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Abstract 

 
This paper describes an image processing 

methodology, which is used in an automated visual 
inspection application. This methodology is orientated 
towards industrial inspection tasks that could benefit 
from the use of rather coarse color discrimination. The 
methodology is employed in a software application, in 
order to inspect the packaging process of pills in a 
blister pack –it counts the quantity of pills, packed in 
the blister, and estimates their roundness. The 
methodology involves the image acquisition –through 
a web camera–, spatial filtering, color segmentation 
through HSI color space, morphological filtering, 
connected-component labeling, and feature extraction. 
The experimental results, under controlled conditions, 
always were correct. 
 
1. Introduction 
 

Manual inspection presents many problems that 
could affect the product quality [5]. A viable 
alternative to this kind of inspection is automated 
visual inspection [1, 8].  

In this work, we present an image processing 
methodology, that employs a low-cost camera, applied 
to automated visual inspection of manufactured goods, 
where coarse color discrimination could be used, so as 
to cut costs. The proposed methodology is utilized in a 
software application, in order to inspect the packaging 
process of pills in a blister pack. 

From an image of the blister pack, the application 
determines the quantity of pills –specifically, it looks 
for green pills– and calculates approximately the 
roundness of every pill. The application is invariant to 
blister pack position; it can be in any place within the 
frame. 

The image acquisition is achieved by a low-cost 
camera –web camera– and the image processing 

algorithms were written in C language and 
implemented in Visual C++. 

The controlled conditions were: white illumination, 
fixed camera, fixed distance between camera and 
blister pack, and background without any object, 
whose color were equal to the color of the pills of 
interest. 
 
2. Methodology 
 

Figure 1 shows a block diagram that summarizes the 
methodology. Firstly, a frame –320x240 pixels and 24 
bits deep– is acquired from the scene.  The acquired 
image is displayed on screen. This image is filtered in 
the spatial domain. Then, the filtered image is 
segmented in order to obtain the objects of interest. 
Since this image may contain noise, it should be 
filtered. The segmented image is filtered by 
morphological operations. Thus, the segmented image 
will only contain the objects of interest. Such objects 
are labeled and their roundness is calculated. 

 

 
Figure 1: Block diagram. 

.  



The results consist of:  
• A gray scale version (Y component of the 

YIQ color space) from the acquired image –
where detected objects are surrounded by red 
squares. 

• Number of detected pills. 
• Roundness of every pill. 

 
2.1. Spatial filtering  
 

In this stage, smoothing spatial filters were 
employed to remove noise. Since these filters blur the 
image [7], it was necessary to find a smoothing filter 
that preserves better the object boundaries. 

Three filtering options were tested: three passes of 
an arithmetic mean filter,   two passes with a median 
filter followed by one pass of an arithmetic mean filter, 
and three passes of a median filter. The chosen option 
was the one that uses only median filters. 

Every option was evaluated to know which filtering 
process removes noise effectively and preserves better 
the object boundaries. 
 
2.2. Segmentation  
 

The objects of interest were green pills, whose 
distinguishing feature is their color.  Therefore, when 
we extract all the green objects from the image, we are 
segmenting every object of interest. The color of the 
objects can be specified by their hue. Thus, the 
segmentation process was performed in the HSI color 
space, using only the hue (H) component.  

The first step in the segmentation process is to 
compute the hue based on the RGB components of the 
image. Equation (1) expresses this operation [7]. 
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However, it is possible to simplify the calculations to 

obtain the hue. Equation (2) shows the Bajon’s 
expression [14] to compute the hue from the RGB 
image components. In this expression, the 
trigonometric functions are no longer needed. 
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Because of its simplicity, equation (2) was employed 
to compute the hue image. The result of (2) is a hue 
image H(x, y), whose pixels values are within the 
interval of 0 and 1. 

Thus, the corresponding hue of the green color is, 
approximately, between 0.3 and 0.5. A binary image 
BW(x, y) was calculated by image thresholding with 
equation (3). Thus, pixels labeled 255 (white pixels) 
correspond to objects of interest, whereas pixels 
labeled 0 (black pixels) correspond to the background.  
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2.3. Morphological filtering  
 
   This process cleans the binary image, computed in 
the segmentation stage. Mathematical morphology 
operations are used to improve or to make clear the 
shape of objects that have been discriminated in a 
binary image [3, 7].  

The binary image was processed with morphological 
filters: three erosions, with a 3x3 structuring element 
of ones, followed by three dilations, with a 5x5 
structuring element of ones.  

  
2.4. Labeling 

 
In order to count the segmented objects, a 

connected-component labeling algorithm was 
designed.  

The aim of this algorithm is to determine if pixels 
belong to a specific object. The algorithm works 
within the vicinity of a pixel to find out which of their 
neighbors are connected to it [9, 12]. 

The algorithm takes for granted there is enough 
memory and it can label every object in two sweeps. 
This algorithm is helpful when we know the maximum 
number of objects in advance; thus, we can allocate 
just the quantity of memory we need. Dillencourt [4] 
shows a detailed description of how to implement an 
optimal connected-component labeling algorithm. 

 The designed algorithm assumes 4-connectivity 
between pixels and employs an equivalence table. 
Equation (4) shows an example of equivalence table. 
The ones express that there is equivalence between 
labels (e.g. label a and b are the same), whereas the 
zeros mean there is not equivalence. 
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In order to label objects, the algorithm sweeps the 

image by rows –from top to bottom and from left to 
right.  

Let pixels q and z be the north and west neighbors of 
pixel p. The algorithm assigns a number or label to 
pixel p in the following way:  
 

• If pixels q and z do not have label, a new label 
is generated for p.  

• If only one, q or z, has label, pixel p will take 
that label.  

• If both q and z have label, it is said that there 
is a label collision, and pixel p will take the 
shortest label. This label collision is registered 
in the equivalence table.  

 
After first sweep, in the equivalence table 

(visualizing the equivalence sets as mathematical 
relations), the equivalence sets are transformed into 
equivalence relations (i.e. reflexive, symmetric and 
transitive relations). Thus, it is possible to join the 
equivalence relations in k disjoint sets or equivalence 
classes [10].  

Therefore, when equivalence is registered in the 
table, the algorithm makes this equivalence symmetric. 
Transitive closure was employed to transform 
equivalence sets into transitive relations. Warshalls’s 
algorithm [18] was implemented to perform transitive 
closure operation. 

Finally, the algorithm makes the second sweep. This 
sweep is made backward –from bottom to top and from 
right to left–, while changing labels.    
 
2.5. Roundness 

 
In addition to the quantity of pills, roundness was 

another characteristic extracted from the image. In 
order to compute the roundness of objects, according 
to equation (6), it is necessary to know their area and 
perimeter.  
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The squares that surround every object were used to 
estimate the area –product of the height of the square 
and its corresponding base. 

On the other hand, a contour tracing algorithm was 
employed to compute the perimeter. Moore-Neighbor 
tracing algorithm [17] was implemented –assuming 4-
connectivity.  

This algorithm does not the visit inner perimeter, in 
case the object has gaps.  There could be cases in 
which the algorithm misses pixels, especially in 4-
connectivity; however, since the width of 
neighborhood is normally greater than a pixel, the 
algorithm has many chances to succeed.  
 
3. Results  
 

Under the established controlled conditions, the 
developed program always detects the correct number 
of pills, within the blister pack, and estimates 
adequately their roundness.  
 

 
Figure 5: Application window –developed with  

Visual C++. 
 

Figure 5 shows the application window, 
implemented with Visual C++. In the window we can 
observe the acquired image (left) and the processed 
image (right). The window also shows the quantity of 
pills and their roundness (text boxes).  
 
4. Conclusions 
 

Manual inspection presents many problems that 
could affect the product quality. An alternative to this 
kind of inspection is automated visual inspection.  

In this paper was described an image processing 
methodology to perform automated visual inspection 
of products, which cuts costs by employing a low-cost 
camera. The proposed methodology was implemented 
in a software application, developed in Visual C++, in 
order to inspect the packaging process of pills in a 



blister pack. The experimental results, under controlled 
conditions, always were correct. 

This work could be extended in many ways. One of 
them could be an implementation of this methodology 
in an embedded system or in reconfigurable hardware 
[2]. Another extension could involve the study of other 
digital filtering techniques [15] –e.g. wavelets filtering 
[16]– as well as the study of some techniques to give 
this methodology robustness before illumination 
changes. This could be achieved with a dynamic color 
calibration, other color spaces (e.g. CIELAB color 
space), or changes in color models [6, 11, 13]. 
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