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TOM TAT

Bai bao nay trinh bay phuong phap thiét ké bo diéu khién bam vi tri cho robot
lién két don linh hoat tng dung k¥ thuat cudn chiéu. Pay 1a hé thdng duoc sir dung
rong rai trong nhiéu tng dung ma robot tuong tac vdi moi trudng hodc véi con nguoi.
K§ thuat cudn chiéu 1a mot trong nhitng bude dot pha trong didu khién hé thdng phi
tuyén. NO c6 thé dam bao sy 6n dinh toan cuc, cai thién hiéu suat bam va qua do.
Tinh 6n dinh cta hé thdng dugc chirng minh bang 1y thuyét Lyapunov. Cac két qua
moé phong véi MATLAB/Simulink cho thay hiéu qua ctia bo diéu khién d& xuét véi
thoi gian tang dat 3.1524s, thoi gian xac 1ap 13 5.7324s, d6 vot 16 1a 0% va sai sb xéc
lap tién vé 0.

Tir khéa: robot, k¥ thuat cudn chiéu, Lyapunov, MATLAB/Simulink

ABSTRACT

This article presents the method of designing the controller of single-link flexible joint
robot position tracking using a backstepping technique. This system has been widely used in
many applications where robots interact with environments or with humans. Backstepping
method is one of the most breakthrough methods for controlling the nonlinear system. It
can guarantee global stability and improvement of tracking and transient performances.
The stability of the system is proven by Lyapunov's theory. Simulation results in MATLAB/
Simulink show the effectiveness of the proposed controller with the rising time reaching
3.1524s, the settling time is 5.7324s, the percent overshoot is 0% and the steady state
error converges to zero.

Keywords: robot, backstepping technique, Lyapunov, MATLAB/Simulink

1. Gioi thiéu dong cao hon, hiéu qua ning luong va sb

Trong nhitng nim gan day, viéc nghién lwong img dyng 16n hon [1 -2].

ctru vé robot lién két don linh hoat da dugc Robot lién két don linh hoat di duoc
phat trién rong rai nho trong lugng nhe, nhiéu nha khoa hoc quan tim nghién cuu
chi phi thap hon, khéi lugng cong viéc 1on  va cong bd, chang han nhu diéu khién truot
hon, kha ning co dong tot hon, tc do hoat  thich nghi mo t6i wu dwa vao bd didu khién
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tuyén tinh hoa hoi tiép trong [1], diéu khién
md no-ron thich nghi dugc phat trién trong
[2], trong [3] d3 sir dung md hinh tuyén tinh
da vung dua vao diéu khién bam ngd ra, bo
quan sat dwa vao diéu khién trugt tich phan
dugc dé xuat trong [4], diéu khién rung du
c6 d6 cimg va giam chan thay dbi dugc
xem x¢ét trong [5], trong [6] da tién hanh
phan tich dac tinh hdi tu thoi gian hitu han
ctia bo diéu khién phtc hop. Nghién ctu
nay dé xudt va kiém chung hiéu qua coa k¥
thuat cudn chiéu trong diéu khién bam vi tri
gbc quay ciia robot lién két don linh hoat.
K¥ thuat cudn chiéu 1a mot trong nhimng
budc dot pha trong didu khién hé thong phi
tuyén. N6 c6 thé dam bao sy on dinh toan
cuc, cai thién hiéu sudt bam va qua do [7].
Céc phuong phap diéu khién cudn chiéu
khac nhau da duoc str dung rong rai dé gidi
cac bai toan diéu khién hé thong phi tuyén.
Phuong phéap nay di duoc phat trién cho hé
thng Lotka-Volterra Prey-Predator v6i do
tré thoi gian khong doi trong [8]. Mot k§
thuat diéu khién cudn chiéu da dugc thuc
hién trong [9] dé 6n dinh tiém cén cho hé
thdng phi tuyén véi hoi tiép ngd ra tinh tri
hodn. Phuong phap cuén chiéu thich nghi
bén viing két hop voi hdi tiép hé théng phi
tuyén sur dung mang no-ron nhén tao dugc
thyuc hién trong [10].

Bai bao duoc t6 chirc gdm 5 phan: mo
hinh toan hoc cua robot dugc trinh bay
trong phan 2, phan 3 trinh bay cac budc
thiét ké bo diéu khién dua vao ky thuat
cubn chiéu, cac két qua mo phong va danh
gia duoc trinh bay trong phan 4 va phan 5
1a két luan.

2. M6 hinh toan hoc robot lién két
don linh hoat

Mé hinh robot lién két don linh hoat
nhu Hinh 1 [1].
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Hinh 1. Robot lién két don linh hoat

Phuong trinh dong hoc cta robot lién
két don linh hoat nhu (1) [1]:

{Iql +MgLsing, +K(q1 —qz): 0
.. 1
JQ2+K(Q2_%):U M

Trong d6, ¢, € R" viq, € R" lan lugt
1a gbc lién két va goc dong co, K 14 do chic
chan cua lién két, u e R" 13 ngd vao diéu
khién, J 14 quan tinh ctia dong co, 7 1a quan
tinh cta lién két, M 1a s6 luong lién Kkét, L
1a chiéu dai tir mdi ghép dén tim lién két.

Dinh nghia cac bién trang thai nhu (2):

X =4,
X, =q, (2)
XN =49
X, =q,

Khong gian trang thai cta hé thong (1)
duoc viet nhu (3):
,xl =X

T —

A3

\)'c4 :%(U—K()% —xl))

Phuong trinh (3) cta hé thong c6 thé
dugc viét don gian nhu (4):

:x4
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X =5

X, =X+ g(x)

X =% 4)
X, = f(x)+mu

Trong d6, x=[x x x, x] la
vector trang thai, f(x)=K(x,—x)/J,
g(x)=—x,—MgLsin(x,)/ I —K (x,—x,)/I
vam=1/J.

Sai s6 duoc dinh nghia nhu (5) va (6):

Q=X X, (5)
e =X —X, (6)

Trong d6, x, 1a vi tri thuc t& va x,, 1a
vi tri mong mudn cua robot. Muc ti€u dicu
khién la x, bam theo x,,, X, bAm theo X,,.

3. Thiét ké bo diéu khién dwa vao ky
thuét cudn chiéu

Phuong phép thiét ké bo didu khién
cuon chiéu cho robot lién két don linh hoat
duoc thuc hién theo cac budc nhu sau [11]:

Bude 1

Dinh nghia sai s6 nhu (5) va dao ham
cua (5) nhu (7):

G =X —X,=x,-%, (7)

bé e, > 0, ham Lyapunov dugc dinh
nghia nhu (8):

1
V= > e (3
Dao ham cua (8) nhu (9):
Vl = elél =€ (xz _xld) )

D¢ 7, <0, néu ta chon x, —% =—ke, k >0,
thi ta duoc V1 = ke

Budc 2
bé X, _de = _klel X, = xld _klel ta
chon diéu khién a0 nhu (10):

Xpg =Xy —hy (10)
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bé x, — x,,, ta c6 sai s6 méi nhu (11):

(1n)
Thé *, trong (4) vao dao ham ctia (11),
ta duoc (12):

o =y Aoy =g +g(x)_x2d

Lic nay, (9) tré thanh (13):

€ =Xy =Xy

(12)

Vi=e (xz _xld) =€ (x2d +é, _xld)
=¢ (%, —ke +e,—x,) (13)
= —klel2 + e
DPé ¢, — 0 va e, — 0, ham Lyapunov
duoc thict ké nhu (14):

Vi=Vitse=(drd) 4
Sau do, ta c6 (15):
V,=—ke’ +ee, +e, (x3 +g(x)—)'c2d) (15)
Dé ¥, <0, néu ta chon
e+x,+g(x)—%, =—ke,, k>0 (16)
thi ta s& co: V, = —k,e — k,e?
Budce 3
De ¢ +x,+g(x)— %, = ke,
=X :)fzg, —g(x)—ke,—e,
ta chon di€u khién ao nhu (17):
Xy =%, —g(x)—ke,—e  (17)

bé x, = x,,, ta dugce sai sO méi nhu

(18):

€= Xy~ X3y (18)
Sau do ta c6 (19):
&= X, —X;, =X, —X;, (19)
Dé e, >0, e, >0, ¢, > 0, ham Lyapunov
duoc thict ké nhu (20):
1 1
V.=V, +5e32 =5(e12 +e +e32) (20)

Sau do:
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V,=-ke' +ee, +e, (x3 +g(x)—)'c2d)+e3é3
=—kel +ee, +e, (e3 +X,, +g(x)—5c2d)+e3é3
=—he —ke; +ee,+e(x, +1,,)

_ 2 2 .
=—ke' ke +e, (e2 +X, +x3d)

bé ¥, <0, ta chon
€ +X, =X, = —k3€3,

Sau do, ta s€ c6 (23):

k>0 (22)

V; = _klelz —k2622 _k3e§ (23)
Buéce 4
Dé e, +x, —x,, =k,

= Xy =l —=ke %,
ta chon diéu khién 4o nhu (24):

X,y =%, —ke +e, (24)

Dé x, — x,,, ta c6 sai s m&i nhu (25):
€, =Xy~ Xyy (25)

Sau do, ta co (26):

é, =%, —x,=f(x)+mu-%,, (26)
Pé e, —>0,¢, >0, e, >0, ¢ >0, ham
Lyapunov dugc thiét ké nhu (27):
1 1
v, =V, +§ef =5(e12 +el+el +e§) (27)
Luc nay:
V,=—ke' ke +e, (62 +Xx, —)'c3d)+
e, (f(x)+mu—fc4d)

vi

(28)

e(e+x,-%,)=¢ (e, +x,+e,-%,)
=56 24y —k3e3—e2+e4—)'c3d) (29)
2
:e3e4—k3e3

Nén ta c6 (30):

7 2 2 2 :
Vo=-he ke +ee, -k +e(f(x)+mu-1,,

=—ke ~ke, ~kes +e,(f(x)+mu-3,

) (30)
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bé V, <0, tachon

e, + f(x)+mu—x, =k, (31

Luc nay:

V,=—ke' —ke; —kel-ke (32

Tir (31), ludt diéu khién cuén chiéu cho
robot lién két don linh hoat nhu (33):

u= i(—f(x)+x4d ~ke,—e¢;) (33)

m
4. Két qua md phong va danh gia

So dd mo phong bo didu khién dé xuit
duoc trinh bay nhu Hinh 2.

15

0 n

»E—( Ky thuat cuon_chien

L 80 45

Hinh 2. So d6 mé phéng trong MATLAB/Simulink

Cac thong s6 cua robot lién két
don linh hoat nhu sau [11]: M=0.2(kg),
L=0.02(m), I=1.35x10*(kg), K=7.47(Nm/
rad), J=2.16x10"(kgm*) va k=0.35,
k,=3.5, k,=80, k,=50 1a cac thong s6 cua k§
thuat cudn chiéu.

Pap tng vi tri va sai sb cua robot khi
ngo vao la 1(rad) dugc trinh bay nhu Hinh
3. Két qua tir Hinh 3 cho thay rang vi tri
thuc té (g,) cua robot hoi tu vé vi tri mong
muén (g, ) véi thoi gian ting dat 3.1524s,
thoi gian xac 1ap 1a 5.7324s, sai sb xac 1ap
tién vé 0 va khong co vot 15. Cac chi tiéu
nay duoc trinh bay ¢ Bang 1 va né chung
t6 hiéu qua cua k¥ thuat cudn chiéu trong
diéu khién vi tri robot.

Bang 1. Cdc chi tiéu chat lrong ciia ky
thudt cuén chiéu
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Cac Thoi | Thoi | Do |Sai so
chi tiéu | gian | gian | vot | xac
chat ting |xaclap| 16 lap
lugng | () (s) | (%) | (rad)
Ky thuat
cudn | 3.1524 [5.7324| 0 0
chiéu
Dip iing vi tri cila robot
g IlFp=-====
5 05f —
[aa] _ql
00 5‘ 1‘0 1‘5 20
Sai sb dap tng vi tri ciia robot
| | | T
[aa] ol
0 ; 1‘0 I‘S 20

Thoi gian(s)
Hinh 3. Ddp tng vi tri va sai sé ctia robot
khingé vao la 1(rad)

Dap wng vi tri ciia robot v6i ngd vao since
T T T

— -qdl 2
—q, /_

=}

Vi tri(rad)

= :
- b o
T T T

(=]
[
=S
G
%)
=3

bap l'mg vén te cia rohnt véingoé va‘:o since

o

Vén toc(rad/s)

.© :
—u\ou-»—

=V
mong muén

thuc té

20
Thoi glan(s)

Hinh 4. Bdp iing vi tri va vén téc bdm ctia robot

Dap mg vi tri va van toc bam ciia robot
khi ngd vao la ham since ( x,, = sint ) dugc
thé hién & Hinh 4. Vi tri thuc té cua robot
van bam theo vi tri mong muén trong thoi
gian hiru han véi sai s6 hoi tu vé 0 va van
tdc thuc té cua robot cling hoi tu vé van
tbc mong mudn. Hinh 5 trinh bay ngd vao
diéu khién robot va tin hiéu nay da diéu
khién bam t4t vi tri cta robot. Tuy nhién,
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né van con dao dong voi bién do trong
khoang + 9(V).

Tin hi¢u diéu khién robot véi ngd vao since

20y T T T :

Ngd vao diéu khién(V)

0 5 10
Thoi gian(s)
Hinh 5. Ngé vao diéu khién ctia robot

Dip tng vi tri ciia robot véi ngd vao since khi ¢é nhiéu

Vi tri(rad)

0 ; I‘0 15 20
 Thai gian(s)
Hinh 6. DBdp ting vi tri cia robot véi ngé vao
since khi cé nhiéu

Dap ung vi tri ctia robot vdi ngd vao
since khi ¢6 nhiéu tring tic dong vao ngd
ra ctia robot (gia sir nhidu cam bién) véi
cong suit 0.001(w) dugc trinh bay nhu
Hinh 6. Vi tri thuc té cta robot van hoi tu
vé vi tri mong muén. Piéu nay ching t6 k¥
thuat cuén chiéu bén viing véi tmg dung
diéu khién bam vi tri robot.

5. Két luan

Bai béo da thiét ké bo diéu khién bam
vi tri robot lién két don linh hoat dwa vao
k¥ thuat cudn chiéu. Ly thuyét Lyapunov
da dugc su dung dé chu‘ng minh tinh 6n
dinh cua hé théng. Cac két qua mo phong
v6i MATLAB/Simulink cho thiy vi tri thuc
té (g,) cuarobot hoi tu vé vi tri mong mudn
(g, ) voi thoi gian tang dat 3.1524s, thoi
gian xac 1ap 1a 5.7324s, d6 vot 16 1a 0%
va sai s6 xéac lap tién vé& 0. Vi tri nay van
bén virng khi ¢ nhidu tring tic dong vao
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ngd ra ciia robot. Diéu nay di ching minh  gian t6i, nhom nghién ciru s& tién hanh ap
su pht hop va hiéu qua cta k¥ thuat cuén  dung cac bd didu khién lai hodc diéu khién
chiéu trong ung dung diéu khién bam vi thong minh cho robot dé cai thién hiéu qua
tri robot lién két don linh hoat. Trong thdi  diéu khién.
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