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Abstract. In order to solve the problem of low efficiency and low accuracy in the traditional 
adhesive parts particle counting method, it is proposed to implement an improved watershed 
segmentation algorithm by means of the HALCON image processing technology based on 
the Euclidean distance transform and the Gaussian filter. First of all, the parts particle image 
is obtained with the help of an industrial camera. Then the image undergoes pre-processing. 
Afterwards, the image is subject to mathematical morphology processing. The last step is ap-
plication of the improved watershed segmentation algorithm. The experimental results show 
that the algorithm can segment the adhesive parts particles effectively, providing a guarantee 
for an accurate count of the parts particles.
Keywords: adhesion; HALCON; distance transformation; Gaussian filter; watershed seg-
mentation.
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Problem statement. With the develop-
ment of computer science, the technology 
of digital image processing has been wide-
ly used in many fields [1]. In real life, the 
number of industrial parts is mostly counted 
manually or by weighing and counting. It is 
obvious that the traditional counting method 
has the disadvantages of low efficiency and 
low accuracy. Meanwhile, image processing 
can also be used to segment and count the 

adhesive objects. At present, the most com-
monly used image segmentation methods are 
concave point matching and watershed seg-
mentation based on distance transformation. 
The former uses the concave point in the 
image to describe the concave condition of 
the boundary. The method easily recognizes 
the noise in the image as a concave point, so 
it is often used in the case of simple adhe-
sion. Watershed algorithm features the phe-



distance function satisfying the measurement condition. 
The p and q represent two pixels with their coordinates 
being (xp, yp) and (xq, yq), respectively; p ∈ P, q ∈ A.

Considering the difficulty of calculation and the re-
quirement of integer distance, 4-nearest neighbor dis-
tance d4 (urban area distance) and 8-nearest neighbor dis-
tance d8 (chessboard distance) are often used in distance 
transformation. Fig. 2, a and b demonstrate the values of 
the distances d4 and d8 at the center point, respectively. 
The distance transform is applied to the adhesive target 
object; it can effectively separate the connection between 
the adhesive parts [3]. 

  1.2. Gaussian filtering
Gaussian filtering is a linear smoothing filtering 

method. It is widely used to eliminate the Gaussian noise 
in images or smooth them. The Gaussian filter employs 
the Gaussian function as the transition weight function to 
form a low-pass filter in the frequency domain. In brief, 
the Gaussian filter is the weighted average process of the 
image. The two-dimensional Gaussian function is ex-
pressed as follows:
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The Gaussian distribution of the two-dimensional 
Gaussian function is a bell-shaped curve; the closer to 
the center, the greater the value. When calculating aver-
ages, it is obviously not reasonable to use simple aver-
ages. In this case, the origin is chosen as the center point, 
the other points are assigned weights according to their 
position on the normal curve, and finally the weighted 

nomenon of over-segmentation when segmenting the 
images of particles with more serious adhesion [2]. In 
order to count the number of adhesive parts accurately, 
an improved watershed segmentation algorithm based on 
Euclidean distance transform and Gaussian filter is pro-
posed in this paper.

BASIC MATERIAL

 1. Improved watershed segmentation algorithm
Based on the general watershed algorithm, an im-

proved watershed segmentation algorithm is proposed 
featuring Euclidean distance transform and Gaussian 
filter. The improved watershed segmentation process is 
shown in Fig. 1.

  1.1. Distance transformation
For pixels that make up connected components, the 

process of calculating the minimum distance from the 
background to each pixel is called distance transforma-
tion. The result of the operation performed by distance 
transformation is the distance between each point in 
the calculated region and the point outside the near-
est region. Distance transformation provides a distance 
estimation matrix for image pixel points. According to 
this matrix, binarized images can be transformed into 
gray images. Distance transformation can be defined  
as follows:
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where p is the set of points in the calculated region; A is 
the set of points outside the calculated region; D is the 

Fig. 2. Distance map from the center pixel:
a — d4 distance; b — d8 distance

Fig. 1. Flowchart of improved watershed segmentation
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light source, and the transparent plastic board 5 mm thick 
(MITSUBISHI acrylic board).

  2.2. Acquisition of the parts image
By connecting the industrial camera to the computer, 

one can access the video directly and capture a continu-
ous image of the parts.

In addition, one can first save the image captured 
by the industrial camera, and then read the pictures that 
need to be processed directly through the “read_image” 
statement of the following format: read_image (Image, 
“D:/Parts.jpg”). The original captured image is shown 
in Fig. 4.

  2.3. Image preprocessing
Preprocessing is mainly intended for image binariza-

tion. The image captured by an industrial camera is col-
ored and contains more information. Thus, it needs to 
be desaturated to be split conveniently. Afterwards, the 
image is binarized. The methods for selecting the proper 
binarization threshold are average method, Otsu method 
and iterative method. Selection of an appropriate thresh-
old will have a great impact on image binarization. Dif-
ferent methods have their advantages and disadvantages, 
and the method of judging the threshold according to the 
gray histogram distribution is the optimal one [5]. The 
gray histogram of the experimental image is shown in 
Fig. 5, a. The gray image is divided into white target pix-

average is obtained. The specific operations of Gaussian 
filtering are the following. First, the pixels in the image 
are scanned with a convolution. Then, the values of the 
central pixel of the template are replaced by the weighted 
average gray values determined by convolution. In im-
age processing, there are mainly two ways to implement 
Gaussian filtering: one is through the Fourier transforma-
tion, and the other is convolution with discrete sliding 
windows [4].

 2. Experimental analysis

  2.1. Composition of the counting system
The experimental equipment of the counting system 

mainly consists of a bracket, an industrial camera, a focus 
lens, a light source, a transparent plastic board, parts par-
ticles, and a computer. The structure of the experimental 
device is shown in Fig. 3. The parts particles stuck to-
gether are placed on the transparent plastic board, and 
the light source is placed under the board, so that each 
part can be evenly illuminated. The industrial camera is 
placed directly above the parts particles. The parts par-
ticles image can be real-time transmitted to the computer, 
where image processing software is installed on the op-
erating system Windows 7. In the system, we consider 
the industrial camera MER-310-12UC manufactured by 
the Daheng Image Technology, the COMPUTAR mega 
pixel industrial lens M0814-MP2, the 5730 LED SMD 

Fig. 5. Image binarization:
a — gray histogram; b — binarized image

Fig. 4. Original imageFig. 3. Structure of the counting system
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the influence of impurities and abrupt points in the im-
age on watershed segmentation. Then, the Euclidean 
distance transformation is applied to convert the features 
of the particles in the adhesive parts into uniform gray 
information. If watershed segmentation is performed di-
rectly afterwards, the image segmentation might only be 
partial for heavily adherent particles. Therefore, it is rec-
ommended to apply Gaussian filtering to eliminate the 
Gaussian noise and smooth the image, so as to accurately 
segment the image of the adhesive parts.

   2.5.1. Distance transform
In HALCON, the statement used for distance trans-

form features (RegionIntersection, DistanceImage, 
“octagonal”, “true”, Width, Height). Among them, “oc-
tagonal” stands for the Euclidean distance function. The 
image after distance transform is shown in Fig. 7.

The image type after distance transform is int4, 
while watershed segmentation requires the type of im-
age to be byte, so the “convert_image_type” statement 
is used accrodingly. Next, the “invert_image” algorithm 
is applied to invert the image. Finally, the contrast of the 
image is increased by using the “scale_image_max” al-
gorithm. The image after contrast enhancement is shown 
in Fig. 8 [9].

   2.5.2. Gaussian filtering
As it has already been mentioned, the discrete Gauss-

ian function is used to smooth the image after distance 

els and black background pixels by choosing gray value 
38 as the best threshold. The result of the image binariza-
tion is shown in Fig. 5, b.

  2.4. Mathematical morphology processing
Mathematical morphology is a new method of image 

processing based on geometry. It mainly takes the mor-
phological features of the image as the object of study. Its 
basic operations are corrosion, expansion, closing, and 
opening [6]. In HALCON [7-8], “opening_circle” and 
“closing_circle” operators are commonly used to operate 
and close binary images. In this experiment, the “clos-
ing_circle” operator is used to perform closed operation 
on the binarized image, and then the operator “fill_up_
shape” is launched. The function of the command is to 
fill the hole in the parts. Finally, “select_shape_std”, 
“smallest_rectangle1”, “rectangle1_domain”, and “inter-
section” operators are used to intercept the image of the 
part particles. The mathematical morphology procedure 
is illustrated in Fig. 6.

  2.5. Improved watershed segmentation
The general watershed segmentation algorithm re-

sults in serious over-segmentation of larger particles, 
which affects the accuracy of the particle count. There-
fore, this paper proposes a watershed segmentation al-
gorithm, which combines the Euclidean distance trans-
form and Gaussian filter. The original images undergo 
the mathematical morphology processing to eliminate 

Fig. 8. Image of enhance contrastFig. 7. Distance-transformed image

Fig.6. Mathematical morphology processing:
a — closing operation; b — images filled with holes; c — parts particle image
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  2.6. Parts particle count
After undergoing the improved watershed segmenta-

tion, the image can be divided into different parts, and 
finally “count_obj” is used to count them. The counting 
result is shown in Fig. 11. The number of the parts par-
ticles in the experiment is 15.

 3. Experimental analysis 
Fig. 12 demonstrates the results of the watershed 

segmentation algorithm based on general distance trans-
formation, with the number of parts being equal to 20. 
We can see that this algorithm will feature over-segmen-
tation when the particle adhesion is serious. Subsequent-
ly, the algorithm in this paper is used to test more images 
of adhesive parts particles, and the results show that the 
algorithm can accurately identify their number [11].

transformation, so as to reduce the over-segmentation 
resulted from the watershed algorithm. In HALCON, the 
statement format is as follows: “gauss_image” (ImageS-
caleMax, ImageGauss, 11). The image after the Gaussian 
filter is shown in Fig. 9.

   2.5.3 Watershed segmentation
Finally, watershed segmentation is performed on 

the filtered Gaussian images. In HALCON, the “wa-
tersheds_threshold” operator is used for this purpose. 
If the object does not split, the issue can be solved by 
gradually decreasing the threshold. The statement for-
mat is “watersheds_threshold” (ImageGauss, Basins, 
10). The image after watershed segmentation is shown in  
Fig. 10 [10].

CONCLUSIONS. In summary, the improved watershed segmentation algorithm can expediently achieve the 
segmentation and counting of adhesion parts particles. The study on the method of particle counting for adhesive parts 
with the use of HALCON has a high application value and lays a foundation for further research on the defect detec-
tion of parts [12].

Fig. 12. Watershed algorithm based on general distance trans-
formation

Fig. 10. Image after watershed segmentation

Fig. 11. Counting result

Fig. 9. Image after Gaussian filtering
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