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Abstract 

In this study, a program was developed to measure the infrared 

thermography data to resolve the problems encountered in the 

existing temperature measurement method for a heating seat. 

Moreover, a method was suggested to determine the number of 

temperature measuring points of a heating mat and the 

measurement interval. The measurement interval and the 

number of temperature measuring points were optimized via 

the mean of the experimental data and the minimum value of 

standard deviation. The temperature of the heating mat 

measured after the optimization was more valid and showed a 

smaller deviation in comparison with the existing temperature 

measurement method 

Keywords: Infrared Thermography, Temperature Distribution, 

Heating Mat Surface 

 

INTRODUCTION 

With the increasing use of heaters, the application of a heating 

seat with regard to the driver’s seat is also increasing. The 

heating seat of an automobile is now used as an auxiliary air-

conditioning system. Recently, there have been studies on the 

method of enhancing the thermal comfort of passengers before 

the primary air-conditioning system starts. 

Because an automobile seat is in contact with the passenger’s 

body, the evaluation of thermal comfort is exceedingly 

important. For the evaluation of thermal comfort, temperature 

distribution data measured accurately for each part of the seat 

are required. However, because the measurement methods 

vary among different automobile manufacturers and the 

processes and results of the temperature measurement methods 

are kept confidential, no standards exist yet. 

Furthermore, for the temperature measurement of heating mat 

inside the heating seat, domestic automobile manufacturers are 

applying uniform methods despite the different heating wire 

arrangement with regard to structures and shapes. One 

problem is that the temperature measurement results can vary 

tremendously depending on the body temperature 

characteristics, posture, and position of the seated passenger. 

This study has developed a program to measure infrared 

thermography data to improve the problems of the existing 

temperature measurement method for heating seat, and 

suggests a method of determining the number of measuring 

points and measurement interval of a heating mat via the 

optimization of surface temperature measurement. 

 

EXPERIMENTAL SET-UP FOR TEMPERATURE 

MEASUREMENT 

Configuration of measuring system 

The temperatures of the specimens were measured inside a 

humidity chamber. The temperature inside the chamber was 

maintained at 22 [°C], and the power supply was set to provide 

a constant supply of 90 [W] to the specimens. Two types of 

surface temperature measurement of the heating mat were 

conducted. An infrared thermography camera was used for 

non-seated measurement, whereas a thermocouple and a data 

recorder were used to collect temperature data for seated 

measurement. The measurement data were entered into a PC 

for analysis. 

 

Figure 1: Schematic diagram of thermal test 
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Non-seated temperature measurement 

To obtain the non-seated temperature measurement raw data, 

the surface temperature inside the chamber was measured with 

an infrared thermography camera. Photo 1 shows the 

conditions of the specimens and the seating. 

The temperature was maintained at 22 [°C] inside the 

chamber. Since the resistance values of the two different types 

of specimens are different, the power supply was manually 

manipulated to obtain similar calorific values, with the applied 

power maintained at 90 [W] while conducting the temperature 

measurement in the non-controlled state. The surface 

temperature was measured 11 times at intervals of 1 min using 

the infrared thermography camera. The raw data obtained by 

the measurement were used as the basic data for the 

optimization of the temperature measurement interval and 

number using the temperature measurement program. 

      

Photo 1: Non-seated thermal test setup 

 

Seated temperature measurement 

Measurements were conducted to compare the measuring 

points optimized by the temperature measurement program 

with that of the existing method. 

For the temperature measurement, the temperature inside the 

chamber was maintained at 22 [°C]. A heating seat of 

restricted structure was used as the specimen, and an 

additional controller was used to maintain the constant 

temperature in case of temperature saturation. The power 

applied to the power supply was the same voltage as the rated 

voltage of the battery that is identical to the actual power 

condition of the automobile. Since a person requires to be 

seated to conduct the measurement, a thermocouple and a data 

recorder were used to measure the surface temperature of the 

seat. The seated person had to wait until the temperature of the 

specimen was sufficiently stabilized with the surrounding 

temperature before the measurement. The temperature data 

were recorded in intervals of 30 s 1 min before the 

commencement of the measurement, and the measurement 

was obtained for additional 20 min. The recording ended 1 

min after the measurement was completed. 

The measuring points included 18 points that were optimized 

by the simulator and 16 points measured with the existing 

temperature measurement method. Photo 2 shows the 

conditions of the specimens and seating. 

    

Photo 2: Heated seat & seat occupant 

Design and manufacture of specimen 

The specimens are largely based on two different structures 

depending on the arrangement of the heating wires. The 

detailed specifications are shown in Table 1. 

 

Table 1: Specification of heating mat 

No. 

H/Wire 

Arrange-

ment 

Mat 

Q’ty 

H/Wire 

Resistance 

(Ω/m) 

H/Wire 

Length 

(m) 

H/Mat 

Resistance 

(Ω) 

Remark 

1 
horizontal 

(vertical) 
1 0.6 3.565 2.139 

simple 

structure 

2 random 1 0.41 8.21 3.366 
restricted 

structure 

 

Heating mat with simple structure 

The heating wires of the simple structure were arranged in a 

manner where a single layer of heating wires is arranged at the 

same intervals either vertically or horizontally. This design 

decreased the uniformity of the temperature by arranging the 

heating wires in intervals larger than the actual arrangement. 

This specimen is shown in Fig. 2. 

 

Figure 2: Simple designed sample 

 

Heating mat with restricted structure 

The restricted structure reflects various restrictions regarding 

the size and shape, including ventilation holes, trenches, and 

bolsters. The shape of this structure is identical to that of an 

actual commercial product. This specimen is shown in Fig.3. 

 

Figure 3: Restricted designed sample 
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MEASUREMENT METHODS  

To efficiently utilize the temperature data measured by the 

infrared thermography camera, a temperature measurement 

program was devised. This temperature measurement and 

analysis program adopted Labwindow CVI, which uses an 

algorithm to determine the interval and number of temperature 

measuring points. The measuring points can be optimized 

using this program. The overall concept map of the algorithm 

is as shown in Fig. 4. The following describes this algorithm. 

 

Figure-4. Schematic diagram of measurements algorithms 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 6832-6840 

© Research India Publications.  http://www.ripublication.com 

6835 

First, the number of measuring points (noX) on the X-axis is 

increased from 2 to 5. 

For each noX, the mean value of all the measuring points is 

calculated by scanning the entire X-Y area while the interval 

of the reference measuring point (X1) and the added 

measuring point (Xnox) is increased from the one unit length 

(1 mm) till the end of the X-axis. The interval where the 

maximum value of means and the minimum value of the 

standard deviation become the smallest is determined as the 

measuring interval of the corresponding number of measuring 

points (SpXnoX). 

After confirming that the maximum value of means is within 

the error range, the increase in measuring points along the X-

axis is stopped. The same process should be applied to the Y-

axis. 

Here, optimization refers to the minimization of the number of 

measuring points and the determination of the interval of 

measuring points by simulating the minimization of the 

difference between the maximum and minimum values as well 

as the minimization of deviation with regard to the means of 

measured temperatures in each interval. The temperature 

measurement program can be used as a tool for analysis to 

secure the representativeness of the measured temperature, and 

can also be used as a basic analytical tool for actual vehicle 

temperature measurements. 

Fig. 5 shows the initial screen of the temperature measurement 

program. As shown in Fig. 6, when the effective temperature 

range for the measurement is selected, the mean of 

temperatures in the temperature data for each pixel interval as 

measured from the selected area is calculated. The maximum 

value, minimum value, difference between maximum and 

minimum values, mean value, and standard deviation of the 

calculated temperature means are determined and plotted in 

graphs. These graphs in Fig. 7 can be used as references to 

determine the interval wherein the difference between the 

maximum and minimum values and the standard deviation 

minimize along the X-axis. The number of measuring points 

can be increased along the X-axis or Y-axis, to determine the 

interval where the values become minimized. When the 

optimization is performed while increasing the number of 

measuring points by repeating this process, the difference 

between the maximum and minimum values and the standard 

deviation no longer decrease below a certain level, which 

means that the optimization has been completed. 

 

 

Figure 5: Initial screen of temperature measurement program 

 

 
Figure 6:.Test area selection screen of temperature 

measurement program 

 

 

 

 

Figure 7: Gap test screen of the temperature measurement 

program 

 

EXPERIMENTAL RESULTS  

 Optimization of heating mat with simple structure 

The temperature measurement program was used to conduct 

the optimization of the temperature measuring points of a 

simple structure heating mat. The optimization is conducted as 
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shown in Tables 2 through 6, to obtain the interval wherein the 

value of T (max-min) reaches the lowest along the X-axis, X-

Y axes, and Y-axis. Subsequently, the most effective value 

among them is obtained. 

 

Table 2: Optimization in the X-axis direction 

Optimization Measuring Point T(Max-Min) 

(℃) 

StdDev MP 

Q’ty 

Remark 

X axis Y axis 

X1 351  14.29 1.66 2  

X1+X2 223  9.13 0.93 3  

X1+X2+X3 337  8.57 1.29 4  

X1+X2+X3+X4 380  8.30 1.10 5  

 

Table 3:  Optimization in the Y-axis direction with X1 

Optimization Measuring Point T(Max-Min) 

(℃) 

StdDev MP 

Q’ty 

Remark 

X axis Y axis 

X1 351  14.29 1.66 2  

X1+Y1  180 9.13 1.61 4  

X1+Y1+Y2  259 8.57 1.53 6  

X1+Y1+Y2+Y3  284 8.30 1.53 8  

 

Table 4: Optimization in the Y-axis direction with X1+X2 

Optimization Measuring Point T(Max-Min) 

(℃) 

StdDev MP 

Q’ty 

Remark 

X axis Y axis 

X1 351  14.29 1.66 2  

X1+X2 223  9.13 0.93 3  

X1+X2+Y1  35 3.46 0.47 6  

X1+X2+Y1+Y2  298 2.80 0.47 9 선택 

 

Table 5: Optimization in the Y-axis direction with X1+X2+X3 

Optimization Measuring Point T(Max-Min) 

(℃) 

StdDev MP 

Q’ty 

Remark 

X axis Y axis 

X1 351  14.29 1.66 2  

X1+X2 223  9.13 0.93 3  

X1+X2+X3 337  8.57 1.29 4  

X1+X2+X3+Y1  373 3.51 0.85 8  

 

Table 6: Optimization in the Y-axis direction 

Optimization Measuring Point T(Max-Min) 

(℃) 

StdDev MP 

Q’ty 

Remark 

X axis Y axis 

Y1  318 18.76 4.74 2  

Y1+Y2  350 17.65 4.47 3  

Y1+Y2+Y3  33 17.05 4.24 4  

Y1+Y2+Y3+Y4  147 16.90 4.37 5  
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Fig. 8 shows the coordinates of the initial position based on 

the interval selected via the optimization and the coordinates 

shifted at a random interval. Table 7 shows the corresponding 

raw data of the temperature..  

[Selection area] X: 37∼431, Y: 20∼408 

 

Figure 8:  Location of optimized measuring points 

 

Table 7: Temperature data at the optimized intial position 

(unit:℃) 

Y2 (318) 46.65 41.71 48.02 

Y1 (55) 44.42 42.99 50.99 

0 (20) 35.44 49.72 38.24 

Location 
X0 

(37) 

X1 

(260) 

X2 

(388) 
 

 

 

AVG StdDev 

44.242 5.210 

 

Tables 8 and 9 show the temperature data shifted by random 

values (X+20, Y+20) and (X+20, Y+45). 

 

Table 8: Temperature data at the optimized intial position 

(unit:℃) 

Y2 (338) 44.61 55.23 42.21 

Y1 (75) 48.16 52.74 39.56 

0 (40) 51.22 53.68 37.07 

Location 
X0 

(57) 

X1 

(280) 

X2 

(408) 
 

 

 

AVG StdDev 

47.163 6.583 

 

 

 

Table-9.Temperature data at the optimized intial position 

(unit:℃) 

Y2 (363) 43.65 55.10 42.88 

Y1 (100) 47.41 53.24 40.02 

0 (65) 48.44 52.71 39.22 

Location 
X0 

(57) 

X1 

(280) 

X2 

(408) 
 

 

 

AVG StdDev 

46.965 5.882 

 

Fig. 9 shows the coordinates of the measuring points derived 

from the existing temperature measurement method, in 

comparison with the temperature data of the measuring points 

optimized by the temperature measurement program. The 

corresponding raw data are as shown in Table 10. 

 

 

Figure 9: Location of measuring points in the existing test 

method 

 

Table 10: Temperature data at the measuring points in the 

existing  test method 

 (unit:℃) 

Location Temperat

ure 

Location Tempera

ture 

T1 36.067 T9 44.89 

T2 41.411 T10 42.95 

T3 42.831 T11 53.20 

T4 43.659 T12 54.61 

T5 45.025 T13 55.55 

T6 51.829 T14 55.50 

T7 46.292 T15 41.84 

T8 46.015 T16 44.22 
 

 

AVG StdDev 

46.619 5.789 

AVG StdDev 

46.089 4.398 

Required 

measurement 

points 
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Optimization of heating mat with restricted structure 

In case of a heating mat with restricted structure, owing to the 

spatial restrictions including ventilation holes, and trenches as 

shown in Fig. 10, the optimization of the entire heating mat 

was not feasible. Therefore, the optimization was conducted 

after segmenting the entire structure into several block unit. 

 

Figure 10:  Heating mat with structural restrictions 

 

Fig. 10 shows the initial coordinates and coordinates shifted 

by a random interval, based on the interval selected from the 

low area optimization of the restricted structure. The 

corresponding raw data of temperature are listed in Tables 11 

and 12. 

 

Table 11: Temperature data at the optimized intial position 

(unit:℃) 

Y2 (456) 35.024 47.843 

Y1 (428) 39.126 46.134 

Y0 (350) 36.466 43.156 

Location X0 (175) X1 (402) 
 

 

 

AVG StdDev 

41.292 5.237 

 

Table 12: Temperature data at the position to shifted (X+25, 

Y+00) 

(unit:℃) 

Y2 (456) 43.057 42.429 

Y1 (428) 45.236 46.912 

Y0 (350) 33.820 33.732 

Location X0 (200) X1 (427) 
 

 

 

AVG StdDev 

40.864 5.717 

 The coordinates of the measuring points derived from the 

existing temperature measurement method are shown in Fig. 

11, and the corresponding raw data of temperature are shown 

in Table 13. 

 

 

Figure-11: Location of measuring points in the existing test 

method 

 

Table-13: Temperature data at the measuring points in the 

existing  test method 

 (unit:℃) 

Location 
Temper

ature 
Location 

Tempe

rature 

T1 36.07 T9  

T2 41.41 T10  

T3  T11 53.20 

T4  T12  

T5  T13  

T6 51.83 T14  

T7 46.29 T15  

T8  T16  
 

 

AVG StdDev 

37.389 4.468 

AVG StdDev 

40.324 2.715 

Required 

measurement 

points 

 

The mid and high areas of the restricted structure were 

optimized with the same optimization method as was used for 

the low area heating mat. Subsequently, the positions of the 

measuring points optimized by the temperature measurement 

program and the temperature data calculated by the existing 

temperature measurement method were compared as shown in 

Table 14. 
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Table-14. Non-seated test results  

 (unit:℃) 

Classification 

Selected Area 
Existing Test Method 

(Fixed Measuring Point) 

Measuring Point 

Optimization 

Remark 

AVG 
Std 

Dev 

MP 

Q’ty 
AVG 

Std 

Dev 

MP 

Q’ty 
AVG 

Std 

Dev 

simple 

structure 
47.6 5.3 

16 46.62 5.79 

9 46.97 5.88 

 

10 46.09 4.40 

10 47.53 3.65 

restricted 

structure Low 
44.6 4.8 

5 37.39 4.47 
6 40.86 5.72 

 

3 40.32 2.72 

restricted 

structure Mid 
45.8 6.8 

6 43.17 7.13 
6 44.4 1.97 

5 43.51 7.92 

restricted 

structure High 
45.7 6.2 

3 49.48 1.77 
6 44.98 5.89 

2 50.50 0.20 

 

The comparison between the temperature data measured and calculated by the optimized measuring points and the existing 

measuring points is shown in Table 15. 

 

Table-15.Seated test results  

 (unit:℃) 

 

Time 

Existing Test Method 

(Fixed Measuring Point) 

Measuring Point 

Optimization 
Remark 

MP 

Q’ty 
AVG 

Std 

Dev 

MP 

Q’ty 
AVG 

Std 

Dev 

3 minutes 

16 35.4 7.3 

18 35.7 5.7 
Temperature rise    

section 
12 36.0 7.3 

5 minutes 

16 37.1 6.3 

18 37.2 5.5 
Temperature saturation 

Start section 
12 37.6 5.2 

10 minutes 

16 38.5 5.7 

18 38.6 4.2 
Temperature saturation 

Maintenance interval 
12 39.1 4.0 

20 minutes 

16 39.7 6.4 

18 40.1 3.7 
Temperature saturation 

Completed section 
12 40.5 4.2 
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CONCLUSIONS 

In this study, to resolve the problems of the existing 

temperature measurement method, a new method was 

proposed for determining the number and interval of 

temperature measuring points using an infrared thermography 

camera while extracting the temperature data. The 

measurement results confirmed that the proposed method 

provided more valid results or showed smaller deviations than 

the existing measurement method. Furthermore, it was 

observed that the deviation between the measuring points was 

significantly lowered in the specimen or area with a 

particularly higher uniformity. It was observed that the interval 

and the number of measuring points optimized by the 

proposed temperature measurement method were significant 

during the seated measurement, indicating its effectiveness as 

an alternative method. 
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