
ABSTRACT 
  
 The present paper is focused on the analysis of 
vision inspection to manufacturing industries – shoe and 
textile – where the human action is still of major 
importance.  

The application to the shoe industry, was 
developed with a very strong focus for the quality control 
of raw material cutting, an important component of 
automatic CAD/CAM cutting system. At the moment this 
system is installed in six factories.  

The approach for the textile industry is still under 
analyzing and development. The main goal is to detect 
pattern errors in a high speed system with a high spatial 
resolution, using neural and genetic algorithms. 
KEYWORDS: Industrial application, image correction, 
pre-encoding segmentation, contour representation  
 
INTRODUCTION 
 

The global market is increasingly demanding in 
terms of quality, flexibility and time response. The 
Portuguese traditional industry still acts and performs 
quite well in such market, but it has to strive to remain 
competitive. As a consequence, companies need to change 
their organizational structure and, at the same time, to 
upgrade the manufacturing technology, especially in 
which concerns the quality control of the products and raw 
materials. 

In this paper we present two inspection systems 
for raw material quality control to be applied in the 
traditional Portuguese industry. These systems are based 
on computer vision and actually they are in different 
phases of industrial application: 

1- The vision system developed to the shoe 
industry is already applied to six factories, plus two 
installations until the end of the year. It is based on image 
processing algorithms in order to detect raw materials 
contour and defects contours. The techniques used and 
their specific applications, like corrections of distortions, 
blob coloring, erosion N-S-E-W and chain code are 
described in this paper. 

2- The approach for the textile industry is quite 
different and the main goal is to detect pattern errors, 
meaning isolated errors in the tissue and others that can 
appear repetitively. The main problems are the resolution 
needed (about 0.5mm) and the tissue speed in the printing 
process (average 50 meters per minute). The constrains 
are mainly in the acquisition process, illumination and 
pattern interpretation. The approach to use is based on 
algorithms in the field of pattern recognition and artificial 
intelligence, mainly neural networks and genetic 
algorithms. The system is presently being developed and 
at this stage we are specifying the architecture, making a 
data base of different kinds of defects and 
testing/developing several pattern recognition algorithms. 
 
VISION SYSTEM FOR SHOE INDUSTRY (1) 
 
 This approach is used as a part of a system for a 
water-jet cutting process. The defects are previously 
marked by an operator, then detected by an image 
processing system and finally passed to the nesting 
module that contains the shapes of the pieces to cut. The 
cutting process is done by a water jet system, and it 
architecture is shown in figure 1. 
 

Figure 1- Architecture of the global system 
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 The role of the image processing system is to 
extract data from the marked leather and pass it to the 
nesting module as a polygons limiting the marked defects. 
There are two main reasons (related to the natural 
characteristics of the leather) for marking the defects. The 
first one lies on the fact that we can have different colors 
and different textures of leathers. The other reason is the 
characteristics and the visibility of some defects. There are 
defects that the operator only see it by a tactile operation. 
 It becomes necessary to correctly separate defects 
from the leather. Until now marking the defects is the only 
way fast enough to be used in an industrial environment, 
especially because of the leather and defects natural 
characteristics. 
 Due to the dimension of the leather, 3 meters per 
1.5 meters, and in order to reduce the price of the system, 
we use three low resolution CCD cameras placed above 
the leather. Each camera use a commercial wide angle of 
view lenses (79ºH), which create an image with strong 
barrel distortion?1,2,3?. With this three images as raw data 
we extract the polygons describing the contour of the 
leather and the contour of the defects. 
 
CORRECTION / CALIBRATION 
 

The accurate proportional correspondence 
between image and object dimensions, is an important 
factor to consider in the design of an industrial vision 
system. The geometric distortions, mainly pin-cushion and 
barrel types, must either be avoided. The correction of this 
kind of distortion is more difficult when the angle of view 
increases?1,2,3?. In our application the use of a 79ºH lens 
leads to a strong barrel distortion as we can see in figure 2. 

 
Figure 2- Geometric pattern used for calculation of distortion correction 
factors - Barrel distortion 
 

The technique used to correct the image 
distortion in this system considers only the radial 
distortion of the image. It starts at the optical center (zero 
distortion) and moves toward the limits of the image 
(higher distortion). That is, if we use a polar coordinated 
systems for the object and images plans, using as central 
point the crossing of those plans with the optical axes of 
the lens, the distortion should be insensitive to variations 
in ?, and could be put in function only of ? . Figure 3.a and 
3.b describe the method used to find the optical axis and 
the evolution of the distortion along an axis of the image. 
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Figure 3.b- Barrel distortion and polar co-ordinates. 
 
Due also to the digital form of the image, the 

discretization process could be put to our advantage - we 
should need only to change the placement of the original 
picture elements to the nearest location. Differences up to 
a half pixel could be disregarded. Also due to the smooth 
distortion effect, the translation of neighboring pixels 
would be equivalent. Therefore we can define regions 
where pixels can be shifted by the same amount. The 
symmetries present indicate that a half a quadrant would 
be need for the translation calculations. In this way the 
proposed algorithm builds a correction table for the set-up 
in use. This remains fairly constant in industrial 
application. The correction table divides the image in 
regions, and for each region the correction can be put as a 
single delta-x/delta-y translation of the included pixels. 

After correcting simultaneously the three images, 
they are calibrated in order to align and form a global 
image that corresponds to the 3 meters per 1.5 meters. 
 
PRE-PROCESSING 
 

The following problem was to separate the defect 
boundary lines from the leather background, in such a way 
that only the lines remain in the final image. To achieve 
this, we apply a morphological gradient after stretching 
the gray levels of the image?2,3,4?. To the gradient image 
we applied a binarization based on the method of Ostu ?5?. 
Next, to remove isolated points and to close the contours 
we apply sequentially an open and a close morphological 
filter. 
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Figure 3.a- Central Point P on the Image 
 



Each white regions represents either an isolated 
defect or several adjacency defects. In this case there is 
the need to separate the defects. 
 
SEGMENTATION 
 

Having the binarized image, the following step is 
to segment it in a set of straight lines representing the 
contour of the leather and the contour of the defects, as in 
a rle[6]. Therefore only a small amount of information 
needs to be processed, instead of the large number of 
pixels defining the white detected parts. 

Next, there is the need to separate each isolated 
defect in the image, so as to treat each one as an 
independent region. Here the method used is the analysis 
of the adjacency of rectangles like in a Blob-Coloring 
method?6?, but easier and faster than this one, as it can be 
seen in figure 4.  

 

Coloring algorithm

1- if Rect( i+1 , k ) is only ADJ. to Rect( i , j ) then: 
Rect( i+1 , k ) color is equal to Rect( i , j ) color.

2- if Rect( i+1 , k ) is only ADJ. to Rect( i , j+1 ) then: 
Rect( i+1 , k ) color is equal to Rect( i , j+1 ) color.

3- if Rect( i+1 , k ) is ADJ. to Rect( i , j ) and ADJ. to Rect( i , j+1 ) then:
Rect( i+1 , k ) color is equal to Rect( i , j ) color, and the colors 
that characterised the Rect( i , j ) and Rect( i , j+1 ) are equivalent.

4- if Rect( i+1 ,k ) have no ADJ. with the others Rects then: 
he has a new and a different color.

This algorithm is applied in a same manner to the Rect( i+1 , k+1 ) and 
to all the rectangles in all the stacks that characterised the image.

 Stack of the Line i Rect ( i , j ) Rect ( i , j+1 )

Rect ( i+1 , k+1 )Rect ( i+1 , k )  Stack of the Line i+1 

Rect ( a , b )

rectangle order in the lineline in the image

 
Figure 4- Coloring Algorithm. 

 
The complete list of rectangles can be scanned 

looking for those that touch the boards of another. The 
beginning of this coloring method attributes a different 
color for each rectangle in the first stack of the rectangles. 
Then for each stack of rectangles we look for those which 
touch the borders of the ones on the previously stack. The 
procedure is done until all the rectangles on the list are 
colored.  

As the defects are geographically isolated the 
propagation of the color is made independently. The first 
information obtained by this process is the number of 
defects and besides this, there is the possibility of treating 
each defect independently, used because they can be 
inside one another. 

For each set of rectangles with the same color we 
apply the erosion N-S-E-W algorithm ?2,7?. The need of 
this procedure relays on the fact that we can have adjacent 
defects, as discuss above. So we obtain for each region 
two contours, for an isolated defect, and more contours 
(one exterior and several interiors) in the case of 
adjacency defects. In the next figure we can observe the 

result of the applied method to hypothetical adjacent 
defects. 

 

REPRESENTATION 

 
For each interior contour we apply the chain code 

algorithm –eight neighborhoods?6?. 
After that a polygon approximation is obtained 

for each chain code creating a list of X,Y points 
representing the different contours, which is passed to the 
nesting module?6,8?.  

 
VISION SYSTEM FOR TEXTILE 
INDUSTRY (2) 
 
 In the textile printing industry the detection of 
defects is carried out in three different stages; first in the 
act, second when surveyed and finally before the fabrics 
became a ready made article. Presently the defects’ 
detection of the printing process is totally handled by 
human sight. 
 The printing process is how we get patterns of 
one or more colors directly on the textile materials. The 
most used technique is the color transfer often 
implemented by two processes - the flat screen printing 
and the rotating cylinder screen printing (see figure 6.a 
and 6.b). In these process each color is transferred to the 
textile material through the Screen Unit, which works as a 
“cast” of a determined color for the pattern intended.  

 
Figure 6.a- Flat screen printing 

 
Figure 6.b- Cylinder screen printing 

 The maximum number of different colors 
supported by these machines is twenty. The width can be 
up to three meters and the maximum speed is around 30 
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Figure 5.a- Contour of the defects   b- Result of N-S-E-W 
erosion 

a) b) 



meters per minute in flat screen units and around 140 
meters per minute in the case of rotating screen units. The 
goal of our development is to build a prototype capable of 
detect and classify defects in real time, meaning an “on-
line” inspection during the textile printing process and to 
implement it in a textile printing plant.  
 
PROCESS PARAMETERS 
 
 Concerning the design of the image acquisition 
system, the most important parameters and their limits are: 
??maximum number of colors 20, normally 7 
??maximum width of textile web 140m/min, usual 

70m/min 
??minimum resolution of detection 0.5 mm in both 

directions  
??type of defects 

Out of register: when the rotary screen printing 
of each color are not synchronized - defect with a high 
occurrence  

Color exchange: when the ink is placed in the 
wrong screen -  defect with a very low occurrence. 

Insufficient dyestuff in the fabric: when in some 
part of the pattern there is a lack of color, meaning that 
the color gets smoother - defect with a very high 
occurrence. 

Color drift: along the printing process, the color 
changes or becomes toned down - defect with a medium 
occurrence. 

Color blots: color spot marking the tissue - 
defect with a high occurrence. 

 
INSPECTION SYSTEM 
 

As stated before, this system is under 
development, and at this stage we are specifying the 
architecture of the system, i.e., type of image processing 
techniques, type of image acquisition system, type of 
illumination and frame grabber.  

Concerning the image processing techniques 
there are several possible algorithms to extract from a 2D 
image a pattern, and then recognize a defect. The 
detection and identification of repetitive defects, whatever 
its origin is, is complex, and the system must be able to 
cope with more than one error of this type, identify its 
source and its position and act accordingly. One of the 
most complex parts of such type of algorithms is related 
with the set-up of a procedure capable of identifying the 
defect independently of the pattern printed on the textile 
web.  

Presently we have a data base of defects and we 
are analyzing them, in order to develop/test these 
algorithms, based on pattern recognition and artificial 
intelligence (mainly neural and genetic algorithms), and 
evaluate its necessary performance. 
 
IMAGE ACQUISITION SYSTEM 
 

 Depending on the type of the defects we can 
consider several possible kinds of image acquisition 
system. The most potential solutions for the inspection of 
insufficient dyestuff in the fabric are either multichannel 
fiberoptic spectral color measurement system, or RGB 
color cameras. On the other hand, the inspection of color 
blots and out of register requires either B/W cameras or 
Color cameras. Besides this, the acquisition equipment 
must have high resolution and high shutter speed, due to 
the technical problems regarding the web speed, 
synchronization of the image with the web movement, and 
the web width. Therefore, the competing camera 
technologies that were consider are: 

??matrix cameras vs. line scan cameras, 
??b/w cameras vs. color cameras, 
??color cameras vs. multichannel fiberoptic 

spectral color system, 
??traditional cameras vs. DSP based cameras. 

 At the beginning we decided to use 2D cameras 
instead of the other technologies. This approach allows an 
easier defect extraction, can be more independent of the 
web speed on the rolls, as they are not affected by sudden 
speed changes and require less hardware and software to 
form a 2D image. Nevertheless, as 2D cameras, for a fixed 
width, are more expensive than line scanner cameras, the 
solution for a full width web analysis can be more 
expensive  
 
ILLUMINATION 
 
 Two of the most common lighting principles for 
textile inspection are backlighting and bright-field 
illumination, depending on the materials and the defect 
types. Also dark-field arrangement can be used, but this 
requires more illumination power that the bright-field 
arrangement. In this application, the bright-field 
illumination is probably the best choice. However, it is 
necessary to have in consideration the illumination of the 
factory environment (fluorescent lamps), which due to the 
characteristics of the printing machine it is very difficult 
to isolate. 
 
FRAME GRABBER 
 
 The selection of the frame grabber depends on 
factors such as the camera type, bit resolution, image 
resolution, speed of processing, transference of image 
from the board to the PC in real time and native functions. 
At this stage, the image processing algorithms are under 
test, thus it is premature to suggest the absolutely best 
solution for the processing equipment. 
 
CONCLUSIONS 
 
 The system developed for the shoe industry 
experienced a good acceptance by the end-users, specially 
because of its low price, fairly good resolution and 
reduced processing time.  



The aim of the textile project under development 
is to build an industrial prototype capable of detect and 
classify defects in real-time “on-line” inspection during 
the textile printing process. 

The domain of application of these two control 
quality system -shoe and textile-, can be used in other 
industrial sectors. Specifically, the first system presented 
can be applied to the cutting wood systems in the furniture 
sector, only with some modifications. Concerning the 
second system we intend to develop algorithms capable of 
being applied to other sectors, besides textile, like cork 
and ornamental stones. 
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