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A leukocyte segmentation method based on S component and B component images is proposed.
Threshold segmentation operation is applied to get two binary images in S component and
B component images. The samples used in this study are peripheral blood smears. It is easy to
¯nd from the two binary images that gray values are the same at every corresponding pixels in the
leukocyte cytoplasm region, but opposite in the other regions. The feature shows that \IMAGE
AND" operation can be employed on the two binary images to segment the cytoplasm region of
leukocyte. By doing \IMAGE XOR" operation between cytoplasm region and nucleus region, the
leukocyte segmentation can be retrieved e®ectively. The segmentation accuracy is evaluated by
comparing the segmentation result of the proposed method with the manual segmentation by a
hematologist. Experiment results show that the proposed method is of a higher segmentation
accuracy and it also performs well when leukocytes overlap with erythrocytes. The average
segmentation accuracy of the proposed method reaches 97.7% for segmenting ¯ve types of
leukocyte. Good segmentation results provide an important foundation for leukocytes automatic
recognition.
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1. Introduction

The leukocyte is a crucial kind of blood cell in
human blood and plays an important role in
people's immune system. In general, leukocytes are
divided into ¯ve types1 of neutrophil, eosinophil,
basophil, monocyte and lymphocyte. Di®erent
types of leukocytes have di®erent functions in

people's immune system, so various diseases will
cause di®erent leukocyte changes in quantity and
shape. Leukocyte detection has very important
signi¯cance for clinical medical examination.

The traditional leukocytes detection mainly
relies on manual operation, however, leukocytes
automatic identi¯cation technology has made a
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huge progress with the development of computer
science and image processing technology. Image
segmentation plays an important role in the leuko-
cyte automatic identi¯cation technology. A number
of image segmentation methods have been proposed
in the recent decades, for example, the region
growing method.2,3 However, segmentation accu-
racy of this method relied greatly on proper seed
extraction. By using the watershed algorithm,4,5

Jiang and colleagues4 introduced a method based on
watershed clustering, this scheme successfully
avoids the variety and complexity in image space,
but it cannot perform well in the case of high den-
sity of cells, where lots of erythrocytes are closed to
the leukocyte. Neural network algorithm6–8 is pro-
posed by some researchers, they have not considered
di®erent intensity of same objects in di®erent ima-
ges in Giemsa staining method, and calculations are
more complicated. In the segmentation method
based on fuzzy theory,9,10 Nipon Theera-Umpon
et al.,10 divide the color areas and distribute each
pixel into each area, and segment single cell images
of white blood cells in bone marrow into two
regions, nucleus and non-nucleus. This method is
based on the fuzzy C-means clustering and math-
ematical morphology. Segmentation method based
on deformable model,11–13 and other methods.14,15

Cseke16 presented an algorithm based on the B
component image, this method can realize leukocyte
segmentation quickly and simply, but it is not able
to implement segmentation accurately when leuko-
cyte is overlapped with erythrocyte. Ravi Kumar
et al.17 propose a method based on color model, they
de¯ne a new edge operator on the G component of
the processed color image to highlight the nucleus
boundary which is e®ective to segment nucleus.
They segment cytoplasm from background and red
blood cell to make use of the morphological method,
which require some assumptions that may be
untenable in many cases, such as color of the
background may be very similar to leukocyte.

A large number of experiments show that the
leukocyte images can be segmented by thresholds in
S component and B component images, respectively
to obtain two binary images. Gray values are the
same at every corresponding pixels in cytoplasm
region, but opposite in other regions for the two
binary images. This feature shows that \IMAGE
AND" operation can be applied on the two binary
images to segment the cytoplasm region of leuko-
cyte, and leukocyte nucleus region can be obtained

by the method proposed in Ref. 18. The \IMAGE
XOR" operation is conducted between the cyto-
plasm region binary image and the nucleus region
binary image to get a binary image. Then the whole
leukocyte region can be accurately segmented after
doing some relative operation, such as \IMAGE
CLOSE" operation, \IMAGE OPEN" operation,
and so on. A method of leukocyte segmentation based
on S component and B component images is pro-
posed. In this work, the method is able to realize
leukocyte segmentation when leukocyte overlaps with
erythrocyte and excluded interference of the stains
whose color is similar to leukocyte nuclei. It can
obtain better result in di®erent density of cells than
Jiang's method.4 Comparing with Ravi Kumar's
approach,17 the method proposed in this paper is able
to perform better for various colored backgrounds.
The proposed method possesses less calculation than
region growing method and fuzzy theory.

2. Space Vectors Selection and

Extraction Methods

2.1. Selection and analysis of space

vectors

RGB and HSI are commonly used to describe color
space. A variety of colors are obtained by super-
posed red (R), green (G) and blue (B) color channels
for RGB color space. And the RGB color space is
usually used in devices for color display. H (Hue),
S (Saturation), I (Intensity) compose the HSI color
space, which is suitable for human visual charac-
teristic, so HSI is considered for image processing.
Computing the histogram of H component, I com-
ponent and S component images, respectively, it is
easy to ¯nd that there are two troughs existing in S
component histogram, as is shown in Fig. 1. Figure 1
(a) is the original microscopic image of peripheral
blood smear. Figure 1(b) is the S component image
corresponding to Fig. 1(a), 1(c) is the histogram
corresponding to Fig. 1(b). The gray values at the
two troughs are assumed to be T1 and T2. Gray
values less than T1 belong to regions of background,
gray values between T1 and T2 belong to regions
of erythrocytes or leukocytes cytoplasm, and gray
values above T2 belong to the other regions. T1 can
be used to remove background. In order to separate
the region of leukocyte alone from the regions of
erythrocyte, other space vector must be considered.
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A great many experiments show that gray values
of background and leukocyte regions are bigger
than erythrocyte in the B component image, as
shown in Fig. 1(d), where the B component image is
considered to remove erythrocytes. Fig. 1(e) is the
histogram corresponding to Fig. 1(d), it is easy to
¯nd that there are two obvious peaks in the histo-
gram of B component image. We use the single
threshold adaptive method to calculate the mini-
mum gray value between the two peak values,
where the value will be used to segment leukocyte
images in the B component image.

2.2. Threshold selection method
of space vector

2.2.1. Threshold selection method
of the S component image

According to the analysis mentioned above, T1 and
T2 can be found in the S component image. Otsu
method19 is applied to accurately ¯nd the value of
T1 which is used to remove background.

Assuming that the total pixels of the image are
N , and range of the gray values is f0; 1; 2; . . . ; 255g,
the total pixels with gray value i are ni, and
N ¼ �255

i¼0ni, so the probability of gray value i is:

pi ¼
ni

N
and

X255
i¼0

pi ¼ 1 ð1Þ

T1 and T2 are regarded as the critical points, range
of T1 and T2 are f0; . . . ; 255g, value of T2 is bigger
than T1. Gray values of S component image can be
divided into three types: C1f0; . . . ;T1g;C2fT1 þ
1; . . . ;T2g and C3fT2 þ 1; . . . ; 255g, so probabilities
of each type are as follows:

!1 ¼
XT1

k¼0

pk

!2 ¼
XT2

k¼T1þ1

pk

!3 ¼
X255

k¼T2þ1

pk

8>>>>>>>>>>><
>>>>>>>>>>>:

ð2Þ

Means of each type are as follows:

�1 ¼
XT1

j¼0

jpj
!1

�2 ¼
XT2

j¼T1þ1

jpj
!2

�3 ¼
X255

j¼T2þ1

jpj
!3

8>>>>>>>>>>><
>>>>>>>>>>>:

: ð3Þ

The overall mean of the S component image is as
follows:

�0 ¼
X255
i¼0

ipi: ð4Þ

Assuming that the interclass variance is �2, the
function of T1 and T2 is as follows:

�2ðT1;T2Þ ¼ !1ð�1 � �0Þ2 þ !2ð�2 � �0Þ2
þ !3ð�3 � �0Þ2: ð5Þ

When threshold values of T1 and T2 meet the
following formula:

�2ðT1;T2Þ ¼ maxf�2ðT �
1 ;T

�
2 Þg;

0 < T �
1 < T �

2 < 256:
ð6Þ

(a) Original Image (b) S component image

(c) S component histogram (d) B component image

(e) B component histogram

Fig. 1. S component and B component images and corre-
sponding histogram.
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The T �
1 and T �

2 are two arbitrary values which are
compatible with the condition: 0 < T �

1 < T �
1 < 256

and an optimal set of threshold T1 and T2 is selected
by maximizing �2. T1 can be used to separate eryth-
rocytes and leukocytes from background.

2.2.2. Threshold selection method of the
B component image

The optimal segmentation threshold of the B com-
ponent image is obtained by the iteration method,20

and the concrete implementation is as follows:

(1) Rmin and Rmax, the minimum and maximum
gray values of the B component image, are
found to set the initial threshold T :

T ¼ Rmin þRmax

2
: ð7Þ

(2) Gray values of the B component image are
divided into two groups by T : C0 f0; 1; . . . ;Tg
and C1: fT ; . . . ; 255g, then �1 and �2, the
average gray values of the two groups, are cal-
culated respectively.

(3) Recalculating a new threshold:

T 0 ¼ ð�1 þ �2Þ
2

: ð8Þ

(4) Condition of ending the circulation: jT 0 � T j <
" (" is preset, and " ¼ e�6Þ. If the result can not
meet the condition, then we make T ¼ T 0, and
steps 2 and 3 were repeated. If the condition has
been met, T 0 is the best segmentation threshold.

(5) Gray values which are greater than or equal to T 0
are assigned to 1, less than T 0 are assigned to 0.

3. Segmentation of Leukocytes

by Fusing the S Component

and B Component Image

We segment the leukocyte image in S component
and B component images through the method
mentioned above. Figure 2(a) is the original
microscopic image with 1024*768 sizes at 100 times.
In this image, leukocyte is overlapped with eryth-
rocytes, and there are some stains in it. Figure 2(b)
is the binary image in the S component image after
segmentation. Figure 2(c) is the binary image in the
B component image after segmentation. Comparing
Fig. 2(b) with 2(c), we obtain a regularity, as is
shown in Table 1. Table 1 demonstrates that gray

values are the same at every corresponding pixels in
the leukocyte cytoplasm region, the gray values
are 1, but opposite in the other regions for the two
binary images. With this feature, \IMAGE AND"
operation is conducted among Figs. 2(d) and 2(c) to
obtain the region of leukocyte cytoplasm, as is
shown in Fig. 2(d). Leukocyte nucleus region can be
obtained by the method proposed in Ref. 18, as is
shown in Fig. 2(e), the centroids belonging to the
leukocyte nucleus region should be calculated.
\IMAGE XOR" operation is conducted between
Figures 2(d) and 2(e), result is shown in Fig. 3(a). It
is easy to ¯nd the leukocyte cytoplasm region in
Fig. 3(a), but some small punctiform and linear
white regions can also be found, they are boundaries
of erythrocyte or stains. We draw a square whose
center is the centroid of nucleus region which the
length of a side is R (empirical value, R is set 216
in experiments). This square contains the whole
leukocyte region, and gray values of regions outside
the square are assigned to 0 to remove some small
punctiform and linear white regions, the result is
shown in Fig. 3(b). However, some small puncti-
form and linear white regions cannot be excluded,

(a) Original Image (b) S component image

(c) B component histogram (d) Region of cytoplasm

(e) Region of nuclei

Fig. 2. Binary image of cell nuclei B component and S
component.
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circularity and acreage are considered to exclude
them. The punctiform white regions can be removed
by acreage, and the linear white regions can be
removed by circularity. Formula of circularities is
shown in Eq. (9), where S is acreage of white regions
and L is the perimeter. The smaller value the cir-
cularity is, the more away from shape the circular
would be.

C ¼ 4�S=L2 ð9Þ
\IMAGE OPEN" operation is used in Fig. 3(b),
After that the connected components are labeled
by making use of eight-neighboring theory to work
out the circularities and acreages of white regions.
Gray values of regions whose circularities the less
than a value (empirical value) are set to 0, acreages
less than the value (empirical value) are also set to
0, the rest of small punctiform and linear white
regions can be excluded completely. \IMAGE
CLOSE" operation should be applied to smoothen
the leukocyte contours. The result of segmenta-
tion is in Fig. 3(c), which shows that the method is
able to perform well when leukocyte overlaps with

erythrocytes, and excludes interference of the stains
whose color is similar to leukocyte nuclei. Sobel
operation will be used to extract the pixel position
of leukocyte cytoplasm contours to describe a line
corresponding to the leukocytes cytoplasm con-
tours, as is shown in Fig. 3(d).

4. Experiments and Results Analysis

The method is implemented using VC6.0 based on
OpenCV. Peripheral blood smears are prepared
with Wright-Giemsa stain. Degrees of dye absorp-
tion are di®erent for every blood smear and are
dependent on some in°uencing factors, such as en-
vironment, features of leukocytes, and so on. Lots of
microscopic images with 1024*768 sizes at 100 times
are captured. Ten representative samples are chosen
to analyze the experiment results. Figure 4(a) are 10
original microscopic images named Image1–10:
Image1 and Image2 show basophils, erythrocyte
distribution of the Image1 is concentrated, and
leukocyte is overlapped with erythrocytes in
image1. Image2's erythrocyte concentration is lower
than the ¯rst and shape is irregular. The Image3
and the Image4 show lymphocyte. For Image3,
background color is similar to leukocyte cytoplasm,
and the leukocyte is broken a little bit. Background
color and leukocyte cytoplasm color have a great
di®erence in Image4. Image5 and Image6 show
eosinophils. The leukocyte is overlapped with
erythrocytes in the Image5, degree of dye absorp-
tion of the Image5 is high. For Image6, degree of dye
absorption is low and background color is light.
Image7 and Image8 show monocytes. Image7's
degree of dye absorption is high. For Image8, the
degree of dye absorption is lower, and contains some
stains whose color is similar to leukocyte. Image9
and Image10 show neutrophils. Image9's degree of
dye absorption is high, and the leukocyte is over-
lapped with erythrocytes. Image10's degree of dye
absorption is low, background color and erythrocyte

Table 1. Comparing the binary picture of B component of with S component.

1 0

S component Leukocyte nucleus, erythrocyte, cytoplasm of
leukocyte

Background, center of erythrocyte, leukocyte nucleus,
some leukocyte nucleus

B component Background, cytoplasm of leukocyte, center of
erythrocyte

Erythrocyte, leukocyte nucleus

(a) IMAGE XOR operation (b) Removing area of out of square

(c) Segmentation result (d) Drawing contour

Fig. 3. Process e®ect.
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(a) Original images

(b) S component images

(c) B component images

(d) IMAGE AND operation

(e) Cell nucleus

(f) IMAGE XOR operation

(g) Removing region of out of square

(h) Segmentation result

(i) Describing Contour

Fig. 4. Experiment process.
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color is light, erythrocyte distribution is less con-
centrated than the Image9.

The experimental processes are shown from
Figs. 4(b) to 4(i): Fig. 4(b) shows S component
binary images corresponding to Fig. 4(a). Figure 4
(c) shows B component binary image corresponding
to Fig. 4(a). Figure 4(d) are the results of \IMAGE
AND" operation among Figs. 4(b) and 4(c).
Figure 4(e) are nucleus regions. Figure 4(f) are the
results of \IMAGE XOR" operation between Figs. 4
(d) and 4(e). Figure 4(g) are the results after
removing the regions out of squares. Figure 4(h) are
leukocyte regions after dealing with by making use
of circularity. Figure 4(i) are the last results of
segmentation. The experiments show that the
method is suitable for ¯ve types of leukocytes. Ex-
periments in di®erent cases obtain good results
whether leukocyte cytoplasm color is similar to
background or not, whether leukocytes connect
with erythrocytes or not, whether the shape of the
leukocytes is regular or not and whether the
erythrocyte distribution is concentrated or not. The
contours of leukocyte are retrieved with lines, as is
shown in Fig. 4(i).

The segmentation results of the proposed method
are evaluated using the similarity measure between
the experiments result and the manual segmenta-
tion results. The formula of similarity is given in
Eq. (6).

Ts ¼
Aprogram þAexpert

maxðAprogram;AexpertÞ
: ð10Þ

Here,Aprogram is the segmented area by the proposed
method andAexpert is the area obtained by the expert
hematologist. The experiment results are shown in
Table 2. 385 of the 394 total samples perform well,
and the average accuracy of segmentation reaches to
97.7%.Accuracies of segmentation are above 96% for
segmenting ¯ve types of the leukocytes except
basophils for they are only appeared in the blood
with serious disease. Although the basophil samples

are smaller, the accuracy can also reach to 93%.
Experimental results have shown the universal
applicability and stability of the proposed method.

5. Conclusions

A leukocyte segmentation method based on S
component and B component images has been
proposed. By making use of S component and B
component images from the captured microscopic
images at 100 times, an e®ective mathematical
model is established. After some image processing
procedures, leukocytes can be segmented with
higher accuracy. The experiment results show that
the method is suitable for segmenting ¯ve types of
leukocytes, it also achieves good performance when
leukocyte is overlapped with erythrocyte. The pro-
posed leukocyte scheme reduces calculation and
improves operating e±ciency. Good segmentation
results provide an important foundation for auto-
matic recognition from the ¯ve types of leukocytes.
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