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Variable—Weighting Linear Quadratic Regulator Control Strategy

for Active Suspension Systems
Lii Jinyun, Qin Yuying, Du Junfeng, Wang Jun
(Liaoning University of Technology, Jinzhou 121001)

[ Abstract] Traditional Linear Quadratic Regulator (LQR) control in vehicle active suspension systems faces challenges in
precisely directing optimization due to fixed weight coefficients, which fail to meet the demands of complex operating
conditions. To address this issue, a permanent magnet linear motor actuator model, a seven—degree—of—freedom active
suspension model and state—space equations are established. Multiple operating modes are defined according to different road
profiles and vehicle speeds. The Analytic Hierarchy Process (AHP) is employed to determine weighted coefficients for the
fitness function, and the Red-billed Blue Magpie Optimization (RBMO) algorithm is utilized to optimize the LQR weight
coefficient matrices. Simulations under various operating conditions are conducted using MATLAB/Simulink. The results
indicate that, compared with a passive suspension system, the proposed strategy improves vertical body acceleration, pitch
angular acceleration and the dynamic deflection of the right front, left front, left rear, and right rear suspensions in comfort
mode by 27%, 30%, 17%, 14%, 8%, and 15%, respectively. In safety mode, roll angular acceleration and the dynamic loads of
the right front, left front, left rear, and right rear tires are improved by 41%, 15%, 18%, 15%, and 17%, respectively. In
integrated mode, body acceleration pitch angular acceleration and roll angular acceleration are improved by 35%, 32%, and
48%, respectively. Further validation through CarSim/Simulink co—simulation demonstrates that the proposed control strategy
achieves a notable level of performance improvement across different modes.

Key words: Red-billed Blue Magpie Optimizer (RBMO), Linear Quadratic Regulator (LQR),
Active suspension, Multimodal, Variable weight coefficients, Fitness function
[SIAMER] A4z, ZEd, ER, % 5 TR Zobk AR 1Y 4 1Y F 3R 2845 Hi[7). 734 AR W, 2026(6): 23~

30+36.
LUJY,QIN Y Y, DU JF, et al. Variable-Weighting Linear Quadratic Regulator Control Strategy for Active
Suspension Systems[J]. Automotive Engineer, 2026(6): 23-30+36.

2026 £ #E6H | 23



B 4ia , 55 ST ARRGE St — ORI 2 14 32 sh B AR

1 WE
Ze 0 00 S T AR AR W L 7 2
PR AR . St BERE N BB 3 o
HERAGAR M T 2ROk o 2tk —
KA JH 5 2% (Linear Quadratic Regulator, LQR) % il
I B R Tz o RS i AR O R4 ) A R AR
PR BT 2 LQR 2  BY SCHE , SR T, A4 58 R AL E
VeSO AR T R 5, BAT 0L H A8
ik, AR WFSE N DU f R AR AR 12 00 AL 4
W SHEAT LA I < Tk 23 48 A5 4 1 5 T 2 M 28 D A
{E (LT FEAL AL (Particle Swarm Optimization , PSO)
S AT R B 5 R D L AR P 3t 15 Sk A
CER R G 5 R i A5l T At N T B 0L A
F DG A28 T 25 AU 2 s Bl AT A S5R T PSO A AR
A& LQR 4 il &% A A REL R 03X Sefn A 53 4 Y
T B RS [ ' M DA N AT 2 22 78 1Y T it
P o0, PeA 7 A S 4 il
AR SR AR5 2 3 R f T AN P R 2R 08 A A
3 PEAN IR T BB 5 42 ) F AR AR X B A4 3 7
PR, 38 3 J2 R 43 BT 7% (Analytic Hierarchy Process,
AHP) fff 7 25 B 2T 1385 BB ek RO AR, A1
21 W 5 B9 4 1k (Red-billed Blue Magpie Optimizer,
RBMO)SIENLAL LQR # i SO 4, IF 4545 330
B EAr ] 7, 35T MATLAB/Simulink 32 8t FE L
E%@*Eé’*” Tl AR K % L 5 FLAr BT IZOR
W& 1Y) Pk BE 45 A , Bl )5 38 i CarSim/Simulink B 5 /5
— HKFE CarSim Y 55 45 B 4= 4TS R X 47 il 5
W AT RAIE

2 HBHINBRERELBIENSR

2.1 HHMEHBELEHMRIEE

AR SCHIE 5 0 HEL G T2 Bl B R S AR R Gn 1A 1
N f%@?ﬁﬁ%ﬁﬁﬂﬁﬁﬁ%& YT B DR A
IR HE T AS R B M A, o IR B
B ISR A R L LA Bl A T R 4 B A
M 2Z 18], 8 1 42 B A 2R A0 Tl Has B, EAT
BERE, >k I TR %) U E e R AR R R g ) AR
SCHESRE= OO 1BV 3R ir Eo Y i el BNl [N i = B e
PN B A AR i 2 F2 B AR s A il AR iz
Ja kAR (5 S, ) B A LIE sh s Al Y
F2 30 3% 25 B RN A BRI R X Bl kAT R 2 S
IRV o
24 | REITRI

]]II

LYl

B Rl R
2.2 EZBAEFARE A E S AR
S L S RS R LY R
SIS I L 2k FEL ML s ], 2 R 4 o A
1Al , =AM ABC A AR BEAT 727 52 (Clark ) 2%
A5 2] I AH F 1L o-B A AR, FRIEAT IR 5 (Park ) 28 46
153 B WA ESE d—q A AR, DTS BT FL MILARS 3 A% o
R
HRHMUTE d—q AR R T BHL R 7 B FESE 7
P55 -
d

I

u(l:RsI’d T Vol!/q
P

(1)

()wl

b=Ly i+,

p,=L,-1,
A RNV REGEA ML B, w73 ) H 5E T G4
IERN LN NS s i k45 L D R 2 R
o, 3 R R REAA B L S G B o L L, (L, 53 )
N SERERIES o, R AR T AR S R AR, v, D HRLAL

BRI o SR,
LG AR Sh s i HE S D5 FE
3n,m

Fe_z

X :n}j\jﬂkﬁéﬂlli*%ﬂ“%&o
W] 4> ELZR R LAY FLREAE ) N -

Fo=hi, (4)
otk = T s LA

HEAHYL HLIE ST TN -

dv
ma—F -F,-By, (5)

K em AL T B, F o B ), B, R RS
FHJE R %L

HAHRPUR (=045, X P72 faf B R, A
it P 1) S i P AL, ROV 4 o P ML A LR T, LR

u,I=RSL,]+

(2)

(3)




B 4ia , 55 ST ARRGE St — ORI 2 14 32 sh B AR

HULIE Shar il R GEAIE 2 s

AR
lzjm F ‘iko

. u, Park |, .
Fi=ki = PI =9 1 —BHSVPWM
ta u,[ ljé/l\:}ﬁ% U’B

A
i, | i,
Park i, | Clark EEGURERRD,
- € e
A iy | Bt i

K2 HEHMLAE S il R oo 5 8
7E MATLAB/Simulink H1 4% # B 28 L ML HL i 25
PLEE G G5 LS80 R U, =310 V, H4AE
SRl T m=1 kg, X LB R =0.35 Q, i
7,=0.012 8 m, % Xt £ n =4, 7K il VA< il 5% Ji KAH o =
0.045 Wh, K BEH 280 B =0.1 N-s/m, d .q Sl I& L=
L,=0.004 15 H, FEah4a61 105 545 R K 3 s .

500

R
400+ e SEBRE SRR
300 ﬁ i o =! i

_ 2000 ¥ a‘ ERERT f i

g 10 i :g ’.h-ft! 1 i.u%f\‘- 'ﬂ'l R w i

LY it AT ) "'.?\"q‘ o)

Sty FTLEA L IRAME
200+ f ! 1% |! g | ll'l it ! ||' !
-300+ ' o i o
~400 :

0 2 4 6 8 10
s} 18] /s
B3 skl B2k AL ) 2 R
SN HAE R K B LA shas A e

At ) REAS B0 b S L 32 B B R s R e 1 H AR L
3 EWMRESKETEAENEL

3 tEHEERHERR

TR L AW E SRR RGN D) T
R 4 FeR , Ho m 2 430 R 2 B L R
FIFEMNL ,m, k2,2, 2,50 WA B L 5 G
W2 | 4 B 3 ] 50 B8 | 42 % = ) 57 #% | % T 3 [1] o7
¥ ,i=1,2,3.4 53 0 n AT el Lo e A R R Lk
¢ a3 R A BRI AR NI R (BHE R AL EBhED)
TN ,j=1,2,3,4 53 RN ATHT O R AL SR A S
P=3 SR S b D RN N TN S S AN i
Fb B4 A MR R R . LLASII DN A
18] A y il 3 B 1) 2 B ST IR G AR AR R X 0
RBE y BN A L 58 y Sl R 3% Zh i it . Ry
2 o TN A1 1, R 58 o Sl O U9 S 7

K4 BAETHBNRGRA

HR A8 A 55 3 2 i G R G B )2y
IR = gl ST [ Betsl s N D= ¢ 1 1B g e
B Rz 2h 7 R A 4 AR A e 1] 42 Bl 05 #2205l
H

m iz =k (z,—z,)+c, (2, -2, )+ ky(z,—2,)+

e, (3= 2, )+ ks (z3—25)+c, (2,—25)+  (6)
ky(zy—zy)+e, (2, —24)+u, +u, tu,+u,

I.¢=—1 1k, (z,—z, )+c, (z,—2, J+k,(z,—z )+

ey (Zy=2 Futu, W[k, (22, )+ (7)
ey (2y=2, Wy (z5=2 5 Hres (25=25 )Fu,tus |

[},05.=—a[k1 (z,—z )+, (2, —2,)+ky (z,— 2, )+

cy (2= 2, ) u, +u, |+ bk (2,25 )+

c3(2.3_253)+k4(z4_zs4)+c4(24_z'n4)+

(8)

u3+u4]
mz, an (z.-l —z )_kl (z] 24 )_Cl (2:1 -z, )_ul
m,z, =k, (Zl-z_zz)_kz(zz_zaz)_cz (22—252)—u2(9)
My =k (z,—2) = ks (25— 25) =3 (2,-25)—u,

m,z,=k, (zr4_z4)_k4 (34_254)_04 (2'4_2.54)_144

2 4 B ARFATD 73 A {87 A2 Ak RS AR /N 44>
B4 T BRI AL R W] LLSRROR
z,=z,—l.¢o—ab
z,=z.+lL,p—ab
za=z,+Lp+0b0
zy=z.—l.o+b0
32 REZETTRE
H1 2 (6) ~ 2 (10) 1] 15 2 48 iy IR 285 %5 8] J7 F2
i tH T AR

(10)

{XzAX+BU+FW ()
Y=CX+DU+GW

A ARG , B A AR, C kA
D h ERFE I F G o0 P sh i A

T

X=[z.2 0 6 0 02 2 2 4 5 4 2z, 4] .

2026 £ E6H | 25



G385 LT AR LR R R AR A 3 B R R

S}
Y=[Y, Y,] 2Bk A2 & fm i s i,y =
[Es % 7 ZaTZ 2aT 2 zs3_z3:|’Y2:[zs4_z4 2172

T
)72, 23723 24_31-4]’ U= [ul Uy Us u4] N W=

[0 20 20 2] SEBIS A BRI THRAS B
4 EHBRLQREFFMZI

HESL BB LQRAZ R I 5 b , 2155 42 B
e [ 0 EE DA o BE R A0 £ T E 4 A
TR A SE G sh A A 4 B E SRS TT .

LQR #Z i (5 H AR R &L 7] 5 SO B IR ARG 4%
PERE PP 45 b A0 FE Sh 5 77 AP J5 MG B

J= fo [Q1£f+QZ¢2+Q3éZ+Q4(Zsl _21)2+

152 4 gyl Py am s P (1)
G (z,—2,)+qo(z,—2,)+q 1o (25— 2,4 )+
G (zy—z, )+ u, +ru,+rus+ru, de
FH g, gy g 7 ) G B A [ 0 R A AR K
050 Ff Jo0 J3EAS AR 5 IR AV A R A R AR
qi~q B R N BRFEAE RAL, g~q,, WA TR B BT AL
HARE, o~ AR A RCE RH
e Q2) BB bR — KA IE
J= f :[XT(_)X+ U'RU+2X'NUM:  (13)

HHr: Q= C"Q,C A HE AR 12 TE 2 S FRFE [
R=D"Q,D + R, M il s A\ B 1F R SEXF FRAE B , Qo =
diag(ql,qz,"-,q“ ),R0= diag(rl,rz,r3,r4),N= c'Q,D.
FH ZZ R4y TR SR A 1 LB P
PA+A"P- (PB,+N)R'(BIP+N")+Q=0(14)
Kb B AR Sh & AR P
D S5 PG 1 B 1 1 4 LB KA
K=R'(B'"P+N") (15)
RYHAN
U=-KX (16)

5 SEANERBMML

TEAEAT Rl AR D, BT AR AN R U AR
SRy R A ()4 B T 0 X S R el R M BB Y 5 2R L AR S
R A 2 4 A i v S ) 4 3 b TARERET B b T AR
AR E bR, I 7 3 B R, Z2 B4 ) n
VR, Ho SR A e ot A 50 0% P I 2
E ouie O =R B T 2 i Y v o i SR DR [ syl
L R G Bl ey S E LA X G i e i 4 B

26 | REIRI

RS AR AT 4 2 s BTG VAR LA 7 B e i
SRR O IR A i BE D E AR B2
F1 SEXTIHAN

BRI AFE) R Hh I e R 7 ]
A gt gt s
B EridE ga A
C b R S
D s s s

F 1P AR e 5 5 5 R(0,60) km/h
[60,90) km/h .[90,120) km/h.,
51 EBNERBMNEL

13X (13)~3X (16) T2, S 12 461 A4 18 3
FRCE RN EC, L AR L B B i
JE AR SRS BT T S8R 08 N R AR
ARE/NE— AR i, TR R

q=[q rn rn oo onli=12.01 (17)

1 Tk REFE b B B RO R 9045 A AR ], 558
IV PR TT A B AR A PR RE R AR A — b 22 0, 24
AR Ry 3 Bh A SR 0 A B s 1) Jon s R R 65 A n
I 38 AR A Bl R RN

flal, el 9]

minl =q, +a, ,A+3 4
Yrlad, Ulel, Tle)
f[z _z[] f[zi_zri]
. A 5 Ai=1,2,3.4
* f[z _zi]P e f[zi_z ]P
f[zl]l\<f|:zb]},
slel <rlel,
. f[zsi—zi:|‘<40mm (18)

T~ SR T RO PR EICHR 25 BE AR A A A R
8os (5], s8], s[6] Slamz] S Lz-z], 2000
YOI b0 b e N B = S | By - UK 22 )11 B 9
00 73 003 B 14 5 AR 4 AN AR B AT AR O AR 444
R EURObE VAN RV I NG [ NG P N
Slai=z,] o3 W S8 0 4 e o) s 1t
FEONNTR E AREA RN 1 3 05 AR 4 S B AR T R
AR AR IR B BT TR
fifi I RBMO B3R it LQR 2 il i AL R 5K,



B 4ria A5 B T R M — AR i T2 3 B AR

T B RACHIAR N=50 1> & R RE T=50 1K .
R A /NARFERE T S ey ol
TSR AR R B W S TR

WESH A,
TR IR fE

RPN R/ AR R
Y R R

l¢
P
0 R H TR \
R N I

w5 [Rmisam] g @

PNSAN/E ¢
K5 RBMOZG LML LQR & HI 7
5.2 ENERHBMNALTEE
Fig B Z U3 BTk iR RN, X 2 B 3 1) Jon i
JEE MOAE AR A R AREATD R B AR AT AR B
ZRBHAT 5 A FE bR, AR AT B0 i A A5 31
AFIR PR3 I 32 pRESOIA ZR B, sk 2 s

UG iYL/ TR
fir
(

—»

6 AENH

6.1 MATLAB/Simulink {F E 47
TE3MPBIT XTI Y 38 N RE PRSI AL
Z 80, R PSO % ¥ RBMO %4 1t 4k LOR # #i
AL R AL, £ MATLAB/Simulink {5 B 4K {4 b 4
AL E R BB SRR ZE R T S5 S
HRI11].
P T 11 M P AR TR A () B ATL B T g A R

2(t) +2mon,z.(t) =2mn,+/ Gq(no)v w(t) (19)

2 (6) B T 17 57 8 50 o 423 5 n,=0.01 m™' Oy

23 [ AR T IR 5 G (n,) o B TV JE R ¥, B L. C

0 % THT 14 [ TR A1 R 8000 301 Ry 256107 ,64%10°;

n,=0.1 m™ 225 23 (AR () EME R 005 220 1
R e 0T T M

e BB G B 1, g3 Bl AE 36 km/h | 90 km/h |

72 km/h (4B T #EATOF B AT, AR L AT

3R 3 B A I A A Dy A T Ak

T AR AR AR SR AT PERER (55T PSO B 15 RBMO 3 1ok 1 3
P T\ « «a Q, a a e N % —
. : - : : P X 190 3 07 B (L RIAS E 2R 88, AN 3 s, AR
&7 0.05 0.37 0.03 0.15 0.40 TS wep s
= 545 1 PR T 2R 01 5B (R A KL S BT 24
FE | 030 | 013 ] 026 | 007 | 00% gk ih i fif i, 3 A T AR F 60 RS b
%E 0.18 0.18 0.18 0.10 0.36 15 BLE BN 6~ 8 TR .
#3 ZEXATLORVERHMAUER
oo R s
252N Jkm+h™! S E N q, > 4 44 s qs 47 ds 4y 410 41 Ty T, T3 Ty
sl 36 PSO 1.053 |1000|1 00010001 000f1000{1000{1000{1000{1000|1000|0.001|1000{0.001]|0.001|0.001
RBMO | 1.011 [1000{1000|{1000 999 | 999 | 999 | 999 | 75.8 | 6.2 | 750 | 198 |0.001|0.001]0.001|0.001
2 0 PSO 124 10.001|1 000{1 000|1 000|1 000{0.001/0.001{0.001|1 000|0.001{0.001|0.001|0.001|0.001|1 000
E°S
RBMO 78 0.002{1000| 999 [0.406| 998 | 999 | 941 |24.23| 0.56 [13.34]13.18|0.001]0.001{0.001 [0.001
A PSO 539  10.001|1000|0.001|0.001|{0.001|0.001|0.001{0.001|0.001|0.001{0.001{0.001]0.001{0.001{1 000
Z5 72
a RBMO 467 802 [1000|1000| 748 | 332 | 845 | 998 | 414 | 2 25 | 150 | 0.01 | 0.01 | 0.01 | 0.01
15 10p
— — — - KFREL PR
. otof ——— LW A A 05
& "
% 0.5 L ' \
E 0 1 % w '
E = -05
Iy 0.5 g
h Z 10} , : .
1o} — — — L ETRE BB
——ee- LI AL
-15 : -15 : : - - !
0 2 4 6 8 10 0 2 4 6 8 10
i i) /s i) /s
(a) 2% By e ] fin 38 (b )URFAD £y Jom e J3

Ko &Pl PEmr i 5 Hak

2026 £ Eo6# | 27



B 4ria A5 B T R M — AR i T2 3 B AR

— — — RTRERAL Wl sh B — — — KPR~ LIS AL — — - RFRAE —— bR
3 ——me AL AR wia 6 &I S —- = LML
", z 4t -
E 2 5 =
= | & =
® &
£ =-op s
= i i
_4 L
-3 . . 6 : ' -5 . : : . ]
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
il /s i) /s il /s
Ca) U0 A Jo 328 2 (b) ZETiT 56 Bh 48 an ()45 )i D5t B a8 a
&7 BT B A
4, — = — RITRHLAL BB 6 — — — RITRELAL bR PPl O 14 BB B
— = LI AL ——— LTI Ak ——— AR T
’T:n - ‘T'm
£ = Y
B & =
E 42 =
@ i &
-6 + | 4 . |
0 2 4 6 8 10 0 2 4 6 8 10
IS fa] /s s [ /s Al /s
(a) ZE B 7 ) Ji1 38 4 Ch) DU £ Jon sk (e ) DRFAD £ Jm 3k g
B8 ZRGHERT  H

w1 & 6~ ¥ 8 T LA i, RBMO 55 12: ft fb 19 32
2y 8 B4 T SR W A 3 R R RE AT SR IR 4
L 7 [ Jo0 2 B MR AT A 5k B, e 2R PR AR
RE 0 A7 R0 A1 4% B 2 fia) sl JBE 000 {5 3 32 D
ARFA AR T2 B2, SC B T 6T 305 1 A 22 P ) ST i
AR S 2 0L N I ZR G T OR o TR MR
TSR W (U AT A o EE AN T A S AR A A

G h 2 fr 1 Y T R AR A AR S LA R A B
A REAE AR S T AR, N ER 4 TR .

i Ry LA 0] AR TRk sh B AL R A
RBMO B4k LQR 45 i (1) 3 2l B 48 7 A [a] TAE
BN PR RE R AR S k2 i
6.2 CarSim/Simulink FZHE2Z2BE&HE

Shy 2 B E 45 ) S ) TR RS T R

F4 ZHEATEREUREERNEARE

FPAE PR iR LR R
=H psofik| N0 e psosik | Y e psogik| B0 e
BB MR R /mes?| 025 0.24 0.33 0.71 0.65 0.66 1.31 0.83 1.28
MHBTF g B2 M rad -5 | 0.27 0.26 0.34 0.52 0.48 0.81 0.94 0.87 1.68
IRFA AR I E 2 AR rad -7 | 0.26 0.23 0.33 0.52 0.47 0.75 1.33 0.88 1.29
AATEAE ST I mm | 3.65 3.80 4.60 5.75 5.66 7.29 12.94 10.37 14.70
KRR R mm | 4.55 4.30 5.02 8.02 7.89 9.64 14.01 12.72 16.56
KGRI R mm | 3.33 3.24 3.54 9.15 8.01 10.28 20.97 13.68 22.48
HIERESDTRY TR /mm | 2.93 3.04 3.57 8.93 7.41 10.08 18.40 12.50 16.89
FHIE S AT RN | 67024 | 660.66 | 752.10 | 1022.86 | 1007.84 | 1186.49 | 2134 1905 2307
TR ShEAMT T AR/N | 71170 | 689.18 | 785.13 | 1178.32 | 1181.61 | 1439.38 | 2221 2082 2 496
G EhEAMTTAR/N | 644.82 | 63733 | 64426 | 1361.14 | 1276.96 | 1505.92 | 2798 2118 3114
FIG TR M TR/N | 644.08 | 640.63 | 667.59 | 1343.96 | 1217.15 | 1459.67 | 2675 2048 2522

2 | EEI BRI



B 4ria A5 B T R M — AR i T2 3 B AR

CarSim/Simulink ¥ & 0 FLiE 178 % 5)) Jy 2= PEfig
Br o R BT B B I 4R 5 CarSim Hh 9 =R BE
AR AR S G, AT B RS A0 0 SRS R PG L
LRGVERE, K 9 7R

| |
: CarSim K AFFEE 7E CarSim THC & “ :
| LR ] A HARE | |
| I |
| I |
I [ACE CarSim B2 I {E Simulink 77 I
| ) ™ CarSim S-Functi !
| it 4 2 Simulink 11 arSim unction | |
| ] I |
| . Il CarSi — |
| 1" arSlr‘n 5 S‘nmulmk |
[ I I 07 I
| I . |
| CarSim 1l Simulink |
e S d

SR S ¥yiReu /e ]

CarSim [ ] A2 k£ 4 D E s B 400 e
T3, H SR A O L B I A A
050 FFy T AT Ff o, ORFACDD 5 AR AVDD oy B8 AR
O FF M 44 250 0 T 1) SR R IR Bh 2R AT, L
KA B S TR

A0 B K E 9 30 s, B/ 10 s 76 A 90 1% 1
P36 km/h F758 (F7 38 PR , 5 10~20 s 7E C 9%
T LA 72 km/h 17580 (255 A | 55 20~30 s 7E B 4%
BRI LA 100 km/h 173 (22 SRR | % v 33 il 4an /&1
10 7R, D A5 R B 11~ E 13 B .

0.10

0.05

T /m
o

-0.05 |

~0.10 . . . . . )
0 5 10 15 20 25 30

s 1] /s
E110  BRA7 FLIHS TR
4 -
RBMO 8.9
— — —HshER
s, 2T
£
#
o9
=
E
=
@ 2T
_4 1 L !
0 10 20 30
i i) /s
(a) ZE SF 3 [ i1 3 2

4r

MEAR 033 rad -7

(%)
T

RBMO #.3%
— — — pghEe

5 B TR /mm

401

[553
(=]
T

A E BT mm
(=]

20+

10 20 30

IR /s
(b)) e i B2
P11 g g B 2R
RBMO .74
— — — AR

10 20 30
i ) /s
(a)fEJeRe 28

RBMO 549%
— — — R

eI BN AT /KN
(=}

I
W
T

-10

w
T

1 ] /s
(W) JaEH
El12 B2t Ry Ha
RBMO 53
— — — WEhER
1

0 10 20 30

s [ /s
(a) ZEHITHE
2026 £ #6H | 29



B 4ia , 55 ST ARRGE St — ORI 2 14 32 sh B AR

10 ¢

RBMO #.3%
— — — WEhER

ZeJa e G sl a8 kN

1‘0 2IO 3‘0
15 1) /s
(b) ZEJ5kE
E13 el sham Uy Has
R LA B AT AN AR TRk sl B SR H
RBMO 341 Ak A8 A T 22 550 LQR 4 il 5 W& (1) 4= 4
BAPERRTE bR B A O  E R MR B R
] ik B3 T 4.76%, O AR R ok 3 T
1.94% , AT 71 T B el 38 1 16.32% ; 7E & A PR X
T W A 0 R AR T 15.80% , A7 I A2 S N EE i
SR W IE T 8.82%.9.67% ; IELE A R T,
A By 3 () i1 R E A T 11.30% , B A o5k i
T 12.72%, 22T AT R W FS G 2 8 4 i e T
5.90%.9.38%.

7 HRIF

ARSCHENT T HEHEHUES R L H 4
RUFIARAS 25 (8] 5 #2 , Bt 17 F 828 LQR = Hil #5+ ,
IFRE T 2R TAERI S AT 5 0, 38 2o 8 57 35
o7 B PRS2 U 0 B v i e A AR S 3 N R
B B IA R ER, SR 5 (T 205 0 59 DU Ak 58k SR A
A 20N LOR 45 il 4% 19 K R4, 3L T MATLAB/
Simulink &% CarSim/Simulink JT {5 & , % F ah E 241
[ LQR 42 il F19 2 B 20 & PR BB 46 A5 E 4T LA AN 7
BT, 78 3 Fh A =T X 1 1 e 48 b 145 21 20
TEAS P T 00T ML A [W] 0 75 SK 345 T AH I A9 M g
2Tt

& % x
[1] ZEN, AR, W R, 55 . 4R As 2 32 5 B4 GSA-
LQG &= HIATFE[]. I 1 T AR, 2022(11): 48-54.

LI G, XIE M J, HU G L, et al. Research on GSA-LQG

Vehicle Semi—Active

Control  for Magnetorheological

Suspension[J]. Modern Manufacturing Engineering, 2022
(11): 48-54.

(2] BKASHY, HESLZE, W2k K, A . BT AN A (E PSO 55
FEALAE LOR 2 1 14 35 3 B 4 MERE W 52101, BRI T

30 | EREI R

3]

[4]

[5]

(6]

(7]

(8]

2, 2023(1): 43-49.

GENG X J, CUIL L K, FENG X Y, et al. Study on the
Performance of Active Suspension Based on LQR Control
PSO Algorithm[J]. Modern Manufacturing Engineering,
2023(1): 43-49.

BRI, BRF, X, 55 . B TR S0l % /9 32 sh 22 )
BAERIFIED T 1K TAR, 2024, 46(10): 1744-1754.
CHEN X K, CHEN F, LIU X, et al. Research on Switching
Control Algorithm for Active Suspension Based on
Disturbance Observer[J]. Automotive Engineering, 2024, 46
(10): 1744-1754.

TAESE, B A, Bk, SRR T o N TR RL Y
TSR LOR FEHIAR BT s SR s, 2021, 41
(3): 61-66.

WANG Y X, LUO J N, LUO X T, et al. Design of the Active
Suspension LQR Controller Based on an Improved
Artificial Swarm Algorithm[J]. Noise and Vibration Control,
2021, 41(3): 61-66.

REATAR, tRIe3E, RO, &5 B HORE I 4 4 5 m)
PSO-LQR 42 il s B [J]. PSR TR 22 2= 4l ( A SRR
2#), 2024, 38(1): 41-49.

LU K W, XU X M, QIN Y J, et al. Design of PSO-LQR
Controller for Trailer Steering in Semi—Trailer Trains[J].
Journal of Chongqing University of Technology (Natural
Science), 2024, 38(1): 41-49.

Bl i, 2o s, Bt . — M T R a B LQGHE I A%
BEVHACE L P A i 158 1 BT D] ARl 5 iy, 2023, 42
(11): 278-283.

DUAN Y B, LI J W, LUO J N. An Improved Genetic
Algorithm for Weight Optimization in LQG Controller
Design of Active Suspension[J]. Journal of Vibration and
Shock, 2023, 42(11): 278-283.

&R, IO, VFA N, 45 . EGIR A 38R 2K
PR O 2 0 (). B2 K 5 12 0, 2023, 43(3): 467-
475+617-618.

KOU F R, WU D P, XU J N, et al. Multi-Mode Coordinated
Switching Control for Electromagnetic Hybrid Active
Suspension[J]. Journal of Vibration, Testing and Diagnosis,
2023, 43(3): 467-475+617-618.

K, R AIT, PR 30 TH0T & U {5 8 0 £3)
BV LQG FE I [J]. WS 15 Pk sl #2024, 44(4):
211-217+277.

ZHU A X, YUAN C Y, TAO Z X. Variable-Weight LQG
Control of Active Suspension with Preview Information

Journal of Noise and

Vibration Control, 2024, 44(4): 211-217+277.

(M5 3611)

under Braking Conditions[J].



EF, A T 1) 4R 1 B )27 LQR PRI 48 BB AL SR 1L

5]

[6]

(7]

(8]

(9]

FEIRE TR 2 28 1R 4 BB 2R AL
PERIBTFEID]. P42 P I T K%, 2023.

WANG M X. Research on Optimization Control of
Automotive Active Suspension Based on Long ShortTerm
Memory Neural Networks[D]. Xi” an: Xi” an University of
Technology, 2023.

PR TRIOH:, J 1, 25 . 25 R REFE Y HL G 32 3 B 48 LOR
P SRS (I, VU 5208 K 22741, 2023, 58(4): 754-760+
798.

SUN F, XING D Z, ZHOU R, et al. LQR Control Strategy
for Electromagnetic Active Suspension Considering Energy
Consumption[J]. Journal of Southwest Jiaotong University,
2023, 58(4): 754-760+798.

ZRRRE D, TE, &R T o s e IE
E BB MG )] 31 12 5 1 24, 2024, 22(11):
20-27.

LI D K, FENG J J, WANG Z Y, et al. Active Suspension
Control Strategy Based on Improved Whale Optimization
Algorithm[J]. Journal of Dynamics and Control, 2024, 22
(11): 20-27.

TRHT, SEERAE, SRR L . B TR TR L PID 45
il i 32 Sl B R PERERIT T[], VL FH B T4k, 2024, 43
(6): 13-19.

ZHANG X, PENG R X, ZHANG H Y. Research on Active
Suspension Performance Optimization of PID Control Based
on Improved Particle Swarm Optimization Algorithm[J].
Journal of Shenyang University of Technology, 2024, 43(6):
13-19.

R N, 2R, S5 R T R T A R NI
TR A BB A S R BIF S (0], 5 8 Tk R oA AR,
2024, 38(3): 74-380.

LI CY, LIU Z Z, LI Y J, et al. Research on Vehicle
Smoothness of Rigid Flexible Coupling Model Based on
Improved Particle Swarm Optimization Algorithm [J].
Journal of Qilu University of Technology, 2024, 38(3): 74-80.

[10] 5 5% . BE T3 J #5080 5 0k GA B0k i 2240 T sl A 28

FERITREATTE] A S-S IERR, 2024(5): 110-114.
HAN L. Research on Active Suspension Control Method for
Vehicles Based on Dynamic Model and Improved GA
Algorithm[J]. Automation and Instrumentation, 2024(5):
110-114.

(VU] BB —, AT AR, WRAEEL . 6T ARSI (92 J2 Sl et

1 PID FE BT IELN. 2B T AR R4, 2024, 39(2): 24~
31.

GU H Y, WANG S N, CHEN D Z. Research on Fuzzy PID
Control of Semi Active Suspension Based on Grey Wolf

Algorithm[J]. Journal of Anhui Engineering University,
2024, 39(2): 24-31.

[12] 2K, 5k L, #I . JE T EGA ALY AR T UTV 2f =

g A AP [ BRI 5 3, 2024(6): 91-95+
101.

XIA C G, ZHANG F, HAN ] Y. Optimal Control of
Agricultural UTV Semi Active Suspension Based on EGA
Optimization[J]. Mechanical Design and Manufacturing,

2024 (6): 91-95+101.

[13] £ i 86, L L5, B 1858 . 20 OB Riceat 77 & B9

Biicklund 2245 K LI B2 %7, 2024, 37(4): 1121-
1132.

IRINA, ZA Q L, TOGTUSAN. The Bicklund Transform of
Fractional Order Riccati Equations and Tts Applications[J].
Applied Mathematics, 2024, 37(4): 1121-1132.

[14] FEAREIL, Ak . 3k B 2 Ak s A4 Ak i SUV s 00l B

P k], E R HE TR 2R AR (H 28 F2%), 2023, 37(6):
39-47.
FU L K, JIN Z L. Adaptive Multi Population Genetic
Optimization for SUV Anti Rollover Control Method[J].
Journal of Chongqing University of Technology (Natural
Science), 2023, 37(6): 39-47.

(Ve £ —)
PR H 2 20254F 2 H 18 H .

(F#EE30m)

[9]

FUS W, LI K, HUANG H S, et al. Red-Billed Blue Magpie
Optimizer: A Novel Metaheuristic Algorithm for 2D/3D
UAV Path Planning and Engineering Design Problems|J].
Artificial Intelligence Review, 2024, 57(6).

[10] BRFFF, BUHAL, % F i, 45 . Feih ik gl sy 4 Eah e

LQG il iy S, B T2, 2020(3): 7-13+92.
CHEN Q P, WEI J C, LUO Y F, et al. Simulation Study on
LQG Control of Active Suspension for Wheel-Side Driven
Electric Vehicles[J]. Modern Manufacturing Engineering,
2020(3): 7-13+92.

36 | REI R

[11] TAN B, WU Y, ZHANG N, et al. Improvement of Ride

Quality for Patient Lying in Ambulance with a New Hydro—

Suspension[J]. Advances in Mechanical

Engineering, 2019, 11(4).

Pneumatic

[12] 75 FL, AR SELAE, . 37 i Dl ) e SRR A 5 5 L. 955

T2, 2015, 37(5): 549-553.
LU F, CHEN S Z. Modeling and Simulation of Road
Surface Excitation on Vehicle in Time Domainl[J].
Automotive Engineering, 2015, 37(5): 549-553.

(DeATLgE 8 B)
RO CE] H I 2025 4F 12 H 18 H .



