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THIET KE BO DIEU KHIEN TOI UU CHO HE THONG LAI
TRO LUCDIEN DANG C-EPS TREN 6 TO CON

OPTIMIZED CONTROLLER DESIGN FOR A C-EPS ELECTRIC POWER STEERING SYSTEM IN CARS
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TOM TAT

Hién nay, hé thdng ldi trg luc dién dang dugc st dung rat phd bién trén cac
0 t0 hién dai. Trong bai bao nay, cac téc gia tap trung nghién ciu hé théng lai trg
Iyc dién c6 mo to trg luc ddt trén truc Ii (C-EPS), tir d6 xdy dung m hinh, thiét lap
cac phuong trinh dong luc hoc va biéu dién dudi dang phuong trinh khéng gian
trang thai. Cac tac gia st dung phuong phap diéu khién t6i vu LQR d& md phong
va danh gia vdi tin hiéu dau vao la kich thich tirnguoi lai, kich thich tir mat dutng;
tin hiéu diéu khién |3 hiéu dién thé cia md to trg luc dién. Két qua md phéng trén
mién thi gian cho thdy khi hé thdng ldi trg luc dién st dung b diéu khién t6i uu
LQR thi md men tUr nguai Iai tac dung Ién vo lang gidm tir 20 dén 25% so véi mo
men téc dong 1én hé théng 14 bi dng ma van dam bo quy dao chuyén dong cta
0 0. Diéu nay cho thdy 0 t6 ¢6 thé thay d6i quy dao chuyén dong dé dang va nhe
nhang hon khi st dung hé thdng lai tro luc dién véi b diéu khién t6i uu LQR.

Tirkhéa: Déng luc hoc va diéu khién 6 t6; hé thong Idi; hé thding Idi trg luc dién;
hé théing Idi trg luc dién trén truc Idi; quy dao chuyén déng.

ABSTRACT

Currently, electric power steering systems are being used very commonly on
modern cars. In this paper, the authors focus on studying the electric power
steering system with a power steering motor mounted on the steering colum
(C-EPS), thereby building a model, setting up the dynamics and express in state-
space reprentation. The authors use the optimal control method LQR to simulate
and evaluate with the input signal being the disturbance from the driver and the
road surface; the control signal is the voltage of the electric power steering motor.
Simulation results in the time domain show that when the electric power steering
system uses the optimal controller LQR, the torque from the driver acting on the
steering wheel is reduced from 20 to 25% compared to the torque acting by using
passive system but it still ensures the car's trajectory. This shows that cars can
change the trajectory more easily and gently when using the electric power
steering system with the optimal controller LQR.

Keywords: Vehicle dynamics and control; steering system; electric power
steering system; electric power steering system on the steering colum; vehicle
trajectory.
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1. GIGI THIEU

Hé théng lai la mot hé thong co ban va quan trong clia 6
to ¢6 vai tro git cho 6 té chuyén déng theo quy dao nhat
dinh hodc thay déi hudng di chuyén clia 6 t6 theo mong
mudn cla ngudi lai. Hé thong lai khéng c6 trg luc, hé théng
13i trg luc thay luc, hé théng lai trg luc dién, hé thong lai trg
luc dién - thay luc la cdc dang hé théng lai phd bién nhat c
thé k& dén trén 6 to.

Nam 1988, hé théng lai trg luc dién (Electronic Power
Steering system - EPS) dugc gidi thiéu dau tién trén 6 to
thuong mai tuy nhién chi dugc st dung trén dong xe c6 tai
trong nhé va yéu cau vé luc trg luc lai rat thap [1]. Xu huéng
hé théng lai trg luc dién tiép tuc phat trién manh trong
nganh céng nghiép 6 té toan cau. Nam 2005, EPS nhanh
chong chiém dugc 25,8% thi phan xe mai nhung chi 6 nam
sau, EPS nhanh chong chiém 58,2% (nam 2011). Hién nay hé
thong lai trg luc dién dugc chia lam hai loai chinh: Trg luc lai
dién dat trén truc lai (C-EPS) va trg luc lai dién dat tai banh
rang thanh rang (P-EPS). Trong do6, hé théng lai trg luc dién
dang C-EPS thudng dugc st dung cho cac 6 té cé trong
lugng nhoé dugc mé ta nhu trong hinh 1.
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Hinh 1. Cau tao hé thong ldi trg luc dién dang C-EPS
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Nhiém vu cia hé théng lai trg luc dién la st dung dién
nang do ddng ca sinh ra dé tao ra luc bd trg tdc dong Ién co
cdu dan doéng lai, duy tri hodc thay d6i hudng chuyén déng
clia xe 6 t6. TUr do, giup viéc diéu khién vo lang sé nhe nhang
va tinh co dong cda xe cao hon.

Pé lam dugc diéu nay, hé théng da st dung mét cdm
bi€n mdé men xoan dat & truc lai, ti d6 tin hiéu dugc guri vé
g6c danh vé lang dén ECU dé tinh toan va x{ ly. Sau do, hé
théng truyén dong dién thich hgp dén mé-tg dién, day
thanh rang cda hé théng lai. Nh& d6, viéc xoay truc vo lang
theo chiéu ngudi 1di mong mudn dugc thuc hién dé dang.

C6 nhiéu nghién ciu lién quan dén hé théng lai trg luc
dién da dugc cong bé lién quan dén xay dung mé hinh hé
théng lai tro luc dién va thuat toan diéu khién cta né: Mo
hinh hé théng lai trg luc dién véi tin hiéu diéu khién 1a mé ta
trg luc [8], vdi tin hiéu diéu khién la cudng d6 dong dién [2];
diéu khién t6i uu [5-7], diéu khién bén viing [4, 8]. Tuy nhién
cac nghién cdu trudc day chua c6 nghién ctiu nao xay dung
b6 diéu khién t6i uu LQR nhdm nang cao d6 chuyén déng
an toan cla 6 t6 dua trén viéc két hgp mo hinh dong luc hoc
hé théng lai trg luc dién va mo hinh quay vong mét vét banh
xe. Day cling 1a ndi dung va dong gop chinh cla bai bao dé
ti€n dén hoan thién hé théng lai tro luc dién trén 6 t6 con.
2. THIET KE BO PIEU KHIEN CHO HE THONG LAI TRG LUC
PIEN TREN TRUC LAI

2.1. Xay dung mé hinh ddng luc hoc hé théng lai trg luc
dién dang C-EPS

Mé hinh thé hién cac luc, mé men tadc ddng lén hé théng
14i trg luc dién dang C-EPS clia 6 t6 con dugc mo ta trong
hinh 2.

Td
ECU oc
Td
BOOST Be
Curve 3 B
Speed

Ta_ret | TC
Controller
LA

(i

=
Tsat
Hinh 2. M hinh co hoc két hop clia hé thong lai trg luc dién dang C-EPS
Cac luc, mdé men dat 1én truc 1ai ctia hé théng lai C-EPS
bao gém: 14 - mé men do ngudi ldi tdc dung lén vé lang, T -
mo men do mé to dién tac dung Ién truc ldi, T, - m6 men do

mat dudng tac dung lén thanh rang. Cac ki hiéu va théng sé
ctia mé hinh dugc thé hién trong bang 1.
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Bang 1. Ki hiéu, thong so cia mo hinh hé théng lai trg luc dién dang C-EPS [8]

Ki hiéu Théng sé Giatri | Donvi
J. | M6 men quén tinh truclai 0,04 kgm?
B.  |D016n ma sat nhét cla truc ldi 0 Nm/rad/s
K. D cling xodn clia truclai 115 | Nm/rad
D, |Gidm chan ca truclai 0,072 | Nm/rad/s
Fc | Mo men can cta truclai 0,027 Nm
Ry | Tys0truyén quy d6i ctia bénh rang thanhrang | 1,02 | m/rad
R, Ban kinh banh rang 0,07 m
M | Khdilugng banh rang thanh ring 4 kg
B,  |D016n ma sat nhét clia thanh rang 0 | Nm/rad/s
K. | D cling xodn clia thanh rang 43000 | Nm/rad
D, | Giam chan clia thanh ring 3820 | Nm/rad/s
Rm | Ty s6 truyén ciia m to va truc lai 30 -

Jn | M0 men quan tinh cia md to 0,0004 | kgm?
B,  |D016n ma sat nhét cia mé to 0 | Nm/rad/s
Fn | Momen can cia m to 0.056 Nm

R Dién tré mo to 0,37 0

L |Dotucdm cliamoto 0,0015 H

K. | M6 men clia mo to khi hiéu dién thé lahangso | 0,05 | N.m/A

Phuang trinh ddng luc hoc téng quéat cia hé théng lai trg
luc dién tai truc lai dugc xac dinh nhu sau [3, 10, 11]:

+ Ap dung tai truc lai ta dugc:

16, =1, - Dc[ec - ﬁj— KC(GC - $] - B, )
R, R,

+ Ap dung tai truc mé to trg luc ta dugc:

.. D, (. 0.
Jeqem =K., + [GC - —j

R R
K 6
+ felg. - Zm | §
R ? R’
~K,—2-8, -D, 28 - -

+ Trg luc dién cta mé to dién dugc xac dinh bdi cong
thuc:

Li,=-RI, -K,8_ +V,_ (3)
R’ R’
Trong dé: Joq =1, +R%Mr;Beq=Bm +RL2Dr;

Vm = U la hiéu dién thé.
Phuang trinh déng luc hoc (1-3) dugc viét duédi dang

khéng gian trang thai téng quat nhu sau:
{X:AX+BU+Ed +Ww

(4)
Y=CX+DU
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Trong d6: Vécto
x=[6
w = F, € R; tin hiéu diéu khién u =V, € R; Théng s6 dau ra
chon Y = X; Kich thich tU ngudi ldid =1t4€R; A, B,E,C,Dla
cac ma tran trang thai c6 gia tri nhu sau:

trang thai dugc Iua chon

8, 6, 6, I,]Luckich thich tif mat dudng

C

[ (B.+D,) D, K, K, 0
). JR, ). JR,
D, B, D. K (K+KR’) K
Aol JaRa 3o LR IR JRE .
1 0 0 0 0
0 1 0 0 0
0 K 0 0 R
i L L
o o " .
0 I r
0 0 LR,
B=|0|"E=|o |"W=|0
0 0 0
1 0 0
N
(1 0 0 0 O] [0 0 O]
0 1 0 0 O 0 0 0
C=/0 0 1 0 0|'D=|0 0 O
0 00 1 0 0 0 0
0 0 0 0 1] 0 0 0]

Phuong trinh khéng gian trang thai (4) c6 thé dugc dua
vé dang téng quat sau:

X=AX+B,U (5)
Y=CX+DU
Trong dé:
0 l 0
I
r
0 o0 3 ; u
B,=[B E W]= atm | y=|d
0 0 0
w
0 0 0
1
-— 0 0
L L J

2.2. M6 hinh déng luc hoc chuyén déng ctia 6 t6

Trong nghién cliu nay cac tac gia nghién cdu trén moé
hinh chuyén déng mot vét clia 6 t6 dugc mo ta trong hinh 3
véi af - GOc quay banh trudc; - Géc léch than xe; &, 6, - Goc
lan l1éch banh trudc, sau.
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Hinh 3. M hinh chuyén dong mot vét ca 6 to
Bang 2. Théng s6 md hinh chuyén dong mot vét clia 6 t6 [9-11]

Ki hiéu Théng sé Giatri | Donvi
G | D0 cling khi vao cua ctia 16p banh trudc 30000 | N/rad
Gr | D0 cling khi vao cua ctia 16p banh sau 30000 | N/rad
Lr | Khodng cach tirtrong tam dén tdm banh xe trudc 1 m
L, |Khodng cach tit trong tam dén tam banh xe sau| 1,454 m
M | Trong lugng clia toan xe 1298,9 kg
J, M6 men quan tinh clia xe 2192 | Kg/m?
V, |Vantdcclaxe 60/3,6 ms
Re T)’/‘sé' l4i ltrupg b‘|r’1h chuy’évn dai tir géc truc lai 1 )

thanh gdc Iéch banh trudc
a Khoang cach tir luc ngang dén tam banh xe 0,05 m
Iy Khodng cach tir tdm banh xe dén thanh ring 0,25 m

Phuong trinh chuyén déng cta 6 t6 dugc téng cac luc
bén va téng mé men xodn nhu sau:

{sz =Ma, - M(Vy + Vxlp) - (Fyf cos(ay ) + Fyr)

. . (6)

dr=40 |Lh= (L1Fyf cos(a; ) — Lsz,)
Trong dé:
Vo + Ly
Fyf = 2Cyf (df - L VX ! ]
. (7)
V., - L
S
yr Vi

Do d6 phuong trinh chuyén dong mét vét banh xe clia 6
t6 dugc xac dinh nhu sau:

[\-,J -G +6) U (LG, LG [V] -
JHO ' . u
v —fflx(ucw -LG) —ff,x(tfcvf +LG) —Z]ZC“

0 1 0
W
LJ‘ a6 +6) s e) [ %

Trong d6, dau ra la gia t6c ngang ay, van téc géc xoay
than xe  va tin hiéu dau vao la goc léi banh truéc ay.

Khi ngusi lai thuc hién chuyén hudng xe, ngudi lai tac
dong lén v6 lang xe tao ra mo men danh vo lang T4, cung véi
kich thich t mat dudng F, va tin hiéu diéu khién cla trg luc
dién Vi, hé trg phuong tién xoay truc lai theo hudng mong
mudn clia ngudi lai tao ra goc lai banh trudc ar.
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3. XAY DUNG BO PIEU KHIEN TOI UU CHO HE THONG LAI Bang 3. Thang s6 p; b diéu khién LQR
TRO LUCDIEN LQR1 LQR2 LQR3
Mét hé diéu khién duoc thiét ké & ché do lam viéc tét 0 101 101 101
nhat 1a hé luén & trang thai t6i uu theo mot tiéu chudn nao 02 10" 10" 10"
dé. Cho hé c6 mo hinh: 0 108 0,.10% 0,.10°
3 3 3
%ZAX‘FBU A eRnxn,B cR™™ (8) P4 10 a,.10 a3.10
dt Ps 5.10? 0.5.102 03.5.102

W u % X
—=Ax+Bu
di

K

Hinh 4. Bo diéu khién phan hdi am véc to trang thai [9]

Néu hé 6n dinh thi khi khéng bi kich thich hé sé luén c6
xu huéng tién vé diém trang thai can bang. Nhu vay diém
trang thai can bang la nghiém ctia: AX= 0 va néu c6 gia thiét
A la ma tran khong suy bién thi hé tuyén tinh (8) luén cé can
bang la g6c toa do 0.

J(XU)=[(XQX+URU+2X"NU)dt 9)
Dé bai toan cé nghiém, ma tran Q dugc gia thiét 1a ma
tran doi xiing, xac dinh khéng am va R 1a ma tran doi xiing
xac dinh duong. Gia st U(t) la tin hiéu diéu khién dugc tao
bai K da théa man diéu kién téi uu, véi U(t) = -K(t), khi dé:
X = (A - BK)U. Chon ham Lyapunov V(X)=X"PX,V(X)>0VX,

ma tran diéu khién dugc xac dinh: K:R’1(BTP+NT) .

Trong bai bao nay cac tac gia xay dung moét bo diéu khién
t6i uu LQR nhdam nang cao do an toan chuyén dong ctia 6 to
cung vdi viéc két hgp gitta mé hinh ddng luc hoc hé théng
lai trg luc dién va mé hinh quay vong mét vét banh xe.

Ham muc tiéu téng quat clia phucng phap diéu khién téi
uu LQR ¢6 dang:

J=[(XTQX+U'RU+2X"NU )dt

0

(10)

Do hé théng lai dugc thiét ké nham nang cao kha nang
chuyén déng nén ham muc tiéu J dugc lua chon nhu sau:
J:j(pﬁf +p,0,2+p,02+p,0,> +pslmz)dt (11)
0
Trong d6 p,,p,,0;.0,.Ps =0 la cac trong s6, gia tri thé
hién muc do uu tién khac nhau cho cac chi tiéu xac dinh &
trén. Tuy nhién viéc lua chon gia tri ctia bd théng sé pi phu
thudc rat nhiéu vao kinh nghiém cia ngugi lam va hiéu qua
lam viéc clia bo diéu khién cta hé théng clng thay déi khi
céc bo trong s6 p; thay déi. Do d6 trong bai bao nay tac gia
st dung 3 b6 pi khac nhau dé€ so sanh hiéu qua lam viéc ctia
b6 diéu khién. Ung véi méi bo pila mot bo diéu khién khac
nhau. Tac gid so sanh hiéu qua cla 3 b6 diéu khién trén mién
thai gian. Gia tri clla cac p; dugc tac gia lua chon nhu trong
bang 3.
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Trong d96, a,, az 13 cac hé s8 tac gid thém vao dé nham
thay ddi gia tri cGa bo théng s6 pi cu thé la tac gia chon
a2 =1/50va a; =50. Nhu vay gia trj clia bd p; ciia LQR3 > LQR1
> LQR2. Khi tang giam cac hé sé p; déng nghia véi viéc uu
tién cho cac d3c tinh hé théng mudn diéu khién lam cho hé
théng khi c6 diéu khién dap ung t6t hon cac chi tiéu danh
v6 ldng va tranh dugc cac hién tugng mat an toan chuyén
dong khi danh vo lang. Cdc ma tran Q, R, N clia phuong trinh
(10) dugc xac dinh nhu sau:

p, 0 0 O O
0O p, 0O 0 O
Q=0 0 p; O O |;R=[1];N=[zeros(5,1)].
0 0 0 p, O
|0 0 0 0 ps)|

4. KET QUA MO PHONG VA DANH GIA

Trong phan nay, dé danh gia bo diéu khién cta hé théng
i trg luc dién trén 6 t6 con dang C-EPS trén mién thai gian,
tac gid dung ba bd diéu khién trong bang 3, kich thich tu
ngudi l4i 74 c6 gia tri mé men khéng d6i bang 15Nm [9]. Bén
canh do6 kich thich ti mat dudng dugc quy dan tir mé hinh
mot vét clia banh xe. Thoi gian giGi han khéao sat dugc xac
dinh 1a t = 10s. V&i dudng nét lién - mau dé biéu thi cho hé
thong lai bi déng (passive), dudng nét hai gach - mau xanh
biéu thi cho b6 diéu khién thi nhat (LQR1), dudng nét cham
chdm - mau xanh 13 biéu thi cho bd diéu khién thu hai
(LQR2), dudng nét chdm gach - mau den biéu thi cho bo diéu
khién thr ba (LQR3). Cac tac gia chia kh3o sat thanh hai
trudng hop:

-TH1: Khao sat trén mién thai gian vai gia tri K= 0,05 (gia
tri tham khdo [8, 9]);

- TH2: Khao sat trén mién thai gian vai gia tri K.= 0,15 (gia
tri dugc chon trong qua trinh nghién cuu).
4.1. Khao sat trén mién thoi gian véi K.= 0,05

VGi gia tri tham khao K:= 0,05, két qua mé phdng trén
mién thai gian dugc thé hién & cac hinh 5, 6.

Van toc goc truc lai
400

Thetacd [do/s]
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Van toc goc motor
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Trong hinh 5, ta thay van téc goc truc lai, van téc géc mé
ta, goc truc 1ai, g6c mob to thay déi rat nho trudc va sau khi
c6 bo diéu khién. Cudng d6 dong dién tang lén nhung dé
anh hudng cta dong dién dén mé to dién gan nhu khéng
cb. Déng thai luc kich thich tr mat dusng dugc quy dan tu
mé hinh mot vét cing khéng c6 su thay déi rd rét khi cé tac
dong ctia mé to dién.
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Hinh 6. Dap (ing thai gian cla B, Y va mo men nquoi ldi tac dung [én vanh vo
ldng vdi tin hiéu kich thich 4 (K= 0,05)

TU hinh 6, gbc xoay than xe va géc léch than xe khéng
déi, déng thai mé men tac dung cda ngudi lai 1én vanh vo
lang gidm nhung muc dé gidm rat nho khoang 0,2% (tuc
14,7Nm so véi 15Nm).

4.2. Khao sat trén mién thoi gian véi K= 0,15

Két qua moé phdng trén mién thai gian dugc thé hién &
hinh 7 + 9.

Van toc goc truc lai

Passive
LQR1
LaQR2
LQR3

iy

S tooldiasthe, G i i i 4

=

=

=3

L]

D 00 RIS e bl s J

=

=

10

Time [s]

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Van toc goc motor
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Hinh 7. Ddp (ing thdi gian cda 6_,6_,6_,8
14 (K;=10,15)

Cu thé trong hinh 7, cho thdy van t8c goc truc lai va géc
truc lai trong hé théng lai bi dong va hé théng lai trg luc dién
c6 diéu khién thay ddi rat it xuyén sudt thoi gian khao sat.
Van téc goc mé to va goc mé to ¢d xu hudng tang 1én khi cé
b6 diéu khién kich thich. Cuing d6 dong dién tur 0A (passive)

F, vdi tin hiéu kich thich
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tdng dan dén 35A va dan 6n dinh vé muic 20A sau khi c6 tin
hiéu diéu khién. Diéu nay cho thay khi ta diéu khién hiéu
dién thé V., tdng lén hoac gidm di tuong Ung vdi viéc ting
giam cudng do6 dong dién bo trg luc ctia hé théng léi tro luc
dién dang C-EPS. Khi c6 tac ddng clia mo to dién lam cho
kich thich ctia mat dudng Ién hé théng tang 1én.
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Hinh 8. Dép (ing thai gian ca B, Y va mo men nquai lai tac dung [én vanh vo
ldng vdi tin hiéu kich thich 1 (K= 0,15)

Hinh 8 cho thdy géc xoay than xe c6 xu hudng giam diva
goc léch than xe ¢6 xu hudng tang Ién nhung d6 tang gidm
gia tri clia goc xoay va goéc léch than xe la khéng I6n. Trong
hé thong 1ai bi ddng, mé men tac dung tir ngudi ldi tac dung
[&n vanh vo lang 1a 15Nm va duy tri trong suét thai gian khao
sat. Khi cé diéu khién, nhd vao mé men sinh ra cla mé to
dién lam cho mé men clia ngudai léi tdc dung lén vanh vo
lang gidm di mot cach ré rét. Sau khi cé diéu khién mé men
ngudi ldi tdc dung lén vanh vo ldng khodng 12Nm, gidm 20%
mo6 men clia ngudi lai tac dung 1én vanh vo6 lang. Diéu nay
cho thay bo diéu khién lam gidm suc luc ctia ngudi lai, tao
cadm giac nhe nhang haon khi thuc hién qua trinh 1ai.

Tuy m6 men tur ngudi lai tdc dung Ién vanh vo lang gidm
nhung quy dao chuyén déng cla xe trudc va sau khi diéu
khién van trung khdp thé hién & hinh 8. Diéu nay cho thay bd
diéu khién khong anh hudéng dén quy dao chuyén dong clia
xe (d@am bao an toan tranh cac hién tugng quay vong thiéu va
quay vong thtia). Khi tac gia thay déi ty s6 chuyén ddi cha
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cudng dé dong dién va mé men md ta dién (cu thé 1a ting
gdp 3 lan gia tri Ky thi thay rang: dap Uing thai gian cta hé
théng rdé rang han khi c6 tin hiéu diéu khién, gia tri md men
ngudi lai tdc dung lén vanh v6 lang gidm nhanh hon. Diéu nay
déng nghia vdi viéc hé théng lai trg luc dién khi c6 diéu khién
vGi K= 0,15 sé nhe nhang hon, dé dang hon.
5. KET LUAN

Bai bdo nay da xay dung mé hinh hé théng lai trg luc dién
trén 6 t6 con dang C-EPS, xay dung m6 hinh mot vét banh
xe két hgp ching véi nhau. Cac tac gia da st dung phuong
phap diéu khién t8i uu LQR dé mé phdng va danh gia vdi tin
hiéu dau vao la kich thich tir ngudi lai tq, kich thich tir mat
dudng F,, tin hiéu diéu khién | hiéu dién thé cia mé to dién
Vi K&t qua mo phong trén mién thai gian véi kich thich ti
nguai ldi la mo men gid tri 15Nm va kich thich tU mat dudng
dugc quy dan tr moé hinh mot vét banh xe, cho thay khi hé
théng 13i trg luc dién sir dung bd diéu khién LQR thi mé men
tUr ngudi lai tac dung Ién vanh vé lang giam tu 20 dén 25%
5o vGi gia tri mé men hé théng lai bi déng ma van dam bao
quy dao chuyén déng clia 6 té. Diéu nay da minh ching cho
hiéu qué clia phucng phap diéu khién t8i uu LQR trong ting
dung déi véi hé thong léi trg luc dién dang C-EPS.

Huéng nghién clu tiép theo cé thé dugc xem xét 1a tng
dung cac phuong phép diéu khién nang cao dé tang tinh 6n
dinh cia hé théng 1ai & cac ché dé chuyén dong khac nhau.
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