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Study of the control method for next-generation electric_vehicle development to
realize high performance, safety and electric energy saving
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4,200,000

EV
EV
EV
(MPC) 2 PID
/ MPC EV

The spread of electric vehicle (EV) is indispensable for the realization of the
smart city with a little environmental load, and the development of EV becomes the key by energy saving
in the next generation when we overcome problem of current EV. Therefore, by this research, | developed
the practical EV control methods in the next generation to realize high kinetics, safety and electric
power saving. It is a precision well control method bg inte?rating the regenerative brake equipment, a
slip rate control, vehicle posture control and so on by utilizing characteristics of EV enough. The
method has robustness property against the various changing road conditions. Specifically, 2DOF (degree
of freedom) PID control method by designing the MPC algorithm and the method combination expansion and
improved sliding mode control wand MPC. And then, these methods are verified the effectiveness of safety,
electric power saving characteristics and motion performance by experiments.

2 PID



2011 3 11
(EV)
EV
[1] EV
/
EV
EV
(MPOYL
Receding Horizon (RHOY]

EV

well-posed

MPC

MPC

(SNC)  MPC

PID MPC
2
EV
MP-PID
EV
MPC
PID
MPC
PID
3
MPC PID
EV
T r+ e u y
LIS PIDHIEIE .
o e -)? PHEE 1) mimits -r
PID
PID

x(k+1)=Ax(k)+bu(k)
y(k) =cx(k)

MPC

min J Kp K] KD (8%
Kp,K1,Kp,o,y ( ’ ’ ’ ,’)/)

Np—-1 Hp-1

] = qilé(k +i+ 1)} + ri{t(k + jN.)}?

PID
KP,K1,KD
(a.B)

1000Kg



O[sec] 3
3
5
2 MP-PID
1 PID
0.13
e — th sl
with previous MR 10OF-PD

04 —with K& 3008 P [Proposed
. 1 L i —
? o .-"l|l

] [ 1 5 2 = ﬂu:‘:; 15 [} 5

( -1000Kg)
08 e
—without control

07 ~with previous MP 1DOF PID

=

05
g 04+
£os

02

0.1 L/}/’/

9 05 1 15 2 25 3/ 35 )‘ 45 5
Time(sec]
( :1400Kg)
1400Kg
2 MP-PID
MP-SMC-1
SMC-1
SMC

t
s(At) = e +Km/ Ae(T)dT
0

MPC
MPC  SMC
MP-SMC-1
Kin
min J(K;y,)
Kin
Hp—1
J(Kin) = > (q|/\e(k: +i+ V)| 4+ 7T (k + i)|)
i=0
MPC
Ae
0.13 m
q, r MPC
Kin
SMC
MP-SMC-1
Continuous Continuous
PR i) SMC-I controller | T, | one wheel car| >
+ Kin model
MPC Method
Digital
) A(k) - .
contraller Ty el AT uPC Zﬁ;’?"d Kin(k) poiger [Kin(®)
MP-SMC-1
MP-SMC-1
SMC SMC-1
0-8[s] onicy road
BREKIR 8-9[s] on wet asphalt road
9-10[s]on dry asphalt road
EREE M = 1400[kg]
smc cn=0.5 Kin =0
SMC-1 M;, = 1200[kg] Kin=6
d=1 L0 < Kip < 200,AK;, =1
MP-SMC-I n=10 qg=10%r=1
H, =3,SamT = 0.01[s]




1200Kg
1400Kg

0.8 //”- == No control i
[} SMC
= 06 — M-I
= —— MP-SMC-
20‘4 1110+ Reference value
V)
0.2
1
0 f L i L s s s |
0 1 2 3 4 5 6 7 8 9 10
Time [s]

1000, ; i
=~ No control
800 SMC
E —— SMC-| ‘ I
Z 00 —MP-SMC-|
;
g 400
o
T 200 PN rr— 1
0 L L i L L L
0 1 2 3 4 5 6 7 8 9 10
Time [s]
[Wh/kn]
E
E,=—"
p Dd
Er Dd
10 ( )
Ep
SMC  SMC-1  MP-SMC-1
1114 545 528 527
MP-SMC-1
@ 2
PID (b)MPC  SMC
MP-SMC-1
EV
@ ()

Kin

N
wl

=== No control
SMC

— SMC-I

= MP-SMC—|

- o N
o wu o

Body velocity [m/s]
w

=)

4 5
Time [s]

200
150
(=4

« 100r

50

0 1 2 3 4 5 6 7 8 9 10

[l] “
? Vol. 50, No. 3, 2011

4
Shabo Li and T. Kawabe : Slip
Suppression of Electric Vehicles Using
Sliding Mode Control Based on MPC
Algorithm, International Journal of
Engineering and Industries, Vol.5,
No.4, pp.11-23, 2014 ( ).
http://ww.globalcis.org/ijei/ppl/co
verpage/1JE13459105621toc.pdf.
T. Kawabe : Model Predictive 2DOF PID
Slip Suppression Control of Electric
Vehicle under Braking, International
Journal

of Computer, Information,



Systems and Control Engineering, Vol.8,
No.7, pp.974-979, 2014 ( ),

http://waset.org/publications/999878

3/model-predictive-2dof-pid-slip-sup

pression-control-of-electric-vehicle

-under-braking.

Shaobo Li and T. Kawabe: Slip
Suppression of Electric Vehicles Using
Sliding Mode Control Method,

International Journal of Intelligent
Control and Automation, Vol.4, No.3,

pp.327-334, 2013 ( )

doi :10.4236/ica.2013.43038.

T. Kawabe: Slip Suppression of
Electric  Vehicles using Model

Predictive PID
International Journal of WORLD ACADEMY
OF SCIENCE, ENGINEERING AND TECHNOLOGY,
Issue 67, pp. 524-529, 2012 ( ),

http://waset.org/publications/13878/

Controller,

slip-suppression-of-electric-vehicle
s-using-model-predictive-pid-control

ler.

9
Shaobo Li, K. Nakamura, T. Kawabe : A

Sliding Mode Control Based on Model
Predictive Algorithm for Slip Ratio of
Electric Vehicle, Proceedings of SICE
Annual Conference 2014, pp.710-714,
Hokkaido Univ., Sapporo, Japan,
September 10, 2014.

T. Kawabe : Model Predictive 2DOF PID
Control for Slip Suppression of

Electric Vehicles, Proc. of 11th

International Conference on

Informatics in Control, Automation and

Robotics, Vol. 2, pp.12-19, September
1, Vienna, Austria, 2014.

T. Kawabe : Model Predictive 2DOF PID
Slip Suppression Control of Electric
Vehicle under Braking, Proc. of 2014
International Conference on Control
and Automation, pp.948-953, Oslo,
Norway, July 19, 2014.

K. Nakamura Y. Hagiwara Shaobo Li
T. Kawabe: Model Predictive 2DOF PID
Control for Heat Conduction System
Proc. of SICE Annual Conference 2013
pp-1465-1469, Univ. Nagoya Nagoya
Japan, September 16, 2013.

Shaobo Li and T. Kawabe: Sliding Mode
Slip Suppression Control of Electric
Vehicles Proc. of 10th International
Conference on Informatics in Control,
Automation and Robotics (ICINCO 2013)
Vol.2, pp.11-18, July 29, Reykjavik
Iceland, 2013.

T. Kawabe: Model Predictive PID
Traction Control Systems for Electric
Vehicles, Proc. of 2012 IEEE
Multi-Conference on Systems and
Control, pp.112-117,
Croatia, November 3, 2012.

Dubrovnik,

Shaobo Li, K. Nakamura, T. Kawabe, K.
Morikawa: A Sliding Mode Control for
Slip Ratio of Electric Vehicle, Proc.
of SICE Annual Conference 2012, pp.
1974-1979, Akita Univ., Akita,
Japan, August 22, 2012.

K. Nakamura, R. Yamashina, Shaobo Li,
T. Kawabe: A Configuration of Model
Predictive PID Control for Heat
Conduction System, Proc. of SICE
Annual Conference 2012, pp. 187-191,



Akita Univ., Akita, Japan, August 21,
2012.

T. Kawabe: Slip Suppression of
Electric  Vehicles using Model
Predictive PID Controller,
Proceedings of 2012 International
Conference on Computer, Electrical,
and Systems Sciences and Engineering,
pp. 444-449,  Stockholm,  Sweden,
July 12, 2012.

1
T. Kawabe : Sliding Mode Control with

Integral Action for Slip Suppression
of Electric Vehicles, in J.-L.,

Ferrier, 0. Gusikhin, K. Madani, J.

Sasiadek, eds., Informatics in Control,
Automation and Robotics, (Lecture
Notes in Electrical Engineering, Vol.

325; 1SBN:978-3-319-10890-2, ISSN:1876

-1100), Springer International

Publishing, pp.141-158, 2015.

@
KAWABE, Tohru
40224844
@
KUNO, Takahito
00205113
©)

MORIKAWA, Koichi
HIRATA, Kentaro
Manfred Morari
NAKAMURA, Kou
LI, Shaobo
HAGIWARA, Yuji
IHARA, Masao




