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Abstract. Image segmentation is a critical step in computer-aided diagnosis that could speed up
Leukemia detection. Leukemia is a cancer of the blood that has a reputation for being particularly
lethal. Based on the immunohistochemical method, the leukocytes can be manually counted in a
stained peripheral blood smear image to detect Acute Lymphoblastic Leukemia (ALL).
Regrettably, the manual diagnosis process takes about 3 to 24 hours to complete, which is
insufficient. This paper introduced a new and straightforward ALL image segmentation approach
based on color image transformation. First, Leukemia, ALL-IDB1, ALL-IDB2, and ALL image
datasets were used in this paper. The Leukemia dataset includes 208 ALL-IDB1 and ALL-IDB2
images, while The ALL dataset has 3256 images. Next, we use the HSV model to transform ALL
images. In addition, we modified the HSV model by pre-processing the saturation channel for
better results. Then, the pre-processed images were segmented based on a fixed threshold. After
that, various metrics are utilized to measure the output of the proposed method. Finally, the
proposed methodology is compared to currently used benchmarks. The proposed method
outperforms previous approaches regarding accuracy, specificity, sensitivity, and time. In
addition, results show that the proposed technique improves performance measures significantly.

1. Introduction

Determining cancer's stage (extent) is necessary for most cancer types. The size of the tumor and the
scope to which cancer has spread control the location. However, this can be useful for determining a
patient's prognosis and treatment. In contrast, Acute Lymphocytic Leukemia (ALL) does not typically
form tumors. Instead, it usually affects all of the bone marrow in the body, which can spread to other
organs, such as the liver and spleen. So, unlike most other cancers, ALL is not staged [1]. In 2022, the
American Cancer Society reported, based on gender, that the estimated number of new leukemia is
80650 cases (35810 male and 24840 female), while the estimated number of death is 24000 cases (14020
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male and 9980 female) [1]. In the medical community, leukemia is always seen as a life-threatening
disease [2-5].

However, White Blood Cells (WBC) or leukocytes play an essential role in diagnosing various diseases,
including leukemia; as a result, hematologists can benefit from obtaining information regarding these
cells [6]. For example, the ALL analysis can be carried out through manually counting or machine-based
procedures. ALL is typically detected by measuring the WBC in an immunohistochemical (IHC) image
of a stained peripheral blood smear in a medical setting. Regrettably, the manual diagnosis process takes
about 3 to 24 hours to complete [7]. Thus, an incorrect leukocyte cell count can result in an under or
over-diagnosis of ALL [5]. Because of this, early detection of ALL using image processing and machine
learning techniques, such as segmentation, can reduce the toxicity of cancer patients [6]. Medical
imaging must be supplemented with a human physiology and anatomy database to diagnose
abnormalities accurately. Images used in medical diagnostics visually represent the human body's
internal structures, allowing pathologists to assess the severity of disease and tumor growth [8-10].
Several studies have used different imaging techniques to detect cancer, such as X-rays, tomography,
MRI, and microscopy images [8, 11]. This study considered only microscopy images of blood cells.
Image processing and machine learning techniques are practical in detecting acute lymphoblastic
leukemia cells. However, segmenting leukocyte cells is the most critical step in determining these
instruments' nucleus characteristics [12, 13]. Therefore, image segmentation is a vital component of any
system used to diagnose ALL automatically. Several color space techniques, such as RGB, YCbCer,
CMYK, and LAB, are currently used to partition microscopic images.

Consequently, this study introduces a new ALL-segmentation technique based on a modified HSV
model. The main contribution of this research is an accurate and efficient segmentation of ALL images
using a robust algorithm. On the other hand, one of the most critical pre-processing steps was converting
color space from one type to another. Hence, images can be segmented using a variety of different
techniques.

2. Related work

Several image segmentation methods have been proposed, including deep learning [14], Fuzzy C-means
[15], K-means clustering, Otsu's thresholding [16], Watershed [17], deep learning, and other algorithms
[18]. For example, in [19], the authors proposed a new segmentation approach using the k-means cluster
and morphological operation on 642 images and got an overall segmentation accuracy of 97.47. Also,
[20] used the K-mean clustering, but this time with the Zack algorithm; unfortunately, the authors used
only seven images to evaluate the proposed method and got an overall segmentation accuracy of 96.60.
Similarly, [21-25] proposed an ALL segmentation approach based on hybrid histogram-based soft
covering rough k-means clustering. In addition, they used several features extracted from 350 images
derived from the Gray Level Cooccurrence matrix and got an overall segmentation accuracy above 90%.
However, the following sections go into more detail about the research. Section 2 describes an overview
of the proposed model. Then, section 3 discusses the findings and conclusions of the analysis. Finally,
section 4 concludes with a summary of the article's main points.

3. Methodology

In this study, our proposed method is divided into image pre-processing and image segmentation. In
pre-processing, we convert ALL-IDB1, ALL-IDB2, and ALL images to the HSV (Hue, Saturation,
Value) color space. As for the image segmentation part, we proposed a fixed threshold to segment the
converted images. Finally, we will look at how well each dataset was segmented.

3.1. Image pre-processing

This subsection will demonstrate the HSV model as it relates to our pre-processing. Nevertheless, first,
we chose to work in the HSV (Hue, Saturation, and Value) color space because it enables us to conduct
our analysis of blood cell images in a manner that is analogous to human visual perception system works.
Hue (H) refers to the overarching color that humans can perceive. Saturation (S) is the measure of the
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amount of white light varying in hue. Finally, the Value (V) is the brightness or intensity of the color.
In this study, the saturation channel is first adjusted by the following equation to increase the amount of
light.

adjusted S = (2 X S) 1
Then, H, adjusted S, and V channels are recombined. Now, the modified images are ready for the next
step. Figure 4, Figure 5, and Figure 6 illustrate the results of pre-processing step on the ALL- dataset,
ALL-IDBI1, and ALL-IDB2, respectively.

3.2. Segmentation

After applying our proposed pre-processing on the ALL, ALL-IDB1, and ALL-IDB2 datasets, we used
our proposed segmentation to extract the Region of Interest (ROI) in images. By using the following
equations.

Segmented image = {if adjusted§ > 0.7 keep the ROI
otherwise 0

3.3. Segmentation performance

The performance of segmentation serves as a benchmark for determining whether the proposed method
is competent. Comparing the results of the segmented image with the ROI to the ground truth image is
how the quality of the segmented image is determined. This comparison is performed based on the
similarity of the pixels. Formulas for accuracy (Acc), specificity (SPE), and sensitivity (SEN) can be
found as follows:

Acc = ((TP + TN))/(TP + TN + FP + FN) x 100 3
SPE = (TN/(TN + FP)) x 100 4
SEN = (TP/(TP + FN)) x 100 5

3.4. Dataset

The lack of a consistent number of images used from the publicly available datasets was the most
significant problem encountered while comparing our proposed method. Previous researchers used
publicly available images to test their systems, preventing them from reaching their results with other
proposed methods. Hence, we used two available datasets in this paper: the Acute Lymphoblastic
Leukemia (ALL) image dataset [26], see Figure 1, and Leukemia Dataset [27], see Figure 2. The ALL
dataset consists of four classes (Hematogone (504), Early Pre-B (985), Pre-B (963), and Pro-B ALL
(804)) with in total of 3256 images.
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Figure 1. samples of ALL dataset images: (a) Hematogone, (b) Early Pre-B, (c) Pre-B, (d) Pro-B

In contrast, the Leukemia dataset consists of ALL-IDB1 (108) and ALL-IDB2 (260) with in total of 368
images.
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(a)
(d)
Figure 2. samples of Leukemia dataset images: (a, b) ALL-IDB1, (c, d) ALL-IDB2
Next, we will demonstrate the proposed method's algorithm and structure. Table 1 shows an overview
of the algorithm of the proposed method.
Table 1. Algorithm of the proposed method
Algorithm
Input: RGB image.
Output: Segmented image.
Stepl: Read the image (RGB).
Step2: Convert RGB to HSV.
Step3: Extract the H, S, and V channels from the HSV image.
Step4: Apply equation (1) to the S channel to get Adjusted S.
Stpe5: Apply equation (2) to the Adjusted S.
Step6: Recombine the H, Adjusted S, and V to get the segmented image.
Step7: Calculate the segmentation performance based on the ground truth and the segmented image
using equations (3), (4), and (5).

Furthermore, Figure 3 shows an overview of the flowchart of the proposed method.
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Figure 3. Flowchart of the proposed method
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4. Results and discussion

This section will discuss and elaborate on the findings of this study. Image pre-processing and
thresholding are both used in the leukemia segmentation process. This study tested the proposed
segmentation method on 3624 images taken from the ALL, ALL-IDB1, and ALL-IDB2 datasets.
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Figure 4. Proposed method results of the ALL dataset: (a)-(d) original images, (e)-(h) modified HSV,
(1)-(1) ground truth, (m)-(p) segmented images.

For the ALL dataset, Figure 4 (a)-(d) shows the original image for each class. Next, Figure 4 (e)-(h)
depicts the process of the modified HSV. Then, Figure 4 (i)-(1) displays the ground truth of the original
images. Finally, in Figure 4 (m)-(p), the images have been segmented using the threshold we proposed.
For the ALL-IDB1 dataset, Figure 5 (a) shows the original image for each class. Next, Figure 5 (b)
displays the HSV images. Then, Figure 5 (¢) depicts the process of the modified HSV. Finally, in Figure
5 (d), the images have been segmented using the threshold we proposed.
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(a) (b) (c) (d)
Figure 5. Proposed method results of the ALL-IDB: (a) original images, (b) HSV, (¢) modified HSV,
(d) segmented images.

For the ALL-IDB2 dataset, Figure 6 (a) shows the original image for each class. Next, Figure 6 (b)
displays the HSV images. Then, Figure 6 (¢) depicts the process of the modified HSV. Finally, in Figure
6 (d), the images have been segmented using the threshold we proposed.

(a)
Figure 6. Proposed method results of the ALL-IDB2: (a) original images, (b) HSV, (c) modified HSV,
(d) segmented images.

Furthermore, since the ground truth images for the ALL-dataset are provided, we compute three
segmentation metrics for all dataset images Acc, SEN, and SPE. According to Acc, SEN, and SPE
percentage, the results of segmentation performance are shown in Table 2.

However, to implement the proposed method, MATLAB (R2022a) and an Intel Core i7-11800H
processor (2.30 GHz, 16 CPUs), 16 GB DDR4 RAM, and an NVIDIA GeForce RTX 3050 TI GPU

were used in conjunction with Windows 11.
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Table 2. Segmentation performance results for the ALL dataset images

Class Acc (%) SEN (%) SPE (%)
Hematogone 95.82 86.50 97.83
Early Pre-B 98.17 82.12 99.42

Pre-B 92.02 81.95 91.76
Pro-B ALL 98.51 86.43 99.19

Additionally, we calculate the execution time of the proposed method for all images in both datasets.
Figure 7 displays the execution time for each class in the ALL dataset.
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Figure 7. Processing time: (a) Hematogone (504 images), (b) Early Pre-B (985 images), (c) Pre-B
(963 images), (d) Pro-B ALL (834 images).
Figure 8 displays the execution time for each ALL-IDB1 and ALL-IDB2 datasets.
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Figure 8. Processing time: (a) ALL-IDB1 (108 images), (b) ALL-IDB2 (260 images).
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5. Conclusions

In this paper, we chose to work in the HSV color space because it enables us to conduct our analysis of
blood cell images in a manner that is analogous to the way the human visual perception system works.
First, however, we presented a new, straightforward method for segmenting ALL images using color
image transformation. There are 208 ALL-IDB1 and ALL-IDB2 images in the Leukemia dataset and
3256 images in the ALL dataset. After that, we applied the HSV model to all images. Finally, to improve
our results, we pre-processed the saturation channel in the HSV model. This was followed by a fixed-
threshold segmentation of the previously pre-processed images. In the next step, various metrics are
used to evaluate the proposed method's performance. Finally, a comparison is made between the
proposed approach and the standard currently in use. The proposed method outperforms previous
methods in terms of accuracy, specificity, sensitivity, and time. Furthermore, the results show that the
proposed technique significantly enhances performance metrics.
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