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Abstract

In this paper we present the problem that arise when template matching is applied to
two images of the same objects displaced in both axis, and how this problem has effect at
the detection of imperfections with precision near to pixel.

Also, we show up a solution, through the use of two master images. These images
achieved through non-linear processing applied to original image based on morphological
processing. In this way, we demonstrate that is possible to detect imperfections with
resolution near to pixel-level.
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1 Introduction

The sought purpose with an Automated Visual Inspection System, as in any human or artificial
inspection, is the analysis of a set of features sensed from the parameters of an object to be controlled,
proceeding from pattern matching or a set of off-line pre-stablished rules. [1][2].

The more commonly used inspection algorithms, in both binary and grey-scale images, make use of
different methods based around techniques as: matching with a reference image or pattern [3][4];
checking of a set of rules [5][6]; combined use of pattern-matching and rules based techniques [7][8];
morphological analysis [9][10]; differential scanning [11]; spatial filtering [12][13].

One of the areas where the field of Automated Visual Inspection has been more developed, is the
inspection of printed products, specially in printed circuit board and microelectronics printed process.
Most of the before refereed inspection algorithms have application in this type of inspection. Although
probably the more used is the matching with a pattern image.

Matching with a pattern or reference image, constitutes one of the more used methods in the detection
of defects by means computer vision. A large variety of research lines in the field of automated visual
inspection have been developed around the use of this technique. However, the algorithms based in the
feature extraction by pattern matching [3][4] presents some disadvantages, centred mainly around the
need of storage memory for the pattern [11]; sensitivity to the lighting and sensors [14]; high
requirements in the product registration [15]; subpixel discretization effects [16].



2 Template-Matching: registration with pixel precision. Effect in the
comparison process.

The process of detection through template matching requires searching for specific significant points
which then facilitate the comparison process with master image, where the master image is previously
acquired in, or an image is generated artificially from a CAD design [17].

However, usually in template matching is used the detection and later registration with pixel precision,
which is insufficient if it is necessary to detect small imperfections at pixel precision.

Figures 1 and 2 show two acquisition the same objects - in this case a partial view of the bill-sheets -
with displacement in both axis between the two. The detected position for one significant point on the
Figure 1 is the value (429’3, 255°2); Figure 2 shows the analogous significant point, in this case is at
point (434’6, 254°6). The difference between two images is (-5’3, 0°6).

Figure 1. (429'3, 255'2) Figure 2. (434'6, 254'6)

When image 1 is matched with image 2, although the positions of the two images does not correspond
to an integer number of pixels, physically the displacement of one to the position of the other must be
done by an integer number of pixels. There is four possibles displacements: case a (-5, 1); case
b (-5, 0); case ¢ (-6, 1); and case d (-6, 0). This effect can be observed in Figure 3.

Figure 3.a. (-5, 1) Figure 3.b. (-5, 0) Figure 3.c. (-6,1) Figure 3.d. (-6,0)



As can be seen, there is not zero error image when
are matched the same objects in different acquisition.
These differences make it impossible to detect flaws
of a resolution near that of a pixel, which makes for a
less effective method, then it is necessary to make the
filtering of the error image.

Figure 4 shows the original image with five
imperfections, three of them - marked with a circle -
are excess ink imperfections, and the other two -
marked with a rectangle - are lack of printings
imperfections.

Image 5 shows one case of the matched between the
image 4 and the original image. As can be seen, it is
impossible to differentiate the real errors from those
caused by the comparison process, as the
Figure 4. Image with imperfections imperfections are of the exact same magnitude as the

edges in high-contrast areas, due to the digitalisation
of analogue signals. Furthermore, the filtering of the error image does not solve the problem, since it is
evident from image 6 that this can cause an irreparable loss of data.
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Figure 5. Case (-5, 1) Figure 6. Filtering of the image 5

3 Extension of the morphological analysis to the Template-Matching

The morphological processing of images, pioneerly developed for Georges Matheron [18] and Jean
Serra [19], is today a important tool for the image analysis with pre-defined shape, problem that is
presented at the automatic visual inspection of images with printings.

This section describes an original algorithm which solves the problems that arise applying the template
matching technique. The algorithm is based on morphological operators for the gray-scale digital
images [20][21], and facilitates detection of imperfections at near-pixel precision.

The essence of this method consists of the use of two master images, so that between the two a
validation range is defined for the product - excessive and default imperfections - while differences
due to bad positioning of the images are assumed. These variations produced during digitalisation of



the image are due to two factors: one due to improper physical positioning, whose upper limit is 0’5,
and the other is the error produced in the process of detection of characteristic points, both in the
image to be analysed and that of reference and which is estimated at 0’1.

An image with valid shades must have the values associated with all of its pixels between those
existing on each one of the two master images, corresponding to the upper and lower limits. The
master image which defines the upper image in the range of intensities is referenced as the maximised
master image. Similarly, the image which corresponds to the minimum intensity values is referenced
as the minimised master image. Equation (1) describes the condition that each pixel at co-ordinates
x,y must meet for an analysed image to be validated:

Vx,yelmage = f, (X,y) < fipeee (X,¥) <f, _(X,y) (1

Under the above conditions, the pattern of excess imperfections is obtained by multilevel eroding of a
valid image with a flat structuring element [21] whose value is 0°5+2x0°1=0’7. The defect master
image is obtained in a similar manner, except that on this occasion the process applied is a multilevel
dilation with the same structuring element. Figures 7 and 8 show the minimised master image - eroded
image- and maximised master image - dilated image-.

Figure 7. Minimised master image Figure 8. Maximised master image

Figure 9. Excess ink imperfections Figure 10. Lack of printings imperfections



When the comparison is made between the image 4 with five imperfections and these master images,
as can be seen in images 9 and 10, only the imperfections appear.

The results obtained through the application of the technique described are substantially better than
those obtained through mere comparison, which is the more traditional method of detecting
imperfections through comparison with reference images.

4 Conclusions

It can be remarked the inspection methodology expressed through the use of two master images, which
a non-linear morphological processing is applied at. This methodology allows to solve the problem
that arises from the correspondence between two images through template matching. With this
technique is possible to achieve the detection of imperfections with a pixel-level resolution.

This methodology allow to provide a powerful tool in applications of computer vision in the field on
automated industrial inspection, in the way to increase the performance of the system.
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