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Abstract: Acute lymphoblastic leukemia (ALL) is a group of hematological neoplasia of childhood 
which is characterized by a large number of lymphoid blasts in the blood stream. ALL makes around 
80% of childhood leukemia and it mostly occur in the age group of 3-7. The average age of someone with 
ALL is sixty five years. The nonspecific nature of the signs and symptoms of ALL often leads to wrong 
diagnosis. Diagnostic confusion is also posed due to imitation of similar signs by other disorders. Careful 
microscopic examination of stained blood smear or bone marrow aspirate is the only way to effective 
diagnosis of leukemia. Morphological analysis of blood slides are influenced by factors such as 
hematologists experience and tiredness, resulting in non-standardized reports. A low cost and efficient 
solution is to use image analysis for quantitative examination of stained blood microscopic images for 
leukemia detection. Comparing the effect of Hausd Orff Dimension on the device earlier than and after 
the impact of neighborhood binary pattern, evaluating the overall performance of the proposed 
algorithms on sub shots and entire pics and comparing the outcomes of a number of the existing 
structures with the proposed machine. The result of localization accuracy of the lymphoblast cells used 
to separate it from sub pics and whole pics. A fuzzy based two stage color segmentation strategy is 
employed for segregating leukocytes or white blood cells (WBC) from other blood components. 
Finally the Clinical Document Architecture (medical records) based on health information exchange will 
be generated for individual patients and can be readily linked with Cloud computing and encryption of 
clinical documents for privacy purpose.  
 
Keywords: Image Acquisition, Color Features and Color Correlation, Nuclei Segmentation, K-Means 
Clustering, Hausd Orff Dimension, Probabilistic Neural Networks (PNN) , Clinical Document  
Architecture , Cloud Storage. 

 
Introduction: WHITE blood cells (WBCs) or leukocytes play a chief role inside the diagnosis of 
different sicknesses; as a result, extracting information about them is treasured for hematologists. The 
time period leukemia comes from the Greek phrase “leukos” which means “white” and “goal” which 
means “blood.” It refers to the most cancers of the blood or the bone marrow (where in blood cells are 
produced) [1]. 
 
Leukemia is widely classified as: 1) acute leukemia (which progresses quickly); and 2) continual 
leukemia (which progresses slowly). Acute myelogenous leukemia (ALL) is a heterogeneous clonal 
disorder of hematopoietic progenitor cells (“blasts”), which lose the capacity to differentiate typically 
and to reply to ordinary regulators of proliferation. This loss results in deadly infection, bleeding, or 
organ infiltration, usually, within the absence of remedy, within a year of prognosis. ALL is showed 
while the marrow consists of more than 30% blasts. In this paper, most effective ALL is considered. ALL 
is a fast-growing cancer of the blood and bone marrow. It's far fatal if left untreated; because of its rapid 
unfold into the bloodstream and other vital organs. moreover, ALL is the most common myeloid 
leukemia, with a prevalence of 38 instances per 100000 rising to 179 cases in line with a hundred 
thousand adults elderly 65 years and older. ALL additionally makes up 15–20% of early life leukemia, 
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kind of 60% of instances occur in people elderly younger than two decades. This is about 500 youngsters 
and teenagers in the U.S. every year are suffering from ALL. Survival in early life acute lymphoblastic 
leukemia is drawing close ninety%, but remedy in infants (i.e., kids more youthful than 365 days) and 
adult’s desires improvement. Early prognosis of the sickness is essential for the healing of patients, 
specifically within the case of kids. In this paper, only acute lymphocytic leukemia is considered. 
 
ALL is frequently tough to diagnose considering the fact that the precise purpose of ALL continues to be 
unknown. Further, the signs of the disease are very much like flu or other not unusual illnesses, 
consisting of fever, weak spot, tiredness, or aches in bones or joints. If the described symptoms are 
present, blood assessments, inclusive of a full blood count number, renal characteristic and electrolytes, 
and liver enzyme and blood count, have to be accomplished. Given that there is no staging for ALL, 
selecting the type of treatment can range from chemotherapy, radiation therapy, bone marrow 
transplant, and organic remedy [1][2].  
 
This method greatly relies upon on the operator’s capability and fatigue stages. Diagnostic confusion 
additionally takes place because of imitation of comparable signs by way of different problems. 
Furthermore, the identification task is generally difficult due to the form of capabilities and the often 
doubtful pictures purpose missing out on important indicators as to which shape of leukemia is being 
determined. Furthermore, due to the complicated nature of blood smear pix and variation in slide 
preparation strategies, plenty paintings has to be carried out to fulfill actual medical needs. 
Consequently, these factors can lead to wrong diagnosis. In the beyond, digital picture processing 
techniques have helped to investigate the cells that cause more accurate, fashionable, and faraway 
disease prognosis systems. However, there are some complications in extracting the records from WBCs 
due to wide version of cells in form, size, part, and role. Moreover, seeing that illumination is imbalance, 
the picture contrast between cell boundaries and the history varies depending at the condition for the 
duration of the taking pictures technique. 
 

 
Figure 1: Image from ASH. (a)–(c) Myeloblast from ALL patients. (d)– (f)  

Healthy cells from non-ALL patients 
 
Fig. 1 suggests six different pics, three depicting wholesome cells from non-ALL patients and 3 from ALL 
patients. 
 
Many tries were made within the past to assemble systems that useful resource in acute leukemia 
segmentation and category. There are 4 essential categories in segmentation strategies: Thresholding 
strategies and boundary-based and vicinity-based totally segmentation and hybrid strategies that 
combine boundary and vicinity criteria. In terms of peripheral blood or bone marrow smears, area-based 
totally or aspect-based totally schemes are the maximum popular. A right mixture of each boundary and 
region records might also present higher outcomes than the ones acquired by means of both method on 
its personal. From a survey performed by using Ilea and Whelan on color picture segmentation 
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algorithms, it become concluded that color images present more dependable picture segmentations 
than grey-level images. 
 
Segmentation and automated histogram thresholding had been employed to section WBCs from the 
blood smear picture. The paintings in hired contour signature to discover the irregularities in the 
nucleus boundary. The work in employed selective filtering to phase leukocytes from the opposite blood 
additives. The work in hired hue, saturation, and fee (wherein hue represents shade, saturation shows 
the range of gray in the shade space, and price is the brightness of the coloration and varies with color 
saturation), shade space, and expectation–maximization set of rules (which consists of steps, i.e., 
expectation and maximization steps) to discover the cytoplasm and nucleus of the WBCs. The work in 
offered an unsupervised color segmentation to deliver out the WBCs from acute leukemia pixel. A not 
unusual downside observed in those structures is that those classify handiest sub images. The purpose of 
this paper is to put into effect a fully automated classifier device for ALL. The constructed machine is 
carried out to finish blood smear snap shots containing a couple of nuclei.  New functions, together with 
cellular energy and Haus Orff measurement (HD), were used. The end result is then in comparison with 
the outcomes of the existing fashions. 
 
This paper is dependent as follows. Section II focuses in detail on the system overview of the proposed 
version. Sections III and IV display the photo processing techniques being used to perform enhancement 
and segmentation. Segment V builds the database of destiny vectors, which might be utilized by the 
type aspect of the gadget. Sections VI and VII present the experimental outcomes of the classifier device 
based on the capabilities extracted. Section VIII consists of conclusions and future paintings. 
 
Process Overview: The gadget proposed guarantees step-by way of-step processing. Fig. 2 depicts the 
gadget review. The device review gives a detailed depiction of the series of steps which might be to be 
followed for green class of acute leukemia. Step one entails preprocessing the entire pictures to conquer 
any heritage non-uniformity because of irregular illumination. Preprocessing also includes shade 
correlation wherein RGB snap shots are converted to L a b color area images. This step ensures 
perceptual uniformity. This step is observed by okay-approach clustering to carry out the nucleus of 
every cell. Segmentation is followed by function extraction primarily based on which classification and 
validation are carried out. 
 
Preprocessing: Photo Acquisition: For ALL, we accessed the American Society of Hematology (ASH) 
for their online picture bank of leukemia cells. 
 

 
Figure 2: Process Overview 

 
The ASH picture bank is a web-based totally photograph library that offers complete and growing 
collections of snap shots regarding a wide range of hematology classes. They offer terrific images 



Mathematical Sciences International Research Journal Volume 7 Spl Issue 3                  ISSN 2278-8697 

 
 

 
IMRF Biannual Peer Reviewed (Referred) International Journal | SE Impact Factor 2.73             |    21  

captured the use of one-of-a-kind microscopes in exclusive resolutions. Our database for ALL comprised 
80 photographs—forty from ALL sufferers and forty from non-ALL patients. The decision used for our 
type became 184 × 138 pixels. 
 
CIELAB coloration functions and color Correlation: The photos generated by way of digital 
microscopes are generally in RGB color area that is tough to segment. In practice, the blood cells and 
picture heritage varies greatly with appreciate to color and intensity. This will be due to multiple 
motives along with camera settings, various illuminations, and ageing stain. With a purpose to make the 
cellular segmentation sturdy with recognize to these versions, an adaptive method is used: the RGB 
enter picture is converted into the CIELAB or, extra effectively, the CIEL a b  color area. The key 
reasons for those are, first, to reduce reminiscence requirement and to enhance the computational time. 
2d, the perceptual difference between colorings is proportional to the Cartesian distance in the CIELAB 
shade area. Consequently, the color variations among two samples can be calculated by using the usage 
of a Euclidean distance. 1/3, it has best two shade components (a and b), and it's far designed to 
approximate human vision (the L thing intently fits human notion of lightness or it is able to be used to 
modify the lightness contrast the usage of the L aspect. eventually, the a and b components may be used 
to make accurate color stability corrections. In other phrases, the L a b  color space with size L that 
represents the lightness of the coloration, dimension a  that represents its function between 
pink/magenta and green, and measurement b  that represents its role between yellow and blue. Because 
of its perceptual uniformity, L a b produces a proportional trade visually for a change of the equal 
quantity in shade value. This guarantees that every minute distinction inside the shade cost is observed 
visually. Being device unbiased is a delivered gain of the L a b color area. Fig. 3 presents the end result 
of RGB to CIELAB shade conversion and segmentation procedure. 

 

. 
Figure 3: RGB to CIELAB Conversion and Segmentation Example 

 
Nuclei Segmentation: The aim of image segmentation is to extract vital records from an enter 
photograph. It performs a key function since the performance of subsequent function extraction and 
type is predicated significantly on the precise identification of the Myeloblast. Many algorithms for 
segmentation were evolved for gray-degree photographs. Segmentation on this device is executed for 
extracting the nuclei of the leukocytes the usage of color-primarily based clustering. Cluster analysis is 
the formal study of methods and algorithms for grouping, or clustering, items according to measured or 
perceived intrinsic characteristics or similarity. Cluster evaluation does now not use class labels that tag 
items with prior identifiers, i.e., elegance labels. K-means, that's one of the most famous unsupervised 
getting to know set of rules and is likewise an easy clustering set of rules, was first published in 1955. K-



Mathematical Sciences International Research Journal Volume 7 Spl Issue 3                  ISSN 2278-8697 

 

 
Journal Published by IMRF Journals | Jan 2018 Edition                                                          |    22  

method remains extensively used. This speaks to the issue in designing a general-purpose clustering set 
of rules and the sick-posed hassle of clustering. In this paper, we chose clusters similar to nucleus (high 
saturation), history (high luminance and occasional saturation), and other cells (e.g. erythrocytes and 
leukocyte cytoplasm). Here, every pixel is assigned to any such training using the properties of the 
cluster center. 
 
K-Means Clustering Algorithm: The k-approach set of rules calls for three consumer-distinctive 
parameters: the quantity of clusters okay, cluster initialization, and distance metric. An ok-means 
clustering technique is used to assign every pixel to one of the clusters. Every pixel is assigned to this 
sort of training the use of the properties of the cluster middle. Every pixel of an object is assessed into 
okay clusters based at the corresponding a and b values inside the L a b color space. Consequently, 
each pixel within the L a b color area is classed into any of the okay clusters through calculating the 
Euclidean distance among the pixel and each color indicator. These clusters correspond to nucleus (high 
saturation), background (excessive luminance and low saturation), and other cells (e. g., erythrocytes 
and leukocyte cytoplasm) .Each pixel of the whole picture will be labeled to a selected shade depending 
on the minimum distance from every indicator. It leads into account handiest the cluster that carries the 
blue nucleus, that's required for the characteristic extraction. While performing k means segmentation 
of whole pixel, it became discovered that, in some of the segmented pix, best the edges of the nuclei had 
been received as opposed to the entire pixel of the nuclei. This shortcoming turned into triumph over by 
using employing morphological filtering.. A photograph is partitioned into numerous areas relying on 
the features to be extracted. Employing morphological filtering ensures that perceptibility. 
 

 
Figure 4: Feature Set Developed for the Proposed System Comprising  

of Shape, Color, Texture Features, and HD 
 
Once these actions are performed, the following texture and shape-based features are then extracted 
from these whole images: Edge enhancement (used by the Sobel operator), to enhance the borders of 
the membranes and the cells (this helps in segmenting grouped cells and subsequent edge detection 
Canny edge detection, to obtain outputs with continuous edges, in general dilation, to connect the 
separated points of the membrane in a better way (it gives a good outline of the perimeter of the nuclei. 
In this paper, for dilation a 2 × 2 structuring element is used and hole-filling, to fill internal holes of the 
connected element having the largest area. 
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Feature Extraction: Feature extraction in image processing is a technique of redefining a large set of 
redundant data into a set of features of reduced dimension. Transforming the input data into the set of 
features is called feature extraction. Feature selection greatly influences the classifier performance; 
therefore, a correct choice of features is a very crucial step. In order to construct an effective feature set, 
several published articles were studied, and their feature selection methodology was observed. It was 
noted that certain features were widely used as they gave a good classification. We implemented these 
features on whole images in our system. Those features were considered to boost the classifier 
performance. Fig. 4 gives the set of features chosen to classify the image database. 
 
HD: Fractals have been used in medicine and science in the past for various quantitative measurements. 
The fractal dimension D is a statistical quantity that gives an indication of how completely a fractal 
appears to fill space. There are many specific definitions of fractal dimension. The most important 
theoretical fractal dimensions are the Rényi dimension, the HD, and the packing dimension. Practically, 
the 
 

 
Figure 5: Superimposing of the Nucleus with A Grid Of Squares For Box Count Measure 

 
Box-counting dimension is widely used, partly due to their ease of implementation. In a box counting 
algorithm, the number of boxes covering the point set is a power-law function of the box size. Fractal 
dimension is estimated as the exponent of such power law. All fractal dimensions are real numbers that 
characterize the fractalness (texture/roughness) of the objects. Myeloblast can be differentiated using 
perimeter roughness of the nucleus. HD is considered an essential feature considered in our proposed 
system. 
The procedure for HD measurement using the box counting method is elaborated below as an 
algorithm: 

· binary image in obtained from the gray-level image of the blood sample; 

· edge detection technique is employed to trace out the nucleus boundaries; 

· edges are superimposed by a grid of squares; 4) the HD may then be defined as follows: 
 
HD (1): Where R is the number of squares in the superimposed grid, and R(s) is the number of occupied 
squares or boxes (box count). Higher HD signifies higher degree of roughness. 
 
Fig. 5 illustrates the given algorithm. It shows how the nucleus from a noncancer cell is superimposed 
with a grid of squares to perform suitable box counting. The finer the grid gets, the more accurate is the 
shape approximated. Table I depicts the results of HD on subimages and complete images. It can be 
clearly observed that, for subimages, there is only a marginal difference in the HD value, whereas there 



Mathematical Sciences International Research Journal Volume 7 Spl Issue 3                  ISSN 2278-8697 

 

 
Journal Published by IMRF Journals | Jan 2018 Edition                                                          |    24  

is a distinct difference for complete images. Thus, HD turned out to be a crucial feature in our system 
particularly since we considered whole images of the blood sample. In the whole images, the number of 
nuclei under the field of view was much higher for a cancerous case as opposed to the noncancerous 
case. This resulted in steep difference in box count between the two cases and thereby proved to be an 
effective feature. 
 

 
Figure 6: Results of HD. 

 

 
Figure 7: LBP texture classification. 
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LBP: The concept of local binary pattern (LBP) was introduced for texture classification. This approach 
has many advantages. For example, the LBP texture features have the following characteristics:  
1) They are robust against illumination changes; 2) they are very fast to compute features 3) they do not 
require many parameters to be set; 4) they are local grayscale transformations and scaling; and 5) they 
are invariant with respect to monotonic 6) they have performed very well in many computer vision 
image  retrieval applications. The LBP method has proved to outperform many existing methods, 
including the linear discriminant analysis and the principal component analysis. In order to deal with 
textures at different scales, the LBP operator was later extended to use neighborhoods of different sizes. 
Defining the local neighborhood as a set of sampling points evenly spaced on a circle centered at the 
pixel to be labeled allows any radius and number of sampling points. When a sampling point does not 
fall in the center of a pixel, bilinear interpolation was employed In the LBP method where each pixel is 
replaced by a binary pattern that is derived from the pixel’s neighborhood. Each grayscale pixel P of an 
image is used as a center of a circle with radius R = 1 or 2 (radius R is usually kept very small). M 
represents the number of samples that determines the number of points that are taken uniformly from 
the contour of the circle. If needed, these points are interpolated from adjacent pixels. Each grayscale 
pixel P is compared with these sample points one by one. If the center point P is larger than the current 
neighborhood sample point I, the result is a binary zero; otherwise, the result is a binary one. When 
doing this operation, for example, clockwise from a certain starting point, the result will be a binary 
pattern with length M. This operation is illustrated in Fig. 6. 
 
For our database of images, an (8, 1) circular neighborhood was used. The segmented images were 
extracted using k-means clustering, and then the LBP operator was applied on them before calculating 
the HD (see Fig. 7). Two sets of values were extracted: first, HD of the 80 images without applying LBP, 
and second, HD of the images after applying LBP. When comparing these two data sets, it was observed 
that the LBP operator enhanced the overall performance by a very high margin. Additionally, the 
following features have been also chosen in our classification system: shape gray-level co-occurrence 
matrix (GLCM) and color features. The choice features were justified by extensive computer simulations 
in order to identify the ones that yielded maximum discrimination capability, thus achieving the optimal 
diagnostic performance. In this paper, we use several features, such as, shape features, GLCM features, 
and color features. 
The diagnostic performance of some new individual features selected in this paper will be analyzed in 
the following. 
 
II. Shape Features With Their Illustrations:  One of the shape features that has proven to be a good 
measure for classifying ALL by their shape is compactness. The shape of the nucleus, according to 
haematologists, is an essential feature for discrimination of myeloblasts. 
 
Shape Features with Their Illustrations: Region- and boundary-based shape features are extracted for 
shape analysis of the nucleus. All the features are extracted from the binary-equivalent image of the 
nucleus where the nucleus region is represented by the nonzero pixels. Table II displays the difference in 
the values of the shape features for a pair of cancer and noncancerous nuclei. 
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GLCM Features: Texture is defined as a function of the spatial variation in pixel intensities. The GLCM 
and associated texture feature calculations are image analysis techniques. Gray-level pixel distribution 
can be described by second-order statistics such as the probability of two pixels having particular gray 
levels at particular spatial relationships. This information can be depicted in 2-D gray-level co-
occurrence matrices, which can be computed for various distances and orientations. In order to use 
information contained in the GLCM, Haralick defined some statistical measures to extract. 
 

 
Figure 8: Cell Energy Plot 
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Figure 9: Standard Deviation Plot 

 
Textual characteristics. Some of these features are the following. 

· Energy: Also known as uniformity (or angular second moment), it is a measure of homogeneity of 
image. 

· Contrast: The contrast feature is a difference moment of the regional co-occurrence matrix and is a 
measure of the contrast or the amount of local variations present in an image. 

· Entropy: This parameter measures the disorder of an image. When the image is not texturally 
uniform, entropy is very large. 

· Correlation: The correlation feature is a measure of regional-pattern linear dependence in the image. 
Color features. In addition to the features aforementioned, we have used the following color-based 
feature. 
1) Cell Energy: Also known as the measure of uniformity, it is the different Lab image components. We 
define feature “δ” to be 

 
Where represents the normalized GLCM element for the ith row and jth column, and  
represents the ASM. Fig. 8 shows the plot that indicates the margin by which this feature differentiates 
cancer from noncancerous images. 
 
Fig. 9 depicts the standard deviation plot for the given database of images. And in which one wants to 
estimate how precisely a predictive model will carry out in exercise. 3 varieties of validation techniques 
were used: ok-fold, holdout, and leave-one-out.  
Hold-out: The statistics are break up into two no overlapped parts: one for testing and the alternative for 
schooling. The take a look at records are held out and not checked out at some stage in training. 
K-fold: In k-fold move-validation, the records are first partitioned into okay equally (or almost similarly) 
sized units or folds. 
 
Leave-one-out: depart-one-out pass-validation is a unique case of k-fold move-validation wherein okay 
represents the variety of instances in the facts. 
 
Performance evaluation: to be able to make certain the effectiveness of the provided gadget, we hired 
sure measures based on which decisions were made. Precision, specificity, sensitivity, and f-measure: 
those are all defined with regards to the feasible results of the classifier machine. when attempting to 
classify a specimen, there are 4 opportunities: actual positives (TP), whilst cancer cells are successfully 
identified; false positives, when noncancerous cells are diagnosed as cancerous; real negatives, while 
noncancerous cells are efficaciously diagnosed; and false negatives, whilst most cancers cells are 
identified as noncancerous. Desk III summarizes these parameters. 
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Probabilistic Neural Networks (PNN): PNN classifier not only gives classification of whole images but 
also gives a better performance. While compare to SVM in particular defines the criterion to be looking 
for a decision surface that is maximally far away from any data point. Support Vector Machine (SVM) for 
classification of the blood image as normal or abnormal.   
 
Removing unnecessary neurons : The process of removing unnecessary neurons is an iterative 
process. Leave-one-out validation is used to measure the error of the model with each neuron removed. 
The neuron that causes the least increase in error (or possibly the largest reduction in error) is then 
removed from the model. The process is repeated with the remaining neurons until the stopping 
criterion is reached.  
      
Three benefits:  

· The size of the stored model is reduced.  

· The time required to apply the model during scoring is reduced.  

· Removing neurons often improves the accuracy of the model.  
When unnecessary neurons are removed, the “Model Size” section of the analysis report shows how the 
error changes with different numbers of neurons.  
 
There are three criteria that can be selected to guide the removal of neurons:  

· Minimize error – DTREG removes neurons as long as the leave-one-out error remains constant or 
decreases. It stops when it finds a neuron whose removal would cause the error to increase above the 
minimum found.  

· Minimize neurons – DTREG removes neurons until the leave-one-out error would exceed the error 
for the model with all neurons.  

· Of neurons – DTREG reduces the least significant neurons until only the specified number of 
neurons remain.  

 
III. Parameters For Performance Evaluation 
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Figure 10: Performance of HD with and without employing LBP 
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Figure 11: Image Selection and Segment of Pattern 

 

 
Figure 12:  LBP Pattern and Classification 
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Figure 13: Clustering Results 
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Dataset Analysis: For each image in the dataset, the classification/position of ALL lymphoblast is 
provided by expert oncologists. Furthermore, we suggest a specific set of figure of merits to be processed 
in order to fairly compare different algorithms with the proposed dataset. The image of the dataset has 
been captured with an optical laboratory microscope coupled with a Canon Power Shot G5 camera. All 
images are in JPG format with 24 bit color depth, resolution 2592 x 1944. The ALL_IDB1 version 1.0 can 
be used both for testing segmentation capability of algorithms, as well as the classification systems and 
image preprocessing methods. This dataset is composed of 108 images collected during September, 2005. 
It contains about 39000 blood elements, where the lymphocytes has been labeled by expert oncologists. 
The images are taken with different magnifications of the microscope ranging from 300 to 500. 
 
Conclusion: In this paper, proposed a color-primarily based clustering for segmenting white blood cells 
from Acute Lymphoblastic Leukemia images. The technique efficiently combines RGB and Lab shade 
space based unique-threshold methods to exploit their complementary strengths. It consists of three 
main elements: preprocessing, segmentation, and post processing. Historical past and red blood cells of 
the image are extracted through distinct thresholds in segmentation procedure. The experimental 
outcomes advised that an overall segmentation give high accuracy because the first step of 
computerized white blood cellular differential system, it indicates a good prospect in further WBC 
function extraction, ALL category, and diagnosis. As a result of accuracy comparison proposed methods 
have 98% accuracy that is it have 8% more than existing method. 
 
Future Scope: As the extension/future scope have to link with Cloud computing. Encryption of 
documents for privacy purpose. Using two mode operation, through uploading the data’s which is 
obtaining from patient. One is patient mode and other one is doctor mode. This will detail explain on 
next phase 
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