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Abstract: Continuous body temperature monitoring is useful and essential in diverse medical procedures such as
infection onset detection, therapeutic hypothermia, circadian rhythm monitoring, sleep disorder assessment, and
gynecological research. However, the existing thermometers are too invasive or intrusive to be applied to long-term
body temperature monitoring. In our previous study, we invented the bi-medium deep body thermometer which can
noninvasively and continuously monitor deep tissue temperature. And the ratio of thermal resistances expressed as
K-value should be obtained to estimate body temperature with the thermometer and it can be different under various
measurement environments. Although the device was proven to be useful through preliminary simulation test and
small group of human study, the experimental environment was restrictive in our previous approach. In this study,
a finite element simulation was executed to obtain the K-value and evaluate the accuracy of bi-medium thermometer
under various measurement environments. In addition, K-value estimation equation was developed by analyzing the
influence of 5 measurement environmental factors (medium length, medium height, tissue depth, blood perfusion
rate, and ambient temperature) on K-value. The results revealed that the estimation accuracy of bi-medium deep
body thermometer based on computer simulation was very high (RMSE < 0.003°C) in various measurement envi-
ronments. Also, bi-medium deep body thermometer based on K-value estimation equation showed relatively accurate
results (RMSE < 0.3°C) except for one case. Although the K-value estimation technology should be improved for
more accurate body temperature estimation, the results of finite element simulation showed that bi-medium deep
body thermometer could accurately measure various tissue temperatures under diverse environments.

Key words: Body temperature, Noninvasive thermometer, Finite element model

Corresponding Author : Kwang Suk Park

Department of Biomedical Engineering, College of Medicine,
Seoul National University, 103 Daehak-ro, Jongno-gu, Seoul
110-799, Korea

TEL: +82-2-2072-3135 / FAX: +82-2-744-7446

E-mail: pks@bmsil.snu.ac.kr

o] 1F-2 20130 BRI LTI A0 2 Pl
o] 2] YL dho} 43)% o329 (No. NRF-2012R1A2A2A0201-
0714).

g A2 AE £E, aa g 5 Y FAE 9
gt thAl Igoll P2 wAl= #4 QAtolth1]. Al Al
Hhgshs A AZEA A2 A RSE

o

g50] 45| Yot 4



Journal of Biomedical Engineering Research 35: 160-168 (2014)

glom A% AUE B e Aee Aok

U PR o] e Fasith e BUHYL 24 3

Aol A 54, 3 e 9% on Wk, myel wal

A%, Ade 2% Fo| 9 AEds 34, 93] @5 ©

27 37] 95 Sol 289 4 glov] weby Aes g3
(o]

E]'E}H AR AL2S BSACE AARE RUEHS
= 71ol gt thfet dAtso] AljtEgen o &
i}‘%} A 2A| (Zero heat flow thermometer)= &)
ol 3= AR A2Alelth. EF A
B 3 A 2ol A AL FUsAE
= 7|8 PQE AZHAA H]5F o2 AR g
EL = AT 1y AR A AleAls gEe sl @l
HE Ag3st2g AC power’} F@sith= tgo] itk 3t

, Kitamura K. et al & 3|g glo] AR A2 AT —’,‘—

e e >

oAt 9 7HHP

i

10
4

f T

ShsicHs]. 01% % AeAE
o sk 249) @ 9452 of

H o
=g U ol & w5 AlA A

A7 e 5 o

o] &
g fol7] 98] Zezn Ao et B ol A7}
L EREICIE)

%3 slegle] W% wH
A AR A 24T 5 Qe olF Ul AR AL
AFSATHI0]. ©)%F vl A% AeAL 249 o &
g 7o AR ALY 2HATE HoAt 0% I &
& Aol SABAT o]F Bao] WA AMg A7
somn AeAS S AR 5 olrks Aol k. of
F Ul AR AeAE 7171 del 49 e L% Al
Aol A 245 GET-Ty), 98 37 LE(TL), 181 9

B =

A3 H(K)E o]L3)] AE Hg AARITH 31, ou] A
38 =3 wuf Fe 37~38°C Wojo AAF e =
g)AE0] o 25°C] §7 Yol 3l grot FAlL A
o, olF A AT A2AE ol&sto] ek A2
H @&} oF 0.35°CE AF Al F4T = J=2 &
Qletgich11]. et & AF w(K)E ot 24 84
oo ol Wl 4 Sl o ® 7129 A= 1L

E 2719) AeAF olgaln 2ol Zo] Y Ful §7
SEE 217} 5mm, 25°CR ARetlon FUFES B

efakA] rol & A ulo] that FHa o] o] FolH|A
ot webH, & Al ol D AL s
53 25

1=
ks : 2 o A3 l(K)
S Mo 34-40°C WSl M s BotLA 24
T 4 A wlowc} T3, 4 AT K)ol B 5
A &% 874 anelde) g wel o], o) £,
29| Ze], :@.;1%%, B 87 2x=)e] el s A
AR o|F Hhgroz Tl 87 Wel X T8 4 Gt
Keh 2448 Maste] A% Al 240 oat 452 3
7hsteict

I I:iol- =5
1.0/ A A= HeHel dal

=2 (13
g e Aol L8 Aol o3t ouxe] ofFo
Fouriers] A=W e 47|820] Adoz 43 4
chA1). =, do] Batshe o] AR, 5, e
gmre] zgte 52k 4L Yalehs

Rloxo hu

xﬂ ?SLX—] ] Z %5].7

2o Fourier®] @H=H22 Ohme| 2|9 Fe= &
| 4= qloH12].
oT _AT
g=—kA= =52 1
> R, )

Air
Ry Ry

Cover

Skin

Rs R Subcutaneous
tissue
Te

Deep tissue

ZlE' 1. 0% wjd AE A2A 9 2 W A2AE Tk 2719
A g (Tg: AF A&, Ti-Ts: LEAA 1-30.2 245 2= Ty:
%771 2%, Rg: A 229 G4, Ry: i 219] @ A3, Ry: wf &
29] & A3}, Ry Al2A 270 2 3719 4 7).
Fig. 1. Structure of bi-medium deep body thermometer and
2 heat channels passing through the thermometer (Tg: Deep
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resistance of tissue layer, Ri: Thermal resistance of medium
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Table 1. Thermal properties of various materials used in
finite element simulation.
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factors.
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Table 3. Accuracy evaluation of bi-medium deep body thermometer based on K-value obtained from simulation.

Geometry Body part
Trial N Ambient Deep body RMSE, (°C
1al NO- Medium length Medium height Tissue depth (mm) & Blood temperature(°C) temperature (°C) 1 C0)
(mm) (mm) perfusion rate (1/sec)
6 3 Forehead (4, 0.00035) 25 34-40 0.0022
1 10 3 Forehead (4, 0.00035) 25 34-40 0.0013
20 3 Forehead (4, 0.00035) 25 34-40 0.0013
5 20 6 Forehead (4, 0.00035) 25 34-40 0.0012
20 10 Forehead (4, 0.00035) 25 34-40 0.0006
3 20 3 Chest(10, 0.0015) 25 34-40 0.0007
A 20 3 Forehead (4, 0.00035) 20 34-40 0.0013
20 3 Forehead (4, 0.00035) 30 34-40 0.0009
Overall 0.0013
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Table 4. Accuracy evaluation of bi-medium deep body thermometer based on K-value obtained from K-value estimation

equation.

Geometry

Body part

Ambient

Trial no. Medium length Medium height Tissue depth (mm) & Blood temperature(°C) temperature (°C)

Deep body RMSE; (°C)

(mm) (mm) perfusion rate (1/sec)

6 3 Forehead (4, 0.00035) 25 34-40 0.2148

1 10 3 Forehead (4, 0.00035) 25 34-40 0.1149
20 3 Forehead (4, 0.00035) 25 34-40 0.0186

9 20 6 Forehead (4, 0.00035) 25 34-40 0.0057
20 10 Forehead (4, 0.00035) 25 34-40 0.0203

3 20 3 Chest(10, 0.0015) 25 34-40 0.7034
A 20 3 Forehead (4, 0.00035) 20 34-40 0.0087
20 3 Forehead (4, 0.00035) 30 34-40 0.0211

Overall 0.2635
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Table 5. Comparison of estimation accuracy of the bl-medlum
thermometer according to K-value acquisition approach.

Environmental Factors RMSE; RMSE, ARMSE
4 6 mm 0.0022  0.2148  0.2126
Medium 5 00013 01149  0.1136
length
20mm  0.0013  0.018  0.0173
. 3 mm 0.0013  0.0186  0.0173
Medium o 00012 00057  0.0045
height
10mm  0.0006  0.0203  0.0197
Forehead 0.0013 0.0186 0.0173
Body part
Chest  0.0007  0.7034  0.7027
_ 20°C 0.0013  0.0087  0.0074
Ambient 25°C 0.0013  0.0186  0.0173
temperature
30°C 0.0009  0.0211  0.0202
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