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Verification of Sensorless External Force Separation for Pedestrian Force Manipulation

in Low-Speed Unmanned EVs Using Suspension Resonance Frequency

Hongyuan Xing*, Binh-Minh Nguyen, Osamu Shimizu, Hiroshi Fujimoto (The University of Tokyo)

This study aims to address the drawback of unintended stops caused by road surface irregularities in "Pedestrian Force Manip-

ulation for Low-Speed Unmanned EVs” by distinguishing between the forces exerted by road surface contact and those applied

by pedestrians. Through experiments and simulations, it was verified that force separation is possible by analyzing the suspension

resonance of the reaction force acting on the vehicle.
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1) Stop with the light force of a pedestrian
2) When the pedestrian leaves, the Unmanned Driving resumes
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Fig.1: Problem setting in previous research
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on External Force
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Fig.2: Block diagram of the conventional method

% Fig2 I2,

Fig2 IXfEkito7u v 7K ERLTW3, TIZT, Ve-
hicle (3 EV D75 > M EF, rIdHEEEEE, J, 3HGO
AF =%, QIER— SR T 4 VR, F, XERICX D IRD
LB ETEIIOMEMETH 5, MEREE M1 HEHIE,
M AELA 7 — =1 K B NHEE S, T3: AN L7
EfafEe b 2iESED 2 HEEIE, 03207 0a
VAXLTIEREATWVWS, ZhZhD7 LT Y X LIZDN
TUURICHEERT 5,

(1) EESIE
PERIETIE, ANDBEEKIZ 5 RV BRI 24T
W, —EHEECENTT S, 2T, HEESHEEV, 2L,
TR HIE A I L IfIE 2 L Twvw B,

(2) ABATH—N—ICLZANNHE
PERETIE, AELA 7 — " — (DOB) % H\WT EV IZh 5
BANI Foy ZHEEL TWVWB, ZZTP' R/ IFALTTY
FEFALDHETFILERLTWS, PERETIE, Ry S
LEWERELE—wEFTAZHWTEY, AN 2T
5 HTHERHE vV £ TOmERBIIMU R oES) FER T

RINd,
P=V r

T~ U+ M
(3) AANICIEC=REESED MLIIESEZ 2 BE

EFIE

PERIETIE, EV I2h 201 OHEEM F,, (CHOE &,

FEMEZ 2T 22 22X o TEV IR 2/ (Foy # 0)

MEC-24-032

Symbol Value |
N 55 kg

65 k

Fig. 3: SZBREL ] FPEV2-Kanon AN > 7 AT & 35em, &

& 4.5cm

Fig.3: The experimental vehicle is FPEV2-Kanon. Bump is round, with a
width of 50 cm, a depth of 35 cm
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Fig.4: Wheel speed. (a) Pedestrian contact (b) Bump contact
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Vehicle Position. (a) Pedestrian contact (b) Bump contact
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Fig.6: Vehicle motion model
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Fig.7: Block diagram of the proposed method
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The experimental vehicle FPEVS. Bump 1 is round, with a width of 50
cm, a depth of 35 cm, and a height of 4.5 cm. Bump 2 has a trapezoidal

shape with a top base of 18 cm, a bottom base of 30 cm, and a height of
5.0cm
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Table 1: E[fj,¢F X — &

Table 1: Vehicle Paramaters

Symbol Value Symbol Value
my 934kg ksf kg | 40000N/m
myy,my, | 40kg, 80kg csfsCsr | 2600N/(ms)
Jo 1.24kgm? ky 470000 N/m
r 0.294 m ct 1370 N/(ms)
hy 0.51m Ogr 0.222 rad
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Fig.9: The simulation results of the estimated external force £
components: If"fa (2 Hz) and F ru (12 Hz). (a) Contact with a bump (b)
Contact with a pedestrian
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