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Evaluation of the effects of cold and hot environmental temperatures  

on the distribution of whole facial skin temperature 
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Abstract: During the Covid-19 pandemic, fever detection using infrared thermography became 

widespread. A person with a fever is detected based on the facial skin temperature measured in a non-

invasive and free-of-restraint method. Recent studies have pointed out that the facial whole skin 

temperature, when measured immediately after entering a moderately moderate environment from a 

cold environment, is not practical for detecting persons with fever because it is greatly affected by the 

environmental temperature. On the other hand, the effect of cold and hot temperatures on the details of 

the entire face has not been evaluated. In this study, we compared the cold and hot environments and 

the acclimation to moderate temperatures to the effects of cold and hot environments on the whole face 

skin temperature distribution was evaluated in detail. The results showed that the periorbital area and 

side of the nose were least affected in the cold environment, and the side of the nose was least affected 

in the hot environment. And these parts are suggested to be suitable for core temperature estimation 

considering the environmental temperature. 
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I. INTRODUCTION 

 

n the Covid-19 pandemic, screening by body 

temperature tests is conducted at the entrances of 

hospitals and other facilities to prevent contact with 

infected persons. Body temperature tests are based on 

skin temperatures measured noninvasively and freely 

using infrared thermography. However, only the skin 

temperature is measured, which is different from the 

core temperature of the human body. Therefore, to 

accurately detect fever, a model that accurately 

estimates core temperature based on skin temperature is 

required. The face is suitable for measurement among 

skin types because it is easily exposed. We have 

attempted to estimate core temperature from the spatial 

distribution of facial skin temperature obtained under 

moderate temperature but have yet to construct an 

accurate estimation model. One possible factor is the 

effect of environmental temperature. It is first necessary 

to evaluate the effect of environmental temperature 

fluctuations on facial skin temperature to construct an 

estimation model that is less sensitive to environmental 

temperature. Previous studies have reported that it is 

challenging to detect persons with fever using the 

average temperature of the entire face [1] or forehead 

temperature [2] measured immediately after entering a 

suitably hot indoor room from a cold outdoor 

environment. This is due to fluctuations in skin 

temperature that are greatly influenced by the cold 

environment. On the other hand, environmental 

temperature's effect on the entire face's details has not 

been evaluated. The same is true for the effects of the 

heat environment. Therefore, in this study, we 

evaluated the effects of cold and hot environments on 

the detailed distribution of whole face skin temperature 

by comparing the distribution of facial skin 

temperatures when the subjects were acclimated to cold, 

hot, and moderate temperature environments.  

 

II.  EXPERIMENT 

 

A. Experimental System 
 

Figure 1 shows the experimental system. The 

measurement index is Face Thermal Image (FTI). FTI 

was taken with an infrared thermography camera (A35 

series, FLIR Co.). The size of the thermal image was 

320 × 256 pixels. The temperature resolution was less 

than 0.05 °C, and the infrared emissivity of the skin 

was set to ε = 0.98. The infrared thermography camera 

was set up at about 40 cm, as close as possible to the 

subject’s face, to evaluate the detailed distribution of 
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facial skin temperature. We asked subjects to turn their 

faces toward the thermal camera. The number of pixels 

on the face in the thermal image was about 100 ×100 

pixels.  

 

B. Procedures and conditions 

 

The experimental subjects were seven healthy adult 

males between the ages of 22 and 24. The subjects were 

fully informed about the experiment. A cold 

environment, a hot environment, and a moderate 

temperature environment were prepared to observe the 

effects of changes in environmental temperature on the 

distribution of facial skin temperature. In this 

experiment, the cold environment was an indoor space 

in equilibrium with the outdoor temperature of about 

10 °C, the hot environment was an indoor space 

adjusted to 34 °C by an electric heater (DCTS-A091, 

YAMAZEN), and the moderate temperature 

environment was an indoor space adapted to 24 °C by 

air conditioning the experimental protocol is shown in 

Figure 2. It was designed to imitate the flow of a 

temperature sensing system, such as those found in 

commercial facilities, in which a person enters a 

temperature-controlled room from outdoors to a 

temperature-controlled room. Subjects were acclimated 

to the cold or hot environment for 30 minutes, then 

moved to the moderate temperature environment for 1 

minute, followed by 30 minutes of acclimation to the 

moderate environment. During acclimation to the 

moderate environment, thermal images were taken at 

the frequency shown in Figure 2. During acclimation to 

the environmental temperature, imaging frequency was 

decreased with time to reduce the burden on the subject 

since the skin temperature fluctuation became slower 

over time. Two experiments were conducted: from a 

cold environment to a moderate environment and from 

a hot environment to a moderate environment. 

 

 

 

 

 

Infrared thermography device

40cm

 
Fig. 1 Experimental system.  
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Acclimatization 
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Fig. 2 Experimental protocol. 

 

Extraction of 68 

facial feature points
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Standard facial thermal image
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Fig. 3 How to create a standard facial thermal image. 

 
 

Fig. 4 Standard facial thermal images for evaluation. (ex. cold and moderate difference) 
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III. ANALYSIS PROCEDURE 

 

A. Creating a standard facial thermal image 

Differences in facial structure among individuals 

would harm the detailed evaluation of facial skin 

temperature distribution we want to conduct in this 

study. To eliminate individual differences in structure, 

we created standard facial thermal images (FTIs). The 

methods of face detection in thermal images and 

extraction of 68 facial feature point coordinates 

required for creating the image were based on related 

research [3]. We used our own automatic facial feature 

point extraction model to extract them. The model was 

trained on data we had previously manually annotated 

with 68 facial feature points on various FTIs. Next, we 

created a standard facial thermal image by performing a 

linear transformation based on facial feature points, as 

shown in Figure 3, using a method proposed in previous 

studies of facial thermal image analysis [4]. The skin 

temperature distribution in the forehead area was also 

standardized by adding five feature points in the 

forehead area according to Equations 1~4. The size of 

the standard face thermal image was set to100×100 

pixels, which is close to the area of the face region in 

row FTI.  
 

 

 
 

B. How to evaluate the effect of environmental 

temperatures 

We created Three types of FTI, as shown in Figure 4.  

The effect of environmental temperature on the detailed 

facial skin temperature distribution was mapped as a 

“Difference Image”. The difference image indicates 

how much each part of the face is expected to change in 

temperature when acclimated to a cold or hot 

environment based on the acclimation state to a 

moderate environment. We evaluated this image. The 

pixel values in these images are shown in the colormap 

next to each image. Hereafter, in the experimental 

protocol shown in Figure 2, the time elapsed from the 

start of acclimation to a moderate environment is 

denoted as T [min]. The FTI (effected) as the FTI 

acclimation to the cold or hot environment is the FTI at 

T=0 min (Equation 5). The FTI (normal) as the FTI 

after acclimation to moderate temperature is the 

average image of the FTIs at T=26, 28, and 30 min 

(Equation 6). A difference image is a difference 

between the two (Equation 7).  In addition, we 

generated the average difference image for all subjects 

by Equation 8 and conducted a general evaluation. 

Regarding the experimental results for the hot 

environment, positive and negative components are 

generated in the difference image. 

We created the average difference image separately for 

positive and negative elements. In addition, to evaluate 

the variability of the hot environment, including 

positive and negative elements, the absolute values of 

the difference image components were taken and 

averaged for each subject. 

 
 

 
(i : 1,2,3,…, X)  (j : 1,2,3,…,Y)  (N = 7) 

(X, Y: number of horizontal and vertical pixels in 

standard facial thermal image) 

 

IV. RESULT AND DISCUSSION 

 

A.    Effect of cold environment 

   The difference images from the cold environment 

effect evaluation experiment are shown in Figure 5. The 

bluer the color, the more sensitive to cooling by the 

cold environment; the whiter the color, the less 

sensitive. The areas where the effect of the cold 

environment was particularly small are shown as 

contour lines. The nose and cheeks are particularly blue, 

indicating that the cold environment reduced 

temperature of the skin. This may be due to the high 

supply of heat from arterial blood by the angular 

ophthalmic artery running near the internal angle of the 

eye and the facial artery running near the side of the 

nose. In addition, the effect was minimal in the inner 

canthus of the eye. This indicates this area is the highest 

heat supply and temperature. 
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This is the same study [5] that stated that the 

temperature of the inner eye canthus correlates with 

core temperature and is a suitable index for estimating 

core temperature. On the other hand, this area was 

found to be most suitable in the whole face but still 

affected by -1 to -2°C by the cold environment. The 

results also showed that the near forehead area was 

affected by nearly -3°C, which, as in previous studies 

[2], is not suitable as an indicator for estimating core 

temperature. The mean difference image shown in 

Figure 7 has the same characteristics. Therefore, from 

the above, the orbital and side of the nose areas are 

considered suitable for core temperature estimation, 

especially in winter. 

 

B. Effect of hot environment 

The difference images from the hot environment 

effect evaluation experiment are shown in Figure 6. The 

redder the color, the more sensitive to heating by the 

hot environment; the whiter the color, the less sensitive; 

the bluer the color, the easier to cool. Overall, the effect 

is small especially on the side of the nose. The forehead 

and mouth areas, which are conspicuously blue in Sub1 

and Sub3, have a lot of moisture on the body surface 

due to sweat, and the skin temperature cannot be 

accurately measured in a hot environment due to 

evaporative heat and other effects depending on the 

subject. As in Figure 6, the cheeks are greatly affected 

by environmental temperature, whereas the nasal area is 

less affected. This can be due to the difference in the 

 

 
 

Fig. 6 Difference images between hot and moderate environments. 

 
 

Fig. 5 Difference images between cold and moderate environments. 
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distribution of sweat glands. The same characteristics 

are observed in the average difference image shown in 

Figure 8. Figure 8(a) shows the ease of temperature 

increase due to the hot environment, and Figure 8(b) 

may represent the ease of cooling and the distribution 

of sweat glands. Finally, figure 8(c) shows a mapping 

of the absolute value of the portion of temperature 

change due to the hot environment. From Figure 8(c), 

we see that the area around the side of the nose is less 

affected by the hot environment and considered suitable 

for estimating core temperature, especially in the 

summer. 

 

V. CONCLUSION 

 

 This study evaluated the effects of cold and hot 

environments on facial skin temperature. The results 

suggest that the area around the eye and the side of the 

nose in cold environments and around the side of the 

nose in hot environments are the least affected and most 

suitable for estimating core temperatures. Future work 

is needed to evaluate the effects of wind, motion, and 

other factors that are more relevant to the actual 

environment. We will also try to reduce the error of the 

core temperature estimation model based on the facial 

skin temperature distribution using the results of this 

study and data routinely collected at the laboratory 

entrance. 
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Fig. 7 Average difference image in cold and moderate 

temperature environments. 

 
(a)   Average of the positive component 

 

 
(b)    Average of the negative component 

 
(c)    Average of the absolute value of difference image 

component 

Fig. 8 Average difference image in hot and moderate 

temperature environments. 


