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Contactless Estimation Method of Thermal Sensation using Infrared Thermography

o sk — Kk H O OH JE X H E -
Koichi Kusukame Aki Yoneda Shin-ichi Shikii

A ER Ol — BR A R E T
Nawatt Silawan Ken-ichiro Nosaka Hiroko Kubo

E F

P—Eh A5 EHOLIEEMRRGRIEETELHE L. =5 25 TIRE L2168 0OEE OBm IR %
I, BERLEEREHD S ONE~ORBEZHEE L, BEEKEOBBREHL L. iR & G RIEER
WX B9, &M, BEHLDI206~080RWHBREA AT 22 L 2l L. 7, KRGEEOH—EN AT
BOWTOIRGKIEEZ FEHT 5720, 34505k % EZH T 2 BEBM 2RI L7z RE#ICE D, sxslizk
BROZME Y —FA XA T2 HTomED NORGEREHET 2Ly YV IV AT 22 EBH L

Abstract

We have successfully developed a novel contactless method for estimating human thermal sensation using a thermal camera. The
relationship between heat loss and subjects’ thermal sensation was investigated by estimating the outward heat loss from the surfaces
of the subjects' clothes and skin using thermal images of 16 subjects. High correlation coefficients of 0.6 to 0.8 were confirmed in both
winter and summer experiment data. This correlation is independent of the thickness of the subjects’ clothes. We also developed a
super-resolution technology that can increase thermal image resolution by 3.4-fold to estimate thermal sensation with a low resolution
thermal camera. With these technologies, we can realize a sensing system that can estimate a person’s thermal sensation from a

distance of 6 meters using an inexpensive 8 by 8 pixel infrared array sensor.
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Fig. 1 Heat loss from the human body
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Fig. 2 Thermal image
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Fig. 3 Relationship between thermal sensation and heat loss

FARTIE, A LR (FHZ044, 41130.92),
A, EEOMEOEKRKETOEBRKEEZRLTVWAS.
B A Moz L i, kDBVEREMFICTHEE
EH, BOBEOERLMFICTESE 2SN ST K
AL THhNITHETHHIEEETO (RBEIRE
HEAME) NS, EFTHLIEEELED (D
NS RFEDTEY) HINCH A %25, FR#EEKREO
SHBPHIRIRELANZ Y. TREDZ EDS, FAG
POHEE LEEIC XY, AREOEEICLS RV
WIIEEATRETH B Z L hbho 7z,

5 =24 4 A
4 °0.44 clo =0.54 clo{ 3 PP ©0.92 clo
3 +0.38 clo| W =1.41 clo
&2 . - ﬁf hy = <0540l
1
&5 e | E o[ e e
-1 = -1
me 3
.3 - arEm—s - ne-2
4 - -3
-5 -4

0 10 20 30 40 50 60
HEE [W/m’]

0O 10 20 30 40 50 60
HEE (W/m']

AR i & G DB AR
Fig. 4 Effect of clothing on the relationship between

thermal sensation and heat loss
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Fig. 5 Distortion and restoring model of the super-resolution process
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