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Abstract

What we call a Man-Machine System is a way of treating a human being and a machine
as one system. In order to develop such a system it is necessary not only to make objective
measurements of human action but also to consider subjective indexes of human reaction
as well. In this study we found that in operating a moving vehicle (bicycle), the (individual's)
riding characteristics have a big effect on changes in biodynamic functions and subjective
indexes. In particular, in situations where the rider anticipates an event during riding, the riding
characteristics appear to have an especially large effect.

In light of this observation, we measured changes in heartbeat and took surface-
muscle electromyograms at points where the incline changed on a riding course and
measured the test subjects' subjective indexes at the end of each ride. As a result, we
were able to differentiate two distinct groups of subjects (Steeply Decreasing RR interval
(SDRR) and Gradually Decreasing RR interval (GDRR)) from their RR interval patterns
at the time of anticipation of an event (change in course incline). Also, when Short Time
Fourier Transform analysis was conducted on the electromyograms taken at the time
of anticipation of an event, changes were identified in the frequency range. Using this
kind of analysis in the case of electro-hybrid power assist bicycle riding, we hope to

reflect our findings about the changes in biodynamic functions in our vehicle design .
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[!16 47 3] 5 42.5 042 43
v EMG v EMG [mV] EMG
p e ] T e R
o [see] _ [see] [sec]
46 47 41.5 42.5 42 43
left ; left 2 left
S|m|’Hz] SFFT 5m”"zl SFFT SUU[H"‘] SFFT
o Lt BN rsec) of Wb LV MR tsecl o bue RN 4 o NGB fsec]
46.5 46.62 46.7 7 41.5 425 4235 43.85
| mV] EMG  [mV] EMG [mV] EMG
ruta [ Eae e}~
R [see] _ [see] ) [sec]
46 right 47 !Il 5 right 42.5 42 right 43
500112 SFFT oo lHZl . L SFFT  olH2] SFFT
ob b AL bl [sec] o b Ny (sec) o AMMAMMANORM bk o isec)
46,15 46,65 ?11.8 42,11 42,195 423 42 42.5
(a) 2nd trial (b) 3rd trial (c¢) 6th trial

9 phase-2 M5 phase-3 [CHEWTIREZEVIROH DD 1sec 7D ML Y, KEHBEREZOBIRIBBITER
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6.2.2. GDRR D$5#

GDRR (. phase-2 55 phase-3 NDZALITHF % RR [IREDY, IRZICIHAD LTIV —T"TH %,
FEHEREZ 1, 2 FPDIC KR U7z RR BIBRIRERSITIE,  1st trial & 2nd trial IZBWTRAMITIRIED
Zeiddizn (B7(b) ., t; (T, RR RO —RNZ LAARONT, ZT T, t,; 0itEDZIL
ZHEICFHNC R %721, SDRR LFIBRICY = —7 Ly Mi#iZzf 7572, ZDF5HE, 2nd trial & 3rd
trial T, ¢,;- 30sec £ TOMIT 0.1Hz (HTIiCiRNE—IhH LNz, %z, 2nd trial Tid, FHBIHH
BRIERT (- 40sec) T 0.5Hz fhiLic¥—ohRbN Tz,

oA TIVIEDOFTEEI T, ML7ome e MZmmERORE ML TV, UL,
JERBURMN L7z T A ANili (FR) WY 4 PESEERRE (OP) A% 4 &/RU7Jz 2nd trial Tl&. 1 AbE—
i, WS (40.74sec ~ 40.86sec) T 100Hz ICiWE—I BNz,

7.1 DEDDRSA TIVICEIF B E BB EEDZE(L

VEDDIIATIIEBOT, Varvarr Yarveg ZEHLE (B6), ZOHE, LOKEITHS
phase-3, phase-4 IZIBW Ty agypr DFEUTHEEC T2 &S ORI THIE T D EC TNB T ENE BN
IHURTER D . FFe. yarvare DEUTTEUTZ D EFAFHT y gy DI UT2e THU, phase-4 Tl
[alfis =R S LT FRORZOVDEE FICZ b Lizizdize Bbhs, XXV HHZE(TBT
LICEoT, —fEFTDHRICER DD O R ES T 2IcK>T. ABIDRZOVZE S J1hVINE
{Igo>TLESRDELEZBNSE Y, £, 7AY—7La—XDERN S, phase-4 TIIHIRLE)
MRELZD, HFHOFEND SHEREFEDL L >T0BETENDh 5,

7.2 SDRR & GDRR D#5#

ANV F P FRAESTBHHICENT, RR BBRRY D232 —2DiE W5, SDRR & GDRR
D2 N—=TICbFBeNTE, TOLHICBIZHEREDOIA ORI, Tz F3EICE
FLURUDRWAD, AZIHID5ERIEEE. WERDONDOREUGREREZS, Thid, st trial,
2nd trial DH| TH-oTe,

HEBIBAMGHTIN DS 1,; T TOXNCH T2 RR HIBROME BT OAG R, SDRR Tl 0.3Hz 55 0.5Hz
ICE—=IDHRENTzDITH LT, GDRR TWX 0.1Hz ICE—I RGN, TORRMNS, HRXRIC
FBOTIE. SDRRIFFEIZIEMPFHEN TH>TzDICK LT, GDRR TIEREMFRENL TH T &h
h% ", 2nd trial Ti&, SDRR. GDRR &&IcA (FR) . fEERIE OP) LE&MBMEL->
Tzo LHL. TNENDIIN—TICHBITZ0MEHOME RN SIE, ANV M FRINFA T 2504
DS PAEATED SDRR & GDRR & TH&->TW (B9, %7z, 2nd trial IC313% SDRR. GDRR
I & B R EX OB 5E, Wi /5 1 Aa—2ZhoOiPER MR E— 2 BTV (B
7)o Flz, =2 i TV HEREAY SDRR Tl 0.08sec T GDRR Tld 0.12sec & SDRR DA E—
IHESHTOE, UEDXIIC, ZNFNDINV—TTiX, AAEDPRLN, HADFIZZA
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Bk T AT Y A3 T 2730,

EARICART DD > TRV phase-2 (FD) IZBWT, SDRR Tid. RR MFEZ D HF K5 D
JUENHSNDH, GDRRICTIEADNZELY, HF BRI MR R B D 57 R U AR IS UiE
9%, SDRRF. JREEZALICKIGUT, HEMMERDENRMINE REIKABICS T ) LTWAA
GDRR TIFHHERBAC G T R HAHIRE S AT LOZEAH S5 NIR,  GDRR MWD& S 7%
2R RNELTIE. B 1ORREE TV ORSNIIERESD SITEIEHIRE L TOT7n—ofh
HhOTat AKEIHZEDEEZLNS, HlZIX, OERESORES, ORERBERE @
BR#R. WhAe) . OB ROFIEMEAR (APUAREKEICXS FHlRENAEREICKD Y
ATLICHIETERE) BRENEZLNS, TNOSOMBEZ RIS S01IKE,. OTEINAE T 10—
RN I AT LD XS IRBYIR IR T 4 — RNy T AT LOR A, @TI/ST—7 VAR AT LD
A @TE. AFNT VAN ATLORAGRENRFENSG, COXIHMNBICH SRz, &
PSRRI ER R (KED) R RITTETLICEo T e MEFITIHE L LTIRBICHER T A 2 kic ko
T BETHRERR VRV VAT LRI TETENEESORETS =YL T7rvh) OH
BILRTHD. BRHODOZIES AT LEDKERENTH S,

EI BpUIC B

14 HOWEREZMNRELT, TYVAMIHIRHEZHWT, EfTRERZ AN D722 6 DO phase I
DI TETISRZ T o, OEDDIIA 7V TOH MmN HE LN HRE OB, X2ho1 7V
ZHRBTLICEoTE 2 1ES Tl kB8 %, BLDIENRANY M RIDFEA: 9 % 0 T
AUTERS R, ANV P RET RGBT, DMAEFIOZ(ENS 2 DD —153 35T
MCTE, oo NS 27V —TORZ, FEEOSMREL: TRINEFHTETIV) IKHEDWTE
Rllz, WIS, KMHERDOAO— 7O REREAEN NS, (AAZDOEROTEDELT, M
NDFEFNT BRI OMEZ 2Tz, DLEOFENS, L OBRDOH I b a—< M2 T —

wam
e |———— o Estimsted torge Gy e P—

J#{ARY Tod
. b T _ Wlosty
e e .::".“."‘.'..' TW-'.‘ : slzz:presumytlon
Fetual torque
Torqe
Falealation oft Simuiink(Matlab R12)
RERIHBEES 1 —IL ! EMGOIRIERL ARV E HEE
FUHED - RGNV RE U A LT
REWBEHED 2 - THBESLYRBORSIINBEHEGHE
N =7 ARIEES 72— ARVERELUT S RAMRMLVIERE
EEHEE 21— IRGWVBEAHET AN MO L VEREEHTE

10 ARPDIAFIIRETIVICLBY ROV RTADYZaL—2 3 ETIV
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i i L

AEiMiZFE T B2 DR—ALEBNFHTH S
MRS E TV DRGEES N Tz,

EHSIE, =V FNVT oy b eRBIT T8I,
BAFIVvIAETIVICEBI YR VY Ialb—
YarvE AR TR T 4 — VR RBRICKZT T
O—F AT LTHRBEL TS (B10) , 2DV
L—yar ik, ADREET —2THED Wz —
tkhuuvk%ﬂiﬁ%ﬁ?é:k%ﬁ%bfw%oggggg
SIS, HEAERICBI BN #RE G E R AT
LCYEET B eZHNE LTIz 27 T 7 VIR
B AT LOMEL DTS (B1), 5
%k, cnSHEiZEEICHE TS EIcEoT,
IN—=VFIVT 1 MR OBIFZ #ED TS,

N RARPOVLTSTIVIA TOERFIER
IRE SR T A
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