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Abstract 
 
Blackbody radiators for calibration of wide-looking IR-thermometers 
 
Simple, wide-looking IR-pyrometers are becoming very commonly used, not least in the 
Nordic countries. To calibrate these types of thermometers, existing methods are less suitable 
as the measuring surface of the commercially available blackbody radiators usually is too 
small. The goal of this project has been to develop and characterize a more suitable blackbody 
radiator, which has a large surface with high emissivity. The diameter of the surface shall be 
large enough to be able to calibrate wide angle looking pyrometers and fulfil the requirements 
of the user regarding distance, temperature and uncertainty.  
 
The project has resulted in a useful blackbody radiator presented in this report, which better 
can handle calibration of wide-looking IR-thermometers than those blackbodies with ordinary 
apertures. Together with the radiator a method for the handling of calibration assignments of 
these types of IR-pyrometers has been produced, complete with analysis of uncertainty.  
 
The measurements performed during the project indicate however that even with a surface 
larger than the surface specified by the IR-pyrometer supplier, there is still an influence from 
the distance for some pyrometers. In order to be able to use such IR-pyrometers under 
different applications they therefore are proposed to be calibrated at minimum two distances 
from the blackbody and with different sizes of the aperture. In the calibration certificate it is 
also important that the size of the aperture, the distance at which the calibration has been done 
and the setting of the emissivity is specified. 
 
 
Svartkroppsstrålare för kalibrering av vidvinkliga IR-termometrar 
(pyrometrar)  
 
Enkla vidvinkliga IR-pyrometrar blir mer och mer vanliga, inte minst i de Nordiska länderna. 
Befintliga kalibreringsmetoder är dock mindre lämpliga för att kalibrera dessa typer av 
termometrar, eftersom mätytan hos kommersiellt tillgängliga svartkroppsstrålare i regel är för 
små. Målsättningen med detta projekt har varit att utveckla och karakterisera en mer lämplig 
svartkroppsstrålare, som har en stor yta med hög emissivitet. Ytans diameter skall vara så stor 
att man kan kalibrera vidvinkliga IR-pyrometrar och uppfylla användarens krav, när det gäller 
avstånd, temperatur och mätosäkerhet. 
 
Projektet har resulterat i en användbar svartkroppsstrålare, som presenteras i denna rapport 
och som kan hantera kalibrering av vidvinkliga IR-pyrometrar bättre än svartkroppsstrålare 
med vanliga öppningar. Tillsammans med framtagningen av svartkroppsstrålaren, har en 
metod för att hantera kalibreringsanvisningar för denna typ av IR-pyrometrar tagits fram, 
komplett med analys av mätosäkerheten. 
 
Under projektet gjorda mätningar indikerade emellertid att även med en yta större än den som 
specificeras av IR-pyrometerns tillverkare, så finns det fortfarande en avståndsinverkan på 
några pyrometrar. För att kunna använda sådana IR-pyrometrar under varierande  förhållanden 
föreslås därför att de kalibreras vid minst två avstånd från svartkroppsstrålaren och med olika 
storlekar på svartkroppens öppning. Det är också viktigt att öppningens storlek, avståndet vid 
vilket kalibreringen har gjorts och inställd emissivitet uppges i kalibreringsbeviset. 
 
Key words: aperture; blackbody radiator; calibration; emissivity; method; pyrometer; IR-
pyrometer; radiation; temperature; thermometer; wide-looking. 
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Preface 
 
This report is the result of the Nordtest project 1595-01 and –02 “Blackbody radiators for 
calibration of wide-looking IR-thermometers”, performed during 2002-2003.  
 
The objective of the project, to develop and build a suitable blackbody radiator and to 
characterize this, has been met. The project has also resulted in a Method for the handling of 
calibration of wide-looking IR-thermometers. 
 
The Nordic project group has consisted of: 
Jan Ivarsson, SP, Sweden (project leader) 
Roland Falk, SP, Sweden (key performer) 
Gunn-Mari Löfdahl, SP, Sweden 
Thua Weckström, MIKES, Finland 
Crina Rauta (part 1) and Vegard Bergaplass (part 2), Justervesenet, Norway 
Sønnik Clausen, Risø, Denmark 
 
Furthermore, the project group wish to express grateful thanks to Nordtest and the respective 
laboratory for the support of this project. 
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1 Introduction 
 
1.1 Background and requirements 
 
The measuring of temperature without touching the object, using infrared (IR) thermometers 
of radiation (IR-pyrometers), is often practical and nowadays a common measurement 
technique. In order to calibrate these IR-pyrometers, usually different types of blackbody 
radiators are used, which give the stable wanted radiation temperature. The blackbody 
radiators are usually designed like a tube with one end closed, often in the form of a cone of 
120°. The tube, which has a surface of high emissivity, is placed in a horisontal 
thermostatically operated furnace. It is then possible to aim the pyrometer, which is to be 
calibrated, towards the bottom of the cone in the tube. Often the opening of the tube is 
equipped with some type of aperture, in order to obtain an emissivity for the blackbody 
radiator as close as possible to ε = 1. 
The temperature of the blackbody is obtained from a temperature sensor placed in closed 
vicinity to the bottom of the cone or through measurement of the temperature with a calibrated 
radiation temperature standard (pyrometer). This procedure is excellent, when the object of 
calibration has an optic, which permits a small surface of measurement, but it is problematic, 
if the pyrometer is of wide-looking type. Unfortunately, the best selling versions of IR-
pyrometers are of simpler types, usually wide-looking. Commercially available blackbody 
radiators often have a small aperture, why the available size of the measuring surface is not 
enough for these pyrometers. The result is that the pyrometer also takes radiation from the 
surrounding surfaces with other temperatures and accordingly is going to show an incorrect 
value. 
 
When measuring temperature with an IR-pyrometer, one encounters difficulties, which usually 
do not occur when measuring with a thermometer of contact type. The most important 
difference is that the property of the measuring object has a crucial importance to the result of 
measurement. For instance, if one wants to determine the temperature of a specific surface, it 
is especially the size and emissivity of the surface, one has to take into consideration. The 
emissivity is a measure of the emitted radiation of the surface in proportion to the radiation 
from a blackbody radiator at the same temperature. Often one does not know the emissivity, 
when doing practical measurements, but one has to suppose some reasonable value taken from 
the manufacturer or tabulated in a book. Simple pyrometers often lack the possibility of 
adjusting the set emissivity of the pyrometer for the emissivity of the actual surface. An 
emissivity of ε = 0,95, is a very common fixed value for this type of pyrometers. If one does 
not correct for a possible misalignment between the set emissivity of the pyrometer and the 
real emissivity of the surface, the error can become very considerable. 
Also the size of the surface is of crucial importance to the measuring result. If the surface is 
not large enough, the error of measurement can be devastating large. 
 
When performing calibration of wide-looking pyrometers, it is true that the prevailing 
conditions like e.g. distance, diameter of the aperture and emissivity are shown in the 
calibration certificate. The problem however, is that if one changes the measuring conditions, 
for instance if the distance between the pyrometer and the aperture of the blackbody radiator is 
changed, the result of the calibration will usually be different. This brings about, that the user 
cannot expect that the stated corrections in the certificate are valid for his application. The user 
usually only sees, if the pyrometer has changed since the last calibration at the actual 
laboratory of calibration, using the defined measuring conditions. 
Likewise, a calibration of the same pyrometer at another calibration laboratory with another 
equipment can result in different values. Therefore, there is a great need for a method of 
calibration, including blackbody radiators, which are suited to this type of calibration of 
pyrometers and which can give more uniform results. 
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1.2 Objectives 
 
The goal of this project has been to develop a blackbody radiator with large measuring 
surface, which is suitable for calibration of wide-looking pyrometers from room temperature 
up to 200 °C. Also included in the project has been to work out a belonging calibration 
method. 
The diameter of the surface of the blackbody radiator shall be large enough for a wide-looking 
pyrometer to be calibrated under those circumstances corresponding to the users requests 
concerning distance and temperature. 
The method of calibration should be so generally worked out that it also is applicable, when 
calibrating IR-pyrometers using other types of blackbody radiators than the one described in 
the project. 
 
1.3 Project group and activities 
 
An important part of the project has been the construction of the special blackbody radiator. 
This should give experience and basic data of measurements for the design of the measuring 
method for calibration of wide-looking IR-pyrometers, as well as serve as a basis for further 
development of this type of blackbody radiator.  
 
At a meeting of the project members; SP (Sweden), Risö (Denmark), Justervesenet (Norway) 
and MIKES (Finland) at SP on March 13, 2002, the most suitable design of the blackbody 
radiator was decided. Before the meeting a draft design had been presented as a basis for the 
discussions. 
 
In short, the proposal was aiming at a limited range of temperature of the blackbody radiator 
in this first stage, in order to include the most requested range when calibrating this type of 
pyrometers; that is temperatures up to 200 °C. The advantage with upwards-limited 
temperature is that it was possible to base the design on a ready-made thermostatted liquid 
bath, which has very good temperature stability and small gradients. This is of great advantage 
when it comes to large blackbody radiators. The alternative with an electric direct heating of 
the blackbody radiator, with the aid of a wire winding, was regarded as more uncertain, when 
considering the smoothness of temperature of the ready-made blackbody radiator.  
 
For higher temperatures, using electric direct heating of the blackbody radiator would however 
be the likely choice. 
 
The general outlines for the project was laid down at the meeting, where it also was decided to 
manufacture a prototype of the blackbody radiator for temperatures up to 200 °C. 
When the blackbody had been built and characterized at SP, a draft method was presented, 
discussed and further developed at a project meeting held at SP on April 29th 2003. At the 
meeting also some measurements were done by the participants. 
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2 Development of a Blackbody 
 
2.1 Design 
 
The blackbody radiator being part of the project has been designed with starting point from a 
calibration bath of manufacture HETO model IBN 8 with the pump/thermostat unit belonging 
to it, model HMT 200 RS. The bath is constructed for the temperature range between ambient 
temperature and 200 °C. As liquid for the bath a silicon oil, Rhodosil 47V 100, was chosen, 
which has the viscosity 100 cSt at 25 °C. Without external cooling the bath with this oil has a 
lowest temperature of around 50 °C at an ambient temperature of 23 °C. The inner dimension 
of the bath is 300x150x200 mm with a total volume of 8 litres. The heating power is 1600 W, 
why a raise in temperature up to 200 °C inclusive of stabilization is done in about half an hour.  
 
The original container of the bath has been modified so that a plane, round surface of 
blackbody with diameter 100 mm has been obtained. See figure 1. The blackbody is made of a 
15 mm thick cylindrical plate of aluminium, of which 100 mm diameter is exposed through a 
hole in the wall of the bath. The plate is fixed to the bath via an O-ring seal of Fluorocarbon 
(Viton® rubber), which can stand temperatures above 200 °C. The seal is recessed and pressed 
against a flange of stainless steel, which is welded in the wall of the bath. As the wall of the 
bath is sloping from the vertical plane, the thickness of the plate has been adjusted to have the 
blackbody surface in the vertical plane. The blackbody was placed in the bath, so that the 
stream of oil from the stirrer was aimed at the plate of the blackbody. The oil bath is provided 
with a tight cover, in order to minimise any fog of oil going to the environment at high 
temperatures. 
The surface, flange and lining of the blackbody radiator were painted with black velvet spray 
paint, Nextel 811-21 Velvet Coating from 3M. In order to counteract drop formation and get 
sufficient cover, the painting was done with six thin layers of paint. 
 
In order to be able to change the aperture of the blackbody radiator, a sheet of aluminium with 
a holder for the aperture plates was mounted in front of the front long wall of the bath. The 
aperture plates have different sizes of holes. The front plate was provided with a piping for 
cooling water from a thermostatted water bath, in order to keep the aperture plate and front 
plate at a wanted constant temperature. Between the front plate and the wall of the bath is 
placed insulation, consisting of a 15 mm thick plate of mineral fibre, in order to reduce the 
heat conduction from the warm oil in the bath. 
The front plate together with holder and aperture plates were painted with black velvet spray 
paint, ALCRO Servalac Art No 175 831. 
 
As the blackbody radiator is suited for comparison calibrations, the display of temperature of 
the regulator gives sufficient information of the temperature in the bath. The real temperature 
of radiation is derived from the calibrated pyrometer of reference used at the calibration. 
However, the blackbody radiator is also equipped with a hole for a 4 mm diameter Pt100 
sensor, to make it possible to measure the temperature in the middle of the aluminium plate. 
The cover has a corresponding hole for the sensor. 
 
The finished blackbody radiator is shown in figure 2. 
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Figure 1. Cross-section of the blackbody radiator. 
 
 

 
 
Figure 2. Picture showing the finished blackbody radiator with the arrangement of aperture in 
front of the surface of the blackbody.  
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2.2 Characterization 
 
To characterise the finished blackbody bath, the stability of the temperature was measured at 
some temperatures 50, 100, 150 and 200 °C. The measurements were done partly directly in 
the oil and partly in the thermometer well inside the cylindrical plate. Besides the surface 
temperature was measured in different places on the outside of the cylindrical plate before the 
painting of the surface of the blackbody radiator. 
 
We measured the stability of the temperature in the oil with a standard platinum resistance 
thermometer (SPRT) connected to an automatic AC resistance bridge ASL F18 with a logger 
program. The SPRT was made by Leeds&Northrup, model 8163Q, with time constant 6 
seconds. The measured stability in the oil at the different temperatures were differing little 
from each other and was about ±0,02 °C. One example of such a diagram of stability is found 
in figure 3. 
 
The stability inside the plate of the blackbody radiator was measured with a mineral insulated 
metal-sheeted Pt100 sensor of 4 mm diameter with the resistance element close to the centre 
of the plate. The thermometer was connected to a digital thermometer  
Hart 1502A and the measured values were logged. Here we saw a somewhat equalised 
temperature variation compared with the stability measured in the oil. However, the difference 
between the levels of temperature in the oil, in the centre of the plate and on the outer surface 
of the plate was large. The temperature of the unpainted, outer surface of the plate was 
determined through contact measurements with a surface probe, Anritsu N-231K-00 
connected to a digital temperature meter, Comark C9001. The system was calibrated by 
lowering the probe 5 mm in a calibration bath at the respective temperature. The measured 
difference across the aluminium plate was almost 4 °C at 200 °C. The differences at the four 
chosen levels of temperature are shown in figure 4. 
 
The evenness of temperature over the blackbody surface was measured with the same 
equipment for contact measurement as above. The Anritsu surface probe, which contact 
surface is 15 mm in diameter, was pressed against the surface of the plate in five different 
points, symmetrically distributed with one point in the centre and the other with 5 mm 
between the probe and the edge of the surface. The measured differences of temperature were 
less than 0.1 °C for the lowest temperatures 50 and 100 °C and at the other temperatures less 
than 0.2 °C. 
 
The emissivity of the black painted finished blackbody radiator was difficult to measure with 
some greater accuracy. If it had been possible to measure the real surface temperature of the 
blackbody surface, it had been easier to determine the emissivity accurately. In order to do an 
accurate determination, one can use a reference pyrometer, which is calibrated with small 
enough uncertainty, and change the setting of the emissivity until one gets agreement between 
the real temperature of the blackbody radiator and the temperature shown by the pyrometer. 
The blackbody radiator of this Nordtest project is working in the temperature range  
50 – 200 °C, why it is suitable to measure with a pyrometer, which detector works in the long 
wavelength range 8 – 14 µm. 
In our case we had to try to estimate the surface temperature of the finished blackbody radiator 
from the measured temperature of the oil in the bath respective in the plate of aluminium and 
then extrapolate to a reasonable value of the surface temperature. The temperature differences 
between the inner and the outer surfaces of the block at 50, 100, 150 and 200 °C with an 
unpainted surface of blackbody had to be starting point of the estimation. As the black painted 
surface radiates more heat than the unpainted, the heat losses are bigger from the finished 
blackbody radiator. In order to compensate for this, we measured the temperature of the oil 
and in the plate and compared the difference of temperature in this case with the 
corresponding earlier difference, valid for the unpainted plate. The ratio of these differences 
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and the earlier measured temperature of the unpainted surface, measured with the Anritsu 
probe, gives after calculation the temperature of the painted surface. In order to determine the 
emissivity of the blackbody radiator from the calculated ‘true’ surface temperature, we used 
the pyrometer Minolta/Land Cyclops 33. This pyrometer can vary the setting of emissivity in 
steps of 0.01 and it has a resolution of 0.1 °C up to 104 °C and 1 °C above. 
 
The measurements showed that the emissivity for the painted blackbody radiator is about 0.97 
in the range of wavelength 8 – 14 µm. 
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Figure 3. The stability of the oil bath measured in the oil at 200 °C. 
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Figure 4. Temperature differences around the plate of aluminium at different temperatures. 
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3 Calibration of pyrometers 
 
3.1 Equipment 
 
In order to find out the usefulness of the blackbody radiator, when performing calibrations of 
wide-looking pyrometers, we did a number of measuring runs. We used three pyrometers with 
different performance and four blackbody radiators of different construction. The blackbody 
radiators included in the project are partly two reference blackbody radiators BBR1 and BBR6 
and partly two simpler blackbody radiators with lower emissivities. 
BBR1 is a SP-made blackbody radiator, which is mounted in a thermostatted water bath, 
which temperature is measured with a Pt100 sensor connected to a temperature meter Hart 
1502A. 
BBR6 is working on the heatpipe principle with water as the medium. The temperature is 
measured in the same way as for the BBR1. BBR6 is made by IKE in Stuttgart and mounted in 
a furnace from GERO. 
The other blackbody radiators are Gemini from ISOTECH and the blackbody radiator 
developed for this Nordtest project. Data of the blackbody radiators are presented in table 1. 
 
The pyrometers involved are Minolta / Land Cyclops 33, Testo 860 T1 and Raytek Raynger 
ST30. Data of the pyrometers are found in table 2. 
 
 

Black 
body 

Temperature 
range 

Type of blackbody Inner 
length 

Aperture Emissivity 
ε  

 (°C)  (mm) (mm)  
      
BBR1 -20 - 95 Stainless steel, 120° 

cone in liquid bath, 
3M Nextel Black 
Velvet 

400 65  0,9998 

BBR6 50 - 270 Titan 2, Water heat-
pipe, 120° cone 
Senotherm-Lack 

480 60 0,9995 

Gemini 50 - 550 Stainless steel, 120° 
cone, oxidised 

185 65 0,995 

Nordtest 50 - 200 Aluminium, plane, 
3M Nextel 811-21 

0 100 0,97 

 
Table 1: Data for the used blackbody radiators. 
 
 
Identification Wavelength 

range 
Measuring 

surface 
Distance/dia

Measuring 
surface 

Distance Set 
Emissivity; 
pyrometer 

 (µm)  (mm) (m)  
      
Minolta/Land 
Cyclops 33 

8 -14  20 1,0 1,00; Testo 
0,95; Raytek 

Testo 860 T1 8 – 14 60 : 1 20 1,0 1,00 
Raytek 
Raynger ST30 

8 – 14 12 : 1 25 0,3 0,95 fixed 

 
Table 2: Data for the used pyrometers. 
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3.2 Calibration 
 
At calibration of a pyrometer you can either use a blackbody radiator where the radiation 
temperature is determined with a ITS-90 calibrated thermometer (‘absolute calibration’) or one 
where one measures the radiation temperature with one already calibrated pyrometer 
(comparison calibration). The drawback of comparison calibrations is that the measurement 
uncertainty often gets larger for this type of calibrations, as the measurement uncertainty 
increases for each step in the calibration chain. Due to costs, most of the calibrations are 
however performed as comparison calibrations with a calibrated pyrometer or against a 
blackbody radiator, where the blackbody with temperature meter was calibrated as a unit with 
the aid of a reference pyrometer.  
In order to find out how well one can calibrate the pyrometers included in this project, using the 
two different principles of calibration, we measured in all the blackbody radiators and then 
compared the obtained corrections. The results are presented in figure 5-7. 
 
At first all pyrometers were ‘absolute’ calibrated with the aid of the blackbody radiators BBR1 
at 23 and 50 °C and together with BBR6 at 100, 150 and 200 °C. The distance of calibration 
was determined with starting-point from the specification of the respective pyrometer. The 
purpose was to calibrate the pyrometers at that optimal distance for the respective pyrometer, 
that is where the measuring spot is as small as possible. At the same time the measuring spots 
should be about the same size and be well inside the measuring surface of the blackbody 
radiators. Cyclops 33 has a close-up limit of 0.75 m with a measuring spot of 18 mm for 
maximum accuracy. For Testo 860-T1 the smallest measuring spot is 19 mm at a distance of 
1.15 m. The Raytek pyrometer is much more wide-looking so already at 0.3 m the measuring 
spot is about 25 mm. As the pyrometers are so different, we chose to measure at two distances. 
For Cyclops 33 and Testo 860 T1 1.0 m was chosen and for Raytek Raynger ST30 0.3 m. 
With this choice of distance the theoretical diameters, 19 – 25 mm, are well within all the 
aperture diameters of the blackbody radiators, 60 – 100 mm.  
When calibrating, the pyrometers were mounted on camera stands with movable video head, 
in order to facilitate small adjustments of the position of the measuring spot in relation to the 
measuring surface of the blackbody radiator. The alignment was facilitated by the laser 
markings in the pyrometers from Testo and Raytek and Cyclops has through the lens sighting 
with built-in marking of the measuring spot.  
 
All the three pyrometers had small corrections at the chosen distances, less than ±3 °C, with an 
measurement uncertainty which is different depending on pyrometer. The contribution from 
the reference blackbody radiators are very small, about 0.1 °C, but the repeatability for Testo 
and Raytek is said to be 1 °C and for Cyclops 0.2 °C. The expanded uncertainty (k=2) is 
estimated to be ±1.2 °C for Testo and Raytek. Cyclops has the expanded measurement 
uncertainty ±0.4 °C at 50 and 100 °C and ±1.2 °C higher up. The corrections for Cyclops 33 
have a breaking point at 100 °C, where the resolution changes from 0.1 °C to 1 °C. The result 
of the calibration is summarised in figure 5. 
 
In the initial absolute calibration of the pyrometers, the best available equipment was used and 
the actual temperatures of radiation could be measured with much accuracy with the aid of an 
ITS-90 calibrated contact thermometer. After these measurements comparison calibrations 
were done in the other two blackbody radiators. Here we used the pyrometer calibrated in the 
reference blackbody radiators, the newly calibrated Cyclops 33, as the reference thermometer. 
The comparison calibrations were performed at the same temperatures and with the same 
distances between pyrometer and blackbody, as with the absolute calibration according to the 
ITS-90 scale. 
 
The measured corrections from these measurements were deviating at most 1.2 °C from the 
corresponding values from the calibration in the reference blackbody radiators within the 
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whole range of temperature. For these comparison calibrations the calculated expanded 
measurement uncertainty (k=2) amounted to ±1.4 °C at 50 and 100 °C and ±1.8 °C otherwise. 
The results are summed up in figure 6-7. 
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Figure 5. ‘Absolute’ calibration of the pyrometers in reference blackbody radiators. The 
distance between objective and the opening of the blackbody radiator was 1 m except for 
Raytek Raynger ST30, which was 0.3 m.  
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Figure 6. Comparison between the calibrations of Testo 860 T1 in the different blackbody 
radiators.  



15 
 
 
 
 

-3

-2

-1

0

1

2

3

0 50 100 150 200

Temperature (°C) 

C
or

re
ct

io
n 

(°
C

)

Raytek ST30 in Nordtest BBR

Raytek ST30 in Gemini BBR

Raytek ST30 in reference BBRs

 
 
Figure 7. Comparison between the calibrations of Raytek Raynger ST30 in the different 
blackbody radiators. 
 
 
3.3 Dependence of distance 
 
When calibrating pyrometers one usually find that the measured corrections are varying with 
the measuring distance, although according to the manufacturer the size of the measuring spot 
is well inside the measuring surface of the blackbody. Thus the pyrometer ‘sees’ more of the 
environment than is expected. One reason is that the given values are not valid for 100 % of 
the incoming radiation but often only 90 – 95 % when it comes to simpler pyrometers. For 
those pyrometers included in the project that have specified values of the incoming radiation 
from the measuring spot was for Cyclops 33 given as 98 % but only as 90 % for the Raytek 
pyrometer. 
 
In order to find out if the larger measuring surface of the blackbody radiator of Nordtest would 
be able to reduce the dependence of distance for the pyrometers, first a number of measure-
ments at different distances in the reference blackbody radiators at temperatures 50, 100, 150 
and 200 °C was made. Those measurements showed that the dependence of the distance, as 
expected, was very different for the three pyrometers and mostly marked at the highest 
temperature, 200 °C. From this reason we just chose to measure at 200 °C, when the 
dependence of distance was about to be examined in the blackbody radiators of Nordtest and 
Gemini. The Cyclops 33 pyrometer was also omitted, as no dependence of distance could be 
established from the introductory measurements. See figure 8 - 10. 
 
The mentioned temperatures were measured in the same way as with the measurement of 
calibration, that is with resistance thermometer in the blackbody radiators of reference and 
with Cyclops 33 for the other blackbody radiators. The dependence of distance of the pyro-
meters was examined through measurement every 25th centimetre until the measuring spot was 
well outside the aperture of the respective blackbody radiator. For the Raytek pyrometer the 
measurements were done every 10th centimetre because of its measuring spot growing so fast. 
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Figure 8. The correction for Cyclops 33 as a function of distance to the reference blackbody 
radiators. 
 

-4
-2
0
2
4
6
8

10
12
14
16

0,0 0,5 1,0 1,5 2,0 2,5 3,0

Distance (m)

C
or

re
ct

io
n 

(°
C

) Temperature 50 °C
Temperature 100 °C
Temperature 150 °C
Temperature 200 °C

 
 
Figure 9. The correction for Testo 860 T1 as a function of distance to the reference blackbody 
radiators.  
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Figure 10. The correction for Raytek Raynger ST30 as a function of distance to the reference 
blackbody radiators. 
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Figure 11. Compilation of the dependence of distance for pyrometer Testo 860 T1 in the 
different blackbody radiators at 200 °C. 
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Figure 12. Compilation of the dependence of distance for pyrometer Raytek Raynger ST30 in 
the different blackbody radiators at 200 °C. 
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These three pyrometers differ from each other concerning construction and price class. The 
Cyclops stands out because of a more expensive construction with focusing optics, which 
makes it possible to avoid the dependence of distance as long as the measuring spot is kept 
inside the blackbody radiators, up to a distance of 2.75 m. See figure 8. 
 
The Testo pyrometer is one class worse and has a fixed focus at 1.15 m. From 0.25 m up to 
2.75 m, which is the limit when one exceeds the aperture for blackbody radiators with 60 mm 
opening, the corrections increase almost linearly with the distance. Within this interval of 
distance the corrections increase with 3.1 °C by measurement in the Nordtest blackbody and 
4.6 °C and 5.5 °C respectively, by measurement in Gemini and the water heatpipe blackbody 
radiator (BBR6). This example comes from measurements at 200 °C. See figure 11. 
 
The simplest pyrometer is Raytek ST30, which has not got any focusing distance but the 
radiation is limited by the diameter of its opening and the position of the detector. For this 
pyrometer one already exceeds the aperture for blackbody radiators with 60 mm opening after 
0.6 m. In this short change of distance from 0.10 to 0.60 m the correction increases more than 
5 °C by measurement in these blackbody radiators at 200 °C. At the same distance the 
correction increases almost 3 °C in the blackbody radiator of Nordtest. See figure 12. 
 
In order to show how the dependence of distance is increasing with increasing temperature, 
the corrections for the three pyrometers are shown in figures 8-10 at different temperatures in 
the blackbody radiators.  
For the distance dependent pyrometer the different correction curves, as a function of distance, 
are almost linear but have different slopes. There are in other words no interval of distance for 
either the Testo- or Raytek-pyrometers, where the measured correction is constant. 
 
3.4 Conclusions 
 
Those measurements that were performed at the characterisation of the Nordtest blackbody 
radiator, show that it is difficult to determine the radiation temperature on the surface of the 
blackbody radiator by measurement of the temperature in the oil or in the plate of aluminium. 
The blackbody surface is large and situated close to the ambient tempered surrounding, why 
the cooling power is considerable and by that the gradient of temperature through the 
aluminium plate. This means that it is an uncertain method to determine the radiation tempera-
ture in this way. Specially, when the emissivity of the surface is not determined with any 
special accuracy and in this case one gets an unnecessary large contribution in the analysis of 
the uncertainty. The best alternative is to perform comparison calibrations with an alredy 
calibrated reference pyrometer. This reference pyrometer should be ‘absolute’-calibrated with 
the aid of suitable blackbody radiators of heatpipe-type, which radiation temperatures are 
determined with thermometers calibrated directly against the ITS-90 temperature scale. The 
advantage of a comparison calibration of this type are several, partly you do not need to know 
the emissivity of the blackbody radiator with any greater accuracy and partly the emissivity of 
the blackbody radiator does not need to be in the vicinity of 1.00. If the reference pyrometer 
and the object of calibration have the same type of detectors with sensitivity in the same range 
of wavelength and set to the same emissivity, they experience the radiation from the 
blackbody in the same way and measure with the same error of emissivity. The pyrometers to 
calibrate are only set to the estimated value of emissivity during calibration. One condition for 
this type of comparison calibration to be possible is that the temperature of the blackbody 
radiator does not vary noticeable during calibration. In our case the variation of temperature is 
negligible. From the above given reasons it follows that the development of the method, which 
is presented in the following chapters for calibration of wide-looking IR-pyrometers, is based 
on comparison calibration against a calibrated reference pyrometer. 
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The idea with the development of the Nordtest blackbody radiator was that the larger surface 
of measurement should make it possible to calibrate a wide-looking IR-pyrometer in a way, 
which resembles more what is applicable for the best pyrometers. That is to say that for a 
number of different temperatures be able to give a correction value, which generally applies 
for the pyrometer, if one just measures against a large enough surface and knows the 
emissivity. However, the showed measurements tell you that in spite of a much larger 
measuring surface of the blackbody radiator, than what is required by the manufacturer, there 
is still a distance dependence left although less than before. 
The showed measurements point out that it is only possible to use the measured corrections for 
the Testo- and Raytek-pyrometers and other wide-looking pyrometers under identical 
conditions. Consequently the corrections should be accompanied with information about 
aperture size of the blackbody radiator and which distance that was used. 
Also the set emissivity of the pyrometer that was used during calibration should be included in 
the calibration certificate. 
For an IR-pyrometer with large distance dependence it is doubtful if it is enough to calibrate 
the pyrometer at only one distance from the blackbody. The benefit should be to calibrate the 
pyrometer at minimum two distances and with some different apertures, in order to get an 
apprehension of the distance dependence of the pyrometer under different circumstances.  
 
From the above mentioned and other experiences, which have been gained during the project, 
have as far as possible been included in the text of the proposed method of calibration. 
 

4 Draft Method 
 
The proposed calibration method can be found in appendix 1.  
 

5 Validation of the method 
 
In order to validate the proposed method of calibration for IR-pyrometers, we calibrated three 
pyrometers with different degree of wide-lookingness, according to the guiding principles in 
the method. The calibrations by comparison were made by means of three different blackbody 
radiators after which the calibration results were compared. 
The purpose of the measurements of validation was to get a confirmation on the practical 
usefulness of the proposed method of calibration for wide-looking IR-pyrometers. As a 
measure of this, we looked into the agreement between the measured values of correction from 
the measurements in those three blackbody radiators. 
 
The pyrometers to calibrate were one specimen of the models Testo 860 T1, Raytek Raynger 
ST30 and Fluke 65. The Minolta / Land Cyclops 33 was chosen as the reference pyrometer. 
The blackbody radiators used as radiation sources were the reference blackbody BBR6 of 
heatpipe type with water, the Gemini blackbody and the Nordtest blackbody. All the three 
blackbody radiators were used at the calibrations shown before in section 3.1 Equipment. At 
these earlier measurements no other apertures were used than the own ‘natural’ openings in 
order to get as large measuring surfaces as possible. However, during the measurements of 
validation the blackbody radiators were fitted with external, changeable apertures, which were 
thermostatted to 23 °C. The measurements were performed with apertures 25 mm and 50 mm. 
 
The pyrometers were calibrated at that distance from the apertures of the blackbody radiators, 
which according to the manufacturers specification was needed for the minimum measuring 
surface. The Raytek pyrometer was also calibrated at a longer distance, in order to see how the 
conformity of the calibration results were when the corrections were abnormally large.  
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Identification Wavelength 
range 

Ratio 
Distance : 
Spot size 

Distance Spot size 
according 
to spec.  

Set 
Emissivity; 
pyrometer 

 (µm)  (m) (mm)  
      
Minolta/Land 
Cyclops 33 

8 -14   1.00  20  1.00; Testo 
 0.95; Raytek  
 0.95; Fluke 65 

Testo 860 T1 8 – 14 60 : 1  1.15  19  1.00 
Raytek Raynger 
ST 

8 – 14 12 : 1  0.30 
and  

 25 
and 

 fixed 0.95 

    0.60  50  fixed 0.95 
Fluke 65 8 – 14 8 : 1  0.20  25  fixed 0.95 
 
Table 3: Data for the pyrometers used at the validation. 
 
 

Black 
body 

Temperature 
range 

Type of blackbody Inner 
length 

Aperture Emissivity 
ε  

 (°C)  (mm) (mm)  
      
BBR6 50 - 270 Titan 2, Water heat-

pipe, 120° cone 
Senotherm-Lack 

480 60 0.9995 

Gemini 50 - 550 Stainless steel, 120° 
cone, oxidised 

185 65 0.995 

Nordtest 50 - 200 Aluminium, plane, 
3M Nextel 811-21 

0 100 0.97 

 
Table 4: Data for the blackbody radiators used at the validation. 
 
 
The distances for the Raytek pyrometer were chosen as 0.30 m and 0.60 m, which means that 
according to the manufacturers specification the necessary measuring surface of 25 mm 
respective 50 mm is needed. 
The Testo 860 T1 pyrometer was calibrated at the distance 1.15 m from the aperture of the 
blackbody radiators, which then needs a measuring surface of 19 mm. 
For Fluke 65 a measuring distance of 0.20 m was chosen, where it needs a measuring surface 
of diameter 25 mm, as it has the ratio 8 : 1 between the distance and the size of the measuring 
surface. 
 
The pyrometers were calibrated by comparison at 100 °C and 200 °C with the Minolta / Land 
Cyclops 33 as the reference pyrometer. 
As the measurements were done with apertures, which in practice were too small not to screen 
off the view of the pyrometers, the maximum temperature indications were looked for at every 
measurement occasion through small continuous changes of the alignment of the pyrometer. 
From these measured maximum temperatures a mean value was calculated, which was 
subtracted from the temperature indication of the reference pyrometer. This resulted in a 
correction for the actual pyrometer at the measured temperature. The calculated corrections are 
collected in tables 5-8. 
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Temperature Aperture Set 

emissivity 
both 

pyrometers 

Water 
heatpipe 

Correction  

Gemini  
 

Correction  

Nordtest  
 

Correction  

°C mm  °C  °C  °C  
       

100 25  0.95  11.3  11.2  11.1 
 100  50  0.95  1.8  1.8  2.1 
 100  100  0.95    1.2 
       
 200  25  0.95  24.0  23.8  24.2 
 200  50  0.95  4.0  4.2  4.0 
 200  100  0.95    1.1 
       
 
Table 5: Calibration result for the pyrometer Raytek ST30 at a distance of 0.30 m. 
 
 
Temperature Aperture Set 

emissivity 
both 

pyrometers 

Water 
heatpipe 

Correction  

Gemini  
 

Correction  

Nordtest  
 

Correction  

°C mm  °C  °C  °C  
       

100 25  0.95  25.6  25.9  26.3 
 100  50  0.95  6.3  6.2  6.3 
 100  100  0.95     
       
 200  25  0.95  57.4  57.4  59.2 
 200  50  0.95  13.4  13.8  13.6 
 200  100  0.95    1.2 
       
 
Table 6: Calibration result for the pyrometer Raytek ST30 at a distance of 0.60 m. 
 
 
Temperature Aperture Set 

emissivity 
both 

pyrometers 

Water 
heatpipe 

Correction  

Gemini  
 

Correction  

Nordtest  
 

Correction  

°C mm  °C  °C  °C  
       

100 25  1.00  1.9  2.1  2.1 
 100  50  1.00  0.8  0.7  0.9 
 100  100  1.00    -0.2 
       
 200  25  1.00  4.9  5.3  4.8 
 200  50  1.00  2.6  2.7  2.9 
 200  100  1.00    0.5 
       
 
Table 7: Calibration result for the pyrometer Testo 860 T1 at a distance of 1.15 m. 
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Temperature Aperture Set 

emissivity 
both 

pyrometers 

Water 
heatpipe  

Correction  

Gemini  
 

Correction 

Nordtest  
 

Correction  

°C mm  °C  °C  °C  
       

100 25  0.95  6.3  6.5  6.9 
 100  50  0.95  2.1  2.2  2.8 
 100  100  0.95    1.1 
       
 200  25  0.95  15.5  14.5  15.3 
 200  50  0.95  5.6  5.6  6.0 
 200  100  0.95    1.6 
       
 
Table 8: Calibration result for the pyrometer Fluke 65 at a distance of 0.20 m. 
 
 
As will be seen from the tables, the agreement is very good between the measured corrections 
from the different blackbody radiators both at 100 °C and 200 °C. The difference between the 
highest and lowest value for one and the same pyrometer and temperature is less than 1 °C. 
However, for the Raytek ST30 pyrometer at a distance of 0.60 m from the aperture, the spread 
is somewhat larger, less than 2 °C. At this distance the apertures are too small for the Raytek 
pyrometer and these measurements are shown just to illustrate the importance of showing the 
measuring conditions at a calibration. 
 
 

6 Discussion 
 
The developed method for calibration of wide-looking IR-pyrometers shall be understood as 
one step towards a more unified proceeding of calibration when performing this type of 
calibrations. The measurements of validation showed that it is possible to reach a good 
repeatability with a specified measurement arrangement, even if it is a matter of calibration of 
simpler types of pyrometers. The problem is still that the calibration result seldom can be 
transferred to the practical measurements in the field outside the laboratory environment. 
 
For calibration of IR-pyrometers of simpler wide-looking types, the accessible blackbody 
radiator has great importance for the result of calibration. The ideal is to have as large 
blackbody surface as possible so that all of the incoming radiation energy to the detector comes 
from there. In principle simpler pyrometers without focusable optics need a measuring spot, 
which diameter increases linearly with the distance. Common ratios between measuring distance 
and the necessary diameter of the measuring surface are 3 / 1, 8 / 1, 12 / 1, 30 / 1 and 60 / 1. 
This leads to that for blackbody radiators with small aperture the calibration distance is very 
limited for pyrometers with the ratio 3 / 1, 8 / 1 and 12 / 1. In practice one has to compromise 
and determine the correction of the calibrating object for most optimal circumstances with the 
accessible equipment concerning the calibration distance and aperture. In the proposed method 
one outlines the choice of suitable calibration distance and other parameters of calibration. 
 
If one calibrates wide-looking IR-pyrometers according to the outlines of the method, it should 
be possible to reach a reproducibility of better than 2 °C between different calibration 
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laboratories with starting-point from the result of the validation measurements. Generally the 
reproducibility varies with the temperature of calibration and the size of the blackbody aperture 
in such away that high temperature and small aperture give bad reproducibility. 
 
Now it is not just the reproducibility, which is of importance, but least important is that the 
measured corrections at the calibration give a true picture of the possibility of the pyrometer to 
measure the real surface temperature. When dealing with comparison calibration of pyrometers 
with the aid of non-ideal blackbody radiators, like in this case, there is always a risk that the 
systematic errors are underestimated in the measuring system. In order to investigate this state 
of things, a number of measurements were performed, where the pyrometers first were 
‘absolute’ calibrated with blackbody radiators of heatpipe type and then comparison calibrated. 
This is shown earlier in section 3.2 Calibration (see figure 5-7). These comparison calibrations 
agreed in about 1 °C with the corresponding ‘absolute’ calibrations in the blackbody radiators of 
heatpipe type, that is the deviation is within the uncertainty of measurement. 
 
The presented method is suitable for most types of simpler IR-pyrometers, where the demands 
for a low measurement uncertainty are not so pronounced. Which lowest measurement 
uncertainty, that is possible to reach with a certain system of calibration, is depending on except 
for the blackbody radiator, also to a great deal on the reference pyrometer and its calibration. As 
the radiation temperature at this type of comparison calibrations are determined with the aid of 
the reference pyrometer, the uncertainty of its calibration is a limiting factor when it comes to 
how small the uncertainty of the comparison calibrations can be. 
In the current temperature range, 50 °C to 200 °C, it is possible to have an IR-pyrometer of 
good class calibrated with an uncertainty of 1-2 °C with the aid of blackbody radiators of 
heatpipe type. With such a pyrometer as a reference pyrometer, it can be considered realistic to 
have a measurement uncertainty of 2-5 °C for a comparison calibration according to the 
proposed method. 
 
Finally, it should be pointed out that when performing temperature measurements with a 
calibrated IR-pyrometer, often the uncertainty of calibration is less important to the quality of 
the measuring result then when one measures the temperature with a thermometer of contact 
type. This is the case, because the knowledge of the operator has a more pronounced effect on 
the measuring result with practical applications in pyrometri, then with other types of 
temperature measurement. 
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Method: Calibration of wide-looking IR-thermometers 
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1 SCOPE 
 
The scope of this method is to function as a guideline for the calibration of IR-thermometers 
(Pyrometers) by means of the comparison technique. The method can be applied for 
calibration in the approximate range of 20 °C to 500 °C. The source of comparison is a 
blackbody radiator, which has a large aperture with high emissivity. 
 
This method is a result of the experiences gained by the project of Nordtest 1595-02. The 
projects aim was to investigate how to be able to calibrate simpler types of wide-looking IR-
pyrometers in a consistent way. The problem hitherto was that calibrations at different 
laboratories have had poor agreement depending on different equipment and routines of 
calibration. 
 
The method therefore gives guidance to receive conformity when doing calibrations of IR-
thermometers with wide-looking detectors in the long wavelength range. 
In the text attention is focused on those points and details in the handling of the calibration 
that can affect the measuring result.  
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3 DEFINITIONS 
 
 
Aperture 
The aperture is the diameter of the stop in an optical system that determines the diameter of 
the bundle of rays traversing the instrument. 
 
Correction 
The value which, added algebraically to the uncorrected result of a measurement, compensates 
for an assumed systematic error. The correction is equal to the assumed systematic error, but 
of the opposite sign. 
Since the systematic error cannot be known exactly, the correction is subject to 
uncertainty [1]. 
 
Distance between the pyrometer and the blackbody 
In this method the actual distance is defined as between the apertures of the blackbody and the 
datum of the pyrometer, or if it is missing, up to its objective lens. 
 
Emissivity 
The emissivity ε is the ratio of the radiant energy emitted by a surface to that emitted by a 
blackbody at the same temperature. 
 
 Radiation emitted by the surface 
Emissivity = ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯    
 Radiation emitted by a black body 
 
 
This means that the emissivity ε is a number between 0 and 1. 
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4 TEST METHOD 
 
4.1 Principle 
 
The pyrometer, which shall be calibrated, is alternating with a reference pyrometer placed in 
front of the blackbody radiator at a suitable distance. The indication of the calibrating object is 
compared with the temperature of reference, which is measured with the reference pyrometer. 
 
  
4.2 Equipment 
 
4.2.1 Pyrometer of reference 
 
The reference pyrometer should be of the same type as the object of calibration with respect to 
range of wavelength and also have the possibility of adjustment of wanted emissivity. The 
pyrometer should be able to measure on a small measuring surface without too large 
dependence of distance. The reference pyrometer should have a calibration traceable to the 
ITS-90 temperature scale [2] in the actual range of calibration. Further the calibration and 
reading uncertainty of the reference pyrometer must be small compared with the desired 
calibration uncertainty. 
 
4.2.2 Blackbody radiator 
 
A blackbody radiator similar to the design presented in the project Nordtest 1595-02 is 
suitable for use as a source of radiation. It has a maximum aperture of 100 mm and the 
temperature range is between 20 and 200 °C. If a different blackbody radiator is used, bought 
or of own construction, it is important that it has large enough aperture for the calibration and 
that it has a measuring surface with high emissivity. It is an advantage to have several sizes of 
apertures with a controlled temperature, closed to ambient. 
 
The blackbody radiators that are constructed for an emissivity very close to 1,00 are often 
designed as a tube with a conical bottom, which should prevent total reflection, but there are 
also variants, which have a plane bottom with waffle design [3]. These types of blackbody 
radiators, with very high emissivity, usually have a relatively small aperture and thus 
limitations concerning calibration of wide-looking pyrometers. 
 
Blackbody radiators with larger apertures often have a somewhat lower emissivity, but by 
doing this type of comparison calibration, this is not of any crucial importance. More 
important is a large aperture, as pyrometers for low temperatures have long wavelength 
detectors, e.g. 8 – 14 µm, which demand large measuring surfaces. It is however also 
important that the measuring surface has small temperature gradients. This type of blackbody 
radiators for lower temperature ranges is often painted with a black colour, which has high 
emissivity in the IR-range. 
 
The more similar the pyrometer of reference and the object of calibration are, the less 
important is a small deviation from the optimum of the blackbody radiator. 
 
Another aspect to take into consideration is the regulation of the temperature of the blackbody 
radiator. As it is a matter of comparison calibrations, the measurements are considerable 
facilitated if the regulation of the blackbody radiator is so stable in time that the temperature is 
not noticeably changing during the cycle of measurement. 
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To summarise the important criteria for selection of a suitable blackbody radiator are: 
• Large aperture 
• Measuring surface with high emissivity 
• Measuring surface with small temperature gradients 
• Stable regulation of temperature 

 
4.3 Testing environment 
 
The radiation of heat from the environment can influence the result of calibration. This is 
depending on reflections in the blackbody radiator when it has an emissivity lower than 1. 
There should therefore be no differing sources of radiation in the room of calibration, or they 
should be screened off in best possible way. 
 
The ambient temperature should be registered and not fluctuate during the calibration. 
 
4.4 Pre-conditioning of test samples 
 
If it is necessary, the dust and dirt is removed from the lens of the calibrating object according 
to the manual of the pyrometer before the calibration. 
  
If the pyrometer is heavily contaminated it should, after checking with the customer, be 
calibrated before and after the cleaning, in order to be able to see how the measuring result has 
been affected by the use (compare ref [4] clause 5.10.4.3 and ref [5] clause 4.8 c). 
 
Electrical instruments supplied from the mains are connected, set to ON and warmed up 
before the measurements start. This does not apply to battery-operated instruments, but they 
should be allowed to stabilize at room temperature before calibration commences. 
 
4.5 Test procedure and data processing 
 
4.5.1 Parameters of calibration 
 
In order to perform calibration of an IR-pyrometer, which is relevant also for other situations 
of measurement, the choice of temperatures for calibration, the size of the aperture of the 
blackbody radiator, the distance between the pyrometer and the aperture, set emissivity of the 
pyrometer and the temperature dependence of the pyrometer have to be considered. It is 
essential to communicate with the customer to get information about the customer’s wishes 
and the use of the calibrated pyrometer.  
4.5.1.1 Choice of calibration points 
 
Depending on the customer’s wishes, the calibration of the IR-pyrometer can be performed at 
a single temperature or specific temperatures but it can also cover a whole temperature 
interval.  
If a pyrometer is to be recalibrated and there are no new requests, the same temperatures and 
measuring procedure should be used as before to give results that can be compared. If there are 
no previous results to compare to, and it should be calibrated within a given interval of 
temperature, the lowest and highest temperatures within the temperature range should be 
included. If the interval is small, these two calibration points are often sufficient, possibly 
complemented with a point half-way between. If the calibration is over a larger temperature 
range, it is recommended as a guideline that the calibration include one calibration point at 
every 100 °C. If the corrections are small, the corrections for the intermediate temperatures are 
given from the interpolation, provided that the temperature indication of the pyrometer has 
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good enough linearity. Most pyrometers have sufficiently good linearity that this does not 
need to be specially investigated.  
 
By determining the number of calibration points the required uncertainty should be taken into 
consideration, but for the normal case, correction for 5-6 temperatures gives a good 
understanding of the error indication of the pyrometer. If the error indication is large or 
strongly variable, further calibration points should supplement the calibration. 
 
4.5.1.2 Choice of aperture and distance 
 
Most of the IR-pyrometers measure the radiation from a relatively large area. It is therefore  
very important that the size of the aperture of the blackbody radiator and the distance between 
the pyrometer and the aperture of the blackbody radiator is denoted in the calibration 
certificate. If a calibrated pyrometer is used under other circumstances than what was valid 
during the calibration, the corrections from the calibration cannot be expected to be valid. 
  
If the pyrometer is not calibrated before and is to be used for a specific task of measurement 
after calibration, an aperture and a distance of calibration should be selected as close as 
possible to the planned use of the pyrometer. 
 
For a more general calibration of pyrometers one should chose the largest aperture possible of 
the blackbody radiator and that distance from the blackbody, where the pyrometer has its 
smallest area of measurement. This is in order to minimise the dependence of distance for the 
calibration. It is essential to have large enough aperture on the blackbody radiator so that the 
detector of the pyrometer is overfilled with radiation. Such a calibration gives the correction of 
the pyrometer for the most favourable circumstances for that specific equipment of calibration. 
 
In order to have a better understanding of how the error of indication is varying with the size 
of the area of measurement and its distance to the pyrometer, it is suitable to measure the 
correction of at least two sizes of apertures and of at least two distances to the aperture of the 
blackbody radiator, at the highest temperature. 
 
If the object of calibration has been calibrated earlier it should, if possible, be calibrated in the 
same way as before in order to be able to compare it with the earlier results and also to detect 
any possible drift of the pyrometer or other change, that has happened between the 
calibrations.  
 
4.5.1.3 Choice of emissivity adjustment 
 
If the setting of the emissivity (see 3. Definitions) is possible to change on the object of 
calibration, one should chose the same value of emissivity as the blackbody radiator has, both 
for the pyrometer to be calibrated and the pyrometer of reference. It is important for this type 
of comparison calibration between a pyrometer of reference and another pyrometer, that both 
pyrometers always measure with the same setting of emissivity.  
If the pyrometer to be calibrated only has a fixed setting of emissivity, usually ε = 0.95, the 
pyrometer of reference shall be set to the same value of emissivity. 
The measured corrections of the calibration are only valid, when the calibrated pyrometer 
measures on a surface of known emissivity and this value is set on the pyrometer. In the case 
of pyrometers with fixed setting of emissivity, the emissivity of the surface has to coincide 
with that of the pyrometer, otherwise there is an error, which is small when the temperature of 
the measuring object does not deviate too much from the ambient temperature but is growing 
in size when the difference of temperature is growing. The size order of this type of error in 
temperature measurement can be calculated with the mean wavelength using Planck’s 
radiation law [6].  
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4.5.1.4 Temperature dependence of the pyrometer  
 
Most pyrometers have some kind of compensation for the variation of the environmental 
temperature. This compensation, which is intended for variations inside a small interval of 
temperatures, is more or less good, why the ambient temperature should be included in the 
calibration certificate. The time of exposure of high temperatures from the blackbody radiator 
should be limited, so that the pyrometer and its detector is not heated excessively. This is 
especially important when calibrating at the very short distances that is sometimes necessary. 
 
4.5.2 Mounting 
 
During the calibration, the object of calibration and the pyrometer of reference should 
alternately be placed in front of the blackbody radiator in such a way that the centre normal to 
the aperture of the blackbody is coinciding with the optical axes of the pyrometer. The 
pyrometers can then each be mounted on an easily moveable flexible camera stand, which give 
possibility to scan the aperture, in order to seek the maximum values. The pyrometers can also 
be mounted in other suitable ways giving possibility to alternately aim at the blackbody 
radiator. 
 
In order to place the pyrometers at the wanted distance from the aperture of the blackbody 
radiator, some type of determination of the distance is needed (e.g. a tape measure). 
 
4.5.3 Readings 
 
When the temperatures of calibration, suitable apertures and distances have been determined, 
the calibration is practical to start from the lowest temperatures and then go on upwards to the 
highest temperature. This is done because, as a rule, in a blackbody radiator the rise of 
temperature is faster than the decrease.  
 
When the temperature has stabilised at each point of measurement, an appropriate number of 
measurements are done alternating between the pyrometer of reference and the object of 
calibration. The number of complete measurements, reference – object – reference, is chosen 
according to the stability of temperature of the blackbody radiator, and in that also the 
repeatability of the values of measurement, including the resolution of the object of calibration 
and the wanted uncertainty of calibration. 
The highest temperature is looked for. Bear in mind the possibility that the aiming aid (laser) 
is giving systematic parallax errors. 
 
Then the means of the indications of the pyrometer of reference corrected according to the 
calibration certificate and the means of the indications of the object of calibration are 
calculated. These means give the correction of the object of calibration at the different 
temperatures. 
 
The measuring personnel should have understanding of which factors that are affecting the 
measurements with this method and also suitable practical experience to be able to estimate a 
reasonable number of measurements.  
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4.6 Applicability 
 
This method is primarily intended for directly indicating pyrometers, which are used for 
measuring from room temperatures and up to medium temperatures (around 500 °C). In this 
temperature range the radiation of heat is relatively long wave why pyrometers, which are to 
measure low temperatures, often have detectors which are sensitive in the range 8 –14 µm. 
One property of these pyrometers is that they are relative wide-looking, that is they require a 
large measuring surface. 
 
From a general point of view the pyrometer shall be good enough to give reproducible 
measurements under stable conditions in order to be able to calibrate according to this method. 
A suitable way to validate the method is to perform comparison measurements with 
laboratories, which calibrate the same type of pyrometers. 
 
 
4.7 Uncertainty 
 
In order to perform a correct calculation of the measurement uncertainty of the given 
measured values in the result, the actual sources of uncertainty has to be determined.  
Some of the sources of uncertainty can be: 
 

 a)  The calibration uncertainty of the reference pyrometer as stated in its certificate. 
 b)  The drift since last calibration of the reference pyrometer as stated in its specification 

or from its calibration history. 
 c)  The reading uncertainty of the reference pyrometer. For a digital instrument, this is 

normally equal to half the resolution.  
 d)  Because the calibrations are performed by comparison between two similar types of 

pyrometers, sources of error coming from imperfections in the blackbody radiator 
can be assumed to affect the measuring values from both the reference pyrometer 
and the pyrometer to be calibrated in much the same way. A small contribution of 
uncertainty cannot be excluded. 

 e)  The reading uncertainty of the pyrometer to be calibrated. For a digital instrument, 
this is normally equal to half the resolution.  

 f)  For some pyrometers it happens that the readings vary more than the previously 
determined reading uncertainty indicates. In such cases the reading uncertainty can 
be calculated as half of the difference between the maximum value and the minimum 
value observed during the short time of the calibration process. 

 g)  The repeated measurements of the calibration including the new positionings of the 
pyrometer give information about the reproducibility.  

 
After the estimation of the different uncertainty components, a) to g) above, they have to be 
standardised depending of their probability distributions. The principle of this standardisation 
is that the size of each uncertainty contributions is evaluated at the same level corresponding 
to a probability of approximately 68 % (1 sigma level or k=1), so that they can be easily 
mathematically combined. The distribution for each uncertainty contribution is therefore 
estimated and the connected distribution factor is applied by dividing the size of each 
contribution with its distribution factor. 
These contributions to the standard uncertainty are multiplied with its sensitivity coefficient to 
an uncertainty component, ui, summed to the standard uncertainty of measurement, u by 
means of the following equation: 

( )......2
3

2
2

2
1 +++= uuuu  
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This standard uncertainty of measurement is converted to an expanded uncertainty U, as 
described by GUM [7] or the EA publication EA-4/02 [8], by means of the following 
equation. 
U = k·u 
This expanded uncertainty of measurement U is stated as the standard uncertainty of the 
measurement u multiplied by the coverage factor k = 2, which for a normal distribution 
corresponds to a coverage probability of approximately 95 %. 
 
 
An example of the calculation of uncertainty is given below in table 1. Each contribution is listed 
with an estimate of its size and its distribution factor. 
 
 Component Estimated 

uncertainty 
[°C] 

Probability 
distribution 
factor 

Standard 
uncertainty

[°C] 

Sensitivity 
coefficient

Uncertainty 
contribution 

[°C] 

(Uncertainty 
contribution)2

[°C] 2 
a) Calibration 
of pyrometer of 
reference 

2.0 2 1.0 1.0 1.0 1.00 

b) Drift of 
pyrometer of 
reference 

1.0 1.73 0.58 0.5 0.29 0.08 

c) Resolution 
of pyrometer of 
reference 

0.05 1.73 0.029 1.0 0.029 0.0008 

d) Blackbody 
radiator 

0.5 1.73 0.29 1.0 0.29 0.08 

e) Resolution 
of object of 
calibration  

0.5 1.73 0.29 1.0 0.29 0.08 

f) Jitter of 
object of 
calibration  

1.5 1.73 0.87 1.0 0.87 0.75 

g) 
Reproducibility 

0.5 1 0.5 1.0 0.5 0.25 

Sum of squares 2.24 
Root of sum of squares, u 1.50  
 
Table 1. An example of calculation of uncertainty. 
 
 
Expanded uncertainty associated with the calibration is 
U = k·u = 2·1.50 °C ≈ 3 °C 
 
The uncertainty contributions were found as follows: 
 

a) The calibration certificate for the reference pyrometer states the uncertainty to be ±2 
°C. The calibration laboratory also uses k= 2, thus the 1 sigma value becomes ±1 °C. 
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b) The calibration is performed half a year after calibration of the reference pyrometer. 
The history of the reference pyrometer shows that the drift between two calibrations 
has never exceeded 1 °C / year. The distribution is estimated to be rectangular, thus 
the distribution factor is √3.  

c) The reading uncertainty of the reference pyrometer is equal to half of its resolution 
0.1 °C. The distribution is estimated to be rectangular, thus the distribution factor is 
√3. 

d) Temperature gradients and other inconsistencies in the blackbody radiator are 
estimated to maximum 0.5 °C. The distribution is estimated to be rectangular, thus the 
distribution factor is √3. 

e) The resolution of the pyrometer to be calibrated is 1 °C. The distribution is assumed to 
be rectangular, thus the distribution factor is √3. 

f) The pyrometer varies 3 °C between the maximum value and the minimum value. The 
distribution is assumed to be rectangular, thus the distribution factor is √3. 

g) The standard deviation from repeated measurements gave 0.5 °C. The distribution is 
normal, thus the distribution factor is 1. 

 
 

4.8 Test report 
 
The Test Report called a Calibration Certificate should, if relevant, include the following 
information (ref [6] clause 5.10): 
 

a) A title (e.g. Calibration Certificate) 
b) Name and address of the issuing calibration laboratory. 
c) (Unique) identification number of the calibration certificate. 
d) Name and address of the client. 
e) Identification of the method used. 
f) The condition of the calibration object, any cleaning done etc. 
g) Date on which the calibration was carried out and date of issue of the certificate. 
h) Identification of the instrument or device calibrated. 
i) The conditions under which the calibrations were performed. The following information in the 

report of calibration is of special importance for the characterization of the calibration: 
The size of the aperture 
Distance between the pyrometer and the blackbody (see 3. DEFINITIONS) 
Set emissivity 
The wavelength ranges of the pyrometers 
Environmental conditions (ambient temperature etc) 

j) Calibration results and the associated uncertainty of the measurement (According to ref [4] 
clause 6.3, the numerical value of the uncertainty should not be given with more than two 
significant figures, and rounded up if rounding down would bring the value down by more 
than 5 %). 

k) Statement of traceability of the calibration results.  
l) Name(s) and signature(s) of authorized person(s). 
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4.9 Acceptance or rejection of the results 
 
If the pyrometer to be calibrated is showing abnormal behaviour or inconsistent measured 
values, it can be rejected without issuing a calibration certificate. 
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