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NGHIEN CU'U, UNG DUNG THUAT TOAN THICH NGHI PIEU KHIEN
' CHUYEN PONG CUA ROBOT TRONG KHONG GIAN PE CAC

Pao Minh Tuén, Nguyén Thi Thiiy, Nguyén Thi Nhuw
Truong Dai hoc Su pham Ky thudt Hung Yén
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Toém tat:

pé nang cao chat lwo’ng chuyén dgngciia robot céng nghiep, cde b diéu khién sir dung cdc thudt
todn diéu khién nhw diéu khién trieot, PID bil trong trueong, tuyén tinh héa... Tuy nhién, trong mot sé diéu
kién lam viéc cua robot cong nghiép, cdc tham sé dong hoc ciia robot thay d6i vi du nhi trong hfo’ng cua
vdt ma canh tay robot gap, mé men qudan tinh ciia cac khép. Sw thay doi nay lam anh huong dén chat chuyen
dong, do chinh xdc vi tri cac khop ciing nhuw quy dao chuyen dong cua robot. Baz bdo nay dé cdp dén img
dung thudt todn diéu khién thich nghi diéu khién chuyén déng ciia robot truec tiép trong khéng gian Decac
dé han ché va logi bé s anh hwong do.
Tir khéa: Piéu khién robot, Piéu khién thich nghi, Piéu khién hé thong c6 tham sé khong dirng.

1. Pit vén dé - Khép 2: Chuyen dong quay quanh truc Z,
St dung thuat toan diéu khién thich nghi - Khép 3: Chuyén dong tinh tién theo trch

dé diéu khién chuyén dong robot trong khong gian

khép nham muc dich diéu khién goc quay ciia cac p4

khop (v6i cac khop quay)’ va chiéu dai dich chuyén 0 .0, Id?'l

(doi voi cac khop tinh tién) goi chung la cac bien —]

sao cho bam quy dao da dat trudce cua cac khop khi W g E=ars

ma co cac tac dong tir sy thay do6i cac tham sd dong Z

hoc ctia robot trong khi lam viéc. N 0,
Trong thyc té va bang thyuc nghiém cho thay, d,

diém tac dong cudi ctia 5:énh tay robot (dat tai ban 4 Yow

tay robot) dugc quy chiéu 1én hé truc toa do Oxyz

(hé truc toa do dit & khép dau tién cua canh tay Y Qo / Xg

robot). Bai bao dua ra Uing dung thuat toan diéu

khién thich nghi dé diéu khién chuyén dong cua Hinh 1. Robot RRT

robot trong khong gian Decac. Phuong phap dicu

khién nay thay cho phuong phéap diéu khién chuyén  Trong do 6., 0, 1a goc quay ciia khop 1 va khép 2;

dong cua robot trong khong gian khop dé giam sai d, 1a chiéu dai tinh tién cta khép 3.
s6 tuong dbi khi quy chiéu hé toa do dat trén cac
khop 1én hé truc toa do gbc Oxyz. 2.1.2. Phuong trinh dgng luc robot
Phuong trinh dong luc hoc cua canh tay

2. Co 6 ly thuyét robot dugc xay dung dudi dang:
2.1. Xay dung phwong trinh dgng lyc hoc ciia robot M=H(Q)Q+V(00) +G(Q) (1)
2.1.1. Méhinh robot RRT . Trong d6 H, V, G lan luot 1a cac thanh phan quén

Chuyén dong cua robot gom 3 khop. tinh, twong hd va thanh phan bu trong trudng thu

- Khép 1: Chuyén dong quay quanh truc Z,  duoc tir dong hoc cuia robot.
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mssac .
—orril 22q3q1q1 +2dams3s2c2q3q1q1

. m3q2q3q2 5 . omaqs(si- Daiq 3)
V31=d2m3q2qz-f+dzm3(52'1)q1q1+f
0  [AH=1)-H(©)
G =| Mgt | LML | g o @ bat iaC=¢(0,0)-€(0.0) (10)
mss g AG=G-G
2 Thay vao phuong trinh (6) ta c6
22 X dune th it K chich mohs (H+ AH)v+(C+AC)v+(G+AG) + Kpr =
thuat tosn diéu khién thi i o
Ay dung thuit toan diéu khién thich nghi — HO+CO+G(0) (n

2.2.1. Xay dung thuat toan

Xuat phat tir phuong trinh dong luc hoc cta
robot (1) da dugc xay dung.

Khi dat mot momen M vao céac khac thi cac
khop s€ quay mét goc 1a Q voi

T=[T;T;..T];0=l4;4y -4,

T 14 thanh phdn momen l4y tir bo didu khién,
n 1a s6 bac tu do cua robot. Khi do, gia toc goc quay
a:0=H"'*[T-V-G] 5)

Khi canh tay robot lam viéc thi géc quay cua
cac khop, van tée cac khop va quan tinh cua cac
khép thay dbi. Gia sir cac tham sé dong hoc cua hé
thong khong biét 1an luot 1a thanh phan khdi luong
m_ va thanh phan quan tinh 1a / ma ta khong biét. Ta
phdi u6c luong mot gid tri cua m, va I,. Momen hodc
luc can thiét dua vao cac khép dugce xéc dinh la:

M=H(Q)v+C(Q.0v+G(Q)+Kor  (6)
[V:f}d'L(Cid'q) ]
Trong d6: 1V =44~ L(qa~q) t (7

lr =(qa-q)+L(qa- CI)J
q, 1a cac gia tri goc dit cua cac khép.
L 1a ma tran duong chéo xac dinh duong
Dya vao luat uéc lugng tir phuong trinh
dong hoc

M=H(Q)0+|5H0)+S(0,0)|0+G(0) =

Cc(Q,Q)

=7(0.0.0.0)P ()

V6i ma tran hoi quy Y(Q,0,0,0)P

Trong d6: P=[m; .m; I; .I]

Ta c6 luat cép nhap dé tinh 13
P=T'Y'(5,v,0,0)r ©

Tur luat cap nhap do, ta tinh dugc cac tham
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HE-0)+C-0)+AH.v+AC.v+AG=-Kpr

Y(V.V.QQAP
(12)
Suy ra:
Hi-Cr+Y(V,V,0,0) AP =- Kpr (13)
2.2.2. Chirng minh thuit toan
Chon ham Lyuapunov:
V=S H(Q)r+AP'TAP] (14)

Trong do, I' 1a ma tran dudng chéo xac dinh duong
cap n.
Theo luat cap nhap thi:

P=T'Y (b,%,0,0)r
AP=P-P - AP=P
Léy dao ham cua AP'T'AP ta duoc:
4 (AP'TAP)= AP'TAP = AP'TT'Y'r =
=AP"Y'r=+"YAP

Nhan hai vé ctia phuong trinh (14) véi 7 ta dugc:

lpr T __.T
Al H(Q)r' +r' YDP|=-r Kpr
Gy'r v
[I"T>0
Trong d6: 1Kp > 0— V<0
r>0

Suy ra hé 6n dinh theo tiéu chuén Lyapunov.

3. Két qua tng dung thuit toan diéu khién cho
robot RRT

3.1. So @6 khdi diéu khién robot RRT trong
khéng gian Decac

So d6 m6 ta nhu Hinh 2.

Gia str vi tri ban dau cua tay kep robot RRT
dang & toa do x(0.768, 0.1560, 659) twong Gng voi
g6c quay cua khdp mot va khop 2 1a (11.46°, 11.46°)
v chiéu dai thanh ndi thi ba 1a 0.3m.

Dat toa do vi tri tay kep robot mong muén
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trén hé tryc toa do O(x,, y,, z,) la: Suy ra:
x,v,z)=(0.1,03,0.5 ox _ 9
@ ¥y 2) = ‘ o ) 0, ~ 516y (dy +g3); a—é::_ClSQ(dz"'%)
3.2. Ung dung thuat toan diéu khién X _ Ay
. . A -=cc 9 _
Dit bién phu: 95— 17 g, T aca(dt gy);
_ . ) 9 9 .
v =7 Gt L) (15) a—gz=—s2sl(d2+qg); 3—5325102; 8—5120’
s o= T s 4 (e — ) —J 16
v f[xd L%, —%) Jv] (16) a_Z:C(d+ ).ﬁzg
r=JJg—3+Lix—x,)] (17) 98, @R ag %
Véi J 1a ma tran Jacobi cua robot RRT duoc Suy ra:
xac dinh tir vi tri ctia tay kep trong h¢ truc toa do. —s,0,(dyFq,) —eys,(dytq) 0

x=ccy(dytgs)
O(xq, Yo, 23y = 6381 (dh + q3) (18)
z=d +s,(dr+q3)

J=| ey (dytgs)  Tsys(dyTgy)  sic
0 ¢y (dy T qy) S

) =i (dyt ) T8y (dytqs) =810y 8185(dh T q3) —ecy(dhtq3) —cicy =S¢
J=|masy(dhtq3) —sie(dtq3) teey sio(dhtqy) —eisy(dytgqs) =818, —sisat | (19)

0 —85y(dy tq3) T Cy
L 1a ma tran duong chéo xac dinh duong (3x3) V6i P=—T,'Y"r
¢ .. LT . . A _ .
X=[ep.2] ysi X =78 hay P=T""Y" (5,v,0,0)r
B diéu khién va luat cap nhap tham s la: Céc tham sb duoc cap nhap va dua vao b
T=Hv+Cv+G+K;r (20) diéu khién 1a: P=[m2;m3;’1\1;/1\2;’]\3]1
_EL.|=:EI| ;
L= = ] P
g B
_,I:I ;!|:|| z
¥ 4
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Hinh 2. So @6 diéu khién robot RRT trong khéng gian Decac
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3.3. Két qua mé phong rng dung thuit toan cho
robot RRT

3.3.1. Két qua cac dap wng caa vi tri tay kep
robot trong hé truc toa dd gbc
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Hinh 3. Ddp wng theo truc x
Kd=[2000;0200;0020]
L=[1000;0100;,0010]
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Hinh 4. Ddp wng theo truc y
Kd=[2000,;0200; 00 20]
L=[1000;0100;0010]
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Hinh 5. Dap ving theo truc z
Kd=[2000; 0200, 00 20]
L=[1000;0100;0010]

Tai liéu tham khao
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Hinh 6. Dap ving theo truc x, y, z
Kd=[2000; 0200, 00 20]
L=[1000;0100;0010]

3.3.2. Panh gia két qua md phong trén robot RRT
V6i két qua mé phong thu dugce trong Hinh
3, Hinh 4, Hinh 5, Hinh 6 ta thdy
- Toa d6 diém tac dong cudi cua canh tay
may bam theo toa do dat trude (x,, y,, z,) = (0.1,
0.3,0.5)
- Thoi gian quéa d6 nho (déu nhé hon 0.5ms).
- D6 qua diéu chinh thip.

4. Két luan va danh gia

Bai bao trinh bay tong quan vé tmg dung
thuat toan diéu khién thich nghi diéu khién chuyén
dong robot cong nghiép trong khong gian Decac.
V6i két qua thu duoc tir img dung trén canh tay
robot RRT nhén thdy chit lwong diéu khién thu
duogc kha tt. Uu diém ndi bat caa phuong phap nay
1a han ché nhimng anh huéng cua su thay doi cac
tham s6 dong hoc cua robot dén chat lwong chuyén
dong trong qué trinh 1am viéc. Cac tham sb dong
hoc khéng can x4c dinh chinh x4c ma chi udc luong
mot gia tri nao do. Cac tham $6 nay s& dugc cap
nhap thudng xuyén bang luat cdp nhap tham sé va
duoc dua vao bd diéu khién. Diéu nay s& lam giam
su anh hudng cua sy thay ddi cac tham sb dong hoc
cua canh tay robot trong qua trinh lam viéc.

Ngoai ra, voi thudt toan ndy c6 thé phat trién
thém ung dung mang Neural trong viéc nhan dang
su thay ddi cac tham sé dong hoc trong phuong
phap nay thi chit luong diéu khién thu dugc sé& tot
hon.
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RESEARCH, APPLY ADAPTIVE ALGORITHM TO CONTROL MOVEMENTS
OF ROBOT MANIPULATOR IN DECAC SPACE

Abstract:

To improve the quality of industrial robot motion, the controller uses the control algorithm as sliding
controller, PID offset gravity, exact linearization. However, the working conditions of industrial robots,
the kinetic parameters such as changes in the weight of the robot arm to pick up objects, inertial torque
changes affecting the motion of the robot. To mitigate and reduce the impact that the movement of the robot,
using adaptive control algorithm with the aim to adapt with changes that kinetic parameters.

Keywords: Robot control, Adaptive control, Control systems that have variability parameters.
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