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Design of LQG Controller for Active Suspension
Using AHP-KCA

ZHAO Jian, LIU Jiang, LI Mingxing, YUAN Ce

(School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract; In order to improve the riding comfort of automobile users, the active suspension control based on
analytic hierarchy process (AHP) and K-means clustering algorithm (KCA) were studied. A two-degree-of-
freedom active suspension model was established, and a linear-quadratic-Gaussian (LLQG) controller with sus-
pension performance indexes as objective function was designed. By using AHP, a group of performance inde-
xes weights were obtained, according to which 225 groups of new weights were obtained in MATLAB soft-
ware. The performance simulation of active and passive suspension was carried out in MATLAB/Simulink
software respectively. The weights were classified and graded by KCA. The simulation results show that,
compared with passive suspension, the performance of active suspension obtained by the combination of the
two algorithms is improved, especially the riding comfort of the vehicle; compared with only using AHP, the
combination of the two algorithms further improves the performance of vehicle suspension, which proves its
superiority.
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2 R B W (inear-quadratic-Gaussian, LQG) 2 3 VF R — Fh 5 58 38 1 465 1l 2803, 75 2 22080 R J7 1 o
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Tab.1 Input parameters of vehicle model simulation

my /kg 320 ¢./Nesem! 1 000
m, /kg 40 uy/m-e s ! 20
k/Nem! 2 000 fo/Hz 0.1
k/Ne+m! 20 000 Gy/m’® « r! 256X 10°
3.3 EF AHP B LQG #I BRI 5547 T e

15 MATLAB/Simulink i 4 r 4 37 5 4 s SR |

PP C GBS AE 18 B A EBE (D) R 10 s, H=

9 1

U b | R A L e O |
1 7 1 YE '

DAL AT 2 (0 JE U K 3 A PERESE AR %5 SN BR (@) L 5, . . p . 0

1
1
9

TR CS) JFE I B0 A B (o) Fic I o 2 P HE I ) 3 3 F &=
AHP () 3= 00 ACH Wi [ H. (a) 7 B ok i
T AHP b ry 222 kst B R, i E 2 iR, M
050 _ Fh 1020 ppm——
0.025 i 0.010F i Y I
0.005
& 0 £ 0 i
—0.005 ‘
-0.025 -0.010
‘ —0.015|
-0.050 L L L | . -0.020 L ' L L |
0 2 4 6 8 10 0 2 4 6 8 10
t/s t/s
(b) BHEHTTH (o) %R H

2 2T AHD AL B2 P e 1 KA

Fig. 2 Simulation chart of suspension performance based on AHP optimization
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Tab.2 KCA clustering mean result

S8 M) M(2) M(3) M4 M(5) M(6) M(7) M(8) M(9)
n 27 21 37 24 12 31 18 32 23
a/mes*? 1.127 2  0.975 2 1.052 1 1.027 7 1.193 9 1.077 6 1.157 5 1.114 1 1.005 0
S/m 0.010 5 0.010 5 0.0102  0.010 5 0.010 5 0.0102  0.010 3 0.010 2 0.010 4
s/m 0.0043 0.0044 0.0044 0.0044 0.0044 0.0043 0.0044 0.004 4 0.004 4
L 2.7138  2.616 5 2.6530 2.658 0  2.789 2 2.650 4 2.744 3 2.702 0 2.6320
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Fig.5 Simulation chart of optimization suspension performance based on AHP-KCA algorithm
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Tab.4 RMS of each performance index

PEREE AR MBEEhES)  M(AHP £3E4D M(AHP-KCA F 324 m/ % /%

a/me s’ 1.266 9 1.096 4 1.013 1 —13.46 —20.03
S/m 0.012 4 0.010 2 0.009 3 —17.74 —25.00
s/m 0.004 5 0.004 7 0.004 1 4. 40 —8.90
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Tab.5 Comparison of simulation results
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