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%13 L RiR OZBEIT/NE <KD, HAMEICUERL
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Fig.1 Power spectrum density waveform obtained by frequency analysis of heart rate variability
(a) Typical example of PSD under low intensity load and frequency bands of interest
(b) Typical example of PSD under extremely high intensity load
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Fig.2 Variation of f with segment length. (a) seated position; (b) keeping heart rate at 140 bpm
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Fig.3 Variation of load intensity with time in multi-step
incremental load test

BT 65, K2 0% 1A 7VELT, Binh&
DHEFIRE NS ADR I i & 20 W 37D 5 ~ 7 Bl
TR, BB OB NS Ul AR T 720
I 2 FBHOAEEHET)VI A—4%, () aF I AR—
V& T A T TN 7 75XL T (B 0 ~
400 W) BXUT () 3FIAR—Y&IA 7T
T HINA 7 ai-ex (FUfaffiiifA 15 ~ 200 W) Zffif L
To. SHEREICHNT AP Fig.d 1<Rd. DO
B, PEULAEHEERTS & O i SRR 1, FEEREIG
53 B BRI T F TEgeIc, b eLEgEI,
IR 18], ZO%IE B AROHIE
LA T EHROR 1 I ORlE 2 KK 7 E TR

Fig.4 TImposed load intensity of each participant in multi-
step incremental load test
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Fig.5 Definition of oxygen uptake at VT based on respiratory
metabolism data in modified 20 m shuttle run test
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Fig.7 Change of RiR from 20m shuttle run start
(JP firefighters)
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9 5. ZORE, WIholpi# s VTICE Lk

Fig.6 Ventilatory threshold of each participant obtained with data in modified 20 m shuttle run test
(a) Age (JP and UK firefighters) (b) Elapsed time from shuttle run start (JP firefighters)
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Fig.8 Change of RiR with elapsed time on the basis of tVT (a) JP firefighters, (b) UK firefighters
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Fig.9 Relationship between imposed load and maximum of
mean heart rate
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~193mmol/LETERLE. COTENBRTD
o5 S 1B DS e R S PV SE B DL L D Bt & CILBRE

Fig.10 Relationship between imposed load and lactate
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Mt LIz T EDHESRTE %, £/ OBLAICEET
AFICIEEAZEDD D, MAPZLEEEAS 4 mmol/L L |
Lz o AR 60 W ~ 160 W &1 13 TR E <
Wixolz.

7 W BRI 0T B il RLEE fiE o B R 2
Fig.11 |TR9.

Fig.11 Relationship between lactate and oxygen uptake

OBLA % i % % & & O fif AR & 15 ~ 25 ml/
kg/min CEEE @ 20.7 ml/kg/min) TdH - 7z. i
M2 VO lcxt LTy g3 kicky, fil
NEDFENNE LD, EEDENNE L ro .

TICHERAEHE RiR & il FPALEEAE O B (% 7% Mt 9 %
fedbic, Sz U IR T O RiR D KiHE
ZOEMHEEK 7 RFOMAPELEEE 7 Ty b LIRS
% Fig. 12 1[TR9.

iR U7X 50T, imh7LEEMW A OBLA Z 8% % £
MEREE AN GED K E D> 2, Figl2laRlizk S
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Ty bTET LI KD EINEDFENNELIED
WHHHFHITEK ST RIRHD 0.6 A 2 ARGRIEICIT S &
MAFLEEE OBLA (XFHOREH) #ZBA % T LA
.

M ELEEE O IR RETH D, W E~
DEEPRENEZT THL, MHEEIFRTO) 702
A LEHINGNEECTH . F Iz HE BRI IR

Fig.12 Relationship between lactate and RiR
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Fig.13 Change for the time of instantaneous heart rate (HR), RiR, and lactate during constant load interval tests
(a) Instantaneous heart rate (HR) and RiR (b) Instantaneous heart rate (HR) and lactate
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Proposal of Objective Index to Evaluate Cardiorespiratory State Based

on Heart Rate Fluctuation Analysis

by Yushi Ito | , Yasushi Oka T and Yukihisa Kuriyama )

Fire-fighting activity is one of the high imposed load activity. Fire—fighting activities are performed in dangerous
situation and firefighters suffered mentally and physically burdensome load. To avoid overexertion of firefighters, it is
desirable to grasp the physical condition of firefighters in real time. Authors proposed an objective index obtained by
frequency analysis of heart rate variability and investigated the relationship with other physiological information such as
respiratory metabolism and blood lactate.

‘Three kinds of tests were conducted. First, the modified maximal multi-stage 20 meters shuttle run test was conducted
to check the relationship with the Ventilatory Threshold (VT) . Second, the multi-steps incremental load test was performed
by using bicycle ergometer to examine the relationship between the Onset of Blood Lactate Accumulation (OBLA) and the
objective index. And third is the constant load interval test, which was conducted to become clear the sensitivity of proposed
objective index to the imposed variation.

The results of the tests revealed the following points: (1) We proposed new index, RiR obtained by frequency analysis
of heart rate variability, which was measured non-invasively in the activity site, the breathing condition of the activist can be
estimated, (2) the anaerobic threshold can be evaluated from the change of the proposed objective index, (3) monitoring
the value of the new indices inform us whether firefighters are overloaded or not and it becomes possible to make firefighting
safety.

Key words : Fire-fighting, physical fatigue, Anaerobic threshold, Heart rate variability
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