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GIAI PHAP HINH HOC GIAI TiICH CHO BAI TOAN DONG HOC
AP DUNG TRONG DIEU KHIEN ROBOT SONG SONG 3 BACTU DO

ANALYTIC GEOMETRICAL SOLUTION FOR KINEMATIC PROBLEM
APPLY IN 3 DEGREES OF FREEDOM PARALLEL ROBOT CONTROL
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TOM TAT

Bai béo trinh bay vé cach ti€p can theo hudng hinh hoc gidi tich @€ giai bai
toan dong hoc trong diéu khién robot song song 3 bac tu do. Tir phuong trinh lién
két thé hién mi quan hé gitta chuyén dong céc géc khdp Robot véi chuyén dong
clia khau téc dong cudi, ching tdi sé phat biéu lai bai toan ddng hoc dudi dang
hinh hoc va dua ra 16i gidi dua trén Iy thuyét vé hinh hoc giai tich. Su chinh xac clia
phuong phap dé xuat sé dugc kiém chiing thong qua so sanh véi cac két qua da
dugc cong bo. Hon nita, 10i gidi hinh hoc giai tich cho bai toan ddng hoc ciing sé
dugc sirdung dé thuc hién mot cau tric diéu khién hoan chinh cho robot song song
3 bac tu do, su hiéu qua khi ghép ndi bai toan dong hoc véi bo diéu khién sé dugc
m0 ta qua cac két qua md phong trén Matlab Simulink.

Tir khéa: Mo hinh héa dong hoc, hinh hoc gidi tich, gidi phdp hinh hoc, robot
song song, robot Delta.

ABSTRACT

This paper presents an analytic geometrical approach to solve kinematic
problems in three degrees of freedom (3-DOF) parallel robot control. From the
linkage equations that describe the relationship between the motion of the robot
joints and the motion of the end effector, we will restate the kinematics problem
in geometric form and provide a solution based on the theory of analytic
geometry. The accuracy of the proposed method will be verified through
comparison with published results. Furthermore, the analytic geometrical
solution for the kinematics problem will also be used to implement a complete
control structure for 3-DOF parallel robot, the efficiency of combining the
kinematics problem with the controller will be described through simulation
results on Matlab Simulink.

Keywords: Kinematic modeling, analytic geometry, geomatrical solution,
parallel robot, Delta robot.
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1. GIGI THIEU

Robot dugc st dung réng rai trong san xuat cong nghiép
vdi uu thé vé t6c d6 hoan thanh cédng viéc nhanh va dé chinh
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xac cao [1]. Cac nhiém vu ch yéu ma robot ddm nhan c6 thé
ké t&i gép dat vat liéu, gia cong linh kién, chudn doan va loai
b4 san pham 16i,... [1]. Dua theo cau hinh robot cong nghiép
c6 thé dugc chia lam hai loai: robot ndi ti€p va robot song
song. VGi cau hinh néi ti€p, cac khap robot sé dugc két noi
tuan tu t bé ¢é dinh cho t6i khau tac déng cuéi [2]. Trong
khi d6, véi cau hinh song song, sé c6 hai bé song song véi
nhau dugc lién két vSi nhau bai cac khép noi, mot bé duoc
gilr c6 dinh trong khi bé con lai sé di chuyén dé dua khau tac
doéng cudi téi vi tri tri can thao tac [1].

Robot song song vdi ca cdu dong hoc khép kin c6 thé
cung cap mot téc do lam viéc cao va kha nang chiu tai tot
han robot néi ti€p, tuy nhién vi cau hinh phuc tap, viéc
phan tich chuyén déng cla robot song song so vdi robot
néi ti€p la mot nhiém vu khé khan hon nhiéu. Bai toan
déng hoc thuan cho ciu hinh néi tiép c6 thé dugc xi ly
thong qua phuong phap Denavit-Hartenberg (D-H) [2] v&i
moi robot ndi ti€p tuy nhién végi cdu hinh song song, |Gi giai
bai todn dong hoc dua ra thudng chi ap dung cho mot
nhém robot song song cu thé chit khéng mang tinh téng
quat cao nhu vai trd clia D-H trong robot néi tiép. Cu thé
vGi cau hinh song song 3 bac tu do (hay con goi la robot
Delta) - mot dai dién tiéu biéu ctia Robot song song,
phuang phap s6 dua ra dé€ giai quyét bai toan déng hoc
robot can st dung ma tran Jaccobi trong qua trinh tinh
toan [3, 41. Khi d6, méi quan hé gita goc quay cac khdp va
cd cau tac ddng cudi sé khong dugc biéu dién truc ti€p, ma
gian ti€p thong qua méi quan hé gila van téc géc cac khép
va van téc chuyén déng cla khau tac dong cudi. Ngoai ra,
viéc xac dinh ma tran Jaccobi cling khéng phai bai toan dé
khi s6 bién trang thai la khdng nho.

Nham khéc phuc diém bat Igi clia phuong phap s6 khi
phan tich déng hoc robot song song 3 bac tu do, trong bai
bao ndy nhom tac giad dé xuat st dung cach tiép can hinh
hoc gidi tich dé tinh toan chuyén déng cta robot. M&i quan
hé gitta chuyén doéng goc khép robot va khau tac dong cudi
sé dugc dua vé bai toan hinh hoc giai tich va x{ ly chi tiét
thédng qua cac phuong trinh dudng thdng va mat phéng
trong khong gian. Su chinh xac ctia phuong phap dé xuat sé
dugc ddi chiéu véi két qua trong [4] va dugc st dung dé xay
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dung cau truc diéu khién vai bd diéu khién dugc thiét ké tur
[3]. Hoat d6ng hiéu qua ctia phuang phap hinh hoc giai tich
cho bai toan ddng hoc sé la co s& dé st dung phuong phap
nay trong cac cau tric diéu khién phtic tap han cho cau hinh
song song 3 bac tu do nhu phuong phép hoc ldp thich nghi
bén viing [5] hay phuong phap thich nghi bén viing sirdung
mang nd-ron nhan tao [6].

2. PHUONG TRINH LIEN KET CHUYEN PONG CUA ROBOT
SONG SONG 3 BAC

Cau truc robot song song 3 bac tu do dugc dé cap trong
bai bao mé ta nhu hinh 1, trong dé bao gém 1 dé 6 dinh bén
trén, 3 canh tay, 3 cdng tay, cac khdp néi gilra cac phan vdi
nhau va mot bé déng gan vdi co ciu tac dong cudi & dudi.

Hinh 2. M6 hinh hinh hoc cia Robot Delta

Dé phan tich chuyén déng clia robot, ta dat 1én cau hinh
cac hé truc toa d6 cung cac diém dic trung cho chuyén
dong. Mot canh tay cta robot song song 3 bac dugi dang moé
hinh hinh hoc don gian cé thé dugc vé lai nhu hinh 2 vdi cac
ki hiéu dugc cho bai bang 1, hai canh tay con lai c6 thé dugc
thé hién tuong tu.

Béng 1. Cac ky hiéu va tham s6 Robot

Ky hiéu Y nghia
B Mit phéng d€ cd dinh.
P Mét phang bé dong.

S, =[0,0,0]T Toa do trong tam dé cd dinh (toa do tham chiéu).
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s, =[x,y,z]T Toa dd trong tam bé dong.
R Khoang cach tir trong tam dé cd dinh dén cac khép quay
clia canh tay
) Khoang cach tirtrong tam bé ddng dén vi tri lién két véi
cng tay
Ly Chiéu dai gitra hai khdp lién két 6 hai dau clia canh tay
L Chiéu dai gitra khdp lién két canh tay va khdp lién két bé
? dong
A Vitritoa do khdp quay tuong ting clia cdnh tay (i=1, 2, 3)
Vitri toa do cic khdp lién két gitia cénh tay va cng tay
B ;
(i=1,2,3)
Vitri toa do cac khdp lién két gitia cng tay va bé dong
P .
(i=1,2,3)
6 G6c clia canh tay véi mat phang dé 6 dinh (goc bang 0 khi
: canh tay song song véi mét phang dé cd dinh) (véii=1,2,3)
s,=[0,.9,.9, ]T Vecto trang thai chuyén dong clia 3 géc khdp canh tay

T [3]ta da c6 cac phuang trinh lién két chuyén dong clia
robot nhu sau:

f =12 —(L,sinG, +2)° —(cose, (R—r) +L, cos, cos6, —x)2
—(singp, (R—r)+L, sin¢, cos6), —y)2 =0

f, =L ~(L,sin®, +2)° ~(cosep, (R—r) +L, cosp, cos, —x)’
—(sing, (R—r)+L, sing, cos6, —y)2 =0 W

f, =12 —(L,sin6, +2)° —(cose, (R—r)+L, cos@, cosb, —x)2

~(sing, (R—r) +L,sing, cos®, ~y)* =0

Va néu ki hieu f=[f f, f3]T ta sé thu dugc vecto biéu
dién su lién két chuyén déng cla robot. Nhiém vu cta bai
todn déng hoc cho robot song song 3 bac ti cac phuong
trinh lién két, véi bién dau vao 1a ba géc chuyén déng cua
cac khdp, ta phai tinh dugc toa dé khau tac déng cudi va
ngugc lai, khi biét trudc toa dé ctia khau tac dong cudi, ta
cling phai tinh dugc géc chuyén déng clia ba khép robot.
3. GIAI PHAP HINH HOC GIAI TiCH CHO BAI TOAN DONG
HOC ROBOT SONG SONG 3 BAC

3.1. Bai toan dong hoc thuan

VGi bai toan déng hoc thuan, tir ba goc 64, 6,, 65 biét trudc
cta khép quay ta can tim vi tri toa d6 cta dau muat
P=sp =[x,y,z]T hay P(x, y, z) tuang Ung. Vai trd cla bai toan
doéng hoc thuan dugc thé hién trong trudng hgp viéc truc
ti€p xac dinh clia toa dé khau tac déng cudi robot la kho thuc
hién. Khi d6, bang cach do géc quay ba khép gan vai bé c6
dinh cta robot (diéu dé dang thuc hién dugc bai encoder do
g6c), ta c6 thé gian xac dinh dugc toa do cua P.

TU cac phuong trinh lién két chuyén déng (1), ta ki hiéu
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x, =cos@,(R—r)+L,cos@,cosb,,

y, =sing,(R—r)+L,sing,cosB,,z, =-L,sinb,

X, =cos@, (R—r)+L, cosg, cosh,,

y, =sing, (R—r)+L,sing, cosB,,z, =-L,sinB,

X; =cos@, (R—r)+L,cos@, cosh,,

y; =sin@,(R—r)+L,sing, cos,,z, =L, sind,
va thu dugc:

x=x,) +(y—y,) +(z—2z) =L}

(x=x, ) +(y=y,)* +(z—2,)" =L} (2)
(X=X, +(y—y,) +(z-2z,)° =13
Trong do, x;, yivazi (i= 1, 2, 3) la biét truéc do 6,, 6,, 6; da

biét. TU (2) ta 6 thé thay rdng bai todn déng hoc thuan cho

robot song song 3 bac tuong duong véi Bai toan 1 dugc phat
bi€u nhu sau:

Bai todn: Cho toa do 3 diém Di(xi, Y1, 1), DaXa, Y2, 22) va
Ds(Xs, ¥3, z3) khong thang hang. Tim toa dé diém P(x, y, z) sao
cho P cach déu Dy, D,, Ds mét doan L.

Sau day, bai toan 1 sé dugc gidi mot cach chi tiét bang
phuong phap hinh hoc giai tich. Dau tién, ta sé xac dinh toa
dé diém Op(Xo, Yo, Zo) 1a tdm dudng tron ngoai tiép tam giac
D,D,Ds. Diém Op sé |3 giao diém clia 3 mat phang:

e M3t phéng di qua trung diém D;D, va vudng goc véi
DiDy;

e Mat phdng di qua trung diém D;D; va vudng goc Vdi
DiDs;

e Mt phdng chdra Dy, D, Ds.

Ta sé 1an lugt viét phuong trinh tiing mat phéang.

a) V&i mat phéng di qua trung diém D;D, va vudng géc
vGi DiD,, goi la mat phéng (S:). Mt phéng (S1) vudng goc
D;D,, do d6 vecto phap tuyén ctia (S+) sé la vecto chi phuong
cla D]Dz

ﬁs1 :(Xz_X1IYz_Y1'22_Z1):(a1'b1'c1) (3)

M3t phéng (S;) di qua trung diém M, cGia D:D; c6 toa d6
M (X1 X VitY, 242

12

’ ’

2 2 2
trinh cda (S;) nhu sau:

X, +X Y, +y z,+z
(51):a1(x ‘2 Z}rb(y ‘2 2]+c{z—‘72]:0(4)

b) V&i mat phéng (S,) di qua trung diém DDs va vuéng
goc vGi D1D;, thuc hién tuong tu (S,), ta co:

ﬁsz =(X3_X1,y3—y1,23—21)=(a2,b2,c2) (5)

Va
X1 +X3 y1 +y3 Z1 +Z3
+b +¢,| z———|=0 (6
S R R

(52

¢) V&i mit phéng (Ss) chiia Dy, D, Ds, ta sé xac dinh vecto
chi phuong ctia D1D, va D:Ds

j . Nhu vay, ta thu dugc phuong
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GD1D2 =(x2—x1,y2—y1,22—z1)=(a1,b1,c1) (7)

GD2D3 :(X3—X1,y3—y1,Z3—Z1)=(a2,b2,C2) @8)

Sau dé, vecto phap tuyén cuta (Ss) xac dinh bai tich co
hudng cla Uy, Vva Uy,

I_’iss =|:GD1DZ’GDZD3:|=(a3’b3'c3) 9)

Va (Ss) di qua Da(x2, Y2, 22), do d6, phuong trinh cua (S;) la:

(S;): a5 (x—x,)+bs(y-y,)+c;(z-2,)=0  (10)

Nhu vay, ta da c6 phuong trinh cia ba mat phang chua
diém Op(xo, Yo, o), tU (4), (6) va (10) ta xéc dinh dugc toa d6
cta Op(Xo, Yo, o) thdng qua hé phuong trinh tuyén tinh:

a1(xo—x1+xzj+b{yo y1+y2j+c{z0 Z1+sz=0
2 2 2
X, +X Yy, +y z,+z
az(xo— 12 3j+b{yo—%]+c2(zo—%]:0 (11)

a3 (Xo _X2)+b3(yo _yz) +G (Zo _Zz) =0

Vi viéc P va Op cach déu Dy, Dy, D3, ta c6 dudng thdng
POp sé vudng goc mat phdng (Ss) tai Op, dan dén vecto chi
phuang ctia POy, chinh 1a vecto phap tuyén A, cla (S;). Tu
day toa do cuia P(x, y, z) théa man:

x=x,+a,t,y=y,+bt ,z=2 +z,t (12)

Trong dé, t, 1a tham s6 can tim dé PD; = L,, diéu nay sé
kéo theo PD, = PD; = L,. Sau day ta sé xac dinh t,. Ta c6:

POD2 =L22 —ODD12
:LZZ—(xo—x1)2—(yo—y1)2—(z°—z1)2 =12
POy’ =t} (a] +b3 +c})

(13)

Suy ra ti(ai +b3 +c§)=L2

LZ

dandén t, =t =, | 5———
: al+bl+c?

p1

L2

S 14
a2 +b?+c? (14)

hoac t, =1t,, =—

Nhu vay ta thu dugc 2 toa d6 diém P théa man Bai toan
1, tuy nhién tr cau hinh robot, toa d6 ctia khau tac ddong cuéi
luén nam dudi toa dé clia B, theo truc z. Do d6 ta sé so sanh
toa d6 theo truc z cda P va By, nghiém t, nao théda man lam
P ndm dudi B, sé la nghiém can tim va toa do diém P sé dugc
xac dinh mot cach chinh xac.

Nhan xét: Phuong phap ti€p can theo huéng hinh hoc
giai tich cung cdp mot 1gi giai truc quan kém theo diéu kién
chinh xac cho viéc xac dinh toa dé khau tac dong cudi P, tur
su thay déi vi tri cGia P, Matlab sé cung cp cong cu c6 sn dé
tinh todn van t6c va gia t6c cta P. Khac véi phuong phap sé
[3], cach ti€p can hinh hoc giai tich khéng can xac dinh ma

Vol. 59 - No. 5 (Oct 2023) e Journal of SCIENCE & TECHNOLOGY | 11



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

tran Jaccobi dé thé thiét lap quan hé gitia s, va s, tir d6
don gian hoéa qua trinh tinh toan.
3.2. Bai toan dong hoc nghich

Muc dich cda viéc tinh todn dong hoc nghich la tim ra
g6c quay cla cac khép 6; dé co ciu cubi P ¢ thé dén dugc
toa do dat trudc. Tdc la ta da c6 P=s, =[xy,2]", nhiém vu
clia bai toan dong hoc nghich la tim s, =[6,,6,,6,] . Tu
phuong trinh dau tién trong hé phuong trinh (1), ta viét lai
thanh:

E,cosB, +F sinB, +G, =0 (15)

Véi
E, =2L,(R—r—xcos@, —ysing,)
F=2lz (16)

G =L} -5 -7 —(cosq, (R—r)—x)2 —(sine, (R—r)—y)2

L&i gidi cho (15) ¢6 thé dugc tim thay & [2] trong do6 6,
dugc xac dinh bai:

8= AtanZ(\/Ef e ,G1)+Atan2(F1,E1)

Tuong tu véi 6, va 0; ta sé xac dinh dugc day du

(17)

s, =[G1,92,93]T va bai toan dong hoc nghich da dugc hoan
thién.
4, TiCH HOP BAI TOAN PONG HOC TRONG CAU TRUC
DIEU KHIEN ROBOT

Trong phan nay, vai trd clia bai toan déng hoc trong so
do diéu khién cla robot song song 3 bac sé dugc trinh bay.
Vi muc tiéu chinh cla bai bado la dua ra |6i gidi cho bai todn
déng hoc, qua trinh thiét ké bo diéu khién sé khong dugc
trinh bay mét cach chi tiét, dé€ c6 thé hiéu ré hon vé phuacng
phap thiét ké bo diéu khién, ngusi doc c6 thé tham khao tai
liéu [3].
4.1. S0 d6 cau truc diéu khién robot song song 3 bac
(robot delta)

So d6 diéu khién cho robot dugc trinh bay nhu hinh 3.

Tin hi¢u
dieu khién

Hinh 3. So d6 diéu khién robot delta
Trong d6, tur quy dao dat cho khau tac déng cudi
r, :[xd,yd,zd]T ta sé tinh toan quy dao dat cho ting goc

quay clia ba chan trén robot r, =[6,,,6,,,6,,]" théng qua bai
toan dong hoc nghich. Tin hiéu nay sau dé sé dugc st dung
dé tinh toan tin hiéu diéu khién . Tin hiéu diéu khién sé
dugc dua vao diéu khién robot. Dudi su téc dong cua T,
robot sé chuyén dong va su chuyén dong nay dugc mo ta
qua trang thai dau ra la cdc géc quay ba chan trén clia robot
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s, =[91,62,93]T. Gia tri nay sau d6 sé dugc phan hoi lai dé
cap nhat cho tin hiéu diéu khién, déng thai dugc st dung
lam dau vao bai toan déng hoc thuan dé xac dinh dap ung
chuyén dong clia co cau tac dong cudi s, =[x,y,z]T .
4.2. Thiét ké bé diéu khién

Phuong phap thiét ké bo diéu khién cho robot song song
3 bac da dugc trinh bay tai [3] va sau day ching t6i sé mo6 ta
lai mot cach ngan gon qua trinh nay. Dau tién, phuang trinh
dong luc hoc dudi dang ma tran ctia robot dugc cho béi:

M(s)s+9g(s,$)+®;(s)A=T (18)

Trong dé s=[G1,62,63,X,y,z]T la vecto trang thai ctia hé
thong, ma tran doi xtiing xac dinh duong M < R®° 1a ma tran
khéi lugng suy réng, vecto g €R* 1a vecto téng hop cla
thanh phan tuong hd, ly tam va thanh phan trong trugng.
Ma tran ®_ e R*® la ma tran Jaccobi cla céc phuong trinh
lien két dugc tinh béi cong thic:

of, of,
N
o= .
o, of,
i

VGi [51’52’53'54’55’56] = [e]lezle3lxlylz]
V@i fi, fo, f3 la cac phuong trinh lién két ddéng hoc da dugc
trinh bay 8 muc 2 va A la vecto cédc nhan tr Lagrange.
Nhiém vu clia bai toan diéu khién robot la kiém soat
su chuyén dong clia cd cau cudi bam theo mét quy dao cho
T " o
trudc tuc la lam cho s, =[x,y,z] tién téi vi tri dat

r, :[xd,yd,zd]T bang cach tac dong vecto tin hiéu diéu khién

:

T [én hé théng. Trong d9d, t :{ T } véi T, =[T1,T2,T3]T la
3x1

vecto thé hién moment luc sinh ra bdi ba déng cc gan véi ba

khép robot va @, , la vecto 3 hang 1 cét chua toan phan t

khong.

3x1

Ki hiéu @, 1a ma trdn Jaccobi ting véi bién chi dong
s, :[61,62,63]T va @, la ma tran Jaccobi (ing vdi bién bj

déng s, =[x.y.z] , khi dé:

of  of o, o o
26, 0, a0, x o
o |0 O | o |d K O
* o0, 06, 06, "lox oy oz
of, of, o, of, of, o
|06, 06, 06, ox oy oz
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I
Pat R= 3
"t R {—aﬂn

P a

} vdi I3 1a ma tran don vi kich thudc

3 x 3 vanhanRvao 2 vé clia phuong trinh (18) ta thu dugc:
RT(M(s)i~‘2+g(s,:l:)HI)I(S))\):RT't':Ta (19)
Suy ra:

RT(M(s)(R's.'a +R$a)+g(s,$)+d>:(s))\):r (20)

Vi R"®! = 0 nén (20) c6 thé dugc viét lai thanh:

R'M(s)Rs, +R'g(s,s)=Tt 1)

Dit M=R"M(s)R va g=R'g(s,$), phuong trinh dong
luc hoc robot viét lai thanh:

Ms, +g=r, (22)
Va b diéu khién dé xuat dugc xac dinh nhu sau:
T, =M(, +K,e, +K &, )+g (23)

Trong d9, Kr va Kp dugc chon sao cho A = { o . }
K, K,
la Hurwitz.

Vé tinh én dinh ciing nhu ly do lua chon tham sé diéu
khién, ngudi doc c6 thé tham khao [3]. BO diéu khién (23) sé
dugc st dung két hop véi cac két qua cua bai toan déng hoc
robot song song 3 bac dé mé phéng chuyén déng co cau
cudi cla robot trong phan tiép theo.
5.MO PHONG VA PANH GIA

Trong phan nay, ching t6i sé tap trung vao hai van dé
mo phong chinh nham kiém ching sy dung dan cla giai
phap dé xuat cho bai toan toan déng hoc Robot song song
3 bac ciing nhu kha nang két hgp véi bod diéu khién trong
cau truc diéu khién Robot.

5.1. Panh gia hiéu qua phuong phap hinh hoc giai tich
cho bai toan dong hoc

Pé kiém chung su hiéu qua trong ISi gidi cho bai toan
déng hoc robot, ta sé thiét [1ap mét quy dao dat cho chuyén
doéng khau tac déng cudi sau dé dua vao khéi dong hoc
nghich. Kh&i ddng hoc nghich sé tinh toan dau ra tuong tng
la ba gdéc quay cac khép Robot. Cac géc quay nay ngay lap
tlic sé trd thanh dau vao cda khéi déong hoc thuan dé tinh
toan ngugc lai toa dé tuong Ung cla khau tac dong cudi.
Né&u dau ra cta khéi dong hoc thuat khép véi dau vao quy
dao dat, ta thu dugc I6i gidi chinh xac cho bai toan dong hoc.
Quy dao dit sé dugc chon theo tai liéu [4], cho bai (24) dé
thuc hién so sanh va déi chiéu.

x =—-0,1sin(nt),y =0,1cos(xt),
z=-0,29+0,05cos(0,5mt)

Két qua dau ra cla bai toan déng hoc thuan theo [4] va
theo phuong phap dé xuat dugc mé ta qua hinh 4 va 5. Co
thé thdy rdng du khong xt dung dé ma tran Jaccobi trong
tinh toan, phuong phap hinh hoc giai tich van cho két qua
diung nhu dau ra da dugc tinh toan bdi [4]. Dau ra cla bai
toan dong hoc thuan so sanh véi dau vao quy dao dat dugc

(24)
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thé hién qua hinh 6. Véi viéc hai quy dao nay tring nhau c6
thé két luan rdng phucng phap hinh hoc gidi tich dé xuat da
dua ra két qua chinh xac cho bai toan déng hoc robot, tir dé
dugc dua vao st dung dé mé phéng cu trac diéu khién
Robot sé dugc trinh bay & phan tiép theo.
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5.2. Danh gia hiéu qua phuong phap hinh hoc trong cau
trac diéu khién robot

O phan nay, ching t6i sé thuc hién mé phong chuyén
doéng ctia Robot song song 3 bac véi thong s6 dugc 1y tu [3]
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theo cdu tric diéu khién hinh 3 véi quy dao dat hinh tron véi
phuang trinh quy dao cho bai:

X4 =0,3cos(2nt),y, =0,3sin(2xt),z, =-0,7 (25)

Hai b6 diéu khién duoc sit dung dé diéu khién Robot
dugc xay dung theo cong thiic (23) véi tham sé lan lugt la:
—Controller 1: K, =641, va K, =16l,

—Controller 2: K, =256l, va K, =32,

Daép Uing dau ra ctia Robot trong khong gian bién khép
va trong khéng gian lam viéc Ian lugt dugc thé hién qua hinh
7 va 8, trong d6 cac trang thai hé théng déu nhanh choéng
bam theo gia tri dat. Diéu nay phu hgp véi chat luong cua
b6 diéu khién da dugc ki€ém chuiing tai [3] tr d6 cho thay hai
bai toan ddng hoc déu dugc gidi mét cach chinh xac va hoat
déng hiéu qua khi ghép véi bo diéu khién.
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Hinh 8. Dap ting dau ra trong khong gian lam viéc

Su chuyén déng cta khau tac dong cudi trong khéng
gian 3D va 2D cling dugc mé ta trong hinh 9 va 10 nhé céc
két qua dau ra bai todn ddng hoc thuan. Vi viéc chuyén
dong khau tac ddng cudi cia Robot bam theo quy dao dat
hinh tron, phuong phép tinh toan hinh hoc giai tich dé xuat
da cho thdy kha nang tinh todn va mé phdng chinh xac
chuyén déng ctia Robot.
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Hinh 10. Dap ting quy dao khau tac dong cudi trong khong gian 2D
6. KET LUAN

Bai bao da trinh bay mét gidi phap cho baitoan déng hoc
robot song song 3 bac ty do theo huéng hinh hoc gidi tich
dua trén cac ly thuyét vé phuong trinh dudng thang va mat
phang trong khéng gian. K&t qud mé phdng cho thay so vdi
phuong phap sé, phuong phap hinh hoc giai tich cho két
qua hoan toan tuong déng va chinh xac du khéng can phai
xac dinh ma tran Jaccobi. Vai tro clia bai todn déng hoc trong
diéu khién robot cling da dugc trinh bay va mét ciu tric
diéu khién dugc mé phdng cho thdy phuong phap hinh hoc
giai tich hoat dong hiéu qua cho bai toan déng hoc khi cac
hinh anh chuyén déng clia robot dugc vé lai ding nhu chat
lugng ma bo diéu khién dua ra. Véi phuong phap hinh hoc
giai tich, bai todn ddng hoc hoan toan c6 thé dugc 4p dung
trong nhiéu cau tric diéu khién khac nhau cho robot, tir d6
dem lai Igi thé vé t8c do tinh toan trong diéu khién.
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