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  THERMAL IMAGERS AND THEIR APPLIANCE IN THE FIRE UNITS     Aleksandar Majstorović

Summary: In the last few decades, man is more focused on nature and his natural surroundings as one of the inexhaustible sources for perfecting his appliances in the field of aerodynamics, hydrodynamics etc. One example of this is thermovision. It is known that reptiles (snakes) target their prey with their thermovision sight. That enables them an easy hunting of the prey even in the total dark. Some prey birds target their prey with the sight similar to the thermovision, only this sight manifests itself in the ultraviolet spectrum. Falcon targets the urine trails on the grass left by rodents or smaller mammals. In the ultraviolet spectrum, the animal urine trails are marked as yellow-green stains so that falcon focus its sight to the stains and is enabled to see the smallest movements of animals. Based on these experimental findings, man gathered some valuable information which improved the usage of thermal imager. 

Thermal imager has great application in Mechanics, Constructing, Electronics, Energetic, Medicine, Specialized Police and Military Units and, lately, in the Fire units as well. 
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1. INTRODUCTION 
Word thermovision
 was derived from the Greek word termo and Latin verb video-videre
 which means to see the heat. Thermo vision is registering of the heat broadcasting (emission) in the area of Infrared radiation. This tells us that each body broadcasts different electromagnetic waves of a different wavelength depending on the temperature. First tests of the infra red
 (IR) sensors were made in 1900 and the first usage of this technical achievement was realized during the First World War for identifying people and planes. In the last century during the 60s diodes were developed for detecting the low level of thermal radiation, that is, for detecting the visible light of low intensity (moon light, stars) with the appliance of the light strengthener that further resulted in the occurrence of the thermovision image devices. Detection of radiation in the environment by IR cameras firstly depends on: the temperature of the object and the background, type and physical components of the objects and environment and the Sun radiation.
In terms of shape, thermal imagers are very similar to the ordinary cameras but the difference is that thermal imagers are able to ‘see’ a part of infra red spectrum which is invisible for the human eye. They are particularly used when the visibility is very low because the amount of atmosphere light does not affect the quality of the image. 

At the moment, several types of thermal imagers are manufactured in the world and they have complicated simple and the simplest applications depending on its purpose.
2. THERMOVISION IMAGE
Thermovision image is unique and cannot be compared to another thermovision image even if it‘s made just a few moments later. This happens due to the fact that an equal thermo gram cannot be provided by observing the same body because of the temperature of the body (if the body is a living being) and due to the exchange of the body heat with its environment. Each thermogram (picture 1 and 2) is unique because it’s got a unique palette of colors. Depending on the usage of a thermal imager, colors in the thermogram can change from white, yellow or red where they represent areas with the highest level of heat to purple and blue where they represent areas with the lowest body temperature. Thermal imagers with White thermal imaging have the widest usage. We can read a body thermogram on the display of a thermal imager by using the temperature diagram. 
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   Picture 1. Thermogram of people.[9]    Picture 2. Thermogram of electrical engine.[9]

We can read the thermograms from the previous pictures. The highest temperature is marked with white, medium temperature with yellow and orange and the lowest temperature is marked with blue mode. In other words, we can read the highest and the lowest heat radiation.
2.3 USAGE OF THE THERMAL IMAGER
Thermal imager has wide spectrum of usage (t.1). Due to this fact it is a very reliable tool in special police forces, border police and military units. They are characterized with the possibility to track people (wanted) in the conditions of bad visibility in the distance up to 2000 meters. For this purpose thermal imagers are made to locate people in wide open areas because of the temperature difference between people and environment. If the wanted subject is constantly moving it is easier to see the subject because of the large heat radiation due to the body temperature increase caused by the constant body movement. 

Table  1. Usage of the thermal imager in other fields.[8, 10]
	CONSTRUCTION
	Detecting places that have a high level of overheat or over cold, with joinery, detecting the sources of humidity etc.  

	ELECTRICAL ENGINEERING
	Control: substations, transformer s, electric engines, buses, terminals, servers, communication gears etc.

	MECHANIC ENGENEERING
	In the field of: energetic, thermo technique, mechatronics  etc.

	MEDICINE
	In the field of medical  thermography  in detecting an early stage of breast cancer, in orthopedics, rheumatism, neurology, vascular surgery, for temperature measuring etc.

	VETERINARY
	For temperature measuring, diagnostics, etc.


2.3.1. THERMAL IMAGERS IN FIRE UNITS
In this field there are several known world manufacturers of thermal imagers: Bullard (picture 3.), e2v, Drager UCF series, MSA Evolution series, Argus and Intrespiro Hornet. Their cameras work on the same or similar principles but are different in terms of individual abilities.

Thermal imagers represent the ‘eyes of a firefighter’ in extreme conditions such as a total dark, smoke or fog what can be seen in the picture number 4 which was taken in total dark in an underground basement of a  building without any light source. In this case, the display of the camera is colorized with black and white shades. The steel door construction is marked with black and the concrete wall is white. We can also see white color with a mild light reflection that marks the door made of galvanized sheet metal. 
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    Picture 3.Thermal imager Bullard T4:   Picture 4. Thermovision image on the camera
a-camera, b- transmitter, c-mobile display,    Bullard T4 in a total dark of a basement
  d- safety buckle for carrying the camera.                    (without any additional light).
Thermal imagers that are made to be used in the fire units are different from those made for general purposes or other fields numbered in the table 1. This type of thermal imagers is very specific in comparison to other thermal imagers because the sensitivity tolerance of the thermograph is set for reading much higher temperatures. Colorization tolerance of the fire unit cameras is set to read higher temperatures, above 250 C. This is why it is enabled to detect the hot spot that is not possible to identify with a human eye, especially in the premises caught by the fire where it is disabled by the burning products and other obstacles. Thermograph is colorized with grey or blue mode and white mode up to 250 C, yellow mode from 250-400 C, orange mode from 400-500 C and red mode above 500 C. 
Thermal imagers made to be used in fire units are resistant to specific and very hard conditions during the usage. It is so called Firefighting proof
; it is robust, resistant to falls and heat. Before being released, thermal imager Bullard T4 must satisfy very strict criteria such as resistance to extremely high and low temperature, water, dust, short and strong fire strikes like flashovers
 or back drafts
. It has to be resistant to the 2 meter fall (drop), so called Drop test. One of the tests implies warming in the oven in the temperature of 260 C with the duration of 8 minutes. Considering the previously mentioned extreme conditions which the firefighting thermal imagers are exposed to, they are made of polycarbonate, thermo plastics, Kevlar fibers, germanium, neoprene and silicones. [2, 3, 4, 5, 6]
2.3.2 WORKING WITH THERMAL IMAGER BULLARD T4
We made experiments with a firefighting thermal imager from the American manufacturer Bullard T4 in the fire unit in Banja Luka and we concluded that the flame of the lighter is barely colorized in yellow-orange mode. Using a routing tag for temperature reading (+, on the display of the camera) we can read the temperature of the flame on the thermogram (cca 3500 C) without displaying any intensive colors because it is a gas flammable substance. On the other hand, with solid flammable substances such as cigarettes or fire woods we can see an intensive red color of the hot spot with the flame temperature above 6000 C.
Using the camera during a standard training in so called "blue mode"
 we can clearly see the picture of the user in a perforated, matt and previously warmed surface of the protective cover of the truck exhaust  which is usually not visible with a bare eye. 

Blue mode is used for detecting temperature lower than 2500 C whether it is a living being or a substance. You can find in any literature that the thermal imagers are characterized with a very bad resolution what we cannot say for thermal imager Bullard T4. In the picture number 6, in a blue mode, we can clearly see a disk of the truck brakes through the openings in the wheels. We can also see the signatures on the tires. This picture is made after an immediate placing the vehicle in drive which had a braking distance of cca 10 meters. 

In practice, blue mode is used for finding lost people when working in a very hard climate conditions (dark, fog), as well as people injured in car accidents in the same climate conditions as mentioned above. Very often in these types of situations, eyewitnesses or injured people themselves claim there were more people in the vehicle at the time of the accident and that they fell out of it when the accident happened.
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Picture 5. Image in a heated perforated 

  Picture 6. The disk of a truck brake.

    metal matt surface.
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In these kinds of situations surrounding area is being searched with thermal imagers. Injured people as well as deceased can easily be found by the heat that their bodies still emits. With thermal imagers missing people can be found by checking the car seats in the vehicle. If the person was sitting at the seat, using blue mode, its thermo gram will be visible at the car seat because person’s body heat will be exchanged with the surrounding area, which means that the speed under which the seat will be cooled depends on the heat of the surrounding area. These kinds of situations are very common in car accidents or accidents where a person suffers from contusion. These people usually claim that there was another person with them in the vehicle.

Picture 7. Thermograms of the car seat when the temperature of the surrounding area is close to 4° C: a) immediately after 30 sec of sitting on the seat; b) 30 s after standing up from it; c) 60 s after standing up from the seat

Firefighting cameras have the possibility to detect very small temperature changes. Thermal imager Bullard T4 can register temperature changes of 0.2° C, which can practically be explained with putting a palm of the hand on any kind of surface and keeping it there for a couple of seconds.
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        Picture 8. Shape of a palm.          Picture 9. Reflection of people on ceramic tiles.
3. CONCLUSION
Thermal imagers are important for firefighters in these situations: when searching for missing persons (people that are lost, or during fires in closed or opened spaces, in car accidents etc), when searching for a center of fire (in different openings, installations etc.) where the fire is being spread. These cameras are also used in potentially explosive environments. They secure additional safety to firefighters during their interventions because those cameras become their “eyes” in the conditions of bad or no visibility. These cameras give firefighters additional safety while moving through unknown space. Above mentioned camera Bullard T4 has an advantage in comparison with other thermal imagers that firefighters use and that is the fact that it can notice a person which is behind the flame. This proves that even when there is a large thermal radiation of the flame different items and persons whose temperature is far lower than the temperature of the flame could be noticed by this camera.
Manufacturer, Dräger, besides above mentioned options of thermal imagers, UCF 9000 gives its users some additional options such as: recording realistic images, identification of spilled dangerous materials, measuring temperatures up to 1000° C and thermo gram color scheme on the choice of its user. The only noticed disadvantage of thermal imagers so far is the impossibility of looking through water or glass because of reflection. 
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� Thermo (Greek) – heat, warm.[9]


� Video, videre (Latin) – to watch.[9]


� IR (Infra Red) infrared, electromagnetic radiation with wavelengths greater than the wavelength of visible infrared light, and less than the wavelength of radio waves. [7]


� Firefighting proof – Firefighters' residence, e.g.  or residendceto work in a pretty rough work conditions, working under mental and physical stress in specific microclimate conditions.[2]


� Flashover– flaming attack inenclosed space.[5]  


� Backdraft – flaming attack inenclosed space that is not ventilated, or back attack.[6]


� Blue mode – the basic operating mode of thermal imaging camera Bullard T4. Displaying thermograms in blue and white hues, and ranges from TT0 to TT 99th.








6
5

