
Advances in Thermal Processes 

   and Energy Transformation 

Volume I, 2018, Flim01, p. 10-13, ISSN 2585-9102 

https://doi.org/10.54570/atpet2018/01/01/0010 

 

10 

 

Application of infrared method for thermal comfort workplace 

evaluation 
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Abstract : Thermal comfort as a state of physical and mental well-being in a given environment is an important factor 

in maintaining the health, satisfaction and performance of a person. There are several methods to evaluate it. The 

subject of this article is the possibility of using an infrared method for determining cumulative room temperature and 

the temperature difference between the air temperature and the surface temperature of the room construction. There 

is an example given for the application. 
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1 Introduction 

Thermal comfort and thermal discomfort are two 

diametrically opposed conditions, which one feels in the 

internal (external) environment of buildings. [1][2]. 

Table 1 shows the human interaction with thermal 

environment in two positions of perception – thermal 

comfort and thermal discomfort. 
Table 1 Interaction of person with thermal environment – 

their elements [3] 

Thermal comfort = balance 

between person and 

environment should be 

ensured by : 

Thermal discomfort – 

discomfort creates: 

Indoor temperature θai  or 

Exterior temperature θae  

Heat radiation 

asymmetry 

Medium radiation 

temperature θr  

Excessive temperature 

gradient of air 

Air flow velocity va Drafts, air flow 

Air velocity va Draught, air flow 

Isolation of human clothing 

Icl 

Too hot or cold floor 

Resistance of clothing 

against the evaporation of 

sweat Rcl 

Too hot or cold 

ceiling 

Human metabolism M  

Occupation – activity W  

 

The evaluation of measured value (from the first 

column in Table 1) is based on the heat balance factors 

which are acting between human and thermal 

environment – internal production of heat (M), heat 

transfer by radiation (R), heat conduction (C), 

evaporation (skin –E, respiration – Eres) and flowing – 

respiration (Cres).  

2 Cumulative room temperature evaluation 

Cumulative room temperature θM is one of the 

qualitative indicators for assessing internal environment 

of buildings in relation to the thermal comfort. The 

theoretical calculation of the cumulative temperature for 

heating or summer season is known. Assessing the value 

under in situ conditions is possible in operating mode of 

an empty room or with the inhabitants using the 

appropriate measurement devices. Determining the 

mean surface temperature of constructions bounding the 

room appears to be a tough problem. Therefore an infra-

red method for assessing the mean surface temperature 

of a surface has been chosen. The paper describes the 

combined method application procedure (air 

temperature measurement method + infra-red method – 

thermography), as well as an example of its application. 

 

It is possible to identify thermal comfort of  

building's users using Cumulative room temperature θM 

described by the following equations [1]: 
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θM = θai + θs                                                      (1)  

θs = (θsi1.A1+ θsi2.A2+ ..... θsin.An):(A1+A2+ ....+An)  (2) 

 

where: 

θM is cumulative room temperature, (°C), 

θai  is indoor air temperature (°C), 

θs  is average surface temperature of the surrounding 

areas , mean radiation temperature (°C), 

θsi1, θsi2.. θsin are temperatures of inner surfaces of 

building structure (°C), 

A1, A2,....An are the surfaces of individual structures 

(m2). 

 

Residential and civic buildings are required to meet 

a winter condition for θM ≥ 38 °C and summer condition 

for θM ≥ 51 °C while the air speed is maximum 0,1 m/s, 

relative humidity between 35 – 50%, including 

additional condition that θai  ≤ 27 °C, θsi  ≤ 27 °C. In the 

design stage of a building construction plan it is possible 

to calculate and assess θM on the base of standardized 

thermo-technical values and boundary conditions. The 

indoor air temperature and average surface temperatures 

of  building structures under in situ conditions have 

often uneven progress thanks to permanent service 

within the room. Therefore the current calculation of θM 

in this situation would be inaccurate. Proposed infrared 

method (thermography) for determining the average 

surface temperature θs replenishes the classic air 

temperature measurement θai and the assessment of θM. 

 

3 Determination procedure of cumulative room 

temperature under in situ conditions 

Assessment of room thermal comfort using the 

cumulative room temperature under in situ conditions is 

possible using two methods: 

a) Determination of air temperature θai (°C) (dry 

temperature) or simply determining the temperature 

nearby human body or any human not affected by 

temperature radiation of any surrounding areas. 

Temperature is measured by thermometers in close 

distance from a person. If the working position in not 

known then we measure 1,5 m far from the floor. 

b) To determine the average surface temperature 

of the surrounding areas (walls, windows, ceiling, 

floor), variety of temperature sensors to measure the 

surface temperatures can be used. Using these sensors 

(contact or contactless thermometers) we will obtain 

only local temperature values. In order to get the 

average surface temperature of the whole area, we need 

much more measurements, so that the measuring point 

net becomes more dense and the result of the average 

surface temperature becomes more accurate. This kind 

of measurement is time consuming and the surface 

temperatures tend to change over the measurement 

period. It is essential to apply the Thermal imaging 

measurements which is able to display the surface 

temperatures of the whole area at once. Depending on 

the type of thermal imager (the software equipment) the 

below mentioned procedure is applicable. 

This the procedure of determination of average 

surface temperature of the building structure by 

applying thermo imager (for case assessment on 

window construction) respecting the boundary 

conditions suitable for measurement. 

1. Set the required parameter of imager (MOBIR 

M4 – date of measurement, time, room humidity, 

distance, predominant material emissivity). 

2. Specify the construction to be evaluated and 

perform the thermo image, then set parameter for 

another construction. For constructions of large 

dimensions divide the surface into smaller fragments 

which can be captured by camera lens. 

3. Evaluate the corresponding image by computer 

software. 

4. Determine the assessment area as an 

intersection of two rectangles (polygons) using the 

appropriate software, as in Fig. 1 and Fig. 2. 

5. Enter the appropriate values of surface 

temperatures into table, then evaluate the next part of the 

construction. 

6. Each view of the thermal imager is assigned a 

real area determined from the construction dimensions 

of certain room. 

7. Appropriate values can be calculated right in 

the table (effectively in Excel format). 

 

 

 
Figure 1 Thermovision image, intersection of two rectangles 

R1 and R2 with assesed teperatures in table 

The advantages of the presented method for 

determination of cumulative room temperature can be: 

• Assesing speed of the values in given time, 
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• Accuracy of the assessed surface temperatures 

due to the area under consideration, 

• Determination of surface temperatures on the 

interior elements, e.g. walls, furniture, radiators, which 

is a disadvantage at the same time when preventing us 

from measurment of     building structure temperature. 

 

 

 
Figure 2 Surface X1 determining the average surface 

temperature of the whole window 

 

 

 
Figure 3 Course of the surface temperature through the 

window in linear investigation on section lines L1, L2 

 

The disadvantages (constraints) of infra red method 

may be: 

• Entry of a single material emmisivity even if there are 

more than one material, 

• Limited using conditions in winter (temperature 

difference must be higher than 15°C . 

• Measuring the mean radiant temperature Vernon-Jokl 

thermometer  is a time faster than time losses in the 

formation of various thermography of surfaces . 

The assessor, evaluator plays an important role in 

while measurement. He or she can also be the source of 

error if s/he is not skilled in measurement methodics, not 

to mention the possible inaccuracy of measurement 

devices. Outputs from measurement of the average 

surface temperatures have been entered into Tab. 1, 

subsequently we can calculate the summary room 

temperature for office with dimensions 3m x 6,0m x 

2,9m and for heating season. 
Table 2 Exemplary calculation of Cumulative room 

temperature 

 
 

We see that θM = 40.09 ° C ≥ 38.0 ° C, which is 

satisfactory; the difference of air temperatures – surface 

radiation asymmetry on window construction Δθ = 20.5 

- 15.04 = 5.46 ° C ≤ 10 ° C is satisfactory. 

 

 
Figure 4 Course of surface temperatures in the corner of 

peripheral case (outdoor temperature of air +2°C)[5] 

 

Application of the previous thermal images( Fig.4) 

is possible during the elimination of thermal bridges 

because there is a risk of mould formation. 

 

4 Summary 

The importance of application of the above described 

methodology for determining the cumulative room 
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temperature lies in its flexibility and ability to react 

quickly to rapidly changing conditions. It is possible to 

record temperature changes in the interior (due to 

heating sources, sunlit, heat flows from the technology, 

etc.) and to evaluate them. Whether we feel cold or hot 

from surrounding structures depends on the temperature 

difference (Δθ = θai - θsi) and the distance from the 

structure . People rotate often over different work 

positions within the work environment which results in 

changes in cumulative temperature of the room. The 

infra red method determines the thermal contribution of 

each structure for assessment of average temperature of 

surrounding area and determines the most significant 

construction. At the same time the inequalities are 

diagnosed – inhomogeneous structures and thermal 

bridges, which give rise to subjective mentioned 

“feeling cold” and heat in room, respectively . The 

benefit of the described method is also the visualization 

(infrared photography of surfaces) indoor environment . 

The application of infrared method is important during 

the determination of qualitative and quantitative 

material properties in diagnostic processes, building 

construction, thermal comfort and devices by non-

destructive method. 
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