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Abstract

The paper presents the results of backstepping -

sliding mode control based on control design for speed actual value of load motor match

speed reference for two-mass systems. This controller is combined with an extended state observer (ESO) for estimating the torque load sides
of two-mass systems. The effectiveness of the control systems (reduce vibration and eliminate mechanical resonance) is compared with
classical PI controllers commonly used in industry. The results of analysis and evaluation between the speed control methods for the two-
mass system were performed by Matlab simulation software.
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Ky hiéu DPon vi Y nghia
" Nm/rad  Hé sb cimg quy vé truc

b, Nms/rad  Hé sb giam chan

T, Nm Momen dong co

T, Nm Momen tai

7. Nm Mbmen xoén truc thuc

T, Nm Mémen xoan truc dat

g Nm Momen quan tinh dong co

J, Nm Momen quén tinh tai

Wy rad/s Téc d6 dong co thuc

o, rad/s Téc 6 tai thuc

L4 rad/s Téc do tai dat

BBy B By Cac thanh phan ciia ma
tran L ]

C15Cy»Cs5C,y Cac hang s6 duong cua bo
dicu khién backstepping-
truot

Chir viét tat

PI B9 diéu khién PI.

Feedforward Truyén thang

Chattering Hién tugng rung

bK Diéu khién
ESO extended state observation-quan
sat trang thai mo rong

Tém tit

Bai béo trinh bay két qua nghién ciru thiét ké backstepping -
trugt didu khién tdc do tai bam sat toc do dong co, tai theo
yéu cau cho hé hai vat. Bo diéu khién nay dugc két hop véi
bd quan sat trang thai mé rdng wdc lugng mo-men tai cia hé
thdng nay. Hiéu qua cua giai phap diéu khién dé xuét (giam
dao dong va loai trir hién twong cong hudng co hoc) duge so
sanh v6i bo diéu khién kinh dién PI hay sir dung trong cong
nghiép. Cac két qua phan tich danh gia dugc thuc hién bang
mo phdng Matlab/Simulink.

1. Phan mé diu

Trong san xuat trong cong nghiép, dong co dién la thanh
phan khong thé thiéu cho hé thong san xuat. Thong qua qua
trinh bién doi dién nang thanh co nang, dé truyén mo men tir
ddng co dén co cu san xuat phai st dung cac khép ndi. Cac
khép ndi nay thuong duoc st dung 1a cac hop sb, day dai va
cac truc ndi. _Tuy nhién sy khong cimg vimg cua cac thanh
phan khép ndi nay co thé gay ra dao dong trong qua trinh van
hanh. Khi hé théng lam viéc dung tdn sé cong hudng cb thé
xay ra hién tuong cdng huodng co hoc gay ra cac rung dong
16n, tiéng on va c6 thé pha hong cac két cau co khi
[1],[2].Theo nghién ciru [2] nhan thdy hé sd cimg truc
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K=0.28Nm/rad va hé s6 giam chan b=0.0015 Nm/rad thi
bién d) cong hudng 16n, va ty 1¢ mé-men quan tinh dong co
va dong co tai nho thi bién do dao dong tc do dong co giam
di, 46 qua diéu chinh ciing giam, dong thoi tbe do dap ung
nhanh. Vi vay van d& can thiét giai quyét sao cho toc do thuc
cua tai va téc do dong co bam sat gia tri dat voi dd chinh xac
cao, giam dao dong va loai trir hién tugng cong hudng co hoc
cho h¢ hai vat.

Tir trude dén nay cac giai phap diéu khién tuyen tinh,
phi thuyén di va dang 1 Ung dung dé giam va dap tat dao dong
cong huong tai truc ndi, va cai thién hiéu suit cua hé hai
khau quan tinh [4]. Theo nghién ctru tai lidu [5],[6] bo diéu
khién PI thuong duoc sir dung dé diéu khién toc do cho hé 2
hai vét. B diéu khién nay dugc thiét ké theo phuong phap
ti ru d6i xtng v6i phan hdi tc d6 dua vé bo didu khién, vi
vay chua giai quyét duoc dap dao déng cong huong khi hé
thong c6 nhidu. Giai phap dé cai thién bo diéu khién toc do
PI cho h¢ hai vat, tai mach vong phan hdi nguoi thiét ké dua
thém céc bién trang thai nhu 1a hé s6 cung truc, giam chén,
mo-men tai... vé bo diéu khién. Cac tin hiéu phan hdi nay
cho phép thiét 1ap gia tri dat mong mudn, tuy nhién khong
thé dat dugc gia tri tu do cta tan s6 cong huong [7]. Vivay,
giai phap bd sung tin hiéu phan hoi mo- men truc nbi thong
qua bg udc lugng moé-men truc dugc dua vé bo diu khién
tbc do, da gop phan giam dugc dao dong cong hudng [8].
Bén canh do, mgt nghién ctru khac [9], bai bao trinh bay bo
diéu khién tc do cho hé hai vat sir dung 1a bo didu khién
PID, PID-P. B diéu khién PID c6 wu diém thiét ké don gian,
nhanh chéng dua ra by tham s6 diéu chinh K,, Ki, Kp
(khuéch dai, tich phan va vi phan) phu hop. Bo diéu khién
tbc do PID-P, cho két qua kha quan hon bo diéu khién PID
véi dap tmg dong hoc qua diéu chinh tdc do, thoi gian xac
1ap & ché d¢ tinh nho hon b diéu khién PID. Tuy nhién bd
ca hai diéu khién nay chua dap dugc hoan toan dao dong
cong huong. Qua d6 nhéan nhan thay rang, cac phuong phap
diéu khién tuyén chua giai quyet dugc van dé& giam hién
tugng cong huong. Vi vu diém cia cac phuong phap didu
khién phi tuyén nhu backstepping, tua phang, truot....da gop
phan giam dao dong cong huong, qua diéu chinh va thoi gian
xéc lap tbc do thuc cua dong co tai voi dong co kha quan
hon so v&i cac bo diéu khién tuyen tinh. Phuong phép diéu
khién tua phang [10], v6i chuyén déi mé hinh trang thai
thanh bd PK dudi dang dao ham dya bd diéu khién truyén
théng (feedforward). Cac mé hinh trang thai dugc dung dé
thiét 1ap quy dao dat. Cac diéu kién gidi han duoc dua vao
trong viéc thiét ké quy dao dat. Két qua cua phuong phap
PK nay cho két qua giam dao dong cong hudng, qua diéu
chinh va thoi gian xéc 1ap tdt hon bo diéu khién PI. Bén canh
d6, phuong phap diéu khién backstepping [11], cho thiy
thiét ké bo diéu khién khong phire tap, cho phép tinh din qua
mot s6 bude, bd didu khién phan hdi 1am hé kin 6n dinh theo
Lyapunov. O mdi bude tién hanh lya chon bién dléu khién
40 va thiét ké cac luat diéu khién trung gian, nhim & on dinh
hé con cua hé ban dau Két qua cho thay kiém soat t6t dao
dong cong huong va toc do tai thuc bam sat voi toe do thuc
dong co. Tuy nhién khi hé thong bi anh hudng nhiéu (théng
s6 dong co, md men quén tinh...thay doi) thi phuong phap
diéu khién backstepping cho két qua dép tat dao dong cong
huong khong t6t bang phuong phap diéu khién tya phang
[12]. Mit khéc, bo diéu khién trugt [13] véi dac diém dan hé
théng on dinh theo mét mat trugt, khi sai I¢ch giira tde do

dat va thyc nho nhét. bay 1a mdt phuong phap diéu khién
phi tuyén don gian, tuy nhién trong b DK nay co dang ham
dau va c6 hién tuong rung (chattering) trong hé thong. bay
1a mot hi€u ing nguy hiém va 1a nguyén nhan lam giam tu01
tho nhiéu thiét bi trong h¢ thong. Tuy nhién nhirng ndm gan
day da c6 nghién ctru giai phap chong rung, cling da thu dugc
két qua img dung mang tinh thyc té.

Hién nay, cac phuong phéap diéu khién dé giam dao dong
cong hudng cho hé hai vat da dang, tuy nhién mdi phuong
phap co dic diém riéng, van chua giai quyét triét dé dao dong
cong huong tai truc va diéu chinh toc do theo yéu cau (nhanh,
chinh x4c). Trong bai bao nay sé trinh bay thiét ké backsteping
- trugt dicu khién téc do két hop bo quan sat trang thai mo
rong ESO cho mo6-men tai ciia hé hai vat. Béi vi mé men tai
la dai lvgng kho xac dinh chinh xac, vi vy trong nghién ctru
ndy md - men tai dwoc coi 1a nhidu it nhidu lam suy giam
chét lwong hé hai vat. Giai phap diéu khién nay s& dugc so
sanh v6i bo diéu khién thong dung trong cong nghiép PI [7],
nham danh gia tinh dang dén cua giai phap diéu khién dé xuat.

Bai bao dugc chia ra cac phan nhu sau, trong d6 muc 2
n6i vé mo hinh hé hai vét, myc 3 trinh bay thiét ké bo diéu
khién toc do backstepping- truot, muc 4 dua ra phan thiét ké
bd quan sat trang thai mo rong ESO cho md-men tai, cudi
cung la danh gia, phan tich két qua mo phong off-line
Matlab/Simulink. Day la mot két qua nghién ciru diéu khién
tdc do hé hai vat, sao cho giam dugc dao dong cong huong va
cai thién do bén virng cua hé théng.

2. Mo hinh h¢ hai vat

MBS hinh h¢ hai vat dugc xay dung c6 dang cAu trac nhu

[5L.[12]:

Dong co

I;.K.B

s

Lyswyps Oy T ,WL,G )JL

Hinh 1: C4u triic cua hé hai vat.

M06 hinh toan hoc hé hai vat nhu sau:
K
T, = T (@) (s)— o, (5))

0 ()= (T, = T,) 1)

1
wL(S): (_TL"'TS;,)
J,.s
M5 hinh toén hoc (1) c6 cac bién trang théi 13 ,,,e, , bién dau

vao la m6é men dong co 7,,, bién dau vao co thé do duoc la
toc do dong co o, .

TL‘I: md hinh toan (1), cAu trac mé hinh toan hé hai vat duoc
thé hién tai hinh 2.

MO hinh toan hoc hé hai vat (1) s€ dua vé dang mé hinh
trang thai nhu cong thure (2):
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{x = Ax+ BT, +B,T, o

y=Cx

Trong d6 cac tham sb dwoc xac dinh boi cac ma trdn nhu
sau:

0o —-—— 0
JM 1 T 1 T
i-lk 0 -k ,Blz[o 0 7_} ,B,[_ 0 0}
1 Jr Ju
0 — 0
b
T
x:[wM T, “’L]
C:[O 0 1]
Y3
vy
v L > Ky — ‘;é_»L OLa
sy s + sJp,
o5

B,

Hinh 2: C4u tric mé hinh toan hé hai vat.

3. Thiét ké Backstepping- trwot diéu khién toc
do

Phuong phép thiét ké backstepping thuong xem xét tinh
on dinh cua toan hé théng theo Lyapunov. Phuong phép diéu
Kkhién nay yéu cdu mo hinh toan hoc hé hai vat chinh xac va
dap tmg dong hoc hé thong phu thudc vao tac dong cta nhidu .
Vi vay bo diéu khién backstepping - trugt két hop bd quan
trang thai mo rong ESO duoc dé xuét dé khic phuc han ché
ctia bo diéu khién backstepping. Thiét ké b didu khién toc do
cua hé hai vat duoc thyuc hién theo céc trinh ty nhu sau:
Bude 1: Xdc dinh mé-men xodn truc ddt
Xuit phat tr phwong trinh (1) va van dung 1y thuyét
Backstepping, sai 1éch goc tdc do goc thyce voi gia tri dat dugc
xac dinh theo cong thirc (3):

€ =W, —Wy, (3)
Theo tiéu chuén 6n dinh Lyapunov, can ton tai ham J, Xac
dinh duong dé 3) on dinh tai géc toa d9. Vay ham V,; duogc
Ivra chon nhu sau:

1= EeL 4)

Dao ham ham 7} nhu cong thirc (5) :

. ) ) ) 1 )
Vi=ee =e(o,-w,)=¢ (J_(T\ _TL)_a)L(I] Q)

L

Trong cong thie (5), 7,,1a bién diéu khién ao, vdy md men
xoan tryc dit dugc tinh toan theo (6) :

T, =1, —J, (=i, +ce,) (6)
Trong d6: 7, m6-men tai udc luong qua bd quan sat mé
rong ESO, s€ duoc trinh bay chi tiét tai muc 4.
Buée 2: Xdc dinh géc quay toc do dat ciia tai
Sai s6 mé-men xodn truc ndi nhu :

e, =1.-T, (7
Thay thé phwong trinh (6) vao (5), phuong trinh (8) nhu sau:

; 1 .
Vi=e [J_(en +T, _TL)_a)LdJ
’ (®)

1 1 -
=—ce +—e,e, +—e, (T, -T,
q 1.) L JL L™T: JL L( L L)
Theo tiéu chuan 6n dinh Lyapunov, V, dugc xac dinh nhu:
1,
h=h+se )

Pao ham V,:
V2 = Vl +eTseTs

o, .
=—qe +J_eLeTs +erer

L
1 .. 10
=} ver (e, +1, - T,y) 1o
Ji
2 1 :
=—qe +eTs(J_eL +K; (wM ‘wL)‘Tsd
L
Vay toc goc quay tde do dat duge thé hién qua (11) :
Tsd_CZQZ 1
Wy =———————— e +w 11
Md K, JLKsl L (11)

Budrce 3: Xac dinh mé men thuc cia dong co
Tai budc thiét ké nay tién hanh lua chon mat trugt c6 dang
nhu sau:

e, =a(w, —w,,) (12)
Theo Lyapunov véi mat trugt thi ham V dugc lya chon nhu:

1

V=V+ 552 (13)
Tién hanh dao ham ham ¥ nhu (14) :

= —clei —cze%S +eya(wy —dyy) (14)

1 )
=—qie; — e, +eya(—(Ty =T,) =)
Ju

Vay mé-men thyc dong co dugc tinh toan nhu (15):
Ty :JMd)Md+7;_J7M(c3 sgn(e;) +cye3) (15)

4. Thiét ké bd quan sat trang thii mé rong
ESO

Theo tai liéu [14] thi by quan st trang thai véi m6 hinh (16)

va cau truc by quan sat hinh 3 :
Y= A%+ Bu+L(y-9
X =Ax+ Bu (=) (16)
y=Cx

Trong do: ) . i

A,B la ma tran cta bién trang thai va dicu khién.

L 1a ma tran d9 lgi quan sat can dugc lya chon phu hop.

C la ma tran dau ra. .

%, v 1a udc lugng bién trang thai x va daura y.

(y—yp)lasai s0 quan sat thé hién sy khac nhau giita ngd ra

do dugc thuc té y(?) va ngd ra P=C% .
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Thanh phan thém vao 7(y — ) cung cap mot sy didu chinh
chu dong ngay khi sai s6 cuia sy quan sat 1a khac 0.

Vi vay b quan sat trang thai dugc thict ké sao cho sai s6 udc
luong e(r) — 0 khi  — o0, bang cach tinh toan ma tran L
sao cho sai s6 udc lugng e(?) 6n dinh tiém cén khi tat ca cac
nghiém cuia phuong trinh dao ham sai s0 € nam bén trai mat
phang phtre. Sai s6 udc lugng e(z) dong vai tro la dap Gng cta
bd quan sat.

u Y|

+:

H

& £=Af+Bu+l(y-9)

Hinh 3: B quan sat trang thai.

Trong hinh 3, thiy bo quan sat c6 hai tin hiéu vao 1a u, y va
mot tin hiéurala 1. B) quan sat 1a tao ra udc lugng * sao cho
#(2) —> x(z) khi ¢ = 0 . Sai s6 udc lugng ciia by quan sat
duogc dinh nghia:
F(0) = x(1) — X(2) (17)
Bo quan sat dugc thiét ké sao cho %(z) — 0. Néu h¢ quan sat
duoc }hi ma tran L duoc xécr dinh, sao cho sai s6 udc luong
X(¢) On dinh tiém can. Sai s6 udc lugng () dong vai tro 1a
dap rng ctia bg quan sat.
Pao ham sai s6 udc lugng (16) co két qua nhu (18)
¥=A(x—%)—LC(x—%)=(A4—-LO)X (18)

Muc tiéu thiét ké bQ quan sat la tim ma trin khuéch dai quan
sait L sao cho tat cd cac nghi€ém cua phuong trinh
|s] —(4- LC)| =0 nim bén trai mat phiang phtc. Vi viy ma
tran L dugc xac dinh nhu (19):
|SI—(A=LC)[=s* +5° B, +5" By +5B, + B, = (s +w,)* (19)

2 3 4
=4w,, B, =6w ), B, =4w ), B =w

1a cac thanh phan s6 hang ctia ma tran L ctia bo quan sat. Cac
thanh phan nay dugc lya chon bang phuwong phap gan diém
cuc v6i tat ca cac diém cuc cta hé chung tai —w, nam bén
trai truc ao.

Bén canh d6 ddi v6i hé hai vat dé wdc lwong nhidu tai thong
qua ma tran chuyén ddi 7 nhu cong thirc (20) :

Trong d6 f,

1 0 0
r=|0 -J, 0 (20)
1 0 J,/K,

bit x" =77'x. Vay phuong trinh khong gian trang thai duoc
viét lai nhu cong thic (21).

X =x+T,/J,

x; = x;

X, =x, - KT, /J;, 20

%, =h

y=x
Trong do: xl* ,x; , x; céc bién trang thai

. L K. /J, K, T

Thanh phan nhiéu X, = (—T 7, ) X, — J J

h 14 trang thai chua biét, c6 thé dwoc wéc luong bing bd quan
sat trang thai mo rong ESO.
Khi @6, cac gia tri cua cac trang thai hé thong s€ dwoc tinh

toan laila x = T: va gia tri moé men tai s€ dugc tinh theo (22) .
. J
=[x )= (22)
M L Ks

Vi vy mé hinh quan sat duoc dua vé dang cong thirc (23):

% =AX +Bu+Eh
L (23)
y=Cx
Trong do:
0100 1/J, 0
. 100 1 0 ., 0 0
A = S = , [E=
0001 K, 1J} 0
0 00O 0 1
c=[0 0 0 1]

5. Két qua mé phong

Céu tric backstepping- truot diéu khién toc do két hop bo
quan sat ESO cho hé hai vat nhu hinh 4. )
Keét qua mo6 phéng dugc thuc hién theo thong so nhu Béang 1.

Bing 1. Bing théng s ding trong cac mé phong

Théng sb Ky hiéu Gia tri
Moé-men quan tinh IM Im 1552 Kgm2
Moé-men quan tinh tai Jo 1542 Kgm?2
Hé sb ciling truc Ks 5.931*10°Nmrad™!
Hé sb giam chin Bs 0

Két qua mé phong theo kich ban mé phong va ni dung phan
tich danh gia nhu sau:

+ Tait=0. Is tang tdc dén gia tri dinh muc 10 rad/s
v6i gia thiét qué trinh tir hoa da hoan thanh.

+Tai t=1s dong tai dinh mtrc.



42

Measurement, Control, and Automation

- Bo quan sat
» ESO
¢ = Hé hai vét
e
— N
w T T J, i )
i €y q Cr wl]td Cu . ) 4 l
2 | PK mé-men —Si ] PK tbc do Diéu khién trugt - - - ;
c— —_— S
@y Diéu khién Backstepping sh Wy

Hinh 4: Ciu triic Backstepping- trugt didu khién téc d6 két hop bo quan sat ESO cho hé hai vt.

5.2 Panh gia két qua b quan sat trang thai mé rong
ESO

Thong s6 md phong va kich ban mé phong, bo didu
khién téc do Backstepping-truot nhu bang B1. Cac tham sé
cua by quan sat trang thai mé rong ESO thu dugc nhu sau:

w, =1000

B, = 4w, =4*10°
B, = 6w? =6*10°
B, = 4w’ =4%10°

B, =w'=10"

Bai bao dua ra két qua mé phong dép tng sai s6
mod-men tai, mé-men truc noi thuc vaéi gia tri wéc lugng
duogc the hién qua hinh 5 va hinh 6.

210 . . . .

1

Time[s]
Hinh 5. Dap tng toc mé-men tai 7, va sai so mo-menz, _ 7

[N.m]

Time[s]

Hinh 6. Dap tmg toc mé-men truc noi f, va sai s6 mo-men truc noi T,-T

sh

Tir két qua mé phong hinh 5 va hinh 6 nhén thay rang
tai thoi diém ban dau (tai t=0s) dap ung udc luong mo-men
tai va moé-men truc ndi xuét hién dao dong twong ddi 16n
(35%), tuy nhién cac dap ing udc lugng moé-men nay sau 0.3s
nhanh chong bam sat véi gia tri thuc, bén canh d6 dap ung sai
léch u6e lugng mé-men ciing cho thdy gia tri sai 1éch nhanh
chong giam vé 0 sau 0.2s. Vi truong hop dong tai dinh mirc
tai t=1s, két qua gia tri moé-men udc lugng twong ty nhu
dap ung wéc lugng mé-men tai va mé-men xodn, tuy nhién
van ton tai sy dao dong nhung 1a gia tri nho va nhanh chong
bam sat gia tri thyc. Qua d6 nhén thdy rang bo quan st bién
trang thai ESO cho két qua dang tin cdy, thuc hién thiét ké
nhanh, don gian.

5.3 Panh gi4 két qua b diéu khié Backstepping-truot két
hop ESO véi PI

Bo diéu khién backstepping-trugt véi cac hé s6
Cl=15, C2=60, C3=30, cs=25

B9 diéu khién PI voi K,=20; K;=0.9.

Vi kich ban mé phong, két qua mé phong dép tmg
tbc do dong co va toe do tai ciia bo diéu khién dugc thé hién
qua hinh 7. Tir két qua mé phong hinh 7 nhan thay déap tmg
toc do dong co va tai clia bo diéu khién backstepping-truot di
dap tit dao dong cong hudng, tuy nhién van con dao dong nho
v6i do qua diéu chinh 10%, tai thoi diém khoi dong va 15%
tai thoi diém dong tai dinh nrc va thoi gian xac lap la 0.22s
trong ca hai trudng hop khéi dong va dong tai dinh muc vao
hé hai vat.

12 T T

T T T T T T

T
10rad/s

10 [
-
g - V =——WL.-B-SMC | |
— wu-B-SMC

rad/s
(=)}
T

Timef[s]

Hinh 7. Bap tmg tbc d6 dong co va phu tai by DK Backstepping-truot.
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D¢ kiém ching tinh ding dén ciia Iy thuyét, phuong phap diéu
khién dé xuat s€ dugc so sanh véi bd diéu kpién PI [6]. Keét
qua mo phong cua hai phuong phap dic¢u khién dugc thé hién

qua hinh 8 va 9.
‘ PI
— = B-SMC

18 T

rad/s

1 1 1 Il I 1 1
0 0.2 0.4 0.6 0.8 1 12 14 1.6 1.8 2
Time[s]

Hinh 8: Déap img toc do dong co theo diéu khién Backstepping-trugt va PI.

Pl
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Hinh 9: Pap tng tdc do tai theo diéu khién Backstepping-truot va PL.

Qua hinh 8 va 9 nhan thay dap vmg toc do dong co-tai
clia b diéu khién backstepping-trugt c6 két qua kha quan hon
b diéu khién PI nhu qua diéu chinh tdc d6 nho 10%, thoi gian
xac 1ap 0.18s tai thoi diém khoi dong va dong tai dinh muc
vao hé thong, trong khi d6 bo didu khién PI c6 do quéa diéu
chinh tai thoi diém khai dong 16n (62,5%) va 13% khi tai dinh
murc, thoi gian xac 1ap 2,5s. Tuy nhién bo diéu khién
backstepping-trugt két hop bd quan sat ESO vtai thoi diém
qua do dap ung tc d6 van ton tai do qua diéu chinh tai qua
trinh va thoi gian 6n dinh con cham. Bén canh do, thiét ké bo
diéu khién toc d6 theo backstepping-truot phirc tap, nhiéu
diéu kién rang budc hon bo diéu kién PI va chua giai quyét
bai toan chdng rung cho bo diéu khién trugt.

6. Kétluan

Bo diéu khién backstepping-truot két hop bo quan sat
ESO 1 mot giai phap diéu khién hé hai vat da giai quyét van
dé téc @6 dong co tai bam sat téc dong dong co, khic phuc
hién tuong dao dong ciia khop mém va ting do bén vimng,
giam sy cong kénh cua hé thong va chi phi thiét bi do luong
ma van dam béo thong s quan sat chinh xac. Tuy nhién dap
{mg tdc do van ton tai d6 qua diéu chinh tai qua trinh qua do
va thoi gian 6n dinh chdm. Pay s& 1a hudng giai quyét cua bai
béo tiép tuc cai thién b diéu khién backstepping-trugt két hop
bd quan sat trang thai mé rong ESO bang bd sung thém bo
diéu khién trugt chong rung, hay diéu khién thich nghi mat
trugt trong twong lai. Bai bao nay la mgt cong trinh nghién
ctru khoa hoc khac di gop phan thém vao viéc hoan thién cac
nghién ciru didu khién toc d6 hé hai vét trong 1y thuyét.
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