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Proposal of Estimation and Control of Lateral Misalignment between Vehicle and

Roadside Coil in Dynamic Wireless Power Transfer:
A Practical Method Using IMU and Vehicle Side Coil Current

«T. Koishi, B. Nguyen, H. Fujimoto (The University of Tokyo)

Abstract— Dynamic wireless power transfer (DWPT) has recently gained attention in view of the widespread
use of electric vehicles (EVs). A key challenge in using this technology is the elimination of coil misalign-
ment, which reduces the coupling coefficient and thus significantly affects the efficiency of power transfer.
Considering the rectangular coils, this paper presents a new method for estimating and eliminating lateral
misalignments. This paper shows that there exists a one-to-one relationship between the receiver side current
and the lateral misalignment. Based on the vehicle dynamics model, the lateral misalignment is estimated
at high rate by fusing the DWPT current and the onboard inertial measurement unit. On the other hand,
the misalignment of the vehicle is controlled by using the front active steering system. The effectiveness
of the proposed method has been demonstrated by simulations considering the vehicle dynamics and by
experiments with an experimental vehicle developed by our research group.
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Fig. 1: Idea of this study: estimate and eliminate the
lateral misalignment.
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Table 1: PARAMETER DESCRIPTION

Parameter Description
Ll Distance from the center of
falr gravity to the front and rear axles
o C Cornering stiffness
fr of the front and rear wheels
m Mass of the vehicle
I, Moment of inertia
T Wheel radius
d Tread of the rear axle
Lo x- and y-axis distance from the
e ey center of gravity to the receiver coil
0 Yaw angle
¥ Yaw rate
B Sideslip angle of the body
v Lateral position of
9 the center of gravity
Y. Lateral misalignment between
coil the transmitter and receiver coils
v Absolute velocity of the vehicle
Uz, Uy x- and y-axis components of v
Oy Steering angle of the front wheel

Transmitter coil Transmitter coil

X

Fig. 2: Planar vehicle model with coils.
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Fig. 3: Diagram of the WPT circuit.
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Fig. 4: The estimation result from DWPT informa-
tion is obtained with a long interval.
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Fig. 5: Block diagram of the proposed estimation
method.
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Fig. 6: The different rates between IMU measurement
and WPT-based-lateral position.
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Fig. 7: Block diagram of the proposed lateral position control system.
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Fig. 8: Experimental vehicle for the DWPT system.
5.

0 = 01+ TsYn_1,

ch,k—l + Tsvy, (Bk—l + ék—l)
}A/cgk (k?éko-i-nT%;T) , (8)

Yoo wprk
(k = ko + nTyper)

ZITnEIMTHD, Ywer X (2) 2oETEEA
%. %72 (5) BB Vg oit KOWTRD & 5 R
RILT 5.

Yrcg,WPT,k :}/;g,coil,k

+ (lcx sin 6, — ley (1 — cos ék>> . (9)

3.3 MEINHIEHFE

Fig. 7T WA THW 28 Th O 7 a v 7 §jIK
ZRT. Y 3 Y,, DIERETH Y, KFHXTIZ 0T
%5.%?%&3 ADH A — RlECZ > TED,
NN = —AElEL— 7, SRS hslEL— 7%
HuowTwnwa.

4 v=Zal—> 3y

41 YZIal—->Y3rVEE
EEIAAND 1 RDOGE, BRHI2GBEZLZE
ZDOWTIREFEROEMNE L RAES 272 MAT-
LAB/Simulink ZH W TS I 2L —>ary&2fTo7k. 7
Z Y e LT, Fig. 81T T &5 kFks DRI L —
TOFE S 3 EEBRERTH 3 FPEV5'2 D85 X —&
%%Oﬁﬁmﬁﬁ%?w%mmk it“$MDCU

7 BIRIFTATIIE 13 TIREI N AC BiffED

U%Tw%%mf%it

Fig. 9I1c>¥ 32l —> a YORHERT. BTho
HIHHELE 80 mm, I —ADYHHEIZ Orad & L7z, 18

l Initial: Yeg =80mm, 6 =0 rad

X [m]
0 2 5 8 11 14

Fig. 9: Assumed condition of the simulation.
Table 2: PARAMETERS OF SIMULATION

Parameter Value
lf 1.44m
I 1.11m
m 1100 kg
I, 840 kg m?
lew 1.11m
ley 0.43m
Vg 2m/s
Ry 342.5mf)
Ra 385.3 mf2

Vide 100V

Vade 100V
fo 85kHz

TEPS 0.1s

Cy{kyp, kyi}
Co{kop, koi }

{0.700,0.245}
{2.68,2.27}

E@ﬁ*n4w®ﬁ%mxz2mtb,%ﬂu%®%

FEaAAMI3m L ICHE L 7.

Table 2123 I 2L — a Y THWE T X —ZDfHE
BRT. BBAN O BEUORYF M ay, v IR TA b
JAZXEMATED, HFIT—EL L (v, =2m/s).
F A TH =T A 3D 50rad/s TR D K D IR
ELT.

4.2 WEFEDOZalL—>3ay

RELI-MINHETFEOEMMELMEET 2720
Tal—aryEiTof. FHATITH %Al A
¥ Fig. 10(a) ICRT X5 ATI & L .

FglOP@]lk% a4 L1 OEGE, B

BENZTNDRRETRT. Yo, 0 DF T 7 DERRIE
%@@ﬁ% FERRIHEEMEE RS, FIEEaA D
1 OBEDFRERIZOVTIE, Yoy BEUL O IZDW0T
d%ﬁéﬂfn%%@@ Fig. 10(b) \&/R T & 51235

BIAA D 1 MOBGE LY, DHEEICERENEL T
W3, ZHUIANTB XTI, £ X935 Y 2hntH
ERAEL LTEMEIN, Y, DMEICKR->TLES &
DTHDeEZONDS. —HTEBAALNIERD S
56, DWPT 2B 2 EiitfEx AWM 3 UuEEIc &
D, Fig. 11(b) ITREND XS ICZDMAEFBETH
TWBZeDanrsd. LrLEEISVIEED 25
BBV TH, Fig. 11(b) IRTHEY, HlzIF4s (58
WBOWTHITIMEERAEDPKRELRoTWS. 20T



oW

Steering angle (deg)
Lateral position (mm)

bbb s o =

=Y

5 10 15 20 0 5 10 15 20
Time (sec) Time (sec)

(a) of (b) Yeq

Yaw angle (deg)

5 10 15 20
Time (sec)

(c) 6
Fig. 10: Simulation result of the proposed estimation
method with one transmitter coil.
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Fig. 11: Simulation result of the proposed estimation
method with multiple transmitter coils.
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Fig. 12: Simulation result of the proposed control
method.
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Fig. 13: System configuration of the experimental ve-
hicle for the DWPT system.
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Table 3: COIL PARAMETER USED IN EXPERI-
MENT

Parameter Value
Ly 237 }lH
Lo 91.4pH
C1 15.4nF
Cs 38.2nF
‘/ldc 50V
2dc 25V
85.2 kHz
Vg 1km/h
Air gap 50 mm

Camera

Marker

Line

Fig. 14: Camera used to maintain constant lateral
misalignment.
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the relationship between the lateral position and the
mean of the DC link current.
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