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DIEU KHIEN TRUQT THiCH NGHI MO

ROBOT 3 BACTU DO RPP

ADAPTIVE FUZZY SLIDING MODE CONTROL FOR THREE DEGREES OF FREEDOM ROBOT RPP

DOI: https://doi.org/10.57001/huih5804.81

TOM TAT

Robot 3 bdc tu do RPP dugc ting dung rdng rai trong nhiéu linh vuc cong
nghiép nhu son, han,... Diéu khién robot bam quy dao la mét bai toan diéu khién
quan trong trong hé thdng robot cdng nghiép hién nay. Bai bao nay trinh bay
phuong phap diéu khién trut thich nghi m& co xét dén yéu t6 nhiéu dé diéu
khién bdm quy dao cho robot 3 bac tu do RPP. Cac két quéd dugc kiém ching
thong qua md phdng s6 vdi nhiéu kich ban khac nhau cho thdy bd diéu khién
truot thich nghi ma cho chét luong diéu khién t6t véi kha ndng bam quj dao
chinh xdc.

Tir khéa: Robot, RPP, diéu khién trugt, diéu khién trugt thich nghi mo.

ABSTRACT

An RPP-3 degree of freedom (RPP-3DOF) robot is widely applied in many
industrial fields such as painting and welding, etc. Controlling industrial robots
to follow the desired trajectory is a challenging task today. This paper presents
an adaptive fuzzy sliding control method that considers disturbances in
controlling the trajectory of RPP-3DOF robots. The simulation results show that
the proposed controller provides good control quality with accurate trajectory
tracking in many different scenarios.
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1. GIGI THIEU

Robot la thiét bi hét stic quan trong va khong thé thiéu
dugc trong ddi s6ng xa hoi, nhat 1a trong moi trudng céng
nghiép [1]. Robot cong nghiép hoat ddng trong cac linh vuc
dac thu, nguy hiém nhu han, duc, phun phd, son,... Day déu
la nhiing cdng viéc doi hdi robot phai hoat dong 6n dinh véi
dd chinh xac cao. Vi vay, bai toan diéu khién bam quy dao
cho robot 3 bac tu do RPP danh dugc nhiéu su quan tam
nghién ctiu. Céng trinh [2] thuc hién bai toan diéu khién cho
robot st dung thuat toédn trugt thich nghi no ron, tuy nhién
thuat toan nay dung mang no ron nén bai toan tré nén phtic
tap, déi tugng la robot 3 bac tu do khéng phai loai RPP.
Nghién ctu [3] tap trung vao viéc thiét ké canh tay robot, st
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dung bd diéu khién truyén théng dé diéu khién hoat dong
cla robot. Cong bé [4-7] la cac nghién clu vé robot 3 bac tu
do, nhung khong phai loai robot RPP. Nhu vy, robot 3 bac
tu do RPP con chua dugc nhiéu céng trinh quan tam, hau hét
cac cong trinh cong bé trén hodc chi diing lai & cac thuat
toan diéu khién ca ban, chua xét t&i tdc ddng cla nhiéu hoic
doi tuogng diéu khién la robot khac. Chinh vi vay, trong bai
bao nay, thuat toan diéu khién trugt dugc 4p dung dé diéu
khién cho robot 3 bac tu do RPP bam quy dao cho trudc, két
hop véi bd diéu khién md nham han ché anh hudng cla
nhiéu dén hé théng.

Sau phan gidi thiéu, néi dung bai bao sé trinh bay mo
hinh toan cutia robot 3 bac tu do RPP; thuat toan diéu khién
trugt thich nghi ma; két qua mo phong sé; va cudi cung la
két luan.

2. MO HINH TOAN ROBOT 3 BAC TU DO RPP

M6 ta todn hoc clia robot dugc xdy dung theo phuong
trinh mo6 ta vi tri va hudng clda déng hoc chat diém trong
khéng gian theo hé quy chiéu xac dinh. Vi vay, phan 2, bai
bao trinh bay mé ta toan hoc cla robot 3 bac tu do RPP
theo [1].

Hinh 1. Robot 3 béc tu do RPP
C4u tao Robot 3 bac tu do RPP gém 3 khdp chuyén
dong q=[q, q, qz]Ttrong d6 khép dau tién 1a khép

Vol. 58 - No. 6B (Dec 2022) e Journal of SCIENCE & TECHNOLOGY | 19



CONG NGHE

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

xoay va 2 khdp tiép theo la khdp tinh tién. V&i cau tao nay,
khéng gian lam viéc ctia Robot RPP sé c6 dang hinh tru.

Dai véi Robot cong nghiép c6 3 bac tu do RPP dé xay
dung mé hinh todn hoc thé hién méi quan hé gita cac
trang thai ctia hé théng vai luc hoac momen dat l1én cac
khép ta st dung phuong phap Euler - Largrange. Khi d¢,
phuong trinh déng luc hoc ctia Robot Planar dugc biéu
dién duéi dang:

M(q,4)§+C(a.a)a+G(a)=u ()

T
Trong d6 vecto S]z[q1 d, qz] € R* la vecto
trang thai cta cac bién khap, gva g lan luot 1a dao ham
cdp mot va dao ham cép hai clia g theo thai gian, vecto
u=[u, u, u] e R* Ia vecto cic tin hiéu diéu khién.
Ma tran M e R*3 13 ma trdn quan tinh luén déi xing, xac
dinh duong. Ma tran Ce R*® dai dién cho thanh phan
tuong hé va thanh phan ly tam, vecto Ge R*' dai dién
cho thanh phan trong trudng. Dua trén phucng phép
Euler-Lagrage va [1] ta thu dugc mé hinh todn hoc cla
Robot 3 bac tu do RPP nhu sau:
(q§ (m, +m, +m3)+J)d1 +2q,(m,+m, +m,)q,4, =\,
(m, +m;)q, +(m, +m,)g=u, )]

. .y
m;q; —q; (m1 +m, +m3)q1 =U;

Biéu dién lai dudi dang ma tran ta co:

Mg+f=u (3)
(qi(m1+m2+m3)+J) 0 0
Véi M= 0 (m,+m,) 0 [,
0 0 m,

29, (m, +m, +m,)q,q,
f= (m, +m,)g
—0; (m1 +m, +m3)q12

Mé hinh (3) sé Ia mé hinh dugc st dung dé thiét ké bo
diéu khién & phan tiép theo cla bai bao.
3. THUAT TOAN PIEU KHIEN TRUGT THiCH NGHI M&
ROBOT 3 BAC TU DO RPP

3.1. Thuat toan diéu khién trugt cho robot 3 bac tu do RPP

Diéu khién trugt (SMC) c6 mét s6 uu diém néi troi la bén
viing, it nhay cdm vdi su thay d6i cac tham sé clia hé va cac
nhiéu déng.Vi vay diéu khién trugt hay dugc ap dung trong
bai toan diéu khién phi tuyén cac robot. Qua trinh diéu
khién trugt thudng gém hai budc: Budc mét la dua hé
th6ng vao quy dao clia mat trugt, budc hai la duy tri hé
théng trén mat trugt. D€ st dung diéu khién trugt ta phai
xac dinh mat truot. § day mat trugt duoc chon dudi dang
PD nhu sau:

v=é+le 4
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V6i e=q-r la sai léch diéu khién trong d6 r la tin

hiéu dat va L la ma tran dudng chéo xac dinh duong. Khi d6
dao ham cuta v theo thaoi gian bang:

v=é+le=M"(u-f)+Lg-i-Li (5)
Chon ham lyapunov d6i xting xac dinh duong dang:
V(t) Z%VTV (6)

Dao ham clia ham Lyapunov theo thai gian bang:
V=vv=v'(M"(u-f)+Lq-i-L) 7)
Luat diéu khién dugc thiét ké nhu sau:
g:j—l\_/l(Lg—ﬁ—Li+K1y+Kzsgn(y)) (8)

Véi K,, K, la ma tran duong chéo xéac dinh duong. Thay
vao dao ham clia ham Lyapunov thu dugc:

V=viv=v' (—K1y -K, sgn(y)) =—v'Ky-v'K,sgn(v) (9)

Nhu vdy dao ham cda V xac dinh am do dé theo tiéu
chuyén Lyapunov hé sé &n dinh va sai léch diéu khién hoi
tu vé khong.

3.2. Thuat toan diéu khién trugt thich nghi m& cho
robot 3 bac tu do RPP

Vi bd diéu khién dugc thiét ké theo phuang phap diéu
khién trugt, cac trang thai ciia d6i tugng sé bam dugc theo
cac quy dao dat mong mudn tuy nhién trong van hanh
thuc té hé théng lam viéc dudi cac diéu kién khac nhau c6
thé sé chiu thém su dnh hudng cta cac loai nhiéu bén
ngoai lam anh hudng téi chat luong diéu khién. Pé ting
tinh thich nghi cho b6 diéu khién, hé logic m& dugc dé xuat
st dung vdi vai trd chinh dinh cac ma tran tham sé trong
b6 diéu khién trugt sao cho phu hop véi vi tri va téc dé thay
dé&i trang thai hé théng.

So d6 bo diéu dugc tich hgp hé logic m& nhu hinh 2.

Fuzzy Logic q

\ System dt
\
\ q
\
\
q. 3
\
Sliding mode Robot
v _—
d Conwoller RPP a
\ 4
dt Y
q \
X

Hinh 2. Cau tric hé théng diéu khién AFSMC

Trong d6é ma tran tham s6 Ldugc lua chon c6 dang ma
trdan duong chéo: L = diag([a; b; c]), thdng qua viéc chinh
dinh a, b va c ta sé chinh dinh dugc L tir d6 thu dugc cadc ma
tran tham s6 K,, K,. D€ chinh dinh tham s6 a ta sé st dung sai
léch diéu khién clia khdp thi nhat e, = q, - r, cing dao ham
clia n6 theo thai gian €, va tham s6 b va ¢ sé dugc chinh
dinh dua trén sai léch diéu khién ctia khép thi hai va ba.
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Qua trinh chinh dinh cho a dugc thuc hién thong qua
ba cong doan chinh: m& hoa, chinh dinh ma& va gidi mao. Véi
budc md hoa, ta sé thuc hién xay dung cac tdp md dya trén
tap v tru cda bién dau vao e, tir d6 xay dung cac tap mo
dé phu kin pham vi gia tri cia e, bao gém: Nagative (N),
Zero (Z) va Positive (P) c6 dang ham lién thudc la dang tam
giac sé dugc biéu dién qua hinh 3. Cac tdp ma cho bién dau
vao &, dugc xay dung tuong ty. S& dung mé hinh mg la
mo hinh Sugeno, ham dau ra sé bao gbm ba ham la hing
sO vai tén dugcsé hoa la[N  Z P] tuong Ung vdi cac gia tri
[a, a, as]. Céng viéc chinh dinh m& sé dugc tién hanh dua
trén hé luat chinh dinh cé dang:

R:NEUe, la Al va & la A2 THIala B,

Trong d6, i =1, 2,.., 9 va R' la luat chinh dinh tha i, A!,
A’ va B, dai dién cho cac tdp md dau vao va ham dau ra
tuong Uing dugc mo ta qua bang 1. Cudi cling, dau ra mg
déng thai cling la gia tri ctia a sé thu dugc tir cong thic gidi
md& WTAVER nhu sau:

9 — N
Ll (o), (&)
a:ZJ ( AT A 1) (10)

3 (1 (o) s ()

Véi a la gid tri hang s6 tuong ting ctia ham dau ra B,

N zZ P

o
% -

Degree of membership
(=]
(=)

04}
02f
ol ‘ . . . \
3 2 -1 0 1 2 3
Fuzzy sets of e,
e N z P
5
2038
£
206
204}
é"o.z
mF .
- 2 3
Fuzzy sets of e,
Hinh 3. Tap m& clia cac bién dau vaoe, va &, dé chinh dinha
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Thuc hién chinh dinh b va ¢ mét cach hoan toan tuong
tu.
4. KET QUA MO PHONG

Coéng viéc mo6 phdng dugc thuc hién trén matlab
simulink, thong s6 b6 diéu khién bao gém L = diag([1; 1; 1]),
K, = diag([1; 1; 11), K, = diag([1; 1; 1]) con dau ra tuong Ung
véicacténséhdactahé ma [N Z Plla[2,5 1,5 2,5].Két
qua thu dugc:

Vi tin hiéu dat 1a hang s6, dap tng cac khép nhu sau:

Hinh 4. Dap ting dau ra vdi khdp 1 khi tin hiéu ddt la hdng

Pap Ung cta khdp thd nhat nhu hinh 4. Bo diéu khién
AFSMC nhanh bam gia tri dat, thai gian qua dé nho hon so
véi bd SMC.

1

08

0.6

0.4

0.2

Hinh 5. Dap (ing dau ra vdi khdp 2 khi tin hiéu ddt 1a hdng

o8 | | I ! . T T +essseee 3, Reference | |
— 3. SMC ™~
— 3. AFSMC ||

—
-

Hinh 6. Dap (ing dau ra vdi khdp 3 khi tin hiéu ddt 1a hang
Tuong ty, hinh 5 va 6 la dap Ung cda khép 2 va 3 trong
trudng hgp gia tri dat la hang s6. Chat lugng ctia bé AFSMC
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van t6t han so véi bd SMC. Cu thé, thdi gian qua d6 cla
dap ung khdp 2 véi bd AFSMC chi la 2,5s, nhanh hon so véi
bo SMC véi 4s. Lugng qué diéu chinh & ca 2 bo diéu khién
déu bang 0.

Véi tin hiéu dat thay déi theo thsi gian, dap Ung cac
khép nhu sau:

T T T T T T T T T

........ 1. Reference | |
e — 1. SMC

/ w— 1. AFSMC
/ J

-------- 3. Reference

- 3.SMC \
01 [ + + 1 1 ! 1 1 — 3 AFSMC

Il

0 2 4 6 8 10 12 14 16 18 20

Hinh 9. Dap ting dau ra véi khdp 3 khi tin hidu dat thay doi
Hinh 7, 8, 9 lan lugt la dap ung cta khép 1, 2, 3 khi gia tri
dat thay ddi. O ca ba hinh, bo diéu khién trugt thich nghi
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md& mot 1an lugt cho thdy chat lugng diéu khién tét han so
vGi bo diéu khién trugt thong thudng. Thdi gian bam quy
dao cta AFSMC nhanh haon so véi bé SMC.

C6 thé thay ca hai bd diéu khién déu cho chat lugng tét
nhimng bé diéu khién c6 thich nghi m& dap ng vdi su thay
dé&i ca tin hiéu t6t hon, nhat |a trong méi trudng ¢ nhiéu
hé thong.

5. KET LUAN

Bai bdo cho thady chat lugng diéu khién cla bo diéu
khién truot thich nghi m& t6t hon bo diéu khién trugt
thong thuong. Khd nang bam quy dao cla bé AFSMC
nhanh va chinh xac hon so vGi bd SMC. Diéu nay cho thay,
thanh phan diéu khién mg trong bé AFSMC phat huy uu
diém trong kha nang thich nghi nhiéu.
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