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Abstract—MRTD is considered as the most important parameter of 

thermal imagers. It is a function of a minimum temperature difference 

between the bars of the standard 4-bar target and the background 

required to resolve the thermal image of the bars by an observer versus 

spatial frequency of the target. Both theoretical models and 

experimental tests presented in available literature show MRTD as a 

monotonically increasing bijective mathematical function. This paper 

presents the results of measurements of MRTD that contradict this 

common opinion. These results show that in rare cases MRTD can be a 

non-bijective function. Imagers having such an MRTD function can 

fulfill formal requirements on MRTD but will perform poorly in real life 

conditions. 
 

 

 Thermal cameras are imaging systems used to enhance 

human ability to see in darkness and poor visibility 

conditions. MRTD is a measure of ability of a thermal 

imager to detect and recognize targets on a non-uniform 

background. In detail, MRTD is a subjective parameter 

that describes the ability of an imager-human system for 

the detection of low contrast details of an observed object. 

It is a function of  the minimum temperature difference 

between the bars of the standard 4-bar target and the 

background required to resolve the thermal image of the 

bars by an observer versus the spatial frequency of the 

target.  

 Both theoretical models and experimental tests 

presented in available literature show MRTD as a 

monotonically increasing bijective mathematical function 

[1-7] (Fig. 1). It is considered as normal situation that 

higher temperature differences enable to recognize a four 

bar pattern of higher spatial frequency (smaller bar 

pattern).  
 

 
Fig.1. MRTD of exemplary thermal camera of three different field of 

view. 

 MRTD is considered as the most important parameter 

of thermal imagers due to recommendations of 

international standards [1-2]. Technical specifications of 

many tenders world wide use requirements on MRTD of 

surveillance thermal imagers in the form similar to the one 

presented in Table 1 [8-9]. 

Table 1.  Exemplary requirements on MRTD.  

Spatial frequency MRTD Comments 

1.6 lp/mrad <0.08ºC for wide FOV 

4 lp/mrad <0.18ºC for medium FOV 

7.2 lp/mrad <0.16 ºC for narrow FOV 

 MRTD was criticized in several publications due to low 

accuracy of measurements resulting from subjective 

character, low accuracy of performance modeling over 

Nyquist frequency [6]. However, the general concept of 

MRTD has always been found properly working. Lower 

values of MRTD at a specified spatial frequency mean 

better MRTD. Next, better MRTD means better 

performance of a tested thermal imager under real field 

conditions.  

 The author of this paper has carried out tests of many 

thermal imagers and his professional experience supports 

a typical opinion that MRTD is a good parameter to 

characterize the performance of surveillance thermal 

imagers. However, recent tests of several thermal imagers 

offered on the international market showed surprising 

results. There can be met thermal imagers having MRTD 

in the form of a non-bijective function shown in Fig. 2.  
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Fig. 2. Measured  MRTD in the form of a non-bijective  function. 
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The tested imager of the MRTD shown in Fig. 2 formally 

fulfilled the requirement of a tender for which the author 

was engaged:  "MRTD to be below 0.16K at 7.2lp/mrad". 

However, practically there are serious doubts about the 

performance of the tested thermal imager in real field 

conditions.  

 The MRTD graph shown in Fig. 2 practically means 

that the tested imager will deliver sharp images of targets 

of temperature difference relative to ambient temperature 

below about 1K. However, generated images will become 

blurred when the temperature difference is higher than 

1K.  In other words, higher target temperature difference 

means that the tested imager will generate more blurred 

images.  

 This situation is graphically presented in Fig. 3. We can 

see that for a temperature difference equal to 0.25K it is 

possible to recognize a four-bar pattern but the image is 

totally blurred for a temperature difference equal to 7K.    

a)       b)   

Fig. 3. Image of the same 4-bar target of 7.2 lp/mrad spatial frequency 

for two temperature differences: a) 0.25 K, b) 7 K. 

 The majority of potential targets for surveillance 

thermal imagers are targets of a temperature difference 

over a level of 1 K. Therefore the tested imager is poorly 

suited for real life applications in spite of the fact that the 

imager fulfills the tender requirement on the MRTD 

function.  

a)

 b)    

Fig.4. Image of the 4-bar target at two temperature differences: a) 1 K, 

b) 15 K. 

  

Fig.5. Image of a pinhole target of temperature difference equal to 15 K. 

 

As can be seen in Figs. 4-5, the tested imagers generate 

sharp, low noise images at targets of low temperature 

difference but the images of high temperature targets are 

not only blurred but, additionally, artificial black 

rectangle patterns are added.  

  It should be emphasized that the results presented in 

Figs. 2-5 were obtained while testing thermal imagers run 

using a manufacturer computer program and at the 

settings recommended by the manufacturer.  

  No details about sensor electronics and image 

processing were disclosed by the manufacturer of the 

tested thermal imagers. Therefore the author does not 

know for sure what the reason is for this exceptional 

behavior of the tested thermal imagers. The most probable 

source is highly non-linear electronics that does the 

processing of signals from IR FPA sensor. However, it is 

not clear if the described situation is a result of an error in 

the manufacturing technology or if it is a result of a 

calculated policy of the manufacturer to improve MRTD 

measurement results at all costs in order to fulfill the 

formal requirements of a tender.  

 The manufacturer’s name and imager type cannot be 

disclosed due to test contract restrictions. It can be said 

only that the tested imagers were built using cooled 

staring IR FPA sensors.  

 

 To summarize, this paper should be treated as a 

warning for the international community of specialists 

testing thermal imagers. The message is that on the market 

one can rarely meet cooled thermal imagers, based on 

staring IR FPA technology, of potentially very good 

MRTD fulfilling typical tender requirements but of poor 

performance in real life conditions. Therefore it can be 

recommended that a requirement be added that thermal 

imagers having non-bijective MRTD functions should not 

be accepted.  
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