we chose different machine learning
models. First, the method using support vector machine
(SVM). This classifier seeks to separate two classes of a
Leukemia images using a separation line or hyperplane to
classify as normal or abnormal cases. Then data sets are also
checked on other classifiers; K-Nearest Neighbors (KNN),
ensemble, and Decision Tree (DT) for the performance
evaluation.

2.2 Implementation and Experiment

MATLAB 2017b was used to implement our model and
several experiments were conducted to evaluate their
performance in terms of precision, sensitivity, accuracy,
specificity and F1-Score, which are defined below

Precision= TP/(TP+FP), (D
Sensitivity= TP/(TP+FN), (2)
Specificity= TN/(TN+FP) (3)
Accuracy=(TP+TN)/(TP+TN+FP+FN), (4)
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F1-Score = (2x Sensitivity x Precision) / (Sensitivity +
Precision) (5)

where TP is true positive, TN is true negative, FP is false
positive, and FN is false negative.
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Figure 2: A simplified illustration of the CNN architecture.

3. RESULTS AND DISCUSSION

In this study we proposed a method for leukemia image
classification depends on pretrained CNN for feature
extraction with four machine learning models (SVM,
Ensemble, KNN, DT) for the classification. We used direct
feature extraction by CNN (alexNet) to reduce the time of
CNN training.

In the four models we used for the classification of images
(Table 1 and Figure 4), SVM model showed the highest
accuracy (97.44%) followed by Ensemble using model
(94.87%). The KNN and DT based model showed much
lower accuracy with 87.18% and 76.92%, respectively.
These results suggest that SVM is the preferred classification
model to be used with direct feature extraction method of
CNN.

Table 1: Performance matrices for different ML models

Performance Matrices
Models F1-
Sensitivity | Specificity | Precision Score Accuracy
SVM 95.00% 100% 100% 97.44% 97.44%
Ensemble 95.00% 94.74% 95.00% 95.00% 94.87%
KNN 75.00% 100% 100% 85.71% 87.18%
DT 75.00% 78.95% 78.95% | 76.92% 76.92%

In this work, the use of pretrained CNN and SVM showed the
accuracy of 97.44% which is higher than what achieved by
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Patel and Mishra[18], Paswan and Rathore[19], and Shafique
etal.[20], as they all used SVM with different artificial neural
networks and reached accuracy of 93.57%, 83.33%, and
93.70%, respectively.
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Figure 3: Performance matrices for different ML models

4. CONCLUSION

In this work, we present a simple model for the automation
of the classification of blood cell images into normal or
leukemia. This model takes the advantage of the high
accuracy given by convolutional neural network and in the
same time reduces the time of CNN training by direct
extraction of features. Our model showed high accuracy
compared to other artificial neural network based models.
This model could be useful in the detection of leukemia from
blood samples’ images.

For future work, greater amount of data is needed to be
used. And we recommend that sample images should be
constantly published.
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