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Development of a Core Body Thermometer with Built-in Earphone for
Continuous Monitoring in GT Car Racing Athletes

Takehiro YamaxosH,” Naoto Tanaka,” Yasuhiro Yamakosur, ™
Kenta MaTsumura,” Peter RoLre, ™ 771 Hajime Hirose,* Kiichi TAKAHASHI

Abstract Motor racing athletes in the closed-cockpit category are always facing life-threatening situations
caused by heat stroke, especially in hot weather. We report here the development of a novel infrared-radiation-
type eardrum thermometer, with a built-in earphone, which can be used for continuous measurement in GT car
racing. We examined the accuracy of the system for core body temperature monitoring in 10 healthy volunteers
(21.8 = 1.0 (SD.) yrs) using a temperature controlled water bath. In addition, we assessed the usefulness of the
system under real racing conditions with 2 professional drivers in the practice session of 2010 SUPER GT
International Series Round 4 MALAYSIA being held at the Sepang International Circuit. To examine accuracy
two thermistor probes, one inserted into the ear canal and the other beneath the tongue, were used for
measurements of eardrum and sublingual temperatures respectively. An infrared eardrum thermometer was
inserted into the contra-lateral ear canal. The measured temperatures were recorded at 30-s intervals. The results
showed good correlation between the infrared eardrum temperature and both the direct eardrum temperature (»
= 0.994, » = 1119, p < 0.001) and the sublingual temperature (» = 0.972, = 1119, p < 0.001). The mean
difference between these temperatures was + 0.09 C, — 0.08 C, and 1.96 S.D. was 0.21 C, 0.44 C, respectively. As
for the field test, the system functioned satisfactorily during real racing conditions performed on the racing
circuit. These results suggest that our new system can be used in a race setting as a reliable core temperature
monitor and could help to improve safety of motor sports.

Keywords : continuous monitoring, core body thermometer, eardrum temperature, heat stroke, motor sports.
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Fig.1 Outline of a whole system for the measurement of core body temperature built-in earphone( a ), and
schematic block diagram of the sensor amplifier and signal processor (b ). The inserted photo in the
upper right part is provided by GTA Co., Ltd.
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Fig.2 Schematic drawing of the ear-mold housing made of
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body temperature sensors for the comparative evalua-
tion of accuracy.
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Fig. 6 (a) Relationship between the contact eardrum temperature (Tedconr) and the non-contact temperature (Tea) (upper panel),
and that between the sublingual temperature (Tsn) and Tea (lower panel), and (b)) their Bland-Altman plots.
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Note: Tasuit) is the temperature in racing suit, and extremely compact-size
thermo-hygrometer was placed on the cooling suit unit at truncal site.
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Fig. 7 Typical trend-charts showing simultaneous recordings

of the core body temperature (Tea) obtained by the
present system, the ambient temperatures (Tauin and
Tamey) and relative humidities (RHsui and RHmer) in
the racing suit and the full-face helmet, respectively,
and the air temperatures (Ta(abin and T.) and
relative humidities (RHcain and RH) in the cabin and
pit, respectively, obtained in a professional driver in
the practice session of 2010 SUPER GT International
Series Round 4 MALAYSIA being held at the Sepang
International Circuit.

N—Z Y & QMBSO ZL, BH ORI T
HOFHMEIT > 2D TIERWY, ETERAIZEFTT
Lo LrDThHolr) THRIRMMEZEY Z5 A4 F3I v 7ITE
ILLTWBEZ D5,

L= Y 7 A=Y NI Taguinld 7 — IV 2 — DT
WK 366TC LMz HN/25, IBE R 3 RK 955% F
TEHLZ AV X Y PHNIRE Tameo 3K 396 C, i
& RHuet (& 95.9% CTH o7z, € b A ¥ 3HHEIZIZF—2
RYy THANIV Ay NPIEGIEEE T - 720, 2%
FRTHARTENS. F v Y WIRE Tacwn (TK 439
C, 2 RHewin 12 695%72°5 333% F TR T L. F7,
Al Ta i3 K 334 C, BERHIZKE 22 bk P
63.6% Td - 7.

4. & =

TENRO R 2 L — AMHETE 2872 HE % B
&L 72, FHIDN SIS NSHEN IR & B RO L, SR &
L CREHEENE W E SN DR 14, 15] & L, ARIMCH
KO HE RIAN—DHHTZA4 Y —F— )V FIZHD
AR, RIEROALYERYE—HRLL 7.

KV AT ATHOLNZFHBEROKEE % M4 572012,
FPHERRE L OV CTHARE R & 35 TR & o R &
1To7z. ZOfER, MBI AR E O IEHE il R
& D THRWHHEI B4R 2 89, % 72 Bland-Altman 5387
2k, EEKRE LTOEZY—L LT TEETES
LOTHALZENWSNE oz, OB, FERC
HEREF LT THEIVDEVLDOTHo 7. ZhiE, &
VAT AN R A IERMEICKBEL Tnb 2 L 2R
5.

M6 IR 7T 70061, 365CTOFYHIY & 395T
DG DAR—BENRNEHICHZ L. THIZE LTI,
=N NI —3I AT U HYOFOMRER
DE N (BEM) BF—% L LTERZTREYRD S, §
bbb, M55 HAMNE X2, A IREYRATE
A LT B BER 235 TO—BEA IR E V. 2 off
IZETOPHRBICAON, INHFK6D LI RT—5D
WERELTWALLEEZONS. LL, ZOMERDE
B X DA 03 CHREE (BB iR & o JLig)
ThHY, EFHCELTRIMEENLXXVESZETHA
).
PLbEo X 9 SRt & L CoREEE L, FEHICHt
LB LNVTHoTz. LaLl, L—AHFEn) b Tl
B G T CARY AT ADEET 2589 M E R0
ETHDH, £2T, 20104ESGT A ¥ —FTaF vy
J—ZXHEAW<L =T 72T, KYATFLDOF A MHll%
fTolz. FORKE, KV AFHFL—ABYTHIEFICH)
fEL, 7O RIAN—ORELT—F 2 /B LN TE:
LI, RV AT LAOWRLFELLELN. KT HE



(502) AREET S 48 % 5% (201045 10 )

BB oNzT =5 O—BITHIH, FIA41N=137—1
YUNRA (=A== AL RXy FHEE) LTW0
WCHEb LT, SR fERaKEFTTRA L. 0%k
ORIE, BHRMAICBI LT F 27 K4 NN—DFKR
WM EF 7 5> TV B DOPHIREN., TIF 27 FIA
N, TAZEZFS RS \EN L LA 2R
L, #hmEds2 LR LA —T, #01#F
BEBIELLTWDE L) T, FOXKEIELIRDL SR
DI & > THRIBAIRO EHJZHH L T/, TR
SR T — 7134 O FEHRER TIPS T E Zdh o 728
H7 ®40~60 5Ol fEAn s &, ZOWMDK 05
COFEBRD THIIETRHICLLDbDOTHLZ LIIWS
NTHbH., 7a7A)— ML, KT OFRTARRHEIC X
HAEMBERENRITTWA EBbNEA, BANE KO
WMEA, KR EICX > T, HED S TEPEDGRTE
BHFATWBEEWVWR S, ZO7T NI A4 N—DEHEED
I, P EMP LSO TG L, 28, SGT
BETEY Yarfik, sy~ vy T 7
DOBGRED BB %7 4 IV 7 THEE Yy MR- TH
LH, TOWLyIE Ay b E0IC7— VA=Y
Sy MRANVAY FPAANOTET =S EIFICIETF > TLE
I. OB, FIAN—RZRERELZFETHL720 (fijll
WWRVBED TERVYD), A=Y & A v MREHIE/L
L, HEEHAED EAZG0 5. 20X RIRNAE v M
BoED»->72 [7—Pit3] 2OHFEHITHY, REIZES
RGO EEE R TE 5. ¥y MHOHEO KT
B LT THL20, [iE T TRy ¥ Vil
AT DA, —HTRIAN—REREOBREE 3
EALLTWA EWIRTH S, FFIHE LM O MFEAYE N
A=V NEBEOEEPRECZ LS.

T, SHoOEHRBEZE L CHz2EbRESH
e, Thbb, OFFRIE (REE) W% 5 /N4
@4 ¥ —F—)V FRoEEEN L, BLOOL—AKREFT
i) 720 DMWY P HE, BETFOLNL. T, Qo
1LTH DA%, RIERL NV TIETRER R ) o/NMEIZKT)
LTWwbb00, 5HIEE 5 %8R - NLEX 5V
BhRH D, WICQOEZEETH 2P, S HORNETIE
ABS R ZFIH L2720, BREIC X 2EMEAET Sh
v, SR, X VEMEOZVI Y 3R EOME LR
HLTWFETHS. wEIZ, OOMYIFNFETHS
B, STHIEFEICEVHE (FI 4 5—=4ll) &A55 e
(v M) O¥FETH D, SGT T, TL—AHIC
b THERIAN=RE LR TR O RV,
[Ev PR Ny TRIICEIEET DI ENTEDLDIES
LFET] EVINV—AVEHE. LoT, BELZFIA
N—=1E, RIZFEVAALEFIAN—DERLZEHOY ¥ v
7% “FR OIS BRL2TNER S Rw. 2R
T, KYATLHOEHNEET TR IAN=IfTbE5 L

W) ZEIIBBE, By MEETOIHTORSEWHE
HLZRROBRCTIIEBRBEE LTHELY. - T, M
RIEMER T AT L E—RETE L ELTESHIIHATE
HEILBYWE, HAHVETN— by — A% ERFH L
BULDSLEAT R EBbN S,

INLOFELEZ )T L, REBEBY AT AN — AR
FICEASNNE, BERT — 2 0EM%Z M bFEHEEE
WASHEFIGICE » b Y OIRE 5 2, FOGBE Rk
R ENTES, ZhigF—2 20350 T 4
THRIAT AL DD, TR BT 2 LA 138
FORIACY IR T+—< VALK T &8, SR RIC
RKEBPBEEZLZDIENRBEINTVEL[4]] 2L %2
ADHE, BEEAEZNIL — ZADOEKIZHLFHTE S L%
AN, E—=F—AR=DIF FIAN—LF—LZ
5y TGO F—AAR=YTHAL F—LEBNFS
AN—DIREE [ FZ&n] BB L LETL—A %~ % —
VAV IMTELILIIMOTRELEREFFOOTIEI W
EBHIW? “HORII R ITAN=—REHRL TV,
P TNHEL L =R IZHETT b Lkwn-" 2w
T LRI DB IREMEEDD 5.

MO L THILH, FIAN—~OR#ER s —) V7
NADPBHIEFHOARETH ), JELET — 2R L T
WhHZ— VA= =y FOMIZ, wETIEL—AHOH
T/l 7 3y AT AL RNICHES L TWS[9,
19]. —J, [Z7av] w720 CPudiZze HNZe i %
BUNBED, L=y Iy YOBE, FIA41N—0i%
AR & G 22 KBEN[ D) OB TE LR ER S5,
Shi [EMHEREE] LwH)MEMFTTHL. FHE, KN
TTRENTVE LI, FIAN—RBGHEEZT V5 —
TITICRETT 28 A T Dy =) Y IR AEIToT WD
A3, PRI fE R 22 AKHEEAN D > TV D DN B, B
L, 2= Y THhANGhollbr¥é2bl, TOREHK
PRRICHES ™. LrL, FEB, Zokoshr—) 27
VATFAEFV—=APICIE L EoMEL L. (o T,
[FIAN=27 = 7+ REERORFHE] Lo
CZHEOREWNRPGHMEESIN T LRETHA ).

5. #& B

K F A N—H A R v LA SR A8 e s Tl 26 1 % B
L, TORBEFME L — 2B ToF A MR Z 4T o
7o, TORER, REETH S NI RV
PRI, R OB AR 2 & ONCE TR & VAR
%R L, Bland-Altman 53H 2B W THERPAEED E =
=L LTI RHETEXAHDTHAZEBHLNE 5
72, 72, L—RBBIIBWTHARY AT ANIEFICEE
L, ZOHEMUENEILSI N, SHLRORMITERINT
WbHLOD, T—F—AR=VHOEL L EENEMHRT
LRI AT AELT, HRMOREHAM & & FAZA



IBRAREANE A © A AR o HLIA T PR3 AT A 5 28 1 o B 3 (503)

FoF vy ATEH2.

BB Ao, RSttt — v A DOBIRERIC
LoTitbh/:, IR LTHEEZET S, AR
B, AREBE I ZE IR D2 R A R w s il B 72 22 NS
BREINTANVZAT TEBRETEBIN/ZDDOTHY, H
WIREA S v 7 ZALEH Lz, F72, FRBIC S
THW7z, &IRKFOIHF IR, BB, RIREA
K, ERETEK, EAFRIICHEHT . T/, MdE
®» 7 A b EFNC 2 J1 THE W 72 Autobacs Racing Team
Aguri (ARTA) & dpr Racing DA% v 708K, L
THREHLGT 7V Y24 v a VAR B OB 20
ik B LCBHdT 5.

X [73

1. Watkins ES: The physiology and pathology of Formula
One grand prix motor racing. Clin Neurosurg. 53: 145-152,
2006.

2. EREB—:GT FI A4 oA HEEE. 63(10):90-95,
2009.

3. ksl IR, AR, G E— 5 — AR -
DRSS — L — 3 ¥ 7 5 — P EITIC & B TR
- AREE T2, 47(2) - 154-165, 2009.

4.l BA, AT R, LR R BA, RO OC, WG HL—, Peter
Rolfe: B A MLV ZABETICBIF AL -3 V7 K4
I\ — AR O e ET I & AT, AEARIE T4 48 (3):
269-280, 2010.

5. Yamakoshi T, Matsumura K, Yamakoshi Y, Hirose H,
Rolfe P: Physiological measurements and analyses in
motor sports: a preliminary study in racing kart athletes.
Eur J Sport Sci. 10(6) : 397-406, 2010.

6. Brearley MB, Finn JP: Responses of motor-sport athletes
to V8 supercar racing in hot conditions. Int J Sports
Physiol and Performance. 2: 182-191, 2007.

7. FEHER, LA, SRR E, WA, RHELZ, AR
A BEABREIIC BT L AT & E R L 7 MR s 2
T EE O 7). H A HE SR 7 S B R A SR, 575 127-136,
2004.

8 FlEBl—:GT T A N—%BPRED 55 5 HGHL A&, H FITH
k. 12(5) : 1-9, 2008.

9. WG —: B PREXT K Reports. (http://supergt. net/jp/)
(URL)

10. Jarenio A, Serna JL, Cercas A, Lobato A, Uya A:Heat
stroke in motor car racing drivers. Br ] Sports Med. 21: 48,
1987.

11, FEHIEm, Lsf@nl, MRINEE, P Ass, Rmte: BB
B2 B0 B AMRNFRIRE O Pl B ARB L2 K215
TSAEAE (P E]). D-2: 367-368, 1999.

12. Robinson S, Turrell ES, Gerking SD: Physiologically
equivalent conditions air temperature and humidity. Am J
Physiol. 143: 21-32, 1945.

13. Dematte JE, O'Mara K, Buescher J, Whitney CG, Forysy-
the S, McNamee T, Adiga RB, Ndukwu M: Near-fatal heat
stroke during the 1995 heat wave in Chicago. Ann Intern
Med. 129:173-181, 1998.

14. Sessler DI: A proposal for new temperature monitoring
and thermal management guidelines. Anesthesiology. 90:
1298-1300, 1998.

15. Moran DS, Mendal L:Core Temperature measurement.
Methods and current insights. Sports Med. 32: 879-885,
2002.

16, T, 1B, KA, FERENE—, SEAIE 2 Al o AR
E= 5 — & LTOA Yok v BRI R 8 IR B o o
HHIVE. R 56 (4) : 459-463, 2007.

17. LB EEGA: EH 2010-175161, 2010.

18. Bland JM, Altman DG: Statistical methods for assessing
agreement beween two methods of clinical measurement.
Lancet. Feb 8:307-310, 1986.

19. SooRE, PP RE, SEBl— =7 a v 2L V-2
A= RIANT =) V7Y A5 LD HEYEHI.
63 (10) : 84-89, 2009.

g #2584 (Y~32¥ ¥eno)

2006 SEAH H KK F b T 20 5e B+ %
WIRRAEEME T, td (%), 2006 4E 4 RKE
KEFBE FVARFHE SRR ¥ A 7 A BSR4 B
fEHRME Y A 7 & Tt (SR aleie) ATt
HAZICHAE, BAECE S, EAE#HO B
B M BEEHI & AT, S EME S, AR
AR, AR—VRE, afleE, LEARS, REVELY:
\ZBI3 B RIS HES.

HAREARE T2, SHBE BRI, HARH B HE =,
IEEE Engineering in Medicine & Biology Society 7 & ZJT)g.

A &E& (¥+% FF )

1976 4E KPR BAGAE KRFE T LER R,
1976 4EAL LB T LM ST AR, — &
L TR BI 268 O BASS, AR FHICHES.
2009 4F 4 IR K S B T 2 R T 52 R H Ay
R ENCEE, BUEICE S, JEnisAr s i
DOWER%E, #REARTHN, EENVAT
TE =Y EOMTERTE, SR OBIEE.

HAERE T4 7% SR

I EEsL (r~ay Y Aen)

2010 4ET- 32 KK F b T2 7e B+ %
MRS T, Mid (T4%). 2004 48 TYT 4%
MR AR B & LT AR, 2007 4k
Xatha— o AREAGHR, BEICES. I
R ARET IR S, AR - fRALBERR, AR—
SIS B I ZE R S8 L HE .

HAAKREE .44, IEEE Engineering in Medicine & Biolo-
gy Society % EIZHTE.




(504) AAKEET S 48 % 5% (201045 10 H)

W BK (vvas rvy)

2007 4F b #5382 K 22 e SO s R
BT, B (%), 2006 4 HAY:
Ay % B2 45 I AF 58 H DC2, 2007 4F [H) PD,
2008 4E L KGfil - AR BT SE v v & — kK
PRI ZE IR BT 22 2, BAEICES. A b
L A SR o> 0 BIAE BRSOk o R
(PTSD) DN F=—h —, ZK— Y Fo.LB A B S,
SEESEYEZWET B Y 7 by = TS, RGOS
BI9 B WFZEICHE .

HALIASy, HARAEILGIS S, HARREOIS S, HAR
NIRRT A v - AL AESL EE.

Peter Rolfe (KE—%— w)7)
Final affiliated college : 1975. PhD ; Royal
Postgraduate Medical School, University of
London. 1980. MA status, Green College,
Oxford University.
Career summary: Professor Rolfe has held
professorial positions in the UK, Italy, and
China. Whilst founding Director of the Biomedical Engineering
Centre at Oxford University. He also set up two spin-out
companies. He has been Editor-in-Chief of two international
biomedical journals, has for many years acted as a consultant
to the World Health Organization, been the Director of a WHO
Collaborating Centre, and currently acts as an assessor for EU
research programmes.
Special field of study:Physiological measurement, micro and
nano sensors, cellular engineering, tissue engineering, perinat-
al technology, environmental monitoring.
Society Memberships: Fellow Royal Society of Medicine;
Member IEEE; Founding Fellow International Academy of
Medical & Biological Engineering.

B#E x (ot nI2x)

2003 FEHIL KR F R B L ARG T,
Tl (T27). 1998 4F 4o 01 k24 48 0] 27 358
AR AT ARG, FRFHRENEE v 5 —
BT AR, 2006 4F KM RETHE ¥
D AEBERMERE, BIEICE S, X MR
BRI A ISR HE S

HARW S, HAMESS % EICTE.

=B BR— ANy FA4F)

1978 44 R E AL, Ta GBI
MR, HM IR - R 1998 4 &
T S-GT (H4MiX JTTC) GT300 7 J A 2%
. 2 S [GTHEL — X F 2
7 —] OWLEEEFRZFET, 1998 £ — X ‘prf¢‘}
VRTEEHICGTAHE Py vy —. Dok W NS
GT L— AR 7 A MIEIZHER L, GT FI 4 N—DREaERK
L= AFAANRL—R + LAF 21—V AT L% EDHK
—MOMELREEZTE—VLTEL, ANFL—225FEBL
2o DIFadmL, SCTDY =X+ 7I23BUETYH F—
L6 BFHE VD H NI Daytona24 B s oML — 212
34 S L Tw b,

HA | BY BT 43 7 &R,




