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1 Introduction

There are many approaches for printed circuit board
defect detection in the published articles. They are
grouped into three classes. The first one unites
works describing artificial networks for fault
diagnostics. For example, the works, [1], [2], [3].
use neural network tools. Works of the second class
are based on subtraction algorithms as it is presented
in the papers, [4], [5], [6], where defects are
separated and classified. The article, [7], considers
defects detection based on a connected table of a
reference image. This table is often unknown,
and the coordinates of contacts are to be
determined by different methods.

Some works considering defects in PCB images
and the method of their extraction are given in the
surveys, [8], [9], [10]. In [11], different defect
methods are divided into groups of image
subtraction and feature extraction for the PCB
image control. The algorithms in [12], [13], use
parts of the board to increase the visibility of
defects. Simple techniques to divide a plane are
used. In the works, [14], [15], authors propose an
algorithm for machine vision inspection systems to
detect the defects short circuits, open circuits, and
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depressions defects in a PCB image. The work, [13],
considers parallelization issues for sequential
algorithms of thinning. Algorithms of thinning,
clustering, and comparison are used in the work,
[16], to find defective contacts and traces.

In this article three approaches are considered:
different types of subtraction and reprocessing,
thinning and flood filling to select and separate
chains, measurement of traces to detect positions
and intensity of PCB defects. Algorithms of K-
means clustering and calculation of distributed
cumulative histograms are applied. PCB samples for
testing of algorithms are taken from [17], [18].

Many subtraction approaches give in result an
image that is controlled by the operator. He can miss
defective cases. The proposed approach is fully
automatic based on the consequence of the
developed algorithms.

Also, the subtraction operations are very
sensitive to the deviation of the sizes of contacts and
traces from the reference ones and give extra or
lacking pixels that do not influence the normal work
of the circuit.
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2 Subtraction and

Formulas

Comparison

2.1 Logical Subtraction Operations
A simple way to isolate defects in a manufactured
PCB image (denoted as B,,) is to subtract its binary

form C from the corresponding binary form B, of
the reference PCB image (denoted as B, ). But in

this case, along with defects, the result contains
manufacturing inaccuracies that often do not affect
the functionality of the scheme.

The XOR operations with pixels are as follows:

071=1,170=1070=0,1"1=0,

where 0 denotes white and 1 denotes black or vice
versa.

Applying XOR operations to the binary images
of printed circuit boards considered below, the
resulting image with marked defects is obtained,
which is shown in Figure la. Manufacturing
inaccuracies are mixed with various defects. Some
defects are isolated from traces and contacts. It is
difficult to remove defects from such an image. It is
impossible to classify them on the received image.

The second approach involves attaching
inaccuracies to objects on the board. For this, a
modified OR logical operator is used. The
modification is that the result of the two operations
is marked with a red

071=1 (red), 170=1 (red), 0~0=0, 1"1=1,

where 0 denotes white and 1 denotes black (except
for those mentioned) or vice versa.

Then, in the image in Figure 1b, [4], objects are
black, and defects with manufacturing inaccuracies
remain red.
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Fig. 1: Difference between two PCB images: defects
and inaccuracies (a), objects, defects, and
inaccuracies (b)
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2.2 Mathematical Subtraction Comparison
Formulas

To obtain a binary form segmenting and
thresholding procedures are required. It is a more
simple way to compare the input original images.
Two images are compared according to the
following comparison formulas

L (xy)=14(xy)

vl Ie(x! y)_ Id(x! y) |<TOI!

I (%, y)=RGB( I (x,y) - 14(x, ¥)|,00)
VI (xy) =14 (x,y) |2 Tol,

M)

where 1,(x,y) is the pixel intensity of the resulting
image, I.(x,y) is the pixel intensity of the first
image, 14(x,y) is the pixel intensity of the second
image, Tol and is the tolerance value for
controlling the difference between the pixel
intensity of the reference and controlled samples.

The resulting image obtained by formula (1) is
shown in Figure 2a. Pixels corresponding to positive
or negative intensity differences are marked in red.

To account for the sign of the pixel intensity
deviation, a refinement is used to specify the nature
of the deviation

Ir(X1 y) = RGB(' Ie(Xv y)_ Id(Xi y) |100)
VI, (x,y)—1,(x,y) =Tol,
I, (x,y) =RGB(0,| 1.(x,y) = 14(x,¥)|,0)
VI, (x,y)—1,(x,y)=Tol .

()

The resulting image obtained by formula (2) is
shown in Figure 2b. Pixels corresponding to positive
intensity differences are marked in red, and negative
intensity differences are marked in blue.

OO0,

cogodooncEnngt
000Q

&64¢c| 000060
6006e’ C600080

amar daage s
b

Fig. 2: Difference between the two PCB images: red

defects and inaccuracies (a), red and blue defects

and inaccuracies (b)

All four approaches make it possible to isolate
defects along with manufacturing inaccuracies. The
latter distinguishes two groups of defects: excess
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and missing bonding metal. The resulting image is
planned to be controlled by the operator. It is
difficult to interpret the results of the subtraction,
which type of defects has occurred because it
requires constant comparison with the input images.
In this way, the operator can miss defective cases.
Thus, a fully automated approach is preferable.

In addition, the subtraction operation is very
sensitive to the deviation of pin and trace sizes from
the reference image and sometimes gives extra or
missing metal pixels that do not affect the normal
operation of the circuit.

The mathematical comparison formulas are
auxiliary and designed to visualize defects in
individual circuits. It is difficult to interpret the
results of the subtraction, which type of defects has
occurred because it requires constant comparison
with the input images.

In this sense, the following approach is more
universal: for flood-filling, thinning, and other
algorithms, the sizes of tracks and contacts are
irrelevant. The main condition is the complete
display of the physical board with an image.

3 Pre-processing Algorithms

3.1 Distributed Cumulative Histogram

To build the image of a distributed cumulative
histogram two sets of ordinary histograms of the
number N of columns and M rows are calculated

Vi(c)={V;;(c)}, ] =0,255,i =1 N;

i : ©)
Vj (r :{Vji (N},i1=0,255, j=1,M.

Then two distributed cumulative histograms
assets of frequency sums

Vv, (cc) ={Zilv,i(r), i=0, 255}, j=1N;
(4)
vj(cr)z{Zv,i(r), i =o,255}, j=1M,

where, V(cr), Vj(cc) are cumulative histograms in
rows and columns V;;(c), Vj;(r) are intensity

frequencies in a column and row, N,M are

columns and rows numbers.

The last equations are the mathematical models
of distributed cumulative histograms of an image.
An example of such processing (3)-(4) is given in
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Figure 3, where the original image of “circles” is
shown in Figure 3a, and its DCH image is shown in
Figure 3b. The last image is covered by a grid

designed to measure intensity.
N
o
-

o0
uwuuu

Fig. 3: The “circles” image (a), a 2-D image of
distributed cumulative histogram (b) covered by a
grid

The advantages of the DCH image are the
following: 1) the intensity of circles is automatically
compared, 2) the intensity of every circle is
automatically measured by horizontal lines of the
green grid, and the intensity interval 0-255
corresponds to the height of the grid, from down to
the top on the QY axis, 3) the DCH image reflects a
noise belonging to the surface of all circles and a
noise of a white background.

3.2 K-means Clustering Algorithm

The K-means clustering algorithm approximates the
PCB image by K segments of pixels with the same
intensity.

This algorithm assigns pixels into different
clusters to minimize the sum of distances between
the centroids and pixels within a cluster. The
criterion function is as follows:

K _ m K -
zWikll_IkL S=22Wik[|—|k], (5)

i=1k=0 i=1k=0

M=

S =

where W, =1 if a pixel of intensity I, belongs to

the cluster k, otherwise, w, =0, 1 is the

intensity of the i-th centroid.

The DCH image serves as control information
for processing and correction of the original image.
An example of such correction by the clustering
algorithm (5) is given in Figure 4. The original
image is clustered by seven clusters (circles and
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background). The resulting image of the clustered
circles is given in Figure 4a. Its DCH image is

shown in Figure 4b.

]

Fig. 4. The clustered “circles” image (a), its DCH
image (b), and graphs of intensity (c)

4 Processing of Reference PCB Image

4.1 Clustering into a Binary Form
The first stage of the method includes the steps of
selecting circuit chains and marking their
coordinates. They include three algorithms:
transforming to the binary form by the clustering
algorithm, selection of chains by the flood-filling
algorithm, and searching of specific points with the
application of the thinning algorithm.

The application of the clustering algorithm is
explained below. For illustration, the image
histogram is calculated

h(i) = card{(u,v) | I (u,v) =i}.
Also, the cumulative histogram is calculated:
i
H (i)=Y h(j),
=1

where 1(u,v) is the pixel intensity, and h(i) is
intensity frequency, H(i) is the accumulating

frequency for the given intensity.
The histogram of the input grey image from [19],
in Figure 5a has three maximum values (Figure 5b).
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The first corresponds to the grey background and is
relatively large. This representation of the PCB
image is not suitable for the subtraction algorithm.
Therefore, the image must be transformed. The
approach  from [19], applies three-interval
segmentation to select wires, pins, and holes. After
thresholding and redrawing, the selected segments
are used for a subtraction algorithm to find defects.

The weaknesses of this approach are the
necessary algorithms for determining thresholds, the
lack of defect types and coordinates, as well as the
lack of any quality characteristics of defects (area,
intensity, coordinates, etc.).

pec8c08060000
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a b
Fig. 5: A PCB image (a) and its histogram (b)

A clustering algorithm is applied to the image to
obtain three segments (K =3). The advantages of
the approach are as follows: 1) no pixel is deleted,
2) pixels are grouped naturally near their centroids,
3) segment colors are uniform and their values do
not affect the subsequent fill. The cluster image is
shown in Figure 6a. Visually changes are not
noticeable. Its usual histogram is shown in Figure
6b. For comparison, the very small graph is a red
histogram of the original input image of the PCB.
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Fig. 6: A clustered PCB image (a) and its histogram

(b) with original histogram

The DCH image distinctly illustrates how pixels
are distributed in the input and clustered images.
Figure 7b shows three groups of pixels
corresponding to contacts, traces, and backgrounds.
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Fig.. 7: DCH images for input (a) and clustered
images (b)

There are two ways of converting clustered
segments into a binary form: 1) image segmentation
by intensity levels from Figure 6b or Figure 7b,
separating the required parts, or 2) sequentially
filling the required part with white and all other
parts with black. The transformation of the clustered
image from Figure 4a is shown in Figure 8.
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Fig. 8: Two steps of flood-filling: a background
with white (a) and all other elements with black (b)

The simplest case is when the clustering
algorithm is applied to form two segments (K =2).
Two images are obtained depending on redrawing
color. They are shown in Figure 9: two clusters in
Figure 9a and this image after redrawing in Figure

Fig. 9: Two clusters in the PCB image: grey (a), and
after redrawing (b)

The binary PCB images in Figure 8b and Figure
9b are ready for further processing.

E-ISSN: 2224-266X

67

Roman Melnyk, Roman Kvit

4.2 Separation of Connected Components
The reference image of the printed circuit board
consists of the background and various components
distributed on its surface. Components are isolated
contacts, traces, and chains (contacts connected to
traces). The actual PCB image may contain some
isolated metal extra surfaces. The purpose of the
developed algorithms is to separate these
components and compare them instead of
comparing whole images.

Hilditch's thinning algorithm, [8], works with
binary (black and white) images. This tool is very
important because it finds the pixel coordinates that
are accepted as chain contacts. This is useful for
locating, highlighting, and separating electrical
circuits as connected components on a board. These
are used as starting points for the filling algorithm to
build and select chains in the reference and real
PCB images for comparison.

Figure 10 shows that the skeleton image has
three types of elements: chains with specific points
placed (contacts and traces), circles without any
specific points, and isolated specific points of noise
or extra metal on the background. In general, the
last elements should not be placed on the
background because the image is made for the
template PCB. If noticed, they must be deleted from
the image in a manual or programmed way.

iy

@

7 0 Qooﬁoooi
SN

Fig. 10: Skeleton with endings and switches

Figure 10 shows that some circles in the skeleton
have no specific points. They correspond to contacts
without traces. It means that a simple way of
thinning does not allow us to separate these
components for comparison.

Therefore, another method is used. The circles
separated from the skeleton are shown in Figure
10a.

To illustrate the basic idea, the custom histogram
is calculated, but instead of the traditional
probability/intensity axes, it uses
probability/coordinates axes (OX or OY )
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h(i) = card{(@i,v) | 1(i,v) e 1 (b) = 1(€)}, i =0,1, ...,
width (height), (7)

where 1(i,v) is the pixel intensity, h(i) is the
number of pixels, and I(b), I(e) are borders of the
intensity interval of the counted pixels.

Histograms of black pixels in columns and rows
of circles are calculated. Figure 11b shows the
histogram for all circles by the axis OX . Figure 12
shows the increased image of one circle and its
histogram by the axis QY .

0 00 000

b
Fig. 11: Circles image (a), a histogram by the OX
axis (b)

a b
Fig. 12: An image of one increased circle (a), and its
histogram by the OY axis (b)

Two histograms have extrema values. For one
circle every histogram has two maximums and one
minimum, which are found in the graph with W
points

h =max(min)h(i), 1<i<W .

max(min)

Three coordinates in the axis OY and three
coordinates in the axis OX give coordinates of four
points on the circle-skeleton. The process of their

finding is shown in Figure 13: a - finding of lines, b
- crossing lines. Blue lines correspond to minimum
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values in two histograms and red lines correspond to
maximum values in two histograms. The
intersection of two different lines gives the specific
point on the circle-skeleton. They are four small

circles in Figure 13b.
_II,.!,II
-D+(}-
4
a b

Fig. 13: Circle-skeletons with lines from the axes
OX and OY (a), and marked positions of specific
points (b)

This procedure is applied for each component in
which specific points were not found by the thinning
algorithm. Why should it be done? The circle-
skeleton of the reference image of the printed circuit
board is placed in the middle of the component and
the coordinates of their pixels with a high
probability coincide with the corresponding pixels
on the manufactured image of the printed circuit
board. Thus, their respective components will be
highlighted and separated. This procedure is
required only when the board contains contacts
without traces and their defects are unacceptable.

After finding the coordinates of endings and
switches in the skeleton image the following step is
to bind chains in the reference PCB image with
these specific points. It is realized by applying the
flood-filling algorithm. Arbitrary ending or switch
pixels are taken as start points. The resulting PCB
image for filled three chains is shown in Figure 14.
All other chains are not flood-filled.

00080 | gooosen

TR @R

Fig. 14: The reference PCB image after flood-filling
of three chains

An order in which chains are flood-filled gives
us their ID numbers After flood-filling all endings
and switches are with corresponding colors and ID
numbers of chains to which they belong. Thus, a set
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of pixels as specific points for the reference PCB
image E={EE,,...,.E } is formed, where E, is a
set of pixels belonging to the i-th chain. Every pixel
is described by four parameters

{I CI’ j? }1

where i is the number of a chain, j is the number
of a pixel in the set E;, X;,Y; are the coordinates of

a pixel, c, is the color of the i -th chain. Every set
E, contains two and more pixels. The set E; also

includes pixels found for isolated contacts through
their skeletons.

4.3 Separation of Chains and Connectivity
Defects Detection
All endings and switches are placed in the middle of
contacts and traces. So, their positions are not very
sensitive to the manufacturing process. And that is
why they are accepted as the starting points to
provide manipulations with objects in the
manufactured PCB image.
As the first step a procedure to separate chains
and determine open and short defects is considered.
1. Starting points are formed by logical
projecting of the set E, on the board of the

manufactured PCB. Physical operations are not

performed. Logical assignment operations are

performed
D=E,{D,D,,..,D}={E,E,,...E

where D is a set of specific points for the

manufactured PCB image and D, is a set of pixels

for the i -th chain.

2. The filling algorithm is applied as many times
as there are chains in the scheme. Taking elements
from the set D, as starting points the flood-fill

algorithm fills chains with different colors selecting
and separating them in the manufactured PCB
image.

An example of the results of the filling algorithm
is shown in Figure 15. Figure 15a shows two sets of
starting points D, ={B,C,D,H} D,={AE,F,G}
and two filled chains in the reference image. Figure
15b shows one correct chain and one chain with an
open defect. Figure 15¢ shows two chains as one
chain caused by a short defect. Two last examples
refer to the manufactured PCB image.

3. Defects detection. To select the red chain with
the open defect two iterations of flooding are used:
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for point B and point H . Two iterations indicate an
available open defect. One color for two and more
sets of starting points indicates an available short
defect. Two blue chains with a short defect are
flooded and selected from one starting point and one
iteration.

B C D A B C ID
a b

Fig. 15: lllustration of flood-filling and selection of
chains: chains in the reference (a), open (b), short

(©)

The resulting PCB image after three steps of
flood-filling is shown in Figure 16. One step
requires two iterations because the red chain has one
open defect resulting in two components. In the
other two steps, blue components are built from two
chains having short defects between themselves.

i%/w

1958 SSARAe

Fig. 16: The manufactured PCB image after three
steps (four iterations) of flood-filling

When chains are selected, and separated they are
grouped into three classes: correct, with an open
defect, and with a short defect. The coordinates of
the defects are not known. They are only visible for
external inspection. To find their positions, two
ways can be used: by application of the thinning
algorithm to the manufactured PCB image or by
comparison of two components from the reference
and manufactured PCB images. These approaches
are considered below.

4.4 Comparison of Mask Images

The binary presentation of the manufactured PCB
image is taken for the thinning algorithm. In the
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result, there are two sets of specific points: the first
reference skeleton E={E,E,,..E} and the
second skeleton D={D,,D,,...,D,}. Every element
of these sets contains two and more pixels with their
identification numbers and coordinates of detected
specific points, for example, the first chain contains
k pixels

E ={Pu P Puc} Py :{iicﬂxj’yj}-

On the basis of these two sets, two so-called
mask images are built: a mask C of the Etalon PCB
and M, the manufactured PCB. Every mask image

has the dimension of the corresponding PCB image.
Black circles or quadrates (in our case for switches
blue and for endings red) are drawn on a white or
transparent background. Centers of circles or

quadrates coincide with the coordinates X;,y; of

specific points. A radius of a circle or a quadrate
reflects manufacturing precision. Its value is
controlled by the user. Two examples of circles and
quadrates on skeletons and not filled are shown in
Figure 17.

Fig. 17: Circles (a) and quadrates (b) marking
specific points on skeletons

Then the circles and quadrates are separated
from the skeletons and filled with the corresponding
colors as it is shown in Figure 18. Thus, the mask
image is built and prepared for the following
manipulations.
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Fig. 18: Flood-filled circles

Simple observation and comparison of the mask
images do not answer how much they differ. The
special comparison procedure (1) is used to compare
two images.

The etalon mask is the output image. A pixel of
this image changes its color if two corresponding
pixels are with different intensities. A pixel becomes
red or blue if an absolute value of intensity
difference is greater than a tolerance value. Red for
a positive difference and blue for a negative one. If
the difference is within a tolerance value, the
resulting pixel remains as it was before a
comparison. For example, the separated chain with
defects is shown in Figurel9a. Its mask image with
blue and red circles is shown in Figure 19b. The
reference chain and its mask are not presented. Two
mask images are accepted as operands in the
comparison formula. The resulting image from the
comparison operations is shown in Figure 19c.

. *
a8 wea s
L]
.
a b
-
b
00 &3 “‘ I 1 . SRS
i -
» o
c d

Fig. 19: Chain with defects (a), and its mask images:
a full mask (b), difference (c), and with only defects

(d)

Blue correct circles are remained for the
illustration but are eliminated for the second
illustration in Figure 19d. Red circles mark defects
in the chain which are absent in the reference chain.
Also, some red pixels mark inaccuracies in the
positions of specific points. The reason is that the
centers of circles on the etalon PCB and the real
PCB masks do not coincide exactly. A distance
between centers of corresponding circles on the
etalon and real masks indicates a shift of the
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concrete-specific points (corresponding contacts and
traces)

D(b) = sart{[, (1) — %, (M)I +[y, (r) - y, (MI*} <Tol,

where b is the ID number of a specific point; » and
m are indexes of the PCB images, Tol and is a
tolerance value. Practically this parameter reflects
several pixels by which the real PCB image is
shifted from the etalon PCB image. It also indicates
that the real PCB is defective and must be removed.

The mask images are imposed on the original
manufactured PCB image to underline found and
suspicious defects that are demonstrated in the
example in Figure 20.

a b
Fig. 20: Overlay of the defective chain with the full
comparison image (a) and only marked defects (b)

Such visual checking is realized for every chain
having a total number of specific points greater than
the corresponding number in the reference chain.
The following approach is developed to determine
the intensity of defects and their coordinates.

5 Defects Detection by Measurement

of their Sizes

The previous methods separate every chain from the
reference and manufactured PCB image marking
places of defects and their types: short or open. The
following approach widens the opportunity for
researchers to detect other types of defects and ways
to measure their intensity.

For defects visualization, the comparison
formula is used for every chain. For the input
images as the defected chain and reference chain,
the comparison image is with positive (red) and
negative (blue) defects and shown in Figure 21a. If
required, defects can be separated by segmentation
or flood-filling of the black body of the chain
(Figure 21b). Defects have their concrete
coordinates connected with the considered chain.
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a b
Fig. 21: Comparison image of two chains (a) and
their segmented version (b)

To decide on whether defects are critical for
circuit functionality their intensity must be
measured. After measurement, they are compared
with the corresponding characteristics of the
reference sample.

Surface histograms of pixels that form the
previous chain or defects are calculated by the
following formula:

h(i) = card{(i,v) | 1 (i,v) € I (black)}, i =0,1,.... H,

where H is the height of the image, 1(i,v) is the
pixel intensity, h(i) is the number of pixels, and

I(black) is intensity of black pixels.
Their graphs are shown in Figure 22.

\ |

.

1|‘ .
J i ."—HIJJ l B |

a b
Fig. 22: OY Histograms of two chains (a) and of
defect pixels (b)

Figure 22a shows histograms OY of the
defective (red) and reference (blue) chains. Two
marked areas indicate a difference between the
numbers of pixels in places of defects. Extra pixels
correspond to higher wvalues; a wire break
corresponds to zero value. The second chart in
Figure 22b reflects blue and red pixels of defects in
the image received after comparison.

In this way, all inaccuracies in the components of
PCB can be measured for deciding whether the
circuit is ready for exploitation or not. Two other
examples are shown in Figure 23. The graphs
demonstrate extra and lack of pixels and thinner
traces in the defective component.
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b
Fig. 23: Two components (a) and their OX
histograms (b) with marked defect regions

The marked area of the difference between the
two graphs is measured automatically. The
difference can be caused not only by defects but not
equal wides of traces, shifts of contacts, and traces.
So, the user or special program system must take a
decision.

Defects of connectivity are detected by two
previous approaches: during the separation of a
chain having these types of defects and by
comparison of mask images. Visualizing short
defects also is useful in the approach of comparison
of reference and defective chains.

Figure 24 shows three cases: the comparison
image of two chains (with a short and a reference),
their skeleton with marked specific points, and the
overlay of two previous images. In the first image,
the blue part consists of one chain and the shorting
line.

a b c

Fig. 24: Defective chains (a), skeleton (b), and
overlay of them (c)

Measurement of defects intensity, visualization,
and determination of their coordinates helps to
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divide printed circuit boards into working, defective,
and subject to repair.

6 Separation of Defects of Extra Metal
The previous approach works with all chains
defined in the control image. In the picture of the
printed circuit board, separates each circuit on the
board and specifies it as one of four possible types:
correct and the same as in the control circuit; chains
of an irregular shape or with a defective metal
filling, but conduct signals; chains with a break
defect; short circuits.

For further analysis of the image of the printed
circuit board after separation, identification of
possible defects, and classification, the circuit as an
object of consideration is removed from the
produced image. This operation is very simple: one
of the contact pixels is taken as the starting point for
the filling algorithm. The target color is white. After
this operation, the manufactured PCB image will be
fully white or with black inclusions of extra metal
on the background. In Figure 25a all checked
components instead of removed are marked with
pink for better presentation. Black extra metal traces
remained in the image. For measuring their intensity
access to them is realized through their specific
points in Figure 25b.

L i

-l

a l b
Fig. 25: Extra metal and removed chains (a) and
specific points (b)

Measurement of these residues is required by the
user to decide the robustness of the PCB.

7 Conclusion

This approach allows us automatically to inspect all
open and short defects visible to a camera and
unnoticeable to the user. The K-means clustering
algorithm, flood-filling, thinning, and distributed
cumulative histograms are used to transform PCB
images to a binary form with uniform distribution of
colors, to find the coordinates of points identifying
every chain. The algorithms select and separate
every chain in the reference and real images, detect
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defects of connectivity during the separation of
chains, measure the intensity of defects for chains
with extra and lack of metal filling, and visualize all
defects for every chain or the whole image.

A visualization approach is based on different
types of subtraction and comparison operations.
Overlaying images are used to project-specific
points on defective chains. It helps to indicate places
the wire breaks, short circuits, and other types of
defects.

A large number of algorithms are developed as
participants in the process of the detection of
defects. To build a robust program system of printed
circuit board inspection by their images they must
be united in four modules: preprocessing module,
open and short defects detection module, the module
for the detection of defective traces, and the module
to decide the robustness of the circuit.
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