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Abstract: Vehicle systems are frequently exposed to parameter uncertainties such as vehicle speed and height of center
of gravity. If a controller is designed to be robust against these parameter uncertainties, the rollover prevention
capability can be considerably enhanced. In this study, robust controllers H, and H,, are designed by using LMI for
vehicle rollover prevention control in the discrete time domain. Some simulations using CarSim, a reliable simulation
tool, are performed to validate the proposed controllers.

- 7154y - K cAA =Y g A
. AAEE ) K =3 Wg A (N/MPa)
y R ] K 71E e AEH AR
G C, : AEI FF Eloloe] FZA (Nirad) ! = 1
C . & 74 A4~ (Nms/rad) % ¢ A (Nmirad)
¢ T el W(Vrad/s) I 1, FASAANA AEd $E7H42] A8 (m)
e, D 8E ‘
i _ M, Aol L XHE (Nm)
. . Eﬂ i
Fyi By o A5 38 Eholole] F= (N) mom, A ARG 2T A (k)
F, F, : Efolole] &3} 48 (N) Py AE e (MPa)
My AEAE] GF LEAE (Nm) L9 7 gel ga A%
My i wE g g8 geas o 0 TR A AT
¢ FEARE 35 (081 ms) C A
Lo EFA s -

HocfEd 9" vy A FURARE SE ()
h s Aol A FAFA7EA L] Eo] (m) W ’ S QREWE Buje 7Ex A4 HE

. . : =R= L
h DE AN FATAAA L ol (m) aa, AR T5 Eolo] FZHZt (rad)
LL 2 %o hg /2 74 THlE (kgm) y”y’ L asdl NE an (racys)o X

C B A BA S AT -
J A 22 B4 3k ) $.6 = Zrad)} = 25 (radss)
Jos : SREE Ruje] 2x s RO -
5]‘ : %j_‘%_‘ }—@:Z} (rad)
1 Corresponding Author, dongho@cnu.ac.kr ;i t

=
=
%ﬁ
RN
o
I

© 2012 The Korean Society of Mechanical Engineers




1312 o)

d& 5ol 2002 W= m=re] AS A a2 A
A wFAaLe] 3%AA T A dEo= A A}
YAE 33%0] olE AR & HFTE XY
3 o] 8 W F<F 36%0 A 33%E F]EIS
Wolt} @ olo] wg}l 1 FoF Fo MAIME=
ZFo] AEe WA Y FAY Aor|E v
sk FEl= s kot
oal
™

iy

7]

o YEEE FUowH A ARL WAH
109 g A<l W o Z = Odenthal 5,” Ungoren
3} Peng® 4GOI Q4RO wpgo] ek
5 WAhgA mE 5E o E

= 5
nhel e 55 & Aol A& X|(Active Roll Control:

[e)
§ BebgaAE 93T L5 Adds] A &
AAAFAE o5t Wel YTk A u

o] WHEL 2t Alzglo] a1f-eh defu|E W}
of disl mesx ekgtrh. wreF A& A A o7
7b A debelE wstel dis] Alsithd =k

=1 - B
S AL 0 X uk o] =ESoA A
e Akl e mene EREES

QA ReAL Azwel 57k Frbelod
71 AAN olelgol Uitk web LwHel

2 2dS A Sl polytopic = EAA EE )
LMI & o]&3le] H, @ He 29 Ao7|E A
o2 ML= WS Aoldl, B =T A

o H= T -l

ox
™
oy

—d
to
offt
fol

I, I ‘i,
Fy, vy 14 F u x
B Vg
\ A 7V
M, m, I,

(a) 2-DOF bicycle model
. z
AL
‘ mg, Iy
% ( ¢ I,hs
F msghs Ih
: t

(b) 1-DOF roll model
Fig. 1 3-DOF vehicle model

2o e ) 2 Fo A 2k
Adstar A7) AA HHe A A g
o= AAE Aoj71E o] &3] Al E oA

e 4 Golx AEES

i
r
ot

[\
0\1
o
=
2
N
iz
a2

ma, —mshxgb.:Fyf—irFyr (1)
Iy=1.F, —-lF +M, 2

Sy Tty

Lg-mha =-C,p—K,p+mghp+M, 3)

2 (), (2), 28 32 72 N, awE
29 25 Yedt A el M = AE
Aol os weEojAE 8 ZHEH A (3)d
AN My TF tEEute] o8 vrEoAE & B
A=t 4 (DI A EBrolo] &9 Fy, St F,
& 2 @k gol Ao vkl S gk

F,=-Cua,, F,=-Ca, )
v+l v, =Ly
4 ==—t==5,, a, == 5)
vX vx



Ao FEdol & NER gL A 2
o &l A (6)3 o] FAHY o] A& HEHF
AR gdehd A (8)% 72t} 2

K (6)
= 4 5
7 [rs+lj /
2 (©)°M 2& o5 KA 4 (7)4 2t
C,-C- 1+z
C,-C.o(I,+1) +m vf-(l,,-c,—zf-cf)
. 1 K,
Va=—=V,+—96,; (®)
T T

AeFe] 8F delE 2 (9)9F el rdAAT

€, =77 )

go AES FAE A 0% 2L A
ek A (D) g ASAE GEEt Zds
dg 4 Yok

x=l, 7 ¢ ¢ 7l

us[m, M,J (10)

x=Ax+B w+B_u 11

2 (Aol A zF g2 o Zrh
X =Ax+B ,w+B_u
=E"'Ax+E'B,w+E'B,u

m 0 -mh 00
0 I, 0 00
E=\-mh 0 I 00|
0 0 0 10
0 0 0 01
(a, a, O 0 0 ]
a, a, 0 0 0
A = 0 mhyv -C, mgh—-K, 0
10 0 1 0 0/
0 0 0 0 1
— - T_
< 00
l,C, 10
Bel = 0 > BeZ_ 01
0
K 00
r 00
L 7
C,+C 1.C,-1C,
a, == fv ’alz__f fv —my,,
[.C.-1C IC,+I’C,
azlz_f - »azzz_f -
v, v,
4 (e A% FEFE ANl o] 48
A= A Tooll dis) elabskstd A (12)9F 2
O R i R RS S E R

g Q1 Ao AA

1313

x(k+1)=Ax(k)+B,w(k)+B,u(k) (12)
TS

A=e*", B, E(.[0 AS(T)dT)Bsp

B,= ( j A (T)dr)B

[\

2LMI & O]
=0l A
7|Hko 2 LMI
o7& AA gt}

H, B H, Alo7] AAE f18] Al~He 298
21 (13)7 o] Aedt) o] AdA (k) z.(k)
= 44 H, 2 H, Alol71E #1%F 9ol

2, (k)= Cx(k)+ Dyw (k) +Du (k)
z,(k)=C,x(k)+D,w(k)+D,,u(k) (13)

OFO

& Hof7| A1
o AelM AN AP mAe

3T = =2

o]-&3ste] oA Hy B H, Al

rE r

mlm ol

H, Ae)71& A% 54 g5 4 (149 2ol A4
ottt A (159 #A A (ADs ol&std 4
(e A 16z xdE = Ak 4 14914 ¢,
= Z g9 7}5A 24 Bryson’s rule o 2@
g, =1/n} 8k 2ol AAdAG®
(14)
o

~ qa; (k)+q,e; (k)+q,¢° (k)

T\ +q. 8 (k)+qsM; (k)+qoM;
a, =\'/y +yv, (15)
J= iz
k=]

: r (16)
=>{Cx(k)+Du(k)} {C,x(k)+D ,u(k)}
k=1
o] 7] A,
\/q_lall \/q_l(‘_llz+vx) 0 0 0
0 \/g 0 0 —Va
CI=C2E 0 0 \/q_3 0 0 )
0 0 0 g, 0
0 0 0 0 0
0 0 0 0 0
Jaibi | [0 0]
0 0 0
0 0 0
D, = 0 ;D =Dy, = 0 o |
0 Jas 0
R |0 oo




1314 Q4% - 7

21614 @, ot by, = 2 Ash B A &
5ot olF H, AojoHE 4 (16)olHet 2
o] z,9 C,# D, 27 G0 Dpet sUsHA A
R

u(k)=Kx(k) Je] AJEl(full state) I =1l o]Ak
A7y Hy, Aol7] AA BEAE LMI 2 o] &3] &
dstd A and 2L HAHs EAVE Hy olal
AZy A H, Alo)7]E K=LY' ¢ FuE T
I;1r.(14,15)

£nLHvlv trace(W)

st. [Y AY+B,L B,
* Y 0 (>0 (17)

* * 1

'W C,Y+D,L
2 22 :|>0
* Y

u(h)=Kx(k) Feje] e = o] AkAE H,
A7) AA EAE LMI 2 o]&sle] m3EH
2 (18)7 2 HAsE FAI7F = olakAzt
2 H, Alo}7]+= K=LY' 9 ez Fafzlr; 0419

N

Vi
st. [Y 0 AY+B,L B,
* pI CY+D,L D, (18)
*k *k Y 0 <0
23LMIE o|3¢sh Z¢l HMo{7| MA
2 =wolA ey E84d 2 polytopic F
B2 et Az g B3 shebig
o 47h g @ AR W, 2t seulE wse) 4
@t B9e AR F o5 2P p=2f )
of Ao st A, By, By, & WEol H 5
Rom olsel ARARE Ed A (9% ol

s} n) )

» » »
A= zﬁiAﬂ B, =) 7B B,= Z”iBz,t
P i1 i1
» (19)
dYor=1, 0<x <l
=]

¥.e

fot

s

‘r{nLlrvlv trace ( W)

st. [Y AY+B,L B,
* * I (20)
'W C,Y+D,L -0
* Y
i=1,2,,p
min
Y,L,p
St Y 0 AY+B,L B,
* pl CY+D,L D, <0 (21)
% % Y 0
® % % ol
1_1,29' ,p
24 QLEHE Fuj
2] (3)01]*1 Z2 gdE Ao ¢HLe Fng =%
olE] Znle] Ao JEow HgdH 4 AAT 2
QoA & BaE Ao e e AFe e
of elsl A% wefep drk o2 fld amdlE
o) S o] &gkt Fig.2 & M, o] ek wm

Elolojd BXE Ho] U Fig. 2 oA HZ0] My
b Fd A, AleEe o
Eig=s
Mg 7} 1 45 ElololHat g RHlEste] 1A
= 2 (22)3 2
4 . L Fa
{—Ecoséfﬂfsm@ —5}[ }zMB (22)

x3

[ —
H v

Aste] EA Fhaee A (23)% vk A (23)
F. i Elolole] FAHomA pgFe 7

4
RS olgste] ST § YLk

Wheel 2 Wheel 1

Wheel 3 nﬂ ‘ Wheel 4~ Wheel 3 . n Wheel 4

F Fry
(a) Positive Mp (b) Negative Mp

Wheel 2

Fig. 2 Control tire forces according to the sign of My



A 7

SRR

Gl

Table 1 Parameters of Small SUV model in CarSim
1146.6 kg 0.51m

984.6 kg 39401 N/rad
442 kgm® 64119 N/rad
1302 kgm® 9803 Nms/rad
0.88 m 62597 Nm/rad
1.32m 60 km/h

2 2

J _ Ecl Ec3
WLS — =2 2
o F

1 (229 A=A

T
=v Wy

2] A A 2] (23)9]
£ Hastels EAe A s
sto] 2 24t 22 sE HA
My 7F <1

T

S > oo )

24

(25)& o]&3}]
o} A (25)00 A
-Efojoj s w3k

olgA FahH Eol
7 Age) A% e
r & Epolo] WA ol

o]t}

_E‘.,]o

Py =— (25)

(I

3l

pul

37 98l
H2 ]:7'_; Hco
Bode A%

A&

A 7]

S RKS

CarSim ©l|
Z}A)EF 2 Table 1 3 2t}

21 (149 LQ H4 &=
ZFo] dES WA 7] 9
ZFol FHAY gJrE

SH

ro

A1 A7l A 1315
Table 2 Weights in LQ cost function
m 5 m/s’ 772 1 deg
7 3 deg/s 4 0.08 rad/s
s 5000 Nm s 2000 Nm
Table 3 Variation ranges of parameters
Lower value Upper value
my 984.6 kg 1181.5 kg
I, 442 kgm® 530 kgm®
L 1302 kgm® 1562 kgm®
Cr 30000 N/rad 50000 N/rad
C, 50000 N/rad 70000 N/rad
Vy 50 km/h 80 km/h
hy 0.4 m 0.6 m
el et HastE ook ghrt. o] ¢} TiEo] A&k
A%e BAe] fane Ao 223 24%
=7F HastEolok st o5 #ldl ¢, g3, LE|AL
qs 7F A A E ook gt olo] we} TS AE
Table 2 9} o] AAs}3nt.
B Rl nHd v 2aa4e A

of A3} By mRES] AF e (m, L L),
Aol AFE ABY G C, A FE v, 3

FAFAE =l h7HA 5 7he T

ApEFe] A Table 1] 3% 71502 [0%, 20%]
o] shekat A9k ghe Akl on Aol ARt
4 BEHEES ME vEstee AYEHER FAT
HlEE ARtk 7 gt gl digk ekt
& Table3 3} rh

3.1 Bode M&E S|4

AAE Aozl gial] A 23 JHE o
2o 2 3lo] Bode AEE 1#Th Hlal A Ao
7= Fepng e B344S adshA @ 3
H, % H, A7), 28a < H, B H, A7
o|t}. Fig. 3 & 7} #loj7]e] ti$k Bode A& H
of Foh Ao £33 9= 1 Hz o]gto|n=E

1 Hz o]3} 9] gl FHaof g}

Fig. 3 9 ()X B%o] H, Alol7| Bt H, Al
o717} H U& & Alo] A5 Hol: AL &
4 otk ok 71 ABREA Fig. 3 9 (oA BE
o] 9§ e Zlsl=y oAL IAVtErE 7

2A717) A el E 5 A (5)e] Al 5

NELE FF TS ARANAN EE 882 A
FAAN AL A ForH YEEE



Magnitude (dB)
L R O O Y
[3,] o [3,] o [3,] o

A
)

w w w w
o N > o

N
©

Magnitude (dB)
N N
E )

N
N

=N
o

D
=N
3,

Magnitude (dB)

)
)

Roll Angle

-
o

SRR 3 9 (@A HBxol & Aol AsoME H, 9

—— H, AG7)7L A% e dng wdth 5 H, 4
RS e ole] A% FF Aoi7Isk B A= E Al
Sooonmommesa Aol W e A% ozt g H, Ao

R A5 A A7t i FA e Ade mon
Jilhillh#l.ﬁ.wﬁmﬁ Fig. 3 ¢ (b)9 ()X B%ol H, B H, Alo] &
[—No Control F 33 A7)l ma e Aok o Ae 3
2 TR e ey
|- Heinf oA Aretgizol Al Ao7]Y TEsE FF

= Robust Hinf 5ol 34 Aol7lel mal o Asterhe g
2 10" ougit}y, = o2 ouz o} AR %

Freauerey () d e 23E - UeE S
(a) Steering input to roll angle
LateraIAcceIeration 3.2 CarSim A|=al|0|M

B B o AolA e 7 Ao/ 1ES Casim oA A
R bR s e et VO] i Eooldata, Aol T4 By R H, Ao, %
e i 1 H, B H, Aoj7]eolth Ao 23k ¥ A

& A& Ago| o]gE = fishhook O 24 FHj
CT T 1 2872 221 deg ©|tE? W npAASFE 10 O
Fosrerrarmne oo or . AAskoar AbFe] 7] &% 80 kmh otk AHe
| No Control H o] £5 fTAIeH] A% Aloj= A Fsdrh
A 3 Fig. 4, 5, 12|36 & 7 Ao} 7)ol tig A&
[ == Heinf i ol Adg Wol Frh ¥ BEo] 7k Ao

— Robust Rt | 715¢ oF A9 Bode M%E Ao Aol U3}
2 10" 10’

-
o

= 27%E 2o £ 5, Fig. 39 (a) oA A5
= Fig. 4 9] ()4 Wil § Ao 45E 3

H, Ao717} 7+4 £om &4 H, 242 H, 2
Yaw Rate Error ?4 © 1%1017]7}' -”—/\]-6]— }3'6% E-?JE]' O] 7?34’

Frequency (Hz)

(b) Steering input to lateral acceleration

[‘lf oy o ol

Pt Fig. 5 9] (2] & 2 & ZHES] 79 vl
sl Rt HE # 3t Fig. (4)9] (b)ell A Bol= 28 o2 Fig.
R 39 (9 AZU2 B3 H b 13 £or] o
T T o o2 ¥4 H, 2P|l O vgoR ARl H, ¢k H,
IR AAN 7} L HeE HIS & = AUUh Fig 4
SRR 9] (o)l A= ﬁﬂ—i—&% 85 det we 4

4: HA::#HH 41 i H:F No Control Y J+E }ﬂ_O:]ﬁ—E]— ( )i ?—:']__ ‘)I: gj\l):\_o] —9—% oﬂ‘_ﬂ
A | T stz \ }EAERE, Z afo] YABLE P
RIS NI R H-inf 1 ek o] A¥= Fig. 5 9 (0% (ol A= A
Ll L= Robustiden] 3 o] emwES} A%F e 79k u# )
10° 10° 10" 10’ 10’ b Holl A HHF tlw A A e JELE
Freauency (2 F% A5e ARANORA 2F dHE FHA

(c) Steering input to yaw rate error 731 1o wlel @RwES AEerHo] =71
Fig. 3 Bode plots for each controller Ak Als d=Eo S7HE QA Fig. 4 o (d)olAl
WZol A H, ¢ H, A717F M & &% 3

= Aot} A5 B Fig. 6 & 7 Aloj71E0] 89 A
2 Aol71e} 7 Alojr]E wlals] B Fig. of AAS Hol Frh adledA & F kel &



1317

4
4 1x10

Robust H-inf

= H-inf

No Control
Robust H-inf

== Robust H2
** H-inf

10

\ ¥

10

[6ap] ajbuy 10y

time [sec]

time [sec]
(a) Roll angle

o
T -
-
£
T
B
3
o K
HT x -H®
1
1
i
N 1
2,
g -t -=- -4 ©
- —
= 3
m 2,
S £
= =
= - -
p—
2
~
<
N
e et -1 N o~
lu.l.l...mnu
< %
o |
-~ &L= |
X L o
- bt °© s A\
e <
[wN] 3Induj Juawop me x
o
I I ' -
-
| | = & £
Lo g T =z
| | < - -
o 7] 7]
| |
Lo |I8 3:3
oNOT O
l_L_1__|HZTeEIcd| e
[
1
1
1
1
]
|
|

time [sec]

(b) Yaw rate error

(b) Yaw moment input

Robust H2

FL

10

time [sec]

time [sec]

No Control

-===-= H2
- Robust H2

- H-inf

Robust H-inf

10

|
|
|
|
1
? 2

[6] uoneiajdoy _m._m.zm._ '

o
-
.4
Lw
c 1 —_ b
T AT =2
T ! ! o _ =
- “iled 3 %
=] | : o =
K { £ = g
S i EE 8
(4 : Q
, ) g <
{ Q
A Q
A% < ]
P e fw O
||||| o
o) 0 =) c 7
- 2 8
= &8 T
o = 2 =
- A o x
(=
p —
1 -8 £ -
! Q - <
- E o8 EF[toootoo 8
£ I I
\w.IS.H. m O 1 B 7 | |
| N E o W w a2 £ 3 | |
3 £ N © T ¢
, \ S ZIcIc I I o
L 1 — - ‘ 1 _ T T T T T T T e
’ = I T | |
= ! P , ,
-=cZIE) | [ | |
1 T T 1 1
e 0 o =) o =) o =) o =>°
ayeug payddy - T 8 o ¥ 9 9
[w] A
o o
= T T - [ [
| -
c — (=
o x| o o T
I I, 5E T T
% B, k S % B
Sw 3 H 8 3«3
~858| on8ES
H oo ‘HRHR‘”\\‘W --q HZT@Towr----
PR ; P
I | 3 P
P Lok P
[ | 3 1
g Ll 3
= ! [ m ﬂ
< o124 __Jeo S L _d__
g i CF . =@ - 2
Qo = I g = o g
s 3 ! v 8 = 8 =
— | i | _ = — O
° 2 ! 0o T o >
< | 1y | = 1S
m .n|.a | 17 | m A= m ]
4t s w\\\\,\\\.& \\,\\\\4'. I I .Y A T S - .m
L | Al | (=] ~
< | 3 | Q
3 N/ = o
| | | ~ N—
o A | ..(0\
~ [y | I
Je Y S N U 1P - SO B W S B S
| I
d I I
I I I
I I I
I I I
I I I T
1= I I I o I 1 =
) o o o o ) - © © r y
© © < 3 e o o o
Xapuj J19A0||0Y

[ujw] Ayo0joA [euIpn)Buo]

Fig. 6 Vehicle trajectories for each controller

Fig. 4 Simulation resutls for each controller



1318 OEI)Blg_] d

e kX )
Az e welh
of ¥a H, Aoi7h, 1ea
b Ao 717t A A% A

W Q) Hy Sh H, A7) A=
52 Qe o 4 vk vk g Ee
WA Qe QduzEe] Fgow ol
) Mate] ol 71E Q&S
FEeht el AaE gaelor 4 o w

4. 2 =2
2 =M Ao AES WXy $8] A
ol Fepnly wste] dis] A1k AojrlE A
stal AlEH IS FaFgozH Al A7)
A5S HAESIATE Bode A% A4S =38 H, A
]

ool wa) H, Alei7k, ea Al
All71el Hlel B e A dE wA A
Holn] 1 AizA 7|E 28 FF dvol o A
ate= AS Fakslen CarSim A4 AlE
old& &8l o AMdE Flsl D} 01
df A AnE wAE] s %
el
Aafor e el

= 7|
o] =R 2012 W% A2 AA R AL} 2012
Ak w538rjsio] Afdor dxoluA s
3 7FI(KETEP)] A1 (No. 20104010100600)2}F 3k
TATAGEE] 7| 2ATAE A D(No. 20120004096)
S ol S35 AP}
2oEd

(1) National Highway Traffic Safety Administration,
2003, “Motor Vehicle Traffic Crash Injury and Fatality
Estimates, 2002 Early Assessment,” NCSA(National
Center for Statistics and Analysis) Advanced Research
and Analysis.

(2) Fatality Analysis Reporting System (FARS), 2009,
http://www-fars.nhtsa.dot.gov.

(3) Odenthal, D., Bunte, T. and Ackermann, J., 1999,
“Nonlinear Steering and Braking Control for Vehicle
Rollover Avoidance,” European Control Conference,
Karlsruhe, Germany.

(4) Ungoren, A.Y. and Peng, H., 2004, “Evaluation of
Vehicle Dynamic Control for Rollover Prevention,”
International Journal of Automotive Technology, Vol.
5, No. 2, pp.115~122.

(5) Yoon, I, Yi, K. and Kim, D., 2006, “Rollover Index-

s

fo

)
-

Based Rollover Mitigation System,” International Journal
of Automotive Technology, Vol. 7, No. 7, pp.821~826.

(6) Yim, S., Park, Y. and Yi, K., 2010, “Design of Active
Suspension and Electronic Stability Program for
Rollover Prevention,” International Journal of
Automotive Technology, Vo. 11, No. 2, pp.147~153.

(7) Lee, A.Y., 2002, “Coordinated Control of Steering
and Anti-roll Bars to Alter Vehicle Rollover
Tendencies,” ASME Journal of Dynamic Systems,
Measurement, and Control, Vol. 124, pp.127~132.

(8) Gaspar, P., Szabo, Z. and Bokor, J., 2005, “The
Design of Integrated Control System in Heavy
Vehicles Based on an LPV Method,” Proceedings of
the 44th IEEE Conference on Decision, and European
Control Conference, pp.6722~6727, Seville, Spain.

(9) Yim, S., Jeon, K. and Yi, K., 2012, "An Investigation
into Vehicle Rollover Prevention by Coordinated
Control of Active Anti-roll Bar and Electronic
Stability Program," International Journal of Control,
Automation, and Systems, Vol. 10, No. 2, pp.275~287.

(10) Yim, S. and Park, Y., 2011, “Design of Rollover
Prevention Controller with Linear Matrix Inequality-
Based Trajectory Sensitivity Minimisation,” Vehicle
System Dynamics, Vol. 49, No. §, pp.1225~1244.

(11) Yim, S., 2012, “Design of a Robust Controller for
Rollover Prevention with Active Suspension and
Differential Braking,” Journal of Mechanical Science
and Technology, Vol. 26, No. 1, pp.213~222.

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

(13) Bryson, A.E. and Ho, Y.C., 1975, Applied Optimal
Control, New York: Hemisphere.

(14) Gahinet, P., Nemirovski, A., Laub, A.J. and Chilali,
M., 1995, LMI Control Toolbox User's Guide. Natick,
MA: The MathWorks.

(15) Akbari, A. and Lohmann, B., 2008, "Multi-
Objective Preview Control of Active Vehicle
Suspensions," Proceedings of the 17th World Congress
IFAC, Seoul, Korea, pp.3398~3403

(16) Cho, W., Yoon, J., Kim, J., Hur, J. and Yi, K., 2008, “An
Investigation into Unified Chassis Control Scheme for
Optimised Vehicle Stability and Maneuverability,” Vehicle
System Dynamics, Vol. 46 Supplement, pp.87~105.

(17) 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.

(18) Mechanical Simulation Corporation, 2005, CarSim
User Manual Version 5.

(19) National Highway Traffic Safety Administration,
2004, “Testing the Dynamic Rollover Resistance of
Two 15-Passenger Vans with Multiple Load
Configurations,” US Department of Transportation.



