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DIEU KHIE‘N BAM DUQI THICH NGHI CHO HE THONG PHI
TUYEN MIMO SU DUNG WCMAC TU TO CHUC
ADAPTIVE TRACKING CONTROL FOR MIMO NONLINEAR SYSTEM USING
SELF ORGANIZING WCMAC
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Tém sat: Bai bdo ndy dé xudt mot by diéu khnén Waveler cé cdu trirc mo hink tiéw ndo ur 16 chee (Self
- Organizing Wavelet Cerebellar Mode! Articulation Conroller-SOWCMAC) két hap vér b6 diu khuén bit
(Compensator Controller CC) cho hé thong phi tuyén MIMO dé dat diwe bim dude vi tri chink xdc cao,
Trong dé, b6 dicu kinin SOWCMAC duoc su dung dé gié Igp b6 chéu khign 1§ reong whim dar dheve cace
féu sat s ciia hé thing e b diéu kindn bis (Campensator Controlfer CC) dém bio cho hé thing on dinh
dhod 512 tde Aong eua nhiéu hode <dc thanh phin khing chie chan Hg thong didu kién nay khing nhimg
tdn dung tinh chf phén ly cii him Wavelet vé: khi ndng hoc nhanh cia CMAC md céc iop cia WCMAC
€ 1dng hodc giam mot cdch tw ding nham dat dheae odu tric 188 10 cho bo Bty khén Thadt lodn gidm 45
doc va ham Lyapunov dutrc dp dung dé hoc trc tuyén cdc tham 56 cia bo déu kinin nhém dam béio on
G cho hé thing Cudy cimg két qua mé phong hé théng ban triegt has truc duge @idu khuén bor déng cor
dp dién chimg to It qua clia hé thong dién knén 23 a6 vudt

Tii khda:B diéu khiér trugtimeang na ron, 66 diéu Kiuén 6 cdu triic md hink teéu néa, b6 diéu khvén
CMAC Wavelet tir 16 chire, b6 didu kiién bii,

Abstract This poper presents a self - orgamzing wavelet cerebellar model articulanon conmrolier
{SOWCMAC) merges a compensotar controller (CC) for multiple - wpit — multiple - ouipur (MIMO) non -
Imear system to achieve the high precision position fracking The SOWCMAC s used fo imitate a ideal
contralier to atiain system trackuig error mintmum and the compensator controtler i3 10 ensure stabdiy of
the system in the presence of disturbunce or uncertainty This control systemt 1s nat only incorparates the
wavelet decomposition property with CMAC fast learmng ability but also the iayers of WCMAC will grow
or prune awtomaticolly 1o aclieve optimum structire of the controlier, The grachent deseent algorithm and
the Lyapunav function are apphed for online learming the comiroller’s parameters so that rhe stabity of
the system: can be guaranteed Fmally, sumulation resuits for the Two - Axis Piezoclectric Motor Driver
Systems are presented to verify the effectiveness of the proposed controller

Keywords: Shiding Mode Conirol (SMC), Newral Networks (WNs): Waveler Cerebellar Model
Articulation Controller (WCMAC), Self - Organizing Wavelet Cerebellar Model Articuiation Controlier
(SOWCMAC). Compensator Controller (CC)

Chi s6 phan logi: 2.2

1. Gigithigu '

Phan tich vi diéu kén hé thing phi
tuyén MIMO da duoe nghién cim va dp dung
bing nhiéu phuong phép diéu khién khic
nhau [1]. Do ¢4¢ tham 6 hé théng trong hé
phi tuyén va nhiéu ngodi thuomg thay déi
hofic khong bidt, vi vay k3 thuit thidt ké hé
théng idu khién dua trén mo hink ddng lue
hoc ciia hé théng hoan todn khdng the dat
duge. D& khice phuc vin dé nay, mdt sb by
didu khién théng minh nhu SMC [1], NNs
[2] va FNNs d dugc sir dung dé thiét ké bo
dieu khién cho céc bé thing chua biét vé md
hinh déng luc hoc. | .

NNs c6 thé xdp xi mt ham phi tuyén
véi 44 chinh x4c tiy y [3). Diém han ché cia
NNs I3 tdc d¢ hoc qua cham do tat ca cic
trong sé duoc ¢ip nhét trong mdi chu kj hoc

Vi vy, hiéu qua cia NNs nhiéu l6p bi gic:
han dac biét trong céc hé thong yéu cau hoo
truc tuyén. FNNs két hop wu diém ciia suy
luin mo v kha ning hoc cia mang no ron
dugc phat trién va higu qua gﬁa né dum:
chimg minh trong viée gidn quyet mgt so van
dé diéu khién [4].

Pé khiic phuc khd ning hoc_chim clia
NNs nhiéu 16p vi hoc tnre tuyén, CMAC
duoc six dung cho viée nhin dang va diéu
Khién cac hé thdng déng lyc hoc phir tap, do
tinh chdt hoc nhanh va kh4 niing 16ng quat
hoa 15t coa n [5]. CMAC da duge chimg
minh ¢6 thé x4p xi m@t ham phi tuyén vor do
chinh xdc dty ¥ [6]. St vuot ted1 cia CMAC
s0 vé1 NNs trong mdt sé img dung cling d&
duge kiém chimg [71- [8]
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Dé nang cao hién qua cia thual toén hoc,
ham Wallet dige st dung thay the cho ham
Gassian va két hop voi CMAC fao thanh by
difu khién Wavelet CMAC (WOMAC) nhém
tin dung tinh chit phan ly cpe bo tot ciia ham
Wavelet [9).

Tuy nhién, trong cdc cong trich nghién
cliu CMAC & trén, ciu tric coa CMAC
khdng thc thiét 13p mt cach hodn todn
déng, s6 lugng khong gran b nho khé lua
chon mdt cich phit hc'p Vi vay viéc hoc va
didu kJncn ciia h¢ thong khong duge 161 vy,
M@t s6 b dibu kinén CMAC tu t6 chirc d&
dwoc nghuén cin v dé xudt dé chip nhit cau
e cda hé thdng [10] - [11]. Trong dé, k¥
thudt nhom dir lidu dé giam kich thudc bd
nha L'lu‘qc phat triéu thanh mdt ky thudt thich
nghi cdu tric cia mé hirh nham xdc dinh
mdt mp i l1éu mot. Tuy nhién, dé xudt ndy
chi sir dung k§ thudt théw 16p, k thudt gidm
16p khdng duge trinh bay [113. Trong cfmg
winh nghién céu [12], mdt b diéu khlen tur
t chitc CMAC nhigu 16p duye d& xudt Thé
nhung ham Wavelet chua duge siz dung ¢é
nang cao hidu qua hoe coa b Jicu khien.

Bar bao nay udt mdt bé thing didu
khién CMAC hr t§ chic si dung bam
Wavelet (SOWCMAC) két hop vér bé didn
khidn bia (Compensator Controller. £C) cho
h§ thing phi myéa MIMO dé dat duee bim
vu i chinh xéc cao. Trong dé, bé 4id
kinen SOWCMAC duoc st dung dé gid
b dhiéu khién Iy brdmg, nhim dat duog cuc
tiéu sai sé cia hé théng con bd didu khidn bn
(Compensator Controller () ddm béo cho
hé théng dn dinh dudn su téc dong ctia nhigu
hoac cic thanh phan khong chic chan. He
rhong hidu khidn nay khong nhimg kér hop
vu diém kha nang hoc nhanh ciia CMAC,
tinh chét phan ly cua ham Wavelet ma ca
wie cia WCMAC sé duge tu 16 chirc tang
hodc giam céc 16p mdt cich hoan toan tu
déng dé ddp img vidc hoc theo than gian thire
ctia bp xir 1. Thudt todn giam do dac va ham
Lyapunov duoc 4p dung Gé hoc truc tuyén
cdc tham 56 cua bd diéu khién nhim ddm bio
én dinh cho hé théng.

Ciu tric con lar cua bai bdo duge &
chite nhir sau: Mo ta hé lhcng nghién ciru
dirge trinh bay trong phin 2, phin 3 trinh biy
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vé viée thiét ké ba diéu khién SOWCMAC;
phén 4 winh bay két qua md phong mé hinh
ban truot hai truc duec digu khién bon dong
ou dp dién dé danh gid hiéu qua cua b§ didu
Khuén durge 0& xudl v Kkét lun cia ban bao
duge trinh bay lmng phéin cubi cing,

2. M ti hg thong nghién ciu

Bong lyc hoe cia cdc hé lhong phi tuyén
MIMO ducc md ta dudn dang tong quat [13]
nhir sau;

X" =F{x}+G,(m+ L(x)

)

PR T
Trong do
xeR™, ne R™va y € R™ a trang thé, tin

hiéu didu khién va ngs ra cia hé thdng;

x,F (3)<R",G,(x}e R™" 14 vector trang
that o thé do duge, vector phi tuyén danb
dinh, dé lgn diéu khién tdn tai véi mgr x
trong b thong,

L{x)eR™ds dign cho cic thanh phin
Kkhéng chic chin do sai 56 cia mé hinh hodc
tac dong cila nhidy va bi chan trong hé thong
phi tuyen (1). Muyc tiéu dleu kuén la thigt k&
hé théng diéu khién dé du ra he thong cb thé
bdm theo iin hiéu mong nn ¥y, eR™.

Pinh nghia vector sai s cia hé (héng

L‘f]‘,*)‘,u—[e' N e :1ERM @

tich phén duoc xde dinh [1]

Ham trugt

e

SKe'ts +K‘,Ielndt )]

K eR"™™ =12 n, & nhing ma trin
hing 50 dwong va dugre trinh by dang véc to
nhu sau

K =[K K. K'|'er"" {4)
Néu F, AX)eR™, G{x)eR™ va thanh
phan khang biét 1.(x)eR™ dugc bidt chinh

xéc thi b diéu khién duoc thiét ké theo [13]
nhu sau.
u =G iy -Fu-Lin+K'e] )
Thé by diéu kiuén Iy tuémg (5) vao
phuong trinh (1) ta ¢6 phueng trinh sai s6
ddng luc hoc

s=e”+K'e=0 6
a3 phuang trioh (6), néu K dugc chgn
theo néu chnan Hurwitz thi sai s6 cia hé
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thong s& hai tu vé zero kin thr gian tién dén
V6 ciing. Tuy nhién, thanh phdn L(x) khéng
duoe bidt trong cac ing dung thyc té nén u &
(5) khéng c6 gia ai. V1 vy, mdt b dleu
KMIER Wyon e két hop vé1 bO didu khidn
uge duge ¢é xude nhur hinh 1 nhim dar duoc
dac tinh dxeu khién bam dudi theo quy dao
mong mudn. Hé thing didu khén co dang
nhur san:

W= Uguenae U ]

oy} (_wcl\l.\c o
sowchag
|

Hints L. Bo diéu khuén SORCMAC

3. B§ diéu khién SOWCMAC

B didu khién wgguc. két hop ham
Wavelet véi kha ning hoc nhanh cia CMAC
&8 xdp xi thanh phan khéng biét L(x)nhim
cuc hiu sai sb cia hé thdng va giam théi gian
tinh todn cho phén cimg. M6 hinh WCMAC
duge d& xudt nhu mé ta ¢ hinh 2 gbm c6 ba
qua trinh lién Két quan trong v& moét qua trinh
tinh toan ngd ra. Tin hiéu lan !ruyén clia md1
khdng gian hén két trong hinh 2 duoe trinh
bay Chl tiét trong [14].

Hink 2. M5 hinh WCMAC
B3 phu thude ngd vao b1 vai mér 16p,
khang gmn chiza Liéy két ngd vao, gid
trong 6 cia mdi khény gian lién két ngd vio
va ngt ra cia WCMAC duge trinh bay nhur

-,

s N(EN

b ®)

=12 L0 k- 13 L s,

bt <[ To 0 ©)
vt =W bh 0)
b1y
Gy
Eon -0, <[, ] an
b_d}y
ST Ty oz i,
DE 51 wu hidu qué eia visc hoo,

SOWCMAC dwoce & xudt dé 56 lom va tham
G cia hé théng duoc hoe e tuyén Ky
thudt thém I6p va giam lép duge thye én
nhu sau.
Xéc dinh do sai léch gitra ngd vac Tva
trong tam m, cua ldp thir k
MD(D=fT-m,],. k=120, (12)
Dimg phueng phap Max - Min dé xic
dinh thém mét 16p méi
k=ary mia MD,(1).

k=12 n, (13)

Néu max MD (1) > K _tife 13 gid tn kich
thich cua dir lién dén vio méi dér vén ham
thude qua nhé thi mét l6p méi <& duge tao
thém, trong d¢ K, J4 gid tmi ngudmg duoc cho
trude. Trong (redmg hep nay, s6 16p s& duge
tang nhu sau:

nfi+=ng (-1 (14)

‘Trong d6 n, 14 58 1dp tai thai diém ¢ Khi
mdt lop mm duoc tao ra, trong s6 ién két va
cde tham s6 ciia ham Wavelet duoe xac dinh
Tai nhur saw,

Wi, =05, as

Ti sé ctia thinh ph-m thirk (10) va dinra
thtr j cia WCMAC (11) duge ding dé xic
dinh trong trzémg hep xéa 16p
I 7E0
o)

Phuong phap Max - Min dugc sir dung
dé xét anh hudng cia thanh phén thir k voi
ngd ra thit j:

k ~arg min max MM, (1)
ik, fegn

(3 T, =0

MM (16)

an
Néu MM, <K, tirc [4 sit anh buong cia

1¢p thir n, dé1 v&i ngd ra qua nho nén dirge
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logi b6, & day K, li nguémg loar bé duoe
dinh aghia trudc

3.1, Lujt thich nghi cia SOWCMAC

Thanh phin Lix;duoe xdp xi bon bo
dicu khicn SOWCMAL u, .,y

L(x) = 0spnerne 1wy, 0, ) + 2 {18)

Trong d6 = 1 sai s cua b xAp xi, thuat
todn giam 46 dée |2] duoc si dung cho bo
dieu khién ndy. Vi phin (3), dp dung phuong
trink (1), thé w—ug,q . ~ 4, , nhan ca hai
vé vé1 57 cha ra két qua nhur sau:
F,ix)=s'G,{x)u +u,)

o
+3'v) —Lix1-K'e)

Trong d6, s"s duoc chon nhur mat ham
sai s6. Muc tiéu clia thuat todn niy )i cuc bén
gH tn cla s's d€ dat dugc su hdi tu cia hé
théng theo SMC {1]. Gid try cia w, . m, via,

(19)

duoc eap nhit dé cyc tiéu @13 tri clia s™§ nlur
sau:

W, (E+ 1) = w (0 + Aw, (203
1) =m, (G +am, Qn
o (t+)=a, (1) + &, 22)

Dua vio (11), {19) - (22), gid 11 cla
Awy Ay, Aoy duos hoc theo ludt sau.

Al A

S

Aw

ol
", T

(23)

Wy PPRIR

! %3

e Oty

g ==,
N T W M (g

)
-G, T

a0, =, Penoie 24

oo,

Trong d6: 7, .5, .7, Mn luer 13 the d5
hoc cia trong s6, treng tim vi & réng,

3.2 Bo didu khién bi: u,,

B4 didu khién bit duge sir dung dé duy
tri su én dinh cla hé thing khi him sai s5
(19) dat cuc téu voi sai sé ¢

L=t oty my o, s (26)

B didu khién bim, c6 dang nhu sau

[

Trong &6 14 gid tri wde hrong cda bien
46 sai 38 D, 0<)e]< D .Sai 56 wde lugng:
D=D-i
(7) véo (1) cho két qua nhu sau.
MU E4 Gk, U0+ L) (29)
Phuong trinh sai so cia hé théng dat
ducxc théng qua (5),(7) va (27) nhu sau:
K e=G i, +e

Chon him Lyapunov:

(28)

(30

@1

1714 téc d6 hoc, vi phin phuong trink
(31), két hop cAc phirong trinh (26), (27),
(28) va (29) cho két qua nhu sau:

Ve, By = wixs DD -
"

e Dorsanieny . DD
(= — Dysgn(s)y+ e (32)
P [o2s]
=(s"z-Dfsf )+ -
Luat thich nghr coa bién dé sa sé
D dvgc chon
D:—l”)f—r/‘,\'sﬂl (33)
Phuong trinh (31) duye biéu dign lar nhy
sau
V(s B) =572 Dls], ~¢D - D], = ¢se - o] ) 34)
Lilsl, 50
Ap dung 1y thuyét ham Lyapunov vi
Barbalat’s Lemma (11, én dinh cua hé théng
duoc dam bao
4. Mé phong ban trugt hai truc
4.1. Phuong trinh déng hoc cia han
trugt
Phuong tinb déng hoe cia ban trugt
thea mét true duge mé ta nhe sau [142:
Mx+ D+ Kx =K u-F, -F,

stel, bl - o p =~ -

(35
E=w—plulf-yu'F,|

Trong dé:
, xeX.x lan Dot fa vi 1, tde dé va g
8¢ ¢l ban trugt,

M.D, KEn lvot 1 khén luong, he b
ma sét nhét, dd cimg lign kér giira cde tryc:

E, B, Kou lan lugt 1 lue phi tuvén
duoc tao thinh do hien tugng 41 ¢, nhifu
bén ngodn, hé s§ chuyén dér dién ap thanh
lue tac dong va dign ap didu khién, Trong
thye t cde tham s do hién tuong tr tré, hé
56 ma sdt nhét, 4§ cimg lién két hogc niméu
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thuong thay ddi va khéng do dwoc, vi viy
phuong trinh déng luc hoe cia ban trugt (35)
duge viét lan nhu saw;
£=F,(3)+ G, (xu+L{x, D.K.F.F) (36)
Bs dieu khién duoc 48 xudt (7) ca chirc
nang xap xi céc thanh phan thay déi hozc
khong biét L(x,D.K, F,.F,)ddm bio on dinh
cho hé lhong.
4.2, Théng 6 mé hink va két qui mé
phéng
M =5kg, D =66 [Nsec/m], K =25 [Ny, K, =3 [NV]
Cic tham sé khai tao ban déu Khang
gian ddu vao X dugc chon dé thay déi trong
khoang [-1 1], trong s& w, nho tuy y.
m, =[-1-08-06-04-02002040608 1]
0, ={03 03030303 030303030303)
7, =, =4, =001, 7, =03, KI =200, K2=KI/3
X, 7%, = 2*cos(t), K, =500, K, =001 x(®)=[1 6 16)'
D(0)=00.5(0)=[00 00T 7, =11, iz} =L & (x)=1
Gid sir hé 56 ma sat nhét D thay dr mot
luqng AD=60, nhmu ngoal F, =4s(t)

fwﬁi’l,whw

LI

@)
Hintt 4. SOWCMAC (a)
eldp ting vi i, (h) e 86.
{e) tin hwu didu hiém, ()

[t}
Hunlt 3. WEMAC ()
dap teng vi 11, (B) sas
36, (c) fin néy diéu
Lhicn. (dj 50 Top G fop.
Nhin xét: Ket qua mé phong trong hinh
3 va hinh 4 cho 1hdy ring mic dil €6 su xudt

hién cia s thay ddi tham sé AD=60 va
nhiéu F, =4sin(t) & truc X tar thdi diém t =
20s va & truc Y ta1 thén didm t = 255 nhung
hé I}mn;7 vin nhanh chéng hé: tv va én dinh
Tham $6 va cu trile cla hé thong duge 10
chuc dé gidm 86 16p c0a mang 1 11 lép
xubng cén 1 16p, dip (mg kha ning didu
khién theo thdn gian thuc cita bé xi 1.
5. Kétlugn
Bii bao nay émg dung thanh céng bd
dxeu Khién SOWCMAC cho hé théng pht
tuyen MIMO dé dat duce dac tinh bam dudi
vi trf chinh xéc cao dudn su ca mit cia cic
thanh phin khéng chic chan va nhiéu. Clu
trde clia mang duge tw td chic hoan todn ti
déng dip tng khi nang hoe theo thai gian
thire cha b xir 1y, Két qué md phéng bin
trugt hat truc chimg minh réng b didu khién
SOWCMAC dat dwge djc tinh diu khién
bam dudi 1513
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