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Abstract: In this paper, the backstepping nonlinear control algorithm with the
Vietnamese name “cuén chiéu” is proposed to control the Pendubot nonlinear
system. Pendubot is a two-DOF underactuated system with a single input and
multiple outputs, with high nonlinearity and an uncomplicated mechanical
model. In this study, the authors propose a backstepping algorithm to control
the Pendubot system at the TOP position by simulation and experiment. In
addition, the stability analysis for the whole system using the Lyapunov method
is also presented in detail in this article. After completing the construction of
the controller and stability analysis, the simulation results using
MATLAB/Simulink software and experiments on the experimental setup are
presented by the authors to evaluate the quality of the controller. The results
of applying the map to simulation and experimental systems show stability
during Pendubot operation with many different tasks including stability at a
balanced position and following given trajectories.
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Tom tat: Trong bai bao nay, gidi thuat didéu khién phi tuyén backstepping cé
tén tiéng Viét Ia bo didu khién cudn chiéu duwoc dé xuat dé diéu khién hé thdng
phi tuyén Pendubot. Pendubot & hé thdng canh tay robot thiéu dan déng hai
bac tw do (2-DOF underactuated system) v&i mot ngd va nhiéu ngd ra (single
input — multiple outputs), cé dé phi tuyén cao va mé hinh co khi khéng phirc
tap. Trong nghién ctru nay, nhdm tac gid dé xuat giai thuat diéu backstepping
dé diéu khién hé Pendubot tai vi tri TOP bang mé phéng va thuc nghiém. Ngoai
ra, viéc phan tich 6n dinh cho toan hé thdng bang phwong phap Lyapunov
ciing dwoc trinh bay chi tiét trong bai viét nay. Sau khi hoan tat viéc xay dwng
bd diéu khién (BDK) va phan tich én dinh, cac két quéd mé phdng bang phan
mém MATLAB/Simulink va thwe nghiém trén hé théng thye dwgrc nhém tac gia
trinh bay dé danh gia chat lwong BDK. Két qua khi ing dung BPK vao mo
phdng va hé théng thuc nghiém cho thay sw én dinh trong qua trinh Pendubot
hoat ddng v&i nhiéu tac vu khac nhau bao gém 6n dinh tai vi tri can bang va
bam quy dao cho trwée.

Twr khéa: Pendubot, backstepping, phwong phap Lyapunov, canh tay robot
thiéu dan déng, mo phong, thwe nghiém.

1. Gi&i thiéu

Pendubot 1& mét hé thdng canh tay robot hai
bac tw do, cé dd phi tuyén cao, va kho diéu khién.
Xét vé hinh dang bén ngoai, hé Pendubot cé hinh
dang twong déng v&i hé théng Acrobot [1]. Tuy
nhién, diém khac nhau cta ching & chd, dbi voi
mé hinh Acrobot, déng co dwoc thiét ké & khdp nbi
cta hai thanh. Con dbi véi hé théng Pendubot,
dong co dwoc két ndi & thanh canh tay cta hé va
dwoc gan chat vao mot bé d&. Két cdu clia hé
thdng Pendubot thwc bao gébm hai thanh déng

chét, mot dong co DC servo kém theo encoder, va
mot encoder dwoc gan tai diém két néi cia hai
thanh déng chat. Chi tiét vé két ciu hé thdng va
cac thanh phan trong hé théng thwc nghiém sé
dwoc trinh bay trong phan 5. Muc tiéu diéu khién
can bang hé Pendubot tai hai vi tri bao gébm vi tri
TOP (tirc 1a ca hai thanh thdng dirng hwéng 1én
nhw Hinh 1a) va vi tri MIDDLE (ttc la vi tri thanh
céanh tay thang dirng xubng va thanh con lac théng
dirng huéng 1én nhw Hinh 1b). Trong nghién ctru
nay, nhém tac gia chi diéu khién hé Pendubot tai vi
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tri TOP.

|~ | { ]

Hinh 1a. Hé théng Hinh 1b. Hé théng
Pendubot hoat dong tai Pendubot hoat déng tai

T —T
vi tri TOP(E;OJ vi tri MIDDLE (T;RJ

Hé théng Pendubot dwoc nhiéu nha nghién
ctu st dung dé &ng dung va danh gia cac bo diéu
khién khac nhau, bao gdm cac bo diéu khién tuyén
tinh (linear control) két hop diéu khién théng minh
va bd diéu khién phi tuyén (nonlinear control). Cac
BDK tuyén tinh két hop diéu khién théng minh
dwgc nha nghién cru (rng (rng dung va khao sat
véi hé Pendubot, chdng han nhw diéu khién toan
phuong tuyén tinh (LQR) két hop logic mé, cé tén
goi Ién LQR-Fuzzy [2], PID két hop mé [3, 4]. Tuy
nhién, dé co thé si dung cac BDK tuyén nay,
ching ta can phai tim dwgc phwong trinh vi phan
tuyén tinh ctia hé. Cac phwong phap tuyén tinh
dwa trén cac gia thiét vé vung hoat dong rat nhé
cla cac bién trong hé thdng tuyén tinh. Trong thuc
t& nhiéu hé théng rat kho tim ra phwong trinh vi
phan tuyén tinh. Néu chung ta tang sbé thanh cla
hé Pendubot, cac BPK tuyén tinh c6 khd nang
khong thé diéu khién dwoc. Chinh vi thé, viéc tng
dung cac BDK phi tuyén la can thiét. Nhiéu nghién
ctu khao sat cac BPK phi tuyén cho hé Pendubot
da dwoc cong bd, chang han nhw diéu khién truot
[5], m& trwot [6], md trwot thich nghi [7], mang than
kinh nhan tao trwot thich nghi [8], diéu khién dwa
vao tinh thu dng [9, 10], két ndi lién két va chi dinh
gidm chén tinh thu dong - diéu khién dwa vao tinh
thu déng (Interconnection and Damping
Assignment Passivity—Based Control) [11],
backstepping [12].

bang & nnk

Trong nghién ctu nay, y twéng twong ddi
giébng véi nghién ctru [12] nhwng nghién ctru nay
chi dirng lai mirc dd khdo sat bang mé phdng.
Chinh vi thé, nhém tac gia nhan thay rang can thiét
xay dung hé théng thuwc nghiém dé khao sat BBK
phi tuyén backstepping. Nam 1990, Petar V.
Kokotovic & nguwoi dau tién dé& xuét ky thuat
backstepping dé& xac dinh ham diéu khién
Lyapunov. Ky thuat nay cé kha nang ap dung cho
l6p dbi twong phi tuyén dang truyén nguwoc [13].
Phwong phap dwa trén cach thiét ké tirng buwédc bd
diéu khién phan héi thda man én dinh Lyapunov.
Bang viéc sir dung phuong phap thiét ké dé qui dé
xay dwng ham diéu chinh, Backstepping cho phép
xay dwng luat diéu khién phan hdi ché ngu dwoc
tinh phi tuyén cia déi twong. Viéc ap dung phwong
phap vao thiét ké bd diéu khién cho hé Pendubot
cho ta két qua dang tin cay va hiéu qua.

Bai bao nay dwoc td chirc theo clu truc nhw
sau: phan 1 gi¢i thiéu khai quat vé hé Pendubot,
lwoc st tai liéu va gidi thiéu muc tiéu nghién clru,
trong phan 2 cla bai viét, hé phwong trinh doéng
lwc hoc clGia hé va muc tiéu diéu khién dworc trinh
bay, thiét ké bo diéu khién backstepping va phan
tich 6n dinh dwoc trinh bay trong phan 4, phan 5
trinh bay vé hé théng thuc nghiém, kiém nghiém
phwong phap diéu khién bang md phdng va thuc
nghiém dwoc nghiém dwoc trinh bay trong phan 6,
tbng két va huwéng phat trién dwoc thao luan &
phan 7.

2. M6 hinh toan hoc cua hé théng

Phwong trinh dong lwc hoc clia hé théng
Pendubot dwoc mo ta trong phwong trinh (1) va (2)
nhuw sau:

D,,q,+D,,q,+C,;q,+C,,q,+G,=1,-b,q, (1)
D,,q,+D,,q,+C,,q,+G,=-b,q, (2)
Trong do
D,, =(6,+6,+26,0,)
D,, =(6, +cos(q,)6;)
C,, =-0,sin(q,)q,
C,, =— (G, +4,)sin(q,)6,
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G, =6,gcos(q,)+6,gcos(q, +9,)
D,, = (6, +cos(q,)d,)

D,,=6,

C,, =6,sin(q,)q,

G, =6.gcos(q, +9a,)

0, =m 12 +m,2,+I_,

0, =m,2,+1_,

0, =m,_.,

6, =(m;+m,)l,

e5 = m2|c2
k2
96 = C+ _t
R
k
0 =_t
" R
VA

»
X

Hinh 2. M hinh phan tich hé théng Pendubot
Cac ki hiéu cta hé thdéng va y nghia cla
ching dwoc trinh bay 1an lwot trong Bang 1.
Bang 1. Tham sb hé Pendubot

bang & nnk
b, Ma séat goc thanh con lac
loq Quan tinh thanh canh tay
. Quan tinh thanh con lac
R Dién tré dong co DC
K, Hang s6 mdé men xodn
J, M& men quan tinh déng co

M& men xoan dwoc tao ra bdi doéng
co tai truc quay cua thanh canh tay

u Dién ap cép dong co

g, Goc thanh canh tay

a, Géc thanh con lac

d, Van téc géc thanh canh tay
a, Van tdc géc thanh con lac
d, Gia téc goc thanh canh tay
d, Gia toc goc thanh con lac

Tham sé6 Théng tin

m, Khéi lwong thanh canh tay

les Chiéu dai tam thanh canh tay
m, Khéi lwgng thanh con lac

le2 Chiéu dai tam thanh con lac

Gia tdc trong trwéng
b, Ma sat géc thanh canh tay

Vi tin hiéu dau vao thwc té cia hé thdng
Pendubot |a dién ap cap vao déng co DC nén viéc
chuyén ddi phwong trinh toan hoc dau tién dwoc
biéu thij trong (1) ctia hé thdng sang phwong trinh
maoi dwoec trinh bay theo céng thire duwGi day:

U T, +J.. 0, + 6,9,

3 )

3. Thiét ké bo diéu khién backstepping

Trong phan nay, phuwong phap dé xuét
backstepping dwgc nhdm tac gid xay dwng dé diéu
khién trwc tiép hé thdng phi tuyén Pendubot bang
cach thay thé (3) vao (1), cac phwong trinh toan
hoc méi ctia hé théng Pendubot st dung v lam dau
vao nhuv sau:

(Dyy+ )0, + Dy, G, +(Cyy+ 05 +by)a,

: (4)
+C,q,+G,=6,u

D21 d1 + D22 dz + Cz1 q1 + bzqz + Gz =0 (9)
Chung ta bién déi (4) va (5) thanh dang nhuw

mo ta trong (6). Do dé, ta cé phwong trinh m&i nhw
sau:

d1 = F1(q,Q) + B1(Q1q)u (6)
dz = Fz(q1q)+Bz(q’q)u (7)
Trong do
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E(q, q) — 'D12D21(C11+es+b1+C12+G1)
(Dzz(D11+Jm )'D12D21 )(D11+Jm)
i (C21q1 +b2q2 +G,)D,, _ Y +0,+b,+C,,+G,
D22(D11+Jm )'D12D21 D11+Jm

B,(q,q) = 6, [D12D21+D22(D11+Jm)'D12D21]
1 (D11+Jm )(D22(D11+Jm )'D12D21)

Fz(q’q):
D21(C11+96+b1)+C D +D G -(C21q1+b2q2+G2)(D11+Jm)

12-21 2171

D, (D,,+J,)-D, ;D

12=21

D21e7
Dzz(D11+Jm )'D12D21

Bz(q,Q) ="

Ap dung dau vao nhw sau dé& chuyén hé (6),
(7) sang hé m&i nhu sau:
_ _F1 (q’q) + ut

"B ©)

V&i u, 1a ngd vao diéu khién cla phuwong
phap backstepping sé dwoc trinh bay bén dudi.

Vi dau vao trong (8) ap dung cho hé théng
nén chung ta chuyén doi thanh hé thong méi dwoc
mo ta nhw sau:

g, =u, ©)
g, = F(9,9) +B(q,q)u, (10)
Trong doé
~ - F1(q!q)82(q=q)
F(q.9)=F,(qq) - —+———2"—
(9,9)=F,(a,9) B.(3,0)

oca-34

Chung ta dinh nghia bién diéu khién ma&i cia
hé théng nhu sau:

Z,= Cl(q1 _q1d)+C2(q2 _qu)

. . ()
_CS((qZ - q2d) - (q1 - q1d )B(qvq))
LAy dao ham cua (11), ta dwoc:
21 = C1q1 + Czqz
(12)

—¢4(F(a,9) — (9, — G4y)B(a,0))
Ham 6n dinh phu hop duwgc xac dinh nhw
sau:

bang & nnk

o = C4(F(a,9)— (9, — 4,4)B(9,9)) (13)
—k,z,-¢,q,
Bién z, dwoc dinh nghia nhw sau:
z,=¢,0, o (14)
Khi z, - 0, ta co ¢,g, > a, sau do ta dwoc:
z,=2z,-kz, (15)
Pao ham z,, ta duoec:
z, = cu, +¢,F(q,q) + ¢,B(q,q)u, + c,F(q,q)
~C4(G; — G,4)B(0,4) — ¢, B(q,a)u, +k 2,
Trong doé
Faq)= TG0 Fad;
oq, oq,

oF(a,9) .. ) .
+ (9 a) a, = f,(a,9) + g,(a,q)u,

(16)

1

oF(q,q) .
EACLIRY
oq, oq,

o OB(gG). | OB, .
B(q.) = a(g Vg, + 6(2 Vs,
1 1

oB(q,9) .. . .
+ (9 q)q2 =1,(q,9) + g,(q.q)u,

0B(q,q) .
L BE@a)
aq, oq,
aq, 09,

0B(a,q) .. . .
+BOD gt (q.a)+ 9.0,

B(q,q) =
oB(q,q) .
L Baa)
oq, aq,
Dé dam bao cho hé théng 6n dinh thi
z,=-z,-k,z, (17)
Thay (16) vao (17), ta c6 luat diéu khién cho
hé théng:
_CzF(q’ q) - C3f1 - Ca(q1 - q1d )fs
B -c.f,+kz, -z, -k,z, (18)
C, + CzB(q’Q) +C,9, - Cs(q1 - qm )93 +C,9,

t

Luat diéu khién cubi cung dat dwoc bang
cach thay (18) vao (8), ta co:
_-R@a)+u
B,(a,9)
Trong dé
_CzF(q’q) - Caf1 - Ca(q1 - q1d )fs
—c.f,+kz, -z -k,z,
v = - ; :
C, + CzB(q’q) +C;9, — Ca(q1 — 0y )93 +C,9,

(19)
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4. Phan tich én dinh cta hé théng véi giai thuat
backstepping
Ham Lyapunov dwoc dinh nghia nhw sau:

1 1
V= §k1z12 + Ekzzg (20)

Dao ham cda ham Lyapunov da xac dinh cé
thé dwoc tinh nhw sau:
V=k.z,z, +k,z,2, (21)
Sau khi ap dung luat diéu khién (19) cho
Pendubot, thu dwoc két qua:
V=-k,z? -k,z2 (22)
Phwong trinh trong (22) dam bdo rang
V(t) < V(0) theo thoi gian, do d6, z, - 0va z, >0
Khi z, - 0va z, — 0, néu vi tri ban dau cla
hé théng gan va&i diém can bang , chung ta cé thé
dat dwoc do6 6n dinh tiém can téng thé ctia hé
théng, diéu do co nghia la g,va q,sé hoi tu dén
diém dat hay (9, -—9,4) >0, va (4, -q,,) > 0.
dz = F(dez) + B(qziéb )U =0 (23)
z,=0
Khi q, va q,tién vé vj tri dat, thi ta co dwoc:

C cng . .
Oy — Oy = —C—3B(q,q)(q1 — Q) (24)

1

i . 4L +3l
Vi B(Q,,q,)=—4—"

2

doé, (q,—-9q,4)—0va (q,—-q,,) > 0.

>0 khi z, >0, Do

5. Hé thong thwc nghiém Pendubot

Trong phan nay, nhém tac gia gisi thiéu vé
hé thdng thuc nghiém Pendubot ma nhém tac gia
xay dwng dé& phuc vu cho nghién ctru nay. Hinh 3
va Hinh 4 trinh bay lan lwot vé& hé Pendubot dang
& trang thai nghi va can bang tai vi tri TOP khi
nhang giai thuat backstepping vao hé thuec.

Trong Hinh 4, cac thanh phan c4u tao nén hé
théng thwc nghiém dwoc danh sb va mé ta theo
th&r tw nhw sau:

1. Vi diéu khién STM32F407VG Discovery.

2. Bong co Nidec DC servo series F co kém

cam bién encoder 200 xung.

bang & nnk

3. Thanh canh tay cta hé.

4. Thanh con l3c cda hé.

5. Cam bién encoder thanh con lac 600
xung.

6. Driver IR2184.

7. B chuyén dbi ngudn cung cap 220 VAC
- 24 VDC.

8. Mach chuyén déi CP2102 USB UART.

9. Ngudn cung cép 220 VAC.

0y T

Hinh 3. Hé Pendubot & trang thai nghi

Hinh 4. H& Pendubot can bang 6n dinh tai vi tri
TOP khi trng dung BDK backstepping

e

Hinh 5. Thanh phan hé théng thuc nghiém
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6. Két qua kiém nghiém trén mé phéng va thwc 1

nghiém Iy = §m1li1 kg m?
Trwoéc tién, nhom tac gia trinh bay cac thdng | 1 ,
s6 hé théng Pendubot ma nhém dung trong nghién c2 = §m2lc2 kg m
ctru nay. Cac j[hc‘)ng sO hé thc‘)n’g nay dwoc nhom R = 3233 0
tac gia cung cap dwa trén hé thong thyc nghiém.
o £ LA sk . . L k, =0.14752 Nm/A
Théng s6 hé thong duwgc trinh bay chi tiét
trong Bang 2 sau day: Jn = 2.4863e-07 kg m?
Bang 2. Thong s6 hé Pendubot Théng sb bd diéu khién backstepping dwoc
Gia trithong s6 hé thong Don vi chon va trinh bay trong Bang 3 nhw sau:
m, =0.11129 kg Bang 3. Thong sé bo diéu khién backstepping
I, =0.13063 m c, =90
m, = 0.02929 kg c, =70
|, =0.10165 m c,=4
g=9.81 m/s? k,=10
b, =0.0067476 1/s k, =20
b, = 9.8684e-10 1/s 6.1. Két qua mé phéng

(el
— = 2) |

1)

(

b
|
()
]
i
ufus] s

:
B
>

[T

@ —T—| @

D B T - —

e =

D [ el H\ (5)

1 ini ;\ Outi ' i’o i}

; |

% Lo s l R

e T

B e, ' ()

E o “"—‘”" s g

E a 2l = ~

@ = i j ui_dur

E} L A Tracking signald y

Hinh 6. Chuwong trinh mé phéng diéu khién hé thédng Pendubot bang giai thuat backstepping
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Trong phan nay, nhém tac gia thwc hién ba
trwong hop dé kiém tra danh gia giai thuat
backstepping khi trng dung vao hé Pendubot bang
phan mém Matlab/Simulink. Chuwong trinh mé
phdéng diéu khién hé théng Pendubot bang phuong
phap backstepping dwgc moé ta trong Hinh 6 bao
gdm cac khdi nhw sau:

1. Khdi hé thdng Pendubot: mé hinh toan hoc
cta hé théng dwoc 1ap trinh trén Matlab.

2. Khéi tinh toan nang lwong dung cho bo diéu
khién swing-up.

3. Khéi bod didu khién swing-up: bd diéu khién
swing-up bang phwong nang lwong dwoc
tich hop trong mé phéng dé dwa hé théng
lén vi tri can bang thdng dirng hwdng 1én.
Tuy nhién, bai nghién ctru nay tap trung vao
diéu khién can bang bang phwong phap
backstepping cho hé théng Pendubot nén
nhom tac gia khéng ban bac sau vé bo diéu
khién swing-up.

4. Khéi bo diéu khién can bang bang phuwong
phap backstepping: chirc nang ctia khéi nay
la diéu khién can bang hé théng va diéu
khién bam quy dao.

5. Khéi chuyén tiép gira bd diéu khién swing-
up va bd diéu khién can bang backstepping.
Trwong hop 1: gid tri ban dau la q, = 0.2

(rad) va q, = 0.2 (rad)

DO THI BIEU DIEN GOC CANH TAY VOI GIA TRI DAT
T T T T T T T

pr—
|= = amd

q1 (rad)

4 4 . L - L
2 25 3 35 4 45
Time (seconds)

DO THIBIEU DIEN GOC CON LAC VOl GIA TRI DAT

| —

= = qad

! | |
0 05 1 15 2 25 3 35
Offset=0 Time (seconds)

Hinh 7. Trang thai d4u vao clia canh tay va géc

4 45
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con lac cta hé théng Pendubot

Theo Hinh 7, v&i gia tri dau 1a g, = -0.2 (rad)
va q, = 0.2 (rad), thi hé théng 6n dinh sau 1 khoang
thoi gian la 1.5 gidy véi bo thong sb dwoc chon.
Diéu nay cho thay kha nang &n dinh ctia hé théng
véi gia tri dat la 0 (rad) cia bd diéu khién
backstepping.

Trwong hop 2: gid tri ban dau la g, = -0.3
(rad) va q, = 0.3 (rad)

D0 THI BIEU DIEN GOC CANH TAY VOI GIA TRI DAT

0.4
qi
= = atd| |
(] 05 1 1.5 2 25 3 a5 4 45 5
Time {seconds)
B0 TH| BIEU DIEN GOC CON LAC VO GIA TRI BAT
81 : ; : : - - :
—
- 2d|

L A 1 L L ' L A i i
0 05 1 15 2 25 3 35 4 45 5
Offsat=0 Time (seconds)

Hinh 8. Trang thai dau vao cta canh tay va goc
con lac cta hé théng Pendubot
Theo Hinh 8, tang gia tri ban dau la q, = 0.3
(rad) va g, = 0.3 (rad), thi hé théng én dinh sau 1.5
giay gidng véi trwong hop 1 truwdc do.
Trwong hop 3: bam quy dao dat la séng

sine va xung vuéng

DO THI BIEU DIEN GOC CANH TAY VO GIA TRIDAT  |— q:d
06l T T T T = = aldq

0.4}

0.2

g
= 0
= D2
04 F
06 [ 1 1
[i] 50 100 150 200 250 300
Time (seconds)
PO TH| BIEU DIEN GOC CON LAC VO GIA TR| BAT - :gﬂ
. - d . = = qadf-
05
g
= 0
™
(=2
05
I I
1] 50 100 150 200 250 300
Offset=0 Time (seconds)
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Hinh 9. Trang thai dau vao cta canh tay va goc
con lac ctia hé théng Pendubot

Muc tiéu trong trwdng hop nay la diéu khién
bam quy dao dé& nang cao thém tac vu cta hé
thdng khi ap dung BDK backstepping vao hé théng.
Két qua trwdng hop nay dwoc trinh bay trong Hinh
9 la dwa ngd vao song sine va xung vudng. Ta cé
thé thay dwoc kha nang bam quy dao cla bo diéu
khién v&i nhiéu gia tri dat khac nhau.
6.2. Két qua thwc nghiém

Sau khi c6 dwoc két qué kha quan tr moé
phdng, tac gid ap dung vao mé hinh thyc té ctia hé
Pendubot. Trong phan nay, két qué nghién ctru
cling duwoc trinh bay thanh hai tredng hop.

Trwong hop 1: diéu khién can bang 6n
dinh ca hai thanh quanh vij tri 0 (rad)

PO THI BIEU DIEN GOC CANH TAY VO! GIA TR| DAT
T T T T T T T

T

q1 (rad)

(il 2 -; G & i 12 14 16 1-8 0
Time (seconds)

DO THI BIEU DIEM GOC CON LAC VO! GIA TR| DAT  [=—— g2

T T T T T T T

- = g

q2 (rad)
=

0 2 4 8 8 10 12 14 18 18 20
Time (seconds)

Hinh 10. Trang thai dau vao cla canh tay va géc
con lac ctia hé théng Pendubot

Trong phan thi nghiém nay, tac gia thwc hién
nang hai thanh con lac va canh tay ctia hé 1én vi tri
can bang 0 (rad) va tai thoi diém 2 gidy thi tac gia
bat nguén cung cép cho hé. Sau khi c6 ngudn cung
cép thi hai thanh con l&c va canh tay bam quanh vi
tri can bang nhwng van con dao déng xung quanh
diém dat, do nhiéu nguyén nhan co thé liét ké nhw
van con sai s6 khi nhan dang hé théng, tham sb
doéng co thay dbi khi nhiét do thay dbi, va mot sé li
do khac. M&c cho nhirng can tré nhw thé, bd diéu
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khién van chirng minh dwoc kha nang diéu khién
on dinh hé théng.
Trweong hop 2: diéu khién bam quy dao
dat
Trong trevdng hop nay, quy dao ma nhom tac
gia dé xuét c6 dang nhw sau:
- Giay thtr 0 dén giay th 20, didu khién bam
quanh vi tri 0 rad.
- Giay thtr 21 dén giay thr 90, diéu khién bam
quy dao hinh sin, c6 bién d6 (£)0.3 (rad).
- Giay thr 90 dén giay the 130, diéu khién
bam quy dao hinh xung vuéng.
- Giay th® 131 dén v6 cung, diéu khién bam
quanh vij tri 0 (rad).

DO TH| BIEU DIEN GOC CANH TAY VOI GIA TR| DAT

— ]

T 3
- = aid

q1 {rad)
=

i i I I i i i
0 20 40 -] a0 100 120 140
Time (seconds)

B0 TH| BIEU DIEN GOC CON LAC VOI GIA TR| DAT |—E§d
T T T T T—1= =

05

q2 (rad)
=

05

0 20 40 60 80 100 120 140
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Hinh 11. Trang thai dau vao cta canh tay va goc
con lac cta hé théng Pendubot
Khi thay dbi cac gia tri dat bang séng sine
hay xung vuéng thi dap &ng hé théng nhw Hinh 11
cho thay kha nang bam quy dao ctia bo diéu khién.
Video thywc nghiém trén hé théng thuc
Pendubot c6 thé dwoc xem tai dia chi Youtube:
https://youtu.be/IC9QXnhCikno. BPoan video 2.12
phit mé ta vé& qua trinh diéu khién hé Pendubot khi
nhuang giai thuat diéu khién backstepping. Hé théng
Pendubot can bang 6n dinh tai vi tri TOP dung nhw
yéu cau diéu khién dé ra.
7. Két luan

Trong nghién ctru nay, nhom tac gia da rng
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dung thanh c¢6ng gidi thuat diéu khién

backstepping cho déi twong canh tay robot thiéu

dan déng Pendubot bdng mé phdng thwc nghiém.

Cac truong hop dwoc dé xuat dé danh gia chéat

lwong diéu khién trong qua trinh kho sat bao gém

diéu khién can bang tai vi tri TOP va diéu khién
bam quy dao dé& nang cao thém tac vu cua hé
théng. Muc tiéu nghién ctu trong twong lai clia
nhém bao gdm thiét ké hé théng pendubot ba
thanh va diéu khién bang giai thuat pendubot, con

l&c 1& két hop phwong phap diéu khién

backstepping va giai thuat t6i wu bay dan dé t6i wu

théng sb diéu khién nham cai thién chét lwong bo
diéu khién.

L&i cam on

Nhém tac gia chan thanh cdm on sy hd tro
vé kién thirc, kinh nghiém va nhirng I&i khuyén bd
ich cha Tién si Nguyén Van Bong Hai, giang vién

Khoa Dién — Dién t&r trwdng Pai hoc Sw pham Ky

thuat TPHCM (HCMUTE).
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