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INTRODUCTION                                                                                               
In-shoe temperature and humidity can change greatly with 
different activities, shoe material of different breathabilities, 
wearing time and climate conditions, which can greatly 
influence perceived shoe comfort. Real time continuous 
in-shoe humiture evaluation with multiple integrated sensors 
has not been reported [1,2]. In this study, a portable system 
for measuring real time temperature and humidity was 
developed and used to evaluate in-shoe humiture of two 
running shoes at different running speeds. 
  
METHODS 
Integrated sensors (Sensirion, Switzerland) consisting of a 
capacitive sensor element for measuring relative humidiy 
and a band-gap sensor for temperature measurement were 
used (Table 1). Sensors were wire-connected to transfer data 
to the control box, which gathered all data from the sensors 
and sent wirelessly to a computer within a distance of 150 m. 
The 12-channel control box can support data collection of 12 
sensors simultaneously with sampling period from one to 
sixty seconds. Custom-written software was used for data 
collection, storage, presentation and analysis.  

Table 1: Sensor performance data 
Parameter Relative Humidity Temperature 
Accuracy ±3.0% RH ±0.4℃ 
Repeatability ±0.1% RH ±0.1℃ 
Operating Range 0 to 100% RH -40 to 123.8℃ 
Long term drift < 0.5% RH/yr < 0.04℃/yr 

Mesh based (shoe A) and synthetic leather based (shoe B) 
running shoes were tested with subjects running indoor on a 
treadmill. For each shoe, three sensors were placed at 
forefoot, midfoot and rearfoot respectively (Figure 1). 
Baseline temperature and relative humidity data was 
collected in a static condition (sitting on the chair),  
followed by running conditions with increasing speed (3.0 
km/h, 3.6 km/h, 5.4 km/s, 7.2 km/h and 11.4 km/h) and a 
final resting condition with the same sitting posture as the 
beginning. For the sake of system evaluation, subjects were 
asked to wear shoe A and B on their left and right feet, 
respectively. 

 
Figure 1: Sensors placed in the cutout areas of the insole. 
 
RESULTS AND DISCUSSIONS 
The humiture sensors readings during the 45-mintue testing 
period at 1 Hz sampling are plotted in Figure 2. The starting 
time for each testing condition was marked during the 
measurements. There were distinct differences in measured 

temperature and relative humidity between the two test 
shoes. However, the changing trend was similar with 
temperature increased and humidity decreased, respectively 
for all measured locations with increasing running speed.   
In addition, humidity was found to increase rapidly once the 
subjects stopped running. For all testing and shoe conditions, 
the temperature and humidity at midfoot were usually at a 
relatively high level comparing to the forefoot and rearfoot 
regions. The midfoot was found to be a critical region for 
shoe comfort in terms of shoe ventilating performance. 
Meanwhile, shoe construction and material used could 
greatly influence shoe ventilation and might affect perceived 
shoe comfort.  

 

 
Figure 2: In-shoe temperature and humidity measurements 
of the two test shoes during the 45-minute testing period (A: 
shoe A, B: shoe B, F: forefoot, M: midfoot, H: rearfoot). 
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CONCLUSIONS 
The developed humiture measuring system can be used to 
evaluate the regional breathability or ventilation of footwear, 
apparel or accessories such as backpack. 
 
REFERENCES 
1. Katrina S. Maluf, et al.. Physical Medicine and 

Rehabilitation.  82(8): 1119-1127, 2001. 
2. Morley RE Jr, et al.. IEEE Trans Biomed Eng. 48(7): 

815-820, 2001. 
 
ACKNOWLEDGEMENTS 
Funding support from Beijing Municipal Commission of 
Science and Technology 

mailto:caiyuhui@li-ning.com.cn
ULB
Stamp



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


	INTRODUCTION                                                                                                                                                                                               
	METHODS 
	RESULTS AND DISCUSSIONS 
	CONCLUSIONS 
	REFERENCES 
	ACKNOWLEDGEMENTS 

