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TOM TAT

ANFIS (Mang thich nghi dwa trén co sé& hé suy luédn mo) la mét mang noron mo dang duwoc
quan tam nghién ctru. Cac lugt hoc cta ANFIS khi sw dung cac dang ham lién thuéc khac nhau dwoc
t6 hop déng goi trong cac ham tién ich cua phén mém Matlab, do dé khéng tién cho viéc wng dung
trong bai toén diéu khién. Bai bao dé xuét luét hoc dé cap nhét cac thong sé diéu chinh cua ANFIS
khi str dung ham_lién thuéc c6 dang hinh chubng cho cac bién ngén nger mo ¢ d4u vao va céc hé sé
clia cac ham tuyén tinh & dau ra, sau d6 dé khang dinh cho tinh ding dén cida céc luat diéu chinh néi
trén tién hanh (rng dung ANFIS déng vai tro la bo diéu chinh théng minh diéu khién thich nghi vi tri
rébot hai khau. Két qué mé phdng trén Matlab khi st dung bé diéu chinh néi trén tmg dung ANFIS sé
cho thay tinh wu viét va kha thi cta gii phap nay.

ABSTRACT

ANFIS (Adaptive Network-based Fuzzy Inference System) is Fuzzy—Neuron Network, has been
studying in many countries. Learning rules of ANFIS when using other membership functions
integrated in Matlab software, so are not suitable for applying in controlling. This paper proposes the
learning rules updating adjusted parameters of ANFIS when using the bell-shaped membership
fuctions of the fuzzy linguistics variables in the inputs and coefficients of the linear functions in the
output, then to prove the correctness of these learning rules by applying ANFIS in intelligent controller
for adaptive controlling of the position of two-link robot. Result of simulation by Matlab software when
using ANFIS in controller will demonstrate advantage and feasible of this solution.

I. MO PAU ANFIS duoc Jang [1] dé xuit st dung
ANFIS (Adaptive Network-based Fuzzy lugthoc mo TSK (Takasi -Sugeno- Kang). Luat

Inference System) 1d mot mang noron md dugc hoc md thir j ctia ANFIS 1a R 16 dang:

quan tam nghién ctru. Cac luat hoc cua no khi . ;

st dung cac dang ham lién thudc khac nhau IF Xq is A]J_ AND X is AJZ ... AND X, is
duge t6 hop déng goi trong cac ham tién ich . . n .

ctia phan mém Matlab, khong tién cho viéc img A% THEN y = fj = pé + 2 piJXi (1)
dung trong bai toan diéu khién. Véan dé dit ra 1a i=1

can nghién ctu dua cac luat hoc noi trén Ve voi:Xj, y tuong Ung la cac bién vao, ra;
dang toan hoc tudng minh. Bai bao nay dé xuit i o X o N
cac luat hoc cung cép cho ANFIS khi sir dung Ai (Xj) 1a bién ngdn nglt mo g voi bién dau

ham lién thudc dang hinh chudng ¢ 16p 2, dé
minh chimg cho tinh dung dan cta cac luat noi
trén tién hanh tmg dung ANFIS dong vai tro 1a tinh f;1=1,2,..,mj=1,2, .., M.
bd dicu chinh thong minh dieu khién thich nghi

vao dau vao Xi; p{ € R 14 hé s6 cua ham tuyén

vi tri r6bot hai khau. Két qua mo phong trén Cu triic ANFIS gdm 6 16p nhu sau:

nM;}l}tlab s€ cho thay tinh uwu viét clia giai phap Lép I: La 16p du vao ¢6 tin higu vao X;.

II. LUAT PIEU CHINH CUA ANFIS Ldp 2: M5i phan tir 1a mot ham p Al i)
i

2.1 Cu truc cia ANFIS
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Lép 3: Mbi phan tir R/ twong Ung thuc hién

n .
mot luat thirj: pj = [Tp)(X;) )
i=1

Lép 4: Mbi phan tir N tuong tng thyuc hién
_ M
phép tinh: uj=uj/2uj 3)
j=1
Lép 5: Mbi phan tir tht j thuc hién phép tinh:

— j_n i
MJ(P0+_21IO,X|) 4)
1=

Lép 6: Co mot phan tir tinh toan gia tri dau ra:

y= ZHJ J/ZHJ ZHJJ 5)
-1

Sai Iéch trung binh binh phuong gitra
ham dau ra mong mu6n y" va ham dau ra y:

e-2ym- 30 oifi 2(6)
2|V~ A Wi 1] B e

2.2 Luat hoc ciia ANFIS

Vén dé dat ra la 5:5‘1n tim céc luat hoc cép
nhat bd cac thong so dieéu chinh & cac lop 2 va 5
cho ANFIS khi st dung ham lién thudc & 16p 2
0 dang hinh chudng:

b )= ()

-l el

Luét cdp nhdt by thong s6 diéu chinh
trong qua trinh hoc cia ANFIS truéong hop st
dung ham lién thudc c6 dang ham hinh chuéng
dugc theo cac biéu thirc nhu sau:

dtrd=alo-n 5~ ©®

b{'(t+1)=b§(t)—nbabf—(EX_) ©

clt+)=cl®-ne———  (10)
oc; (x;)

plt+D=pl®-n,—=— ()
ap; (%i)

voi Na:MNb:Me:Mp 1a cac hé s hoc.
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[4] d4 chimg minh dugc cac thanh phan
dao ham riéng cua sai léch E ddi véi cac thong
s6 diéu chinh c6 dang sau day. Do khudn kho
bai bao c6 han do d6 chi dua ra két qua cua cac
dao ham riéng nay.

2
E My )(f,-—y)[l (x)j )
oaj (x;) Zu A I(x;)
i
-y, —y)(l N )]
b (xi) zp
I
[ln (aij(xi))— In (xi —cij(xi))]
E 24, o bl (x;)
. =7\~ f'— 1- iXj)|————
el ) %M.(y yof; y)[ uAiJ(x )]Xi_ci](xi)
i
oE Hj m
——=——(Y—Y )X
ORI

lIl. UNG DUNG ANFIS TRONG BIEU
KHIEN THICH NGHI VI TRI ROBOT HAI
KHAU

3.1 Dong hoc robot hai khau

»

v

Hinh 1. M6 hinh dong hoc rébot hai khdu

Hinh 1 m6 tdA mo hinh robot hai khau.
Theo [3] phuong trinh dong hoc vao-ra robot
hai khau cé dang nhu sau:

0 i} l Hyoh 05 (20, +05)+ Hph 07 -Hap0 +Hipg
HyyHyp -HppHy

gH —H21h42(2q1+Qz)—H11hq12+H2191—Hngz

H -H

-Hy Hy Ju
vOi: qp, Oz 1a vi tri ctia khau thar nhat va tha hai;
71, T2 la mOémen di€u khién khau thr nhat va thu
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hai; m;, m;, 1a khéi luong khau thir nhat va thir
hai: Iy, I, 1a 6 dai cta khau thi nhat va tht hai;
le1, lez 12 d0 dai tir diém ndi khau thir nhat va
khau thir hai dén trong tam cua cac khau do; I,
I, la momen quan tinh khau thir nhat va thir hai;
ms 1a khdi luong phu tai; g 1a gia tdc trong
truong;

2 2 .92
Hll = |1 + |2 + mllcl + mz[ll + ICZ + 2"1'02 COS(qZ)]
+ Mgl +13 + 241, cos(qy)];
H22 = m2|% +m3I§ ;

Hyp =Hag =my[13 + 1, cos(gy)]+ mal13 + .1l cos(a,)];
g1 = Myleggcos(dy) +mogflep cos(dy +dp) + 1y cos(@y)];
92 =Malegcos(dy +0z);

h =mallezsin(az) ;

3.2 Ung dung ANFIS trong diéu khién thich
nghi vi tri robot hai khau

Phén nay trinh bay ing dung cia ANFIS
diéu khién thich nghi vi tri robot hai khau. Tur
cac ludt hoc cua ANFIS khi sir dung ham lién
thudc c6 dang hinh chuong ¢ 16p 2 da chung
minh duoc & phén 2, dga vao ddng hoc cua
robot hai khau, thuc hién ung dung ANFIS
dong vai tro 14 bo diéu khién thich nghi vi tri
robot hai khau. So d6 tmg dung ANFIS diéu
khién thich nghi vi tri robot hai khau trinh bay &
hinh 2, trong d6 st dung hai bo diéu chinh tng
dung ANFIS la: ANFIS 1 va ANFIS 2. Vén dé
dat ra la can chon sb luong nut & mdi lop, sb
dau vao cta 16p 1, $6 lugng ham lién thudc cia
16p 2, sb luogng tin hiéu ra cua 16p 6 dé tim
dugc cac mO6 men quay T1,Tpsao cho vi tri
r6bot qs, g, bam theo duge cac vi tri mau tuong
lfl'ng la qm1s OQm2-

Xl »
, q
% » Bo diéu chinh | "
% »  ANFIS1 ' i oyt
K > Robot T g
Ly hat khiu +
» Bo diéuchinh [ *

ANFIS2

—

Hinh 2. So do vmg dung ANFIS diéu khién thich
nghi vi tri robot hai khdu

Viét lai (12) ta duogc:

dl = fl(dll% ('12,(12, m3) + U (11, 72,02, M3) (13)
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dz = fz(dl,%dz,% m3) + Uy (11, 72,02,M3) (14)

Véi: () = szhQ2(2ql+Q2)+H12hQ1 Hop01 + Hyo7 ;

HiH2p —HipHoy

—Hj1ha,(20;+4,) - H11hQ1+H2191 H1192
HitH2 —HipHy

—Hym +Hyt

HiiHg —HipHyp

fa()=

tH9y —19H
U(.)= 1122 21112 U .)=
HiiHgp —HyoHpy

Bién d6i (13) va (14) ra dang rdi rac co:
01(K) = fig (@1 (k—1), Gy (k-2), 02 (k -1, 02 (k- 2))+
Ugg (11 (K), 4 (K =1, (K= 2), 1 (K), T (K1), 7 (K -
G2(K) = Fag(01 (k1,61 (k~2), 6o (k1,05 (k-2))+
gty (K), 13 (k=1), 75 (k= 2), 1K), 7o (k=1), 15 (k- 2))

voi: 1K), ag(k—=1), qu(k—2), gz (k),
go(k-1), qo(k—2) tuong ung 1a vi tri cla
cac khau thtr nhét, thir hai tai thoi diém tha k,
(k-1), (k-2);
1 (K), u(k-1), 11(k=2), 12(k), T2(k-1),
To(k—2) twong ung 13 mémen quay cua khau
thtr nhét, tht hai tai cac thoi diém the k, (k-
1), (k-2). Nhu véy tin hiéu cin didu khién
01(K), go(K)1a nhimg ham nhiéu bién phu
thudc nhitng gia tri luu gitr & cac thoi diém cua
vi tri va mOmen trudc do cua ca hai khau. Do
d6 chon 16p vao cua hai bo diéu chinh ANFIS 1
va ANFIS 2 c6 4 nat tuong tmg voi 4 tin hi¢u
vao la xi; X; Xa; Xg, VOI:

X1 =€1 =0 — 01 (17); X3=€2=0m2—02(18)

15
))( )

(16)

Xy =e1 (19); X4 = €2 (20)
trong d6: Qg Vva g tuwong tng 14 vi tri miu
cua khau 1 va khau 2 cua robot.

ANFIS 1 va ANFIS 2 déu c6 1 niit ra & 16p 6
dé cung cap tin hiéu di€u khién twong tng la
cac momen quay tyva Ty cho hai khau cua
robot, thue hién cac luat sau day:

Lugt hoe R1: IF x; is AL AND x, is
A AND x3 is A33 AND x4 is A4S,THEN
fjs = plsxl + pZSXZ + pgsxs + p4SX4.

voi:i=1,2,3,4;5=1,2,3,4;s=1, 2.
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ANFIS 1, ANFIS 2 ¢6 ciu triic gdm 6 IQ’p
theo hinh 3 dudi day. Trong d6 X; la cac bién
dau vao (j =1, 2, 3, 4; s=1, 2 ), 15 la bién dau
ra, Aijs (X;) 1a cac bién ngdn ngii md cua bién
ddu vio Xj, pak(xj) 14 ham lién thudc co
dang hinh chudng ciia mdi bién ngdn ngit mo &

dau vao, piJS € R 1a cac hé s6 cua ham tuyén
4 . C o

tinh: fjs = _leijsxi . Xac dinh cac thong so diéu
i=

chinh ciia ANFIS 1, ANFIS 2 & 16p 2 va 5, sao
cho tin hi€u vi tri thuc cta robot g; va g, bam
theo dugc cac tin hiéu vi tri mau mong mudn
tuong mg 1a qpy va Q2. tirc 1a bado dam duoc
sai léch vi tri E 1a nho nhét.

E, :% 3 (U (1) = 05 O (551, 2:t=1,... T).
t=1

Lapl

Lap2

Hinh 3. So' d6 ANFIS; ¢6 4 déu véo va 1 du ra
st dung trong ung dung diéu khién thich nghi vi
tri robot hai khau (s = 1, 2)

~ MJdi b ANFIS ¢6 4 dau vao va 1 déu ra
bi€u dién trén hinh 3. Trong d6:

Lép 1: C6 4 niit twong tng v6i mdi mot tin hidu
vao x; (i = 1~, 2, 3: 4).

Lép 2: Moi phan tir 12 mét ham lién thude
u Aijs (Xj) c6 dang ham hinh chuéng.

Lép 3: Mbi phan tir R tuong tmg thyc hién mot

4 .
luat thirj:  pjs = [Tk (i) ;
i=1
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His .
4 ’
2 Hjs
=l

Lop 4: Thuc hién tinh toan: ﬁ s =

_ 4 .
Lép 5: Tinh toan gid tri : pis(XpLx).
i=1
Lép 6: Thyc hién phép tong tinh gia tri dau ra:
4 _
s = 2 HjsTis -
=1

Luat hoc ctia mdi bo ANFIS nhu sau:

- i OE
alt+D) =aj () —myg———>—
oaj, (xi)
bijs(t+1)=bijs(t)—nba_i
bl (xi)
cl (t+1) =cl (®)-nc _%Bs
ack (x;)
i i oE
pL(t+1) =pL(t) —mp——2
° = P apl )

Na:Nb:MNc,Np 18 cac hé s6 hoc. Trong do:

By 2 1 bl
jisz m £ (qs_qms)(fjs_qs)HA_j (xi) . (X.)_l IJS( )
aais(xi) Y is HAiJs i ais(Xi)

i

O 2js 1
T: m (QS_qms)(fjs_qs)HA_j (%)) W_l
0 is(Xi) _Z“js is Aijs i

=1
.(In aijS (xi)|-hx; —Cijs (Xi)j

kg 2 1

: (U5 =ms)(Fjs —Gs)u j (xi) -1 :
e, (xi) j%ujs A HAijs(Xi) X; ~cL(%;)
oE Hj
j = MJS (ds —Amgs )X
i=
ST t) [fiq (t 2
Eo =2 3| e (8 2L AL oy O B
IR R
j=1 izluAiJS (xi)
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Thyc hién mo6 phong trén Matlab [4,5] theo
phuong phap hoc truc tiép. Cho gi tri cta cac
thong s  robot:  my=1kg;  m,=1kg;
l,=1m;l,=1m;l;,=0.5m; 1,=0.5m; 1,=0.2kgm?;
1,=0.2kg m?; phu tai mz c6 dang dd thi hinh 16.
Két qud md phong dugce cac dd thi bo cac ham
lién thudc & 16p 2 tai thoi diém ldy mau t = 900
tuong tmg v6i mdi mot dau vao xi, Xp, Xa, X4 Khi
st dung cac ham lién thudc dang hinh chuong
& 16p 2 ciia ANFIS 1 va ANFIS 2 duogc biéu

dién tir hinh 4 dén hinh 11; Vi tri mau dm1, Om2
(nét lién) va vi tri thue sau diéu khién q;, g(nét
dat) khau tht nhat, thir hai cia robot vé trén
hinh 12, 13, thdy rang vi tri ciia robot hai khau
g va g, da bam theo dugc cac vi tri mau tuong
mg 13 qm VA qme; Mdmen diéu khién 1y, T, 14
dau ra caa ANFIS 1, ANFIS 2 biéu dién trén
hinh 14, 15. Két qua hé s6 ham tuyén tinh tai t
=900 nhu sau:

Hinh 4. Cac fzdm lién thudc dau
vao thir nhat ANFIS 1 tai thoi

P

1l M\ i

\ M

| I i

i LN\ AN

| —7 1\ NN

I — I\

Al / L / —

o / N\ —

_J — — —— ~—_] I — J M~

Hinh5.Céac ham lién thuéc dau
vao thw hai ANFIS 1 tai thoi

Hinh 6. Cac ham lién thudc dau
vao thir ba cua ANFIS 1 tai thoi

diém lay mau t=900. diém lay mau t=900. diém lay mau t=900.
1 |
i
\ I\ L rr | L]
\ AN
| A
\ A |
\ 7\ A\ \
TN 7/ \ N u y A\ N
) . — S R e “;gg i —

Hinh 7. Céc ham lién thudc dau
vdq thb? tu c~1,2a ANFIS 1 tai thoi
diém lay mau t=900.

Hinh 8. Cdc,hdm lién thuéc dau
vdq th,Z’ nhgit ANFIS 2 tai thoi
diém lay mau t=900.

|

Hinh 9. Cac ham lién thudc dl?u
vc:zo thNL'r hai ANFIS 2 thoi diém
lay mau t=900.

—

N

I
f
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|
/

.

|
|
|
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\
\
\
Y
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| =
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L
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N

/
/
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N

~—

T ~—— N
— —~—— =

Hl:nh 10. Cac ham lién thuoc
dau vao thu ba ANFIS 2 tai thoi

Hl:l’lh 11. Cac ham lién thuoc
dau vao thwr tw ANFIS 2 thoi

A

300 400 500 600 700 800 900

Hinh 12. Do thi vi tri mau gm
(nét lién) va vi tri thuc sau diéu

diém ldy mau t=900. diém lay mau t=900. khién q (nét dirt).
o /’
. . [/ T~
- N N\ ' 7N
. | ¥ \_/
- N/ ~

0 200 300 400 500 600 700 800 900 100 200 300

Hinh 13. D6 thi vi tri mau qm2
(nét lién) va vi tri thuc sau diéu
khién q, (net dut).

00 500

Hinh 14. b6 thi momen diéu
khién 7 la dau ra cia ANFIS 1.
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Hinh 15. D6 thi momen diéu
khién t, la dau ra cia ANFIS 2.
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p11(900)=[0.3590 0.4398 0.43840.5633]; P21(900)=[0.4002 0.2352 0.96500.9481];
P12(900)=[0.5450 0.8097 0.67920.1203]; P22(900)=[1.0751 0.5042 0.28800.0681];
P13(900)=[0.6619 0.4891 0.25860.5408]; P23(900)=[0.0846 0.8041 0.59860.2847];
p14(900)=[0.7575 0.7605 0.86040.2551]. P24(900)=[0.0089 0.3921 0.60840.2956].
Hinh 16. D6 thi khoi lwong phu tai ms.
IV.KET LUAN bam theo duoc cac tin hiéu vi tri mau twong

Tir cac két qua md phong trén day cé thé
két luan dugc rang thuét toan st dung cho céc
luat diéu chinh thong s6 ANFIS d& xuat & phan
2 1a tin cay duoc vi trong ting dung ANFIS la
bd diu chinh vi tri r6bot hai khau q; va q, da

tmg 13 qm; va qmz. Nhu vy giai phap dé xuat
mg dung ANFIS trong bo diéu chinh thich nghi
vi tri r6bot hai khau 1a dang dian. Ciing c6 thé
ung dung ANFIS trong céc bai toan nhan dang
va diéu khién cac d6i twong phi tuyén khac.
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