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Abstract - Leukemia is a type of cancer that attacks the blood cells which are residing in the bone marrow. It is a
cancer that is caused due to increase in the ratio of abnormal white blood corpuscles (WBC) known as blasts in the
blood of a human being. The production and functioning of the red blood corpuscles & platelets are severely affected
due to the increase in the ratio of these blasts. This can cause loss of life if not identified and cured at an initial stage.
Leukemia is diagnosed by manually visualizing and classifying these blood cells from the blood images. This process
takes a lot of time and requires manual efforts. The result obtained can be incorrect which results into a delayed
diagnosis of the diseases. Image processing is a science that helps us to analyze and modify the Microscopic pictures.
Therefore by incorporating various digital image processing techniques a system can be set up for automatic cancer
detection. This system takes an input which is usually an image and the output will be the result whether the person is
suffering from Leukemia and the type of Leukemia. This system will analyze the blasts or leukocytes present in the
blood using image processing techniques and will give the results faster, thus the type of cancer can be diagnosed at an

early stage and can be treated accordingly. This paper presents a literature review of various image processing

techniques used in various researches for the quick and faultless detection of leukemia.
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I. INTRODUCTION

The blood is produced in a human body through the bone
marrow. The stem cell which is a part of the bone marrow
produces the main blood cells which are required by our
body for its natural functioning. These blood cells are red
blood corpuscles (RBC), white blood corpuscles (WBC)
and platelets. The WBC's are the guards of our body that
fights against all the infection and diseases and prevent their
entry into our body. The transportation of oxygen from the
lungs to the body's tissues and vice versa is carried out by
the Red blood cells or RBC's. Platelets are those blood cells
in our body that are capable of forming clots to stop
bleeding [1]. A slight variation in the count of these cells is
considered as a state of diseases. The normal range of
WBC's in our body should be from 3,700 to 10,500. When
the count increases beyond this range then the person is said
to be suffering from leukemia. The abnormally growing
WBC'’s are known as blasts, they grow and divide at a very
fast rate thus crowding and affecting the working of the
normal cells. Such cells have a different appearance than the
normal cells and they work do not function as expected [2].
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There are four different types of leukemia and identifying
the type of leukemia will help the doctors to provide a better
treatment to the patients. The four types of Leukemia are:

e Acute Lymphoblastic Leukemia
e Chronic Lymphoblastic Leukemia
o Acute Myelogenous Leukemia

e Chronic Myelogenous Leukemia

In acute leukemia the bone marrow cells do not mature at
all and they begin to replicate, thus if such leukemia is not
identified then the patient only live for few months. On the
other hand in chronic leukemia the bone marrow cells do
not mature completely as needed so they are unable to fight
against the infections like the normal cells. Chronic
leukemia patients have longer span of life as compared to
acute leukemia affected patients [3].The basic difference
between myeloid or lymphocytic leukemia totally depends
on the cells in which the cancer develops. The myeloid cells
or granulocytes are affected in myeloid leukemia and the
lymphocytes are affected in lymphocytic leukemia.

The exact identification of leukemia is done by closely
observing and manually analyzing the undeveloped or
immature blasts which also includes the lymphoid or
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myeloid cells. The increase in the range of blasts is also an
indication of blood cancer. So the pathologists have to
regularly supervise the blood images for the faultless
detection of the type of leukemia that the person is
suffering. In Spite of the great experience and knowledge of
the pathologists this process is time consuming and less
accurate [4].Thus there is a need of a system that is capable
enough of identifying the leukemia and the type of leukemia
without any manual involvement. The main objective of this
paper is to present the work and the image processing
techniques used by different researchers.

Il. LITERATURE REVIEW

A lot of researches have carried out their research in
identifying the various image processing techniques that
will be able to detect blood cancer and its type from the
medical images with better accuracy.

The following set of papers [5], [6], [7], [8], [9], [10], [11]
and [12] describes an automatic computerized system that is
capable of counting and classifying the WBC'S present in
the blood image based on the shape, texture and color
features extracted from the infected cells. This automated
system is capable of preprocessing the images to remove the
noise in the image then extract the Region of Interest (ROI)
using any segmentation technique. The image is then
represented in terms of some numerical values which are
considered to be the feature vector for that particular image
and then on the basis of this feature vector the final
classification is performed. The feature vector consists of
shape, texture and color features. Various techniques of
preprocessing has been implemented which includes color
conversion, histogram equalization, contrast stretching and
so on to enhance the image and to make the next step i.e.
segmentation easy. In [7] the cancer detecting system
converts the RGB blood image to CIE |_a_b_color format.
Channel L holds information about the brightness of the
image Channel B holds information about the color features
in the blood image which marks the presence of mainly
purple, blue shades. Segmentation of the infected cells can
be done by retaining back the L and B channel values. This
technique helps in precise segmentation of the blasts.
Various filters such as median filter, laplacian filter are used
for removing the impurities such as noise in the image,
which is a part of post processing. Segmentation is a
process to isolate the infected WBC cells from other blood
components so as to analyze them carefully. K-mean,
thresholding, watershed algorithm are some of the most
familiar techniques being used. It uses K-mean clustering
algorithm for segmentation and for partitioning the
overlapping objects watershed algorithm is applied. The
combination of these two algorithms provides better
segmentation leading to better classification and counting.
Feature extraction is the most important step for
classification which involves capturing descriptors from the
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image based on which the experts make their decision. This
step extracts three types of feature:

i. Shape: It is numbers which can characterize a given
shape of the object (roundness, solidity, area,
major and minor axis, perimeter, convex area and
perimeter, orientation, elongation, eccentricity)

ii. Color: Theses features are obtained from the color
parameters of the image (mean, variance, standard
deviation uniformity, smoothness, entropy, energy
and skewness)

iii. Texture: It includes the textures properties of the
image (energy, entropy, autocorrelation, contrast,
correlation, cluster prominence, cluster shade,
dissimilarity, homogeneity)

In [8] classification is described as a process of classifying
an unknown data set to a known data set based on some
features.SVM classifiers are most commonly used for the
classification of the blood sample based on the features
extracted. SVM classifier is considered as the best classifier
because it does the classification of data set based on hyper
plane classifier. An innovative method that segment,
classify and count the WBC Blasts simultaneously using a
Convolution Neural Network (CNN) is used. The accuracy
obtained using a combination of all the three features i.e.
shape, color and texture is between 88% - 95%. Some of the
limitations are that the sub type is not detected, it does not
consider cells in the border of the images and does not
consider cell metric images.

Joshi et.al. [13] designed a system that uses Convolutional
Neural Network (CNN), Principal Component Analysis
(PCA) and a group of 3 classifiers for better classification.
The Neural network is trained well to precisely detect and
classify the type of leukemia. Segmentation of the image is
not included in this approach it directly extracts the features
from the image. In this system the segmentation of the cells
is not included, instead it uses some pre trained CNNs like
CaffeNet, Vgg-f , AlexNet as well as a combination of the
three. CNNs using the addition of their feature vectors.
Features are extracted from the medical images using
Principal Component Analysis (PCA). It is the most widely
used technique for analyzing data and making predictive
models from it. The application of PCA is used for facial
recognition identification and object tracking. A
combination of three classifiers which includes Support
Vector Machine (SVM), Multi-layer Perception and
Random Forest are used for the final classification. This
provides greater reliability of the results along with
accuracy. This system provides complete accuracy (100%)
for the detection along with less processing time as
compared to other approaches. The future scope of this
work is to provide tuning to the architecture in order to
improve to get the results in less time with the same
accuracy.
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and [20] describes various image processing steps like
image enhancement, segmentation, feature extraction and
classification which will executed on Matlab for detection
of blood cancer. The feature vectors of these researches
consist of only texture features of the image. Preprocessing
of the blood image is done to improve the image quality.
Various techniques such as color space conversion,
histogram equalization, contrast enhancement etc. are done
to highlight the area of interest. Various filters like median
filter, wiener filter, are used to reduce the unwanted noise
present in the image. Gaussian filter helps in
smoothening the edges of the blood cells [15]. K-mean
segmentation, thresholding, watershed algorithms are some
of the techniques done to get the region of interest (ROI)
which is the shape and size of the undeveloped or immature
WBC cells. An adaptive k-mean clustering is another
approach for segmentation in which the user need not
specify the number clusters or the initial seed value. Lloyds
clustering is also used for partitioning the WBCs from the
RBCs and platelets. It helps in finding the centers of the
infected blood cells then separated the cells from its
background. It gives better accuracy if combined with k-
means clustering technique. Watershed algorithm gives an
accuracy of 87%, if one is able to differentiate between
foreground and background cells which help to detect the
boundary [18]. The only limitation of Watershed algorithm
is that it often results into over segmentation. Texture
features of the cells are extracted using Gray Level Co-
occurrence Matrix (GLCM) [14]. GLCM is a famous
technique for getting texture feature in an image. One of the
basic prerequisite for GLCM s that it can be applied on
only on gray scale images. The working of GLCM matrix is
done by identify number of times pixel ‘i’ is appearing in
vertical, horizontal or diagonal position to a pixel ‘j°, where
‘I’ and ‘j’ are gray scale intensity values of the cells. The
Gray Level Difference Method (GLDM) also helps in
texture feature extraction. It is difference in the intensity
values of two gray pixels. Some of the texture features
extracted are energy, entropy, correlation, variance
homogeneity, cluster shade and dissimilarity. Homogeneity
of an image is the degree of variation for the texture values.
The value of homogeneity is more if the variations are less
between the intensity values. The range of homogeneity is
between 0 and 1.The relation between the neighbour pixels
values is represented by correlation. Texture feature
extraction extracts values that are non-redundant and
informative that helps in better detection of the disease. The
features along with SVM classifier help in the precise
detection of the type of leukemia the person is suffering.
The accuracy obtained when the feature vector contains
only texture features is between 85% - 92%.

Madhloom etal. [21] and [22] focuses on automatic
detection of acute Ilymphoblastic leukemia in their
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researches using the shape and geometric features. These
methods have a scope for early detection of the disease with
high speed and accuracy. The preprocessing of both the
work includes color space conversion because the colors in
the RGB color space are very much close to each other
which make the segmentation difficult. Thus in this system
segmentation is done by converting the RGB image to CIE
L*a*b color space in which the pixel value of each object is
distinguishable. Segmentation can also be done by
converting the blood image from RGB plane to CMYK
color space then thresholding is applied to discard the
background and retain the region of interest. Since the
Lymphocytes are immature WBC they will have a different
color as compared to the mature WBC's so in the CMYK
color space these cells will have a high contrast color. After
the conversion the WBCs are extracted by only retaining
only the pixel values that hold the blasts. Both the work
does not include any other segmentation technique. Shape
features like ratio of nucleus to cytoplasm are calculated
from the segmented image. The nucleus of the cell is said to
have brighter pixels as compared to the cytoplasm. It also
takes in consideration some more shape features like Sate of
chromatin, Number of holes in Nucleus and cytoplasm. A
fuzzy set of rules are formulated for these 4 parameters
which decide whether the person is leukemic or not. Shape
features such as roundness, perimeter etc. are extracted
from the cells. Final classification is done on the basis of the
count and the features extracted from the segmented
WBC's. One of the main advantages of this technique is that
they are able to detect the severity of Acute Lymphoblastic
Leukemia (ALL) Cancer. The accuracy rate achieved using
these techniques are more than 90%. The main benefit of
this technique is that it has a self-learning mechanism that
helps in better detection of the cancer. The accuracy can be
improved by incorporating some more segmentation
techniques with the existing one’s which would give an
exact segmentation of the infected cells leading to better
detection.

The following set of papers [23], [24], [25], [26], [27], [28],
[29], [30] and [31] presents an innovative method for
cancer detection in which the feature vector consist of
texture and geometric parameters of the image. It uses
Contrast enhancement for improving the image quality as a
part of preprocessing. Color conversion is also another
important and best technique for preprocessing because it
highlights the infected cells with respect to its background.
The input image is converted from RGB to L*a*b color
space. All the color information of the input image is thus
represented in a* and b* which helps in nucleus
segmentation. Segmentation plays a very important role for
the preceding steps i.e. feature extraction and classification.
K-mean is considered as good segmentation technique for
an image of any size and quality. The Number of Clusters in
K-mean is based on user’s choice. Ideally the image can be
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divided into 4 clusters Nucleus, cytoplasm, background and
other cells. The segmentation can also be done using Zack
algorithm in combination with K-mean algorithm. This
algorithm helps in detection of the myeloid cells. Roundness
of the cells is calculated to identify the single and grouped
cells. The value of roundness indicates whether the cell is
circular or not. It is calculated by dividing the area by
perimeter. If the value is 1 then it indicates that the cell is
circular else it is not. A threshold value is selected and all
the cells having value less than the threshold is said to be
grouped cells and the ones having value greater than
threshold is single cell. Post processing is done to avoid the
results of over segmentation. Feature extraction is a process
of converting the images details into numerical values that
can be used for classification. Shape and texture features of
the image are extracted to detect the cancer. Shape features
describe the shape of the object. The object includes
nucleus cytoplasm. Texture features describes the texture
parameters and the variation in the pixel intensities. Some
of the shape features are area, perimeter, roundness, major
axis, minor axis, elongation, eccentricity etc. The texture
features such as energy, entropy, contrast, correlation,
homogeneity are used. Ritter and Cooper in their study use
a combination of dual neural network having a Fuzzy
ARTMAP and simplified Fuzzy ARTMAP Neural Network
for the precise detection [28]. This technique can only
identify if the person is suffering from leukemia or not, it
does not predict the type of leukemia. The advantage of this
approach is that it gives a higher rate of accuracy with the
help of a dual neural network. SVM classifier is being used
by rest of the researchers because of the reliable results
given by the network. The accuracy obtained by these
techniques is about 85% to 94%. The limitations in [25] and
[29] research is that the techniques do not detect the sub
types and severity of the cancer. Better segmentation and
feature extraction of the nucleus and cytoplasm will also
help to improve the accuracy.

In the following set of papers [32], [33], [34], [35], [36],
[37], [38], [39], [40], [41], [42], [43] and [44] discusses a
set of image processing techniques that are used for locating
and counting the undeveloped WBC's present in the
biomedical images by extracting only the shape features of
the blasts. Preprocessing is the step for analyzing the
medical images which involves cleaning the image and
removing the noise from the image and improving the image
quality. Preprocessing and segmentation is applied to both
the training and testing images. The Preprocessing mainly
includes conversion of blood image from RGB to different
color spaces which focus on the Region of Interest. The
RGB image is converted in gray scale image and then the
contrast is enhanced to highlight the infected WBC’s.
Converts the image into YCbCr space where Y stands for
Luminance, Cb stands for Blue Value, Cr stands for Red
Value. After the conversion the Cb and Cr coefficients are
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extracted. Rangolein et al. [32] in their study converts the
image into binary image by selecting an appropriate
threshold value which will have the WBC’s in white pixel
and the background and RBC’s in black pixel value. A set
of filters such as median filter, laplacian filters are used for
noise removal, preserving the edges and to darken the
nuclei of the cells. In [35] it uses Watershed algorithm
which is a simple and fast computation method for
segmentation but cannot be applied on every image, it
givens an accuracy of 72%. K-mean segmentation though it
is a good clustering technique and it have an accuracy rate
of 72.3% [40]. The other techniques like histogram
equalization and linear contrast stretching method that can
detect the white blood cells but they cannot differentiate
between overlapping cells thus, it gives an accuracy of 73%.
A combination of two or more segmentation techniques can
yield better result. In the post processing stage various
morphological operations like dilation and opening is
performed to have well-defined boundaries for the cell.
Other morphological operations such as hole filing and
erosion are also applied to locate the exact boundary of the
WABC cells. The detection is done by identifying the shape
based features they work well with overlapping objects but
give an approximate result. It has an accuracy rate of 95%.
Geometric features such roundness, solidity, area, major
and minor axis, perimeter, convex area and perimeter,
orientation,  elongation,  eccentricity, rectangularity,
compactness, convexity are calculated for better detection
of the disease. The count number of pixel inside nucleus of
blasts then the area of WBC cells can also be used to
identify the severity of the diseases. These researches only
focus on the shape and geometric features of the nucleus
and cytoplasm for the detection. It is found that the shape
features of the nucleus hold more information required for
the detection as compared to the shape features of the
cytoplasm. The rate of accuracy is greater when Shape
features are part of the feature vector more than 90%
accuracy is obtained in each case.

In the following set of papers [46], [47], [48], [49], [50] and
[51] it presents a system for identifying acute and chronic
leukemia from a patient's blood image by extracting the
texture features using Local Binary pattern. Acute leukemia
grows faster as compared to the chronic leukemia.
Preprocessing in these researches use thresholding and
contrast stretching to improve the quality of the blood
smear. Gabor filter is a type of linear filter that is used for
analyzing the texture of the image. It is a filter which has
application in pattern recognition. The Segmentation
includes morphological operations along with discrete
Fourier transform algorithm to separate the overlapping
objects or cells. K-mean clustering algorithm is also used
since it is considered to be one of the best segmentation
techniques because it is versatileand can be used
segmenting any type of data. K-mean clustering is
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performed for segmenting and retaining the undeveloped
WBC's from the RBC and platelets. The feature vector of
these papers includes Texture features that are extracted
from the Local Binary Pattern (LBP) Image of the blood
smear. LBP is a very famous technique for extraction of
texture features required for pattern recognition [48].

In the LBP image every pixel values is computed based on
its immediate 8 neighbour’s. The first step is converting the
RGB Image into gray image. It then uses a 3*3 mask to
calculate the LBP pixel values. The pixels among the 8
neighbour having value greater than the central pixel is
replaced by 1 and the pixels having value less than or equal
to central pixel is replaced by 0. After that the new decimal
value is calculated from its binary representation using a
formula. In this way every pixel of original image is
replaced by its LBP Value. The LBP Image obtained holds
more of texture parameters of the image. An example of
LBP pixel value generation is as shown below:

25 12 38 0 0 1
42 35 42 :> 1 1
40 28 30 1 0 0

Figure 1: First step in LBP Creation

=) 5

18 6 3l 16 8 4 2 1

Figure 2: Calculation of the new pixel value

25 12 38
42 35 42 $ 55
40 28 30

Figure 3: Replacing original value with the new value

After getting the LBP Image the texture features are then
calculated from it. These texture features include energy,
entropy, auto-correlation, contrast, correlation, homogeneity
etc. These feature vectors are then passed as input to the
Support Vector Machine (SVM) classifier. The SVM
classifier along with Artificial Neural Network is used for
accurate classification. Such a combination reduces the time
of processing and increases the efficiency and accuracy of
the network to more than 90%. [49] It uses a sequential two
step neural network classifier that improves the result of
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detection. The accuracy obtained using these techniques are
between 84% to 92%.The accuracy can be improved by
including some more features along with the texture
features.

The following set of papers [52], [53], [54] and [55]
describes about detection of leukemia by only counting the
number of WBC in the image and extracting some
geometric features from it. Segmentation of the digital
image is done by converting the image from the existing
color space to CIE I*a*b color space. This method purely
identifies the sub categories of acute leukemia. The
Segmentation is followed by morphological operations
along with Fourier Transform method to separate the
overlapping objects or cells. Geometric and color features
are extracted from the segmented objects. Otsu's threshold
method is also used for enhancing the image and
partitioning the affected cells from the normal RBC and
platelets. After the exact segmentation, required features are
taken from the images and given as an input for the
classification process. The pre-processing of the input
image is done by contrast enhancement and various
morphological operations. PCA algorithm is used for
feature extraction that extracts main features namely shape
feature. These features help to differentiate to between
normal and abnormal cells. The total count of infected cells
is also considered as an important parameter for the
detection. For better detection of the cells edge detectors
like canny and sobel can be used that provides precise edge
detection of the cells. The two step neural network classifier
provides an accuracy of 97.7%. K Nearest- Neighbour
(KNN) Classifier is used to label the affected cells and the
patient as leukemic or non-leukemic. The computation in
kNN classifier is very simple since it compares the input
data with the data present in its knowledge base and finds a
majority match for that input data and classifies that data
into that class. It can also be used to differentiate blast cells
from unaffected white blood cells. The kNN classifier
requires a lot of training data for a better prediction. The
only disadvantage of KNN Classifier is it will not give
expected results when the image contains noise [53]. It
gives an accuracy of 93%.

The literature review of all these papers can be consolidated
as shown in the table 1.

Table 1: Consolidated analysis of literature review

Classification Parameters

Citation Shape Color Texture Limitations Accuracy
It does not detect the sub types of leukemia, it does not
[5]-[12] v v v consider cells in the border of the images and does not | 88% - 95%
consider cell metric images.
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PCA

This system is not able to perform the task on larger image
set therefore the future scope of this work is to provide tuning
to the architecture in order to improve to get the results in
less time with the same accuracy.

100%

[14]-[20]

The future work is to improve the accuracy by improving the
techniques used in the system. The future work includes in
reducing the processing time by identifying alternate
techniques to extract the texture features.

85% - 92%.

[23]-[31] v

The limitations in [25] and [29] research is that the
techniques do not detect the sub types and severity of the
cancer. Better segmentation and feature extraction of the
nucleus and cytoplasm will also help to improve the accuracy

85% to 94%.

[32]-[44] v

The future work is to improve the segmentation technique to
yield better results of detection. A combination of two or

More than 90%

more segmentation algorithms will help in precise detection

Texture features using Local Binary

[46]-[51] pattern

The accuracy can be improved by including some more
features along with the texture features.

84% to 92%.

[52]-[55] Count of WBC's present

The future work is to improve the classification and detect
the subtypes of leukemia by analyzing the shape of the cells

90% -93%

I1l. RESEARCH METHODOLOGY

From the literature review it is clear that for the precise
detection of leukemia and the type of leukemia the
following steps have to be incorporated in the automatic
cancer detecting system. The system will have two main
phases: the initial phase is known as the training phase and
the next phase is the testing phase.

Training Phase: In the Training phase the classifier is
trained with a set of images whose specified class is already
known to the user. In this case the system is trained with set
of microscopic images which are previously classified as
cancerous or non-cancerous. All the required features will
be extracted from these images. These features along with
their classification will be stored in the knowledge base for
future classification or prediction. The success or accuracy
obtained in the testing phase depends on the training and the
data present in the knowledge base.

Testing phase: The steps performed in testing and training
phase are almost the same but, the only and major
difference is that the input query given in this phase is not
classified and the system has to predict whether the input
belongs to the cancerous group or non-cancerous group.
The input image is processed first and then segmented to
retain the region of interest. After getting the region of
interest all the features that were extracted in the training
phases are extracted from this image and on the basis of
these features and the data present in the knowledge base
the system predicts whether the person is leukemic or not.

The flow of activities in the system is as shown in figure 4.

Training phase

==

™ Pre pocessing

—I—f-Segmentation f=r=tFeature Extraction ===} Trainning Classifier

Training images

g

—=r Segmentation [—=

- Feature Extraction

Pre pocessing

Classification

SO

Input Query

Testing phase

Figure 4: Basic flow of activities

1. Image Acquisition: The biomedical images required for
both the testing and training phases can be acquired
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can also get images from online database that are
available for free of cost. The Acute Lymphoblastic
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Leukemia Image Database also known as ALL-IDB
consists of images of cancerous and healthy
lymphocytic cells. All the images in this database are
uniform in nature and can be used for various image
processing activities like segmentation feature
extraction, classification etc

2. Image Preprocessing: Pre processing of an image is
done with an intension of enhancing the given image so
that it yields better results in the proceeding steps.
Noise in an image is a component that will
unintentionally affect the result obtained at every step
thus, having a noise free image is very essential for the
precise and accurate detection of the disease. In
preprocessing step various digital image processing
techniques are performed on the image to make it noise
free and to enhance the quality of the image. The
quality of the image is in terms of its brightness,
contrast and sharpness. The edges of the blasts have to
be clear for proper segmentation and feature extraction.
Thus this step focuses on denoising and improving the
quality and visual appearance of the image. Some the
techniques used are color conversion, contrast
enhancement, histogram equalization filtering etc.

In color conversion the RGB image is converted into
another color space like CMYK color space, CIE L*a*b
color space etc. The WBC’s have a bright color as
compared to the RBC’s and the platelets therefore a simple
color conversion will highlight the color of the blasts.
Contrast enhancement and histogram equalization is done in
order to improve the color parameters of the image. The
goal is to highlight the WBC’s present in the image so that
they can be easily segmented from the other components.
Filters are used to discard the unwanted components such as
noise from the image.

3. Image Segmentation: The blood images acquired from
the laboratory will have WBC, RBC and platelets in it.
The area of interest for blood cancer detection is only
the immature WBC rest of the portion has to be
discarded. Image segmentation is the technique which
is used for this activity. It will separate the foreground
objects from its background using different techniques.
There are lots of techniques available but a single
segmentation algorithm will not be applicable for all
the images. The quality of the segments obtained at the
end using a single segmentation algorithm will be
different for different images because some of the
images may have overlapping cells and some may not
have them. Therefore researchers implement a
combination of two or more segmentation technique to
get better segments. Sometimes over segmentation
causes modification to the shape of the cell which will
lead to a wrong detection, so to avoid this various
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morphological operations can be applied to regain the
shape of the segmented blasts. K-mean segmentation,
watershed algorithm, Fuzzy ¢ means algorithm and
thresholding are some of the most commonly used
segmentation algorithms.

Thresholding is the simplest segmentation technique where
in the gray image or a color image is converted into a binary
image based on the threshold value [32]. All the pixels
having a value greater than the threshold value is set to 1
and all other pixels are set to 0. Since the white blood cells
are the brighter cells a simple thresholding will help in
extraction of the blasts. The threshold value can be selected
using the local thresholding method where the mean value
of all the pixels in the image is computed and that will serve
as the threshold for that image [10].

Kmean segmentation technique is a famous clustering
technique [12]. Initially it begins by selecting k cluster
centers randomly.

1. It will then compute the Euclidian distance of every
pixel with each cluster center. This pixel will then
belong to the nearest cluster based on the Euclidian
distance.

2. In the next step the cluster centers are calculated by
taking the mean of all the pixels present in every
cluster.

3. The algorithm in the next iteration will compute the
Euclidian distance of each pixel with the new cluster
center values obtained and group the pixels in the
same way.

4. The cluster centers are calculated again by taking the
mean of all the pixels belonging to that group.

These steps are repeated until the mean value of each
cluster remains the same

Watershed segmentation technique is another classic
technique used for segmentation of objects from the
background. In this technique the algorithm first calculates
the distance transform of the image. This is a matrix that
represents the distance of every pixel from its nearest O
pixel value [18]. This distance transform matrix will help us
to extract the boundary of the objects. These boundary lines
are called as the watershed lines. The pixels belonging to
the either sides of this line are said to be part of the
catchment basin. Using the watershed lines we extract the
objects from its background.

4. Feature extraction: Feature extraction plays an
important role in cancer detection. In this step all the
features required for deciding whether the person is
suffering from leukemia are extracted from the
segmented blasts that are obtained in the previous step.
The number of features extracted in the testing phase
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and training phase will be the same. In the training
phase the feature details are stored into the knowledge
base for future reference. These features include shape,
color, location, count, geometric and texture.

e Color - It has been observed that the color of
immature or undeveloped WBC have a darker
shade than the RBC and the platelets so, the color
feature can be extracted as one of the parameter for
the counting and identifying the type of leukemia.

e Shape - The shape features include the roundness
eccentricity of the blasts. In Acute Lymphoblastic
or Chronic Lymphoblastic Leukemia the shape of
the nucleus is round where as in Acute Myeloid or
Chronic Myeloid Leukemia the shape of the nucleus
is curved.

e Size - The Size features include calculating the area,
perimeter solidity etc. of the white blood cells. It is
observed that the size of lymphoblast’s are less than
the size of the other blasts

e Texture - The homogeneity and energy are the main
texture features that are extracted from the WBC's
some other texture features include auto correlation,
contrast etc.

e Geometric - The elongation of the nucleus,
compactness, concavity, radius etc. are the
geometric features that are extracted from the
affected blood cells

5. Image Classification: It is the final and main step for the
detection of the cancer. The success of this stage
completely depends on the training given to the
classifier. In the training phase the classifier is trained
with set of images which are already classified as
cancerous or non-cancerous. This classification along
with their features is stored in the knowledge base.
When a new unclassified input arrives the classifier will
extract the features from that input and then compare
them with the features present in the knowledge base.
When an approximate or exact match is found with the
feature values present in the knowledge base then the
classifier will classify the new input into that class
which is specified in the knowledge base. The different
sub categories of leukemia can also be specified in the
training phase so that the new input can also be
classified into its subtype. Some of the classifiers used
for classification are SVM classifier, neural networks
etc. SVM classifier is considered as the best classifier
because it does the classification of data set based on
hyper plane classifier. The input set of data is separated
into two classes in such a way that it optimizes the
margin between the two classes. During the training
phases features obtained are said to be the support
vectors, based on these support vectors the unknown
data is classified [23].
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IV. CONCLUSION & FUTUREWORK

When the count and size of the white blood cells increases
with respect to the other blood cells then the person is said
to be leukemic. This work presents a study of various
methods developed by different researchers for the accurate
diagnosis of Leukemia cancer from the blood images. The
series of activities performed for the detection includes
image enhancement for improving the contents present in
the image. Color conversion, histogram equalization,
contrast stretching are some of the pre processing
techniques which are used by different researchers. It is then
followed by segmentation of the affected white blood cells
for calculating the feature values. A proper segmentation of
the cells will yield better detection of the disease. The
feature values are calculated from the segmented image
which includes the count of white blood cells, shape, color
and texture properties. Therefore it is very essential to have
segmentation technique that will precisely extract only the
white blood cells from the blood image. The feature values
along with the data in the knowledge base will provide the
final classification value. In order to have a better accuracy
we have to train the classifier with more number of images.
Accuracy of the system increases with increase in the
training given to the system. Thus we have to consider all
these parameters before designing a cancer detecting
system.

The future work proposed is to design a cancer detecting
system by pipelining various image processing techniques
that are discussed in the literature review. This system must
be capable of delivering promising results with less
computational efforts and processing time. This system
should also be able to detect the subtypes of leukemia along
with its severity. An early and precise detection of the
leukemia and its type will help the doctor to provide proper
medication before it's too late. An early detection will not
only save a life but also reduce the cost required for
treatment considerably
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