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ABSTRACT

Developing computerized diagnostic tool for the detection of malaria infected cells in microscopic blood
images can help to reduce malaria-induced mortality. Segmentation of malaria infected cells is a key step
in the automated malaria diagnosis pipeline. In this paper, a novel two-stage thresholding method for
segmentation of malaria parasites in microscopic blood images for diagnosis is presented. The RGB
microscopic image is converted into YUV color space and luminance component is considered for single
channel processing. The infected parasites are segmented by the proposed threshold method, which is
carried out in two stages by maximizing between-class variance of an original image and consequently by
an iterative threshold selection from a stage-one threshold image with suitable stopping criteria. The
experimental results on benchmark dataset that comprise more than 300 images show that the proposed
method successfully detects malaria parasites with no prior knowledge of the contents of the image
without parameter tuning.
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1 Introduction

Malaria is a critical healthcare problem worldwide. According to the world malaria report of 2014
published by WHO, an estimated 3.3 billion people across the world are at risk of malaria, of whom 1.2
billion are at high risk and has led to 584,000 deaths [1]. Most deaths due to Malaria are of infants and
children. The conventional method of diagnosing malaria depends on the microscopic examination of
Giemsa-stained blood smears and this technique is considered the gold standard. Approximately, a total
of 197 million patients worldwide are tested for malaria by microscopic examination. However, the
manual method of diagnosis is tedious, requires expert technicians, and is prone to human erroneous;
therefore it will affect the accuracy of the diagnosis (increasing false diagnosis). There are several studies
suggesting a computer vision approach for the diagnosis of malaria through microscopic blood smear
images. A detailed survey for segmentation of malaria parasites through microscopic imaging found in [2]
[3]. Otsu or histogram thresholding has been attempted for malaria infected erythrocyte segmentation
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and It has limitation where textural variation is high [3]. Besides, it will not work for both uni-modal and
bi-modal histogram images. Considering these problems, there is need for an automated system for
diagnosis of malaria. Hence, we propose a threshold technique by which we can extract the infected cells
and consequently detect infected cells in original images. The proposed thresholding technique is carried
out in two stages. The first stage comprised maximizing between-class variance of a luminance component
of an original color image and the optimal threshold value is calculated in stage-two by iterative selection
algorithm. The rest of the article is organized as follows. The materials and methods for malaria parasite
border detection is described in section 2. Section 3 presents the experimental results followed by
conclusions are drawn in section 4.

2 Materials and Methods

2.1 Dataset and Experiment processing

The proposed method was performed using MATLAB 7.10.0 (R2010a) Programming software on a
personal computer with an AMD Phenom |l N830 triple-core processor 2.10 GHz, 3 GB system memory
and 64-bit Windows-7 operating system. The images from the DPDx database
[http://www.cdc.gov/dpdx/malaria/gallery.html] were used for the experiments. Few more malaria
images were supplied by Dr. Ashok K. Maiti, Department of Pathology, Midnapur Medical College &
Hospital, Midnapur, West Bengal, India, for testing of our proposed method.

2.2 Methodology

The detection of malaria infected cells through microscopic thin blood smear images consists of the
following steps sequentially, (i) Preprocessing [5], (ii) stage-one threshold (initial threshold image) (iii)
stage-two threshold, (iv) Parasite segmentation, and (v) post processing [5]. The following sub sections
comprises in details of the steps involved.

The input color blood image be represented by

fr(, )
[f(x:y)]mxn = fG(x:y) (1)
faey)]

Where R(x, y), G(x, y), and B(x, y) denote the red, green, and blue color values of a pixel located at (x, y)
with x, y are pixel coordinates in the width and height dimensions, respectively suchthat 1 < x <m and
1<y<nl4].

2.2.1 Preprocessing

In this step, if the input image is RGB, it must be converted into YUV color space by using the following
mathematical equations.

Y(x,y) = [Wg Wi W] X[fr(x,y) fe(x,y) fB(x:y)]T (2)
_ fB(ny) —Y(x:)’)
Ulx,y) = Umax( 1- W, ) 3)
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4)

fR(ny) - Y(ny)
1— Wy

V(x,y) = Vmax(
Where, weighted values of R, G, B are denoted by Wy, W and Wy, these values are 0.299, 0.587 and
0.114, respectively [6] [7]. The values of U4, and V;,,,, are 0.436 and 0.615, respectively. Equivalently,
the matrix form for converting RGB to YUV color space as shown in Equation (5). In our method, the
luminance component (Y (x,y)) is considered for further processing. The proposed method works in

other color spaces namely RGB, HSI etc, but the main difference is, YUV color space takes less execution
when compared to RGB and HIS.

Y(x,y) 0.299 0.587 0.114 1|fr(x¥)
Ulx,y)|=[-0.147 —0.288 0.436 ||fs(x,y) ©)
V(x,y) 0.615 —0.514 —0.1001]|fz(x,v)

Median filter is applied in order to reduce noise in preprocessing step. A standard median operation is
implemented by sliding a window of odd size over an image [8]. In the proposed method window of size
3 X 3 is used for median filter. The mathematical equation for median filter is shown in Equation (6).

ylm, n] = median{x[i, j]: (i,j) € W} (6)
Where W represents a neighborhood defined by the user, centered around location [m, n] in the image.
2.2.2 Stage-one thresholding

The Heaviside function U(t) of a single variable t is defined by the following equation.

1 ,ift=0
0 , elsewhere

U@ = { (7)

The major mathematical equation of the initial threshold image (stage-one threshold) for aiming to
remove few pixels which are not infected with malaria parasites in luminance component Y(x,y) of size
m X n, is provided as follows.

f(xy) = Y&Y[UN= Y& y)] + alUY(xy) —N)] (8)

Where U(.) is a Heaviside function as defined in the Equation (7), and A, a are the parameters. The
value of the parameter a is set to be (L. — 1) X 0.7 with L represents number bins used in the histogram
of an image Y (x,y). The selection a will be discussed in the experimental section. The selection of A is
calculated as follows. Define the between-class variance V},(t) by using the within-class variance V,, (t) as
shown below [8].

Vo (1) = V() — Vi (©)
= V(1) — [W; ()V; (D) + W, (), (D]
= Wy (O, (® — 1]* + Wo (O, (® — ]
= W, (OW, (0w, (© — 1, (©)]° (9)

where W; (t), V; (t) and p4 (t) indicate total amount, variance and the mean of inside class, respectively,
as shown in equations (10)-(12).

(10)
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vy = Y p(@) [x() — w,]* /W, (11)
w, = X pQ) x(i)/W, (12)

Analogous definition can be provided for the corresponding values W, (t), V,(t) and p,(t) of the
between-class variance [8]. Thus the value of the parameter A can be calculated by using the Equation
(13):

(L= 1) x Argmax {W; (©OW,(©®[u, (® — 1, (0]} (13)

0<ts<N-1
2.2.3 Stage-two thresholding

In a stage-two threshold image, we aim to find an optimal threshold value by which we can extract the
parasite infected cells. However, it is not easy to fix a threshold value because malaria microscopic blood
images are heterogeneous. Hence, we developed an iterative threshold selection algorithm with a suitable
terminating factor for finding an optimal threshold value for parasite extraction using a stage-one
threshold image f(x, y) as an input image.

The detection of the infected cells can be modeled by the following classification problem. For a stage-
one threshold image f(x,y), there are pixels that belong to two classes: G; (infected ones) and G, (the
background). The segmentation of the infected cells then becomes a problem for choosing one null
hypothesis (Hy) and an alternative hypothesis (H;)

Ho: [f(x,y)] € Gy
Hy: [f(x, y)] € G,
The above classification can be solved by using the initial threshold. In a general mathematical sense, a

histogram of an image f(x,y) with intensity levels in the range [0,L — 1] is a function as shown in
Equation (14) and conforms to the condition shown in Equation (15).

H(k) = z 5(X, — k) (14)
teT
L-1
Z H(k) = mn (15)
k=0

Therefore, H (k) computes the number of pixels that take on the value k. The two extreme points of a
state-one threshold image can be calculated by using a histogram that is shown in Equation (14) and by
using Equation (16).
Arg Min{H (k) > 0
[fm(x’y) gk { ( ) }
f

M(x, y)] ~ |Arg Max{kH (k) > 0} (16)
k

The initial threshold value T is calculated with a constant ¢ = 0.5 by using Equation (17).

— M m %1 S P
Ty = GU ) + MG 1+ (e 1) — (Frrmsy) 0G|

= VI y) + e ] + () (n(0) — In(o,)|

fM(x,y)—fm(x,y)
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— M m 01 _ S
- lb[f Cx, }’) +f Cx, y) 1+ |(fM(x,y)—fm(x,y)) [ln (01)“ 17)
In Egn. (17), the quantities 0, 0, , u and p; are evaluated by using equations (18) to (21), respectively.
2L
- |2 D) ey - w2 18
0= |7 (h&xy) —w) (18)
X y ]
el
_ | zz f(x,y) — 1. )2 19
01= |11 (fxy) —uy) (19)
X y ]

= 5> hexy) 20)
Xy

=y Y ) 1)
Xy

The image is divided into two classes G; and G, based on the initial threshold value. The mathematical
expressions for two classes G; (i = 1,2) are as follows.

f(x,y) €Gy:f(xy) > T,

f(x,y) €G,y:f(x,y) < Ty (22)

fx,y) € Gy - f(xy) =Ty
If Giand G, are the normalized foreground and backgrounds, then the histogram is the sum of these
distributions f(z) and g(z), z is the gray level. Define the Gaussian distributions of two classes G4 and G,
are {f(2):z~N(uy,01)} and {g(2): z~N(u,, 0,)} . The updated threshold value T is calculated by
making as assumption that the Gaussian distribution of two classes G;and G, is parallel and will be given
by

1 _(T - M1)2 1 _(T - ”2)2
clmexp< 20,2 ) - ozmexp ( 20%

In lexp(_(T;“l)Z> =1In lexp(—_(T_“Z)z>

01 2012 02 20‘%

2 2
T—n T—pn
—In(oy) — ( 20121) = —In(o;) — —( 2052)

2 2
02 (T_uz) _(T_”1) _
In (01) + 20’% 20'12 =0
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0

2 2 2 2
ln<02)+T +u, —2Tu2_T + 1, —2Tu1:

01 20% 20,?

1 2
20.20.2 [T?(02? = 01%) — 2T(01%, — 1;02%) + 1, %01% — p,%0,%] +In <_) =0
G170 o

[T%(0,2 — 0,2) — 2T(012u2 - ulozz) +u,%0,% — ulzozz] +20;,%0,%In (Z—j) =0
If the standard deviations of the two classes are coincides, then
2T(o%u, — n,0%) + p,%0? — p, %0 =
2T(k, — 1) + 1,2 — 1,2 =0 (23)

Therefore, the updated threshold value is defined by

v %iif@gyﬂ éiif(x,y)

x=1y=1 x=1y=1
Where, 1 < (p,k) <m,1<(gqs)<ns.t p+k=m,q+s=n.

This can be expressed by using histogram of a stage-one threshold image as follows [9]:

To To L-1 L-1
" ZkH(k) /ZH(k) + Z KH(K) / Z H(k)H 24)
k=0 k=0

k=1+T0 k=1+TO

The optimal threshold value Ty, is obtained from Eqn. (24) such that it holds the following inequality.

D | Ty — Tiean | <€ (25)

The value for terminating factor € is set for the proposed work as 0.4. The selection of threshold value
by the proposed method is shown in Fig.1 in which red dotted line indicates stage-one threshold value
and green dotted line indicates optimal threshold value.

500 B
400 B
300 b
200 i
100 b
200 25(

0 100 150 0

| —— Data =ss=sess Stage-one threshold value Optimal threshold \@Iuel

Figure. 1: Threshold selection for the test image for the proposed TSTM for malaria parasite segmentation.
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2.2.4 Malaria Parasite Segmentation

The segmentation of malaria parasites is carried out for each element of the image, h(x,y) using the
optimal threshold value T, obtained in stage-two threshold. The malaria parasite detection image is

obtained as follows.

g y) = W(h(x,y)—Topt) (26)
s.t, W(K) = {‘1) E; X (27)

Each value of animage g(x,y) has either 0 or 1. The elements of the image g(x,y) with value 1(white) is
belongs to the signal (infected one) otherwise normal.

2.2.5 Post Processing

Frequently, the segmented results are post processed to improve the accuracy of the detection of malaria
parasites. In many cases, morphological operations are employed for this purpose. These operations are
capable of filling the holes in parasites created in previous steps and eliminating all the elements in the
image that are smaller than the structural element. In order to make the segmented object look better,
the objects in the processed image can be smoothed by eroding the image. It removes outer layer of pixels
yields more accurate enumeration results. If a black pixel has a white neighbor, then all the pixels are
made white. The erosion of a binary image A by the square structuring element B with 3 X 3 can be
expressed mathematically as [10] [11][12],

A©B={w: B, € A} where,B, ={b+w:b€B} (28)

Figure.2: Different Masks used in the erosion operation.
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We selected square matrix structuring element of size 3 X 3. The selection of mask has a key role in
achieving desired result. The erosion operation applied to our proposed method by using any of the 3 X 3
kernels as shown in Fig.2. The closing operation is applied to eroded image by using a square structuring
element of size 5 X 5, which tends to smooth sections of contours and generally fuses narrow breaks and
fills gaps in the contour [12]. The closing of A by B is the dilation of A by B, followed by an erosion of the
result by B.

3 Experimental Results

In order to quantitatively evaluate the performance of the proposed threshold method for malaria
parasite detection by dice similarity coefficient (DSC) and relative foreground area error (RFAE) [13,14].
The detailed description of these measures is discussed in the following subsections.

3.1 DSC

It measures the overlap between the segmented image obtained by our proposed method and reference
manual annotations. It is defined as the harmonic mean of Precision (Pr) and Recall (Rc) and can be
calculated as follows.

(77) + (ze)

B 2|Mseg N Tseg|

- ( |Mseg| >+< |Tseg| )
|Mseg n Tsegl |Mseg n Tsegl

_ 2|Msey N Tseg|
|MS€Q| + |TS€g|

DSC(Mseg, Tseg) =

|Mseg n Tsegl

- 1 1
|Mseg n Tsegl + 2 |Mseg/Tseg| + 2 |Tseg/Mseg|

(33)

The DSC represents spatial overlap and has the following three properties. A DSC value more than 0.7
indicates excellent agreement.

Case (i): (no overlap)

If Mo N Tyey=0, then DSC = 0,

Case (ii): (partial overlap)

If Mgeg NTseq # 0 butthen 0 <DSC < 1.
Case (iii): (complete overlap)

If [( Mseg N Tseg = Tseg) A Mseg N Tseg = Mseg)] = 1 then DSC=1.
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The average DSC for the tested images using the proposed method is 0.8. Hence the proposed
thresholding method effectively detects the malaria infected cells.

3.1 RFAE

We also look at the object properties such as area and shape, as obtained from the segmented image by
our method with respect to the manual annotation, is calculated by using relative foreground area error
(RFAE). Hence, RFAE is calculated by using the following equation.
Ar — Ag
Ar
Ap — Ar
Ap

if Ar = Ag
(34)
if Ay < Apg

Where Ay is the area of segmented image and Ay, is the area of manual annotations. If RFAE is zero for
perfect match of the segmented regions otherwise one. The smaller value of RFAE represents the higher
accuracy. It can be observed that the parasite detection provided by the proposed thresholding method
mean RFAE is 0.12.

l'

(b)

- O _

(1)

Figure.3: Segmentation results for various values of o for malaria microscopicy image: (a) Original, (b)
ground truth image, (c)—(I) proposed thresholding results for different values of o witha = 0.1, 0.2, 0.3, 0.4,
0.5,0.6,0.7,0.8, 0.9, and 1.0, respectively.
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3.2 Parameter selection

In the proposed method , there are two parameters: a and A. However, A can be automatically
determined. Hence the parameter « is left uncertain and which assists to obtain the accurate final malaria
parasite detection image. A series of experiements on microscopic malaria blood images with different
values of a have been carried out. The value of a holds the Equation (35) and the maximum
segmentation accuracy of the proposed method was obtained for a is (L — 1) * 0.7 which was fixed for
subsequent experiments.

(L — 1) * Arg min

o<a<i

[1_<|QBHQTBI+|QFHQTF|> ] (35)

|Qp| + 1QF|

Where Q75 and Qg denote the background and foreground area pixels in the thresholded image, Qg
and Qf are the background and foreground of the manual annotations (ground truth image) , and |. | is
the cardinality of the set. The segmentation results for various values of a in the proposed method for
malaria microscopic test image as shown in Figure 3.

Figure.4: Segmentation of malaria parasite infected cells by proposed method: First row indicates original
microscopic malaria infected images and second row represents malaria parasite infected cells extraction.

¢

Figure. 5: Malaria parasites extraction results in thick blood smear images.
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The malaria parasite detection results are illustrated for sample microscopic thin blood image as shown
in Figure 4. To test the efficiency of our proposed method, we conducted experiments on thick blood
smear images and segmentation results are shown in Figure 5. Hence proposed method works well for
both thick and thin blood smear images. Besides, the proposed method applied for normal blood samples
and works well.

4 Conclusion

In this paper, we have proposed a two-stage thresholding method for segmentation of malaria infected
cells in microscopic blood images for assisting diagnosis. First, the colour image is converted in to into YUV
color space for single channel processing. The infected parasites are detected by the proposed threshold
method that comprises the maximizing the between-class variance of an original image and iterative
threshold selection from stage-one image for segmentation of malaria parasites. The proposed method
outperforms well based on the quantitative results DSC and RFAE. The work is useful in telepathology
applications for computer aided diagnosis (CAD). The proposed method has ability to extract malaria
infected cells in both thick and thin blood smear images.
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