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PIEU KHIEN QUY PAO ROBOT BON BAC TU DO
CONTROLLING THE PATH OF 4 DOF ROBOT
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Tém tat - Robot 4 bac tw do dang RRR.R 1a dang robot ¢é nhiéu wu
didm hon so v&i cac robot 4 bac tw do khac nhd kha nang dinh
hucyng va vi tri mét cach linh hoat. Bai bao gigi thiéu cach thirc diéu
khién diém tac dong cudi clia robot bam theo mét quy dao ‘trong
khdng gian Descarte cho trudc bang cach tinh toan ma tran bién déi
thudn nhét bang phuong phap bién ddi toa do. Trén co s& ma tran
thudn nhét, tinh todn dong hoc ngwoc cla robot va thiét ké quy dao
bién khdp clia robot dé co cAu chap hanh cudi bam theo quy dao da
cho. V&i mé hinh ddng lwc hoc robot, bai bao gi¢i thiéu mot bd didu
khién theo phwong phap diéu khién trwot (slide mode control) dé didu
khién cac khép theo quy dao bién khép vira xéac dinh. Cac két qua
dwoc kiém tra md phdng bing phan mém Matlab.

Tl khéa - robot; 4DOF; quy dao bién khép; quy dao cung tron;
didu khién trwot.

1. Pit van dé

Robot 4DOF c¢6 két cdu 4 khép quay RRR.R bi han ché
boi kha nang dinh hudng trong khong gian (so voi céc
robot ¢ s6 bac ty do cao hon), do d6 khé thuc hién dugce
cac nguyén cong doi hoi khét khe vé vi tri va huéng ciia co
céu chap hanh cudi (nhu nguyén cong son, han...). Trong
khi do, quy dao cung tron trong khong gian la dang quy dao
thuong duoc sir dung trong thyc té (nhu trong nguyén cong
han 4ng). Bai viét giai quyét bai toan dinh vi tri va hudng
cta robot bam theo mot cung tron trong khong gian nim
trong truong cong tac cua robot va thiét ké bo diéu khién dé
diéu khién robot theo quy dao da thiét ké.

2. Két qua nghién ciru
2.1. Bai toan dit ra

Cho robot 4DOF co bon khép quay, cho mot cung
tron dugc dinh hudng nam trong mat phang vudng goc
v6i mit phing OgXoZo gin trén dé ciia robot va nam trong
trudng cong tac cua robot. Piéu khién co cdu chip hanh
cubi cua robot bam theo cung tron va c6 phuong cua
vector hudng di qua tdm cung tron.

Hinh 1. M6 hinh bai toan

2.2. Gidi bai toan
Goi goc giira hai mit phang o va mat phang 00XoZo 12 @,
goc hop gitra tia OrA véi giao tuyén mat phing o va mat

Abstract - The 4DOF (degree of freedom) robot RRR.R has more
advantages than other 4DOF robots through flexible orientation
and position. This paper presents a method to control the end
effector of 4DOF robot to follow the path that is desired on
Descarter-coordinates by calculating the homogeneous matrix.
On the basis of homogeneous matrix, the robot's inverse
kinematic dynamics is calculated and the robot's joint space
trajectory is designed. On the basis of dynamics, this paper
proposes a controller that is designed by slide mode control
theory to control joints according to the determination of joint
trajectories. The results are simulated by using Matlab.

Key words - robot; 4DOF; joint trajector; arc path; slide mode
control.

phéng 00XoYo 1a o, goc hop gita tia OrB v6i giao tuyén
mat phang o va mat phang 00XoYo 1a Pr, goc hop gitra hudng
cta co cau chip hanh cudi Vi giao tuyen mit phing o va
mat phang O0XoYo 1a B(D). Diém E thé hién vi tri hién tai cua
co cdu chap hanh cubi ciia robot. Co ciu chdp hanh cudi di
chuyén theo hudng ctia cung tron tir A dén B (Hinh 2).

\

[HO)

Hinh 2. Xdc dinh cdc gia tri bai toan

\

B(H)

Hinh 3. M6 hinh diém tic dong cudi ciia robot trén quy dao
Gén vao diém Or mdt hé truc toa do Orxyz, sao cho
mat phang Orxy trung voi mat phang a, truc Ogrx trung
v6i duong OrE, chicu ctia Orx 12 chiu cta vector OgrE.
Nhu viy ma tran bién d6i thuin nhit mé ta vi tri va
hudng cta hé toa o Orxyz so v6i hé toa 46 OoXoYZo la:
H = Trans(P).Rot(z, ¢).Rot(x,900).Rot(z,B(t)).
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Trong d6 P P =X0R.f+ Yo, .}'+ZOR k

Vay cac ma tran bien doi la:

1 0 0 Xo
7 P)= * 1
rans(P) 00 1 Zo, (D
00 0 1
cos(p) —sin(p) 0 O
sin Ccos 0 0
Rot(z.g)=| S0P ¥ D0 )
0 0 0 1
1 0 0 O
00 —10
Rot(x,90") = 3
o900 =" A3)
00 0 1
cos(f(¢)) —sin(B(z)) 0 O
sin( (¢ cos(f(¢ 0 0
Rot(z, py =| PO cosBO) 001 g
0 0 0 1
Véy ma tran bién ddi thuan nhét 1a:
CoCo —C.S, S, X,
H(t): Cﬁ(’)SW Sf(t)S _C\rf YOR (5)
Sa(;) Ca(;) 0 Z()R
0 0 0 1
Trong do6:

Cp(t) = cos(B()); Sp(t) = sin(B(t)); Co = cos(g); S, =
sin(¢);
Vi tri dén cia tay may duge mo ta bang phuong trinh
sau [2,5,6]:
T 44'1“_1_001 — H(t)basePobj (6)
Trong d6:

- T4 1a ma tran bién ddi thudn nhit mé ta hudng va
vi tri cua hé toa do gén trén khau chép hanh cubi so
v6i hé toa do gdc.

- *Troo 12 ma tran bién d6i thuan nhat mo ta hudng
va vi tri coa diém tac dong cudi coa cong cu ddi
véi hé toa d6 gén trén khau che“ip hanh cubi.

- H(t) 1a ma tran bién d6i thuan nhét, 1a mot ham
theo thoi gian, md ta hé toa d¢ lam viéc OR cua
déi tugng ddi véi hé toa do géc cua robot.

- basep 13 ma trén bién d6i thuan nhét mé ta hudng
va vi tri cta co cAu chip hanh cudi so voi hé toa do
lam viéc Or.

Diém tac dong cudi cua robot duge mo ta nhu Hinh 4.

Hinh 4. M6 t diém tac dong cudi ciia robot

Trong do: _
- H¢ toa d6 O4 mo ta hudng va vi tri cua diém cubi
cua khau thir 4.
- Hé toa d6 E voi cac vector huong 7, o, d mo ta
hudng va vi tri diém tac dong cudi gin trén robot
(vi du nhu ddu miii han...)

Nhu vay ta co:

0 0 1 a 00 -1 R
4 _ _1 O O . base 0 1 0 0
TTaol - 1 O O O 5 B,},/ - 1 0 0 0
0 0 01 00 0 1

Dé tim vi tri goc quay cua cac khdp, ta giai phuong
trinh (6) vdi cac bien khop, do d6 ta co:

T4: H(t)basePobj‘P—I‘Tool_1 (7)

Nhu vay theo (7):

—Cs0Co SpCy S,
~CsSp SpnSe —Cp Yo, +(R+a)CpyS,
—Spr - —Cpoy 0 Zoy +(R+a)Spu

0 0 0 1
bot 4 bac ty do két cau kiéu RRR.R ¢6 mo hinh dong hoc
nhu sau [1]:

XOR +(R +a)Cﬁ(,)C¢,

T: = Ro

a2 a3 ad

/
Hinh 5. M6 hinh déng hoc robot
V61 mo6 hinh dong hoc nhu vay, phuong trinh dong
hoc cua robot nhu sau:

Gl —CSy S 2,00, +a,C Gy +a,GC
T, = $1Cu =885 G 2,50 +a,5,C; +a,5C,
S Cos 0 3,8y, + 4,5, +a,5, + 4,
0 0 0 1

Gia st vi tri khau chap hanh cudi nim & vi tri thoa
man dicu kién ton tai nghiém, theo [1] ta c6 nghiém toan
hoc cua robot la:

6 = —arctan 2(a.,a,)
6, =arctan2(A,B)

P’ + P’ —ay —azz) )

6;=arctan2( £ +/1— C?, > >
a;” +a;

94:9234 —92 —93
Véi:
Ci = cosOy; S; = sinfy; C, = cosby; S; = sinOy;
Ci2=cos(0;1 + 62); Si2=sin(0; + 62) ...
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B (a3C3 Jraz)(a3523 +a,8,) —a;8,(a;,C,; +a,C,)
- (513C3 +a2)z —i—(a3S3 )2 '
B (a3C3 Jraz)(a3C23 +a,C,)+a,8,(a,5,; +a,S,)
a (a3C +a,) +(a8,)
=—Cy,C,5n, = =C5yS, — C5yS,S,n, = =S5
=S850Cp30, = 855,30 = —C30, =S5
a,==Cyyia, =0 p, =X, +(R+a)Cy,C,;
p, =Y, +(R+a)C,,S,:p. =Z, +(R+a)S,,
B=Cp, +8p,—23,Cp3P, = p. —d,

pé chuyén dong cac khop dugc lién tuc va muot, ta
chon quy ludt vin tde goc cua diém tac dong cudi so voi
tam quay 1a Og 1a mot ham bac 2 (tic A(¢), 1a mot ham
bac 2 hay 5(¢) 1a ham béc 3) [2,5]. Do d6, ta c6 ham £(r)
theo thoi gian nhu sau:

- a4S234

3(8, = 8))— (26, + 8, )¢,
tf2

(Bo+8, )1, —2(8,=8)

3

B(t) = By + Byt +

)
_|_

ly
V6i fy va B 1an luot 1a van toe goc tai thoi gian =0
va t= tg, tr 12 khoang thoi gian d€ robot di chuyén tur vi tri
duoc dinh vi béi goc 8, dén goc 3.
2.3. Thiét ké bé diéu khién robot
Xét mo hinh dong luc diéu khién robot sir dung dong
co dién mot chicu kich tur doc 1ap nhu sau:

Hinh 7. Truyén déng cho khép robot

Ta ¢6 phuong trinh vi phan mé ta mdi quan h¢ gitra
dau vao h¢ thong (dién ap) va dau ra hé thong (van toc
goc cua truc dong co):

1 T(t) ;

u,(t)y=——- +—t9 -l—KH (10)
CIORNCT0)
Tir d6 ta c6 phuong trinh trang thai ciia hé théng nhu sau:
o
i
de
e =0O(u, (1) =¥ ()x: —O() Ky xy an
y X1 = Hm
Vi
L J)| K. K dt L,J(t)

Ta thiy trong md hinh cua dbi tuong diéu khién (11)
¢6 cac tham s6 bién doi tuy theo vi tri ciia cac khop robot
theo thoi gian, do do ta s€ si dung phuong phap dicu
khién bén virng dé diéu khién. Cy thé trong truong hop
nay, ta lya chon phuong phap diéu khién truot (Sliding
Mode Control) dé thiét ké bo diéu khién [3,4].

Goi:

e y4(t) 1a tin hi€u dat (1a mot ham bién thién theo thoi
gian).

* e(t) = ya(t) — y(t) la sai léch gitra tin hi¢u dat va tin
hiéu diéu khien.

Do mo hinh 1a béc 2, nén ta str dung ham truot cé dang:

s =ke+ de

o (12)

Vé6i ki> 0 dé phuong trinh s(e) c6 da thic dic tinh
A(p) = ki + p 1a mét da thirc Hurwitz.
Tur ham truot s ta co:

de d(y,—y)
S:kle+E:kl(yd—y)+ j{t (13)
dya dy
=>s=|kys+— |-| khhy+— 14
s(‘yd dtj['y dtj (o
. _ dya
Vay mat truot s =| ki y. +E —(k1X1+xz) (15)

Vé6i ham truot s, nhiém vu cla bd diéu khién 14 phai
tao ra dugc s>0 dé c6 e>0 va diéu nay tuong duong véi:

ésgn(s) <0 (16)
dt
Chon K >0, tur diéu kién truot ta duoc:
%sgn(s)z—K K >0 (17)

Tu (15), (17) ta dugc:

d|:(k1yd +a(,;td)—(k1)€1 +XZ):|

sgn(s) =-K
0 gn(s)
dyd dzyd _ dxl _
{ ar T are (& ar )}sgn(s)_
dys Ay E dy
k k +O)u,(t)— (1)K
{ldt i 1d (Oua (1) — OO Kpxi

~W¥(0)x2)|sgn(s) = -
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= [l + Fa OO, (1) + OO Kixi +¥(0)x: | sen(s) =—K(18)
ket 5, ~O0u,(0)+ OOK,x +H(0)s]) =K sgn(s) (19)
Tu (19), ta duoc

O, (t) = K sgn(s) + ki e+ v+ P(O)x, + OO Kpxi (20)

Ta duoc:
u, () —@[ngnm) Fhét 3, +U0n +O0K,5] 21)

2.4. Két qud

Céc két qua md phong bang phin mém Matlab cho
thiy bo diéu khién duoc thiét ké hoat dong t6t, thoi gian
dap Gng nhanh, sai 1¢ch tinh nho trong pham vi cho phép.
Tuy nhién, hién c6 hién tugng Chatterring khi st dung
ham sign(s). Hién tugng Chatterring giam han khi ta st
dung ham bao hoa sat(s) thay cho sign(s) [4].

Rotation Angle about joint axes 1

Desired Rotaion Angle
Controlled Rotaion Angle

Time ()

Angule Velocity about joint axes 1

Desired Angule Velocity
Controlled Angule Velocity

Anguls Velosity (Jegrees/s)

Time (s)
Hinh 8. Vi tri géc va vén téc géc trén truc khép 1

Rotation Angle about joint axes 2

Theta 2 (Degrees)

80 | | | 1 | I [ 1
0 0.6 1 1.5 2 2.6 3 3.5 4 4.5
Time (s)

Angule Velocity about joint axes 2

Desired Angule Velosity
Controlled Angule Velacity

Angule Velocity (Degrees/s)

2 2.5 3 3.5 a 4.5
Time (5)

Hinh 9. Vi tri géc va vén toc géc trén truc khop 2

Rotation Angle about joint axes 3

Desired Rotaion Angle
Controlled Retaion Angle

140 i i i I i i
] 2 T
Time (s)

Angule Velocity about joint axes 3
T T T

Angule Velocity (Degreesfs)
o

] 0.5 1 15 2 25 3 3.5 4 45
Time (s)

Hinh 10. Vi tri géc va vin téc goc trén truc khép 3

Rotation Angle about joint axes 4.

20

0

-20

40 ---

Theta 4 (Degrees)

Desired Rotaion Angle
Controlled Rataion Angle
80 H i i
0 05 1 15 2 25 3 35 4 445
Time (s)

Angule Velacity about joint axes 4
T

) T T T T T T T T

Time (2)

Hinh 11. Vi tri géc va vin toc goc trén truc khop 4

Mo phéng véi cung tron co6 toa do tam Og 1a (0.6m; Om;
0.2m); ban kinh R = 0.25m; cung tron giéi han bdi
o =135° va B, =180°. Cac thong sb ciia robot lan lugt 1a
di=0.1m; a = 03m; a3 = 0.3m; as = 0.1m; a = 0.05m.
Théng s6 dong co: K, = 0.01; K, = 0.01; R, = 3 Q;
L.=0.05H; J,= IN.m. Van téc ban dau BO =0.02 rad/s; van
toc cudi B, =0. Cac hé sé K =1 vak; = 1. Két qua nhu sau:

Két qua md phong ta thiy sai sé cuia co cdu chdp hanh
cudi e = 6,6.10°m.

Path of End Effecter

0.45
04
035
E
™ 03
025
02, T
0 Desired Path of End Effecter .
Controlled Path of End Effecter | 04
x 10t ) 03
¥ (m) -2 X(m)
Hinh 12. Quy dao diém tac dong cuodi cua robot
10 Error of End Effecter

Error (m)

04 h

0 056 1 15 2 25 3 356 4 4.5
Time (s}

Hinh 13. Sai s6 trén diém tdc dong cudi ciia robot

3. Két luin

Két qua nghién ctru da hoan thanh viéc thiét ké quy
dao cua robot 4DOF dinh hudng va vi tri theo mot cung
tron cho trudc nam trong trudng cong tac cia robot. Trén
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co s& quy dao cac bién khép tim duoc, tic gia da thiét ké
b6 diéu khién kiéu slide mode dé diéu khién cac dong co
trén cac khép cua robot. Két qua tinh toan duge mé phong
bang phin mém Matlab vdi cic cung tron khac nhau va
cho chét lwong diéu khién kha quan.

Tuy nhién, bd diéu khién kiéu slide mode c6 nhuoc
diém la sy dao dong cua tin hidu didu khién 16n, d& gay
hu hong cho cac thiét bi di¢n va co khi. Chinh vi vay, tac
gia s& c6 nhitng dé xudt giai phap didu khién khac dé khic
phuc nhuge diém nay.

Nhin chung véi két qua dat dugc, viéc thiét k& va diéu
khién quy dao theo bai toan trén ddi vdi cac robot 4DOF két
cAu RRR.R nhu da mé ta 14 hop 1y. Giai thuét ctia bai toan ny
6 thé 4p dung vao thyuc té dbi véi cac robot thuc hién cac
nguyén cong yéu cau vé didu khién quy dao theo cung tron.
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