
Notes on Recognizing Echinocyte by the Top-Hat
Transform

Hoang Manh Ha(✉)

Faculty of Information Technology, Thu Dau Mot University, 6 Tran Van On,
Phu Hoa, Thu Dau Mot City, Binh Duong, Vietnam

hahm@tdmu.edu.vn

Abstract. In diagnostic of hematology, one of a most important informations is
to infer about echinocyte presence. The top-hat transform and its application on
echinocyte detection were briefly introducted in [2]. This paper suggests a new
improvement based on random method to reduce number of computation for
above purpose. We explain the relation between an upper bound of number of the
blood cells to perform top-hat transform and number of echinocyte in image.
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1 Introduction

For many types of images, from satellite images to medical images, the interesting
information is given by irregular structures of the objects such as texture. In images of
blood cells [3–5], the contour of cells with thorn provides the location of an echinocyte
which is particularly meaningful for recognition purpose [1, 6]. The detection of texture
of the echinocyte is strongly motivated by purpose of this application. Until now, the
top-hat transform is a main mathematical tool for extracting texture from a complex
structure of objects in images. In our previous paper [2] an irregular structure of the
echinocyte is typically detected by using the top-hat transform. In hospitals, the detection
of echinocyte have to implement not only in large number of images but also in a thou‐
sand cells per each image. The method we mention above (see [2]) provides only
performing top-hat transform all blood cells in image therefore it does not provide simple
strategies for detecting an echinocyte presence in a blood cell image with very high
density of cells. This is major motivation for studying random methods for collected
echinocyte problem.

2 Extract an Irregular Structure by Using the Top-Hat Transform

Denote Gray – scale erosion by

(I ⊙ B)(x, y) = min{I(x + s, y + t) − B(s, t)}, (1)
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where I is a gray scale image. The domain of I ⊙ B is the erosion of the domain of I by
the domain of B.

Dilation of a grey-scale image I(x, y) by a grey-scale structuring element B(s, t) is
denoted by

(I ⊕ B)(x, y) = max{I(x − s, y − t) + B(s, t)} (2)

The domain of I ⊕ B is the dilation of the domain of I by the domain of B. Dilation
expands image set and erosion shrinks it. In closing process, erosion follows dilation.
In opening process, dilation follows erosion. Opening generally smoothes the contour
of an image, breaks narrow gaps. As opposed to opening, closing tends to eliminate
small holes, and will gaps in the contours. The small feature of image I, denoted by
Fd(I), is defined as the difference set of the opening of an image I(x, y) and the domain
of I [7]. This is also known as dilation residue edge detector:

Ed(I) = (I ⊙ B)⊕ B − I

Figure 1(a) is an original blood cell image. There are some small features on all
abnormal cells in this image. These are also morphological characters of blood cell image
and these features make it possible to recognise a echinocyte.

Fig. 1. Blood cells image

These features are extracted with the method suggested here. Morphological oper‐
ations erode in Eq. (1) then morphological operations dilate in Eq. (2).

A difference between a dilated image and the original image makes it possible to
extract the feature of echinocyte from the blood cells binary image [7]. An irregular
feature of the echinocyte is reflected in Fig. 1(b). All of normal blood cells are disap‐
peared in Fig. 1(b). This result will help observer focus on echinocyte. The extraction
of feature of an echinocyte can be explained as follow (Fig. 2).
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Fig. 2. A description of the irregular structure extraction using top-hat transform

In fact, the top-hat transform of blood cells image with large number of cells has a
great computation, it has been shown that a present problem is how to detect echinocyte
with minimum cost.

3 Determination of a Presence of an Echinocyte Using Random
Texture Extraction Method

An important issue is to minimize time to collect an echinocyte. Suppose that there are
n echinocyte in image, equally likely. The problem which have to solve: we need at least
how many blood cells do you need to perform an irregular extracting on it to infer the
presence of echinocyte. In following section, we show that: for detect all n echinocyte
in image of blood cell, the maximum number of the extraction is n ln(n) + 13n. This
approach is based on the work of Weiyu Xu and A. Kevin Tang for solving a Generalized
Coupon Collector Problem.

Let T  be the time to recognize all n echinocyte, and let ti be the time to recognize the
ith echinocyte after i − 1 echinocyte have been recognized.

Think of T and ti as geometric random variables. Observe that the probability of

recognizing a new recognize given i − 1 echinocyte is pi =
n − (i − 1)

n
. Therefore, ti has

geometric distribution with expectation 1
pi

. By the linearity of expectations we have:
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Now we can use the Chebyshev inequality to bound the desired probability:
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For recognizing n echinocyte with probability of success is 0.9999 we need to
perform nHn + 12.84n ≈ n ln(n) + 13n top-hat transform on blood cells. Following
numerical example illustrate the mathematical results. The top-hat transform is
performed on a part of the blood cells image which are chosen randomly as box in Fig. 3.

Fig. 4. A description of the top-hat transform performing on a second part of the blood cell image

Fig. 3. A description of the top-hat transform performing on a part of the blood cell image
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In a top-hat transform result (Fig. 3), some of speckles reflect a echinocyte presence.
The top-hat transform have a echinocyte detection in other part of that blood cell image
(Fig. 4).

We performed these simulations over 25 images of blood cell with echinocyte for
supporting results in the last section. Table 1 also show that there is much decreasing
for computation to detect echinocyte when use our propose.

Table 1. The result of the echinocyte detection over 25 images with echinocyte

Total of blood
cells in image
(estimate)

Number of
Echinocyte in
image n

Upper bound
(Rounding of
n ln(n) + 13n)

The number of
the extraction

1 1000 10 153 55
2 995 11 169 60
3 1005 15 236 45
4 1010 16 252 60
5 998 12 186 56
6 1500 20 320 45
7 1125 14 219 59
8 1229 22 354 15
9 800 5 73 55

10 1120 10 153 57
11 1525 9 137 60
12 1455 11 169 65
13 1112 9 137 45
14 1025 8 121 75
15 925 25 405 12
16 875 21 337 15
17 1002 10 153 30
18 1235 9 137 65
19 1225 10 153 58
20 1015 15 236 25
21 775 36 597 5
22 1300 6 90 80
23 885 40 668 5
24 773 45 756 5
25 1129 8 121 39

Following figure show that a needed extraction for detecting echinocyte always
lower than the upper bound that i proposed in Sect. 3. The results in Table 1 and Fig. 5
are showed that the upper bound of the echinocyte nHn + 12.84n ≈ n ln(n) + 13n is good
result for detection time decreasing.

Notes on Recognizing Echinocyte by the Top-Hat Transform 159



Fig. 5. A description of the distance between upper bound and number of extraction for
echinocyte detection

4 Conclusion

This study provides a basis for designing an algorithm for detecting echinocyte from
blood cells images. This result motivates a development of intelligent microscopes.
Echinocyte or abnormal cells can be recognized not only with accuracy but also with
low cost.
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