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I". Obopcuvkuil, B. I'onobopovko, JI. Ilepnepi. 3acTocyBanHsl MeToAy riopuaHoi 6inapu3auii 11 ananizy Tepmorpam. O0'eKTOM 1bOrO
JIOCHI/PKEHHS. € TePMOrpaMH OTPHMaHi B Pe3ysbTaTi 3/iHCHEHHsS TEMIOBI3iHHOr0 KOHTPOIIO MpOIecy MeXaHiuHoi 0OpOOKHM Ha omepauii
30BHILIHBOTO TOYIHHS. 3aCTOCYBAHHS TEILUIOBI3IHHOrO KOHTPOJIO Ja€ MOXJIMBICT OTPMMAaHHS HIBHIKOI Bi3yasi3alii TEIUIOBOTO CTaHY
30BHIIIIHIX TOBEPXOHb IHCTPYMEHTY, 3arOTOBKH Ta CTPY)XKH B 30Hi Pi3aHHs IUIIXOM OTPHMaHHS TepMorpam VY CTaTTi IPEACTaBICHO
HaIpaloBaHHs 3 PO3POOKHU IiOPUIHOro MeTo Ly GiHapH3alil 471 TepMOrpaM 3 METOIO MOJANBIIOT 06POOKH 3a I0moMOrok Helipomepesx. Jis
peasizarii 1bOro MpoexTy OyJo MPOBEAEHO aHAi3 BXKE ICHYIOUMX TEXHOJIOTIH Ta aaropuTMiB, oOpaHO Ti sKi Ha AYMKY aBTOpIB MaroTh
HaiiOinbIMi KoeQillieHT KOpHCHOI Xii Ta peami30BaHO POOOYHMI NMPOTOTHI 3 BHKOPHCTAHHAM MOBH ImporpamyBanHs Python 3.6 Ta
dpeiimBopky OpenCV st pobotu 3 pacTpoBUMHU 300paskeHHsAMU. Uepes crienndiky GopmaTy TepMorpam nepumm erarnom 0yjo BUKOHaHHS
NIEPETBOPEHHS KOJILOPOBUX 300pa)Ke€Hb y MOHOXPOMHI, MiCJIs 4Oro, APYrUM etanoM Oyio mpoBeneHHs OiHapu3auii (ikcOBaHUM METOAOM 3
METOI0 BHJIJICHHS HaWOUIbII rapsvux 30H, AKi BIINOBIAAIOTH 30HI pi3aHHA (30HAa KOHTAKTa IHCTPYMEHTY i3 3aroToBkoro). Tperii eram
BKJIIOYA€ aJIaNTUBHY OiHapu3alilo, ska 0O0poOJIOe BHOKPEMIICHY 30HY KaJpy 3a JOIOMOIOI I'ayCOBOIO PO3MOJiITY, B PE3yibTaTi 4Oro
BiZ0OyBaeTbCcs BUJIJIEHHA caMme HEOOXiqHMX O0’€KTiB Ha Kajpi fAKi BiJMNOBIJAIOTH PIi3IIO0, 3arOTOBLI Ta MOJEKYAM Trapsyiil CTpyxui.
OTpUMaHUil QJrOpUTM BHHILIOB MPOCTUM Ta LIBUAKHUM, HE AMBIAYMCH HAa BHUKOHAHHS JBOX IIOCIIJOBHMX aJroOpuTMiB OiHapusauii, 3
aleKBaTHUM DiBHEM TOYHOCTI IEPETBOPEHHs Kajapy, IO Ja€ 3MOTy BHUKOPHCTOBYBATH iX B INOAAQJBIIOMY NpPU HAaBYAHHI HEHPOHHUMH
MepexaMH Ha OTpUMaHiil BUOIpILi.
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G. Oborsky, V. Goloborodko, L. Perperi. Implementation of the hybrid binarisation method for thermogram analysis. The object of this
study is thermograms obtained as a result of thermal imaging control of the machining process during the external turning operation. The
implementation of thermal imaging control enables rapid visualisation of the thermal state of the external surfaces of the tool, workpiece, and
chips in the cutting zone by obtaining thermograms. The article presents developments in creating a hybrid binarisation method for
thermograms to enable further processing using neural networks. To realisation this project, an analysis of existing technologies and
algorithms was conducted, selecting those that, in the authors' opinion, have the highest efficiency. A working prototype was developed
using the Python 3.13 and the OpenCV framework for processing raster images. Due to the specific format of thermograms, the first step
involved converting colour images into monochrome. The second step then applied a fixed binarisation method to highlight the hottest areas
corresponding to the cutting zone (the contact area between the tool and the workpiece). The third step involves adaptive binarisation, which
processes the highlighted frame area using Gaussian distribution, as a result, the necessary objects in the frame-corresponding to the cutting
tool, workpiece, and occasionally hot chips-are accurately highlighted. The resulting algorithm turned out to be simple and fast, despite the
execution of two sequential binarization algorithms, while maintaining an adequate level of frame conversion accuracy. This allows its
further use in training neural networks on the obtained dataset.
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Introduction

In the current industrial landscape, non-destructive testing methods are increasingly utilized to
assess the thermal state of cutting processes in machining. This is particularly crucial given the contin-
uously rising standards for precision and quality in the manufacturing of components across various
industries. An essential role in this process is taken by control and monitoring methods utilising infra-
red thermography [1, 2]. Nowadays many researchers are focused on the utilisation of infrared tech-
nology to enable rapid visualisation of the thermal state of the external surfaces of the tool, workpiece,
and chips in the cutting zone through the obtained thermograms. Thermal infrared images (thermo-
grams) obtained using thermal imaging cameras serve as the basis for analysing the thermal state of
the research object and conducting assessments based on measurement results [3 — 6]. Today, with the
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development of digital technologies in the context of Industry 4.0, visualisation processes are evolving
through computer processing and are widely applied across various industrial sectors and scientific
research fields [7, 8].

Thermal image processing refers to the process of converting an image captured by a thermal im-
ager into a digital format and preparing the data for transmission to a computing device for further
visual analysis. All images stored on computing devices, whether on a phone, personal computer, or
other platforms, despite being saved in digital format, still contain analogue information that can only
be recognised and interpreted by the human brain. For a computer, an image remains essentially a
massive table where each cell corresponds to a pixel, and its content is represented in colour storage
formats such as RGB, HEX, or any other encoding method and when it’s processed by the device's
graphics processor, this data transforms into how each pixel will emit the corresponding spectrum of
light. But how to make a computer to understand what is shown in the picture? This is where the con-
cept of binarisation comes to help us. Binarisation is the process of converting an image into a two-
colour representation, where each pixel has only two possible values: black (“0”) or white (“1”). The
purpose of binarisation is to focus on important information and discard secondary or not essentially
important information. There are a few main types of methods of binarisation, such as Fixed binarisa-
tion method, Global binarisation methods, Local (adaptive) methods, Histogram- and clustering-based
methods, Hybrid methods and Deep learning-based methods. The choice of a particular method for the
analysis of images depends on its ability to adapt to specific tasks, such as highlighting important are-
as on thermograms or preparing images for further machine learning. Accordingly, the use of digital
technologies in the metalworking industry necessitates the development of new and the improvement
of existing methods for processing thermal imaging data. These methods should be aimed at detecting
areas with distinctive spatiotemporal temperature distribution patterns, enabling the collection and
analysis of comprehensive information about the condition of the studied objects. Therefore, the ex-
amination of issues related to the utilisation of digital processing methods for thermograms by using
binarisation algorithms for the analysis of thermal imaging data is important.

Analysis of recent research and publications

One of the goals of Industry 4.0 is to enhance the digitalisation of manufacturing to reduce hu-
man involvement and minimise the impact of operator qualification levels on the assessment of tech-
nological system conditions during the production process. As noted in the paper [7], Industry 4.0 is
driving the growth of intelligent manufacturing processes that integrate cyber and physical systems
through a range of technologies, such as the Internet of Things, Big Data, and Cloud Computing.

It is expected that this will trigger significant structural changes and lead to increased productivi-
ty and competitiveness in the manufacturing industry worldwide. This is also highlighted in [1], where
the authors attempted to minimise the influence of the machine tool operator on the assessment of the
cutting tool's performance by evaluating the wear condition of the cutting edge through the use of
thermal imaging control.

Such tool wear monitoring eliminates subjective human assessment and contributes to improving
the quality of the machined surface, reducing costs through timely tool replacement. In turn, this also
helps to prevent defects in the final product.

In the article [9], the authors established a correlation between temperature distribution and the
wear of an end mill. The heat distribution was determined using numerical analysis and the finite ele-
ment method. Tool wear was determined using various image processing methods of the worn tool in
the following sequence: RGB format conversion, threshold detection, and binarisation.

In the case study [10], a modified infrared temperature measurement method for orthogonal cut-
ting was proposed to measure the temperature in the contact zone of the rake face with the chip. The
article also presents a comparison of the cutting temperature occurring on the rake and flank surfaces
of the cutting tool's edge. The authors also apply modelling to explain the observed trends, although
they note the imperfections of the model due to the overestimation of temperature gradients on the
rake face, possibly caused by the friction law used.

The study [11] states that image processing methods include noise filtering and dynamic distor-
tion correction, binarisation, and morphological operations on extracted contours and objects. After
analysing the main methods, the authors concluded that for thermal imaging data of various research
objects, the most suitable approaches are Otsu's method segmentation, k-means segmentation, and tex-
ture-based segmentation.
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The purpose of research

The aim of this study is to develop and improve existing methods of digital processing for ther-
mal imaging data (thermograms) by combining different types of binarisation algorithms. These algo-
rithms are designed to isolate regions with significant temperatures, enabling the acquisition and re-
finement of information about the condition of the technological system.

Consequently, to accomplish the stated objective, it is necessary to undertake the following tasks:

— conduct a comprehensive analysis of existing binarisation methods;

— identify the most effective binarisation method(s) for processing thermograms;

— develop a methodological framework for implementing the selected binarisation approach;

— carry out an empirical validation of the proposed method.

Research materials and methods

This case study is dedicated to the investigation of the application of the adaptive binarisation
method for the analysis of thermal imaging thermograms, followed by its practical implementation. To
achieve the stated objectives, theoretical methods were employed, based on mathematical and compu-
tational modelling theories, algorithm theory, and the fundamental principles of binarisation methods.
The implementation was carried out using the Python 3 programming language and the OpenCV
framework.

Results and discussion

The analysis of existing methods for processing graphical images has shown that numerous bi-
narisation algorithms have been developed to address a wide range of various tasks.

The colour intensity of the research object and the background surrounding could play a signifi-
cant role in processing images and its final result. To solve the problem of separating the research ob-
ject from the background in a frame, the fixed threshold method is employed as a primary approach.
As a result of threshold processing, a binarised image is obtained. However, it is important to note that
the main challenge in obtaining a high-quality binarised image from thermograms is their colour pal-
ette, which must be converted into a monochrome format, specifically grayscale. To apply binarisation
methods to such images, they must first be converted into a monochrome format, meaning the colour
palette should be transformed into grayscale. After this conversion, existing binarisation methods [12]
can be applied, as presented in Fig. 1.

Fixed Thresholding

Otsu's Method ‘

Global methods K-means ‘

Entropy-Based Methods ‘

' Bernsen's method ‘ Niblack's Method ‘
Local (adaptive) methods
Adaptive Threshold Sauvola's Method ‘

Wolf & Jolion Method ‘

Histogram- and clustering-
based methods

Binarisation methods

Hybrid methods

Deep learning-based methods

Fig. 1. Binarization Methods

To convert a thermal imaging image into a two-colour (black-and-white) binarised format, it is
necessary to analyse existing methods, considering the complexity of the image and its colour intensi-
ty. A comparative analysis of existing binarisation methods is presented below in Table 1.

For the development of the project, a combination of the Fixed Threshold Method and the Adap-
tive Method was chosen to develop a Hybrid Binarisation Algorithm. The Fixed Threshold Method is
a technique that applies a single threshold value T (set manually) and compares it with the intensity of
each pixel. All pixels that meet this threshold are assigned a value of “1” as True, while all others are
assigned “0” as False. This approach isolates the cutting zone with the highest temperature in the
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frame while eliminating any extraneous objects that appear in the image. Formula that describes Fixed
Threshold Method is shown below:

where 1(x,y) — pixel intensity;
T — threshold temperature value, °C.

B(x, y)={

Lif I(x,y)>T;
0, if 1(x,y)<T, "

Comparison of Binarisation Methods

(1)

Table 1

Complexity of Quality for
Method implementa- Speed Complex Advantages Disadvantages | Best Use Case
tion Scenes
; Fails under . .
Fixed . High High Low Simple and fast | uneven lighting Un!formly lit
Thresholding L images
conditions
Automatic Assumes bimodal Imgigs(:?nglth
Otsu's Method|  Medium High Medium threshold R
. distribution foreground and
selection
background
imgfzic\s:/\i/t?ﬂ?)rcal Could be sensitive| Images with
Local Method Medium Medium High ilgllumination to noise, and high detail or
" require tuning | local contrasts
variations
. . Sensitive to Low-quality or
Adaptive Low Medium High Ha.mdle:? varying parameter unevenly lit
Methods illumination :
selection documents
. Handles complex . Images with
Clustering (K- Medium Medium High intensity Computatl_onally overlapping
Means) Lo expensive . .
distributions intensity classes
Entropy- Maximises High .
Medium Medium Medium information computational Im_ages with
Based - varying contrast
Methods preservation cost
Hiah accurac Requires training | Complex or
Deep Learning Low Low Very high 9 acy | and significant |highly degraded
and generalisation
resources datasets
. Could combine all Need a_h_lgh_level Suitable for
Hybrid . . . : of qualification to -
High High Very High | benefits from a - solving complex
methods combine several

different method

methods.

and unique tasks

Next, by using Adaptive Binarisation Method the hottest zones become highlighted. Adaptive bi-
narisation determines the threshold value for each pixel individually based on the analysis of its
neighbour’s pixels values. The OpenCV framework [13] provides the capability to apply Adaptive
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Binarisation Method using Gaussian distribution, which enhances its effectiveness and reduces false
pixel interpretations. This method uses the weighted average of intensities in the local neighbourhood
of each pixel, where the weights are determined by a Gaussian kernel. The Gaussian kernel assigns
greater weight to pixels closer to the central one, while distant pixels have less influence at main one:

Lif 1(x,¥)>T(x,Y);

9 y)= {o, if 1(x,y)<T (X, y), @

where T(x,Yy) — the local threshold value for the pixel at (X, ).
Threshold value is described by the formula:

Txy== 3 GGG j)-C, @)

i, jes(x,y)
where S(X,y) - the local window around the pixel (x, y);
G(i, j) —the value of the Gaussian kernel at point (i, j);
I(i, j) —the intensity of the pixel (i, j);
W — the sum of all kernel values G(i, j) in the window S(Xx,y);

C — constant that adjusts the threshold.
Gaussian kernel G(i, j) is defined by the two-dimensional Gaussian distribution:

_(i—ux>2+(j—uy)ZJ

26°

(4)

- 1
Gl.)) =5 = exp(

where i, j — pixel coordinates in the local window;
K, 1, —coordinates of the window center;

o — the standard deviation parameter, which controls the spread of the weights.

This method provides reliable results for images with uneven lighting, as it accounts for local
variations in brightness.

The combination of these two methods provides sufficient tools for detecting and emphasis the
cutting zone in a thermogram frame and in the same time do not take a lot of computational resources.

Implementation of the Binarisation algorithm. Before processing the thermogram, it is essential
to consider that the frames have not compatible colour palette which has a colour dependence to the
temperature range, which poses a significant challenge for applying the foregoing algorithms. To save
computational resources of the device the image would be converted to monochrome palette. that
means the colours should be transformed into grayscale. The human eye has several unique character-
istics in colour perception. Specifically, the human eye is more sensitive to green, less to red, and the
least to blue. Therefore, when converting a colour image (RGB) to grayscale, different coefficients
should be applied for characteristics of each colour. Therefore, the first step is converting the image to
grayscale. To simplify the algorithm operation:

(x,y)=0.299R +0.587G +0.114B, (5)

|9f9y
where RGB - the intensities of the red, green, and blue channels, respectively;
I, (X, y) — the intensities of the pixel in grayscale.
OpenCV allows this process to be implemented with the following command:
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY).

The obtained monochrome image is then subjected to the first stage of binarisation using a fixed
threshold:

_, binary_fixed = cv2.threshold(gray, 200, 255, cv2.THRESH_BINARY).

Then the transformed frame could be binarised with Adaptive binarisation with Gaussian distri-
bution:
binary_adaptive = cv2.adaptiveThreshold(
gray, 255, cv2.ADAPTIVE_THRESH_GAUSSIAN_C, cv2.THRESH_BINARY, 11, 2

).
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As a result of applying the algorithm to the thermogram (Fig. 2, a), a binarised image is obtained,
as shown in Fig. 2, b.

As seen above, the algorithm successfully performed binarisation and isolated the region with the
highest temperature, which corresponds to the cutting zone. The execution time for processing a single
frame ranges from 0.004 to 0.006 seconds (Fig. 3), while processing a batch of five frames takes up to
0.031 seconds (Fig. 4).

Processing of the material TECAST T (Caprolon)

137,8 °C oC
101,5°C

Processing steel 41Cr4

46.4 °C|£0.60 46.4 °C €050

The steel workpiece and the cutting tool after machining (with the lathe machine stopped)
a b

Fig. 2. Thermograms — before (a) and after binarization (b)
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Frame processing time: ©.005 seconds
Results saved to files: Adaptive binarization: C:\temp\binary adaptive3.jpg
Fixed binarization: C:\temp\binary fixed.jpg Cutting zone: C:\temp\cutting area3.jpg
Adaptive binarization: C:\temp\binary adaptive.jpg Frame processing time: ©.886 seconds
Cutting zone: C:\temp\cutting area.jpg Results saved to files:
Frame processing time: ©.804 seconds Fixed binarization: C:\temp\binary fixed4.jpg
Results saved to files: Adaptive binarization: C:\temp\binary adaptived4.jpg
Fixed binarization: C:\temp\binary fixed2.jpg Cutting zone: C:\temp\cutting aread.jpg
Adaptive binarization: C:\temp\binary adaptive2.jpg Frame processing time: ©.804 seconds
Cutting zone: C:\temp\cutting area2.jpg Results saved to files:
Frame processing time: ©.805 seconds Fixed binarization: C:\temp\binary fixed5.jpg
Results saved to files: Adaptive binarization: C:\temp\binary adaptive5.jpg
Fixed binarization: C:\temp\binary fixed3.jpg Cutting zone: C:\temp\cutting area5.jpg

| Processing time: ©.0831 seconds

Fig. 3. Recording of logs during binarization of simple frame

The obtained results indicate that the developed , _ .
algorithm can be further optimised for processing a Adaptive binarization: C:\temp\binary adaptiveS.jpg
thermal camera video stream at a frame rate of 60 SU*t18 zone: C:\tempicutting areas.jog

. . rocessing time: ©.031 seconds
frames per second without quality loss. After com-
pleting binarisation, the thermogram can be prepared Fig. 4. Recording of logs during binarization
for further processing by machine learning algo- of pocket from five frames
rithms, such as those implemented with TensorFlow.

As main toolbar for realisation of the project were chosen Python 3.13 and OpenCV framework
for processing frames in raster format.

Conclusions

In the result of research the main binarisation algorithms were analysed and a few were selected
for combination to develop a hybrid binarisation method. After analysing and comparing several of the
most widely used methods, the fixed threshold method and adaptive binarisation were selected. The
Fixed Threshold Method allows filtering out all values that do not fall within the target range, while
the Adaptive Binarisation Method focuses on and enhances the cutting zone.

As a result, The Hybrid Binarisation Algorithm was developed, based on the Fixed Threshold and
Adaptive Binarisation Methods. This approach provided a fast and accurate outcome, with the poten-
tial for application in video stream processing. As it seems in the figures 3, the algorithm accurately
detects and focuses on the workpiece and cutting tool, while factors such as positioning, angle, and
exposure in the frame do not affect the quality of the binarisation process.
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