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ABSTRACT

Leukaemia is a fatal blood cancer that occurs due to the formation of abnormal and excessive increases in white
blood cells in the bone marrow or blood. The traditional approaches used to diagnose the disease involve the
manual analysis of blood sample images obtained from a microscope. This approach is tedious, slow, time-
consuming, and prone to errors. Therefore, automatic detection of leukaemia based on the counting of the two
blood cells is paramount for diagnosis and increasing the patient’s survival rate. This paper presents a system that
can detect each of the two blood cells needed through image processing, segmentation, and classification. The
detection, classification, and counts are only limited to two of the cells present in the digital blood smear which
are the white blood cells (WBCs) and red blood cells (RBCs). The model was evaluated with a collection of
confirmed cases and normal cases to test its effectiveness in predicting the presence of Leukaemia by computing
the ratio of WBC to RBC. The suggested model exhibits good performance results and can be utilized to make a
reliable computer-aided diagnosis detection of leukaemia cancer.

KEYWORDS: Leukaemia, White Blood Cells (WBCs), Red Blood Cells (RBCs), Detection, Machine Learning,
Blood Smear.

1. INTRODUCTION

Patients suffering from cancer that are dying due to the delay in discovering the cancerous cells in a blood smear
is alarming, especially in developing countries. Cancer has been one of the leading causes of death among humans
of all ages and gender according to research conducted by the Centre for Disease Control and Prevention in the
United States (Bray et al., 2021). Leukaemia is a type of cancer that affects the White Blood Cells (WBCs) of
the blood through malicious cloning of abnormal WBC; the bone marrow generates aberrant WBCs (Leukocytes).
These aberrant cells should normally die after a while in normal circumstances, but, instead, their number
increases. These aberrant WBCs prevent normal WBCs from carrying out their functions and as such cause
Leukaemia disease. According to National Cancer Institute (USA), blood cancer is treatable if identified early
(Sun, 2020). Leukaemia is detected by counting the corresponding blood cells in the suspected patient’s blood
sample under a microscope; however, this method can be tedious, time-consuming, and unsettling. One method
of detecting blood cancer is by doing a complete cell or blood count to check for abnormalities in the blood which
may indicate the presence of Leukaemia (Hegde, 2019). The complete blood count is performed by a
haematologist who examines the blood sample under a microscope and checks for abnormalities as there is a
normal range for both Red Blood Cell count and white blood cell count.

There are three types of cells in the human body; White blood cells, Red blood cells (RBCs) and, Platelets as
depicted in Figure 1. The WBC are responsible for providing the necessary immune system required by the human
body and it plays a pivotal role in protecting against the various diseases and infections by acting as a defence
wall in the body (Shafique, 2018). The RBC is responsible for supplying oxygen to the body tissues from the heart
(Fujita, 2021). According to Healthline, the normal RBC count range from 4.7 to 6.1 million cells per microliter
pL) for men and 4.2 to 5.4 million cells per microliter (uL) for women and the normal number of White Blood
Cells in the blood is 4,500 to 11,000 WBCs per microliter (4.5 to 11.0 x 103/uL). (Kannarkat, 2022). The nature
of the disease can be determined using the correct counting and classification of these blood cells. This count is
often tedious, hence the reason for the design of this system, which does the complete blood count automatically
using image processing segmentation of blood smears and counting.

The design of a system that counts white blood cells and red blood cells in a sample digital blood smear and check
for the presence of excessive white blood cells would reduce the manual work of medical practitioners, thus aids
in the early detection and cure.
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Figure 1. (a) Red blood cells (b) White blood cells (c) Platelets (Bukhari, 2022)

Several works have reported the segmentation of lymphocyte images as a region of interest for laboratory image
analysis using computer-aided diagnostic and machine-learning techniques to improve the diagnosis and early
detection of the disease (Jagadev, 2017). Cells in different types of leukaemia have been counted and differentiated
based on the analysis of blood smear images (Wen, 2018; Xin,2016). (Ghaderzadeh, 2021) proposed a colour-
based segmentation method that segment the lymphoblast and lymphocyte details of WBCs and eliminates extra
elements contained in the blood. Generally, the segmentation of leukaemic disease is categorized into shape-
based, region-based, and pixel-based approaches (Al-jaboriy, 2019). Edge-based and k-means were applied by
(Sarder, 2020) to segment several smears of blood. The hybrid technique based on morphological and thresholding
were proposed to segment the smears of blood with high accuracy (Bukhari, 2022). Most of the reported works
in the literature employed complex machine learning and deep learning approaches that require sophisticated,
higher memory processing units for algorithms execution. Therefore, this work aims to design a system that aids
the detection of leukaemia (excessive presence of white blood cells) using image processing and Hough transform
to count red blood cells and white blood cells in a digital blood smear based on low complexity and low-cost
resources. This work only encompasses the complete blood count using digital image processing to detect whether
there is a presence of leukaemia or not, the design does not tell which type of Leukaemia is present, its stage or
the method of treatment.

The objectives of this work are to:

1. Analyze and extract both red blood cells and white blood cells using colour segmentation in MATLAB
environment.

2. Design a system that can count the extracted entities i.e. (WBCs and RBCs count)

3. Ensure the accuracy of design results by testing against both confirmed Leukaemia blood smear
samples and normal blood smear samples.

4. Deploy on a portable hardware that interfaces the user with the model.

The rest of this paper is organized as follows: section two discusses the methodology and materials used in this
study. section three provides the results and a discussion of the results obtained. Finally, section four presents the
conclusion of the study.

2. MATERIALS AND METHODS
2.1 Dataset

The dataset used in this work was obtained from the American Society of Hematology (ASH) image bank, a web-
based image library that offers a comprehensive collection of images relating to a wide range of hematologic
topics. It is a publicly available database that can be accessed via “https://imagebank.hematology.org/”.

22 METHODOLOGY

A MATLAB-based system was developed to ease the task of automatic classification of blood smear samples as
having leukaemia or not. The system is a graphical user interface designed using GUIDE, an interactive design
tool in MATLAB. The implementation process follows a typical image analysis pipeline. The block diagram
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depicting the stages followed to achieve the proposed system is shown in Figure 2. It consists of image acquisition,
image pre-processing, image segmentation, cell counting, and performance analysis. The main idea followed to
achieve the desired result is that for any blood smear sample, the normal ratio of white blood cells to red blood
cells should not be greater than 10%. The system is designed to generate an output “POTENTIAL LEUKEMIA
DETECTED?” if the ratio is more than 10%.

IMAGE N IMAGE IMAGE SEGMENTATION
ACOUISITION PREPROCESSING (Isolating blood components)

v
CELL COUNTING ]

CALCULATIONS L (
AND RESULT J L

Figure 2. Block diagram of the proposed system

2.2.1  IMAGE ACQUISITION: In this study, the actual capturing of the microscopic images of the blood smear
was not carried out. Rather, images downloaded from the ASH database were used. The image analysis process
commences by loading an image into the MATLAB application built for this study.

2.2.2  IMAGE PREPROCESSING: The main goal of image preprocessing is to enhance the quality of the
image by removing noise, correcting distortions, improving contrast, adjusting brightness and colour balance, and
removing unwanted artefacts. Doing this can help to improve the accuracy of the subsequent image analysis steps.
The final task then involves the conversion of the image to three common colour models used in image processing
namely RGB, CYMK, and YCbCr. RGB is an additive colour model used in digital imaging systems that
combines red, green, and blue colour channels to describe colours, with a range of intensity levels for each channel
between 0 and 255. CMYK, on the other hand, is a subtractive colour model used in printing that describes colours
by the amount of cyan, magenta, yellow, and black needed to produce a colour. Meanwhile, YCbCr is a colour
space used in digital video and image processing that separates colour information from brightness information,
with three channels: Y for brightness, and Cb and Cr for colour. YCbCr is often used in digital video and image
formats such as JPEG and MPEG due to its efficient compression.

The reason for this is to determine which of the colour scales gives the best performance.

2.2.3 IMAGE SEGMENTATION:

This function allows the application to segment the image into its constituent cells using image processing
techniques such as thresholding and morphological operations. Whereas thresholding is used to separate two or
more images by setting an intensity threshold, a morphological operation is used to manipulate the shape and size
of objects in an image. This step separates the white blood cells, red blood cells, and platelets from each other.
The outcome of this function is that rectangular bounding boxes are placed around the WBCs and RBCs to
enhance visual counting

2.24  CELL COUNTING: In this part, the bounded cells per group are counted automatically using the Hough
transform. The ratio of the WBCs to the RBCs is then computed. An output is generated based on the value of the
ratio.
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3 RESULTS AND DISCUSSION

The range of WBCs and RBCs for a healthy adult is between 4,500 puL-11,000 pL and 4,500 pL — 5,900 pL
respectively (Sun, 2020). uL pronounced as microliter is one-millionth of a litre, and is commonly used as a unit
of measurement for blood components. In a sample of the portion of a regular arrangement of red blood cells, it
is considered that if the ratio of WBCs to RBCs is 8% or more (Li, 2020), the outcome of such is regarded as
“POTENTIAL LEUKEMIA DETECTED”.

3.1 MODEL PERFORMANCE

The system is meant for counting components in blood smear samples. To test for performance, the model is
supplied with various images of confirmed cases of leukaemia in blood smears and normal blood smears without
any presence of excessive white blood cells.

3.1.1 Performance of the system with T-cell prolymphocytic leukaemia digital blood smear

T-cell prolymphocytic leukaemia (T-PLL) is an extremely rare and typically aggressive malignancy (cancer) that
is characterized by the out-of-control growth of mature T-cells (T-lymphocytes). T-cells are a type of white blood
cell that protects the body from infections. T-PLL affects older adults with a median age at diagnosis of 61 years,
and it is more common in men than in women. (Castorvy et al, 2012). A typical T-Cell prolymphocytic blood
smear sample used for the test is shown in Figure 3.
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Figure 3. T-cell prolymphocytic leukaemia blood smear

The output from input the above image into the design is shown as follows:
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Figure 4. Result output for T-cell prolymphocytic leukaemia blood smear

The processed T-cell Prolymphocytic Leukaemia blood smear image shown in Figure 3 is transformed within 3
colour spaces to isolate overlapping cells into individual cells. There is a presence overlapping of white blood
cells in the RGB regions of Figure 3 which alters the output of the result for processing in Figure 4. For the
YCDbCr colour space conversion of Figure 4, the overlapping cells are well isolated and the end user decides on
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which colour space result to use. The CYMK colour region fails to identify red blood cells and can therefore be
ignored in this result.
3.1.2 Performance of the system with normal cells from digital blood smear

A sample image of a normal blood smear with no Leukaemia shown in Figure 5 is tested against the design to
ensure accurate performance of the design.

Figure 5. Normal blood smear

The output of the above image supplied to the designed system gives an output shown in Figure 6 which
corresponds to the expected result for a normal blood smear
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Figure 6. Result of normal blood smear from design output

The design runs the supplied image across three colour spaces, as sources and pixels of images differ, the best
output which best selects the needed component should be used for result. It is discovered that the result correctly
predicts the presence of a normal blood sample.

3.1.3 Performance of the system based on accuracy

To check if the design predicts the required result, series of tests were carried out by running the design against
confirmed blood smear samples of both normal and leukemic blood smears. Two samples relating the actual
expected result, also known as MANUAL COUNT and the results acquired from the design “DESIGN COUNT”
for both normal and leukemic blood smear are presented in Tables 1.1 and 1.2.

Table 1.1. Test of design result against manual count for a sample Leukaemia blood smear
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WBCs RBCs PREDICTION
MANUAL COUNT 7 82 LEUKEMIA Present.
COLOUR SPACES WBCs RBCs PREDICTION
DESIGN COUNT RGB 7 79 Potential Leukaemia Detected
CMYK 4 0 Potential Leukaemia Detected
YCbCr 8 58 Potential Leukaemia Detected

Table 1.2. Test of design result against manual count for a sample Normal blood smear

WBCs RBCs PREDICTION
MANUAL COUNT 1 98 Normal
COLOUR SPACES WBCs RBCs PREDICTION
DESIGN COUNT RGB 1 78 Normal Blood Smear
CMYK 0 95 Normal Blood Smear
YCbCr 1 66 Normal Blood Smear

4 CONCLUSION

A system that can count both RBCs and WBCs using image processing and segmentation will go a long way in
relieving the stress put on the haematologist during the analysis of digital blood smear for leukaemia presence.
The design proposed in this paper is suitable for quick counting of digital blood smear rather than having
haematologist do it manually which can be stressful and contribute to errors. Although a haematologists still have
to select the best suitable segmentation out of the 3 colour spaces used in this design, which are either RGB,
CYMK or YCbCr, the performance results presented is still promising. A design that can classify the different
types of Leukaemia detected by means of machine learning algorithm is required, as after using this design to
count the various blood cells to determines excesses in the presence of white blood cells. There is still a need to
study the shape of the corresponding cells to diagnose the type of Leukaemia present.
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