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Abstract: The aim in smart clothing design is to embed 
sensors and other electronic devices into clothing to 
collect signals from the human body and the 
environment in order to make intelligent reactions 
accordingly. One of the biggest design challenges is the 
difficulty of addressing both comfort and sensor 
accuracy in actual real-world application. Usually 
skin-tight sensors yield good signal accuracy but an 
uncomfortable feeling for the wearer whereas 
comfortable sensors loosely in contact with the skin lead 
to poor accuracy. In this work, we propose a concept that 
employs a statistical machine learning approach to 
enhance the sensor performance by integrating the 
information from inaccurate non-contact sensors 
thereby allowing for greater accuracy without making 
people uncomfortable. We determine the feasibility of 
the concept by having sensors that are not in direct 
contact with the skin detect body temperature and then 
analyzing the results. We develop several types of 
features for the temperature sensors and integrate them 
into a non-linear regression model.  
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1. Research Question 
For this study, we focus our experiments on the task of 
predicting body temperature by integrating various sensors that 
are attached to the inner surface of a shirt but are not directly in 
contact with the skin. The goal is to maintain the accuracy at an 
acceptable level without making people feel uncomfortable. 
 
2. Research Methods 
2.1 Measuring Body Temperature 
The major shortcoming for each of the measurement methods is 
low wearer comfort when embedded in clothing. We use 
electronic temperature sensors that are not in contact with the 
skin of the human body, where the sensors are located either in 
the space between the skin and clothing or between two layers of 
cloth (Figure 1and Figure 2, respectively). combining different 
types of signals from different sensors. 
 
2.2Machine Learning Framework  
The central problem of this task is to determine how to get an 

accurate approximation of body temperature using the signal 
from inaccurate sensors that function with noise.  
 
2.3 Learning Algorithm  
The regression algorithm we used in this work is support vector 
machine (SVM), a prevailing machine learning algorithm for 
classification and regression.  
 
2.4 Experiments Results  
A critical challenge in smart clothing design is the need to 
balance the tradeoff between the accuracy of sensors embedded 
in the clothing and the resulting comfort of the clothing. This 
study addresses this challenge by applying a machine learning 
approach to identify the best combination of sensor locations and 
measurement parameters that optimizes the sensor accuracy 
while keeping the comfort level constant. 
 
3.Diagrams and Charts 
 
Table1: Performance of sensors from different body parts  
 
 
 
 
 
 
 
 
    Table2:Impact of features from different tome intervals  
 
 

 

 

      Table3: Performance of different types of features 

 
 
 
          
 
 
 
 
 



Table4: Performance of various kernels 
 
 
 
 
 
Fig. 1 Garment with non-contact    Fig. 2 The positions of        
temperature sensors.              sensors in garment pattern 
 
 
 
 
 
 
   Figure 3: Learning curve with different amounts of training data 
 
 
 
 
 
 
 
 
 
 
 
5. Conclusion 
tradeoff of accuracy and comfort in smart clothing design, we 
used a non-linear regression method to find a better predictor of 
body temperature based on non-contact sensors attached to the 
clothes, so that an acceptable accuracy could be achieved 
without making people uncomfortable. The results were very 
promising. An over-30% performance improvement was 
achieved using only simple methods and a small amount of 
training data. This reveals great potential for further 
development of this method. Our contributions can be 
summarized as follows: 
(1) We are the first to use machine-learning methods to optimize 
the tradeoff between comfort and accuracy in smart clothing 
design, which is one of the biggest challenges in this area.  
(2) This study will contribute to both clothing design and 
artificial intelligence (making clothes smarter).  
(3) Improving the accuracy using existing hardware can reduce 
the cost of developing new hardware.  
In future work, we may try more features, learning algorithms, 
and training data to improve the performance of the current 
system. We may also apply machine learning to different types 
of sensors to measure other body indicators in healthcare 
monitoring. In addition, it would be interesting to combine 
textile-based sensors and machine-learning methods to achieve a 
better tradeoff between comfort and sensor accuracy in smart 
clothing design. 

 
References 
 [1]Bishop, C.M. (2006). Pattern recognition and machine 
learning. Springer.  
[1]Burke, M.J., &Gleeson,D.T. (2000). A micropower 
dry-electrode ECG preamplifier. IEEE Transactions on 
Biomedical Engineering47:2.  
[1]Breiman, L. (2001).Random forests. Machine Learning, 
45(1),5-32.  
[1]Cho, G. (2010). Smart Clothing. Technology and 
applications.Taylor and Francis Group and CRC Press LLC.  
[1]Dunne, L.E.(2010). Smart Clothing in Practice: Key Design 
Barriers to Commercialization. Fashion Practice, 2(1),41-66.  
[1]Dunne, L.E.,&Smyth, B. (2007). Psychophysical Elements of 
Wearability. In Proceedings of the International Conference on 
Human Factors in Computing Systems (SIGCHI), pp. 299-302. 
San Jose, CA: ACM Press.  
[1]Dunne, L.E., Smyth, B., &Caulfield, B. (2007). Evaluating 
the Impact of Garment Style on Wearable Sensor Performance. 
In Proc. of the 11th IEEE International Symposium on Wearable 
Computers, Boston, MA.  
[1]Jang, S., Cho, J., Jeong, K,& Cho, G. (2007). Exploring 
possibilities of ECG electrodes for biomonitoring smartwear 
with Cu sputtered fabrics. In Proceedings of HCI International 
2007, 1130-1137.  
[1]Kelly, G. (2006). Body temperature variability (Part 1): 
Areview of the history of body temperature and its variability 
due to site selection, biological rhythms, fitness, and aging. 
Altern Med Rev11(4): 278-293.  
[1]Mann, S. (1996). Smart clothing: The shift to wearable 
computing. Communications of the ACM, 23-24.  
[1]Mitchell, T. (1997). Machine Learning, McGraw Hill. ISBN 
0-07-042807-7.  
[1]Robinson J.L., Jou H., &Spady D.W. (2005). Accuracy of 
parents in measuring body temperature with a tympanic 
thermometer.BMC Fam Pract6,3. doi:10.1186/1471-2296-6-3. 
PMC 545063. PMID 15644134.  
[1]Schapire, R.E., Freund, Y., Bartlett, P.,&Lee, W.S. (1997). 
Boosting the margin: A new explanation for the effectiveness of 
voting methods. In Machine Learning: Proceedings of the 
Fourteenth International Conference. Morgan Kaufmann.  
[1]Shawe-Taylor, J.,&Christianini, N. (2004). Kernel Method 
Tables should be labeled as Tables. The caption should be above 
a Table (Table 1). Tables should be horizontally centred on the 
page. 
 
 


