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ABSTRACT 
Use of optimum sized pellets makes the steel production process more reliable and energy efficient.  The development of the 
vision based system to keep these pellets size in check is discussed in this paper, which involves integrating industrial grade 
IBM-PC with a high resolution industrial camera. We have applied this method to the pelletizing system in the Essar Steel 
Plant at Vishakhapatnam and made possible automated operation of the pelletizer. 
Keywords: Vision System, Pellet, Size Distribution, Image Processing 

1. INTRODUCTION 
The Pellet Size Distribution System is a modular inspection system for the analysis and classification of the size and 
shape of pellets. The pellets are granulated materials and are made from fine ores through pretreatments with a 
pelletizer. It is known that there exists a high degree of correlation between the average size of pellets and the operating 
conditions of an electric furnace. Accordingly, pellet size control in the granulation process is indispensable for the 
stable operation of the furnace. According to the industry norms the size of pellets must be maintained between 9mm-
16mm in diameter [1]. This size is analyzed and maintained in Pellet Size Distribution System, which is previously 
done manually and is not highly accurate. The vision based system is highly reliable and robust to be used in the 
industrial conditions. This paper outlines the method used and the system developed. A Disk pelletizer is a rotary tray 
with diameter of approximately 5 meters, inclined at an angle, as shown in Fig. 1. It rotates at a speed of 6-8 rpm. The 
pellet size is controlled by flow rate of water, speed of disk and angle fin inside disk. It is difficult to ensure accurate 
size control solely by visual inspection of human operators. Thus, there is a strong need for the development of system 
for measuring pellets continuously and accurately.  
 

 

Figure 1 Disk Pelletizer 

 
2. Principle of Measurement 

In order to ensure the accurate measurement in real time the pellet, partially as well as completely visible, in the top 
layer is analyzed. Pellet sizes are measured using a well-known algorithm, called Circular Hough Transform (CHT). 
Figure 2 shows the block diagram of the steps of the method followed. 
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Figure 2 Block Diagram 

The image is captured using a high resolution, high frame rate camera. The firewire port provides a link between 
camera and the PC. Basler scA640-70fm camera is used for this purpose, which provides IEEE 1394b (S800) port.  

Smoothing operation is done to remove the unwanted noise before processing. To complete this operation a low pass 2nd 
order Butterworth filter is used [2]. It is given by the formula shown in equation (1). 

 
  (1) 

Where, n=Order of the filter, in this it’s value is 2. 
The result of applying the filter is shown in figure 3. 

  

Figure 3 (a) Input Image (b) Smoothed Image 

Edge Detection of the pellets in the image is required before we apply CHT. As it will be explained later, CHT,uses 
edge points to plot the center of the circles inscribing the pellets.  We employ Sobel operator [3] shown in figure 4, 
where both horizontal and vertical filters are used. It uses 3x3 convolution masks, one for x-direction and the other one 
for y-direction. Euclidean sum is taken to get the final edges formula as given in equation (2). 

 
 

(2) 

 

Figure 4 (a) Horizontal (b) Vertical 

Thresholding of the image is based on the present value of the gamma and gain setting of the camera. The gain and 
gamma settings of the camera are given on the front panel itself. Thethresholding method makes the process more 
dynamic and robust against the illumination changes. Figure 5 shows the result of applying the sobel mask over the 
image at discharge point. 
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Figure 5 (a) Smoothed 
Image 

(b) Edge Detection 

After edges the edge directions and direction maps are calculated. This is done to reduce the number of calculations 
done over a symmetrical circle, as it can only be reduced to quarter of a circle [4]. Already calculated vertical edges and 
horizontal edges were used to calculate the direction using the formula as given in equation (3).  

 
(3) 

2.1. Hough Transform: 

Hough transform is used for feature detection in automated analysis of digital images. The method is given the family 
of curves being sought (circles in this case) and produces the set of curves from that family that appear on the image 
[4]-[5]. 
The method of Hough transform is that if a point lays on a circle then the gradient at that point, points to the center of 
that circle [8][9] as shown in figure 6. So, if numbers of edge points are given and range of radius is known and the 
direction of the vector from edge point to the center is computed, the coordinates of the center can be found [6]-[7]. 

 

Figure 6 Hough Method 

The transform will create the maximum brightness at the probable centers. These probable centers can be spread over 
larger value of pixels, because of the range of radii. To concentrate these accumulated points we applied a 17x17 
Laplacian of Guassian (LOG) filter [10]-[11]. LOG concentrates the highest brightness in the center of the accumulated 
space thus reducing the calculation afterwards. The result of applying Hough algorithm and then LOG filter are shown 
in figure 7. 

  

Figure 7 (a) Result of 
applying Hough algorithm 
on image 5(b) 

(b) Probable centers after  
applying LOG 

 
From concentrated accumulated space the center of the circles are found using local maxima function [12]. These 
maxima are considered as centers.The radius is then found by projecting circles with the radii from the calculated 
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centers and then accumulating it in the one dimensional space with radius of the concentric circles. For the 
representation circles are drawn over the original image with calculated centers and radii. Figure 8 shows the result of 
applying local maxima and also drawn circles over the original image. 

  

Figure 8 (a) Centers after 
local maxima 

(b) Final output image 
with circles drawn 

Since, there is need for better method than visual inspection of pellets, the radii results are plotted in a histogram and 
are displayed. The results can be analyzed to check the system at any instance. Also, the system control decisions are 
based on the value of these radii (i.e.the size of each pellet at any instance). In figure 9 the histogram of figure 8b is 
shown.  

 

Figure 9 Histogram plot 

2.2. Experimental Results 

 In order to evaluate the performance of the method, system was tested at the Essar Steel Plant, Visakhapatnam. The 
conditions of the test experiment are as follows:  

(1) The testing was done at various RPM of disk Pelletizer.  
(2) The method was tested both at center part and the discharging part of disk pelletizer.  
(3) Light conditions were also varied as we wanted to test the robustness of our system against changes in 

illumination. 
Figure 10 shows the size of the analysis of pellets at the discharge point of disk pelletizer running at the speed of 7.21 
RPM. As it is shown most of pellets are restricted in the range of 9-16 mm in diameter.  

 

Figure 10 Experimental Result 1 at 7.21 RPM 

Figure 11 shows the result of system at the center of the disk pelletizer running at 6.86 RPM. It is clear that the there is 
hardly any effect of the location or the RPM. The results still are very much usable.  
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Figure 11 Experimental result 2 at 6.86 RPM 

Thus with above results it can be concluded that the method can be applied to both the discharge part where the pellets 
are completely formed, and upper part, where the pellets are still in making. Also we tested the measurement error is 
±1 mm.In order to test the effect of variations in illumination on the results, several test results were performed. Figure 
12 shows the result of system at discharge point of disk pelletizer running at 7.21 RPM in very bad lighting.   

 

Figure 12 Experimental result 3 at discharge point  

Thus it can be concluded that the size index of the pellets is measured accurately and is not influenced by the variations 
in light. 

2.3. Pellet Size Distribution System 

An automatic Pellet Size Distribution and control system, to which the above method is applied has been made and is 
tested at Essar Steel Plant, Visakhapatnam.System architecture image is shown in figure 13. 

 

Figure 13 System Achitecture 
The system consists of a computer, which essentially an IBM PC with NI LabVIEW running, which is connected to a 
high speed firewire camera. An actual experimental setup at Essar Steel Plant, Visakhapatnam is shown in figure 14. 

 

Figure 14 Automatic Pellet Size Distribution and 
control system 
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System includes the following hardware: 

(1) Firewire camera : 
Basler Scout scA640-70fm CCD (1/3”) with electronic shutter 

(2) IBM PC : 
CPU: Core 2 Quad @ 2.40GHz, RAM: 4GB  

(3) Input Image:  
640x480 monochrome image 

(4) Calculation Time: 1.93 sec 
 

3. Conclusion 
We have described a new method for measuring and controlling the size of pellets with image processing techniques 
and automatic control system. A great advantage of the method is the offering of a huge variety of customized 
configurations to be applicable in for every objective perfectly. This includes a precise analysis and classification of the 
raw material. 
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