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ABSTRACT

The present thesis is a 76-page document comprising 3 chapters, 19
illustrations, 15 tables, 3 appendices, and a list of references with 5 sources. The
focus of the study is the use of thermographic images of brain vessels obtained
through the Flir i7 thermal imager to develop a software product for processing
and analysing these images. The aim of the work is to create software that can
detect pathologies of brain blood vessels (arteries, veins, lymphatic channels)

based on the temperature profile distribution.

The first chapter provides an overview of the history, theory, and
application of infrared radiation. The second chapter discusses theoretical and
practical methods of thermal image analysis, while the third chapter focuses on

labour protection.

The results of this research can be applied to the analysis of thermal images
of the human brain, allowing for the identification of blood vessel pathologies

such as stenosis or occlusion.
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Introduction

Today, an actual problem in medicine is the analysis of the arteries of the
human brain to detect the pathology of blood vessels (arteries, veins, lymphatic

channels), atherosclerotic changes in the vessels.

Thermal imaging is used in the diagnosis of heart diseases, assessment of
kidney function and the detection of cysts and tumours in them, detection of
aneurysms - pathological expansions of blood vessels, tumours, blood clots,
arteriovenous shunts (pathological junctions of arteries and veins) in the brain, as

well as for the diagnosis of retinal diseases.

The world practice in medicine shows that a complex analysis of a patient,
using all possible methods, gives more accurate results than individual analyses,

which affects the number of deaths of people.

The purpose of this work is to analyse the method of thermographic digital
imaging of the arteries of the human brain to further determine the reliability of
this method.

The main goal of this work is to analyse the method for detecting the
arteries of the human brain using thermal imaging. By studying the properties of
the image captured on thermal images it is possible to develop algorithms that
can be used for digital analysis of the arteries in the brain. For this study, it is
proposed to use the method of image processing to identify arteries in the human

brain.

The method of image processing consists of three steps: pre-processing of
the image; segmentation of the image based on pixel values; and classification
based on the patterns found in the segmented region. Pre-processing is done to

remove noise from an image such as blurring or compression artifacts.



Segmentation is performed to separate objects of interest from the background.
Classification is applied to assign each object into one or more classes by
calculating the respective probabilities of belonging to each class. The ultimate
goal is to find an accurate and fast algorithm for recognizing arteries in thermal
Images of the brain. This will help the physician in making accurate diagnosis for

patient care.



1. GENERAL PART
1.1 Historical information

The study of infrared radiation has a long history dating back to the late
18th century, when Swedish chemist Karl Scheele described the properties and
production of "fiery air" in his work "Chemical Treatise on Air and Fire". In 1777,
Lambert experimentally demonstrated that heat rays travel in a straight line and
their intensity decreases inversely proportional to the square of the distance. In
the early 1800s, William Herschel began measuring temperature outside the
spectrum and discovered the presence of invisible rays with the greatest heating
power. By 1830, Herschel's experiments had been repeated enough times to
confirm the existence of these invisible rays, which were outside the red part of
the visible solar spectrum and caused the mercury bulb of a thermometer to heat
up. These rays were later called infrared by French physicist Becquerel. In 1893,
German physicist Wilhelm Wien determined that the wavelength corresponding
to the maximum radiation energy of an absolutely black body is inversely
proportional to the absolute temperature. In 1934, the development of an electron-
optical converter allowed for the transformation of invisible infrared, ultraviolet,

and X-ray images of an object into visible ones.



1.2 Theoretical information

Infrared radiation is a type of electromagnetic radiation with a wavelength
that is longer than that of visible light, typically ranging from 750 nm to 1 mm
(Fig. 1.2.1). While the human eye is unable to detect infrared radiation, some
animals, such as snakes and bats, have sensory organs that can sense this type of

radiation and use it to navigate in low light conditions.

10nm 100 nm 1um Tmm 10mm 100mm 1m 10m 100m 1km

2um 13 um

Figure 1.2.1 — Electromagnetic spectrum: 1: X-ray waves; 2: ultraviolet

waves; 3: visible range; 4: infrared radiation; 5: microwaves; 6: radio waves;

Infrared radiation is emitted by all objects with a temperature higher than
absolute zero. The intensity of this radiation depends on the temperature of the
object. As the temperature increases, the maximum intensity of the radiation
shifts towards shorter wavelengths, which can eventually be within the range of
visible light. Due to the relationship between the spectrum and intensity of
infrared radiation and temperature, it is often referred to as thermal radiation (Fig.
1.2.2).
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Fig. 1.2.2 — Thermal radiation

Infrared radiation is a type of electromagnetic radiation that falls within a
certain range of wavelengths on the electromagnetic spectrum. It is situated
between visible light and microwave radiation, with the exact boundaries of the
range being somewhat undefined. There are several different standards for
classifying infrared radiation based on wavelength. According to the International

Commission on Illumination, infrared radiation is divided into three ranges:
1. IR-A (700-1400 nm)
2. IR-B (1400-3000 nm)

3. IR-C (3000 nm-1 mm).

The 1SO 20473 standard divides infrared radiation into three ranges:
1. near infrared (780-3000 nm)
2. mid-infrared (3000-50,000 nm)

3. far infrared (50-1000 microns).
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In astronomy, infrared radiation is typically classified into three ranges:
1. near infrared (700-5000 nm)
2. mid-infrared (5000-25-40 microns)

3. far infrared (25-40-200-350 microns).

About 52% of the total intensity of sunlight that reaches the Earth's surface

on a sunny day is in the infrared range.

Another way to classify infrared radiation is based on the sensitivity of
different types of detectors. According to this classification scheme, there are five

ranges of infrared radiation:

Near-infrared radiation: This range extends from 700 to 1000 nm, and is

detectable by both human eyes and silicon detectors.

Short-wave infrared radiation: This range extends from 1 to 3 microns, and
Is detectable by silicon detectors and less sensitive detectors based on lead salts.
InGaAs detectors are capable of detecting wavelengths up to 1.8 microns in this

range.

Mid-wave infrared radiation: This range extends from 3 to 5 microns, and
is detectable by detectors based on indium antimonide (InSb), HgCdTe, and

partially PbSe.

Long-wave infrared radiation: This range is defined as either 8 to 12
microns or 7 to 14 microns, and is detectable by HgCdTe-based detectors and

microbolometers.

Very long-wave red radiation: This range extends from 12 to 30 microns,

and is detectable by doped silicon-based detectors.
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Additionally, the radiation coefficient of materials determines their
physical properties in the absorption and emission of thermal energy (as shown
in Table 1.2.1).

Table 1.2.1 — Emissivity coefficients of various materials

Material thermal emissivity
Aluminium, polished 0.05
Aluminium, strongly oxidized 0.25
surface

Aluminium, rough surface 0.07
Asbestos paper 0.94
Asbestos panel 0.9
Asbestos fabric 0.78
Asbestos-cement slab 0.96
White tin, polished 0.05
Concrete 0.54
Bronze, porous, rough 0.55
Paper, white 0.90
Paper, black, glossy 0.90
Paper, black, matte 0.94
Water 0.98
Tungsten 0.05




Clay, fired 0.91
Iron, shiny, poisons the surface 0.16
Iron, hot rolling 0.77
Iron, forged, polished surface 0.28
Iron, oxidized surface 0.74
Iron, galvanized sheet, 0.28
oxidized
Iron, galvanized sheet, 0.23
polished
Gold, polished 0.02
Insulating tape, black 0.95
Quartz 0.93
Brick, glazed, rough 0.85
Brick, ordinary 0.85
Brick, refractory, rough 0.94
Paint, oil, ordinary 0.94
Paint, silver 0.31
Varnish, Bakelite 0.93
Varnish, white 0.87
Varnish, black, glossy 0.87
Varnish, black, matte 0.97

13



Lamp soot 0.96
Brass, polished 0.03
Brass, dull surface 0.22
Ice 0.97
Copper, oxidized 0.65
Copper oxidized to black 0.88
Copper, polished 0.01
Copper, commercial, polished 0.07
Frozen ground 0.93
Nickel, on cast iron 0.05
Nickel, pure, polished 0.05
Platinum, clean, polished 0.08
Rubber 0.93
Mercury, pure 0.10
Ruberoid 0.92
Lead, shiny surface 0.08
Lead, oxidized surface 0.63
Lead, Gray 0.28
Lead marmot, powder 0.93
Snow 0.80
Steel, sheet, katana 0.56

14



Steel, sheet, nickel-plated 0.11
Steel, galvanized 0.28
Steel, rust 0.69
Steel, freshly rolled 0.24
Steel, heavily oxidized 0.88
Steel, rough surface 0.96
Glass 0.92
Frosted glass 0.96
Carbon, refined 0.80
Charcoal, powdered 0.96
Porcelain, glazed 0.92
Chrome, polished 0.10
Zinc, sheet 0.20
Cast iron, polished 0.21
Cast iron, rough surface 0.81
Shellac, black, glossy 0.82
Shellac, black, matte 0.91
Enamel 0.90
Melamine 0.93

15
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1.3 Classification and characteristics of thermal imagers

Thermal imaging devices are used to detect objects by sensing the thermal
radiation they emit. These devices work by converting infrared radiation into
visible wavelengths, allowing them to create images based on the temperature of
an object. The range of wavelengths that thermal imagers can detect is determined
by the energy range of the objects being observed. Typically, thermal imagers

operate in the 3.5-5.5 um or 8-13.5 pum wavelength intervals.

Modern thermal imagers are highly sensitive and can detect temperature
differences of even hundredths of a degree. They are used in a variety of
industries, including medicine and military applications, and can produce images

with television-level resolution.

The first thermal imaging device, known as a vaporograph, was developed
in the late 1920s. It used a membrane to visualize the thermal image, but had low
sensitivity and produced low-contrast images. In the 1940s, two main types of
thermal imagers emerged: those that used optical-mechanical scanning to convert
an infrared optical signal into an electrical signal, and those that used electronic

scanning with infrared vidicons, pyricons, and matrix radiation receivers.

Most thermal imagers currently in use are based on the first principle, but
matrix radiation receivers, which function through charge accumulation, are

becoming increasingly popular due to their superior consumer properties.
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Figure 1.2 shows a generalized functional diagram of a thermal imager with

a focal IR matrix.
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Figure 1.3.1 - Generalized functional scheme of a thermal imager with a
focal matrix: 1 - optical system, 2 - focal matrix with preamps, 3 - multiplexer, 4
- cooling system, 5 - corrector of inhomogeneity of the characteristics of sensitive
elements; 6 - analog-digital converter, 7 - digital non-uniformity corrector; 8 -

corrector of non-working cells; 9 - image former, 10 - display, 11 - digital output.

Focal infrared matrices are used in thermal imaging devices to detect and
convert infrared radiation into a usable electrical signal. These matrices come in
a range of sizes, including 128x128, 256x256, and 512x512 elements, with each

element measuring 30x30 pm?2.

Focal matrices are self-contained photo-receiving devices that include a
cooling system, preamplifiers, a multiplexer, a corrector for inhomogeneities in
the characteristics of sensitive elements, an analog-to-digital converter, digital
processing units, and a signal output generator. The signals produced by these
devices can be transmitted to a video control device or to digital processing units
in digital form.
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Figure 1.3.2 shows a generalized functional diagram of a thermal imager

with an optical-mechanical scanning system.

V4

Figure 1.3.2 — Generalized functional diagram of a scanning thermal
imager: 1 - optical system, 2 - optical-mechanical scanning unit, 3 - radiation
receiver, 4 - cooling system, 5 - electronic path, 6 - video control device, 7 -

synchronization system.
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1.4 Characteristics of the used thermal imager

The FLIR i7 thermal imager, which complies with the RESNE standard,
was used in the research. This device features a CCD matrix with a resolution of
140x140 pixels and an accuracy of 2%. It has a sensitivity for temperature

measurement of 0.1°C.

Some of the main characteristics of the FLIR i7 thermal imager include:

Infrared resolution: 120x120 pixels
Weight: 340 g
Temperature sensitivity: <0.1°C at 25°C

e Hyperfocal capability

e A 2.8-inch color liquid crystal display (LCD)

Figure 1.3.3 — Thermographs made with the FLIR i7 thermal imager
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2. METHODS OF ANALYSIS
2.1. The theory of thermal image data determination

A thermal imager is a device used to monitor the temperature distribution
of an object. It works by using a matrix of sensors known as a CCD (charge
coupled device) to send a signal to a decoder, which is then processed by a central

microprocessor and displayed on a liquid crystal display.

The FLIR QuickReport software, which is a part of the FLIR i7 thermal
imager system, allows users to analyze the temperature of every thermal pixel in
an image captured by a FLIR camera. This software is often used in the preventive
maintenance of electrical and energy systems to detect malfunctions, but it can
also be used in medical diagnostics, particularly in the diagnosis of heart and

blood vessel conditions.

The development of specialized algorithms for processing and analyzing
thermal images is necessary for this application. In the development of thermal
Image processing software, various mathematical methods are used to compare

the temperature range and color gamut of the infrared image.

The temperature distribution image on the display is made up of tiny pixels,
each of which is a specific color based on the selected color palette and represents

the temperature of the object being studied.
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36°C

Figure 2.1.1 — Constituent parts of the image of the thermal imager

In thermal imaging, each pixel represents the temperature of a specific area,
such as a blood vessel, based on the chosen color palette. The temperature of a
particular point on the thermogram is determined by comparing the pixel color to
the colors on the thermogram's color palette and using the minimum and
maximum temperature data for the thermogram. The color determination in this
program is done using the RGB color model, in which each color is represented
by variations of the red, green, and blue channels. This allows for accurate
temperature readings to be taken from thermal images of the human brain (Fig.
2.2.1).

Figure 2.2.1 — The principle of mixing colors in the RGB model
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2.2 Software implementation of thermal image data

determination

To make it easier to analyze thermograms, the FLIR WebViewer program
Is used to convert the color thermogram of the brain's atria to black and white
(Fig. 2.2.2). The resulting black and white image is then analyzed using a program
written in Object Pascal in the Lazarus software development environment
(version 1.0.6). The output of this program is saved in a file and further analyzed
using the OpenOffice office package (version 3.4.1), specifically using the

OpenOffice Calc tool for processing tables.

The software processing was performed using two thermal images of the
blood vessels in the temporal region of the brain, taken with a FLIR i7 thermal

Imager at a temperature of 31.9 °C.

The presentation of the thermographic images in the working window of
the program developed for analyzing thermogram data is shown in Figure 2.2.3.
The black and white thermogram of the brain is used for the analysis of thermal
Images of the brain's blood vessels because it increases the contrast of the image
and clearly shows the blood vessels. This filtering of the thermogram image also
improves the accuracy of matching the pixels of the image to the local

temperature in the area.
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Figure 2.2.3 — Software implementation of thermal image analysis of

human brain arteries



24

The black and white thermogram of the human brain's arteries, obtained
using the FLIR WebViewer program developed in the Lazarus environment, is

analyzed using the following algorithm:

1. The user defines the area of the image to be analyzed.

2. The program analyzes each pixel in the selected area and
writes the value of one of the colors to an array (since it is a black and white
Image, R=G=B), converting values from 1 to 100.

3. If a color, according to the color palette, has a value of 0, it is

assigned a value of 1.
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Figure 2.2.4 — Results of program analysis

2.3 Data processing in the OpenOffice office suite

The arrays of temperature data for selected parts of the image before and
after a patient's operation were analyzed in OpenOffice Calc. The data arrays
were compared by calculating the sample variance of the rows in the first and

second images using the following formula:
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I (x—D)?

D "

The results of the statistical analysis, shown in fig. 2.3.1, are the variance

values in the columns of the data array for two images.

1200
1000
o0
B0
400

2m

Figure 2.3.1 — Line variances of two images

The maximum value is 1066.77, the minimum is 109.61, and the average
value is 554.10. The average of the absolute values of deviations of the data points
from the average is 2.32%, which is above the 2% error of FLIR i7 thermal

imaging images and therefore indicates the reliability of the chosen method.

A comparison of the variance dependencies for the two thermographic
images of the blood vessels in the temporal region of the brain on both sides of
the head reveals the symmetry of the temperature profile in local areas along the

selected direction (as shown by the columns of the data array).
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By examining the temperature distribution and the level of dispersion in
certain areas of the thermogram, it is possible to assess the condition of the blood
vessels of the brain, such as the presence of pathological expansion, tumors, blood

clots, or arteriovenous shunts.

The data from the two images were also analyzed using line correlation to

determine the repeatability of the results, using the following formula:

Comal(X.T) = 2D
X -0 -
1
ug
uE
04
0z
0
0 20 40 B0 80 100 120

0.2

04

Figure 2.3.2 — Line correlation of two images

The maximum value is 0.90, the minimum is -0.22, and the average value
Is 0.38, which indicates the repeatability of the research results when obtaining
thermographic images of the blood vessels in the temporal region of the brain on
both sides of the head.
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In further studies, it is planned to compare the thermal image data with

electrocardiogram data in patients before and after artificial blood circulation.

Figures 2.4.1, 2.4.2, 2.4.3, and 2.4.4 show the results from clinical practice,
including the patient's electrocardiograms before and after aortic valve

replacement.
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Figure 2.4.1 — Electrocardiogram of the patient before prosthetics aortic

valve
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Figure 2.4.2 — Electrocardiogram of the patient after prosthetics aortic
valve

ot
S Cia

Figure 2.4.3 — Digitized electrocardiograms of the patient aortic valve
prosthetics

Figure 2.4.4 — Digitized electrocardiograms of the patient after aortic valve
prosthetics
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3. LABOR PROTECTION
3.1 Introduction

Thermographs are used to identify pathologies in human brain arteries by
allowing for a qualitative assessment of the surface temperature of the human
body and the detection of early-stage pathologies. Occupational health and safety
authorities recognize that the use of thermography requires specialized training
to minimize the risk of harm to workers and maximize their efficiency. The
following recommendations have been made by national and international bodies
to protect the health and safety of workers during thermographic imaging

procedures:

* Training in basic workplace safety and ergonomic principles should be
provided to all workers performing scanning procedures using thermal imaging

equipment.

 Work environments should be designed to minimize exposure to

hazardous physical agents and biological hazards.

» Workers should use appropriate personal protective equipment and

handle radioisotopes under close supervision.

» Workplace noise should be controlled to avoid excessive levels of sound

pressure level exposure in the workplace.

» Workers should wear disposable clothing and gowns when performing
radioisotope procedures to ensure that they do not come into contact with

radioactive isotopes during scanning operations.

This section discusses the regulations regarding the safety and protection

of workers who use thermal imaging analysis equipment.
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3.2 General characteristics of a room with a thermal imaging

device diagnostic

The dimensions of the room are 5 meters wide, 4.2 meters long, and 3

meters high, with a total area of 21 square meters. The room has a capacity of 3

people and a volume of 63 cubic meters.

Table 3.1 - Objects in the room

Element Number in the scheme
Bed for medical examination 1
Chair 2
Table 3
Personal Computer 4
Wardrobe 5
Internal door 6
External door 7
Tap 8
Window 9
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The plan of the room is presented in fig. 3.1.
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Fig. 3.1 - Plan of the room
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The compliance of the available parameters with the norm is given in the
table. 3.2

Table 3.2 - Compliance of room parameters with sanitary and hygienic

standards
Parameter Following Norm
parameters
Area for 1 person, S 7 m2 not less than 6 m2
Volume for 1 person, V 21 m3 not less than 20 m3
The width of the external 1.2m not less than 1 m
door, L1
The width of the internal 1m not less than 1 m
door, L2
Distance between computers 1.5m not less than 1.5 m

The room's parameters comply with the established norms, which ensures
the safe use of the thermal imaging device and the study of human body

temperature.
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3.3 Assessment of dangerous and harmful production factors

Table 3.3 — Dangerous and harmful production factors

Factors Causes of occurrence
Physical « adverse microclimate conditions;
« insufficient lighting and increased light brightness;
* NOISE;
» radiation when working with computing
equipment.
Chemical -

The danger of
impression  el.

current

« accidental contact with parts that conduct current

and are under voltage;

» appearance of voltage as a result of erroneous
switching on, short-circuiting or voltage induction by

neighboring installations.

Fire hazard

* Short circuit, sparking in contacts, long overloads.

3.3.1 Microclimate

Table 3.3.1.1 - Actual values of temperature, humidity and speed of air

movement in the office

Period of the Air temperature Relative
year humidity

Cold 22°C 50 %

Warm 23°C 45 %
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The thermography procedure and analysis of thermograms involve
minimal physical effort and can be performed while sitting or standing.
Therefore, these tasks fall under the category of "Light work - 1b," according to
DSN standard 3.3.6.042-99. This standard state that:

Table 3.3.1.2 — Obtained microclimate parameters

Period of Air temperature Relative humidity Speed of

the year movement
Cold 22-23°C 60-40 % 0,1 m/s
Warm 22-24°C 60-40 % 0,1 m/s

The microclimate in this office meets the standards, with heating used
during the cold season and an air conditioner used for air conditioning during the

warmer months.

Table 3.3.1.3 — Characteristics of the air conditioner

Type Split system

Brand Honda HD-07HRA4F/V

Dimensions (height - width - 0.25m-0.71m - 0.19m
depth)

Modes Cooling/heating/drying

Power consumption 0.73 kW

Power in cooling mode 2.1 kW




3.3.2 Lighting

35

Both natural and artificial lighting are used in the room. The natural

lighting comes from two east-facing windows, measuring 1.3m x 1.8m, with

double-glazed metal-plastic windows. The smallest objects that we work with are

displayed on the screen of a Samsung SyncMaster 795DF monitor. The

development environment program, Lazarus, has a light grey background. The

smallest resolution object size is approximately 0.2 mm, allowing for high

accuracy in visual work.

Table 3.3.2.1 — Characteristics of visual work

Characteristics of visual work

Very high accuracy

The smallest size of the resolution object, mm

From 0.15 to 0.3 mm

Category and subcategory of visual work 1B

The contrast of the discrimination object with Average

the background

Characteristics of the background Average

Natural lighting Lateral 1.5




Table 3.3.2.2 — Artificial lighting
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Type of lighting

Combined

The number of lamps

2 pieces

Series

LPO-12 (dimensions 1245x75x%180)

Type of lamps

LPO 2x40

The shape of the

diffuser

Rectangular

Number of lamps

Height from the floor

2.8m

Table 3.3.2.3 — Real and normative values of

illumination
Degree of Light
visual Combined lighting | General lighting general lighting
work (real value)
1§} 2000 Im 550 Im 3200 Im

The lighting meets the established standards for optimal performance.



3.3.3 Noise

Table 3.3.3.1 — Sources of noise
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Source of noise Equivalent noise | Permissible noise level in
level this room, dBA
Computer (system unit) 12 dB
External noise 40 dB 50

The sound level in the room is within the established norm of 50 dBA, as

specified in DSN 3.3.6.037-99 "Sanitary standards for industrial noise, ultrasound

and infrasound."

Table 3.3.3.2 — Measures and means of protection

against noise

Kinds Description

windows).

Technical * In the source of occurrence;

* On the path of distribution (metal-plastic

Personal * Anti-noise inserts;

protective « Headphone.

equipment




3.3.4 Radiation

The office has a low level of electromagnetic radiation due to the use of an
electron beam tube in the PC monitor, which emits a small amount of

electromagnetic radiation. There are no infrared or ultraviolet radiations present.

3.3.5 Electrical safety

The main electrical appliances in this office include PCs, lighting sources,
and air conditioners, which do not pose a significant risk of electric shock. The
equipment is connected to an alternating current network with a voltage of 220 V
and a frequency of 50 Hz. However, there is still a potential for electric shock due
to insulation failure or lack of reliable grounding and non-compliance with safety
rules. The thermal imager operates with a universal power source and is

connected to the computer using an insulated wire to the USB bus, which prevents

the risk of electric shock.

Table 3.3.5.1 — Voltage consumption parameters

Source of voltage consumption High-voltage
PC 250 W
Lamplight 60 W
Monitor 80 W
Thermal imager adapter Q0w
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Table 3.3.5.2 — Measures and means of protection

against electric current

Kinds Description

Technical * In the normal mode of operation of the equipment
(isolation and inaccessibility of current-carrying parts,

lamps - at a height of 2.8 m);

* In emergency mode of operation (grounded

sockets).
Organizational All employees are familiar with safety regulations.
Means * Electric tool with dielectric handles;

* Protective mats, dielectric stands.

3.3.6 Fire safety

Possible causes of fire in the office include:

o Malfunctioning of electrical equipment and overloading of the
electrical network

o Non-compliance with the rules for operating equipment and
electrical devices

o Violation of fire safety protocols, such as using household

heating devices or smoking.



Table 3.3.6.1 — Characteristics of the fire hazard of the premises
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Fire classification A E
Category B
Fire hazard classification P-lia

Flammable substances

Papers, tables, chairs,

cabinets, plastic bodies.

Thermal fire alarm sensors

KI-1. Dimensions
100x45mm

Fire extinguishers

OU-3, 2 pieces.

Also, the office provides free access to circuit breakers and switches to

prevent fire.
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3.4. Conclusion

This section discusses the rules and measures for occupational health and
safety, which aim to eliminate potentially harmful and dangerous production
factors. The microclimate parameters in this office meet the established
standards, and the necessary means and measures are used to maintain these
levels. The noise level in the office complies with regulatory limits. Safety
measures against electric shock are also in place. Measures to protect working
personnel from fire are also addressed and all parameters meet the necessary
standards.
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CONCLUSION

The use of digital filtering of thermogram images with the FLIR
WebViewer software increases the accuracy of determining the local temperature
In an area, while the conversion of thermograms to black and white with the
developed program enhances image contrast and highlights brain arteries. The
resulting temperature profile dispersion graphs for human brain arteries
demonstrate that the proposed analysis method can be used to assess the state of

brain vessels and diagnose pathologies.

Comparison of variance dependencies for two thermographic images of
brain vessels in the temporal region allows for the detection of pathological vessel
expansion, tumours, blood clots, and arteriovenous shunts. The findings of this
study can be applied in the analysis of thermal images of human brain arteries,

considering the error of the thermal imager and the principles of the program.

Further research is needed to develop a standardized methodology to
determine the temperature of different areas of the brain based on the measured

values of water temperature in the brain using radio thermography.



43

REFERENCES

1. Handbook on the Basics of Infrared Technology / ed.: L. Z.
Kriksunov.: "Soviet Radio" Publishing House, 1978 - 400 p.

2. Thermal imagers: reference book / ed. L. Z. Kriksunov, G. A.
Padalko.: "Technika" Publishing House, 1987 - 166 p.

3. FLIR. User's manual, 2011 - 178 p.

4, Infrared radiation of heated bodies / ed.: Bramson M.A.:
"Nauka" Publishing House, 1964 - 226 p.

5. Infrared radiation / ed.: Hecford G.L.: "Energiya" Publishing
House, 1964 - 335 p.



44

APPENDIX A
Program text
unit Unitl;
{$mode objfpc}{$H+}
interface
uses

Classes, SysUtils, FileUtil, TAGraph, TARadialSeries, TASeries, Forms,

Controls, Graphics, Dialogs, StdCtrls, ExtCtrls, shellapi, LCLIntf, Math;

type

{ TForml}

TForm1 = class(TForm)
Button2: TButton;
Button3: TButton;
Button4: TButton;
Image2: Tlmage;
Image3: Tlmage;
Image4: Tlmage;
Image5: Tlmage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel,

Label4: TLabel;



OpenDialogl: TOpenDialog;
Panel2: TPanel,
procedure Button1Click(Sender: TObject);

procedure Button1MouseDown(Sender: TODbject;
TMouseButton;

Shift: TShiftState; X, Y: integer);
procedure Button2Click(Sender: TObject);
procedure Button3Click(Sender: TObject);
procedure Button4Click(Sender: TObject);

procedure Button4MouseDown(Sender: TODbject;
TMouseButton;

Shift: TShiftState; X, Y: integer);
procedure FormCreate(Sender: TObject);
procedure Image4Click(Sender: TObject);

private
function zcolor(tr, tg, th: integer): integer;
function plt(): integer;
{ private declarations }
public
{ public declarations }
end;

var
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Button:

Button:



Forml: TForm1;
d, d2, dnorm, d2norm: array [1..300, 1..300] of double;
S: string;
s2: array [1..200] of string;
sl: TStringL.ist;
graph: boolean;
tx, ty, tx1, tyl, tx2, ty2, k, kd, kd2, im, a, a2, nij: integer;
List: TStringList;
f: string;
implementation
{$R *.Ifm}
{ TForml}

procedure  TForml.ButtonlMouseDown(Sender:  TObject;

TMouseButton;

Shift: TShiftState; X, Y: integer);
begin
Labell.Caption :='0O6po06ka nanux...";
end;
procedure TForml1.Button1Click(Sender: TObject);
begin
end;

procedure TForml1.Button2Click(Sender: TObject);
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Button:
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var
filename: string;
begin
if OpenDialogl.Execute then
begin
filename := OpenDialogl.Filename;
image2.Picture.LoadFromFile(filename);
image4.Picture.LoadFromFile(filename);
button3.Enabled := False;
button4.Enabled := True;
label1.Caption := '®aiin ' + opendialogl.FileName;
k:=1;
button3.Enabled := False;
end;
end;
procedure TForml1.Button3Click(Sender: TObject);
var
I, ], a, tr, tg, th: integer;
begin
List.SaveToFile('./Results.txt");
List.Free;

showmessage('/lani ycmimmHo 36epexeHi!’);



e nd;
procedure TForml1.Button4Click(Sender: TObject);
begin

graph :=True;

image4.Picture.LoadFromFile(opendialogl.FileName);

image5.Canvas.Clear;
k:=1;
end;

procedure  TForml.Button4dMouseDown(Sender:
TMouseButton;

Shift: TShiftState; X, Y: integer);
begin
Labell.Caption :=";
end;
procedure TForml.FormCreate(Sender: TObject);
begin
sl := TStringL.ist.Create;
graph := False;
im:=1;
end;
procedure TForml.Image4Click(Sender: TObject);

var

TObject;
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Button:
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f: Tpoint;
I, nx1, nyl, nx2, ny2, k1, k2, c, c2, cx, ¢y, a, i1, J1, i2, j2: integer;
S: string;
begin
if (graph = True) then
begin
if (k <3) then
begin
f := Form1.ScreenToClient(Mouse.CursorPos);
tx = f.x - image4.Left - panel2.Left + 1;
ty :=f.y - image4.Top - panel2.Top + 1;

image4.Canvas.RoundRect(tx - 2, ty - 2, tx + 2, ty + 2, 10, 10);

if k =1 then
begin
tx1 :=tx;
tyl = ty;

labell.Caption := '"Touka 1: (" + IntToStr(tx1) + ', ' + IntToStr(tyl) +

0
llim:=2;
end;
if k =2 then

begin



If (tx1 > tx) and (tyl > ty) then
begin
if im =2 then
a:=a2
else

a = min(tx1 - tx, tyl - ty);

tx2 :=tx1 - a;
ty2 :=tyl - a;
end:;

if (tx1 <tx) and (tyl < ty) then
begin
if im = 2 then
a:=a2
else

a = min(tx - tx1, ty - tyl);

tx2 :=tx1 + a;
ty2 :=tyl + a;
end;

if (tx1 < tx) and (tyl > ty) then
begin
if im = 2 then

a:=a2
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else

a := min(tx - tx1, tyl - ty);

X2 :=tx1 + a;
ty2 :=tyl - a;
end;

if (tx1 > tx) and (tyl < ty) then
begin
if im = 2 then
a:=a2
else

a = min(tx1 - tx, ty - tyl);

tx2 :=tx1 - a;
ty2 :=tyl + a;
end:

if (tx1 = tx) or (tyl =ty) then
begin
tx2 := tx1;
ty2 = tyl,
end;
if im < 2 then

a2 :=a;
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labell.Caption := labell.Caption + ' Touka 2: (' + IntToStr(tx2) + ', '
+ IntToStr(ty2) +)';

end;

end;

k:=k+1;

if k=3 then

begin
image4.Canvas.Pen.Style := psDash;
image4.Canvas.Line(tx1, tyl, tx2, ty2);
image4.Canvas.Line(tx2, ty2, tx1, ty2);
image4.Canvas.Line(tx1, ty2, tx1, tyl);
image4.Canvas.Line(tx1, tyl, tx2, tyl);
image4.Canvas.Line(tx2, tyl, tx2, ty2);
image5.Canvas.Brush.Color := clWhite;

imageb.canvas.Polygon([Point(-10, -10), Point(210, -10), Point(210,
210), Point(-10, 210)]);

image5.Canvas.Rectangle(tx1, tyl, tx2, ty2);
image5.Canvas.Brush.Color := cIBlack;

image5.canvas.Polygon([Point(tx2, ty2), Point(txl, ty2), Point(tx1,
tyl), Point(tx2, ty1)]);

graph := False;

plt();



if im = 3 then
begin
List := TStringList.Create;
List. Add('T'padix _1:");
foril:=1toado
begin
forjl:=1toado
begin
s:=s+ "'+ IntToStr(trunc(d[il, j1])):
end;

List. Add(s);

end;
List. Add('");
List. Add(Tpadix_2:");
foril:=1toado
begin
forjl:=1toado
begin
s:=s+ "'+ IntToStr(trunc(d2[il, j1]));
end;

List. Add(s);
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button3.Enabled := True;
end;
end;
end;
end;
end;
function TForml.zcolor(tr, tg, th: integer): integer;
begin
if trunc(tr/2.55)=0 then zcolor:=1 else zcolor:=trunc(tr/2.55);
end;
function TForml.plt: integer;
var
I, ], tr, tg, tb, a, b, nr, ng, minx, miny, maxx, maxy: integer;
begin
if (tx2 <> tx1) and (ty2 <> ty1) then
begin
kd :=1;
kd2 :=1;
if tx1 < tx2 then
begin

a:=tx2-tx1;
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minx := tx1;
maxx := tx2;
end;

if tx1 > tx2 then

begin
a:=tx1-tx2;
minx := tx2;
maxx = tx1;
end;

if tx1 = tx2 then

begin
a.=1;
minx := tx1;
maxx := tx2;
end;
if tyl < ty2 then
begin
b :=ty2 - tyl;
miny ;= tyl;
maxy := tx2;
end;

if tyl > ty2 then
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1]);

1D);

begin
b:=tyl - ty2;
miny ;= ty2;
maxy = tx1,
end;

if tyl = ty2 then

begin
b:=1;
miny ;= tyl;
maxy = tx2;
end;
nij := abs(a);

fori:=1to abs(a) do

for j := 1 to abs(b) do

begin

if image5.Canvas.Pixels[minx + i - 1, miny + j - 1] = cIBlack then

begin
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tr := getrvalue(forml.image2.Canvas.Pixels[minx + i - 1, miny +j -

tg := getgvalue(forml.image2.Canvas.Pixels[minx + i - 1, miny + j -
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th := getbvalue(forml.image2.Canvas.Pixels[minx +i- 1, miny + j -
1)),
if im =1 then
begin
d[i, j] := zcolor(tr, tg, tb);
kd :=kd + 1;
end;
if im = 2 then
begin

d2[i, j] := zcolor(tr, tg, th);

kd2 := kd2 + 1;
end;
end;
end;
if im < 3 then
begin

end;
Labell.Caption :=";
im:=im+ 1;

end,;

end:



APPENDIX B

A fragment of the calculation of variances of the program data
Sample variance (by series)
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Figure B.1 — Dispersions along the lines of two images
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APPENDIX C
A fragment of the program's data correlation calculation
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Figure B.1 — Row correlation of two images
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