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Tém tat
Dwa trén mé hinh dong luc tay may doi tc"ing quat cho hé 2n béc tw do ké dén dan nhot phi
tuyén & cac khop, ching téi dé xuat mét phién ban nang cao cta diéu khién truot siv dung
dao ham cép phan sé va én dinh dirng Lyapunov. Chét luong va tinh bén viing cda b diéu
khién duwoc kiém ching bang ly thuyét én dinh Mittag-Leffler va mé phdng sé.
Tw khéa: Piéu khién truot dirng nhanh, ré bét tay déi, én dinh Mittag-Leffler.
Abstract
On the basis of dynamic model of 2n DOFs dual arm robots considering nonlinear
viscoelasticity at joints, we propose an advanced version of sliding mode control for dual arm
robots using fractional derivative and terminal Lyapunov stability. The effectiveness and
robustness of controller are investigated by utilizing Mittag-Leffler theory and numerical
simulation.
Keywords: Fast terminal sliding mode control, dual-arm robots, Mittag-Leffler stability.
1. M& dau

Tay may ddi dwoc (ng dung réng réi trong cdng nghiép ché tao va l&p rap, trong cac day
chuyén san xuét tw dong. N6 c6 thé lam viéc trong méi trwdng doc hai nhw nha may dién hat nhan,
cac phong thi nghiém doc hoc dé thay thé vai trd clia con ngudi. La ré bét phuc vu (servire robots),
né co thé trng x&r gibng nguwdi, phuc vu con ngwdi trong ddi sdng thwéng nhat (daily anthropomorphic
life). P&c biét, nd dwoc siv dung trong phau thuat y hoc, vi phau, va cham soc stre khe.

C6 nhiéu cong trinh da céng bd vé diéu khién tay may déi st dung cac k§ thuat khac nhau: tir
co ban nhw hoéi tiép tuyén tinh héa [1], twa thu déng [2], diéu khién trwot [3 & 4], cho dén cac k§ thuat
hién dai nhw logic mé [4], mang no ron [5]. Cong trinh nay phét trién mot phién ban khac cta diéu
khién triot. Chung t6i két hop didu khién truot véi giai tich phan sb. O do, cAu tric didu khién chira
dao ham cép phan sb clia mat trwot va tin hiéu phan hdi. Thuat toan diéu khién dwoc thiét ké dwa
trén md hinh toan tay may ddi cé ké dén dan nhét phi tuyén & cac khép déc trwng bdi sé mii cap
phan sb va dao ham cép phan sb ctia chuyén vi quay. Khac véi k§ thuat trot truyén théng, ching
toéi str dung mét phién ban nang cao cho phép cac dap rng hdi tu tiém can véi thdi gian hoi tu hiru
han. Cac két qua mé&i nhéat clia giai tich phan sb dwoc sir dung dé phan tich én dinh hé théng diéu
khién nhu ly thuyét Mittag-Leffler, dn dinh Lyapunov dirng.

Bai bao nay dwoc cau truc thanh ndm muc. Muc 2 mé t& mé hinh toan tay may déi dang téng
quét 2n bac tw do c6 ké dén dan nhét phi tuyén & cac khép. Muc 3 xay dwng luat diéu khién dé dan
doéng va 6n dinh chuyén déng tay may dya trén nén tang truot va dao ham cép phan sé. Phan tich
va chtrng minh 6n dinh cuia thuat toan diéu khién ciing duoc trinh bay trong muc nay. Dé kiém chirng
chét lwong clia hé théng diéu khién, Muc 4 mé phéng sb cac dap (rng, 4p dung cho tay may doi 4
bac ty do, dwoc lap trinh va chay trén méi trudng MATLAB/Simulink. Phan tich chéat lwong tin hiéu
ra dwoc thdo luan trong muc nay. Cubi cung, cac két luan va kién nghi dwoc trinh bay trong Muc 5.
2. M6 hinh toan

So d6 tinh tay may ddi cho trén Hinh 1, méi tay c6 n bac tw do. M6i tay gdm r khau va n khép
cau. Méi khau d&c trung béi khéi lwgng mi, mé men quan tinh I, chiéu dai I, va ki 1a khodng céach ti
trong tam cla khau dén khép xoay twong (rng. R6 bdt mang vat khéi lwgng m di chuyén dén dich
theo quy dao yéu ciu. Nhw vay, 2r khau c6 2n bac ty do twong (ng véi 2n toa dd suy rong

g= [qi ]T ceR™. pé quay khép, 2n ddng co servo duwgc trang bi rng véi tin hiéu vao 1a mé men

X T 2 > ~ X « X s .
quay & moi khép T = [Ti] € RZn_ Phwong trinh vi phan m6 t& chuyén dong cla ré bot viét dwdi
dang ma tran nhw sau:

M(q)q+C(q,q)q+B(p,D;7q) D/q+G(q)=J" (q)F(q.q.4)+T+D, 1)
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voi M(q) e R*™" 1ama tran khdi luong, M(q) =M (q) 1a ma tran xac dinh duong théa
man ' M (a)g>0Vvqe R, C(a.9)e R*™" 1a ma tran Coriolis hwong kinh. G(q) e R™" Ia
véc to trong trvong. J(q) € R*™" |3 ma tran Jacobi. F(9,0.) € R*" Ia véc to cac luc twong tac
gitra vat thé va hai tay gép. T e R®" 1a véc to md men diéu khién & cac khop. D e R*" 1a véc to
nhiéu ngoai. B(u,D:’q) e R*™®" |a ma tran can dan nhot chira sé mi cAp phan sé va dao ham cép
phan sé, cuthé: p = ]T eR™, 0< u <llacdpsémi, 0<7 <1 lachpdaoham,va i=1-2n
d’li qi
dtﬂi
cla (theo thdi gian. Thanh phan C(q,q)+ B(u, Dt”q) la ma tran phan déi x(ng thda man
q" {M(a)-2[C(a.q)+B(rD/q) ||a=0 Vg ™.

q2n

. M&i thanh phén can c6 dang B, =h, ‘Dt”i g; ‘M D"q, voi D", = la dao ham cép phan sé 7,

mZmIZm iZF’J

. . Hinh 1. So’ dé tinh tay mdy d6i 2n bac tw do
3. Thuat toan dieu khién

Dwa trén bai toan dong hoc nguoc, ta xac dinh dwoc géc quay yéu cau a4 (t) tai cac khop
tl quy dao chuyén dong clia tai m. Muc nay dé xuét thuat toan diéu khién trwot ding nhanh véi dao
ham cap phan sb (fractional-order fast terminal sliding mode control) dé dan géc quay Q (t) cla cac

khau t&i goc quay mong mubn Q (t) Tin hiéu ra q(t) dwoc 6n dinh theo hai pha: Dau tién, né

hoi tu nhanh dén mat trwot véi thoi gian hiru han bai ky thuat triwgt héi tu nhanh (fast terminal SMC)
[6]. Sau d6, tin hiéu ra bi ddy dén vj tri yéu cau trén mat trwot theo nghia én dinh Mittag-Leffler [7].
Luat diéu khién dwoc phat biéu théng qua dinh ly sau:

Dinh ly 1: CAu truc diéu khién FO-FT-SMC:

T=M(q){t, ~D“[B(a-y)+Bs+As"” +Ksgn(s) !
~J"(0)F(0,0.8)-D+C(q.9)q+B(n.D'q) D/q+G(q)

4n dinh tiém can tin hiéu ra cia mé hinh déng lwc tay may déi (1) véi thdi gian hoi tu htvu han
v6i moi ma tran hé sbé didu khién xac dinh duwong B=diag(4,,--, 5,,), A=diag(4,---, 4, ),

)

K= diag(Kl,m, K2n) ddng thdi g va p la nhitng sé 18 dwong théa man g > p. Mat trwot chiva
dao ham c4p phan sé, xac dinh b&i:

S:Dta(q_qd)+B(q_Qd)a ()
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voi S :S(t) e R™, D/ Ia dao ham cép phan sb o € (0,1) theo thoi gian.

Chirng minh: Ta chirng minh hé mach kin tao b&i mé hinh rd bét (1) dan dong boi Iqét diéu
khién (2) 6n dinh tiém can dirng theo nghia Mittag-Leffler. Chling t6i s& si» dung cac b dé va hé
gua vé gidi tich phan s6 va 6n dinh Lyapunov nang cao dé chirng minh dinh ly trén:

B dé 1 [8]: Néu tdn tai ham lién tuc, kha vi, xac dinh duong V (X) véi X =x(t) € R" la véc
to trang thai sao cho:
V(X)S -V (X)-oV?(x) Vt>t, 4)
véimoihdng 0< 9<1, x>0, va 5 >0,thi V(X)hoity tiém can véi thoi gian hoi tu hivu han:
L WV (x(t,))+6
*T 7(1-9) S

®)

O day, t, la thoi diém dau.
B6 dé 2 [9]: Goi X(t)eR" Ia véc to ciia cac ham thure, lién tuc, kha vi. V&i moi t >t , bét

déng thire sau:
D/ (%XT (t)x(t)jgxT (t) D x(t) (6)

thda man vé&i moi cp phansé [ € (O,l) :
Ap dung bd dé& 2 cho hé vi phan cip phan sé co dang:

Dex(t) = (x(t)) @)
v&i ham Lyapunov:
V(x(1) =5% ()x(1). ®

ta dwoc hé qua sau:
Hé qua 1 [10]: Xét hé vi phan phan sé (7) véi a €(0,1) va x(t) e R"1a véc to trang thai.
Né&u diéu kién sau thda man:

X' (t) f(x(t))<0 ©)
thi géc X = 0 cha hé (7) én dinh. Va néu:
X" (t) f(x(t))<0 (10)

thi hé (7) 6n dinh tiém can quanh diém can bang X =0.
Bay gi®, ta phan tich 6n dinh ctia mat trwot (3) bang khdo sat ham Lyapunov:

1 T 1 2n ,
V==ss==)»¢s (12)
2 2 ; '
c6 dao ham:
. 2n
V=s'§=>"s3. (12)
i=1
S dung tinh chat sau clia dao ham cap phan sb [11]:

. o2 dO° (t
D7 (a(t)) =D [Tg)} : (13)
ta dwgc dao ham cda mat truot (3) theo thoi gian:

$=D7"(4-d,)+B(a-0y) (14)
Thay (14) vao (12) véilwu y (1), ta duoc:
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J"(q)F(9,4,§)+T+D

~C(9.9)q-B(n.D/q)D/q-G(q)
Thay luat diéu khién (2) vao dao ham Lyapunov (15) dan t&i:
V =—s"Bs—s"As"" —s"Ksgn(s) (16)

V=s"{D*| M?(q) —Gy [+B(9-G4) (15)

suy ra:

W LR WELES WA

—_ﬂminis ﬂ’mlnzsmp ZK |S|
i=1

q/

— 2,V ()24 (X) F 3K

(a/p)+1

<=2V (X) =22,V (X) 2
voi B =min(f,-,fB,,). Ap dung Bd d& 1 cho x=28.., 5=2A, .
29=(q/ p)+1, ta két luan réing mét truot 4n dinh tiém can t&i khong véi thei gian hoi tu nhanh,

17

hiru han:
p=q
1 2ﬂminV 2p (X(to))+2ﬂ“min
t = In (18)
Bin (1-0/ p) 22
Khi mat trwot (3) da hoi tu sé mi dirng (terminal exponential stablhty) tin hiéu ra ciing hdi tu
tiém can. That vay, phwong trinh (3) khi mat trwot &n dinh tiém can dan dén:

Dta(q_qu)'i'ﬁ(q_qd)— (19)
Hay:

Dre(t)= f (e(t))=—Be(t) (20)
Ap dung Hé qua 1 cho X(t) = e(t) va nhan thay rang:

e(t) f (e(t))= —(t) Be(t)<0 (21)

voi moi e(t)=(q(t)—a,(t)) € R*, ma tran xac dinh duong B =diag(4 ) e R*™", va

. > 0. Hé qua 1 chira réng sai s6 e( ) 4n dinh theo nghia Mittag-Leffler c6 dang héi tu:

e(t)=e(0)E, (Bt*). (22)

O day, E, (Z) la ham Mittag-Leffler dinh nghTa b&i:
= 23
Z(; ka +1 (3)

voi O<a<l, zeC,va F(-) la ham gamma. On dinh Mittag-Leffler ddng nghta vé&i én dinh

tiém can. vay, q (t) tiém can dén q, (t) khi t tién dén vo cung.
4. M6 phéng va két qua

Dé kiém chirng chat lwgng clia bd diéu khién dé xuét, ching t6i mé phdng hé déng Iuc (1)
cho tredng hop 4 bac tw do [4] dan dong bdi luat dieu khién (2). Chi tiet md hinh dong Iwc rut gon
cho hé 4 bac tv do, cac tham s6 hé thong, va diéu kién dau, déc gia xem thém & tai liéu [4]. Cac
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théng sb6 vé can dan nhat phi tuyén & cac khop gom b =110; 1, =0,4; 1. =0,65 (i=1-4 ). Cac

1
tham sb ctia bo diéu khién gdm:

B=5p=4p=4=3 4=2,=24=2,=005
K, =LK,=K,=K,=3 p=2; q=4; £=0,05.

2
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Hinh 3. Quy dao thwc cua tay gap
Chuing t6i md phdng cho bdn trwdng hop thay dbi cap dao ham gdm a = {ZL' 0,6; 0,75; 0, 9;}
. Ngoai ra, tinh bén virng cia hé théng cling dwoc kiém chirng xét dén tinh b4t 6n clia cac tham sb
(parametric uncertainties) gbm m+ Am VO Am= [0, 51 1 5] va

b+ab=[b+ab, | (i=1-4,j=1-3) véi Ab=[10 25 15] . Két qua mo phong thé hign
trén cac hinh 2-7. Quy dao yéu cau cho trén Hinh 2, hai tay gép sé mang vat tlr vi tri ban dau
(—0, 76;0,6) va (0, 76;0,6) dén dich (—0,525;1,4) va (—0, 275;1, 4) theo quy dao la nira vong

tron tam (0;1, 4) ban kinh 0,4 m.

QuY dao thuc cla hai tay gép nhw Hinh 3, nhin chung né bam quy dao yéu cu va tién dén
dich chinh xac. Chuyen dong quay cla 4 khau thé hién trén cac hinh tir 4 den 7 cho thdy né bam
géc quay yéu cau va dam bao tinh bén virng méc cho cé cac yéu tb bat 6n vé tham sb hé dong luc.

Scheme 1 of FO-FT-SMC Scheme 1 of FO-FT-SMC
80 e N A 160 ‘ ‘ ‘ . . : : : ‘ )
% 60 — —— Alpha=1
g 3 140 - — — — Alpha=0.6 and uncertainties-case 1
Dot ‘gn 120 Alpha=0.75 and uncertainties-case 2
z z Alpha=0.9 and uncertainties-case 3
o 20 H) —— Alpha=1 © 100 F
E = = = Alpha=0.6 and uncertainties-case | ED
< 0 Alpha=0.75 and uncertainties-case 2 { < 80r
----- Alpha=0.9 and uncertainties-case 3
20 . . . L 60 . L L L L L 1 I I
0 05 I 15 2 25 3 35 4 45 5 0 0.5 1 1.5 2 25 3 35 4 4.5 5
Time (s) Time (s)
Hinh 4. G6c quay khau 1 Hinh 5. G6c quay khéau 2
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Scheme 1 of FO-FT-SMC
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5. Két luan

Cong trinh nay da thiét ké thanh cong mot bo diéu khién bén virng ap dung cho ré bét tay déi
dang tdng quat 2n bac tw do. B didu khién dwa trén nén tang ky thuat trwot SMC két hop véi 6n
dinh dirng Lyapupnov, 6n dinh Mittag-Leffler, va dao ham cap phan sé. Bo diéu khién duwoc kiém
ching théng qua md phdng véi tay may déi 4 bac ty do. Két qua cho thay bo diéu khién lam viéc
tét, 6n dinh tiém can tat ca cac dap rng, bén virng v&i sw bién déi rong cac tham sé hé dong luc.
Ghi nhan tai tro

Cong trinh nay 1a sadn phdm cla dé tai nghién ciru khoa hoc cap Trwong hé tro bdi Trudng
Pai hoc Hang hai Viét Nam, nam hoc 2018-2019.
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