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Abstract: In these days, image processing has been used in many applications. It is the process for performing the different operations on the
images using various functions. In this paper, image processing is used for finding the defective printed circuit boards. For finding the defective
printed circuit boards, the parameters like entropy, standard deviation and euler number has been used. The result shows the effectiveness of the

proposed method.
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I. INTRODUCTION

Nowadays image processing using computers is widely used
in  many applications like industrial applications,
reconnaissance, remote sensing, fingerprint or face
recognition, automatic character recognition, x-ray imaging,
space image processing, computerized photography[1]. It is
a process to perform the various operations on an image to
extract information from it and to get the enhanced image
from it using digital computers [2]. In this paper, image
processing is used for detection of defective Printed circuit
Boards. In general, Printed circuit board gives mechanical
support to the different electronic components when placed
on it. So it is important to detect the defective PCBs for
quality assurance. Manufacturing process of electronic
devices involved many steps. So it is important to detect the
Printed circuit boards in the first stage of manufacturing.
Fatal and potential types defects are found on bare PCBs [3].
Fatal defects are those in which PCBs do not attend the
objective for which they are designed for [4]. Potential
defects are those in which performance of PCBs have
compromised [4].

Numbers of defects present on bare PCBs are shown in fig.
2 and defect free PCB image is shown in fig.1. In the past
year, most of the detection of Printed circuit boards had
done by human inspectors, which suffers from many
problems like slow, cost of the process, more errors etc. [5].
But now a days, automated inspection systems have come
into existence which uses many techniques like wavelet
transform [6], fuzzy[7], mathematical morphology[8],
fluorescent light[9], quantile - quantile plot [10].

In the next section material and methods used for proposed
technique have been described. The experimental results and
discussion are illustrated in Section Il and finally the
conclusion is made in Section IV.
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Figurel Defect free image [5]
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Figure2PCB image with defects [5]

Il. MATERIALS AND METHODS

Printed circuit boards are detected by many automated
systems. In this paper, different parameters like entropy,
standard deviation and euler number have been used for
image matching purpose, which describe the similarity
between the two images(reference and test image) for
checking of defective PCBs.

2.1 Entropy

Entropy determine the value of the expected value of the
information present in the message. The characterization of
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texture of input image can be measured by using it [11].
Mutiscale analysis, image registration and feature selection
are the major areas of applications of entropy [12-14].
Mathematically, it can be calculated as:

Entropy=sum (p.*log2 (p)) D
where p contains the histogram counts.

2.2. Standard deviation

Standard deviation gives the measurement of variability. For
the measurement of variation or dispersion from the average
values of pixels, standard deviation has been used [15]. The
closeness toward the average value has been indicated by
low standard deviation whereas the spread out of the data
over the long range of values has been indicated by the high
standard deviation. Mathematically, it can be calculated as:

alx,y) =
\/;Z(T,C)EW (b(r, c)—

mn—1

1

mn —1

2
Seryew b)) ()

where a(x,y) is the standard deviation of resultant image
b is the input image

‘r’ and ‘c’ are row and column

mn is the size of an image

w is the window or mask

2.3 Euler number of binary image
The euler number is the total number of objects in the image
minus the total number of holes in those objects [16].
Mathematically, the euler number () of a binary image can
be calculated as:

e=n-nh )
Where n is the number of connected components of the
object
h is the number of holes in the image
The euler number has been successfully applied for image
analysis and visual inspection over binary images [17].
In this paper, above parameters have been used for finding
the defective PCBs. In addition to this Graphical User
Interface (GUI) using MATLAB software has been made
for making the proposed method user friendly. GUI has the
capability of using computer graphics to make the program
easy to learn [18]. In GUI, instead of using command lines,
the icons and visual indicators have been used [19].

I11. RESULTS AND DISCUSSIONS

The proposed method has been implemented using
MATLAB software. Figure 3 has been taken as reference
image and figure 4 to figure 7 hasbeen taken as test images.
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Figure 3 Reference image
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Figure 4 Testimage 1
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Figure 5 Test image 2
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Figure 6 Test image 3
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Figure7 Test image 4

Table 1 Mathematical analysis for detection of defective
PCBs

Images Entropy Standard Euler
Deviation | Number

Reference 3.50446 0.429264 | 7

image

Test image 1 3.50714 0.427887 |5

Test image 2 3.53931 0.427574 | 6

Test image 3 3.49247 0.425943 | 4

Test image 4 3.50446 0.429264 | 7
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From the table 1, it has been observed that reference image
and test image 4 has the similar mathematical analysis as
compared to other images. Hence, test image 4 is defect free
PCB and other test images (1,2,3) are defected.

To make the proposed method effective and user friendly,
Graphical User Interface has been made, shown in figure 8.
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Figure 8 Snapshot of proposed GUI for finding defective
PCB
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Figure 9 Snapshot of GUI for finding defective PCBs
using reference and test image 1
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Figure 10 Snapshot of GUI for finding defective PCBs
using reference and test image 2
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Figure 11 Snapshot of GUI for finding defective PCBs
using reference and test image 3
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Figure 12 Snapshot of GUI for finding defective PCBs
using reference and test image 4

Figure 8 shows the snapshot of proposed GUI for finding
the defective PCBs. In this, entropy, standard deviation and
euler number has been taken as mathematical parameters for
comparison of test and reference images. Figure 9 shows
the GUI for finding the defective PCB (test image 1), the
values of entropy, standard deviation and euler number of
reference image and test image 1 are different( not similar
with each other). Hence test image 1 is defective PCB.
Figure 10 and 11 shows the snapshot of GUI for finding
defective PCBs for test image 2 and 3. The values of
entropy, standard deviation and euler numbers of reference
image and test images are different, therefore the test images
(2 and 3) are defective.

Figure 12 shows the GUI for finding defective PCB for test
image 4, the values of entropy, standard deviation and euler
number of reference and test images are same. Hence the
test image 4 is defect free

IV. CONCLUSION

The detection of Printed Circuit boards are important task in
manufacturing process. If the defect occurs in first stage of
manufacturing, then the proposed method is significant.
From the above results, it has been concluded that test
images 1, 2 and 3 are defective. So the next step to find the
defects will only be implemented on defective PCBs instead
of all. As a result of this, the proposed method is time
saving.
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