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 Kimyasal, Biyolojik, Radyolojik ve Nükleer (KBRN) sahaları, niteliği bakımından oldukça 
çeşitli riskler barındırmaktadır. Kimyasal, biyolojik, radyolojik ve nükleer tehditler ayrı 
ayrı riskler oluşturabildiği gibi komplike riskler de oluşturabilmektedir. Bu sebeple olası 
bir KBRN kazası veya afeti durumunda olay yerinde oluşabilecek riskler tespit edilmeden 
olay yerine girilmesi mümkün olamamaktadır. Bu durumda olay yerindeki risklerin 
tespiti için geçen süre uzun olmakta ve süre boyunca hiçbir ekip olay yerine girerek bilgi 
ve müdahale şansı bulamamaktadır. Bu çalışmada özellikle KBRN sahaları gibi girilmesi 
güvenli olmayan sahalarda olabilecek olgularda, olay yerindeki vakaların genel sağlık 
durumunun tespiti için termal kamera ile durum tespiti yapılabilmesi üzerine 
çalışılmaktadır. Ulaşılması güç veya yüksek tehlikeli alanlardaki (KBRN sahaları) 
olgularda, olay yeri hakkında yaşayan birey ve yaralanan durumu gibi bilgilerin alınması 
ihtiyacının olduğu ve olmaya devam edeceği açıktır. Bu çalışmada yaşamsal bulgulardan, 
birden çok kişiye aynı anda uygulanabilirliği ve temassız tespit edilebilirliği gibi 
avantajlarıyla beraber termal kameraların insansız hava araçlarına entegre bir biçimde 
kullanılabilmesi sebebiyle vücut ısısı yani ateş ölçümü üzerine odaklanılmıştır. Bununla 
birlikte elde edilen görüntüler üzerinde otonom analiz teknikleri üzerine çalışılmıştır. 
Çalışmamız kapsamında KBRN olgularında vücut ısısı üzerinden yaşam bulgusu ve 
etkilenme seviyesi değerlendirmesi amacıyla termal kameraların nasıl kullanılabileceği 
üzerine bir ön çalışma yapılmıştır.  

 
 
 

Anahtar Kelimeler 
Derin öğrenme 
Kızılötesi 
Termografi 
Termogram  
Ateş 

 
 
 
 
 
 

 

Article Info  Abstract 
Received 
08.12.2021 
 
Accepted 
29.12.2021 

 Chemical, Biological, Radiological, Nuclear (CBRN) areas contain various risks due to 
their structure. Chemical, biological, radiological, and nuclear threats can create 
separate or combined risks. For this reason, it is not possible to enter the scene safely 
without detecting the risks that may occur in a possible CBRN accident or disaster. Since 
the risk assessment in the incident area takes a long time, no team can enter the scene 
and find information and intervention until the risk assessment is done.  
In this article, it is studied the determination of the general health status of people in 
hazardous CBRN zones via a thermal camera. It is obvious that there is a continuous 
need to obtain information about the scene of the incident such as the alive, sick, and 
injured people in the situation of hard-to-reach and highly hazardous CBRN areas. In 
addition, autonomous analysis techniques were studied on the obtained images.  
In this study, it is focused on the determination of health status according to body 
temperature measurement, which is one of the vital signs, by the advantages of 
applying to more than one person without contact provided by thermal cameras 
integrated into a UAV. In addition, autonomous analysis techniques were studied on the 
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obtained images. Within the scope of the study, a preliminary study was implemented 
on how thermal cameras can be used to evaluate vital signs in CBRN cases and to 
evaluate exposure levels according to body temperature. 

 
 
    Introduction 

  Today, vital signs can be easily observed with current technologies in disasters and 

emergencies where many people are affected. As it is known, the first step in all disaster and 

emergency cases, scene safety comes first in the response process. Also, considering the 

chemical, biological, radiological, and nuclear threats, it is extremely important how to treat 

people exposed to the incident. In this case, it is extremely important to get information about 

the general health condition of the people exposed to the incident and determine how many 

people were affected as sick or injured by the CBRN incident and calculate the probability of 

survival (Richard et al., 2013). 

 In this study, the approach of collecting the local or general body temperature data of 

affected people is proposed to understand the damage caused by CBRN threats. According to 

this approach, the possibility of determining the health condition of the affected people is 

studied by analyzing the data obtained from the thermal camera images. 

 The main purpose of the study is to put a preliminary study on the effect of thermal 

cameras for obtaining vital signs in various CBRN incidents. Crime scene safety is achieved 

quickly in many cases but in CBRN situations it is difficult to ensure (AFAD, 2021). The main 

reason is CBRN incidents are complex cases. Many CBRN research and application studies in 

the fields of industry, energy, and health have indirectly increased the probability of accidents. 

The accidents that occurred during these studies have taken a place in memory as they have 

caused many fatal disasters in the history of the world (Ekşi, 2016). It must keep in mind that 

CBRN agents can be used as weapons of war or for terrorist purposes. Expanding impact areas 

and successional CBRN reactions may occur in CBRN attacks or CBRN disasters (Sarı and 

Seyhan, 2012; Marsella and Sciaretta, 2018). 

 For this reason, a contactless, non-invasive, and remotely controllable analysis 

technique compared to existing measurement technologies was deemed necessary to 

evaluate the conditions of people in CBRN events. In this manner, the usability of the 

thermography method relating to body temperature data for vital sign detection has been 

investigated. 
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Body Temperature (Fever) 

 Since the earliest times, body temperature has been seen as one of the most basic vital 

signs. The main reason is body temperature has a quite wide etiology. It appears as the main 

variable in many cases such as inflammatory (infectious) diseases, various enzyme and 

hormonal changes in endocrinology, chemical agent or drug use, radiation absorption, and 

death. Body temperature changes obser ve most effectively on the skin. Body temperature 

change has been observed most effectively on the skin. The body temperature causes 

radiation emitted from the skin and the radiation level can be measured by infrared 

spectroscopy. (Ring et al., 2010). 

 

Body temperature variability in CBRN circumstances 

 According to analysis, it is observed that CBRN agents caused direct or indirect variability 

in body temperature. It is known that most biological infectious agents increase body 

temperature (Erkekoğlu and Koçer, 2018). In addition, the direct effects of radiation in 

radiological incidents on body temperature are known. In nuclear incidents, a specific increase 

occurs in body temperatures according to the ambient temperature rise due to radiation 

(Ayan and Dönmez, 2018). Chemical agents cause various reactions on the body and indirectly 

cause changes in body temperature (Ganesan et al., 2010). 

 Mass deaths are one of the most negative situations that may happen in CBRN incidents. 

It is especially important to get information about the number of dead and alive in the CBRN 

area. In a death situation, the metabolic activities gradually decrease and stop. Thermal 

cameras provide highly specific life-saving information in this field. 

 Due to the wide etiology of body temperature, it is difficult to determine what kind of 

CBRN agent caused the body temperature change. For this reason, it is hard to make a definite 

diagnosis based on body temperature. However, detecting the common body temperature 

variability will strengthen the assumption of influence and simplify the elimination of 

misdiagnoses. For this reason, observation with a thermal camera in CBRN incidents is 

promising as it saves time by performing collective analysis. 

 

 Infrared radiation and human infrared 

 Electromagnetic radiation waves cover a very wide range of wavelengths and 

frequencies between gamma rays and radio waves. The infrared spectrum represents the part 
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after visible light in the region of non-ionizing radiation. The wavelength of infrared radiation 

is 0.75-1000 µm (micrometers) (Gade and Moeslund, 2014; Balcı and Sensoy, 2004). 

 Every object above zero temperature emits a specific infrared wave. The wavelength, 

and frequency of the emitted infrared radiation change in direct proportion with object 

temperature. Although this wide range of radiation, the infrared waves emitted by a normal 

person are in a very narrow range of 8 -12 µm. So, thermal images can provide distinctive data 

(Psokoski, 2000; Usamentiaga et al., 2014). 

 

 Thermal infrared cameras and their usage areas 

 Thermal imaging studies were first started on night vision in the USA in the 1940s. 

Studies have progressed day by day and had been used in many fields, up to today's modern 

thermography technique (Gade and Moeslund, 2014). A thermal infrared camera detects 

infrared waves emitted by an object and converts them into electronic signals and creates 

thermal images. While the thermal images are defined as thermograms, the name of this 

technique is defined as infrared thermography (IRT) (Usamentiaga et al., 2014). 

Infrared thermography has many advantages: 

1. IRTs are non-contact thermometers: there is no need to contact the heat source for 

measurement. In this way, extremely hot objects, or dangerous products such as acids can be 

safely measured and keep the user out of danger. 

2. IRT provides two-dimensional thermal images that users can make comparisons between 

target areas. 

3. IRT quickly scans stationary targets, fast-moving targets and compares rapidly changing 

thermal patterns. 

4. IRT has no harmful radiation effects like X-ray imaging technology has. It is suitable for long-

term and repeated use. 

5. IRT is a non-invasive and painless technique. There is no interventional interference with 

the target in any way (Speakman and Ward, 1998). 

 One of the most critical areas of use of thermal cameras is human thermal imaging. The 

infrared thermal imaging studies were first found for night vision purposes in the 1940-1950s, 

human use studies started in 1963. The first infrared thermograms appeared in the black and 

white format (Barnes, 1963). 
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 Infrared thermography (IRT) is a fast, passive, and non-invasive technique compared to 

other techniques. The biggest advantage of body temperature analysis with a thermal camera 

is thermal cameras do not need to focus on a single point. Thus, body temperature obtained 

according to thermal image can give an idea about a large part or all the body. Body 

temperature distribution can be seen as an inhomogeneous color map in thermal camera 

measurements. The main reason is the various parts of the body are at different temperatures 

and their surface areas are variable. For this reason, when there is a local temperature 

increase, a color change is also observed in the thermal camera. Other advantages are, 

thermal cameras are not affected by the skin color of humans, produce thermal images 

independently of daylight, and capture images on a large group of people at the same time 

(Ivanescu and Ciupitu, 2010; Tkáčová et al., 2011). 

 Considering the latest technologies, the use of special thermal infrared imagers in the 

medical field is increasing day by day. It is used successfully in the field, especially in the 

detection of cancer types, diabetes, neuropathy, peripheral vascular disorders, and many 

similar diseases, and it can also be used in research such as the variables of activity result and 

the investigation of body comfort (Ivanescu and Ciupitu, 2010; Jackers, 2014). 

 Today, advanced thermal imaging devices with high sensitivity are being developed and 

used, especially in the medical field. The human body is variable in terms of vascular structure, 

muscle distribution, distribution of joints, skin thickness, regions of organs, and 

endocrinological factors that cause temperature differences in terms of body regions apart 

from various illnesses. Due to this variability, body temperature is not distributed 

homogeneously. For this reason, very distinctive features are observed in terms of color 

distribution in human thermography (Lahiri et al., 2012). 

 

 Use of thermal camera in disaster or accident situations 

 Firefighters, search and rescue personnel, emergency medical personnel, and security 

units can benefit from the use of thermal cameras in case of an accident or disaster (Doherty 

and Rudol 2008). The main reason is thermal cameras can be used in many areas such as scene 

security, number, and location of the sick and injured people, emergency classification of the 

sick and injured people (Amon et al., 2005). Many field examples can be given such as 

remotely detecting casualties in a large area, detecting overheated areas, making risk analysis 

in the crisis area, using night vision feature for search and rescue in a dark area, detecting 
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general information of health condition of people, disease diagnosis, and eliminating 

misdiagnoses. (Amon et al., 2005; Doherty and Rudol 2008). 

 Although thermal cameras are a very efficient technology on their own, they can be used 

in combination with various robotic systems according to the characteristics of the research 

field today (Lock and Amon, 2008). Images taken from the thermal camera can be instantly 

transferred to long distances via mobile network systems. The location tracking can be made 

via GPS systems. In the search and rescue field, thermal cameras integrated onto UAVs and 

combined with a mobile network system and GPS system are used. (Amon and Lock, 2008; 

Rodin et al., 2018). Unmanned aerial vehicles (UAVs) are defined as reusable motorized 

aircraft that can be remotely controlled autonomously or semi-autonomously without a 

manned pilot, depending on the task to be performed, and that perform special tasks in the 

atmosphere or outside for a certain period, with different loads depending on their 

characteristics (Blyenburgh Van, 1999). It offers very economical and practical solutions to 

affordable prices, especially due to its remote-control capability.  

 Another technology is the smartphones with thermal camera features, as well as 

thermal cameras with the ability to connect to phones with simple interfaces (Rodin at al., 

2018). In this way, the use of thermal cameras in the relevant field has become extremely easy 

and accessible. In addition, today's technology works on the processing and classification of 

images. Through the help of software, people detection, counting, and situation analysis can 

make simultaneously (Lee et al., 2015). In this way, automatic thermal image analysis becomes 

possible with remotely controlled UAVs in case of disasters and CBRN incidents. Its usability is 

promising especially in dangerous situations where incident scene safety cannot be provided. 

The research has been done on the use of thermal cameras in the CBRN field, and it is 

concluded that deep learning studies with thermographic data in CBRN fields will yield 

successful results (Nguyen et al., 2017; Arora and Singh, 2020). 

 

 Global difficulties for thermal camera use in CBRN field 

 Infrared Thermography is a sensitive measurement technique due to its structure. 

Working with Infrared Thermography, it is necessary to consider many factors that affect the 

interpretation of thermographic data, so the results are consistent and meet validation 

parameters. These factors are divided into three main groups as environmental factors, 

individual factors, and technical factors (Quintana and Sillero, 2015). 
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 Environmental factors are related to the environment in which the measurement is 

made. These are ambient size, ambient temperature, relative humidity, atmospheric pressure, 

and ambient radiation level. The ambient size should be wide enough to meet the factors such 

as the distance and angle required to take the image. Ambient temperature, atmospheric 

pressure, and relative humidity level affect the body temperature of living objects in the 

environment. The ambient radiation intensity also should not be ignored, as the radiation level 

can both increase the temperature of the living thing and degrade the infrared wavelength 

(Shterenshis, 2017). 

 Individual factors are gender, age, anatomical features (height, weight), physiological 

characteristics (metabolism rate, hormonal status, skin blood supply level), circadian rhythm 

(the amount of heat exchange between various times of the day), hair density, skin emission, 

medical condition (genetic factors, food intake status, drug intake, use of various chemicals). 

It should be considered that most of these factors can influence body temperature, as well as 

the clarity of the thermal image. Technical factors are accuracy, reliability, technical protocols, 

distance vision capability, camera position and angle, camera features (temperature range, 

resolution, margin of error) (Shterenshis, 2017). 

 To standardize these factors, the University of Glamorgan has prepared the Glamorgan 

protocol as a standardization that will form the basis for medical thermography. Although it 

may seem complex to have so many variables for thermal imaging, it should be considered 

during studies (Ammer, 2008). 

 

 Conclusion 

 In this study, new techniques were discussed to obtain information on the overall level 

of exposure, number of dead and alive, or to make a preliminary assessment in terms of 

exposure in a CBRN event. The focus of the study is the Infrared Thermal Imaging (IRT) 

technique via body temperature for non-contact, non-invasive, simultaneous measurement, 

and simultaneous scanning of a group of people.  

 Body temperature is one of the basic vital signs with a wide etiology. It is obvious that 

many diseases, physiological variables, and death status influence body temperature. In this 

study, a detailed literature review has been made over body temperature changes that 

occurred in CBRN instances (Uzun, 2007; Ring et al., 2010). The technical study could not be 

performed due to the difficulty of finding samples affected by CBRN agents. When previous 
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studies were investigated, it is observed that chemical agents, especially nerve agents and 

some capacity-disrupting agents, directly affect body temperature. And caustic, turmoil 

control, and suffocating agents indirectly affect body temperature in both the short and long 

term (Ganesan et al., 2010; Clark, 1979). In biological agent exposure, despite the effects has 

not seen quickly, it is observed that all infectious microorganisms can cause changes in body 

temperature (Erkekoğlu and Koçer, 2018; Kılıç, 2006). It has been observed that the body 

temperature rises in direct proportion with the absorption of radiation in radioactive events 

or in acute radiation syndrome. In nuclear incidents, it is found that body temperature 

changes are observed in proportion to the radiation emission to the environment (Ayan and 

Dönmez, 2018; Özcan and Topçuoğlu, 2008). More increase has been observed in body 

temperature in the CBRN area that is exposure to chemical agents, biological agents, or 

radiation. As an example, in choking agents, an increase in temperature in the chest due to 

lung infection is expected, while in caustic agents, the temperature increase is expected more 

in the face area where the mucosa density is more. Biological agents also cause a predominant 

increase in temperature in the infected tissues. It is observed that this situation caused a 

change in the non-homogeneous distribution of normal body temperature. 

 In the rest of the study, body temperature measurement technologies were 

investigated, and research was made on the usability of the Infrared Thermal Imaging (IRT) 

technique in CBRN events. The advantages of infrared thermal cameras indicate the various 

level of body temperature in assorted colors, the simultaneous analysis of a whole part of the 

body or a large group of people, and the applicability of autonomous image processing and 

classification techniques with deep learning, which is an area of artificial intelligence, were 

considered and the infrared thermography technique was recommended. By the infrared 

thermography method, the body temperature change and the body temperature distribution 

can be analyzed. The thermogram image of the body under normal conditions and under the 

presence of the CBRN agents can be compared for differences (Ivanescu and Ciupitu, 2010; 

Tkáčová et al., 2011). For example, the temperature level close to the radioactive material is 

higher than in other regions, and the color of the region in the thermogram image is expected 

to turn towards red tones. In addition, the usability of infrared thermal cameras with different 

technologies has been investigated. It is seen that the usability of thermal cameras and the 

obtained images can be transferred simultaneously with mobile networks via long distances, 

without entering the CBRN zone (Amon and Lock, 2008; Rodin et al., 2018). 
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 In this study, it is seen that body temperature analysis can be performed by using 

Infrared Thermal Cameras in CBRN events, disasters, and emergency zones, and preliminary 

information can be given on the presence of CBRN exposure. From this point, this study 

showed that infrared thermography (IRT) is a highly promising method for CBRN exposure 

level measurement. 
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