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TOPOLOGICAL IMAGE PROCESSING FOR COMPREHENSIVE DEFECT
AND DEVIATION ANALYSIS USING ADAPTIVE BINARISATION

The subject of this article is the preparation for recognition and comparison of real topological images of printed circuit boards
(PCBs) using adaptive image binarisation with an "automatic window" (the area for scanning the image "Block size"). The aim of the
work is to improve the method of adaptive binarisation for images obtained by technical vision systems by developing an automatic
algorithm for detecting the required value of the image binarisation window. Objectives: to analyse the subject area for the analysis of

technical images of the topology of the SOE; to describe the finding of the global binarisation threshold () using the "Otsu" method;

to perform global image binarisation; to calculate the standard deviation of binarisation; to process the results obtained to find the
required value of the Block size; to test the developed algorithm in software. Results: an image processing algorithm with automatic
adjustment of the "Block size" binarisation window was implemented and tested; software was developed using the proposed
algorithm and the performance of global binarisation with an improved method of finding the "Block size" values for scanning
an image in processing small elements of the SE topology was compared. This will allow solving the following issues: noise removal —
removing noise from the image (noise can occur due to poor scan or photo quality, as well as due to the presence of small spots on the
surface of the PCB); image segmentation — dividing the image into separate elements such as contours, zones and text (this process
can be automated using image processing software); element detection — finding and separating individual elements such as resistors,
capacitors and other components depicted on the topology. Conclusions: according to the results of the work, an algorithm for
automatically adjusting the size of the scanning area "Block size" for binarisation of technological images of the SE topology has been
developed. The following advantages of this algorithm can be distinguished: automatic finding of the optimal scanning area Block
Size; resistance to image noise without the use of smoothing filters; finding details in areas of contrast difference.
Keywords: process image processing; adaptive binarization; Otsu method; GP topology; finding "Block size".

Introduction to detect defects that may be invisible to the human

eye. Image processing software can automatically

Industry 4.0 is based on advanced research in the
fields of artificial intelligence, robotics, cloud computing,
additive technologies, etc., the synthesis of which has
allowed to improve production processes. The most
important area of concept development within Industry
4.0 is the development of new approaches and tools for
(CPPS) [1-3].
The peculiarity of the CPPS application is the synthesis

cyber-physical production systems
of the physical and cybernetic worlds into a single
information eco-space, which allows creating very
flexible reconfigurable production lines [4]. One of the
promising areas of application of CPPS is their
implementation in the production of high-tech electronic
products and improvement of technical vision systems.

PCB topology image processing is an important
component of Industry 4.0, as images can be used
for automated quality control and visual inspection of
manufacturing processes related to PCB production.
The main applications of PCB topology image processing
in Industry 4.0 are as follows [5]:

1. Quality control. Image processing can be used to

control the quality of printed circuit boards, for example,

recognize defects, such as damaged traces, short circuits,
missing parts, and others, and notify operators of
their presence.

2. Visual inspection. Image processing can be used
for real-time visual inspection of printed circuit boards.
It can help ensure product accuracy and quality during
production.

3. Process monitoring. Image processing can be
used to monitor PCB manufacturing processes. It can
help track equipment movement, monitor temperature
and other parameters of the production process.

4. Automatic topology recognition. Image processing
can be used to automatically recognize the topology
of printed circuit boards. This can help in the automated
process of mounting electronic components on printed
circuit boards;

5. Virtual reality: Image processing can be used
to create a virtual model.

Various methods are used for image processing,
such as [6]:

1. Image filtering — used to reduce noise in the
image, improve contrast and other image properties.

© 1. Badanyuk, I. Nevliudov, D. Nikitin, 2023
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Filtering methods include median filtering, Gaussian
filtering, and others.

2. Image segmentation — used to highlight
individual objects in an image. This can be useful for
automated object recognition, image classification,
and more.

3. Feature detection — used to extract specific
features of an image, such as colour, shape, and texture.
This can be useful for image classification and more.

4. Pattern recognition — used to automatically
recognize objects in an image and classify images using
machine learning algorithms.

These image processing methods can be used
individually or in combination to achieve a specific
image analysis goal.

Image binarization is the process of converting
an image with graded hues into an image where each
pixel can only be white or black. Different methods can
be used to binarize an image. One of the simplest
methods is global processing, when a threshold value is
set, and all pixels with a hue above the threshold are
considered white, and those with a hue below the
threshold are considered black. This method is applicable
to images with high contrast. Optimization methods use
statistical approaches to determine the threshold, such as
the "Otsu" method, which automatically determines the
threshold to maximize the inter-class dispersion between
pixels with different hues.

There are also methods that use machine learning
algorithms to solve the image binarization problem, such
as neural networks. These methods can be useful for

binarizing complex images with a high degree of detail.

Unresolved components of the overall problem

Statement of the problem and purpose of the study

The main objective of the study is to improve the
method of adaptive binarization for images obtained by
technical vision systems by developing an automatic
algorithm for detecting the required value of the image
binarization window. To achieve this goal, it was decided
to develop an algorithm for automatically finding the size
of the scanning area in adaptive binarization for
processing technological images of the SOE topology.
To solve this problem, the following is necessary:

—to analyze the subject area and consider
the features of binarization of technical images of
the SE topology;

— find the threshold of binarization by "Otsu";

— to find the standard deviation of binarization;

— process the obtained results to find the required
value of the "Block size" of adaptive binarization;

The final result is the implementation of the
obtained algorithm for finding the values of "Block size"
of adaptive binarization in a software product for

image processing.

Materials and methods

The process of binarization is inherently simple and
straightforward when it comes to noise-free and highly
detailed images. However, this process can become
complicated, especially if the source image contains
small elements, noise, complex backgrounds, shadows, or
heterogeneity in the image.

Global binarization cannot detect details in parts of
the image where there are contrast differences. To solve
this problem and detect more details in the image,
adaptive binarization is used, but to use adaptive
binarization, it is necessary to find the "Block size"
parameter that affects the search area for details in the
image [6—7]. Currently, there is no general method for
finding the optimal Block size.

The process of image binarization is the conversion
of a colour image into a two-colour black-and-white
image. The main parameter for binarization is the
threshold value (¢) — the value with which the brightness

of each pixel is compared. Based on the comparison
results, the pixel is assigned a value of 0 or 1.
The threshold value will be the criterion for checking
the intensity of the image point [7].

There are various binarization methods that can be
divided into two groups: global and local.

In the first case, the threshold value remains
unchanged throughout the binarization process. This can
be mathematically described by formula 1. In the case of
adaptive binarization, the image is divided into regions,
in each of which a local threshold is calculated [8].

4y

The global binarization function is shown in Fig. 1.

(1

The main task of binarization is to reduce the
amount of information and leave the main data with
which further processing will be performed. Global and
local binarization is a basic processing, and this method
is poorly suited for images with high contrast and a lot
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of noise [8-9]. This is due to the definition of processing
thresholds for pixels in the image (Fig. 2).

Successful binarization simplifies further work with
the image. On the other hand, failures in the binarization
process can lead to distortions, such as line breaks, loss
of significant details, and violation of object integrity,
noise, and unpredictable distortion of characters due
to background heterogeneity [10].

To determine the thresholds in binarization, the
"Otsu" method is used. The main task of this method is
to find the required threshold value for binarization.
The process of separating foreground pixels from the
background is called thresholding. This is a dispersion-
based method for finding the threshold value at which the
weighted dispersion between foreground and background
pixels is the smallest. The key idea is to go through all
the possible threshold values and measure the spread

a)

Fig. 2. Implementation of global binarization: a) input image; b) binarized image

The interactive binarization algorithm searches

for a threshold (t) that minimizes the intra-class

dispersion, defined as the weighted sum of the dispersion
of the two classes (background and foreground).
Grayscale colours are usually in the range of 0-255
(0-1 in the case of a floating hue). So, if we choose
a threshold of 100, then all pixels with values less than
100 will become the background, and all pixels with
values greater than or equal to 100 will become
the foreground of the image [11-13]. The formula for

of foreground and background pixels. Then find the
threshold at which the scatter is the smallest.

Fig. 1. Binarization function

b)

finding the interclass dispersion at any threshold ¢
is given in Equation 2.

0. (1)= @, ()0, () + 0, (), (). @)

Dy (t)
of occurrence of a certain type of pixels for each class
at the threshold value ¢ ;

where and @, (t) are the probabilities

o, () — share-weighted amount of dispersions.

To understand what probability means in this case, let:

— P, — the total number of pixels in the image;
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— P, (t) — the number of background pixels at
threshold 7 ;
— P (t) — the number of foreground pixels at the

moment of time ¢ .
Thus, the probability of occurrence of a certain
type of pixel can be set by the formula:

P
@, (1) = B;(t) , 3)
P
0, ()= @
a)

The dispersions can be calculated using the
formula 5 given below:

o = Z(x[ _xsr) , (5)

N-1

where x; is the pixel value at position i in the group

(bg or fg);

x,, — average pixel value in the group (bg or fg);
N is the number of pixels.

Let us consider the example of finding the

dispersion at one threshold value ¢#=100, Figure 3.

For the above image (Fig. 3a) at 7'=100, we get the

background and foreground, (Fig. 3 b, ¢):

Fig. 3. An example of finding the dispersion of image pixels by "Otsu":

a) full image with pixel colour values (P, ) ; b) foreground pixels (P, ); c) background pixels (P, )

In this example, the total number of pixels (P,)
is 16. The number of foreground pixels (B ) is 7,
and the number of background pixels (P,;) is 9.
If we substitute these values into formula 3 and
formula 4, we get the probability values (wbg) equal

to 0.44 and (a)fg) equal to 0.56. Now, to find the

dispersion, we first find the mean of (xbg) and (xfg).

To do this, add up the entire foreground and background
pixel values separately and divide by the number.

We get (xhg) equal to 24, and (xfg) 153.1.
The dispersions (O'Zg) and (O'fzg) are calculated

using formula 5. We get the values of 4 and 657.43.
Then, using the results obtained in formula 2, we find

m

the dispersion of colour values (02) [14]. In this case,

(0';) is equal to 369.9208. We can do the same for

other values of ¢, Table 1.

The dispersion value remains the same from 28
to 120. If you see the dispersions above, they are
smallest at ¢#=28 or, more precisely, between 28
and 120. Thus, the threshold is 28.

Different binarization methods have their own
weaknesses: for example, the "Otsu" method can
lead to the loss of small details and "sticking"
of adjacent characters if the run value is chosen
incorrectly (Fig. 4).

The main goal of the Otsu method is to find

the optimal global threshold (¢) for global binarization,

but this method does not solve the problems of using

global binarization. This can be seen from the

example (Fig. 4).
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Table 1. Detecting the binarization threshold with "Otsu"

t=22, 0% =4092,58

t=23, o7 =3667,6

t=25, ¢* =2642,35

t=26, o* =2009,93

t=28, o’ =371,55

t=124, o> =1316,48

Fig. 4. An example of the "Otsu" method for image binarization

Development of a method
for finding ""Block size" in adaptive binarization

Adaptive binarization is a method of image
binarization in which the binarization threshold changes
depending on the local average pixel value in the
neighbourhood of each pixel. Adaptive binarization is
done by calculating the local average pixel value in
a certain neighbourhood "Block size". Around each pixel,
and then the threshold value is selected depending on
this average value. If the pixel value is greater than

the threshold, it is considered white, and otherwise, it is
considered black [15].

This method is used to binarize images with
variable lighting or noise that can change the global
binarization threshold. These properties of adaptive
binarization are suitable for the use of these methods
in the analysis and comparison of technical images
in the production of images obtained with the help of
technical vision systems. This method is used in many
fields such as character recognition, image analysis,
medical diagnostics, etc.

The main parameters for adaptive binarization are:

— a method for finding the average pixel value in the
scanned area (Gaussian average);

— the size of the boring area "Block size".

Essentially, "Block size" is a matrix in which the
pixel values are located (Fig. 5).

Fig. 5. Example of a 3x3 "Block size" area
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Depending on the size of this matrix, the ability
to recognize small image elements in binarization
changes. The larger the size of the "Block size" matrix,

the more difficult it is to detail small elements, and vice

versa, the smaller the size of the matrix, the more small
elements can be found (Fig. 6) [16].

BT m‘, 3 ":Tf' v
Oo'ﬁgl 1[5 ﬁif »\rxnc M

FTE3ER o pr,\-;

T

i

Fig. 6. An example of finding the "Block size" area using the proposed algorithm: a) the threshold value of "Block size" is 23;
b) the threshold value of "Block size" is 423; ¢) automatic finding of the value of "Block size"

Depending on the complexity of the image,
it is necessary to select its own "Block size" values,
Therefore,

which takes time during processing.

the development of an automated method for
finding the "Block size"

with different types of elements is an urgent task.

value for different images

The "Block size" should always be an odd number
to scan images with an arbitrary size.

Fig. 7. Algorithm for finding the automatic value of "Block size"

To automatically select the "Block size" values,
the following algorithm was built:

— find the global binarization threshold (z) using
the Otsu method;

— binarize the image and find the standard
deviation (o);

— if the obtained value is even, subtract one,
if the value is not even, leave it as it is, and substitute
this value in the search for "Block size" (Fig. 7).
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In this approach, we find the mean square deviation

already in the binarized image, which provides
information about the deviation of the background
(e.g. white) and details (e.g. black) values of the image.
This information can be used as the size of the scanning

area "Block size".

Conclusion

The block size in binarization can affect the quality
of the result. If the blocks are too small, some details
may be lost, and if the blocks are too large, the result
may be uneven. The optimal block size depends on the
size of the image, the nature of the image, and the
binarization method used. Typically, larger blocks are
used for high-resolution images, such as medical images
or high-quality images, while smaller blocks are used
for low-resolution images, such as a webcam or mobile
phone images.

Based on the results of the work, the following tasks
were accomplished:

— the subject area was analyzed and the features

)
f;j..

of image binarization were considered;

a)
Fig. 8. Results of the algorithm:
a) global binarization; b) adaptive binarization with automatic adjustment of the scanning area size

— the threshold of binarization by "Otsu" was
considered;

— an algorithm for finding the size of the scanning
area "Block size" was developed.

The developed algorithm for finding the size
of the scanning area "Block size" in the binarization
of technological images of the topology of the SOE
gives the following advantages (Fig. 8):

— automatic finding of the optimal scanning area
Block Size;

— resistance to image noise without the use of
smoothing filters;

— detection of details in areas of contrast difference.

The sense of using the mean square deviation
in the binarized image as the window size in adaptive
binarization is as follows:

— this approach allows us to obtain a global
binarized image with an automatic "Otsu" threshold;

— use of the mean square deviation in the binarized
image as it gives the difference between the size of
the background and the image elements.

\

0

b)
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Thus, we get the average optimal value for

binarization (Fig. 9):

— reduction of noise influence;

— reduction of contrast drop;
— the ability to find more details.

a)

Fig. 9. Results of improved binarization: a) real image; b) binarized image;
¢) binarized image using the proposed algorithm for automatic sizing of the scanned area value

With the use of an automatic scanning window,
such processing becomes faster and more accurate.

The disadvantages of this method include the
following:

— slower than conventional global binarization;

— the deviation parameter, and thus the threshold
finding, depends on global binarization.
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Fig. 10. The developed software
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OBPOBKA TOHNOJIOI'TYHUX 306PAKEHDb
JIJISI KOMILIEKCHOT'O AHAJII3Y JE®EKTIB I BIXWUJIEHB
3A 1OTTIOMOT' OIO AJAIITUBHOI BIHAPU3AIIII

IIpeameroM mOCHiIKEHHS CTAaTTI € MIATOTOBKA JUIA PpO3IMI3HABAaHHA Ta IMOPIBHSHHS pPEaTbHUX TOIOJOTIYHUX 300paXKeHb
npykoBanux miat ([I1) 3a momomororo amanTuBHOI OiHapH3alii 300pakeHHS 3 "aBTOMAaTHYHUM BiKHOM'" (AUJSTHKH JJISI CKaHYBaHHS
3060paxkennst "Block size"). Mera poOOTH — YAOCKOHAIICHHS METOLY aJalTHUBHOI OiHapu3awil s 300pakeHb, OTPUMAaHUX
CHUCTEMaMU TEXHIYHOTO 30py 3a JONOMOIOK pPO3POOKH aBTOMATHYHOTO AITOPUTMY BHABJICHHS HEOOXIAHOTO 3HAYCHHS

BikHa OiHapu3amii 300pakeHHS. 3aBAaHHS: JOCHIIUTH IpeAMETHY cdepy A aHamizy TeXHIYHHX 300paxkeHs Tomosorii MII;

ONHMCATH 3HAXOKEHHS TJI00albHOro Tmopora OiHapu3amii (t) 3a pomomoror wmerony "Otsu"; mpoBecTH rIIOOANBHY

OiHapm3amilo 300paKeHHS; pO3paxyBaTH CepelHE KBaJpaTWYHE BiIXWiIeHHs OiHapuzamii; oO0poOuTH 3700yTi pe3yibTaTH
IUIA 3HaXOJDKEHHA HeoOximHoro 3HaueHHs "Block size"; mepeBipuTH po3poONeHUI alropuT™M y HIpPOrpaMHOMY 3a0e3IeUYCHHI.
Pe3yabTaTn: peani3oBaHO Ta IIEPEBIPEHO alroOpuT™M OOpOOKH 300pakeHb 3 AaBTOMAaTHMYHMM HaJAIUITYBAaHHAM BiKHA
Oinapms3auii  "Block size"; po3pobmeHo mporpamHe 3a0e3rnedeHHs 3 BHKOPUCTAHHSAM  3alPOMOHOBAHOTO  AJITOPHTMY
Ta TOPIBHSHO po06oTy rinobaibHOi OiHapu3amii 3 YZOCKOHAJIICHUM METOAOM 3HAXODKCHHsS 3HA4eHb AUITHKH Ul CKaHyBaHHS
300pakenHst "Block size"B 00pobui nmpibHux enementiB Tomomorii JII. Ile BuUpiMTh Taki NHUTaHHS: BUAAICHHS LIyMY
i3 300paxkeHHs (IIyM MOXKE BHMHHMKAaTH 3 MPUYMHM MOraHol SKOCTI CKaHyBaHHS abo Qotorpadii, a Takox uepe3 HasBHICTh
JpIOHUX IUISIM HA MOBEPXHI APYKOBAHOI IIaTH); CErMEHTalis 300pakeHHs — IO HOro Ha OKpeMi €JIEeMEHTH, TaKi sIK KOHTYpPH,
30HM # TekcT (Ued mpomec Moxe OyTH aBTOMAaTH30BaHMH 3a JIOIIOMOTOIO IIPOTpaMHOro 3abe3nedeHHs Uit 0OpoOKu
300pa)keHb); BHUSBICHHS CJIEMEHTIB — 3HAXO/PKEHHS Ta BiJOKPEMJICHHS OKPEMHUX EJIEMEHTIB, 30KpeMa PEe3HCTOpPiB, KOHIEHCATOPIB
Ta IHIIMX KOMIIOHEHTIB, 300pakK€HMX HA TOIIOJIOTIi; BiJHOBIEHHS EJIEMEHTIB — BHKOPHCTaHHS IIPOTPaMHOrO 3abe3NnedeHHs
Ui BimHOBIEHHS (opMu # pO3MIpiB OKpEMHX €JIEMEHTIB (Led mpomec MoKe OyTH aBTOMAaTH30BAaHUA 3 BHKOPHUCTaHHAM
MoJeneil TIMOOKOrO HaBUaHHA, SKI MOXYTh pO3II3HABAaTH Pi3HI THUIM €JIEMEHTIB); aHali3 TOMOJOril — BHKOPUCTAHHA
pe3ynbTaTiB  00poOKM 300pakeHHsA Uil aHali3y TOMNOJOTii JApyKkoBaHOI mjaté (e Moke mepeadadaTH TepeBipKy
3'eHaHb, BUMIPIOBAaHHA PO3MIPIB €JEMEHTIB 1 MEPEBIPKY CYMICHOCTI 31 CXEMOIO NPHUCTPOI0). BHCHOBKH: 3a pe3yibTaraMu
poboTH  pO3pOOJCHO ANrOPUTM aBTOMAaTHYHOIO HAJALITYBaHHSA po3MipiB ckaHyBambHOI aimsHku "Block  size" s
OiHapu3awil TeXHOJOTiYHUX 300paxkeHp Tomojorii JIII; Bu3HAa4YeHO Taki mHepeBarn poO3pPOOJICHOrO aNrOpUTMYy: aBTOMAaTHYHE
3HAXO/DKEHHS  ONTHMaJbHOI ckaHyBanbHOi naurstHku  "Block  size"; omip mymam 300pakeHHs 0e3  BHKOPHCTAaHHS
3IIIa/DKYBATBHUX (DUIBTPIB; 3HAXOKEHHS JIeTalel y 30HaX Iepernany KOHTPAcTy.

Kurouosi ciioBa: 00po0Oka TEXHOJOTIUHUX 300pakeHb; afanTiBHa Oinapusaiis; metoa "Otsu"; Tomonoris JI1; 3HaX0mKeHHS
"Block size".
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