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Abstract: This study proposes an efficient approach for automatic detection of clumped cells in peripheral
blood smear images that combines Chan Vese segmentation and ellipse fitting. Clumped cell detection is a
critical task in developing efficient blood cell segmentation methods in automated malaria diagnosis systems.
One of the major challenges m the segmentation of blood cell images 1s the presence of closely clumped cells.
The proposed clumped cell detection method has three steps. Imitially, the image segmentation 1s performed
using Chan Vese algorithm to extract clumped and non clumped blood cells from the background. Then, two
post-processing techniques are applied on the segmented image to eliminate artefacts, platelets and holes which
are irelevant in this study. The artefacts and platelets are removed using a size based thresholding method and
hole elimination 15 achieved using morphological reconstruction. Then, a robust and efficient ellipse fitting 1s
performed on the connected components in the segmented image to differentiate them as clumped cells
or non-clumped cells. The differentiation is based on a threshold value which is computed from the eccentricity
of the fitted ellipse. The robustness and efficiency of the propesed method has been evaluated by comparing
empirically to manual detection performed by haematologists.
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INTRODUCTION

Malaria is a life-threatening disease caused by
plasmodum parasites. According to WHO, there were
about 400 million cases of malana and an estimated 627 K
deaths. Delay m diagnosis and treatment 1s the leading
cause of death in malaria patients. It 1s due to the lack of
experienced medical professionals m rural areas (WHO.,
2017). Even though new techniques have emerged for the
diagnosis of malaria, manual microscopy examination of
peripheral blood smears is the “the gold standard” and
most prevalent diagnostic technique for malaria detection
(WHO., 2017, World Health Orgamzation, 1991). In
microscopy diaghosis, the pathologist observes the
morphological  characteristics of the blood cell
components m a blood slide to 1dentify the infected blood
cells. This process 1s time-consuming, laborious and leads
to fatigue, especially, in peak infection seasons and can
lead to wrong diagnosis and treatment which could even
result in death of patients. Quality and accuracy of the
manual microscopy method depends on the skill and
experience of the pathologist. So, manual microscopy is

not considered as a reliable screening method for malaria
diagnosis (World Health Organization, 1991). Hence, there
is a need to automate the microscopy malaria diagnosis
process. Automation of malaria microscopy diagnosis 1s
a larger problem involving various critical stages.

In this study, we address the problem of
clumped/overlapping cell detection which 1s the basis for
any further analysis stages in malaria diagnosis process.
The detecton and splitting of clumped cells mto
individual cells is very important to identify the parasite
infected cells and to estimate the infection severity to
determine correct medication to the patient. We propose
a two stage algorithm for clumped blood cell detection
which combines Chan Vese segmentation algorithm and
ellipse fitting with two post-processing techniques to
improve the detection accuracy.

Related research in blood cell segmentation and clump
cell splitting: Recently,
considerable amount of studies related cell image
segmentation (Ruberto ef al., 2001, 2002; Mao et al., 2006,
Yang et al., 2006; Ritter and Cooper, 2007, Kumar et al.,

researchers have made
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2006, Diaz et al., 2007, 2009, Cheng and Rajapakse, 2009;
Tek et al., 2005, Zhou and Mao, 2006; Kong et af., 2011;
Wang ef al, 2012) and clumped cell spltting. The
performance of any automated cell image analysis
systems largely dependent on the efficiency of the cell
segmentation and clump cell splitting algorithm. Clump
spliting methods are available m literature based on
morphological operation (Ruberto et al., 2001, 2002);
watershed techniques (Mao et al, 2006, Yang et al.,
2006); concavity analysis (Ritter and Cooper, 2007;
Kumar et af, 2006) and model based approaches
(Draz et al., 2007, 2009). The concavity based methods are
very sensitive i fixing the threshold to identify the
concave points and watershed techniques are time
consuming and prone to over segmentation. To overcome
these problems and to obtain efficient segmentation,
region merging and marker-controlled watershed
techniques have been introduced (Cheng and Rajapalkse,
2009; Tek et al, 2005). Morphology based clump cell
splitting methods are too sensitive to the selection of
structuring elements and thresholds (Yang et al., 2006;
Zhou and Mao, 2006). The focus of the above mentioned
researches are primarily around splitting of clumped cells.
However 1n all of the above researches, the researchers
have treated the clumped and non-clumped cells
uniformly. But in a well treated blood smear image, the
percentage of clumped cells would be considerably less
than the non-clumped cells and hence, treating only the
clumped cells will provide higher efficiency and
computational performance for the algorithms. Very few
researchers have attempted to detect the clumped cells
before proceeding to the clump spliting algorithm
(Kong et al., 2011, Wang et al., 2012). Kong et al. (2011)
and Wang ef al (2012) used a shape classifier to
determine whether a connected component is clumped or
non clumped. Wang ef al. (2012), the differentiation of
clumped and non-clumped cells is based on the distance
between the most likely radial symmetry center and the
geometrical center of the connected component. Since,
the above mentioned researches are not specifically for
blood smear images and only shape or size based clump
cell detection techniques are not sufficient to identify the
clumped cells i this particular application n this study,
we propose a new methodology to distinguish the
clumped and single blood cells.

MATERIALS AND METHODS

Proposed method: Our proposed clumped cell detection
algorithm has 2 stages. In Stage 1, we segment the blood
smear image using Chan Vese algorithm (Chan and Vese,
2001). Thus stage eliminates the background and extracts

the foreground regions such as RBCs, WBCs, platelets
and artifacts. Two post-processing operations are
performed on the segmented image to eluninate the
insignificant components such as artifacts, platelets and
holes present in the middle of the RBCs. In a blood smear
image, artifacts represent bacteria, spores, crystallized
stain chemicals and dirt whereas platelets are small,
irregularly shaped bodies. Peripheral blood smear images
contain large number of clumped RBC and WBC cells and
the separation of these cells into individual cells is very
important in the computerized diagnosis of malaria. Tn
blood smear images, single RBCs and WBCs are almost
circular in shape whereas the clumped cells are typically
elliptical. Parasite infected RBCs and WBCs are typically
larger in size as compared to the healthy RBC/WBCs,
though they retain their circular shape. One may feel that
the area of cells can help in detecting the clumped cells
but this 1s not true as the infected RBCs and WBCs are
typically larger in size and will be falsely identified as
clumped cell. Since, the clumped cells are of the shape of
a squashed circle in Stage 2, the clump cell detection is
achieved by fitting the best possible ellipse on the
contour of the blobs of the segmented image and separate
the blobs as clumped and non clumped cells based on a
threshold value computed from the eccentricity of the
ellipse. A schematic overview of the proposed blood
smear image segmentation and clumped cell detection
algorithm 1s provided in Fig. 1.

Segmentation: This research uses Chan Vese algorithm
{Chan and Vese, 2001 ) to extract the foreground blood cell
components of the blood smear image. Peripheral
blood smear images have difficult topology such as
disconnected regions, multiple holes, blurred edges and
overlapping cell structures. They are also nonuniformly
illuminated due to the usage of different kinds of cameras.
Active contour models are ideal for the segmentation of
images having such complex structures. Chan and Vese
(2001}, proposed an energy mimmization of the image to
detect edges of objects embedded within an 1mage. This
model begins with a contour 1n the image plane defining
an initial segmentation and evolves this contour in such
a way that it stops on the boundaries of the foreground
region. The Chan Vese Model is the curve evolution
implementation of a piecewise-constant case of the
Mumford-Shah Model (Mumford and Shah, 1989). In this
region based method, the image energy is computed from
the intensity variances inside and outside of the contour.
The resultant image obtained after segmentation contains
RBCs, WBCs, parasites, artifacts and platelets 1s shown in
Fig. 2b.
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Fig. 1: Schematic overview of the proposed algorithm: a) Stage | and b) Stage 2
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Fig. 2: Tustration of the clumped cell detection algorithm: a) Original blood smear image; b) Segmented image; ¢)
Artifacts and platelets removed image; d) Hole removed image; e) Image with ellipse fitted on the blood cells

and f) Image with clumped cells

Postprocessing: The post processing stage mvolves
elimination of the artifacts and platelets, followed by hole
filling as the presence of artifacts, platelets and holes lead
to inaccuracy in the subsequent clump cell detection and
clump splitting operation.

Artefact and platelet elimination: Since, the size of
artifacts and platelets are comparatively smaller than the
RBCs and WBCs, this research empirically decided an
optimum area threshold to eliminate them from the
segmented image. To find the optimum threshold, firstly
the segmented image is subjected to connected
component labeling (Wang e al., 2012). The area of each
comected component (RBCs, WBCs, platelets and
artifacts) 18 computed by counting the number of pixels in
them. Empirically, it has been observed that the difference
in the size of artifacts and platelets from RBCs and WBC's
in terms of number of pixels 1s in between 115-120 pixels.
We have chosen 117 as the optimum threshold. The

proposed approach eliminated majority of the artefacts
and platelets. The resultant image of this procedure is
shown n Fig. 2¢.

Hole removal: A procedure based on morphological
reconstruction 1s utilized for hole removal. A hole m a
binary image 1s a set of background pixels enclosed by
foreground pixels. Tn a segmented image, the background
of the image is connected to the edges of all foreground
objects. We have filled the holes usmg a flood-fill
operation starting with the border pixels of the
background to fill the background area connected to the
edges of the foreground regions and identify the
holes m the image as background pixels that cannot
be reached by such operation. Such holes can be
filled by inverting the values of the pixels that were not
reached by the flood-fill operation and mark them as
foreground. The hole filling procedure 1s carried out as
follows:
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LetI(x,y) dencte a binary image and we form a marker
image F that 1s O everywhere, except at the image border,
where it is set to 1-I that is:

~ [MH(x, y)if (x, y)is on the border of I
0 Otherwise
(M

H=|R(F)[ (2)

is a binary image equal to T with all holes filled. This
operation eliminates all the holes in the segmented image.
The resultant hole filled image is shown in Fig. 2d.

Clumped cell detection using ellipse fitting: After post
processing operations, the resultant image contains
isolated cells and clumped cells representing the RBCs
and WBCs. Since, most of the cells in the blood smear
image have elliptical or circular shape, this study
proposes an efficient methodology to differentiate the
clumped cells from single cells based on an efficient
ellipse fitting algorithm. The purpose of this algorithm 1s
to model the contour of each connected component in the
image with a suitable ellipse and compute the eccentricity
of each fitted ellipse. Then, an optimum threshold based
on the eccentricity of the ellipse 1s empirically decided to
distinguish the connected components as clumped cells
or single non-clumped cells.

The clumped cell detection algorithm contains two
major steps. In the first step, for a given commected
component ¢ ={B, . ¥,..0" where p; = (x, y) is the
contour point and n is the number of contour points an
ellipse E, 1s fitted on the contour pomnts by an ellipse
fitting algorithm based on direct least square method
(Fitzgibbon et al., 1999). Tt is computationally efficient and
provides robust results m the presence of noise and
occlusions. After fitting the ellipse in the second step, we
use the following criteria to decide the optinum threshold
to detect the clumped cells in the image.

Given a certain connected component C, of the image,
let E is the ellipse fitted on that connected component.
We denote the eccentricity of the ellipse E by E_and 1s
computed by finding the ratio of half the distance
between the foci (¢) to the length of the semi major axis
(a). For any ellipse F, where 0<E,<<] and we let :

_|0if 0<E =05
® 1if 0.6<E_ <1

where, E, is the optimal threshold of the eccentricity of
the ellipse E,. C, 1s considered as a clumped cell if @ 15 1

and non-clumped cell otherwise. The algorithm detects all
the clumped cells in the segmented image efficiently. The
resultant images obtained after this procedure is shown in
Fig. 2e and f.

RESULTS AND DISCUSSION

We have conducted the experiments on 200 malaria
infected peripheral blood sample images collected from
public health centers. These are RGB color images of
2048x1536 pixel resolution. Each image represents a
section of microscopic field at 1000X magnification. The
blood cell images are examimned and annotated by
specialists in malaria diagnosis by manually drawing the
cell boundaries. These are used as ground truth for
evaluation of the proposed algorithm.

Evaluation: The success of clumped blood cell detection
algorithm maimly depends on how accurately the clumped
cells are detected in the image which contains both
clumped and non-clumped cells. In our experiments, we
evaluate the results visually and quantitatively. The
accuracy of the algorithm 15 evaluated by comparing our
results with the ground truth of the images. For that we
consider the ground truth of the clumped and non
clumped cell boundaries obtained from the experts as gold
standard and compare the boundaries of the detected
clumped cells obtained from the proposed cell detection
algorithm. Based on this comparison, we identified the
number of proper detections and misdetections. The
results for few images are given in Table 1.

Comparison: We compare our results against two
methodologies which are commonly used for clumped
object detection in cell image analysis. One is based on
area based thresholding method where the areas of the
connected components are computed and optunum
threshold is decided to separate the clumped and non
clumped cells. In the other method, the threshold is
computed from the area of the convex hull of the
connected components (Kong et al., 2011).

The method based on area thresholding did not
provide desiwable accuracy as the parasite affected
enlarged RBCs and WBCs were falsely detected as

Table 1: Detection accuracy using ellipse fitting

No. of No .of Accuracy of
clump cells clump cells  Ground truth  proposed

Trnges narme present detected by specialists _method (%6
1 35 34 35 97.1
2 31 30 31 96.7
3 36 34 36 94.4
4 33 33 33 100.0
5 39 38 39 97.4
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Table 2: Comparision of the proposed method with commonly used

methods
Total cell Correctly
Methods clusters detected (%6)
Proposed ellipse fitting method 7550 95.8
Classical area thresholding method 7550 89.1
Convex hull based thresholding 7550 93.4

clumped cells as their size were comparable. Tn the convex
hull based thresholding, the threshold value used was
almost similar to the area based threshold to do the similar
separation. While the proposed method provides
considerable improvement over the area thresholding
method and the convex hull based and can be observed
in Table 2. In the proposed method, an optimum
eccentricity threshold of 0.5 1s used and we have obtaned
an 1mprov ed accuracy which was primanly due to the right
interpretation of the shape of the clumped cell and
excluding enlarged RBCs /WBCs which are tending to be
of circular shape. The comparison results are given in
Table 2. We can observe from the result that the proposed
method performs significantly better than the other
two algorithms with considerable reduction in the
misdetections.

CONCLUSION

In this research, we have presented an efficient
clumped cell detection algorithm which mcorporates
effective image segmentation and two post-processing
techniques useful for thin peripheral blood smear images
which contain large number of clumped blood cells. Even
though the aim of this entire research is to develop an
automated malaria diagnosis system, the proposed clump
cell detection algorithm 1s of great importance not only in
the automation of malaria but also all studies related to
cell image analysis. As seen m the results, it has been
observed that the proposed algorithm can successfully
detect the clumped cells with considerable increase in
accuracy. The performance of the proposed method 1s
evaluated and compared with other clump cell detection
algorithms. The comparison shows that the efficiency of
the proposed method is significantly higher than the other
algorithms which are commonly used for detection of
clumped cells.

RECOMMENDATIONS

The future amm of this research is to evaluate the
performance of the proposed methodology using a large
dataset which contains images collected from different
public health care centers and images acquired using
different imaging equipments. Our endeavor 1s to apply

this algorithm to study the cell behaviors related to
various hematological and histopathological applications
as a part of our future research.
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