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PHUONG PHAP DPIEU KHIEN BEN VONG MOI CHO TAY MAY ROBOT
CONG NGHIEP SU DUNG KET HQP BQ QUAN SAT TRUQT BAC CAO
THOI GIAN CO PINH VOI THUAT TOAN PIEU KHIEN TRUQT
A NEW ROBUST CONTROL METHOD FOR ROBOTIC MANIPULATORS USING A
COMBINATION OF A FIXED-TIME HIGH-ORDER SLIDING MODE OBSERVER AND
FINITE-TIME SLIDING MODE CONTROL
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Tém tit - Bai bao d& xuit mot thuat toan didu khién bén viing
mdi st dung Kkét hop b quan sat trugt bac cao thoi gian ¢b dinh
v6i thuat toan diéu khién truot cho tay may robot cong nghiép.
Pau tién, mot mot bod quan sat trugt bac cao dugc d& xuét dé tinh
gin dung nhitng thanh phin bat dinh. Sau d6, mot thuat toan diéu
khién truot thoi gian hitu han dwoc thiét ké sir dung mit truot déu
cudi nhanh toan cuc va luat diéu khién tiép can nhanh dé dat duoc
sur hoi ty trong mot thoi gian hitu han toan cuc cua hé théng. Hé
théng didu khién c6 dugc cac wu diém nhu do chinh x4c bam quy
dao cao, it xdy ra hién tuong rung dong, hoi tu trong thoi gian hiru
han va bén vimg trudc cac thanh phan bt dinh. Tinh én dinh va
sw hoi tu ciia hé théng diéu khién duoc chimg minh bang 1y thuyét
Lyapunov. Cac md phong vi mot tay mdy 3 bac tu do duoc thyc
hién dé kiém nghiém tinh hiéu qud va cac uu diém cia thuat toan
diéu khién dé xuét.

Tir khéa - Didu khién thoi gian hiru han; Diéu khién thoi gian ¢
dinh; B6 quan sz'}t trugt béc cao; Diéu khién trugt dau cuoi nhanh;
Phuong phap diéu khién dya trén bo quan sat.

1. Phin gi6i thigu

Tay may robot di va dang duogc tmg dung phé bién trong
hau hét cac linh vuc quén su, khoa hoc, y té, cong nghiép 6
t0, tham hiém dai duong, phau thudt, nong nghiép, phat hién
bom v.v. Tuy nhién, viéc diéu khién tay may robot hoat dong
v6i d6 chinh x4c cao va bén vimg véi cac thanh phan bat
dinh van lu6n 1a mot thach thirc cho cc nha nghién ctru. Boi
vi mo6 hinh dong hoc, dong luc hoc cla cac tay may robot
phirc tap vai cac thanh phan xen kénh, d6 phi tuyén cao, chiu
anh huong ciia nhidu loan bén ngoai, sy thay doi trong tai,
ma sat, nhidu cua cam bién, v.v. Do d6, duong nhu khong
thé mo hinh héa mot cach chinh xac tat ca cac thanh phan
clia tay may robot bang cac phuong trinh toén hoc.

Diéu khién trugt (Sliding Mode Control - SMC) 1a mét
trong nhitng phuong phap diéu khién phi tuyén hiéu qua
duoc sir dung dé diéu khién cac hé théng phi tuyén co sy
ton tai ciia cac thanh phan bét dinh, dic biét 1a tay may
robot [1]. Tuy nhién, nhuoc diém cua no la chi dam béo sy
6n dinh tiém can trong khi c6 nhiéu dao dong tan s cao
trong tin hiéu diéu khién diu vao. Pé dam bao su hoi tu
trong thoi gian hitu han cua cac quy dao trang thai hé thong,
rat nhiéu cdng trinh nghién ctru di dugc thyc hién va dé
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observer (FXTHOSMO) and finite-time terminal sliding mode
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Xudt cac glal phép, trong d6 c6 nhimg cong trinh nghién
ctru vé diéu khién truot bac cao (HSMC). Trong nhimg
nghién ctru [2]-[4], phwong phép diéu khién truot dau cubi
(Terminal SMC) da duoc gioi thiéu dé dam bao d6 chinh
xé&c bam quy dao ciia cac trang thai hé thong véi sy 6n dinh
trong thoi gian hitu han. Vi phuong phap TSMC, hiéu suat
hoi tu dwoc cai thién dang ké. Tuy nhién, van dé ky di c¢6
thé xuét hién v&i mot sd thuat toan TSMC kinh dién. Co
mot sd thuét toan TSMC duge dé xuat danh cho cac tay
may robot trong d6 van d& ky di da duoc giai quyét hoan
toan nhu thuét toan TSMC khong ky di (NTSMC) [5]. Bén
canh d6, cac thuat toan diéu khién trugt dau cudi thoi gian
hiru han (FNTTSMC) da duoc dé xuét [6], [7] dé c6 thé didu
khién cc quy dao trang thai cia hé théng hoi tu dén diém
can bang trong mot khoang thoi gian hiru han. Dé tang tbe
d6 6n dinh va hiéu suat dong hoc cia TSMC va FnTTSMC,
céc thuét toan diéu khién TSMC tac dong nhanh (FTSMC)
[8]-[10] va thuat toan diéu khién TSMC tic dong nhanh
toan cuc (GFTSMC) [11], [12] d& dugc phat trién. Y tuong
chi dao cia GFTSMC 1a thém mot thanh phan tuyén tinh
dé nhanh chéng budc cac quy dao trang thai hé thong hoi
tu dén mit truot trong thoi gian ngin. Thuat toan GFTSMC

 The University of Danang - University of Science and Technology (Tien Dung Le)
2 The University of Danang - University of Technology and Education (Vo Anh Tuan, Nguyen Ngoc Hoai An)


mailto:ltdung@dut.udn.vn

ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 5.1, 2021 23

da duoc sir dung rong rdi trong cac tmg dung thuc t& nhu
didu khién cac tay may robot [13], nhiing tay may robot
dugc truyén dong bang day dai kéo [14], hé théng kinh hién
vi [15], cac hé¢ thong phi tuyén [11], v.v. Tuy nhién,
FTSMC hogc GFTSMC la cac thuét toan diéu khién dua
trén mot mo hinh dong lyc hoc cua hé thong, va khong dé
dang dé c6 duoc mot mod hinh toan hoc chinh xac do su
hién dién ciia nhiéu thanh phéan bat dinh ctia hé thong. Hon
nira, khong thé loai bo hoan toan hién tugng dao dong trong
tin hiéu diéu khién cua thuat tosn FTSMC hosic GFTSMC.

C6 mot phuong phép hiéu qua co thé giai quyét cung lic
hai ton tai néu trén d6 la sir dung mot b quan sét tich hop
vao thuat toan diéu khién dé tinh gan ding tong céc thanh
phan bat dinh anh huong dén hé théng. Bang cich cach nay,
nhitng dao dong tan s6 cao khong chi dugc giam déang ké ma
con tang tinh bén viing cta hé thong diéu khién. C6 nhidu bo
quan sat khac nhau di dugc d& xuit dé tinh gan dung cac
thanh phan bat dinh nhu bd quan sat trugt (SMO) [16], bo
quan sat dung logic mo (FLO) [17], bd quan sat trugt bac
cao (HOSMO) [18], [19], b6 quan sat dung mang no-ron
(NNO) [20], bé quan sat khuéch dai (HGO) [21], b6 quan
sat mo rong (ETO) [22], v.v. Xét vé tlnh bén viing, thiét ké
don gian va kha ning ung dung thuc té, phuong phap st
dung cac b quan sat trugt bac cao (HOSMO) khong chi
cung cap kha ning chéng lai cac yéu to bat dinh va nhiéu
dong bén ngoai ma con giam thiéu dao dong tan s6 cao. Tuy
nhién, cac bo HOSMO thong thuong khong dam bao sy 6n
dinh va hoi tu clia hé thong trong thoi gian x4c dinh.

Dya trén nhimg phan tich néu trén, trong bai bao nay
trudc hét dé xuat mot bo quan sat trugt bac cao thoi gian c6
dinh (FXTHOSMO) méi dé udc tinh toan bd cac thanh phan
bat dinh ma khong can biét trudc cac théng tin vé chdng.
Mot thuat toan diéu khién truot diu cudi thoi gian hiru han
(FNTTSMC) sau d6 duoc thiét ké dwa trén phuong trinh mat
trugt diu cudi nhanh toan cuc thoi gian hiru han va luat diéu
khién tiép can nhanh dé thiét 1ap sy hoi tu trong thoi gian
hitu han toan cuc cua hé thong. Hé théng diéu khién tich hop
b cac dac tinh wu viét nhu d6 chinh xac bam quy dao cao,
héi ty trong thoi gian hitu han va bén viing vé6i nhiing anh
hudng ctia cac thanh phan bat dinh. Tinh 6n dinh trong thoi
gian hiru han va sy hoi tu cua hé théng diéu khién duoc
chimg minh bang cach st dung 1y thuyét Lyapunov.

2. Cac bd dé can thiét va mé hinh toin hoc ciia tay may
robot
2.1. Cic bé dé cin thiét
Xem xét hé thong sau day:

x(t)=f(t,x),x(0)=x 1)
Trong d6, xeR", f(X): A Ia mot ham phi tuyén trén
ving lan canmé A < R" cia diém gbc, va f(0)=0. Piém
gbc duge gia dinh 1a diém can bang ctia hé (1).

Pinh nghia 1: Diém gdc ctia hé thong (1) duoc goi la diém
6n dinh thoi gian hitu han toan cuc néu n6 on dinh tiém can

toan cuc voi ham thoi gian gidgi han T(Xo) , tlre 14 ¢6 tdn tai

Tnax > 0 a0 cho T (%) thoa mén diéu kién T (%) < Trpex -

B6 dé 1 [11]: Xem xét phuong trinh vi phan sau day:

20 _ 2
—Uo(‘q‘—go) 1+ eﬂo(‘(ﬂ—go

l+e
Trong d6, g, By:10, 4o 13 nhitng hang sb thiét ké co gia
tri  duong, g0 =(fo/ )]/(17%) , Va

sig(a)® =|q/® sgn(q) . Do d6, h¢ théng (2) duoc thira

nhan 1a 6n dinh thoi gian hitu han lién quan dén gia tri ban

O<awy <1,

dau Q(O) va thoi gian hoi tu T, duoc mang lai nhu sau:

< In(|q(0)|)—|n(go)+ 1

0 o = 50)|'90|1 )
B6 dé 2 [23]: Xem xét phuong trinh vi phan sau day:

0 =—asig (a)" - fosig ()" @
Trong d6, . B, la cac hang so duong duogc chon,
sig ()" =[a["* sgn(a). o >1, 0< 4 <1.
1 = 0.5(¢ +1)+0.5( ¢ —1)sgn (|q| —1) , va
to =0.5(py + 49 ) +0.5(¢y — 4o )sgn (|ja|-1). Khi d6, hé

thdng (4) duogc thira nhan 14 6n dinh thoi gian hiru lién quan
dén gia tri ban dau Q(O) va thoi gian héi tu T, dugc mang
lai nhu sau:
< 1 + ! In (1+ ﬂj (%)
(a0 +5)(20-1) Bo(1-4) Bo
2.2. Mé hinh dong luc hoc ciia tay mdy robot

i Xem xét mo hinh dong luc hoc ctia tay may robot duoc
thé hién trong khong gian khop (Joint space) nhu sau:

M(p)p+C(p,p)p+G(p)+F (p)=7-74(t) (6)

Trong do, peR®?, peR*!, va peR®? tuong tng véi
C4c vecto vi tri, van tdc va gia tdc trong khong gian khép
néi. M(p)eR™, C(p,p)eR™, va G(p)eR™
tuong tng voi ma tran khdi luong, Coriolis va lyc ly tm,
va lyc hdp dan. 7 eR™, F, (P) eR™ va 1, (1) eR™
tuong ung voi c4c vecto ctia mo-men diéu khién, lyc ma
sat va nhicu loan.

Trén thuc té, dé dat duoc mot mo hinh dQng l}rc hoc
chinh xé4c ctia tay may robot khéng phai la diéu dé dang.
Do do, trong bai bao nay gia dinh rang:

M (p)=M(p)+dM (p)
C(p,p)=C(p,p)+dC(p,p) (7)
G(p)=G(p)+dG(p)

Trongdé, M (p) e R™™ C(p,p)eR™ vaG(p)eR™
tuong ung voi cac gia tri ude tinh cla cac gia tri thuc cta

M(p), C(p.p), va G(p). dM(p)eR"X?’,
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dC(p, p)eR™, va dG(p)eR™ Ia nhing thanh phin
dong luc hoc bét dinh.

Ching ta dat x:[xlT,XHTz[pT,pTT va u=r;

khi d6, m6 hinh ddng luc hoc cta tay may robot duge mo
ta dudi dang mo hinh khong gian trang thai nhu sau:

{XZZa(X)U+b(X)+A(x,d,t)’ (@)

Trong do, b(x):—l\?l‘l(p)((f(p, p) p+(§(p)) dai dién

cho phan dong luc hoc tinh toan dugc; a(x) =M 71( p) dai
dién cho ma tran nghich dao cua ma tran khéi lugng; va

-1, [Fe(P)+dM(p)p .
Axd.t)=-M (p)[+dC(p, P)P+dG(p)+r74(t) dai

dién cho toan bd nhitng thanh phan bat dinh.
Gia dinh 1: Toan b nhimg thanh phéan bat dinh 14 hiru
han va bi chén trén béi:

|A(XZ )| <A, (9)

Trong d6, A 1a mot hing s duong.
i Giﬁ, dinh 2: Dao ham bac nhét cua toan bd nhiing thanh
phan bat dinh ciing 1a hiru han va bi chin trén bai:

A(x,Zt) <A™, (10)

Trong d6, A* 1a mot hang s6 duong.

3. Thiét ké bd quan sat trugt bic cao thoi gian cb dinh
B quan sat dugc thiét ké dé xap xi nhimg thanh phan
bat dinh dugc mo ta nhu sau:

2 2 .
_ (Z3~ s~ ﬂfj: sig (D)%
1+ e*”s(\“\*gs) 1+ eﬂs(\“\*%)
(11)
Trong do, v 1a gid tri xAp xi ctia X, ; @, B3,73, i3 1a nhing

hang sb duong; O<ew; <1, va g3=(,83/a3)j/(1_w3);

A 1a gi4 tri x4p xi cuia nhitng thanh phan bat dinh. Ludt cap
nhat cia A dugc thiét ké nhu sau:

@ =0+ 20{31 O+ 2ﬂ3~ sig (0)™
1+ e*”s(\“\*gs) 1+ eI’S(\“\*%)
7 L sig(@)™ (12)
14 e*’h(\w\*&t) 1+ e/‘4(‘w"g4)
—-A*(t)sgn (@)

Trong 46, a4, B4.74, 14, 12 nhimg hang s6 duong;
O<a, <1, &, =(By/a )/ ; Va A" (t) 1a mot gia tr
thich nghi.

Ching minh tinh 6n dinh:

Tinh dao ham bac 1 cia U dya vao nhitng phuong trinh
(11) - (12), ta co:

A . 1
=A-A- 2a3~ 5 — Zﬁ% sig (0) (13)
1+ e‘”?:(\”\“%) 1+ eﬂa(“)\—%)

Thay phuong trinh (13) vao trong phuong trinh (12), sau
d6 tinh dao ham theo thoi gian cta két qua dat dugce, ta co:

a=A-A
@ =-A-A"(t)sgn(@)
(14)
_ 2&4 _ 2ﬂ4 Slg (ZU)(UA
1+ e—m(‘w‘—&) 1+ e#‘,(‘w‘—g‘,)

Lya chon ham Lyapunov V, = 0.5 va tinh toan dao

ham theo thoi gian ciia n6 dya vao két qua trong phuong
trinh (14), ta dat duoc:

V]_ =ow
-A- 2a4 @ — 2/ ‘w‘w“ sgn(w)
-w 1+ ef’ﬂ(\‘”\*ﬁt) 1+ 6”4(\67\*54)
—A*(t)sgn (@)

—ho-A (Vo] -— 22 2P e
1emliota) =g, qulleta)

<870 - il - — 0 - o
1+ e"h(\w\—‘%) 1+ 6#4(\13\‘54)

<_ 2&4 wz _ 2ﬂ4 ‘ ‘w4+l

1+ e*’h(\w\*ﬂ) 1+ em(\w‘f&;)
<0
(15)

Nhu vdy, ta thdy diéu kién V; >0 va V; <0 dugc dam
bao. Két qua theo 1y thuyét 6n dinh Lyapunov, mit truot
@ da chon cho bd quan sat s€ hoi tu vé 0 trong trong
khoang thoi gian hitu han, nghiala @ =0.

Xac dinh A= A—A nhu 1a sai sb Xap xi ctia bo quan
sét. Tu phuong trinh (14), ta co:
A=A-A=w (16)

do @ =0 nén A= =0. Nhu vay, di chimg minh duoc
bo quan sat ma bai bao dé xuét c6 thé xap xi nhitng thanh
phan bat dinh trong khoang thoi gian hitu han.

Gia tri A"(t)trong bai b4o nay co thé xac dinh dugc
bang cach 4p dung ky thuat thich nghi hai 16p trong cac
cong bo [24], [25].

4. Thiét ké thuat toan diéu khién trugt thoi gian hiru han
4.1. Thiét ké mdt trwot v6i sw hoi tu thoi gian hivu han
it X, =X, 0 Xy ]T eR" 1a vector quy dao

mong mudn. Khi d6, x, = % — X, 14 sai s diéu khién van
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toc VA X, = % — X, 4 sai s6 diéu khién vi tri.
Thiét ké mot mat truot véi su hoi tu trong thoi gian hiru
han dua vao b6 dé 1 nhu sau:
204 2B

. H C]
S=X + X, + SIg{ X
€ 1+ e_nl(‘XE‘_gl) ¢ 1+ e’ul(‘xe‘_gl) g ( e)

an

Trong d6, s e R™ la ham truot; ay, B, 7,4 1a nhimg

hing s6 duong; O<a <1, glz(ﬂl/%)]/(l_wl), va
sig (%, )™ =%, sgn(x;).

Mot khi cac cua trang thai hé thé)ng dugc van hanh
trong ché do truot, chung phai théa man diéu kién s=0
[26]. Do d6, xem xét phuong trinh (17) trong truong hop
$ =0 nhu sau:

20, 28,

X, = Xy —
_nl(‘xe‘_gl) € l+e#’1(‘xe“51

e

- ) sig(x,)* (18)
l+e
Thoi gian gidi han dé thuc hién chuyén dong trén mat
truot dugc xac dinh nhu sau:

T [ o)
To< | ———d(|%|)+ | ——d(|x]
& 0!1|Xe| Oﬁl|xe|§1 (19)
@) )y
o /31(1_51)

4.2. Téng hop phwong phdp diéu khién dé xudt

i Dé xac ‘dinh duogc phuong trinh cua tin hiéu diéu khién
dau vao, dau tién ta dao ham phuong trinh (17) theo thoi
gian nhu sau:

P 20y - 2001 %, SON (X, )e"h(‘xe"‘gl)
© ppemlxla) ° (1+e—m(\xe\—éa))2 :
(20)
2p | |wrl)-( _ Zﬂlﬂlxee/ﬁ(‘xe‘igl) x|
14 etalbel-a) ° ¢ ¢

(1 +e/a(\xe\*51))2

Trong do, X, =X, —X,. Sau d6 thay mé hinh (8) vao
phuong trinh (20) ta dugc:

$=a(x)ug +b, (X)+A(X,Z,t)—%, +I1 (21)
Trong do6:
B 20 - 20477176 SGN (X, )e—'h(\xe\—‘%) X
e e
14¢7lxa) (1+ efm(\xe\fsl))z
2y o1, 2ﬂlﬂ1>'<eeﬂl(‘xe‘fgl) )
[Xe| " %e = [%|
1+ e/”l(‘xe‘fgl) 2

(Heul(\xe\—el))

Phuong trinh thuat toan diéu khién trugt duoc thiét ké
nhu sau:

Ug =—a " (X)(Ueq +Uy )

Trong do, ug, duoc xdy dung dya trén bd quan sat (13) va

(22)

phuong trinh (21):
Ugq =Dy (X)+A—%, +TT (23)
Va Ur 12 ludt tiép can nhanh dugc dé xuét boi phuong trinh:
U = a,Sig(s)™ + Bysig(s) . (24)
voi a,, fB, 1a nhimg hing s6 duong; va:
sig(s)”
1, =0.5(p, +1)+0.5(p, ~1)sgn (|s|-1) ;
VA ty =0.5(p, + 4, ) +0.5(, — 4,)sgn (|5 -1) .

Chig minh sy 6n dinh cia phwong phap diéu khién
dé xuit:

=|s"sgn(s), @, >1, 0< 4, <1;

Thay céc phuong trinh cta thuat toan diéu khién (22),
(23) va (24) vao phuong trinh (21) va sau mot so bién doi
rut gon ta co duogc:

$=-u, —A (25)

Ham Lyapunov V, = s? duoc chon dé phan tich sy 6n
dinh cua phuong phéap diéu khién dé xuat. Pao ham theo
thoi gian cia V> dugce tinh toan nhu sau:

=2s(-u, -A)
= 25(—a2 Is|™ sgn(s)— B, || sgn(s)—&)

=20, |8/ — 23, |s]"*" — 2As

(26)

Nhur d phan tich trong phuong trinh (16), ta c6 A=0.
Do do:
V, = —2a, |5 — 28, |s|"*"*

mptl Hp+l
- 2 2
==2a\, © =2[V,

(@7)

Dua vao bd dé 2, mat truot dé xuét s& hoi tu dén diém
0 trong khoang thoi gian hiru han T,; Va thoi gian hoi ty
T, bichan boi:

1 1 a
In| 1+=%
<(0‘2 +ﬂ2)(¢2 —1)+ﬂ2(1_32) n( +ﬁ2j @9

Do d6, tong thoi gian hoi tu ciia nhitng quy dao trang
thai trong h¢ thong 1a hitu han va dugc tinh toan nhu sau:

T=T +T;
1 1 o
Inj1+=2| (29)
<(“2+ﬁ2)(¢’2_1)+ﬂz(1—/12) n[ +ﬂzj
N In(|xe (0)|)— In(&) !

] A (1— 51)

|51 |H)l

5. M6 phéng kiém chirng

_ Békiém chimg sy hiéu qua ctia phuong phép diéu khién
dé xuat, cac mo phéng duoc thuc hién ap dl;mg ’lén mc}t
robot 3 bac tu do c6 cau tao nhu Hinh 1. Thiét ké chi tiét
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phﬁn co khi cua tay may robot dugc thuc hién trén phin
mém SOLIDWORKS, sau d6 mo hinh co khi duoc tich hop

S =X, + X, + F5Sig (% )

\ A \ - , < P 1\ .
vao moi truong% Sm}scapel cla Matlgb va cdc t%lug{t toan dlel‘l 1 [by (x)+ ( a5+ Pes| X |ws ) % 32)
khién dugc moé phong bang Simulink. M6 ta hinh hoc va Uy = ———
tinh toan dong lyc hoc cua tay méy robot da dugc trinh bay a(x) +AsS + (A; +Vg )sgn (s)—%,
chi tiét trong tai liéu [27].

2 2 .

S=X% + %y + Pe sig (%, )
1+e*776(‘xe"€6) 1+ eﬂe(‘xe"ge)
20,
b, (X)+ ——2——X%,
" ( ) 1+ e_nﬁ(‘xe‘_‘gﬁ) ¢
| 2%6715%, sgn (x )e_”e(‘x‘*‘_g‘*)
e
(premih %)) (33)
Uy =t | PPy ety
a(x)| 14 etellxel-z)
_ zﬂsﬂexeeﬂs(‘xe‘ige) Ix |wa
e
i (1+ gtalbel-ss) )2
Hinh 1. M6 phong cua tay may robot 3 béc tir do trén . .
phan mém SOLIDWORKS +Ags+(Ag +Vg )sgn (s) - %,

Théng sb cta robot duge mé phong nhu sau:

Khéi lugng twong tmg cua méi thanh: m, =33.429(kg),
m, =34.129(kg), va m, =15.612(kg); chiéu dai mdi
thanh la 1, =0.25(m), I, =0.7(m), va l; =0.6(m) ; Toa
do trong tAm tuong tmg ciia mdi thanh

T

[Iclx* Icly! Iclz:|
T

I:ICZX’ ICZy'ICZZ]

N U
va [Ic3x ! Ic3y ! Ich:'

md& men quan tinh

~[0,0,-74610x10°] (m),
~[0.3477,0,0] (m

~[0.3142,0,0] (m);

[y bz | =[0.7486,0.5518,0.5570]' (kg.m?),
[Vowes Vayy Vo | =[0.3080,2.4655,2.3938] (kg.m?),

VA [ L, Ly Iy, | =[0.0446,0.7092,0.7207]" (kg.m?).

Khau chip hanh cubi cuia robot dugc diéu khién theo
quy dao tham chiéu nhu sau:

x=0.85-0.01t

y =0.2+0.2sin(0.5t) (m) (30)
z2=0.7+0.2cos(0.5t)
Ma sat va nhiéu bén ngoai dugc gia dinh nhu sau:
0.1sgn(py)+2py | [4sin(t)
F(p)+74(t)= 0.1sgn( P, )+2p, | +| 5sin(t) (31)
0.1sgn( ps ) +2Ps 6sin(t)

Dé so sanh va kiém chimg hi¢u qua, md phong thyc
hién thuat toan diéu khién ma bai bao d& xuat so sanh voi
cac thuat toan diéu khién NFTSMC [8] va NFTSMC [11]
c6 cac phuong trinh cy thé nhu sau:

Trong d6, X, =X—X,, 5,0, Fs. P57+ M 12 nhiing héng

g6 =(Ls/% )]/(1 )
(A’é +Vg ) 1a nhitng hiang sb dwong.

$0, O<ws, w5 <1, : (A;+v5) va

Bing 1. Tham s6 ciia cdc thudt todn diéu khién

Phuong phap Tham s diéu khién
NFTSMCL | ag=5,f%=5,a5=08 Ag5=5A5=13,v5=0.1
g =5, =5, 115 =09, g =1.2, % = 0.8, Ag =5,
NFTSMC2 .
Ag=13,v5=0.1
o =58, =5mn =0.9,
=1.2,, =0.8
Thugt togn | 22— —= 4
diéukhién | @2 =5/, =5,
cua bé}i bio | ¢, =1.7,4, =0.6,
dé xuat 03 =6, f13 = 6,73 =0.9, yr3 =1.2, 53 = 0.7
ap = 6,,84 = 6,774 = 0.9, Ha =1.2,a)4 =0.7

value of the uncenamty compo on lhe]DlI’ItS
T T

Dk/\ /_\___/ T~

Joint 2

0 20
T\me [s]
oF T T T T 3
o Of 4
Ea \
2 .aff
_5 i Ny 2 ; ; 4
E 12 14 16 18 20
T\me [s]

‘— = = -Desired Proposed Memud‘

Hinh 2. Gia tri gia dinh ciia nhiing thanh phan bt dinh va két
qud xdap xi boi by quan sat tai moi khop
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= — = -Reference Trajectory
NFTSMC1

————— NFTSMGC2
Proposed Method

0.2

0.3
¥ [m]

Hinh 3. So sanh két qua bam quf dao cuia khdu chdp hanh cudi
khi trong khong gian 3 chiéu (XYZ)

Dau tién, ta phan tich sy hi¢u qua cua by quan sat dugc
dé xuat. Véi két qua d thi mo phong duoc thé ‘hién trong
Hinh 2, ta ¢6 thé thiy bo quan sat dé xuat da xap xi chinh
xéc cac thanh phan bat dinh.

Hinh 3 biéu dién két qua md phong cua thuat toan diéu
khién truot d& xudt trong viéc didu khién bam quy cia robot
trén hé truc toa d6 Pé-cac XYZ. Két qua do thi cho thiy
quy dao thuc bam theo quy dao mong mudn.

0.02 T T
| NFTSMC1 —-—=-— NFTSMG2 Proposed Melhod‘
o[ 1
E 5
5 002 ff | 10 , \ . B
8 : I
£
= -0.04
@ o]
£
=
§ -0.06 2
Iy
5 10 15
-0.08 1
-0.1 3
0 5 10 15 20
Time [s]

Hinh 4. Sai s6 diéu khién vi tri ciia khdu chap hanh cudi theo truc X

0.08 ; ‘
- [ NFTSMC1 —-=--= NFTSMC2 Proposed Method |

| 197 1
0.07 0.08 *

0.06

0.05 0.04

0.04

0.03 /

0.02 0 01 02 03 [ 5 10

L S )

Error in the y-direction [m]

0.01 4

-0.01 : -
0 5 10 15 20

Time [s]
Hinh 5. Sai sé diéu khién vi tri ciia khdu chdp hanh cudi
theo truc Y

Dé danh gia 16 hon vé do chinh xéc, so sanh sai s6 bam
quy dao theo cac truc X, Y, va Z dugc thé hién trong cac két
qua do thi Hinh 4, Hinh 5 va Hinh 6. C6 thé thdy rang, ca 3
truong hop sir dung céc thuat toan didu khién NFTSMC1
(32), NFTSMC2 (33) va thuat toan dé xuét déu cung cap do
chinh xac bam quy dao cao voi tdc do hoi tu nhanh trong
thoi gian hitu han. Tuy nhién, thuat toan NFTSMC2 ¢6 tdc
dd hoi tu nhanh hon va d6 chinh xac cao hon mot chut so voi
NFTSMCI. Pic biét, thuat toan diéu khién ma bai bao dé
xuit c6 d6 chinh xac bam quy dao cao nhat va toc d6 hoi tu
nhanh nhét trong 3 thuat toan diéu khién.

0.25 : :
\ NFTSMC1 —-==-= NFTSMC2 Proposed Method |
10
02 g
E
5 015 ' .
k5]
=4
£
50 g
2 A
= 1 02 03 o0 /s 10 15
5 0.05| | 1
iy /’
[ ! ]
ol
1 \
-0.05 :
0 5 10 15 20

Time [s]

Hinh 6. Sai s6 diéu khién vi tri ciia khdu chdp hanh cudi theo truc Z

Céc két qua mo phong so sanh hién twong dao dong
trong tin hiéu diéu khién (chattering) giira 3 thuat toan diéu
khién duoc thé hién trong Hinh 7. Két qua cho thay, hién
tugng chattering xuat hién trong ca 2 thuét toan diéu khién
NFTSMCI1 va NFTSMC?2 la kha 16n do trong m6 phdéng
gia dinh nhiéu thanh phan bat dinh. Tuy nhién, ddi véi
truong hop st dung thuat toan didu khién cua bai bao dé
xudt thi hién tugng chattering xudt hién khong déng ké. Két
qua truong hop su dung thudt toan diéu khién do bai bao
dé xuit cho cac tin hiéu didu khién muot ma, it sy dao dong.

| NFTSMC1 —-—-—-- NFTSMC2

Proposed Method ‘

1
0 2 4 6 8 10 12 14 16 18 20
Time [s]

| ; i . i . i |
4] 2 4 6 8 10 12 14 16 18 20
Time [s]

Control input 3 [N.m] Conltro\ input 2 [N.m] Cor]tml input 1 [N.m]

| .
1] 2 4 6 8 10 12 14 16 18 20
Time [s]

Hinh. 7. Nhiing tin hiéu diéu khién tai méi khop
Qua céac két qua md phong cho thay thuat toan diéu
khién ma nghién ciru dé xuat mang lai hiéu qua t6t va chat
luong diéu khién cao hon so véi cac truong hop sir dung
cac thuat toan didu khién cua cac cong trinh nghién ciru di
trudec (NFTSMC [8] vd NFTSMC [11]).
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6. Két luan

Bai bao da dé xudt mot phuong phap didu khién bén
vitng méi su dung su Kkét hop gitta mot bd quan sat trugt
béc cao thoi gian ¢b dinh (FXTHOSMO) dé uéc tinh toan
bd cac thanh phan bat dinh ma khong can biét trudc cac
thong tin vé chung, va mot thudt toan diéu khién truot dau
cudi thoi gian hiru han (FnTTSMC). Thuat todan FnTTSMC
duogc thiét ké dua trén phuong trinh mat truot dau cudi
nhanh toan cuc thoi gian hitu han va luat diéu khién tiép
can nhanh dé thiét 1ap sy hoi tu trong thoi gian hitu han
toan cuc ctia hé thong. Hé thng diéu khién tich hop co cac
dac tinh wu viét nhu d¢ chinh xac bam quy dao cao, hdi tu
trong thoi gian hiru han va bén viing v6i nhimg anh hudng
clia cac thanh phan bat dinh. Cac phan tich véi 1y thuyét
Lyapunov da chtg minh tinh 6n dinh trong thoi gian hiru
han va sy hoi tu cua hé thong diéu khién. Qua cac két qua
md phong tmg dung cho truong hop cu thé véi tay may
robot 3 bac ti do da cho thdy, thuat toan diéu khién ma bai
dé xuit mang lai hiéu qua tot va chat luong diéu khién cao
hon so véi cac trudng hop s dung céc thuit toan diéu
khién cta cac cong trinh nghién ctru di truée (NFTSMC [8]
va NFTSMC [11]) & ca ba khia canh bao gdm dd chinh xac
badm quy dao, hoi tyu nhanh trong thoi gian hitu han va giam
hién tuong chattering.

L(‘?I CAM ON: Nghién ctru nay duoc tai trg boi Quy Phat
trién Khoa hoc va Cong nghé - Dai hoc Pa Nang trong d¢
tai c6 ma s6 B2019-DN02-52.
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