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NGHIEN CUU DIEU KHIEN VITRI CHO ROBOT SCARA
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A STUDY OF POSITION CONTROL OF SCARA ROBOT USING FUZZY LOGIC CONTROLLER
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TOM TAT

Robot Scara a loai robot cdng nghiép dugc sir dung phd bién hién nay. Vi mo
hinh phi tuyén manh, Robot Scara la loai d6i tugng kho diéu khién chinh xac nén day
la néi dung dugc nghién ctiu nhiéu, trong dé ¢ diéu khién st dung tri tué nhan tao.
Bai bdo nay nghién cu dén van dé xdy dung md phdng Robot Scara diéu khién
hai bac tu do, diéu khién vi tri céc bac tu do theo gid tri vi tri dat trudc sit dung bd
diéu khién md. Cac gidi thuat dugc xay dung trén phan mém Matlab & Simulink,
trong do cac thong s6 bd diéu khién duoc chinh dinh theo phuong phap thir saiva
kinh nghiém diéu khién. Két qua trong nghién cu nay 1a bd diéu khién mé dugc
xdy dung va tong hgp cho diéu khién Robot Scara da ddp (ing dugc yéu cdu chi tiéu
chat lugng véi di tuong ma bd diéu khién kinh dién nhu PID thuc hién khdng dugc
triét dé. Ngoai ra, két qua cla nghién cttu nay la co s6 ban dau dé tién hanh ché
tao b diéu khién cho Robot Scara, tir d6 phat trién nhiing diéu khién mdi, hién
dai cho cdc loai robot khac.

Tirkhéa: Robot Scara, mé hinh phi tuyén, béc tu do, diéu khién logic ma, gid tri
vi tri ddt trudc.

ABSTRACT

Scara Robot is the most commonly used industrial robot today. With a strong
nonlinear model, Robot Scara is a difficult object to precisely control, so this is a
much-researched topic, including the control using artificial intelligence. This
paper studies the problem of building a simulation of Scara Robot with two
degrees of freedom, controlling the position of degrees of freedom according to
the preset position value using a fuzzy controller. The algorithms are built on
Matlab & Simulink software, in which controller parameters are adjusted
according to trial and error method and control experience. The result in this study
is that the fuzzy controller built and synthesized for Scara Robot control has met
the requirements of the quality criteria with the object that the classical controller
such as PID is not fully implemented. In addition, the results of this research are
the initial basis for the manufacture of controllers for Scara Robot, thereby
developing new and modern controls for other robots.

Keywords: Scara Robot, Nonlinear model, Degrees of freedom, Fuzzy logic
control, Preset position value.
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1.DAT VAN BE

Ngay nay, tu déng hoa trong san xuat cong nghiép dong
vai trd quan trong trong cac nha may san xuat hién dai, theo
xu huéng cdng nghé 4.0. Muc tiéu ung dung ky thuat Robot
trong cong nghiép dac biét la Robot Scara nham nang cao
nang suat gap dat trong cac day chuyén san xuat, dong thoi
nang cao nang sudt lao déng. Robot Scara (Selective
Compliance Assembly Robot Arm) dugc phat minh lan dau
tién béi Gido su Hiroshi Makino tai Bai hoc Yamanashi, Nhat
Ban vao nam 1978. N6 dugc thiét ké ra dé dua vao cac ung
dung tur nam 1981 trong cacday chuyén lap rap cong
nghiép. K& tir d6 dén nay, van dé diéu khién Robot Scara
dugc nhiéu tac gia trong nudc [4-6] va ngoai nudc [7-9], tap
trung nghién cliu dé nang cao chat lugng diéu khién cho
Robot Scara, trong d6 ap dung nhiing phuong phap diéu
khién hién dai nhu FLC, SMC, MRAC,... cho céc truyén déng
khdép clia Robot Scara vai cac cau hinh robot khac nhau nhu:
hai bac tu do RR, ba bac tu do RRP, ba bac tu do RRR, bén bac
tu do RRPR. Noi dung clia bai bao dé cap dén viéc nang cao
chét lugng diéu khién va don gidn héa b diéu khién khi ap
dung thiét ké diéu khién ma& FLC cho Robot Scara cé cau
hinh hai bac tu do RR v&i muc tiéu diéu khién canh tay Robot
bam theo vi tri gdc dat trudc cla cac khau khép lam viéc clia
Robot Scara. D& kiém chiing két qua nghién ctiu, nhiéu phan
mém dugc st dung dé mé phéng chuyén déng clia Robot
Scara. Trong bai bao nay, nhom tac gia st dung phan mém
Simulink trong Matlab dé mé phdng va kiém ching két qua
khi &p dung b6 diéu khién m& FLC cho diéu khién khép cua
Robot Scara.
2. MO HiNH TOAN CUA ROBOT SCARA

Robot Scara gém 2 thanh quay va 1 thanh tinh tién.
Thanh quay thd nhat dugc n6i vao chan dé qua mot khép
quay, 2 thanh quay dugc néi v6i nhau qua mét khép quay
nira, cac khdp quay dugc truyén déng bsi dong co servo.
Thanh chuyén déng tinh tién c6 thé quay quanh truc ctia né
va chi lién quan dén gap, nha vat nén khéng xét dén diéu
khién vi tri trong bai bao nay. Gia thiét rang thanh chuyén
déng tinh tién dugc gilr ¢ dinh, ltc nay Robot Scara c6 thé
dugc xem tuong duong véi moét tay mdy 2 bac tu do trong
mat phdng Oxy nhu trén hinh 3.
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Hinh 3. Robot Scara 2 bac tu do trong hé toa do Oxy

Trong dé: ay, a, - chiéu dai cac thanh quay; m;, m; - khéi
lugng cua cac thanh quay; 64, 6, - géc quay cda cac thanh tai
cac khdp cla Robot Scara; (X, Y) - toa d6 clia diém cudi P clia
Robot Scara ma can phai diéu khién vi tri theo toa d6 dat. Khi
dé toa do (X, Y) ctia diém P dugc xac dinh nhu theo hé

phuong trinh sau (mé hinh ddng hoc thuan cua tay may):
X =a,cos8; +a, cos(6, +6,) 0
Y =a,sin®, +a,sin(6, +6,)

Gia thiét rang khai lugng ctia cac thanh la rat nhé so véi
cac dong co servo truyén dong tai cac khép dé cho trong
tam clia cac thanh tap trung tai cac khép. M6 hinh déng luc
hoc cla tay may dugc xac dinh nhu sau. Pao ham phuong
trinh (1) ta cé:

X =-a,8,sin®, —a, (61 +6, )sin(e1 +6,)

o C ()
Y =a,0,cos6, +a, (91 +8, )cos(e1 +6,)

Binh phuang van t6c dai ctia diém P(X,Y) thu dugc:
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v =X? +Y? =a20?sin’ 0, + a2 (91 +6, )2 sin* (6, +9,)
+2a,a,0, (91 +6, )sine1 sin(8; +6,)+a767 cos” 6,
+a§(é1 +6, )2 cos®(6,+6,) 3)
+2a,a,0, (91 +6, )cose1 cos(6,+6,)

=262 +2(6,+6,) +2a,2,6,(6, + 6, )cosh,
Dong nang clia hé théng:
1

oo
K =—-ma0? + —m,v?
2 1“1 Y1 2 2

282 2204 .8 ) 4
| e 1|03 va2(8,+6,) @)
=—m,a;0; +—m,

2 2 +2a,a,0, (91 +6, )cose2

Vi Robot Scara nam ngang nén thé nang cta hé théng
bing 0, ham Lagrange cla hé théng nhu sau:
T o 2a2 1 om0 1 0 5rn a2
L=K=—m,a;0; +—m,a;0; +—m,a5(06,+96
21112211222(1 2) 5)
+m,a,a,h, (91 +92)c0562

Phuong trinh Lagrange ctia chuyén déng Robot Scara ¢
dang:

d ﬁ —ﬁ=T (6)
dt\oq) oq

6,

trong do: q ={e } - vector cac géc quay cac khdp cda

2

) :
Robot Scara, = { ! } - vector cac toc do quay cac khép cda
2

T

Robot Scara, 1= { ! } - vector cdc md men tao bdi cac déng
LY

cd servo G cac khép clia Robot Scara. Thay (5) vao (6) roi bién
déi, cudi cing thu dugc hé phuang trinh sau:

[(m1 +m, )a; +(m2a§ +2m,aqa, )Je1

+(m2a§ +m,a;a, cos6, )92 -m,a,a,83sinB, =T, 7)
5 ) - o

(m2a2 +m,a,a, cos6, )91 +m,a30, +m,a,a,67 sinb, =T,

Viét lai hé (7) dusi dang ma tran ta co:
M(a)g+V(a.a)a=T1

|:M11 M12} é1 _{Vn V12} é1 :[U} 8
My My, 8, Vor Vo |l 6, T
trong d6 c6 ma tran quan tinh:

M‘I'I M‘IZ
M =
(q) |:M21 M22:|

2 2 2
~ [(m1 +m, )a; +(m2a2 + 2m2a1a2) m,a; +m,a,a, cosezi

2 2
m,a3 +m,a;a, cos6, m,a5

la ma tran déi xing va xac dinh duang;
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V(q q)_[V” \/12}_ 0 -m,a;a,0, sinb,
, Vor Vo m,a,a,0, sind, 0

la ma tran Coriolis.

3. THIET KE BO PIEU KHIEN MO VA MO PHONG BANG
PHAN MEM MATLAB & SIMULINK

Muc tiéu diéu khién l1a d&dm bao cho diém cuéi P(X,Y) cGa
Robot Scara di chuyén dén dung vi tri dat, cac vi tri dat nay
c6 thé thay d&i trong mét chu trinh chuyén dong tuy thuédc
vao nhiém vu dat ra. Ngoai ra, véi méi vi tri dat P(X,Y) nao dé,
c6 thé dé dang xac dinh gia tri clia 2 goc dat 6,, 6, cla 2
thanh quay theo mo6 hinh déng hoc ngugc ctia hé thuan (1).
Nhu vay, bai toan diéu khién vi tri dugc chuyén thanh bai
toan diéu khién géc cla 2 thanh quay theo gia tri dat. D& co
thé thuc hién bai toan nay, trong nghién ctru nay nhom tac
gia dé xuat ap dung bd diéu khién ma.

Trong cac thuat toan diéu khién st dung tri tué nhan tao
thi diéu khién st dung logic md tich hgp dugc kinh nghiém
chuyén gia vao bd diéu khién. Nhiing kinh nghiém nay tich
Iy trong qua trinh th&r nghiém, van hanh déi tugng diéu
khién va dugc phat biéu bang cdc ménh dé hgp thanh. Pong
thai khi xay dung khau md héa, kinh nghiém diéu khién
cling dugc dua vao théng qua cac ham thudc. Mot bo diéu
khién m& kinh dién c6 cdu tric bao gém 4 khau: khau ma
hda, khau suy dién mg, khau hgp ma va khau giai mg, trong
d6 hai khau suy dién md va hgp ma tao thanh thiét bi hop
thanh nhu hinh 4 [1].

Giao

Giao dién Mo
—t .
dién ra

1 vao hod
1
1
1

____________________________________________

Thiét bi - Giai ||
hop thanh mo

Fuzzy Logic
Contrller 1

ROBOT SCARA

Hinh 5. So d6 khdi mé phdng trén Matlab & Simulink

Xudt phat tir mé hinh dong luc hoc (7) ctia Robot Scara,
hé théng diéu khién sé dugc thiét ké véi 2 bo diéu khién mo
riéng biét cho 2 dong co servo cta 2 khép quay. Do moé hinh
Robot Scara khong c6 khau tich phan ly tudng nén trong méi
b6 diéu khién md FLC ¢ hai tin hiéu vao la sai léch e clia goc
quay va vi phan cla sai léch géc quay la de, tin hiéu ra clia
b6 diéu khién FLC 13 vi phan cua tin hiéu diéu khién (du), tin
hiéu ra nay dua qua khau tich phan dé trg thanh tin hiéu diéu
khién [2]. Mbi khau ti 1&, vi phan, tich phan & dau vao va dau
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ra bd diéu khién ma& déu di kém vai hé s6 tuong Ung. So d6
cdu trdc cia hé théng diéu khién Robot Scara hai bac tu do
dugc xay dung bang cong cu Fuzzy Logic Toolbox cla
Matlab & Simulink nhu thé hién & hinh 5.

Cac khai chinh trong so d6 cau tric nhu sau: 2 khéi Fuzzy
Logic Controller 1a cac bd diéu khién ma dugc xay dung nhd
céng cu cta phan mém Matlab & Simulink, méi bé diéu
khién md& dugc dung cho déng ca servo tuong Ung, s6 1
dung cho khdép quay thanh a;, s6 2 dung cho khép quay
thanh a,; Khéi Robot Scara la khéi mé phong tay méy Scara
2 bac tu do theo hé phuong trinh (7), trong d6 dong co servo
dugc don gian hod thanh khau quan tinh bac 1.
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Hinh 6. Cdc ham thudc xdy dung trén Matlab & Simulink

Phan mém Matlab & Simulink cung cap céng cu Fuzzy
Logic Toolbox [3] c6 thé dé dang xay dung bo diéu khién ma
[3]. B&i v6i méi tin hiéu vao ctia bd diéu khién m& déu duoc
lua chon 5 ham thudc véi cac tén goi: NB (Negative Big), NS
(Negative Small), ZE (Zero), PS (Positive Small), PB (Positive
Big). Con déi véi tin hiéu ra clia bo diéu khién ma duoc lua
chon 7 ham thudc véi cac tén goi: NB (Negative Big), NM
(Negative Medium), NS (Negative Small), ZE (Zero), PS
(Positive Small), PM (Positive Medium), PB (Positive Big). Bai
bdo nay chi nghién ctu moé phong hé théng, chua thu
nghiém trén mo hinh vat ly, nén viéc lua chon hinh dang va
toa dé cia cdc ham thudc dugc thuc hién bang cach thartrén
déi tugng mé phong. Hinh anh lua chon cac ham thuéc cling
dang va mién gi4 tri cGa ching cho bo diéu khién mg dugc
miéu ta trén hinh 6, trong dé hinh 6a la cac ham thuéc cho
tin hiéu vao la sai léch gdc quay, hinh 6b la cdc ham thudc
cho tin hiéu ra 13 tin hiéu vi phan cta tin hiéu diéu khién.
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Vi méi dau vao c6 5 ham thudc, nén thiét bi hgp thanh sé
dugc xay dung trén co s& 5 x 5 =25 ménh dé hgp thanh minh
hoa trén bang 1. Luat hop thanh clia b6 diéu khién FLC xay
dung theo luat max-min va khau gidi mo dugc xay dung
theo thuat toan diém trong tam.

Bang 1. Cac ménh dé hop thanh cho bo diéu khién FLC
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Chuang trinh m6 phéng trén Matlab-Simulink hé diéu
khién m& vi tri Robot Scara véi cac thong s6 clia tay may nhu
sau: a; = 0,36m; m; = 1,06kg; a; = 0,24m; m, = 0,41kg.

Cac két qua moé phdng hé diéu khién md Robot Scara c6
so sanh vaéi hé diéu khién PID théng thudng dugc thé hién
trén cac hinh 7 + 10.
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Hinh 7. Chuyén dong cta thanh a, vdi diéu khién PID
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Hinh 10. Chuyén dong cda thanh a, v6i diéu khién mg

Chuong trinh m6 phdéng dugc thuc hién véi vi tri dét (cac
go6c dit) thay déi dé gia dinh chu trinh lam viéc cho tay may,
lic dau goc dat cho cac thanh a; va a; lan luot 1a 30° va 60°,
sau d6 d6i thanh -30° va -60°, cudi cling ca 2 thanh dua vé vi
tri ban dau 0°. Trong cac dé thi trén, dudng dut nét la goc
dat ban dau, dudng nét lién la goc quay cac thanh cla tay
may vdi diéu khién PID (hinh 7 va 8) va vdéi diéu khién md
(hinh 9 va 10). TU d6 thi cac hinh mé ta dac tinh déng dap
Uing dau ra goc quay clia khép thi 1 va khép tha 2 cia Robot
Scara cho thay, khi st dung bé diéu khién PID véi cling tinh
tac dong nhanh nhu diéu khién md thi xay ra dao dong tat
dan da6i véi thanh tha 1, gay anh hudng xau dén chat lugng
lam viéc clia Robot (diéu nay c6 thé gidi thich la do d6i tuong
diéu khién Ia phi tuyén manh, trong khi bé diéu khién PID la
tuyén tinh). Trong khi d6, véi viéc st dung bé diéu khién ma
hé théng chap hanh cac géc quay clia Robot Scara cho ra
chét lugng dac tinh déng tét khi phdi hgp diéu khién cac
thanh ctia tay may vé vi tri dat ban dau. Tir d6 cho thay, viéc
st dung bé diéu khién ma cé cau tric don gidn dé diéu khién
cac khdp clia Robot Scara nhung van dat chat lugng yéu cau,
déng thdi dé dang ap dung phuong phéap diéu khién nay
trong diéu khién Robot cong nghiép trén thuc tién.
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4, KET LUAN

Diéu khién cac khép chuyén déng Robot Scara 2 bac tu
do bang bo diéu khién m& FLC da dugc thiét k&, téng hap va
mo phdng thanh céng bang céng cu Matlab & Simulink. Két
qud mé phdng diéu khién Robot Scara bang bé diéu khién
md cho thdy tinh uu viét ctia phuong phap, dap tng dau ra
cUa hé thong la goc quay cac khdp ctia Robot Scara da duoc
thé hién trong céc dac tinh hinh 9 va 10. Bai bao da kiém
ching hoat déng clia Robot Scara khi st dung phuang phap
diéu khién théng minh FLC, Ia phuong phap diéu khién phé
bién hién nay va da dugc dua vao tng dung trong céng
nghiép. Viéc nghién ctu ap dung cac phuong phéap diéu
khién hién dai, thong minh trong truyén déng dién cac khép
cla Robot la viéc lam rat quan trong trong qua trinh thiét ké
Robot cdng nghiép. Ngoai ra, mé hinh diéu khién nay c6 thé
dung dé hudng dan sinh vién, hoc vién nghién ctru vé diéu
khién hién dai va diéu khién Robot.
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