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TOM TAT

Bai bao nay nham muyc tiéu kiém chitng kha ndng hoc hanh vi diéu khién cia chuyén gia

dua trén co ché suy dién mo-noron thich nghi (adaptive neuro fuzzy inference systems -

ANFIS). Dé gia ldp hanh vi diéu khién cia chuyén gia, bg diéu khién fuzzy-PID cho robot

SCARA da dwoc xay dung. Bang co ché hudn luyén, sau khi hoc dwoc tir dit liéu diéu khién

cia chuyén gia, bg diéu khién ANFIS c6 thé hoat dong déc lap. Poi twong diwoc chon lya dé

kiém chitng la robot SCARA. Pdy la mét hé phi tuyén nhiéu ngd vao nhiéu ngd ra (multi

inputs multi outputs — MIMO) twong doi khé diéu khién. Két qua md phong trén phan mém

MATLAB cho thdy bé diéu khién ding ANFIS hoan toan c6 thé sir dung dé hoc dir liéu diéu

khién cuia chuyén gia, tzo nén tang cho xay dung cac bé diéu khién co kha nang hoc theo
hanh vi cua con nguoi.

Tir khéa: Robot SCARA; Piéu khién mo; Diéu khién PID; Diéu khién PID mg; Mang thich
nghi dua trén co che suy lugn mo.

ABSTRACT

This paper aims to verify the expert's ability to learn behavioral control based on adaptive
fuzzy - neuro inference systems (ANFIS). To simulate the control behavioral of experts, a
fuzzy-PID controller for SCARA robot has been built. By a training mechanism, ANFIS
controller can operate independently, after learning from an expert control data. A SCARA
robot is selected to verify this idea. This is a multi-input multi-output (MIMO) nonlinear system
which is relatively difficult to control. The simulation results on MATLAB show that the
controller using ANFIS can be used to learn expert control data, creating a foundation for
building controllers that have the capacity to learn people behavior.

Keywords: SCARA robot; Fuzzy controller; PID controller; Fuzzy-PID controller; Adaptive
Network based fuzzy inference systems (ANFIS).

1. GIOI THIEU dén nay bai toan diéu khién robot van luén

danh duoc nhiéu sy quan tdm cua céc nha

Robot cdng nghiép la mot trong nhirng
d6i twong duoc sir dung phd bién va mang lai
hiéu qua cao trong san xuat, sinh hoat,...
nhung dong thoi cling 1a dbi twong c6 tinh phi
tuyén manh, céc tham s bat dinh Ion va chiu
nhiéu tac dong caa nhidu. Song song Véi viéc
nang cao do chinh xéc trong céc khau lip
ghép co khi thi diéu khién ciing 1a mot van dé
hét siac quan trong dé cai thién dang ké chat
lwong lam viéc cua robot. Hién nay c6 nhiéu
phuong phap diéu khién da duoc cong b va
ap dung thanh cong cho robot [1]. Tuy nhién,

khoa hoc nghién ctu giai quyét dé cai thién
chét lugng dong hoc cua robot. Robot cong
nghiép 1a ddi tugng phi tuyén nén rat kho xac
dinh duoc chinh xac cac théng sé do luong tai
céc thoi diém nhat dinh.

Do vay, bai toan diéu khién robot 13 bai
toan tuwong ddi phuc tap va kho diéu khién.
Do kha ning diéu khién hiéu qua, tinh don
gian trong thiét ké va pham vi tng dung rong,
nén bo diéu khién PID duoc ung dung rat
phd bién trong céng nghiép [2]. Trong ly
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thuyét diéu khién, c6 rit nhiéu phuong phap
dé hiéu chinh thong sb caa bo diéu khién PID,
phé bién nhat 1a phuwong phép Ziegler—
Nichols [3]. Tuy nhién, bo diéu khién nay c6
nhiéu han ché nhu khong phu hop véi ddi
tuong diéu khién 1a hé phi tuyén hoic thay
d6i theo thoi gian, kho xac dinh chinh xéc
md hinh toan, cac tham sé khong thé diéu
chinh tu dong d@é thich tng véi diéu kién da
thay ddi [4]. Do do6, véi bo diéu khién PID
thong thuong kho co thé dat duoc chat luong
diéu khién nhu mong mudn.

Trong qua trinh phét trién cac ky thuat
diéu khién théng minh, logic m& dugc tng
dung thanh céng trong nhiéu linh vuc vai vai
trd ctia mot bo quan sat. Co ché suy dién mo
dugc xem & mot phuong phap don gian va
hiéu qua dé tinh chinh cac bo diéu khién kinh
dién [5]. Bo diéu khién mo voi ngd vao 1a tin
hiéu 16i va dao ham cua tin hiéu 13i, s& ¢
ngd ra la tin hiéu Ke, K; va Kp caa bo diéu
khién PID, qué trinh nay c6 thé thyc hién
online, khéng phai dung hé théng dé tinh
chinh cac théng sb b diéu khién PID. Song
song d6 thi mang noron c6 thé huan luyén
mot cach nhanh chong dé xap xi mot quan hé
phi tuyén bat ki [6] dé thuc hién bai toan
nhan dang hé théng. Tir d6 c6 thé tan dung
vu diém cua logic md va mang noron dé c6
su két hop trong viéc xay dung bo diéu khién
c6 kha nang hoc theo hanh vi cua con nguoi
va co thé ty cai thién chét lugng diéu khién
trong qua trinh hoc.

2. MO HINH TOAN HQC ROBOT
SCARA

~Khao sat mo hinh robot SCARA véi gia
thiét khaop tinh tién dugc co dinh, dugc trinh
bay nhu hinh 1.

=y

Hinh 1. M6 hinh robot SCARA

Trong d6, cac théng sé mo hinh robot
SCARA duogc trinh nhu bang 1.

Bing 1. Théng s6 mé hinh robot SCARA

Ki hiéu Y nghia Gia tri
|1 Chiéu dai khép 1 im
I Chiéu daikhép2 | 0.8m
m1 Khéi lugng khép 1 1 kg
m2 Khéi lugng khép 2 1kg
Phuong trinh déng luc cua robot

SCARA, trinh bay nhu cong thuc (1). [7]

My My |16, Vv, G, 7

trong do:

1)

2 2
My, = (my +m,) 17 +m,l; +2mylL, cos 6,
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My, = myl; + myLil, cosd,,
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M,, =m,l;, + m,L 1, cosé,,
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{vl = -myll, (26,6, + 63 )sino,

<2 .
V, =m,L 1,6 sing,,

G, =0,
G, =0.
Khi d6: M11, M12, M21 va M2 la cac ma
tran quan tinh; Vi va V2 1a vector van téc
hudng tam; G va G la vector gia tc trong
truong (do robot thuoc mat phiang Oxy nén
thanh phan nay bang 0); 61 va 6,14 vi tri cia
khép thir nhat va tha hai; 72 va 2 1a moment
dong co tac dong lén truc quay cua khop thi
nhat va tha hai. Gigi han ving hoat dong cua

(4)

hé tay may trong khoang —% <0,.0,< %

Dé diéu khién robot SCARA, nghién ciu
nay sir dung phuong phap diéu khién don
khép, nghia 1a dat tung bo diéu khién lan
luot cho hai khép, mé hinh diéu khién duoc
trinh bay nhu hinh 2.
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Hinh 2. M6 hinh diéu khién robot SCARA
3. PIEU KHIEN ROBOT SCARA
3.1 Xay dwng bé diéu khién fuzzy-PID
So 6 md ta mé hinh tong quét caa bod

diéu khién fuzzy-PID, dugc trinh bay nhu
hinh 3.
B6 diéu khién mé
Kz K1 Kb

Yeall) 4 eft)

T Z uft) }(U
5| BO d‘;‘I‘Dﬂ“E“ }—)|U Robot SCARA |——>

Hinh 3. M6 hinh tong quat diéu khién
fuzzy-PI1D
Khi d6 bo didu khién m& dugc trinh bay
nhu hinh 4 ¢6 nhiém vy cung cap céac thong
s Kp, K; va Kp cho bo diéu khién PID nham
muc dich tao ra tin hiéu diéu khién u(t) dé
diéu khién robot SCARA.

M Kp (5)

e(7) FuzzyPID

(marmdani)

=

147 rules

de (7)

Kd (5)
Hinh 4. Cdu tric bé diéu khién mo

Trong cau trdc hinh 4, ngd vao thar nhat
cua bo diéu khién mo 1 e va ngd vao thir hai
la de, ca hai dugc mo hoa boi 7 tap mo {NB,
NM, NS, ZE, PS, PM, PB}. Trong d6, NB 1a
Negative Big, NM la Negative Medium, NS
la Negative Small, ZE la Zero, PS la Positive
Small, PM la Positive Medium, PB Ila
Positive Big. Ngd ra cua bo diéu khién mo 1a
Kp, Kj va Kp, ca ba dugc mo hda bai 5 tap
mo {Z, S, M, L, U}. Trong d6, Z 1a Zero, S 1a
Small, M la Medium, L la Large, U la Ultra

large. Ham lién thudc duoc sir dung la ham
Gauss (hinh 5), dugc xac dinh nhu cong thirc

(5).
i 0 = exp{—”c‘ = } ®)

2b?

Vi ¢i va bi 1a tam va do rong caa ham Gauss.

B NS PS PM PB 1 Z M U
0.5 \ 0.5
N o

0 | | o |
elde_min Kp/Ki/Kd_min

elde_max Kp/KillKd_max

Hinh 5. Ham lién thuéc ngo vao va ngé ra bo
diéu khién mo
Mién xac dinh cua céc bién ngd vao va
bien ngd ra cua bo dicu khien mo dua trén
thuc nghiém va duoc trinh bay trong bang 2
va bang 3.
Bing 2. Théng s6 bg diéu khién fuzzy-PID 1

Thong sé Ki hi¢u Gia tri
e1 [e1min, €1max] [-1, 1]
des [de1imin, de1max] [-1,1]
Kp1 [Kpimin, Kp1imax] [0, 340]
Kt [Kizmin, Kizmax] [0, 40]
Kb1 [Koimin, Kpimax] | [0, 100]

Bing 3. Théng s6 bg diéu khién fuzzy-PID 2

Thong sb Ki higu Gia tri
€2 [e2min, €2max] [-1, 1]
de [de2min, dezmax] [-1, 1]
Kez [Kp2min, Kp2max] [0, 200]
Ki2 [Kizmin, Kizmax] [0, 10]
Kb2 [Kp2min, Kp2max] [0, 20]

Co ché suy dién mo duoc chon la
MAX-MIN. Viéc giai mo thuc hién theo
phuong phap trong tam.

3.2 Két qua mo phéng fuzzy-PID

Hinh 6 trinh bay két qua diéu khién cua
bd diél} khién fuzzy-PID khi tin hi¢u dat la
hinh nac.
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Hinh 6. Ddp g ciia hé thong véi tin hiéu ddt
hinh ndc

Két qua hinh 6 cho thay hiéu qua diéu
khién cua bo diéu khién fuzzy-PID diéu khién
cac khop bam theo tin hiéu dat hinh nic da
qua bo loc twong ddi tét, dam bao cac tiéu chi
chat luong hé théng nhu d6 vot 16, thoi gian
tang, thoi gian xé&c 1ap va sai s xac lap.

Pé kiém tra kha nang thich nghi cua bo
diéu khién fuzzy-PID khi thay doi tai trong,
tac gia da gia su tai trong tai cac khop thay
ddi theo thoi gian, cu thé khéi lugng cua
khép 2 ting 200% tai thoi diém 30 gidy, khoi
luong khép 1 ting 200% tai thoi diém 60
gidy nhu hinh 7, khi d6 két qua diéu khién
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Hinh 7. Tai trong thay déi theo thoi gian
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Hinh 8. Padp ing cua héqtho”’ng khi tdi trong
thay doi

'Két qua hinh 10 cho thdy hiéu qua diéu

khién cua b¢ diéu khién fuzzy-PID khi tai

trong thay doi theo thoi gian, cac thong so

chét luong hé théng van dugc dam bao, tuy
nhién tai cac thoi diém thay d6i tai trong va
sau d6 thi tin hiéu diéu khién c6 gia tri cao hon
s0 v6i ltc hé thdng c6 tai trong khong thay d6i
tai cting thoi diém.

Noise

1
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Time (seconds)

Hinh 9. Tin hiéu nhiéu cam bién géc khép
Pé kiém tra hiéu qua cua bd diéu khién
fuzzy-PID dudi tic dong ciia nhiéu, tac gia da
gia str hé théng dudi tac dong cta nhiéu, cu thé
1a nhiéu tai tin hiéu hoi tiép, gia lap nhiéu do
cam bién goc khop gay ra nhu hinh 9, khi d6
két qua diéu khién duoc trinh bay nhu hinh 10.
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Hinh 10. Bdp itng ciia hé théng khi c6 nhiéu
tdc dong

Két qua hinh 10 cho thay hiéu qua diéu
khién ctia bd diéu khién fuzzy-pid khi c6
nhiéu tac dong, tin hi¢u ngod ra van bam véi tin
hiéu dat, cac thong s6 chit luong hé thong van
dam bao nham khéng dinh hiéu qua cua bd
diéu khién fuzzy-pid tac gia da gia sir hé thong
c6 tai trong thay ddi (hinh 7) va c6 nhiéu tac
dong (hinh 9) cung lac, két qua diéu khién
duogc trinh bay nhu hinh 11.
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Hinh 11. Ddp iing hé thong khi tdi thay doi va
nhiéu tac dong
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Két qua hinh 11 cho thdy hiéu qua diéu
khién cua b diéu khién fuzzy-PID khi tai
trong thay ddi va ¢ ca tac dong ciia nhidu, tin
hiéu ngd ra van bam véi tin hiéu dat, cac
thdng sd chét lugng hé théng van dam bao.
Tuy nhién tin hiéu diéu khién c6 su vot 16 1on
tai thoi diém tai trong thay doi.

3.3 Xay dung bé diéu khién mo-noron

C6 thé xem bo diéu khién fuzzy-PID da
xay dung trudc d6 nhu kinh nghiém cta mot
chuyén gia, tién hanh thiét ké bo diéu khién
mo-noron dé diéu khién robot SCARA gom
cac budc chinh nhu sau:

e Budc 1: Xay dung tap dir ligu huén
luyén tir bo dicu khién fuzzy-PID.

e Budc 20 Su dung cong cu ANFIS
Editor/MATLAB, tién hanh load tap
dir liéu c6 duoc tir Bude 1.

e Budc 3: Tién hanh huan luyén mang
cho dén khi dat sai s6 cho phép.

e Budc 4: Truy xuat di liéu huan luyén
duoc thanh file FIS dua vao bo diéu
khién.

Tap dir liéu huan luyén 13 tap céc théng
s6 ngd vao va thdng sb ngd ra tdi vu dung dé
diéu khién hé théng. Viéc xay dung tap di
lieu huan luyén c6 anh huong quyét dinh dén
chat lugng diéu khién.

Pé xay dung duoc tap dir liéu huén
luyén cho bo diéu khién ta can md phong hé
théng khi duoc diéu khién bai bo diéu khién
fuzzy-PID dé lay céc dir liéu nhu sai 1éch,
dao ham sai léch theo thoi gian va tin hiéu
ngo ra.

Bo diéu khién mo-noron c6 thé xay dung
theo nhiéu cau trdc khac nhau, trong nghién
ciru nay tac gia chon cdu trac nhu hinh 12.
trong cau tric nay bo diéu khién md-noron
c6 2 ngd vao va 1 ngd ra, mdi ngd vao co 5
noron, ham lién thudc ngd vao dugc chon la
ham dang tam giac, dugc xac dinh nhu cong
thac (6).
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o
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o

Véi a, b, ¢ 1a hoanh d6 dinh cua tap mo tam
giac.
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Legical Operations
. and

(] or

not

Hinh 12. Cdu triic hé mo - noron

Sau 10 chu ki huan luyén ta thu dugc bo
diéu khién mo-noron véi sai s6 huan luyén
(hinh 13 va hinh 14) lan luot cua hai bo diéu
khién 1a 0.473575 (tai chu ki tht 2) va
0.477806 (tai chu ki tha 3), sau d6 sai sb
huan luyén da hoi tu vé& 0. Két qua nay c6 thé
chap nhan duoc.

Training Error
06

0.4 r

Error

0.2r

- #-
o 2 4 ] 8 10
Epochs

Hinh 13. Két qud hudn luyén hé mo-noron 1

Training Error
06

0.4r

Error

0.2r

Epochs

Hinh 14. Két qud hudn luyén hé mo-noron 2
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3.4 Két qua mb phéng ma-noron

D¢ thay r6 kha ning diéu khién cua bo
dicu khién mo-noron, két qua mod phong sé€
duoc khao sat vai cac tin hiéu dat khac nhau.

Hinh 15 khao sat dap ung cua robot
SCARA véi tin hiéu dat la hinh sin.

2

Theta1 (rad)
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Time (seconds)

T T T r T
b == Rel2 B

/\w
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Time (seconds)

Theta2 (rad)

Hinh 15. Bdp itng ciia hé thong véi b diéu
khién mo-noron khi tin hiéu dat hinh sin

Két qua hinh 15 cho thay hiéu qua diéu
khién ctia by diéu khién mo-noron ddi véi tin
hiéu dat hinh sin, tin hiéu ngd ra bam tét véi
tin hiéu dat, cho théy cac thong s6 chat lugng
hé théng van dugc dam bao.

Tin hiéu 16i cua bo diéu khién mo-noron
khi tin hiéu dat hinh sin dugc trinh bay nhu
hinh 16.

0.1
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Hinh 16. Sai s6 giita tin hiéu dat va déap img
khi tin hiéu dat hinh sin

T hinh 16, nhan xét thay tin hiéu 1i
cua bo diéu khién d6i véi khop thi nhat cao
hon so voi khép tht hai, do d6 viée diéu
khién khép thir nhat s& kho khian hon khop
thar hai cua robot SCARA.

Pép ung diéu khién va tin hiéu 15i cua
bo didu khién khi tin hiéu dat 1a hinh nac,
duoc trinh bay nhu hinh 17 va hinh 18.
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Hinh 17. Bdp itng ciia hé thong véi bé diéu
khién mo-noron khi tin hiéu dat hinh nac

0.5
g opr——mv—Porm—m—— " y——
i
05 L L L L L L
(1] 10 20 30 40 50 60 70 80 0 100
Time (seconds)
05
o
e o
Il
o5 ! | ] | | |
0 10 20 30 40 50 60 70 80 20 100

Time (seconds)
Hinh 18. Sai s6 giita tin hiéu ddt va dap iing
khi tin hiéu dat hinh nac

Két qua hinh 17 cho thay hiéu qua diéu
khién cta bd diéu khién md-noron dé diéu
khién robot SCARA khi tin hi¢u dat hinh néc,
tin hiéu ngd ra bam tdt voi tin hiéu dat, cac
thong sb chat luong hé théng van duoc dam
bao.

D¢ kiém tra tinh 6n dinh ctia b dicu
khién md-noron tac gia da gia st trong qua
trinh diéu khién tai trong thay doi theo thoi
gian, két qua diéu khién dugc trinh bay nhu
hinh 19.

2
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Hinh 19. Dap umg ciia hé thong véi bo diéu
khién mo-noron khi tai thay doi
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Két qua hinh 19 cho thiy kha ning thich
nghi cta bd diéu khién mo-noron ngay ca khi
tai trong thay doi, tin hiéu ngd ra van bam tt
v6i tin hiéu dat, tuy nhién ngay sau lan thay
d6i tai dau o giay thar 30 thi tin hiéu diéu khién
c6 gia tri cao hon so véi cing thoi diém khi tai
trong khong thay doi.

Hinh 20 trinh bay tin hiéu I3i cua bo diéu
khién mo-noron véi tin hiéu dit hinh nic va
tai trong thay di theo thoi gian.
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Hinh 20. Sai s6 giita tin hiéu dat va dap vmg
khi tin hiéu dat hinh ndc va tai trong thay doi

Tir hinh 20, nhan xét thay tin hiéu 16i khi
tai trong thay doi s& cao hon so véi luc tai
trong khong thay ddi, diéu nay hoan toan phu
hop véi thuc té.

4. KET LUAN

Cac két qua mo phong trén cho thay hiéu
qua caa bo diéu khién fuzzy-PID va bo diéu
khién mo-noron khi diéu khién robot
SCARA, diéu nay cho thiy su két hop giita
hé mo va mang noron da cé hi¢u qua va co
kha nang tao ra bo diéu khién tir kinh nghiém
ctia con ngudi, khéng can quan tim md hinh
dbi tuong.

Tuy nhién, trong qué trinh huan luyén
kinh nghiém chuyén gia phai dugc cap nhat
lien tuc dé co duoc két qua didu khién tét
nhat. Huéng nghién cuiu tiép theo 1a 4p dung
bo diéu khién d3 dé xuat vao mé hinh robot
SCARA thyuc té va cap nhat lién tuc kinh
nghiém chuyén gia trong quéa trinh diéu
khién.
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