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Robotic manipulators have been widely applied in practice. They operate
in different environments and can take time-varying loads. Thus, their
mathematical models can be uncertain and will be affected by external
disturbances. In this paper, a disturbance estimator-based feedback
linearization controller is proposed for a robotic manipulator with model
uncertainty and unknown disturbance. First, a mathematical model with
model uncertainty and unknown disturbance is obtained for the robotic
manipulators. Then, based on this model, the disturbance estimator and
proposed controller are designed. Next, stability analysis is rigorously
performed, and the tracking error is proved to be bounded. The proposed
controller improves the control performance of the feedback linearization
controller when there exists model uncertainty and disturbance. Numerical
simulations for a two-link planar robot are carried out to verify the
proposed regulator and to compare with the existing one. Results show that
the control quality is better than that of the feedback linearization
controller.
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TU KHOA

B6 woc lugng nhidu
Cénh tay may

Tuyén tinh hoa phan hoi
Bit dinh mé hinh

Hé phi tuyén

Céanh tay may da dugc sir dung rat nhiéu trong thuc té. Chang hoat dong
trong cac moi trudng khac nhau va c6 thé mang cac tai thay di theo thoi
gian. Do d6, mé hinh toan hoc cua ching c6 thé bat dinh va s& bi anh
huong béi cac nhiéu tac dong tir bén ngoai. Trong bai bao nay, mot bo
diéu khién tuyén tinh hoa phan hdi dua trén bd wdc lwong nhidu da dugc
dé xuat cho canh tay may c6 mé hinh bét dinh va nhidu chua biét. Pau
tién, mot mo hinh toan c6 bat dinh mo hinh va nhidu ngoai chua biét
duoc thanh 1ap. Sau d6, dya trén mo hinh nay b ude lugng nhiu va b
diéu khién d& xuit s& duoc thiét ké. Tiép theo, phan tich tinh on dinh s&
dugc thuc hién chat ché, va sai sé diéu khién bam dugc chang minh bi
chan. Bo didu khién dé xuat da cai thién duoc chat luong diéu khién cua
b didu khién tuyén tinh hoa phan hdi khi c6 mé hinh bét dinh va nhiéu
chua biét. M6 phong sb cho canh tay may phing da dwoc thyuc hién dé
kiém ching phuong phap diéu khién dé xuit va so sanh v&i phuong phap
da c6. Két qua cho thiy chét luong didu khién tét hon bo diéu khién
tuyén tinh hoa phan hoi.
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1. Gioi thigu

R6 bbt cong nghi¢p da dugc nghién ctru va ing dung rt nhiéu trong céng nghiép va dan dung
[1]. Chung c6 thé thay thé con ngudi thuc hién nhimg cong viéc nang nhoc, nguy hiém va lam
viéc lién tuc. Canh tay may la mot trong nhiing ro bdt cong nghiép duoc st dung rat nhidu trong
cac day chuyén san xudt va lap rap. Day la mot d6i twong nhiéu vao va nhiéu ra, phi tuyén va co
tai thay doi theo thoi gian [2]. Piéu nay dan téi md hinh toan c6 thé bat dinh va ddi tuong bi chiu
anh huong cua nhiéu ngoai chua biét.

C6 rat nhidu phuong phap didu khién di dugc nghién ctru va ap dung cho canh tay may, nhu
phuong phap tuyén tinh héa phan hdi [3], phuong phap diéu khién ti 1¢ vi phan c6 bu trong luc
[4]. Cac phuong phap nay lam viéc hidu qua khi mé hinh toan cua canh tay may la di biét va
khong chiu dnh huong cia nhiu. Tuy nhién chat lugng diéu khién s& bi anh hudng 16n néu nhu
mo hinh khong | bién va c6 tac dong tir bén ngoai.

pé giai quyet cac van dé nay, co nhiéu phuong phap da dugc nghién ctu nhu diéu khién truot
[5], diéu khién thich nghi [6 1, diéu khlen phi tuyén [7], diéu khién hoc lap [8 ]- Ngoai ra con ¢o thé
sir dung cac bo quan sat nhidu phi tuyén [9], sau d6 s& bu nhiéu tac dong bang thanh phan nhiu
udc lugng. Gan day, mot bd ude lugng nhidu dia trén nguyén ly t6i wu dich truc thoi gian da duoc
dé xuét [10]. Trong bai bao nay, chung t6i nghién ciru va dé xuat mot b didu khién méi nham nang
cao chét luong diéu khién cua bo diéu khién tuyén tinh hoa phan hdi [3] bang cach két hop véi bd
quan sat [10] dé bu anh hudng ciia bt dinh mé hinh ciing nhu 13 nhidu ngoai tac dong.

Noi dung con lai cua bai bio gdbm: muc 2 s& trinh bay vé phuong phap thiét ké bao gom mo
hinh toan cua canh tay may c¢6 mo hinh bat dinh va nhiéu ngoai tac dong, phuong phap thiét ké
bo diéu khién, va ching minh tinh 6n dinh cta hé kin; myc 3 s€ trinh bay két qua va ban luan
thong qua m6 phong va so sanh voi phuong phap tuyén tinh hoa phan hoi; va phan cudi cung la
muc 4 s& dua ra két luan va hudng nghién ciru tiép theo.

2. Phwong phap thiét ké
2.1. Xdy dwng mé hinh toan

Mo hinh toan ctia canh tay may c6 dang tong quat nhu sau [1]:

M(q)g +C(q,4)q + G(q) = 7 + 14, (1)
trong d6 M € R™" la ma tran quan tinh, C((q,q))g € R™ 1a lyc hudng tam va Coriolis, G(q) €
R™ 1a véc to luc trong truong, T € R™ 1a md men tac dong dau vao va 7,4 1a véc to nhidu tac dong
tir bén ngoai vao. q, ¢, ¢ lan luot 1a vi tri, tc d6 va gia toc cua cac khop.

Cho gia tri dit q4(t) € R™, tim tin hiéu diéu khién 7 sao cho:
. , lim;,e, q(t) = qa (D), (2)
vai dieu kién M, C va G 1a bat dinh.
Dé giai quyét tinh bat dinh ciia m6 hinh, gia thiét ta c6 thé biéu dién ching nhu sau:

M = M, + AM
C=Co+AC,
G =Gy +AG

Trong do, My, Cy va G, 1a cac thanh phan da biét tir ddi tuong, con AM,AC va AG 1a nhiing
thanh phan bit dinh chua biét. Phuwong trinh (1) ¢6 thé dwoc viét lai dusi dang sau:

Mo(9)G + Co(q,4)q + Go(q) = T + 7, 3)
Trong d6 T, = —AM{ — AC§ — AG + 74 dugc goi 1a nhiéu tong, M, c6 tinh chat Mo = In Vaoi [

la ma trén don vi va g > 0. M6 hinh (3) s& duoc str dung dé thlet~ke bo diéu khién & phan tlrep theo.
M0 hinh nay thé hién duoc tinh bat dinh ctia m6 hinh cling nhu nhieu ngoai tic dong vao ro bot.
2.2. Piéu khién tuyén tinh héa dwa trén bg woc lwong nhiéu
Bo diéu khién tuyén tinh héa phan hdi c6 dang nhu sau [3]:
T = Mo(Ga + KpqG + Kyq) + Go(q)+ Co(q,4)q , 4)
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Trong d6 § = q4 — q, Kp va Ky 14 cac ma trén dbi xtg xac dinh duong. Bo diéu khién nay s&
lam cho sai 1éch bam § tién dén khong néu nhu nhiéu téng 7, = 0. Khi nhiéu tong khac khong,
chét luong diéu khién cua hé théng khong con dugc ddm bdo nira, sai 1éch bam s€ khac khong va
tham chi khong on dinh nita. Pé khic phuc nhugc diém nay, mot bo wéc lwong nhidu s& duoc
thiét ké nhu sau [10].

pat x= []] A(x)z[_ : ]VéB(x)z[ 2 ] Ta

© = Wl 0 Mt () [Co(x x2)x2 + Go (1) = =Mt
c6 thé viét lai (3) dudi dang sau:

t=A(xt)x+ B(xt)(u+d), (5)
véid =1, vau=r. ’
Theo cong thirc Euler ta c6 xap xi:
() ~ Xk —8&(—1’ (6)
vai & 1a chu ky Iay mau dugc chon dii nho dé sai s6 xap xi dii bé. Thay (5) vao (4) ta co:
[I + SA(Xk 1)tk)]Xk 1+ 6B (Xk 1Itk)[+dk — dk 1]
~ Aka 1 + Bk[u + dk - dk 1] (7)
= Afxi—1 + BR[u+ di — die ] + Qo
V6i A} = 1+ 8A(Xk—1,tk), Bf = 8B (xk-1,tx), dx = d(t). D¢ xdc dinh duoc dy tir phuong
trinh (7) thi ta s€ SO sanh v&i mo6 hinh tham chiéu:

7= Az, +BY[u—d,_,] ®)
VGi AZ = 1+ 8A(zi_y, ti). Tur (7) va (8) thu duoc:
Ok = X — Zk — AkXk—1 + ARZk-1 — Bidxk 9)
binh nghia ham muc tiéu:
Jx(di) = G — min (10)
bit hy = xx — 2K — AjXk—1 + ARZx—1. Ta co:
~ A~ \T ~
Ji(di)) = (hi = Biidi) (hy — BEdy) (11)

= di (BI)TBdk — 2hgBidi + hihy
Tur day ta c6 nhiéu udc lugng 1a:
die = [(BR)TBE] " (B) Thy (12)
o =[BOBIT B (xk — 2k — AkXi-1 + ARZk-1)
Nhu vay bo dieu khién tuyén tinh hda phan hoi dya trén by quan sat nhicu dugc dé xuat nhu sau:
) 7= Mo(Ga + Kpq + Kyq) + Go(q@)+ Co(q, 4)q — %¢ (13)
Gia thiet 1: Sai so udc lugng 1a bi Chén T — 1T, <A
N )
Gia thiet 2: Matran H = [—Kp K, ‘ 7 ’
Dinh Iy 1: Xét h¢ thong (3) véi ludt diéu khién (13). Sai léch diéu khién § s& bi chan néu gia
thict 1 va gia thiét 2 duoc thoa man.
Chirng minh: Thay bo diéu khién (13) vao (3) ta co:
Ga — 4+ KpG + Kyq = Mg (¢ — £c) (14)

] 1a Hurwitz.

bate = [Zl], ta co:
I 0 -1 - (15)
—Kp —KV] [1] Mo~ (e = %c).
Khi khong ¢ bat dinh mé hinh va nhiéu 7, = 0 va khong su dung bo uéc luong nhiéu, (15)
tro thanh é = He. Theo gia thiét 2, hé thong nay 6n dinh vi ma tran H 1a Hurwitz. Do d6 ton tai

ham Lyapunov V =eTPe véi P =PT >0 la ma tran d6i xung xac dinh duong va V =
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eT"(HTP + PH)e<0. Do @6 HTP + PH = —Q 1a ma tran d6i xtimg x4c dinh 4m (Q 1a ma tran ddi
xung xac dinh duong). N
Khi c6 bat dinh mé hinh va nhiéu,
V =—e"Qe +2e"PEv < ~ymle*+2;PE|le],
trong do y,, 14 gia tri riéng nhé nhat cia ma tran Q, v = My (1, — %), |*| 1a chuan cta véc to
* vaE = [(I’] Nhu vy e ¢ S = {g | le] < 2|PE]| #} thi V < 0, din t6i e tién vé tap S. Nhu vay
sai s6 diéu khién bam bi chan boi tap hut S.
3. Két qua va ban luan
Trong phan nay s& sir dung canh tay may phang hai bac tu do dé kiém chung bo diéu khién dé
xudt (12) va so sanh véi bo diéu khién tuyén tinh hoa phan hdi (4). M6 hinh toan (3) ¢6 dang:
M, (q) = (my + m)l2 + myl2 myl3 + mylyl, cos(qy) + 2mylyl, cos(qy) + 4
oM myl5 +mylyl, cos(qy) myl5 +(]2)
: —mylylpsin(qz)qy  —2mylyl; sing; Cil]
Co(q,9) = , .
(@ 4) 0 mylyl;sin(qz)q;
Go(q) = [(m1 + my)gly cos(qz) + myglycos(qy + QZ)]
0 maglycos(qr + QZ)
véil; = 1m, I, = 0.5m, my = 1kg, m, = 0.5kg, g = 9. 81 , J1 = 05kg.m?,], =
0.2kg.m?, nhidu dau vao téng c6 dang:
T, = [2sin(3t) + 3sin(2mt); 3cos(2t) + 2cos(3nt)].
Quy dao dat dugc chon nhu sau:

L= [qld] [Sin(t)

cos(t)]

424
Két qua mé phong thé hién tir Hinh 1 dén Hinh 7.
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Hinh 3. Sai 56 wéc heong nhiéu thanh phan thir nhar - Hinh 4. Sai s6 wdc lirong nhiéu thanh phan thik hai
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Hinh 5. Sai s6 bdm cho khép 1 Hinh 6. Sai s6 bdm cho khép 2

Trong d6 cac goc khop thir nhat va thir 2 (g4, q,) va cac gia tri dat cua ching duoc thé hién
trong hinh 1 va hinh 2. Ta thay cac goc khdp bam theo quy dao dat voi sai sb (cua phuong phap
dé xuat) nho hon so véi sai s6 cua phuong phap diéu khién tuyen tinh hoa phan hoi (FL) nhu
trong hinh 5 va hinh 6. Nhu vay bo diéu khién dé xuat (13) cho chét lugng diéu khién tét hon so
V6i phuong phap diéu khién tuyen tinh héa phan hoi (4) khi co bat dinh md hinh va nhidu tac
dong. Sai s6 wdc luong cac nhidu thanh phin dugc thé hién trong cac hinh 3 va hinh 4. Ching
tién téi khong sau khoang 0,1 gidy.
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Hinh 7. Tin hiéu diéu khién
Tin hiéu diéu khién thé hién trong hinh 7. Céc tin hiéu diéu khién nay 16n trong khoang thoi
gian dau sau d6 dao dong trong khoang 0 + 20.
4. Két luan

Trong bai bao nay, mot bd didu khién tuyén tinh hoa phan hdi két hop véi bo udce lwong nhidu
dd duoc dé xuat cho canh tay may c6 mé hinh bat dinh va nhiéu tac dong. Sai sé diéu khién bam
hoi tu vé tap hat va bi chin. M6 phong véi canh tay may phang hai thanh da duoc thuc hién va so
sanh voi phuong phap didu khién tuyén tinh hoa phan hoi. Két qua cho thiy, bo diéu khién dé
xuét da cho chit luong diéu khién t6t hon. Nghién ctru tiép theo s& thir nghiém bo diéu khién dé
Xuét trén canh tay may thuc dé danh gia tinh ing dung cia b diéu khién nay.
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