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Appendix: Infrared Thermographs- Methods for Evaluating Laboratory 
Performance 
Acronym List 

Acronym Full name 

ASTM American Society for Testing and Materials 

BB blackbody 

CS calibration source (usually an extended area blackbody) 

ETRS external temperature reference source (usually a blackbody with known temperature and emissivity), often part of a ST 

FOV field of view 

IEC International Electrotechnical Commission (standards organization) 

IR Infrared 

IRT IR thermograph (also called IR camera), often works with an ETRS 

ISO International Organization for Standardization (standards organization) 

MRTD minimum resolvable temperature difference 

NCIT non-contact IR thermometers 

ROI region of interest 

SD standard deviation 

ST screening thermograph, often composed of an IRT and an ETRS 

WTP workable target plane (can be equal or less than the IRT’s FOV) 

 

 

 

 



 

U.S. Food & Drug Administration 
10903 New  Hampshire Avenue 
Silver Spring, MD 20993 
w ww.fda.gov  

Symbol List 

Setup, device, and environmental requirements: 

• Minimum WTP resolution in thermograms: 320 × 240 pixels 
• Minimum resolution for the subject's face in thermograms: 240 × 180 pixels 
• Minimum ETRS resolution in thermograms: 20 × 20 pixels 
• Minimum spatial resolution of ~1 mm /pixel (i.e., one pixel can image an area of 1×1mm2 on the 

face) 
• Ambient temperature: 18°C – 24°C 
• Relative humidity: 10% – 75% 
• Airflow from ventilation ducts should be deflected to minimize forced cooling or heating of the 

target. 
• No source of IR radiation (for example, incandescent and halogen lighting) surrounds the 

experimental setup. 

 

Symbol Definition 

uD standard uncertainty of the measurement drift 

uS standard uncertainty of the measurement stability 

uU standard uncertainty of the measurement uniformity of the WTP 

uER standard uncertainty of the ETRS temperature 

uMRTD standard uncertainty caused by the MRTD 

uST 
uncertainty of the ST 
u_ST^2=u_D^2+ u_S^2+ u_U^2+ u_ER^2+u_MRTD^2 

uCS standard uncertainty of the CS used in calibration of the ST 

u combined standard uncertainty of the laboratory accuracy 
u^2=u_CS^2+ u_ST^2 

TST temperature of the CS measured by the ST 

TCS temperature of the CS 

M8h mean value for 8 hours measurement 

M8h,min , 
M8h,max  

minimum and maximum of the mean value for 8 hours measurement 

SD8h standard deviation for 8 hours of measurement 
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Comparison: 

Our studyExternal Link DisclaimerExternal Link Disclaimer [2] evaluated and enhanced 

some requirements and test method in the IEC 80601-2-59:2017 standard [1]. The 

following table compares the differences between the standard methods and our 

proposed methods. 

  IEC 80601-2-59: 2017 Enhancements of RST 

Stability 
and drift 

Test procedure 

• See clause 201.101.4. 
• The testing period should be the 

device's calibration interval or 
two weeks, whichever is longer. 

• Same as the standard. 
Detailed instruction is 
provided in Section 2.3.1. 

• The testing period should be 
the device's calibration 
interval or one month, 
whichever is longer. 

Requirements 

Stability: 

• 3·〖SD〗_8h < 0.1°C 

Drift: 

• M_(8h,max)-M_(8h,min)<0.1°C 

The combined stability and drift: 

• Stability + Drift<0.2°C. 

Stability: 

• Standard uncertainty u_s=
〖SD〗_8h  <0.03°C, or 

• Expanded uncertainty 
U_s=k〖·u〗_s<0.1°C, 
with coverage factor k=3 
and confidence level 
>99%. 

Drift: 

• Standard uncertainty      
〖u_d=M〗_(8h,max)-
M_(8h,min)<0.1°C 

Notes 

• Following the standard, we calculated the mean (M_frame) of the ROI 
on each captured frame, followed by the mean (M_8h) and SD (〖SD〗
_8h) of all the M_frame values within one day (8 hours). M_(8h,max) 
and M_(8h,min) are the maximum and minimum M_8h values during 
the drift testing period. 

• Since the drift trend can be monotonical, drift is the maximum 
difference between M_8h values during the testing period (i.e., the 
device's calibration interval or two weeks, whichever is longer).  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0203302
http://www.fda.gov/about-fda/website-policies/website-disclaimer
http://www.fda.gov/about-fda/website-policies/website-disclaimer
https://cdrh-rst.fda.gov/infrared-thermographs-methods-evaluating-laboratory-performance#fn2
https://cdrh-rst.fda.gov/infrared-thermographs-methods-evaluating-laboratory-performance#fn1
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  IEC 80601-2-59: 2017 Enhancements of RST 

• Calculation of M_frame will reduce random noise by a factor of √N, 
where N is the number of pixels in the ROI for mean calculation. The 
random noise is considered in the uniformity test. 

• Based on our recommendations, the requirement for combined 
stability and drift is redundant and can be removed. 

Uniformity 
of WTP 

Test procedure 

• See Clause 201.101.6. 
• The CS is repositioned at no less 

than 29 locations (four corners, 
center, and at least 24 random 
locations) throughout the WTP, and 
the CS temperature was measured 
with the IRT at each location. 

• See Section 2.3.2 for 
details. 

• The CS is repositioned in 
front of the IRT so that the 
CS aperture can cover the 
entire FOV of the IRT. 

• The camera should be 
focused on the working 
distance for uniformity 
evaluation to avoid the 
effect of focal length. 

• The SD of temperature 
values from all the pixels 
within the WTP is defined 
as the standard 
uncertainty of uniformity 
(uU) 

Requirements 

• The maximum difference between 
the 29 CS temperature values is 
less than 0.2°C. uU <0.05°C 

Notes 

• The standard does not explain whether the CS temperature should be 
read from one pixel or the average of several pixels. Since only 29 
values are used, the test result has poor repeatability and large 
variation. 

MRTD Test procedure 

• See Clause 201.101.5. Complies 
with the ASTM E1213-14 
standardExternal Link 
DisclaimerExternal Link 
Disclaimer [4] 

• A standard four-bar target is 
mounted in front of the CS (a 
differential blackbody). 

• The target is imaged with the IRT 
and displayed on a video monitor 

• See Section 2.3.3 for 
details. 

• Same setup with the 
ASTM E1213-14 method. 

• Instead of using 
observers, the contrast of 
the target bar images is 
digitally analyzed directly. 
The minimum visible 
contrast is defined as 10% 

https://www.astm.org/e1213-14.html
https://www.astm.org/e1213-14.html
http://www.fda.gov/about-fda/website-policies/website-disclaimer
http://www.fda.gov/about-fda/website-policies/website-disclaimer
http://www.fda.gov/about-fda/website-policies/website-disclaimer
http://www.fda.gov/about-fda/website-policies/website-disclaimer
https://cdrh-rst.fda.gov/infrared-thermographs-methods-evaluating-laboratory-performance#fn4
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  IEC 80601-2-59: 2017 Enhancements of RST 

where the image is viewed by an 
observer. 

• The temperature difference (ΔT) 
between the bars and their 
conjugates, initially zero, is 
increased incrementally only until 
the observer can distinguish the 
four bars. This critical temperature 
difference is the MRTD for this 
observer. 

• Repeat the procedure for multiple 
observers and report the median 
MRTD values for all the observer as 
the final MRTD result. 

• The ASTM E1213-14 standard has 
no requirement for the spatial 
frequency and background 
temperature of the bar target, but 
requires these values be reported. 

• Monitor quality and setting (e.g., 
brightness and contrast) and 
viewing environment might affect 
results. 

and the ΔT value 
corresponding to the 10% 
contrast is defined as 
MRTD. 

• MRTD can be affected by 
the target/ambient 
temperature. Since human 
face temperature usually 
ranges from 34 °C to 36 
°C, we recommend the bar 
target temperature for 
MRTD measuring is set 
within this range. 

• The MRTD values in the 
horizontal and vertical 
directions might be 
different and should be 
measured in both 
directions. 

• MRTD will increase with 
the bar target spatial 
frequency and should be 
evaluated with different 
bar targets of different 
spatial frequencies. A 
graph of MRTD versus 
spatial frequency is a 
convenient form of 
reporting the data. The 
highest spatial frequency 
should at least be 0.2 
cycles/mrad. The MRTD 
uncertainty (uMRTD) is 
defined as the difference 
of MRTD values between 
the highest and lowest 
target spatial frequencies. 

• The final uMRTD value is the 
average of uMRTD values in 
both the vertical and 
horizontal directions. 
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  IEC 80601-2-59: 2017 Enhancements of RST 

Requirements MRTD is not larger than 0.1°C 
MRTD at the highest spatial 
frequency (≥0.2 cycles/mrad) is 
not greater than 0.1°C. 

Notes 

• The ASTM E1213-14 method is subjective, and thus susceptible to 
reader variability, which is not ideal for standardization. By omitting 
observers, our proposed method significantly simplifies the MRTD 
measurement. 

• The ASTM E1213-14 method does not specify MRTD value at which 
spatial frequency should satisfy the requirement. The method does 
not discuss the effect of target temperature and direction either. 

Radiometric 
temperature 
laboratory 
accuracy 

Requirements 
• The measured radiometric temperature laboratory accuracy shall 

satisfy |T_ST-T_CS |+|u|≤0.5 over the range of at least 34°C to 39°C at 
no less than five CS temperature points. 

CS 
emissivity 

Requirements ≥0.998 (Annex BB) 0.98±0.01 

Note 

It is difficult to find a commercial blackbody with emissivity ≥0.998 in the 
temperature range of 30°C to 40°C (clause 201.101.2.1). While some cavity 
blackbodies have emissivity around 0.99, they usually operate at temperature 
higher than 50°C. We were unable to identify a justification for the specified 
emissivity in the standard (references in the standard do not mention an 
emissivity of 0.998). We believe CS emissivity of 0.98±0.01 should be 
sufficient if proper emissivity compensation is applied in the IRT algorithm. 

ETRS size Requirements Less than 10% of the face (Annex AA) 

A larger size (15±20%) is also 
acceptable if it can be 
experimentally proven that the 
ETRS does not adversely affect 
the measurement. 

Note: Contents in this appendix are based on references [1, 2]. 

 

 

 

https://cdrh-rst.fda.gov/infrared-thermographs-methods-evaluating-laboratory-performance#fn1
https://cdrh-rst.fda.gov/infrared-thermographs-methods-evaluating-laboratory-performance#fn2
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