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ABSTRACT

This monograph discusses the basic methods and tools for processing 
thermographic information obtained from systems with applications in medical 
diagnostics and ecology.

Chapter 1. General principles in methods and means for recording, 
measuring and processing thermographic information

Applications of thermography, mainly in the fields of medicine and ecology, are 
presented. Problems related to the accuracy of measurement with an infrared camera 
are discussed. External (Atmosphere, Physical characteristics of body coverings, 
Geometric factors, Environment, Infrared characteristics of the object under study and 
Behavioral factors) and internal (Stressor, Blood circulation, Physical activity, 
Sweating, etc.) factors that affect the accuracy of measurement are described. The 
causes leading to errors in thermographic measurements are analyzed, the main ones 
being: water vapor, ozone and carbon dioxide in the atmosphere. An analysis is made 
of the methods and means of recording, measuring, processing and evaluating 
thermographic information with applications directed to the fields of medical 
diagnostics and ecology. Methods of diagnosis by analysis of data provided by the 
thermal camera are discussed.  An approach using a system of small satellites and 
specialized drones for environmental monitoring is proposed. The analysis shows the 
relevance and wide application of thermography in fields such as medicine, ecology, 
industry and many others. The existing methods and tools presented in the literature
poorly cover those proposed in the monograph. Based on the findings, this monograph 
proposes to develop the following new methods and tools in the field of thermography:

1. Development of methods and tools for recording, measuring, processing and 
evaluating thermographic information for application in medical diagnostic systems.

2. Development of methods and means for recording, measuring, processing 
and evaluating thermographic information for application in environmental systems.

Chapter 2. Development of methods and means for recording, measuring, 
processing and evaluation of thermographic information for application in 
medical diagnostic systems.

The influence of mental workload on deviations in infrared thermography of the human 
face is investigated. A methodology has been developed whereby thermographic 
imaging of the change in skin surface temperature of specific areas of the human face 
allows the recording of the change in brain activity. It has been applied in reliable 
mechanisms to assess the impact of various thought processes on the mind and hence 
on the physiological responses of the human body. The proposed methodologies would 
contribute to the improvement of diagnostics using biofeedback systems.
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Chapter 3. Development of methods and tools for recording, measuring, 
processing and evaluation of thermographic information for application in 
ecological systems.

1. A model using multiple sensors to measure different objects or areas is 
proposed. This allows to reduce the measurement error of the same area of the object 
in question. The reduction of the variance of the resulting signal when the number of 
independently measuring sensors increases is calculated.

2. A block diagram of a module for non-contact surface temperature 
measurement of distributed objects in a thermal zone within a room in a building is 
developed.  The module has been designed and integrated as part of a larger building 
energy efficiency, monitoring and management system. Measurement of several zones 
of interest simultaneously is implemented in order to search for connections related to 
cooling or heating.

3. An optoelectronic system model has been developed for sensing passing 
objects, in particular vehicles. Some of the problems and their corresponding solutions 
in creating a prototype system for counting objects based on optical emission are 
described. Experimental research related to the counting of cars for the purpose of 
traffic counting its reduction is conducted.  

4. A methodology has been developed to cover large areas and many objects 
using infrared thermography to detect objects with temperatures significantly different 
from ambient. It has been used to count populations, detect habitat areas, study 
migration processes, identify movement patterns in large herds, and study the natural 
habitat of particular groups and breeds of wildlife.

5. An intelligent system has been developed to measure and monitor the main 
parameters of beehives: moisture, temperature, noise, store weight(honeycombs), 
pesticide content in the air, etc. This would lead to an increase in honey production, 
optimization of the activity in this field and prolongation of the life of bee colonies, as 
well as their protection from adverse external influences. The benefit of the system is 
the ability to: monitor in real time the temperature and humidity inside the hive against 
the same parameters outside, reacting in time if necessary to prevent the hive from 
overheating due to severe weather conditions and perishing. The system is very 
applicable, especially if the worst can be prevented for the bee colony, because 
nowadays they are endangered to a huge extent.

6. Designed and implemented a Smart Farming system including modules for 
measuring soil and air moisture, temperature and pH. The aim is to automate and 
optimize agricultural labor. Efficient farming is a complex set of multiple factors. The 
main objectives are: reducing the cost of irrigation and fertilization , fuel for 
agricultural machinery; Increasing yields by 50% to 70%; Increasing crop quality and 
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reducing culling; Taking care of the land and preserving nature thanks to less use of 
artificial fertilizers; Helping to fight plant diseases and reducing the use of pesticides.

7. A system consisting of nanosatellites and specialized drones is proposed 
which can be used for: Detection of forest fires, forest plantation development, etc.; 
Environmental monitoring - measurement of air and soil pollution; Gas leakage on 
highway gas pipelines. The system is to be implemented.

Chapter 4.  Conclusions
The results and guidelines presented in the previous chapters are summarized. The 
tasks related to future developments in the field of medicine and ecology are set.
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INTRODUCTION 
With the development of technique and technology, new healthcare perspectives 

- diagnostic and therapeutic - are opening up to us every day. In recent years, there has 
been an increasingly active penetration of equipment based on infrared sensors and 
thermal image analysis primarily in the diagnostic unit. The capabilities of this 
technique are still relatively poorly explored and significant progress in this direction 
has yet to be observed.

Body temperature is an essential indicator of human health, which is why special 
attention is paid to determining it. Measuring temperature with infrared cameras has 
advantages for doctors and patients. As a non-contact and non-invasive diagnostic 
procedure, thermography not only provides easy and accurate temperature 
measurement, but also gives a detailed image of patients’ body temperature 
distribution. The results thus obtained can help diagnose many diseases [1, 7].

Many disease processes in the body remain unnoticed due to a lack of external 
manifestations and because in their initial phases, disease changes may not provoke 
symptomatology. However, this does not mean that they cannot be detected and 
diagnosed. Thermography can help diagnose at the earliest possible stage any disease 
that proceeds with an inflammatory process, a change in local body temperature. 
Originally devised as a tool for military applications, in recent years thermography has 
been increasingly applied in medical practice. One of the most common areas of 
application is to monitor the process of development of breast cancer and to report the 
effect of the treatment [2, 7].

Thus, thermography appears to be an extremely convenient method for further 
examination and obtaining a more general picture of the condition of each patient. The 
method is safe and can be applied regularly according to the needs of every individual 
case. The examination does not involve invasive procedures and requires only slight 
changes in diet and some cosmetic care the day before it is conducted.

The application of thermography in human medicine is a flexible and efficient 
method that has the following advantages: 

Thermography is a non-contact and non-invasive process for patients 
Infrared cameras provide a detailed picture of body temperature 

distribution in an efficient manner 
Flexible use of thermography for various diseases 
High resolution images of the smallest temperature differences. 

The aim of this monograph is to develop new and specialized methods and 
tools for recording, measuring, processing and evaluating thermographic 
information with applications aimed at the field of medical diagnostics and 
ecology.
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15

Descriptive Statistics

Valid N Mean Confidence - -
95,000%

Confidence 
- 95,000% Minimum Maximum Std.Dev.

El1 128 33,04609 32,86069 33,23149 30,70000 34,70000 1,060003

El2 128 32,56250 32,37944 32,74556 29,80000 34,30000 1,046629

El3 128 27,95313 27,41279 28,49346 22,20000 34,10000 3,089325

El4 128 33,65234 33,54306 33,76163 31,40000 35,20000 0,624811

El5 128 33,70859 33,59041 33,82677 31,10000 35,20000 0,675677

El6 128 32,54297 32,38077 32,70516 30,10000 34,50000 0,927335

El7 128 33,75937 33,61700 33,90175 31,70000 35,00000 0,813995

.

-
15
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Regression Summary for Dependent Variable: El1

b* Std.Err. - of 
b* b Std.Err. - of 

b t(126) p-value 

Intercept 3,612690 1,325837 2,72484 0,007348
El2 0,892501 0,040182 0,903905 0,040696 22,21124 0,0000001

, 
- , 

. 

Regression Summary for Dependent Variable: El1

b* Std.Err. - 
of b* b Std.Err. - 

of b t(126) p-value 

Intercept 26,42480 0,621912 42,48962 0,0000001
El3 0,690349 0,064452 0,23687 0,022115 10,71099 0,0000001 

. 
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, 
-

T-test for Independent Samples Note: Variables were treated as independent 
samples

Mean - Group 1 Mean - Group 2 t-value df p
El1 vs. El2 33,04609 32,56250 3,672849 254 0,000292
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-
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.

, 
. 2.5.

ellipses)

El1 El2 El3 El4 El5 El6 El7

min 30,7 29,8 22,2 31,4 31,1 30,1 31,7

max 34,7 34,3 34,1 35,2 35,2 34,5 35,0

average 33,0 32,6 28,0 33,7 33,7 32,5 33,8

2.6

. 2.6.

person El1 El2 El3 El4 El5 El6 El7

rest 1 0,008 0,041 0,473 0,009 0,039 0,044 0,007

mwl 1 0,016 0,037 0,138 0,060 0,027 0,052 0,007

rest 2 0,020 0,043 0,255 0,035 0,026 0,023 0,022

mwl 2 0,016 0,089 0,121 0,054 0,369 0,014 0,016

rest 3 0,144 0,314 0,662 0,390 0,063 0,103 0,035
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mwl 3 0,071 0,073 3,527 0,197 0,071 0,149 0,036

rest 4 0,294 0,312 0,637 0,094 0,092 0,325 0,056

mwl 4 0,084 0,109 0,134 0,081 0,038 0,053 0,044

rest 5 0,187 0,078 0,326 0,076 0,072 0,007 0,025

mwl 5 0,046 0,047 0,522 0,040 0,038 0,086 0,010

rest 6 0,172 0,127 0,134 0,431 0,171 0,389 0,048

mwl 6 0,112 0,193 0,129 0,401 0,173 0,385 0,020

, 

. 2.7.  
- (CASE REST MINUS CASE MWL)

prsn El1 El2 El3 El4 El5 El6 El7

1 -0,007 0,004 0,335 -0,051 0,012 -0,009 0,000

2 0,004 -0,046 0,135 -0,019 -0,342 0,009 0,007

3 0,073 0,241 -2,865 0,193 -0,008 -0,046 -0,001

4 0,210 0,203 0,503 0,013 0,054 0,273 0,012

5 0,140 0,031 -0,196 0,035 0,034 -0,079 0,015

6 0,060 -0,066 0,006 0,030 -0,002 0,004 0,028

. 2.8.  

El1-El2 El1-El3 El1-El4 El1-El5 El1-El6 El1-El7

0,9 0,7 0,7 0,4 0,9 0,9

El2-El3 El2-El4 El2-El5 El2-El6 El2-El7

0,7 0,5 0,3 0,8 0,9

El3-El4 El3-El5 El3-El6 El3-El7

0,4 0,3 0,7 0,8

El4-El5 El4-El6 El4-El7 El5-El6 El5-El7 El6-El7

1,0 1,0 0,6 0,9 0,4 0,9
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3.7). 

0 10 20 30 40 45 50 60 70 80 90

485 430 414 362 214 133 85 54 55 46 37

485 463 400 340 178 116 101 60 65 52 41
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= 293  , = 313  ,= 293 , = 8  , = 13  , = 0,98,( ) = 0,98, ( ) = 0,03  , = 0. 10 , = 1 = 8. 10
. 

. 3.2. 

No 1 2 3 4

10,13 12 14 16

, T=313K 2,7027.10-05 1,8598.10-05 1,3304.10-05 9,9848.10-06

[W] ,T=293K 7,3266.10-08 6,1923.10-06 1,0035.10-05 1,2445.10-05
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, ( = ;  = ) (3.27)

, ( = ;  = )+ ( = ;  = ) (3.28)

-

=283, 293, 303K; =8μm; =12μm; =0.88; =0.88, 
0.23; ( )=0,03 ; ( )=0,4 ; = 6,25. 10 ; = 1; = 8. 10

Scilab.

-

 =0.88. 
. 3.4

No h target
[m]

[W], 
T1=283K

[W], 
T2=293K

[W],
T3=303K

1 0,25 0,624 1,25E-03 1,50E-03 1,77E-03

2 0,50 0,156 3,14E-04 3,74E-04 4,42E-04

3 0,75 0,069 1,39E-04 1,66E-04 1,96E-04
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4 1,00 0,039 7,84E-05 9,35E-05 1,10E-04

5 1,25 0,025 5,02E-05 5,99E-05 7,07E-05

6 1,50 0,017 3,48E-05 4,16E-05 4,91E-05

7 1,75 0,013 3,48E-05 3,05E-05 3,60E-05

8 2,00 0,010 3,48E-05 2,34E-05 2,76E-05

9 2,25 0,008 3,48E-05 1,85E-05 2,18E-05

10 2,50 0,006 3,48E-05 1,50E-05 1,77E-05

3.27. = 0,039 = 0,88
-
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. 3.5. 

, = 0,039 ,
= 0,88.

No h target [m] [W],
T1=283K

[W],
T2=293K

[W],
T3=303K 

1 0,25 2,01E-06 2,40E-06 2,83E-06

2 0,50 9,43E-04 1,13E-03 1,33E-03

3 0,75 1,12E-03 1,33E-03 1,57E-03

4 1,00 1,18E-03 1,41E-03 1,66E-03

5 1,25 1,21E-03 1,44E-03 1,70E-03

6 1,50 1,22E-03 1,46E-03 1,72E-03

7 1,75 1,23E-03 1,47E-03 1,74E-03

8 2,00 1,24E-03 1,48E-03 1,74E-03

9 2,25 1,24E-03 1,48E-03 1,75E-03

10 2,50 1,25E-03 1,49E-03 1,75E-03

. 

3.5

.
2 = 0.88 . 

===
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