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Abstract. Microbeads of various size with complex core-shell structures are 
widely used in many applications such as drug delivery. During synthesis, it is 
important to characterize the beads’ size such that uniform properties can be ob-
tained from uniform size. The core-shell structures can be imaged with SEM 
(scanning electron microscope) or TEM (transmission electron microscope) but 
there are no available methods to quantitatively analyze the size and distribution 
automatically. In this paper, we propose two automated core-shell detection me-
thods using Hough transform and generalized Hough transform. We show the 
capabilities of these methods using OpenCV and compare the relative advan-
tages and limitations.  
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1 Introduction 

Uniform sized polymer particles are widely used in many engineering and clinical 
applications such as drug delivery. In all applications, it is important to have tight 
control over the size and chemistry of the particles. For particles or beads with core-
shell structure, this requirement is stricter such that the measurements and distribution 
should be analyzed for each set of experiment. As the particles are imaged with SEM 
(scanning electron microscope) and TEM (transmission electron microscope), an 
automated method that can measure and various parameters such as size of the bead, 
relative size of the core-shell structure, standard deviation and other parameters would 
be useful for the synthetic chemists. 

The Hough transform is a feature extraction technique used in image analysis, 
computer vision, and digital image processing [1-5]. The Hough transform was initial-
ly developed to detect analytically defined shapes (e.g., lines, circles, ellipse etc.). The 
generalized Hough transform [2] is the modification of the Hough transform using the 
principle of template matching. This modification enables the Hough transform to be 
used for the detection of an arbitrary shape (i.e., shapes having no simple analytical 
form). OpenCV (Open Source Computer Vision Library) [6] is a library of program-
ming functions mainly aimed at real-time computer vision, developed by Intel. 
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In this paper, we propose two automated core-shell detection methods in image of 
polymer chemistry using Hough transform and generalized Hough transform. We 
show their experimental results using  OpenCV and discuss their limitations.  

2 Methods 

2.1 Hough Transform 

We first used Hough transform to perform the characterization. The steps are as follows. 
 

Step 1) Image input: Any type of image can be used, B/W or color. If input image 
is a color with 3 channels (red, green, blue), it is transformed into 1channel mode.  

Step 2) Smoothing: Noise in an image can be removed using smoothing to improve 
the signal to noise (S/N) ratio.   

Step 3) Edge detection: Canny edge detection is performed using the matrix in 
Figure 1. 

 

Fig. 1. The matrix for Canny edge detection  

Step 4) Determining threshold value: Figure 2 shows the SEM micrograph of po-
lymer core-shell structures. Each image has a characteristic value such as bead radius. 
When performing Hough transform, the number of core-shells in image depends on 
radius R. Thus this step can be used to automatically determine the threshold value for 
each image.   

 

Fig. 2. SEM micrograph of polymer core-shell structures 
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Fig. 3. Image after Hough transform 

 

Fig. 4. Overlap image of Fig. 2 and Fig. 3 

Step 5) Hough Transform: Each circle in SEM micrograph of polymer core-shell 
structures in Fig. 2 has slightly different radius value R. The center of each circle is 
determined after performing edge detection using threshold value. Thus the total num-
ber of the circles depends on threshold value. Figure 3 shows the image after performing 
Hough Transform. Figure 4 is the overlap image of Figure 2 and Figure 3. In Figure 4, 
red dots with higher intensity indicate point of intersection for higher number of circles. 

 

Fig. 5. Traces of circles after Hough transform 
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Hough transform, three dimensional parameter space (
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n (1).  
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Fig. 9. R
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