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Range Extension Autonomous Driving for Electric Vehicle Based on

Optimization of Velocity Profile in Consideration of Direct Yaw Moment
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Intelligent Transport System (ITS) has been intensively studied in the last decade to solve environmental and energy problem

by improving traffic flow. Along with the development of ITS and autonomous driving technologies, vehicle velocity will be

decided by ITS. In this paper, range extension autonomous driving (READ) system which minimizes consumption energy for

electric vehicle (EV) is proposed. The proposed method optimizes velocity profile and direct yaw moment simultaneously in

consideration of cornering. The effectiveness of the proposed method is verified by simulations and experiments.

Key Words: electric vehicle, range extension autonomous driving, cornering resistance,

direct yaw moment, motor loss, nonlinear optimal control

1 FLC®IC

ITAE,  HUBRIRIE AL XA R D bl 7 & 0 BT A E A
AU TETWED, NS OMEEMRT 5720128k~
BRI TDONT WS, RRED—D L LT, BEREEAMD
D VELHBE (Electric Vehicle: EV) I EHD %% -
TWa., BEEZITTHRL, EV ek N %2465
HZHBHEL AT, UTO 4 D0 HMERH> 1),

1. PV IRED 2 Hid.

2, E-RIIINDEREZRET S LT, Mo ZIEM
IZHETE 5.

3. INMEH N TH D0, NHREENIETDH 5.

4. 772 TR BIENTEETH 5.

UEDESIZ, 2L ORENH S EV 12708, —FEEH
FREED LN & WS D 728, JAK H R LU TWIRWD B
WThs., ZOREEMIT B7-012, BEODRVWE—
2 DFFHET BRI D) RFa v SEAVERTATY
AT LOEMERIE N > 0% O, BiEh o EfrhoH
WAT A Y L ATIREET O D REBTbhTNS.

—/iT, mEEKRMY AT L (Intelligent Transport
Systems: ITS)®) ZiEH LT, K@Kz HETSILTT
FNVF—[EEZRL XS T 2% HD. Zho D
KT, HIEOHOEERE MM L 2BIIEST ©) P {RAam
25 (D OEA L > TRBROWENHSNT NS,
Sk, ITS BREHITHER L TWE, £ TOHMH [H Bz
WRAITLTW ZLE2ERB L, RIAN=TIE4L, ITS
DHEHEZIRET DL VI FHRTHEEITO BELDH

5., HEOHEENITS I > THESI NS L 512N,
HEBIE O B I & > THE T XLV — D /MEA AT fE
b, BHODI V=TT, ITS S E5XAE, [
FREREOYBIERZAETE D L WO RED T, HEH
Bt d 5 Z & il & I RS 2 kiRt R B
#ji##L (Range Extension Autonomous Driving: READ)
BT AR T o T X B9, ik O T, femlg
EREL, 2RI YOMBELIZL->TAELSI—F Y VK
fikET VLU BT, BENEE BT 5 2 & ol
PREHER 2R L7, ULPLERKS, 1 VK1 —IVE—X
(IWM) #ifkEE i 2 8E 3 L, EIEREICMAT, £60
EXEH IR IZH HHRERFMET 5. EADHRE) AT — A
YMZEkoT, I—FV U IEY, HEBHPHIEAET
HrHrZrF<menTsy 00 KigcikgEmEE, &
LBREN 1 7€ — A v b OFRIRHREALIC & - THifEE#E % 58
WHERE T 2 FEZ2RET 5. /2, YIalb—Ya vy
EEBIZE o T, REEOEMMEEZRT.

2 EREmMEHEMETIL

AFETI, BEREWIZOWTENTS. £/, HlfOME
FETIN, HEBHETIVIZDOWTHHT 5.

21 EB®EM ARTIX, FEHSOIN—THWERL-E
EREi FPEV2-Kanon 2/ L 7-. 1 i O A %
RS ZOHM L 4 I REEARER TV X —o—x i
IWM Z## L T 0, ZWM ISP ETHS. £z,
ZOE—RIFZXAVIMNRIATHATHEDT, k¥
TDNY T Ty NI X BHENLL, BED» S DI PNEE
E—Zzbd. ZOE—ZOREMEIXN 2 1ITRT &



3] w
(=3 (=]
(=) (=]

Torque [Nm]
)
S

0 - =
0 20 40 60 80
Wheel velocity [km/h] 0 %/Q’heel veli)ocily[km/l?(]) %

(a) Front motor. (b) Rear motor.
Fig.2 Efficiency maps of front and rear motors.

Table.1 Vehicle specification.

Vehicle mass M 854 kg
Wheelbase [ 1.72 m
Distance from center gravity [#:1.01 m
to front and rear axle [y,l, [,:0.702 m
Gravity height hg 0.510 m
Front wheel inertia J,, 1.24 kg-m?
Rear wheel inertia J,,, 1.26 kg-m?
Wheel radius r 0.302 m
Front cornering stiffness Cy | 12.5 kN /rad
Rear cornering stiffness C,. | 29.2 kN/rad

Table.2 Specification of in—wheel motors.

Front ‘ Rear

Manufacturer TOYO DENKI SEIZO K.K.
Type Direct Drive System
Rated torque 110 Nm 127 Nm
Maximum torque | 500 Nm 530 Nm
Rated power 6.00 kW 6.00 kW
Maximum power | 20.0 kW 25.0 kW
Rated speed 382 rpm 450 rpm
Maximum speed | 1110 rpm 1200 rpm
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Fig.3 Bicycle model of vehicle dynamics.
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Fig.6 Simulation results 1.
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Fig.12 Experimental results 2 (calculated).
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