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DIEV KHIEN HE THONG TREO TREN MO HINH 0 TO DIEN
BANG PHUGNG PHAP LQR KET HOP VG THUAT TOAN

TOI UU BAY DAN

CONTROLLING AN ACTIVE SUSPENSION SYSTEM FOR FOUR WHEELS CAR
BY COMBINING LQR METHOD AND PARTICLE SWARM OPTIMIZATION

TOM TAT

Thuat toan t6i uu bay dan PSO la mt trong nhiing thuat toan xay dung dua
trén khai niém tri tué bay dan dé tim kiém loi giai cho cac bai todn t6i uu héa trén
mét khdng gian tim kiém. Trong bai béo nay, nhém téc gia thiét ké bo diéu khién
cho hé thdng treo chi dong trén md hinh 1/4 6 to dién dya trén phuong phap
diéu khién LQR két hop véi thudt toan t6i uu bay dan PSO nham tdi vu héa gid tri
clia cac trong s6 trong bd diéu khién. K& qua md phéng trén phan mém Matlab -
Simulink cho thdy hé théng treo chd ddng st dung bé diéu khién LQR két hop vdi
thuat todn t6i uu bay dan PSO nang cao dugc dd ém diu va do an toan cla 0 to
dién khi so sanh vdi bo diéu khién LQR va hé théng treo bi dong.

Tir khéa: Hé thng treo chi déng, diéu khién LQR, thudt todn tdi uu bdy dan
PS0, ddng luc hoc 6 to.

ABSTRACT

Particle swarm optimization (PSO) is one of the algorithms based on the
concept of the intelligent swarm to find solutions to optimization problems. In
this paper, the authors design a controller for the active suspension system on
the 1/4 electric car model based on the LQR method combined with the particle
swarm optimization (PSO) to optimize the values of the weights number in the
controller. The simulation results in Matlab - Simulink software environment
show that the active suspension system using the LQR controller combined with
the PSO algorithm improves the comfort and safety of electric cars when
compared with LQR controller and the passive suspension system.

Keywords: Active suspension, LQR control, PSO algorithm, vehicle dynamics.
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1.GIGI THIEU

Hé thong treo lién két mém gitia bo phan dugc treo va
bd phan khéng dugc treo, dugc st dung réng rai cho cac
loai 6 t6 hién nay. Hé théng treo bi dong co su d6i lap gilia
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tinh thoai mai clia ngudi lai xe va tinh nang an toan. Khi
tinh nang an toan dugc nang cao thi tinh thoai mai cta
nguoi st dung gidm di va ngugc lai.

Hé théng treo chil ddng la hé théng treo c6 kha nang
cung cap nang lugng tir bén ngoai nhu lyc sinh ra tir hé
théng thuy luc, dién tir d€ nang cao cac tinh nang cla 6 to.
T.P.J. van der Sande va cong su [1] diéu khién hé théng treo
dién tu cho mé hinh 1/4 6 t6 bang mé phong va thuc
nghiém c6 xem xét dén cac yéu t6 khong chac chan bang
b6 diéu khién H_.. K&t qué cho thady bo diéu khién nay nang
cao 40% d6 ém diu va 30% dé an toan so véi hé théng treo
bi déng trén xe BMW. Trong [2], cac tac gia da thiét k& bo
diéu khién ché d6 trugt cho mé hinh 1/4 6 t6 va da cho
thdy nhing két qua thé hién tinh hiéu qua va én dinh cua
hé thong treo chil ddng so vai hé thong treo bi déng. A. B.
Sharkawy [3] da di€u khién m& va thich ting mg (AFC) cho
hé thong treo chi dong trén 6 t6. K&t qua chi ra rang bo
diéu khién AFC da dat dugc nhiing két qua vuct troi. Wu va
cong su [4] thiét ké bo diéu khién hé théng treo chi déng
dung mang no ron dua trén logic mg. M6 hinh nay dung
cac tap tin hiéu tt moé hinh déng luc hoc 1/2 6 t6 khong
tuyén tinh. Hé thong treo ch dong nay gidm dugc cac va
dap tU mat dudng, gidm nhiéu tir cdm bién va c6 thé dap
Uung dugc nhing sai s6 khéng chac chan. K&t qua mo
phong cho thdy hé théng treo chti déng dugc thiét ké cé
thé cai thién cac tinh nang ém diu va an toan cda 6 té.
Trong [5] nhém tac gia thiét ké 02 bd diéu khién riéng biét
cho hé théng treo cht dong trén mé hinh 1/4 6 t6 dién dua
trén phucng phép diéu khién LQR dé nang cao d6 ém diu
cla 6 t6 dién va d6 an toan cua 6 t6 dién. Cac két qua mod
phong cho thdy hé thong treo chd dong st dung 02 bd
diéu khién LQR riéng biét nang cao dugc d6 ém diu va do
an toan cua 6 t6 dién khi so sanh véi hé thong treo bi dong.
Trong [6], cac tac gia da st dung bd diéu khién LQG cho hé
théng treo c6 xem xét dén anh huéng clia goc danh lai va
mo phong trén dudng trong ba tinh huéng khac nhau. Két
qua chi ra rdng hé théng treo chl ddng véi bd diéu khién
dugc dé xuat co thé dat dugc do6 an toan tét hon trong cac
tinh huéng lai khac nhau. Shaobin Lv [7] d st dung thuat
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toan t6i uu bay dan dé diéu khién hé théng treo véi md
hinh 1/2 & t6 nhdam nang cao tinh nang ém dju. Bo diéu
khién PID da dugc st dung dé nghién ctiu tinh an toan clia
hé théng treo chu dong [8]. Hiéu suit cha bd diéu khién
PID t6t han so vai hé thdng treo bi dong & cac diéu kién va
ché d6 dusng khac nhau.

Trong bai bao nay, nhém tac gid thiét ké bd diéu khién
cho hé théng treo ch déng trén mé hinh 1/4 6 t6 dua trén
phuaong phép diéu khién LQR. Sau d6 nhém tac gia st dung
thuat toan téi uu bay dan PSO dé tim gia tri t6i uu cla cac
trong s6 trong bo diéu khién LQR. Cac két quéd cha hé
théng treo ch déng st dung b diéu khién LQR vdi gia tri
trong s6 t6i uu dugc so sanh véi bo diéu khién LQR va hé
théng treo bi déng. Cac moé phong dugc thuc hién bang
phan mém Matlab/ Simulink.

2. MO HINH NGHIEN cUU

2.1. Mo hinh

il 4

Hinh 1. M6 hinh 1/4 6 t6 dién

Trong nghién ctu nay, mé hinh 1/4 hé théng treo 6 t6
dién bén banh xe [5, 9] dugc st dung dé nghién ctu. Khéi
luong xe dugc chia lam hai: khéi lugng dugc treo m, va khoi
lugng khong dugc treo m,. Cac bd phan co ban cia hé
thong treo dugc mé hinh héa nhu hinh 1. g la tin hiéu kich
thich t&r mat dudng, f, 1a tin hiéu diéu khién cla hé théng.
Cac ky hiéu va théng s mé hinh dugc mé ta trong [5].
2.2. Phuong trinh dong luc hoc

TU hinh 1, 4p dung nguyén ly Dalambe va dinh luat Il
Newton, phuong trinh dao ddéng ctia mé hinh 1/4 6 t6 dugc
xac dinh nhu cong thic:

m,.z,+k (z, —z,)+C (z,-2,)+f, =0 )

M, 2,+C,.(2,-2,) +k,(7,-2,) +f, —k,(z,~9) =0 (2)

Phuang trinh (1) va (2) c6 thé viét lai theo phuang trinh
khong gian trang thai:

x = AX+BW +B,U

y=Cx+D,W+D,U
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Trong do:
Véc to trang thai x=1[z, z, z, z,1",

Véctodduray=[z, z,2,-2,2, 2,1,
Véc ta kich thich la tin hiéu tU mat dudng w = [q].
Tin hiéu diéu khién u = [f,]

CacmatranA, B, C, D:

0 0 1 0
0 0 0 1
Al dm kum, /m cum,
k,/m, -(k,+k,)/m, c,/m, -c,/m,

B,=[0 0 0 k,/m,]"; B,=[0 0 -1/m_ 1/m,]"

-k, /m, k,/m, -c,/m, c,/m;
k,/m, -(k,+k,)/m, c,/m, -c,/m,
C=| 1 -1 0 0
0 0 0
0 0 o

D,=[0 k,/m, 0 0 0];D,=[0 k,/m, 0 0 0]
2.3. Co s& ly thuyét diéu khién LQR

Diéu khién LQR la xé&c dinh luat diéu khién cho hé théng
cho trudc sao cho t6i thiu hod mot hodc mét vai chi tiéu
chét luong. C6 hai phuong phép diéu khién phan héi trang
thai t6i uu la phan hoi duong va phan héi am. Trong bai
bdo nay, nhém tac gia st dung diéu khién phan hoéi am cé
cdu tric nhu hinh 2.

W_. dx X

—=Ax+ Bu —
4 dt

U
K ~

Hinh 2. Bd diéu khién LQR phan héi am
Trong LQR, ham muc tiéu dugc dinh nghia:

J=|(x"Qx+u"Ru+2x"Nu)dt

Oy 8

Trong d6 tin hiéu diéu khién:

U =-Kx

Trong do, K 1a ma trdn phan héi trang thai, ma tran Q
dugc gia thiét la ma tran doi xding, xac dinh khéng am va R
la ma tran d6i xiing xac dinh duong. Theo ly thuyét diéu
khién t8i uu tuyén tinh thi K dugc xac dinh théng qua
phuong trinh Riccatti [10].

Muc dich cta hé théng diéu khién t8i uu la nang cao
tinh 6n dinh va an toan cla 6 t6. Do d6 ta chon ham muc
tiéu nhu sau:
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o L2 L2
-J = J.(p1 Zs + p2 Zu + p3252 + p4Zu2 )dt

0

Trong d6 la p,,p,,P;.P, > 0la cac trong sé cho trudc.
Gi4 tri ca cac trong s6 thé hién mdc do uu tién khac nhau
cho céc chi tiéu khac nhau. D6 ém diu cla 6 té6 dugc danh

gia thong qua céc thong s6 zus,zS .D6 an toan ctia 6 t6 dugc

danh gia thong qua cac théng sé z,,z,. Gid tri cla cac
trong s6 thé hién muic dé uu tién khac nhau cho cac chi tiéu
chat lugng. Khi muén uu tién bai toan t6i uu theo chi tiéu
nao thi phai thuc hién viéc tang gia tri ctia p, tuong ung véi
cac tin hiéu lién quan. Néu ta quan tam dén dé ém diu thi:
P, P; tang. Néu ta quan tam dén dé an toan thi: p,, p, tdng.
2.4. Thuat toan téi uwu bay dan PSO

Phuong phap t6i uu bay dan PSO la mét dang cla cac
thuat toan tién hoa quan thé, dé 1a két qua ctia su mé hinh
héa viéc dan chim bay di tim kiém thdc dn, nén né dugc
x€p vao cac loai thuat todn co st dung tri tué bay dan.
Trong bai bdo nay, nhém tac gid 4p dung thuat toan PSO
dé tim kiém gia tri K t6i uu cho bo diéu khién LQR. So d6
mo hinh thuat toan két hop gita phuang phap LQR va PSO
dugc biéu dién nhu hinh 3.

Fitness function

- imodel ~—| LQR |

Hinh 3. B diéu khién LQR két hop PSO

PSO chay lap di lap lai trong 20 thé hé véi quy mo dan
s6 1a 50. T6c d6 va vi tri chia thé hé ti€p theo dugc cap nhat
trong phuang trinh (3), (4):

v = wvj +cr(Pbestf —x{) + ¢, (Gbest; —x;) 3)
k+1 _ k k+1

X =X TV (4)

Trong d6:

vi"! la véan téc clia ca thé hién tai

vi lavan tdc ctia ca thé & thé hé trudc
r, I, 1a gia tri ngau nhién

¢, G, lahang sé

x;*" 1a vi tri clia ca thé hién tai

x; 1a vi tri clia ca thé & thé hé trudc
Pbest; Ia vi tri t3t nhat ctia ca thé
Gbest; 1a vi tri t6t nhét cGa ca bdy dan

wla hé sé

Cac budc gidi bai toan sir dung bd diéu khién LQR két
hgp véi PSO:

Budc 1. Tinh todn cac ma tran (A, B) trong moé hinh 1/4 6 t6
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Budc 2. Chon ma tran trang thai va ma tran Q va R trong
ham fitness

Budc 3. Khéi tao céc gia tri ban dau cta PSO, bao gom
50 cé thé va 20 thé hé va thai gian mé phoéng la T;= 20s

Budc 4. Thiét lap gia tri t6t nhat cha méi ca thé Pbest va
xac dinh vi tri t8t nhat clia cd quan thé Gbest

Budc 5. So sanh Gbest v&i muc tiéu va kiém tra s6 1an
I3p lai @& xac dinh diéu kién két thuc. Néu théa man muc
tiéu thi chuyén sang budc 7, néu khong thi tiép tuc budc 6

Budc 6. Lap lai budc 4 (cap nhat van téc va vi tri clia ca thé)

Budc 7. Chon gia tri t6t nhat (gia tri t6i uu) Gbest, cla
ma tran phan héi trang thai K.
3. MO PHONG VA KET QUA

Nhom tac gid moé phdng véi 50 ca thé trong 20 thé hé,
céc gia tri t6i uu clia Gbest clia ham J dugc biéu dién trong
hinh 4. Ching ta c6 thé thdy ring, khi bat dau tim kiém, gia
tri cia ham fitness tang nhanh bdi vi cac gia tri dugc tao
ngau nhién khéng cé gidi han. Tuy nhién, gia tri ciia ham
cost function gidam rat nhanh trong vong vai lan lap lai do
cac cé thé lién tuc cap nhat trong thuat toan PSO. Két qua
moé phdng cing cho thay giad tri K t6i uu la [-618000
18876000 -613000 567000]. Gia tri K t6i uu nay lam cho
ham J t6i uu.

35 T T T

Best Cost

-

0 5 10 15 2 2% 0 3 4 4 50
Iteration

Hinh 4. Gid tri ham fissness

Nhoém téc gia so sanh bd diéu khién bang phuong phap
LQR két hgp véi PSO véi hé théng treo bi dong trén mién
tan s6 theo hai tiéu chi dé la d6 ém diu va d6 an toan.
Trong mién thai gian, nhém tac gid xét dao déng cla hé
thong treo khi 6 t6 di trén dang mat dudng hinh sin véi tan
s6 10m (rad/s) va bién dé dao déng 0,01m.

Hinh 5 biéu dién két qud moé phong cda dich chuyén
khéi lugng dugc treo, dich chuyén cla khéi lugng khéng
dugc treo, gia téc dich chuyén cla khéi lugng dugc treo va
hanh trinh cGa hé théng treo. Ching ta c6 thé thay ca 4
théng t6 nay déu c6 dao déng kha 16n va khong én dinh
trong khoang thai gian 1 gidy dau tién khao séat sau khoang
1,5 giay thi dao dong diéu hoa. Giai doan nay dac trung cho
trang thai dao déng khéng 6n dinh khi mdi chiu kich thich.
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Dich chuyen khoi luong duoc treo
T T

Time s]

Gia toc cua khoi luong duoc treo

0 1 2 3 4 5 6 7 8 9 10
Time [s]

Hanh trinh cua he thong treo

004 Il Il
0 1 2 3 4 5 6 7 8 9 10
Time [s]

Hinh 5. D thi thé hién dao dong clia hé thdng treo trén mién thoi gian
Bang 1. Gid tri sai I&ch binh phuang trung binh RMS

Phuong | Dich chuyén | Dichchuyén | Giat6ccia |Hanh trinh
phap diéu | khédi lugng khdilugng | khéilugng | ctahé

khién dugctreo | khéng dugctreo | dugctreo |thdng treo
Passive 0,025 0,0076 2,4234 0,0232
LQR 0,0211 0,0073 2,0053 0,0203
LQR-PSO 0,0091 0,0059 0,8671 0,0139

Pé thay ré hon hiéu qua cla thuat toan diéu khién da
dé xuat, nhom tac gia thong ké gia tri sai léch binh phuang
trung binh RMS cda dich chuyén khéi lugng dugc treo, dich
chuyén cta khéi lugng khéng dugc treo, gia téc dich
chuyén cla khéi lugng dugc treo va hanh trinh cda hé
théng treo trong hé théng treo. Bang 1 da cho thay ré cac
sai léch gia tri binh phuong trung binh RMS clia 4 thong sé
trong b6 diéu khién LQR - PSO déu nhé gia tri binh phuang
trung binh trong bd diéu khién LQR va hé théng treo bi
déng. Gia tri cha dich chuyén khéi lugng dugc treo trong
b6 diéu khién LQR - PSO gidm 15,6% khi so véi bo diéu
khién LQR va gidm 63,6% khi so vai hé thdng treo bi dong.
Gia t6c cta khéi lugng dugc treo trong bd diéu khién LQR -
PSO gidm 56,75% va 64,21% khi so véi bo diéu khién LQR
va hé théng treo bi dong tucng (ng. Péng thai, dich
chuyén khéi luong khéng dugc treo trong bé diéu khién
LQR - PSO gidm 19,17% khi so vdi bd diéu khién LQR va
gidm 22,36% khi so vai hé théng treo bi déng. Hanh trinh
cla hé théng treo cling gidam 31,52% va 40,08% khi so véi
b6 diéu khién LQR va hé théng treo bi dong tuang tng. Két
qua mé phong & trudng hgp nay da cho thay ré do hiéu
qua cta phuong phap diéu khién LQR két hop vdi thuat
toan t6i uu bay dan PSO.
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Trong bai bdo nay, nhom tac gia da thiét ké bo diéu
khién cho hé théng treo chl dong trén mo hinh 1/4 6 to
dién theo phuong phap diéu khién LQR két hgp véi thuat
toan t6i uu bay dan PSO dé t6i uu hoa cac trong s6 trong
b6 diéu khién LQR nham nang cao d6 ém diju va tinh nang
an toan cla 6 t6 dién. Cac két qua mé phdng trong bai bao
cho thay ré d6 hiéu qua chia bo diéu khién LQR - PSO da dé
xudt khi so sanh véi bo diéu khién LQR va hé théng treo bi
dong. Két qua clha bai bdo c6 thé lam co s& phat trién va
hoan thién cac bd diéu khién t6i uu cho hé théng treo chu
dong nham nang cao chat lugng lam viéc clia 6 t6 dién.

Hudng nghién ctu tiép theo cla bai bdo la phéi hop
gitta cac bd diéu khién dé ddm bao hé théng treo hoat
dong lién tuc va thda man cac diéu kién thuc té vé dd ém
diu va an toan chuyén dong. Trong dé phuong phap diéu
khién bén viing va diéu khién vai théng s6 thay déi lién tuc
LPV c6 thé dugc ap dung.

TAILIEU THAM KHAO

[1]. T.P.J. van der Sande, B.L.J. Gysen, I.J.M. Besselink, J.J.H. Paulides, E.A.
Lomonova, H. Nijmeijer, 2013. Robust control of an electromagnetic active
suspension system: Simulations and measurements. Mechatronics Volume 23,
Issue 2, Pages 204-212

[2]. Sam, Y.M., Osman, J.HS., Ghani, M.R.A., 2003. Active Suspension
Control: Performance Comparison using Proportional Integral Sliding Mode and
Linear Quadratic Regulator Methods. Proceedings of IEEE Conference on Control
Applications, Istanbul, Turkey, pp. 274-278.

[3]. A.B.Sharkawy, 2005. Fuzzy and adaptive fuzzy control for the automobiles’
active suspension system. Vehicle System Dynamics Vol. 43, No. 11, 795-806

[4]. Wy, SJ., Wy, CT. and Lee, T.T. 2005. Neural-network-based fuzzy
control design for half-car active suspension systems. Proceedings of IEEE
Intelligent Vehicles Symposium, pp. 376-381.

[5]. Bui Duc Tien, Dang Ngoc Duyen, Pham Vu Nam, Tran Tuan Anh, 2019.
Design of LQR controller for active suspension on four wheel electric car model.
Journal of Water Resources and Environmental Engineering, No. Specal, Octorber
2019, pp89-93

[6]. Shi-an Chen, Yu-meng Cai, Jian Wang, Ming Yao, 2018. A Novel LQG
Controller of Active Suspension System for Vehicle Roll Safety. International Journal
of Control, Automation and Systems 16(X)

[7]. Shaobin Lv, Guogiang Chen, Jun Dai, 2020. Control and Stability Analysis
of Double Time-Delay Active Suspension Based on Particle Swarm Optimization.
Recent Patents on Mechanical Engineering Volume 13, Issue 1

[8]. Giirsel, N. Altas, 1.H. and Giimiisel, L. 2006. Fuzzy control of a bus
suspension system. Proceedings of 5th International Symposium on Intelligent
Manufacturing Systems, pp. 1170-1177.

[9]. Nguyen Duc Ngoc, 2017. Nghien cuu thiet ke mo hinh o to dien bon banh
xe. Scientific research project report, Thuyloi University.

[10]. Nguyen Thi Phuong Ha, 2008. Ly thuyet dieu khien hien dai. Vietnam
National University Ho Chi Minh City Press.

AUTHORS INFORMATION

Tran Van Da', Bui Duc Tien?

"Faculty of Mechanical Engineering, University of Transport and Communications
Thuyloi University

Website: https://tapchikhcn.haui.edu.vn





