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Abstract In this study, based on the RPS algorithm, the application results to an electrically controlled suspension
system using previewed road information are presented. Reducing the excessive vibration induced by a disturbance
transmitted to the system and secure its stability is a major issue. In particular, in the automotive industry, the demand
is constantly being raised. A typical external disturbance causing vibration and instability of a vehicle is an irregular
roadway surface that contacts a running vehicle tire. Therefore, obtaining such profile information is an important
process. The RPS algorithm using a multi sensor system was constructed and implemented in a real car. Through
experimental work using the RPS system included non-contact type optical sensors, it could robustly reconstruct the
road input profiles from the intermixed data onto the vehicle's dynamic motion while traveling at an uneven roadway
surface. A controller with a preview control was designed in the framework of a semi-active suspension system based
on the 7 degrees of freedom full vehicle model. The control performance of the system was evaluated through
simulations and the results were compared with the passive vehicle condition. These results highlight the feasibility

of the presented control frame.
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Fig. 1. Schematic Diagram of RPS Algorithm

4 5 6 7 8
Time (sec)

Fig. 2. Directly Measured Sensor Signal (Sensor 1)
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Fig. 3. Experimental Result using RPS System

sensing) &3]

o AL 23t Ao F3554



oflt
~
.
ox
H
i1

Az g A Aol

oy
i @
o,
K3
EL
Lo e 3@

B\
tlo H
AN 2>

fo St g
=
o

2

> o

Fig. 20 ehigich. 2
Aee) B4 A% ol £9)
of 28 AN AEiroz
43ks) sfetae dlol] @7} 3)
o} od® dolHrEE Ak o
0.2, Fig. 39 o] ul @4

0]o o 3lo

2~
=Rt |

Ru)
<
X,
i)
ox 2 1r

X 2 AN T
RO

mZ
ottt
it

il

o ot

l

zﬂ—_’_ o)\

I;

=13
S

3. CHAIRIY @w
BT v Sl o AEA

AeY7)1E s sk e} 7o

[ ){
+[RI[C,

[RIK]RIT{X.} —
R"{ X}

[RIIE X, }
—lRlCH X} =[rlf.}

M

24

(M]{ X} + KX, )~ (K,
—lKHx ) -

KIRMX}+KHX,
QIR X} +CH X} =(7,}

@

433

o171A,
{(xX)=1[= 001", {x}=

] T

T

[Isl I52 zsii xs4
{Xu } = [Iul Tyo Tyz Ty
T

{—X; } = ['Trl Tyo Trg wr-’l]

{fa} = [fal fa,z fa3 fa/I]T

mool [t 0
(M]=1]0 Lof, [M]= " ,
: 0 017 0 0 my 0
v 0 0 0 my
sl 0 0 0 ksl O 0 0
0¢y0 0 0ky0 0
= K=
€] 00cs30’[é] 0 0Fkg0l
000c 00 0 ky
k000 1 1 1 1
1o k00 _ tf tf t. t,
[Kf]_ookto’m]* 2 2 22
000k ==l L
71 (X A FAFTANMY HES Y
{Xopi= 2A ] @7 A AHA 24 §9lE YER
), /55 Aol Iy, I, F/F- At t, ol tiske] 8
4 RY WA Zteth A9 A% E3 EHE,
A B BES A4 mg, I, I 2, @79 A

242} Epiet,

Ba0 e JEIE (X, 12 4

A j]' 7]—“"]3 ksl, qu (1 )
AM),2)9 2518

Astar, 27k glololol A wrel et (X} A7
axol WaR A28 A7)0 o Aold ()12 A
o] H o = AL A(3)E e 5 ok
w3k Z7ke] B4 PPe ey o] Aol

{ X} =[A{x}+[BH{f,} +12I{ X, } 3)
o714,

(x) =lHx {x} {(x) {x)" 1"



FFAVE &8 =B A8 A63, 2017

0 I 0 0
(= M 'RE,RY) (= M 'RC,R") (M 'RK,) (M;'RC,)
4= 0 0 0 I
('K RD (M7ORY) (- MK (- MG
0 0
M 'R 0
Bl=" " =] g
M M, 'Ky
4. Moj7| A
AsApN A SApE FAIEAES MR e A
5 ahoH, FEHR MM E olE TAll ¥H
A7) ol A A STk mEka L3
M 58d besd P28 AojduyEs 2¢
A58 A7 2HE o83 As el gk 57t
k] Z e s o] ghrH9-12]. o]2ldh Ao} 7|HE FolA
FEAQ Wt R, Apgo] M3 Wl g JRE
ng] F1rg 5 Qi o5 &8st} Hrh 12 Ao
Ee AL F = Aoz AAETHI3]. 2 oA
Aojo]&2] Aol Glof, AHEE =F HRI} =50
e 23]

{y,} = le{x} + [DI{f} + [E]{X}
*)

{yu} - {)(( (xsi_xui) (.Tm-—l’”-) }T (i=1..4)
WgA4E el A3k ol Aol BT

7= 5 [ ) Q) + U TR
)

fo= Uppt upp= _KFB{XU} — Ky (6)

o]71A,
urg: Feedback control input
upr: Feedforward control input
Krg: Feedback gain

Krr: Feedforward gain

2l(6)°] AloId el A s =) Ao} F up 3 =1

Upp = R; I(BUTP+ DUTQCU)XU (7)
upp=—R, 'Br ®)

o714 P& o g F7HE WA (algebraic
riccati equation)S T3l 2 U3 (symmetric), ¥
9] -4 (positive definite)©]th.

ATP—PB P+ C,+PA,=0 Q)

)< o2l 2(10)7} 2.
r(t)=(/T”eA"TOWw(U)dG (10)
0 c

0:17]/4’ W, =— CZTQLEZ +PL,A, :Aqr RJIBLTP

- B,

5. Ao
3 Aol AAE AloAlzgle] B4 steta)

e s, Alo] /59 des

o] 922 RPS Al~HS &89 Fig. 39 A A=
(e}

B
_OL
R
£
b
i,



3

9

= 9

=

7}

7S I |

H|

=90
==

Fig. 5] 7773t ¥ RMS @k

S

-

@ Alad 4 5o ol i,

&

B
> T

sy

= 59

N
N

|

A5, @7h sl a2l eelo] Wl

2 7

AzAo] @7pA2=ge] |
I o] Alg oS

o

1=

i

o
el

stof o}

S

EEEL

k. o9

et Ao} AlAglo R

A 0)
fa,i,: {

o A
AT

A A7)

[e)

y

7]
&

a7g ol .

3}
=

3

4

=
=

0

N

fdi

Time {sec)
Time {sec)
(b) Pitch Acceleration
Time (sec)
Time (sec)
(d) Tire Deflection

(c) Suspension Stroke
Fig. 4. Comparison of Control Performance (dashed :

(a) Heave Acceleration

0.02F
-0.04

bl Zal
Efolo]

L
L

WA a2

(i=1.4)
(119} 2ol

A
=1

)
7 Al 2=Fell A

71 9

[e]

p

[¢)
Al b el

=

b
7t
S

oE
bz|

t}. Fig. 4(d)ol

=9

[¢)

maxA)
)
3}
tod WERHSATE Aol A

min,,

&
@A
B

=
1+
BTA

=

H
!

k
Ay

[fdi (x.sf xuz ) < 0]

[fdi (xsi_ Li )
(c,>cC

0O

Q

24
L <q

max

o
c
ko] o1 A7)

DECRERY

12:9

=

AEeold A#E Figdel Z7F YeRNUL) Fig.

4@yl FERD AAe]l A e 7Hs) Fig, 4(b)el

R Az Alof 4

A A
i

=
kel

40)lMAE 2E7]1e] A2

Al
o2l v
w9

: Controlled)

Uncontrolled, bold-line

57 WS BA

NI
—

3
<

A7E e F=

435



FFAVE &8 =B A8 A63, 2017

Normalized RMS Value
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