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Every object with a temperature above 0 Kelvin= -273,15°C emits 
infrared radiation. A thermal imager measures the long-wave 
infrared radiation received within its field of view. From this it 

calculates the temperature of the object measured. The calculation 
factors in the emissivity of the surface of the object and the compen-
sation of the reflected temperature (RTC), both variables that can be 
set manually in the thermal imager.

Measuring object and the surrounding environment

One needs to take into account various factors regarding the object 
that is being measured as well as the environment in which it is be-
ing measured.

Important to note is that thermal images only show temperature 
distribution on the surface of an object. For this reason, one cannot 
look into - or even through - objects with a thermal imager. 
•	 Material	and	emissivity
 The surface of each material has a specific emissivity from which 

the amount of the infrared radiation emitted from the material 
that is a) reflected and b) emitted (radiated from the object itself) 
is derived.

•	 Colour
 The colour of a material has no noticeable effect on the long-wave 

infrared radiation emitted by the object to be measured when 
measuring the temperature with a thermal imager.

•	 Surface	of	the	measuring	object
 The properties of the surface of the measuring object play a crucial 

role in the measurement of temperature with a thermal imager. 
The emissivity of the surface varies according to the structure of 
the surface, soiling or coating.

•	 Structure	of	the	surface
 Infrared radiation can bounce in holes or in-between fins so that  

it appears hotter in the thermal image than in reality. This is due 
to the larger surface area.

Wetness, snow and frost on the surface

Water, condensation and frost have relatively high emissivities (ap-
proximately 0,85 < ε < 0,96), so measurement of these substances is 

generally unproblematic. Bear in mind that the temperature of the 
measuring object can be distorted by natural coatings of this kind. 
Wetness cools the surface of measuring object as it evaporates and 
snow has good insulating properties. Frost usually does not form a 
sealed surface, so the emissivity of the frost as well as that of the 
surface underneath it must be taken into account when measuring.

Soiling and foreign bodies on the surface

Soiling on the surface of the measuring object such as dust, soot 
or lubricating oil generally increases the emissivity of the surface. 
For this reason, measuring dirty objects is generally unproblematic. 
However, your thermal imager always measures the temperature of 
the surface, ie the dirt, and not the exact temperature of the surface 
of the measuring object underneath.

The measuring environment

•	 Ambient	temperature
 You should also factor in the setting of the reflected temperature 

(RTC) as well as the emissivity setting (ε) so that your thermal im-
ager can calculate the temperature of the surface of the measuring 
object correctly. In many measurement applications, especially 
indoors, the reflected temperature corresponds to the ambient 
temperature. You can measure this with an air thermometer.

 An accurate setting of the emissivity is particularly important 
where there is a large difference in temperature between the 
measuring object and the measuring environment.

•	 Radiation
 Every object with a temperature above absolute zero (0 Kelvin = 

-273,15°C) emits infrared radiation. In particular, objects with a 
large difference in temperature from the measuring object can 
disrupt the infrared measurement as a result of their own radia-
tion. You should avoid or deactivate sources of interference of this 
kind wherever possible. By screening the sources of interference 
(eg using a cardboard box), you will reduce this negative effect on 
the measurement. If the effect of the source of interference cannot 
be removed, the reflected temperature does not correspond to the 
ambient temperature. A globe thermometer or Lambert radiator, 
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for example, is recommended for measuring the reflected radiation 
in conjunction with your thermal imager.

Special features of outdoor thermography

Objects heat up in the sun as a result of absorbing sunlight. This af-
fects the surface temperature considerably. It can be seen in Figure 
1 that the gutter is shown colder than the house wall on the thermal 
image. 

Figure 1: Reflection for measurements outdoors.

However, both are roughly the same temperature. The image must 
therefore be interpreted. Assume that the surface of the gutter is 
galvanized and has extremely low emissivity (ε = 0,1). Only 10% of 
the long-wave infrared radiation emitted by the gutter is therefore 
emitted inherent radiation, 90% is reflected ambient radiation. If 
the sky is clear, ‘cold diffuse celestial radiation’ (~ -50°C to -60°C) is 
reflected on the gutter. The thermal imager is set to ε = 0,95 and RTC 
= -55°C to ensure correct measurement of the house wall. Due to the 
extremely low emissivity and the extremely high reflectance, the gut-
ter is shown too cold on the thermal image. To show the temperatures 
of both materials correctly on the thermal image, you can change the 
emissivity of certain areas retrospectively using analysing software.

Tips

•	 Always	 be	 aware	 of	 the	 effect	 of	 your	 own	 personal	 infrared	
radiation (body heat).

•	 Change	your	position	during	the	measurement	in	order	to	identify	
any reflections. 

•	 Avoid	measurements	close	to	very	hot	or	cold	objects,	or	screen	
these.

Weather

Clouds

A densely clouded sky offers the ideal conditions for infrared meas-
urements outdoors, as it screens the measuring object from sunlight 
and “cold diffuse celestial radiation”.

Sun

See ‘Radiation’.

Air

Air humidity

Do not perform measurements when air humidity is condensing on 
the thermal imager. If the lens (or protection glass) has misted over, 
some of the infrared radiation hitting the thermal imager will not be 
received, as the radiation fails to penetrate fully through the water 
onto the lens. 

Air flows

Note the speed and direction of air flows during the measurement and 
factor these data into your analysis of the thermal images.

Air pollution

Do not perform measurements in heavily polluted air. Some sus-
pended matter such as dust, soot and smoke, for example, as well 
as some vapours have high emissivity and are barely transmissive. 
This means that they can impair the measurement, as they emit 
their own infrared radiation that is received by the thermal imager. 
Always measure with the smallest possible measuring distance for 
your measurement application in order to minimise the effect of any 
possible suspended matter in the air.

Light

Light or illumination does not have a significant impact on measure-
ment with a thermal imager. You can also take measurements in the 
dark, as the thermal imager measures long-wave infrared radiation. 
However, some light sources emit infrared heat radiation themselves 
and can thus affect the temperature of objects in their vicinity. You 
should therefore not measure in direct sunlight or near a hot light 
bulb, for example. Cold light sources such sleds or neon lights are not 
critical, as they convert the majority of the energy used into visible 
light and not infrared radiation.

Determining emissivity and  
RTC in practical applications

To determine the emissivity of the surface of the measuring object, 
you can, for example:
•	 Refer	to	the	emissivity	table	(Table 1). Caution: Values in emis-

sivity tables are only ever guideline values.
•	 Use	a	reference	measurement	with	a	contact	thermometer.
•	 Use	a	reference	measurement	with	the	thermal	imager.

Testo thermal camera 
camcorder design.
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Material	(material	temperature) Emissivity

Aluminium, bright rolled (170˚C) 0,04

Aluminium, not oxidised (25˚C) 0,02

Aluminium, not oxidised (100˚C) 0,03

Aluminium, heavily oxidised (93˚C) 0,2

Aluminium, highly polished (100˚C) 0,09

Cotton (20˚C) 0,77

Concrete (25˚C) 0,93

Lead, rough (40˚C) 0,43

Lead, oxidised (40˚C) 0,43

Lead grey oxidised (40˚C) 0,28

Chrome (40˚C) 0,08

Chrome, polished (150˚C) 0,06

Ice, smooth (0˚C) 0,97

Iron, emery ground (24˚C) 0,24

Iron with casting skin (100˚C) 0,8

Iron with rolling skin (20˚C) 0,77

Gypsum(20˚C) 0,9

Glass (90˚C) 0,94

Granite (20˚C) 0,45

Rubber, hard (23˚C) 0,94

Rubber, soft, grey (23˚C) 0,89

Cast iron, oxidised (200˚C) 0,64

Wood (70˚C) 0,94

Cork (20˚C) 0,7

Radiator, black, anodised (50˚C) 0,98

Copper, slightly tarnished (20˚C) 0,04

Copper, oxidised (130˚C) 0,76

Copper, polished (40˚C) 0,03

Copper, rolled (40˚C) 0,64

Plastics: PE, PP, PVC, (20˚C) 0,94

Paint, blue on aluminium foil (40˚C) 0,78

Paint, black, matt (80˚C) 0,97

Paint, yellow, 2 coats on aluminium foil (40˚C) 0,79

Paint, white (90˚C) 0,95

Marble, white (40˚C) 0,95

Brickwork (40˚C) 0,93

Brass, oxidised (200˚C) 0,61

Oil paints (all colours) (90˚C) 0,92 to 0,96

Paper (20˚C) 0,97

Porcelain (20˚C) 0,92

Sandstone (40˚C) 0,67

Steel, heat-treated surface (200˚C) 0,52

Steel, oxidised (200˚C) 0,79

Steel, cold-rolled (93˚C) 0,75 to 0,85

Clay, burnt (70˚C) 0,91

Transformer paint (70˚C) 0,94

Brick, mortar, plaster (20˚C) 0,93

Zinc, oxidised 0,1

Table 1: Emissivity table.

Determining the emissivity  
by means of a reference measurement

•	 Method	using	a	contact	thermometer
 First, measure the temperature of the surface of the measuring 

object with a contact thermometer. Now measure the temperature 
of the surface of the measuring object with the thermal imager 
with a preset emissivity of one. The difference between the tem-
perature values measured by the contact thermometer and the 
thermal imager are the result of the emissivity being set too high. 
By gradually lowering the emissivity setting, you can change the 
measured temperature until it corresponds to the value obtained 
in the contact measurement. The emissivity then set corresponds 
to the emissivity of the surface of the measuring object.

•	 Method	with	the	thermal	imager
 First stick a piece of (heat-resistant) emissivity adhesive tape to your 

measuring object. After waiting a short time, you can measure the 
temperature of the surface of the measuring object in the taped-
off area using your thermal imager with a set emissivity for the 
adhesive tape. This temperature is your reference temperature.

Now regulate the emissivity setting until the thermal imager measures 
the same temperature in the area which is not taped as the reference 
temperature just measured. The emissivity now set is the emissivity 
of the surface of the measuring object. As an alternative to the emis-
sivity adhesive tape, you can also:
•	 Coat	the	measuring	object	with	a	coating	or	paint	with	a	known	

emissivity.
•	 Coat	the	measuring	object	with	a	thick	layer	(>	0,13	mm)	of	heat-

resistant oil (ε ≈ 0,82).
•	 Coat	the	measuring	object	with	a	thick	layer	of	soot	(ε ≈ 0.95).
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Determining the temperature of the reflected radiation

Once you have eradicated all the possible sources of interference 
that could affect your measurement, the temperature of the reflected 
infrared radiation is the same as the ambient temperature. You can 
measure the ambient temperature with an air thermometer and en-
ter the RTC in your thermal imager on the basis of this. However, if 
sources of radiation are present in the measuring environment, you 
should determine the temperature of the reflected radiation to ensure 
an accurate measurement result.

Measurement of reflected temperature  
using an (improvised) Lambert radiator

A Lambert radiator is an object that reflects incident radiation with 
the optimum diffusion, in other words equally strongly in all direc-
tions. You can measure the temperature of the reflected radiation on 
a Lambert radiator using the thermal imager. A piece of aluminium 
foil crumpled and then unfolded again is a suitable substitute for a 
Lambert radiator for this purpose. The foil has high reflectance and 
thanks to the crumpled structure, the diffuse reflection of the radiation 
is near-perfect. To measure the temperature of the reflected radiation, 
place the Lambert radiator near the measuring object or ideally on 
the surface of the measuring object. Then measure the temperature 
at the radiator with emissivity set to one. 

The imager will now calculate the temperature of the incident 
radiation. You can now input this value as the RTC in your thermal 
imager and measure the temperature at the measuring object with 
the set emissivity for the surface of your measuring object.

Sources of error in infrared measurement

The following factors can distort the result of your infrared measure-
ment:
•	 Incorrect	emissivity	setting
•	 Incorrect	RTC	setting
•	 Unclear	thermal	image
•	 Measuring	distance	is	too	long	or	too	short
•	 Measurement	taken	with	unsuitable	lens
•	 Measuring	spot	too	big
•	 Faults	in	the	transmission	path	(eg.	air	pollution,	covers	etc.)
•	 Effect	of	external	sources	of	radiation	(eg	light	bulbs,	sun,	heaters	

etc.)
•	 Misinterpretation	of	thermal	image	due	to	reflection
•	 Quick	change	of	ambient	 temperature	 (if	 there	are	changes	 in	

ambient temperature from cold to hot, there is the risk of con-
densation on the lens. Wherever possible, use thermal imagers 
with temperature-stabilised detectors)

•	 Misinterpretation	of	the	thermal	image	due	to	lack	of	knowledge	
of the design of the measuring object (use real images/photos 
wherever possible to interpret the thermal images better).

Measurements on glass

The human eye can look through glass, but glass is impervious to in-

frared radiation. The thermal imager therefore only measures the sur-
face temperature of the glass and not the temperature of the materials 
behind it. For short-wave radiation such as sunlight, however, glass 
is transmissive. Sunlight shining through the window, for example, 
could heat your measuring object. Glass is also a reflective material. 
Be mindful therefore of specular reflection when measuring on glass 

Measurements on metal

Metals, particularly those with a shiny surface, are strong reflectors 
of long-wave infrared radiation. They have extremely low emissivity, 
which changes with the temperature. Measuring the temperature of 
these with a thermal imager therefore presents problems. Apart from 
regulating the emissivity, the correct setting of the reflected tempera-
ture is particularly important.  If metals are painted measurement is 
unproblematic, as paints generally have high emissivity. However, 
again be aware of reflections of the ambient radiation here.

Specular reflection (mirror effect)

A clearly visible specular reflection is often an indicator of a highly 
reflective surface, i.e. a surface with low emissivity. However, highly 
specular is not always the same as highly reflective. For example, 
specular reflections of the ambient radiation can be seen on the 
thermal image of a painted surface (eg silhouette of person tak-
ing the reading), even though paint generally has high emissivity  
(ε ≈ 0,95). Conversely, the outlines of reflected objects in the meas-
uring environment cannot be seen on the thermal image of a sand-
stone wall for example, even though sandstone has low emissivity  
(ε ≈ 0,67). Whether the ambient radiation is reflected specularly in 
clear outlines therefore does not depend primarily on the emissivity 
but on the structure of the surface.

Tips

•	 Be	aware	of	the	effect	of	your	own	personal	infrared	radiation.
•	 Surfaces	on	which	no	specular	reflection	can	be	detected	can	also	

have high reflectance.
•	 Measure	smooth	surfaces	from	different	angles	and	directions	in	

order to establish which of the irregularities in the temperature 
distribution are attributable to reflection and which are ascribable 
to the measuring object.

Optimum conditions for infrared measurement

Stable ambient conditions above all are important for infrared meas-
urement. This means that the climate and objects in the measuring 
environment as well as any other influences should not change during 
the measurement. This is the only way to assess possible sources of 
interference and document them for later analysis. 
The ideal measuring conditions are:
•	 Stable	weather	conditions
•	 	Cloudy	sky	before	and	during	the	measurement	(for	measure-

ments outdoors)
•	 No	direct	sunlight	before	and	during	the	measurement
•	 No	precipitation
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•	 Surface	of	measuring	object	dry	and	clear	of	thermal	sources	of	
interference (eg no foliage or chips on the surface)

•	 No	wind	or	draught
•	 No	 sources	 of	 interference	 in	 the	 measuring	 environment	 or	

transmission path
•	 The	surface	of	the	measuring	object	has	high	emissivity	that	is	

known exactly

For building thermography, a difference of at least 15°C between the 
inside and outside temperature is recommended.

The perfect thermal image

When taking a thermal image, you should pay attention to two things 
in particular:
•	 Choosing	the	right	subject	area
•	 Focusing	the	thermal	image	correctly	on	the	area	relevant	to	the	

measurement

As with a normal digital picture, you cannot change either the sub-
ject area or the focus of the image once the thermal image has been 
saved. To obtain a perfect thermal image, you can make the follow-
ing changes in your thermal imager and in the analysing software:
•	 Change	the	emissivity	and	the	reflected	temperature	compensa-

tion (RTC) setting. This can also be done point-by-point or in 
sections with professional analysing software (see Figure 3).

Figure 3: Change of emissivity by area for exact temperature analysis.

•	 Choose	an	appropriate	colour	palette	(eg	iron,	rainbow	etc).	De-
pending on the colour palette, you will get a high-contrast, easy 
to interpret thermal image.

•	 Adjust	the	temperature	scale	manually.	This	is	how	you	can	im-
prove the temperature grading or colour grading of your thermal 
image (see Figure 4). 

Figure 4: Adjusting the temperature scale.

Conclusion

Observe the following tips for taking the thermal image:
•	 Factor	in,	prevent	or	screen	all	sources	of	interference.
•	 The	surface	of	the	measuring	object	should	be	clear	of	optical	and	

thermal sources of interference. Where possible, remove covers 
and objects causing interference from the environment.

•	 Change	your	position	when	taking	the	measurement	in	order	to	
identify any reflections. 

•	 Your	measuring	spot	should	never	be	bigger	than	your	measuring	
object.

•	 Keep	the	measuring	distance	as	small	as	possible.
•	 Use	a	lens	appropriate	to	your	measurement	task.
•	 For	exact	measurement	of	details,	it	is	recommended	to	use	a	

stand.
•	 The	design	of	your	measuring	object	should	be	known	in	order	

to be able to correctly identify thermal features.
•	 Use	a	thermal	imager	with	a	built-in	digital	camera	so	that	you	

can use real pictures for analysis at a later date.
•	 Note	all	ambient	conditions	and	measure	and	document	these	

where necessary for the subsequent analysis of the thermal im-
ages.
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