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Abstract: This paper proposes integrated chassis control (ICC) with electronic stability control (ESC) and active rear
steering (ARS). Direct yaw moment control is used to generate a control yaw moment. A weighted pseudo-inverse-
based control allocation (WPCA) method is adopted to distribute the control yaw moment into tire forces, generated by
ESC and ARS. Simulation-based tuning of variables weights in the WPCA is used to enhance the yaw moment
distribution performance. Simulations using the vehicle simulation software CarSim® show that the proposed ICC is
effective in improving maneuverability and lateral stability.
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Fig. 1 2-DOF bicycle model
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Fig. 2 Control tire forces used to generate Mp
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Table 1 Parameters and values of a small-sized SUV
model in CarSim

M | 1146.0 kg I 1302.1 kg-m?

C; | 36000 N/rad C, 50000 N/rad

I, |088m I, 132m

4 | 1.46m t, 1.47m

ve | 80 km/h Py 0.398 m
Kpjiom | 1SON-m/MPa | Kg,., | 70 N.m/MPa

Table 2 Optimal variable weights for each actuator

configuration
& & &
ESC 0.80838 0.83152
ESC+ARS | 0.00075 0.05712 | 0.00018

Fe o] &7 T A Ao

1295

(=ESC), ESC ¢} ARS & ©]-&3} 4-5-(=ESC+ARS), ESC
£ o83 w WPCA o] 7P 7tAE HA s A¢
(=Opt. ESC), ESC ¢} ARS & ]88 uwj WPCA ¢ 7P
Ve AE 243 Z$-(=0pt. ESC+ARS)°|t}.

________ o ON-
3m1 | |
(X o' e 0 )
| 13.5m 1 11m ' 13.5m |

Fig. 3 Moose test track

No Control

-\ -=:=+ ESC+ARS
Lonum AT U R Opt. ESC
\ Opt. ESC+AR:

b=
Pl b,
~

, Yaw Rate Error [deg/s]
o

] S R FA-Af-5------1------1
| |
| | |
10 1 1 l
0 2 4 6 8 10
time [sec]
(a) Yaw rate error
3 T T
—_ | | No Control
? 2 - —— I — - — = — = e — — o | mm—— ESC
3, | [ —ee—— ESC+ARS
PR | [ 7: [ [ Opt. ESC
@ Tef —— Opt. ESC+ARS|
<0 (5 o
2 . |
g AN S B
% 2 | |
A A e e - - - - - - Tt -~~~
n | | | |
3 I I I I
0 2 4 6 8 10
time [sec]
(b) Side-slip angle
D 400
()
S
(]
S 200
c
<
T 0
=
=
©-200
£
3
& 400
time [sec]
(c) Steering wheel angle
80 : T T
l
60— - - - - ------
E |
| L
= 40 No Control
N ESC
20 == ESC+ARS ‘ ‘ i
.......... OPt Esc | | |
Opt. ESC+ARS | | : :
0 T
0 2 4 6 8 10

time [sec]
(d) Longitudinal velocity
Fig. 4 Simulation results for each case



1296 &

Table 2 ¥ ESC, ESC+ARS ¢] F-%7] %3lol| tjj 3l
A EFolAS o] &ste] HAgst 7hA A E B

]

TCh Table 2 oA Kol A AHFs 7]

el H = ESC ¥ ARg-aks 745 Aol v 5ol

ok7

e A Pt

H=

G ESCHARS € A5 79 ATHE ALEHA
&= Ao] HHo Fed AFFS & 5 9

Fig. 4 = A B 2435, Fig. 55 ESCA A
e} ARS o] 2F7HS wel FU). Fig 5 9 (@)l A

FL,

:i
-10

FR, RL, RR & 7}7 33} 93 4%, 2ol 3

=9 $5 F8& Urhdth Fig 4 9 @ oelA

B5zo] AofetA] &2 7% ZP%kE RIS R R s
HAS skl €k o]el Hls| ESC H+= ESC

Sk ARS ol o AlojH= AHF =FIALS 74
g5 ok 4= Atk Fig. 4 9 ()¢} (b)olA] H%o] &
s zh 7] &9l wet Zpolrt A4

3

o)
=

5
F gor 3&AE 2 % ojskEd oy

FABEAL 9L

Fig. 4 9| (C)Oﬂ/ﬂ HZo] Apge] #HF &%+ ESC+
ARS o His] 7bH A}EAE 243 A HOpt ESCH
ARS)7} 7V k. 5, o] 9= ESC 9] Als o

Brake Pressure [MPa]

ARS Angle [deg]
N o -

0

ESC+ARS
10
I FL
| m—— FR
1 B RL
i RR
5Fr------7------ -
|
ML ﬁ.n
| M y
HE Il 2
0 (155 AN TSN
0 5 10
Opt. ESC+ARS
10 FT——FL
|| =——-- FR
|| — RL
o RR
5F------ - -
1
AMFA‘
I\ MY
0 L
0 5 10
time [sec] time [sec]

(a) Braking pressure for each case

e ESC+ARS
Opt. ESC+ARS

o

ol
IR e
ol
ol

10
time [sec]

(b) Active rear steering angle for each case

Fig. 5 Control inputs for each case

3

&l
T 01§ A9-ol Hls| 20kmh BE S AS L F
Atk T3 ESC ¢ 483S o 7}1::4 NE=xE 2
gk Z-9-(Opt. ESC)= ESC ¢t ARS & #4838 A
(ESCH+ARS)S} 53t %S 98 = 9o o 4
it} o] AE ARS E 0] 8314 &% ESC oA 7
Ve 9] AGurS 2™ ARS o §9E ¥ 5 9l

= AL o)),

Fig. 5 2| (a)°1A4] ESC 2} ESC+ARS 2] A5 &
H S w ARS & A& 49 Asdzo] 43
e AS & 5 k. olAHE Opt. ESC 9 Opt.
ESCH+ARS ¢] 7-5-oll %= FYslth webs, ARS & ESC
E Hxale] Ao] & RUEE wEo] Y& ESC 9
A FEE WEF:A & & 5 vk EgE ESCHARS
¢} Opt. ESC+ARS & H]aLglS wl, Fig. 5 9] (b)ellA] 1
-0] Opt. ESC+ARS 2] ARS 9] Z3&7}o] 7183t

°]31> WPCA 9] 7 7tgAE =4
£5F Fol7] 98l ESC o Als ¢ g
3 ARS 7} ] B2 9EE AREES o 5 itk

& o

4. 8 E

s %_’«OHA £ ESC ¢} ARS £ o]&3l= =3 AN

Alo] WHS ARSI =FolA ARS = 4ws
9 %‘Prli—Ol ofte} ko] A AlojE 9g &
Alo] G = 733tk WPCA & o] &3] *JH ﬂl
o]7]o| A WH=olR Alo] & WHIEZE ESC ¢ ARS ¢
A 3 zdgzto 7 Hujaldtt. WPCA ¢ 7bA
Ve AE o]gete] thekgt 57| 23S ndsele
| apgFe] £EE Fol7] 918 AlEdlolds o]&st
oq 71— :rLE7]oﬂ/q A@/Hg]t 6‘31511 3_7]_% zx%g]_o]_oﬂ
ok AlEEeld A¥ FE 7 TESAE AR
Il o] FE o] &3kl A& o|dk A3} ARS o] 3
7} 9717} Z7kA7)aL ESC < Xﬂi gEe 2718 7
2AZITRE Z1E FRIskith B3 WPCA o4 7H
VER el 3718 24s Az} ESC Tk ALEE] % ARS
5 W ARERE wiok AR s BRItk A,
7123l ESC 4l ARS & © ®o] /\}%o}ﬂl st x}
Fo] £ AtE Fole As gl

% 7|
A= Aederlsdistae] wld e A
Aell oal] = A
Anes
(References)

(1) Furukawa, Y., Yuhara, N., Sano, S., Takeda, H. and
Matsushita, Y., 1989, “A Review of Four-Wheel



A Ao] A o)

Steering Studies from the Viewpoint of Vehicle
Dynamics and Control,” Vehicle System Dynamics,
Vol. 18, pp.151~186.

(2) Nissan Motor Company, 2006, “4 Wheel Active
Steer (4WAS),” www.nissan-global.com/EN.

(3) Lv, HM., Chen, N. and Li, P., 2004, “Multi-objective
H,, Optimal Control for Four-Wheel Steering Vehicle
based on Yaw Rate Tracking,” Proceedings of IMechE,
Part D: Journal of Automobile Engineering, Vol.218,
No.10, p.1117~1123.

(4) Hirano, Y. and Fukatani, K., 1996, “Development of
Robust Active Rear Steering Control,” Proceedings of
the International Symposium on Advanced Vehicle
Control, AVEC’96, pp.359~376.

(5) Nagai, M., Hirano, Y. and Yamanaka, S., 1997,
“Integrated Control of Active Rear Wheel Steering
and Direct Yaw Moment Control,” Vehicle System
Dynamics, Vol.27, No.5-6, pp.357~370.

(6) Cui, Z.H., Hu, R.F. and Ye, HW., 2008, “Handling
Performance for Active Rear-Wheel Steering Vehicle
Robust Control,”  Proceedings of the IEEE
International Conference on Automation and Logistics,

3 =

& AL Ao 1297
pp-191~195, Qingdao, China.

(7) Yim, S., 2014, "Fault-Tolerant Yaw Moment Control
with Steer- and Brake-by-Wire Devices," International
Journal of Automotive Technology, Vol. 15, No. 3, pp.
463~468.

(8) Rajamani, R., 2006, Vehicle Dynamics and Control,
New York, Springer.

(9) Uematsu, K. and Gerdes, J.C., 2002, "A Comparison
of Several Sliding Surfaces for Stability Control,"
AVEC2002, Japan.

(10) Wang, J. and Longoria, R.G., 2006, "Coordinated
Vehicle Dynamics Control with Control Distribution,"
Proceedings of the 2006 American Control Conference,
Minneapolis, Minnesota, USA, pp.5348~5353.

(11) Yim, S., Choi, J. and Yi, K., 2012, "Coordinated
Control of Hybrid 4WD Vehicles for Enhanced
Maneuverability and Lateral Stability," I[EEE
Transactions on Vehicular Technology, Vol. 61, No. 4
pp-1946~1950.

(12) Mechanical Simulation Corporation, 2001, CarSim
User Manual Version 5.

>



