Physiological responses during racing kart driving
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Physiological Responses During Racing Kart Driving

. ES . skek skesksk .o
Takehiro YamaxosHs,” Yasuhiro Yamakosar, ™ Kenta MATSUMURA,  Hajime Hirose'

Abstract Physiological monitoring was carried out during the motor sport of Racing Kart driving. In addition
to highlighting the importance of physiological measurement during motor sports, this study may have social
relevance through its potential to contribute to decreasing automobile accidents in overload situations by using
appropriate biosignals. The measurement quantities collected in this study were instantaneous heart rate, HR,
vector magnitude of acceleration, G, blood pressure, BP, and core body temperature, Teirarem. After giving
informed consent 11 healthy male subjects(34.4 = 7.7 S.D. yrs) were tested in the racing circuit. We successfully
monitored the physiological variables during karting, finding a statistically significant decrease in BP (» < 0.01)
and a rise in Teadarum (p < 0.01) immediately after the driving period. In addition, we have confirmed that HR was
maintained at approximately 150bpm, which, by means of time-frequency analysis, could be explained by
sympathetic acceleration. Furthermore, it is strongly suggested that the rise in HR could be closely related to the
G forces to which the drivers were subjected. These results clearly disclose to us one aspect of the possible

physiological responses and the importance of physiological monitoring during motor sports.
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Frame Weight: 70 kg Main Pipe Diameter: 300
Rear Shaft Diameter: 500 Wheelbase: 1,055 mm
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Fig.1 Basic structure of a racing kart.
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Fig.2 Outline of experimental setup for physiological measurements during racing kart driving.
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Table 1 Specifications for bioinstrumentation devices.

Wrist Type
Automatic Sphygmomanometer

(HEM-6371T, Omron Corp., Kyoto)

. Ear Type
Active Tracer
Body Thermometer

(AC-301A, GMS Co. Ltd., Tokyo) (MC-501, Omron Corp., Kyoto)

ECG-RR Acceleration
Measurement Method — — Cuff Oscillometric Radiation Thermometry
Resolution 1 ms 0.002 G 1 mmHg 01T
ECG sampling/ +0.1C (36.0 C to 39.0 C)
Accuracy | kHIZ & within+4 mmHg +02°C (340°C to 359 C)
+0.2C (39.1 C to 422 C)
Measurement Range 200 to 4096 ms 0to40G 0 to 299 mmHg 340C to 422C

Operation Temperature/

10 ¢ 40
Humidity 0Ctod0TC

10 C to 40 T /30 to 85% RH

780(W) x 655 (H) x 37.2(D) mm*

X X 3
(not including the wrist cuff) 45.0(W) x940(H) » 58.0(D) mm

Main Unit Dimensions ~ 80.0(W) x52.0(H) x17.0(D) mm?®

Main Unit Weight 72 g(including batteries) 150 g (not including batteries) 50 g (including batteries)

K2 WEREFEFBOEANEH, Z L CULE L GEEREO EHIR G
Table 2 Results of basic information between individuals including BP and core body temperature (T cardrum) .

Subject Age Kart ~ Weather Mean(SD.)of Mean(SD.)of (Systolic BP)/(Diastolic BP)  Core Body Temp. (Teardrum) Events
No. Experience Ambient Rela.t i\'/e .y Immediately 5 min after . Immediately 5 min after
Temp. Humidity  Baseline after driving ~ driving Baseline’ after driving ~ driving
[yrs]  [yrs] [C] [%] [mmHg] [C]
01 34 3 Cloudy 13.1(0.2) 66(4) 126/75 107/66 122/79 36.0 36.6 36.4 Spinout at 24 min
02 30 3 Cloudy 14.0(0.5) 62(1) 119/86 110/85 107/79 35.7 35.8 36.0 Spinout at 20 min
03 26 2 Cloudy 13.9(0.2) 66(5) 119/84  97/61 117/73 36.1 36.4 36.0 Spinout at 26 & 31 min
04 31 4 Cloudy 13.7(0.4) 70(2) 118/76  114/73 110/70 354 36.0 36.0 —
05 34 5 Cloudy 121(0.2) 82(1) 117/76  115/72 119/70 36.5 36.6 36.2 -
06 30 6 Cloudy 11.5(0.3) 84(2) 117/78 112/70 111/73 36.2 36.5 36.2  Machine trouble at 20 min
07 33 4 Fine 180(0.1) 40(2) 121/77 107/73 109/78 36.2 36.8 36.5 —
08 28 2 Fine 183(0.4) 39(1) 116/76  105/69 108/64 35.7 36.0 36.0 —
09 RY! 5 Fine 20.6(0.2) 33(2) 119/81 117/66 115/81 36.0 36.8 364 —
10 58 18 Fine 21.5(0.6) 31(1) 124/78 104/67 107/60 36.0 375 36.4  Reach the end of his tether at 26 min
11 30 1 Fine 21.3(0.3) 34(1) 116/73 107/75 107/75 35.8 36.0 36.0 -
Mean 3346 482 16.2 49 119/78 109/71 112/73 36.0 36.5 36.2
SD. 815 441 39 20 3.2/40 58/63 54/66 0.3 0.5 0.2

U average of three times measurement 2
VHBIZE D) oW, TRV - TL—=F - AFTY VT
BIEE V) b L\ il E oM, 2 LT - g
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Wik, EEFIROME, HREMAE, €L TRICEH LD
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TW5[11-13]7%, WA L7z 0 o FHE B o
MIRE[14, 1515 & R ZERIREE T ORI 25 &k Tdh -
70T, SOOI TIEEIRFTEORFHIFICB T 25RO
HE L7

average of two times measurement

A Dl 7=28, REBICB 2 M S =1L 2.1, T
N7cEBEEFMAL, DTOEBE L & 7REELZ v
72 IUHEIIIE  (systolic blood pressure ; SBP mmHg), ¥k
RIIME (diastolic blood pressure ;: DBP mmHg). %&b
Ko FEE L THEIRE (eardrum temperature ;
TeararamC ). — LD RR kg (msec) & V&S5 W7z
ERO %= 60/RR (heart rate ; HR bpm). 72, HiBE
FT—ruk— (BAELED TR72U, W —7 ¥ F
74—, W) ZFAL, 5§ - BELFHII N Ty
THA LIE, T AEDPIO A T NIRRT AL T
FHNTTRE 2 SRS & 4 2 5HZF (PRO V2 A-105, ALFA-
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Fig.4 Outline of experimental procedure.
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Table 3 Results of maximum, minimum, and mean Gravity

between individuals during driving session.

Subject No.

Max. Gravity Min. Gravity Mean Gravity

[mG] (mG] [mG]

01 2044 152 647
02 2328 184 642
03 2392 176 668
04 2684 176 614
05 2284 164 654
06 1892 180 552
07 2352 152 732
08 2808 180 778
09 2212 160 757
10 2064 224 746
11 3052 182 703
Mean 2374 175 681
S.D. 349 20 69
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A @ LT 2 175 72,

TRy D 0 Qe AT
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& LT, MK ¥ Bowf 3 (low frequency band ; LF :
0.04~0.12 Hz) & &0 /3 7 — i o Ik P (LF/HF)
(RR) 1%, /Ll IEAFRIG B 2 & < 3 A28 (18] & L
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2-7 IREHEAT

FEBRT— 21T 2 BAENKEICE, MItDd b 24K
DORUZDONWT, REMIZEDD LD ET 5 HETH S
Wilcoxon 755 NAALFIMR 2 &2 FI 72 FIH L 7= s HdAT
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7 b & SPSS (SPSS 16.0, SPSS Japan Inc., Japan) T
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| Sub.07 male 33yrs / Weather: Fine, Ambient Temperature: 18.0+0.1 (5.D.) °C, Relative Humidity: 40+2 (S.D.) % |
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E
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R S ORERINZAL, R OMNAE RO —Bl. BN, SEE b S NS & HOMEEE G, KRR ORI

HR, R BIAENT B S 4% 5 N7z R ERREE B 2 2 L7z RR O &I 087 — PHF (RR), [FARIC
E ARG B /28 ARG B & HE 2 L 72 RR ORJHIEATIR D787 — PLF(RR), [FEARICSCIEANREIG B % 3 2
L 72 RR D8 deni s & AR it s 7 — ol P(LF/HF) (RR), LTI v 7% 4 A%&/RT.
Fig.5 Typical example of 40-min trend-charts of Acceleration, HR, PHF (RR), PLF(RR), P(LF/MF) (RR)
and Lap time obtained in one subject. See text for symbols and explanation.
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Fig. 6 Means = SDs of time course HR changes.
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0 T T ]
Baseline  Driving Recovery

Normalized PLF(RR) [ -]
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0.06 1----
0.03 A

Normalized P(LF/HF)(RR) [-]

Baseline Driving Recovery
7 RN—=ZF54 v, EFr, &L THEMIZBT % HEERE
fReIEE) (E#E{L PHF (RR)), i HAEAR I B /2 &
ARG EY (FEHE L PLF(RR)), 2 L T2 38 &AM AEIG B
(#:# 4L P (LF/HF) (RR)) D24k, V¥l + FiHEfa e
(SEM.) %7
Fig.7 Means = SEMs of the sympatho-vagal activity ba-
lance during baseline, driving, and recovery session
analyzed by the normalized PHF (RR), PLF (RR),
and P (LF/HF) (RR) trend-charts. Asterisks indicate
significant deviation according to the Wilcoxon test (*p
<005 **p<001). See text for details.

RR OJE WA 8D 787 — PLF (RR) [ (ms)?], [R5 %
FHFRT B 2 52 L 72 RR O ik & AR Pl ais s S 7 —
O P(LF/HF) (RR) (=), 2L TIv 7% 44 (s) T
H5b.
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1257
120 1
A
1101+
105 1+
100

SBP [mmHg]

85 1
80 1
i R
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. Immediately after driving

|:| 5 min after driving

K8 ~N—2AF4 v, EIF, &L CHEMEICHT 2 N0
+ SBP, #LiRIMFE DBP, % U CTHEIR Teardrum D Z1L.
S + B (SEM.) 3£
Fig.8 Means = SEMs of the SBP, DBP, and Teurdarum during
baseline, driving, and recovery session. Asterisks
indicate significant deviation according to the Wilcox-
on test(Fp < 0.05, **p < 001). See text for details.
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Wb, HRHORRATHRT LBBREDETHS. L—3
¥ 7 H — METHIEEIOTE 150 (bpm) FEETHER L
TWALIZEWPHL, T/, HHREMOIISDEZH/IED o
7.

X 5 ® PHF (RR) % 5 1%, ETH OB & 2 7 sRE MRS
oA 5. #12, PLF(RR) & P(LF/HF) (RR) 3%
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RIEANAGEEN. TH B Z LD 5. K7 I2EWERED
N—=2AF 4 AR, EATHIRH, SR Ol + R
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N —f Kfiz 1 & LTHEILZ L 72O RTH 5.
WRH A B BT P o R EMEEEOMHE (p < 0.01), K
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E 8 ik &WEoR—27 4 v (EREOFY), &
TER, EAT 5 9RO IILE SBP, JEuiIE DBP,
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<0.01) 2HEFREI N T, BEKRELZ50HL, &
A E 7% SBP O X F (p < 0.01), DBP KT (p <
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4. & =
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FIEFEL L. ZoMICEL T, MWERITEZ RES
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M, WRIZEZ EIFSN7Z2FlL K4 —FiX, 20
O ENWETHLESHOEBRD L) BRAE—=FF 4 3=
HRTREWEHEM I NS,

RO RENEF—%1F, EB7abal, ZLT
ty b7y FIEREIRER—E L, RESTEOAPRL D
[ZEM] ORFICH S N7 RERFIRR LT R TH B, &
TOBEBICHT A2ERIE, FIfary7Fqvaryolkfkid
ERICLTHo7z. MRAV Y 2 I3AXIZEE ) v T
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