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RESEARCH ON AUTOMOTIVE SEMI-ACTIVE
SUSPENSION CONTROL STRATEGY BASED ON GROUP
INTELLIGENT OPTIMIZATION ALGORITHM

ABSTRACT

The suspension system is a crucial component of an automobile,
significantly affecting both ride comfort and maneuvering stability. Passive
suspension systems are relatively simple and inexpensive, but their
parameters are fixed and cannot be adjusted according to actual road
conditions, resulting in limitations in vibration damping performance.
Active suspension system is highly effective in reducing vibrations. It
relies on sensors to detect changes in the road surface and vehicle body
position, and uses this data to apply damping force to maintain optimal
suspension performance. However, this system is relatively complex and
requires a significant amount of energy. In contrast, semi-active
suspensions add an active actuator on top of the passive suspension,
allowing for automatic damping adjustment. This results in performance
similar to that of active suspensions. The semi-active suspension system
has a relatively simple structure and low energy consumption, making it a
popular choice in automotive engineering. This paper focuses on the

control strategy in the design of automotive semi-active suspension
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systems. The study takes the two-degree-of-freedom quarter suspension
system as the object and optimizes the control parameters using a group
intelligent optimization algorithm based on PID control, fuzzy control,
fuzzy PID control, and ANIFS control methods. The simulation model was
created using MATLAB software. The main work of this paper are:

Firstly, a simulation model of the semi-active suspension system of a
two-degree-of-freedom quarter-vehicle is constructed based on the
suspension dynamics. The model includes a sinusoidal road surface and a
class B random road surface simulation model as excitation inputs.
Performance evaluation indexes are formulated according to the control
purpose of the suspension to make a comprehensive and accurate
assessment of the suspension system's performance.

Secondly, the relevant principles of PID control are introduced, and a
PID controller based on the Grey Wolf Optimizer (GWO) algorithm is
designed. Based on the standard GWO, the Skew Tent mapping is used to
generate chaotic sequences for initialization and nonlinearize the
convergence factor, while Gaussian variation and greedy strategy are
introduced to update the position equation, resulting in the improved gray
wolf optimization algorithm (IGWO). The simulation results demonstrate
that the semi-active suspension PID control system, based on the IGWO
algorithm, is highly effective and enhances the overall performance of the

suspension.
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Then, the following section introduces the theory related to fuzzy
control and outlines the design of a fuzzy PID control system for quarter
semi-active suspension. The selection of suitable fuzzy rules is based on
the suspension system characteristics and expert experience. The
quantization factor and scale factor of the control system are optimized
using the global optimization characteristics and parallel processing
capability of the genetic algorithm. The simulation results demonstrate that
the genetic algorithm optimized fuzzy PID control system of the semi-
active suspension in automobiles is more effective in suppressing vehicle
vibrations than the general fuzzy PID control and traditional fuzzy control.

Finally, the principles of the Adaptive Network-based Fuzzy
Inference System (ANFIS) are introduced, and a semi-active suspension
ANFIS control strategy based on the IGWO algorithm is designed. The
simulation of the semi-active suspension PID control system optimized
using the IGWO algorithm produced input and output data that were used
as training and test data for the ANFIS system. The simulation results
indicate that the semi-active suspension system with IGWO-ANFIS
possesses adaptive learning capabilities of the neuro-fuzzy system and
combines the global search capability of the IGWO algorithm. This
combination significantly improves the performance of the automobile

suspension.
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Figure 2-1 Two-degree-of-freedom quarter semi-active suspension model
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Table 2-1 Two-degree-of-freedom quarter semi-active suspension model
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Figure 2-2 Simulink simulation model of semi-active suspension
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Figure 2-3 Input curve diagram of sine road excitation
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Figure 2-4 Curve chart of road roughness
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Figure 2-6 Input curve diagram of B-level road excitation
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Figure 3-3 Schematic of the social hierarchy of a gray wolf pack
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Figure 3-4 Schematic diagram of a gray wolf pack searching for and attacking its prey
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Figure 3-8 Comparison of dynamic tire displacement on sinusoidal pavements
0.05 - ! ! wapies ||
PIDIEH|
-P I DI
0.04/- - ovo e
0.03 - ~
0.02 - b
E o001 4
= ‘
& OF .
5
o -0.01 = =
-0.02 -
-0.03 =
-0.04 - =
-0.05 | | ]
0 5 mhia) (s) 10 15

] 3-9 1L 5% I 2R BN BN LE

Figure 3-9 Comparison of dynamic deflections of sinusoidal pavement suspension
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Figure 3-10 Comparison of vertical acceleration of body on sinusoidal roads
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Table 3-1 The root mean square value of suspension performance evaluation index under

sinusoidal road input

R Araihits BRAWTRE 7. By 3 EL N

25 ] S S m m / (m/)
Wesha 0.003346 0.02918 2.023
PID #1il 0.002752 0.02569 1.671
GWO-PID F% il 0.000861 0.01626 0.9450
IGWO-PID | 0.000842 0.01560 0.9311
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Figure 3-11 Comparison of tire dynamic displacement on random road surface
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Figure 3-12 Comparison of dynamic deflection of suspension on random road surfaces
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Table 3-2 The root mean square value of suspension performance evaluation index under random

road inputs

s 4 KRR /m B /m i%%ﬁgﬁg

B B4 il 0.004681 0.03273 2.590

PID #% 1] 0.004344 0.03095 2.326
GWO-PID il 0.003860 0.03041 1.709
IGWO-PID #2 il 0.003516 0.02990 1.643

RiER 3-2 MEIRET A RIS, FT IGWO-PID il 3
BRI RO M Bk . WLk GWO-PID #5415 ms, KA IGWO-PID
P ) F 3 &2 =AM RE VRN TR AR I 3 T RAE 70 A PEAK T 8.9% 1.68%FH
3.86%-
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Figure 4-1 Block diagram of fuzzy control system
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Table 4-1 Table of fuzzy control rules

e ec

NB NM NS ZE PS PM PB
NB PB PB PB PM PS ZE ZE
NM PM PM PM PS PS ZE NS
NS PM PM PS PS PS ZE NS
ZE PS PM PS ZE NS NS NM
PS PS PS ZE NS NS NM NM
PM ZE PS NS NS NM NM NS
PB NS NS NM NM NM NB NB
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THR G R . R SR F E oV A TR e 4 o) 2 VN B R AR L
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Figure 4-4 Surface diagram of input and output variable relationship
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Figure 4-5 Simulation model of fuzzy control system for semi-active suspension
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Table 4-2 Common basic terms and their specific meanings
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Figure 4-6 Basic Operation Flow of Genetic Algorithm
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Figure 4-7 Schematic diagram of fuzzy PID controller
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Table 4-3 Table of fuzzy control rules for A K,

€c

NB NM NS ZE PS PM PB

NB PB PB PB PM PM PS PS

NM PS ZE PS PS ZE NS NS

o NS NB NB NB PS ZE PM NS
ZE NM NM NB NS ZE PS PM

PS NM NS NS ZE PS PB PB

PM NM NS NS ZE PS PB PB

PB PS PS ZE ZE PM PB PB

R 4-4 A K R IERRFEHI RN =

Table 4-4 Table of fuzzy control rules for A K;

€c

NB NM NS ZE PS PM PB

NB PB PB PM PM PS PS ZE

NM PB PB PM PS PS ZE NS
. NS PM PM PM PS ZE NS NM
ZE PM PS PS ZE NS NS NM

PS PS PS ZE NS NS NM NM

PM PS ZE NS NM NM NB NB

PB ZE NS NM NM NM NB NB

K 4-5 A Kp BORRRHSHI N 3=

Table 4-5 Table of fuzzy control rules for A K

€c

NB NM NS ZE PS PM PB

NB NB NB NB NM NM NM NS

NM NB NB NM NM NS ZE ZE

o NS NM NM NM NS NS ZE NS
ZE NM NM NS NS ZE ZE NS

PS NS ZE ZE PS PS ZE NS

PM ZE ZE PS PS PS ZE PS

PB ZE ZE ZE PS PS ZE ZE
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Figure 4-10 Simulation model of fuzzy PID control system for semi-active suspension
424 ETEREENR PID 251255 KL

HWHTFK, s Ko MHEHIE Fcyv ¢ s MEARTHI I ERE, BMNEITR
=X ENEE R 4-6 s

*4-6 WitALE ETRIR
Table 4-6 Upper and lower limits of design variables
anEd N ERBUE FRREUE
K, 0 1
K. 0 1
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c3 0. 001 0.1
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AR E IR BERAENE RN 0.85. A8 UEEMER BTN 0.7. B R#lEMZ
WE N 0.03,
()2 12 AF

AL SE A LU 2 RO RZOb ST R, o R R AR e H
Wik e BRIGZ Ah, 155 i B /INIE R B S5t R DAAE R S i 75 &b
R . TEASTH, BATIESE T BOIERIREAE Al I FE g — A b 5% 1
— BROEIEATIABBE BIERIE (B 60 0, FEF# AL, I

41



RT3

AT BN B AR X FE 1 E A BT R S TE G BRI R] Y 8 RS R

VA 4-10 FOBEAL, F (0 A M BB VT O i b 1A 35 7 WL A% 88 45 T A B
FREF. BMULREFRREWE 4-11 fir. ERKILE, 1530058 N EE AR
b Z B 4-12 Fros.

| stri sy |

>

i Flsimulink i %

TG R EAE

BB E B ?

Litfe. 2L B |

AN
Hi

B 4-11 BRIz A

Figure 4-11 Genetic optimization flow chart
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Figure 4-12 Variation curve of fitness value
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Figure 4-13 Comparison of dynamic tire displacement on sinusoidal pavements
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Figure 4-14 Comparison of dynamic deflections of sinusoidal pavement suspension
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Figure 4-15 Comparison of vertical acceleration of body on sinusoidal roads
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Table 4-7 Root mean square value of suspension performance evaluation index under sinusoidal

road input
By Parin - ) —1 E ‘% i
st HREIE /m BT R/m o IR
/(m/s?)
Fuzzy ¥l 0. 002888 0. 01899 2.022
Fuzzy-PID #5#] 0. 001479 0.01872 1.775
GA-Fuzzypid % | 0. 000765 0. 01694 0. 8806
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Figure 4-16 Comparison of tire dynamic displacement on random road surface
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Figure 4-17 Comparison of dynamic deflection of suspension on random road surfaces
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REVPOT R PR B3 T IRAE XS EEFR 4-8.
% 4-8 BHHLES TH N N 2R RE PRI Fa b 1) 2 7 iRAH
Table 4-8 The root mean square value of suspension performance evaluation index under random

road inputs

> P — AN o A E i E3
Pl RIESE/m BRairRm
/ (m/s?)
Fuzzy ¥l 0.004351 0.03046 2.66
Fuzzy-PID #5 0.003657 0.02869 2.319
GA-Fuzzypid 4% 0.003489 0.02658 1.576

IRYEE 4-8 AT A0, SROMITEH R EL, B PID 42 R4 =M BEVEM
FaFr I TR 0 B> T 15.95% 5.81%A1 12.82%. K3 FitfE 52404k
MR 3 B4 PID 45 RGUAH LB @B PID #H R48, — ARk
PR TR BRI TARAE 0 T FE 1 4.6% 7.35%A1 32.04%.
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A 2Z TR RO R o — ELEESTRIUINZRSE A, ANFIS it ) DA 22 31 B s 2
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Figure 5-1 ANFIS structure diagram
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WS- Frs:
Ol,i = uAi(e),i == 1,2
{OI,i = uBi(eC),i =1,2 (5-1)
01, RANBRIEE S I FRIRIE, 8 R Bu, (o) o) DL = i R i . =l
BREECE B R R R AR TSR A Y R A

1
——, (5-2)

uy(x) = e
1+ L

PR BRI AT IR S 8 a; . bys o 7R AT A H AR R P R 2
BORENEMIEEE, ZETRT B E, Hi S LR
PRALERAR . ACREEA BRI ) fid A a5, 22 (AN (5-3) s :
0, = uy,(e)ug,;(e.),i = 1,2 (5-3)
FBEREARMERE, ZERY AR ER . RBEHIEHEE S S aA
ASORA F D) PR o i o P R AT A — AL AL 3, SRS U RO, B DR I B U A
HEHLS AR I ST B S BB . AN (5-4) R

i=1,2 (5-4)

FBUE N EREZ, ZERE AL ZE S BCE RN 54, 1 E
B AR, ARanGs-5)FnR:
Ou; = wifi =wi(pix + qiy +17),i = 1,2 (5-5)
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Figure 5-2 The block diagram of ANFIS control system based on IGWO algorithm
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Figure 5-3 ANFIS toolbox input membership function
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Figure 5-4 ANFIS structure
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Figure 5-5 ANFIS data training diagram
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Figure 5-6 Comparison of actual and predicted training data
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Figure 5-7 Comparison of dynamic tire displacement on sinusoidal pavements
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Figure 5-8 Comparison of dynamic deflections of sinusoidal pavement suspension
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Figure 5-9 Comparison of vertical acceleration of body on sinusoidal roads
S H A R BAT IR ST, B TR AN R 1 SRk (14 2 3 3h 2 28
BEVEAT SR BRI 7 HRAE XS ELR 51
R 5-1 IEFZBK IR N B 2MEBEPP U R bR A BT HRAE

Table 5-1 Root mean square value of suspension performance evaluation index under sinusoidal

road input
By Parin - ) —1 E ‘%
st e T i
/ (m/s%)
IGWO-PID #%4) 0.000842 0.01560 0.9311
GA-Fuzzypid % | 0.000765 0.01694 0.8806
ANFIS $5 | 0.000483 0.001436 0.5634

RIEE 5-1 750, 5 IGWO-PID £l RGiAHEL, ANFIS #H] RSt H =M%
REVEN TR PR B2 AR 2 s> T 48.8%- 1.42%A1 12.22%. XF Lt GA-Fuzzypid
EHI RS, ANFIS #2H] R G0 =AM REVEAN R PR I35 7 HRAE 73 3k b T 36.86%
15.23%41 36.02%.
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Figure 5-10 Comparison of tire dynamic displacement on random road surface
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Figure 5-11 Comparison of dynamic deflection of suspension on random road surfaces
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Figure 5-12 Comparison of vertical acceleration of vehicle body on random road surfaces
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Table 5-2 The root mean square value of suspension performance evaluation index under random

road inputs

bl EIAEIRE /m BT /m i%%ﬁgﬁg
IGWO-PID # il 0.003516 0.02990 1.643
GA-Fuzzypid $%] 0.003489 0.02658 1.576
ANFIS # il 0.003410 0.02789 1.431

RIEL 5-2 °A750, 5 IGWO-PID £l RGiAHEL, ANFIS #H] RSt H =M%
BEVEA PR AR B3 T HRAE 2 FIBD T 3% 6.7%H11 12.9%. ANFIS il )2 £ 50 =
ZRI R IR h A 7 A0 4 B 3 BN B2 S TTARAE 2 BRI T 2.26% 9.2%. B
ANATRERIITTIRME BT T 4.93%, ICIRPERERE A AL, (HRARTEREE T eIt
54 REING

BN T ANFIS FEEA R, 0] 72T IGWO Sk 1K) ANFIS 1% H T
RIS, SRR T ANFIS 56 R4 IE M TR S48 H. 18
ANE TN T, W T IGWO-PID 1 GA-Fuzzypid 2 1) S IE 7E B 28 &
GiVERE DT I RIN, 17 ELR WL IESZ R TH T =AM Re VPN fa b 3 7 iRAE 5
F B, ERENLESTH T 2288 e 7 RIS A BT, BRI REAT PR Tt
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