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TOMTAT

Bai bao nay nhom téc gid gidi thiéu mot cau tric diéu khién thong minh danh cho cac hé phi tuyén, dua trén su két hop gida diéu khién ché d6 trugt va mang
hoc rong (wide Learning System - BLS) véi thiét ké hdi tiép hai vong lap. Diém ndi bat cia BLS la kha nang tu t6 chiic (self-organizing - S0), cho phép mang tu
dong diéu chinh kich thudc dé phd hop véi yéu cau cu thé. Phuang phap SO st dung hai ngudng dong dé tu dong quyét dinh viéc g lai, loai b6 hodc b sung
no-ron, qua dd t6i uu hoa tai nguyén tinh todn va ndng cao hiéu qua van hanh. Thiét ké hdi tiép hai vong lap cdi thién dang ké dong hoc cia mang, ddng thoi
dam béo tinh 6n dinh ctia hé thng nha ham Lyapunov. DE kiém chiing hiéu qua va do 6n dinh, nhém nghién ciiu da md phéng (ing dung mang hoc rong trong
hai toan diéu khién gidm st canh tay robot hai bac tu do trén nén tang Matlab-Simulink. Két qua md phdng cho thdy hé thdng khdng chi dam bao tinh 6n dinh
ma con dat hiéu sudt vuot trdi trong diéu khién giam sat. Thanh céng nay mé ra nhiéu hudng nghién ctiu tiém néng trong linh vuc diéu khién thong minh va ting
dung thuc té.

Tir khéa: Mang tu t6 chitc, hé théng hoc réng, wide learning system (WLS), robot hai khdp.

ABSTRACT

In this paper, the authors present an intelligent control structure for nonlinear systems based on the combination of sliding mode control and a broad learning
system (BLS) with a two-loop feedback design. The main feature of BLS is its self-organizing (S0) capability, which allows the network to adapt its size to the
requirements automatically. The SO method uses two dynamic thresholds to automatically decide whether to keep, remove, or add neurons, optimizing computing
resources and improving operational efficiency. The double feedback loop design significantly improves the network dynamics while ensuring the system's stability
thanks to the Lyapunov function. To verify the effectiveness and stability, the authors simulated the application of the wide learning network to monitor and control
a robot arm with two degrees of freedom on the Matlab-Simulink software platform. The simulation results show that the system ensures stability and performs well
in monitoring control. Based on this result, many potential research directions open up in the field of intelligent control and practical applications.

Keywords: Self organizing mechanism, wide learning system (WLS), Two-link robot arm.
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1. GIGI THIEU b6 diéu khién thong minh hiéu qua véi hiéu suat diéu

Ngay nay, c6 rat nhiéu nghién cdu tng dung cac khién xuat sdc van la mét thach thic. Muén chéng lai phi
phuong phap diéu khién dé diéu khién cac hé théng phi tL"Ayén‘Vf}’ sy lf,héng chéclché‘n la yéj‘j to th‘i” Ch’ét trong
tuyén khong chéc chan [1-2]; tuy nhién, viéc thiét ké mot ~ Viec giai quyét thach thuc nay. Nhiéu nghién cdu da dé
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xuat st dung thuat toan diéu khién téi uu nhu la phuong
phap chinh dé diéu khién cac hé théng khéng chac chan
[3-5].

Noi dén diéu khién hé phi tuyén ta phai nhic dén
phuong phap diéu khién trugt (SMC) [5]. SMC c6 thé
chuyén cac hé théng bac cao thanh cac hé théng bac
thap va SMC khéng nhay cadm vai sy thay déi tham sé, cé
khd nang phan tng nhanh va cé thé kim ham céc nhiéu
bén ngoai [6]. Tuy nhién, cac bo diéu khién SMC hién tai
thudng gap phai hai thach thuc: (1) cac bo diéu khién tiéu
tén qua nhiéu tai nguyén tinh toan, (2) d6 chinh xac cla
cac bo diéu khién khéng da cao va dac tinh phan tng
dong cla chidng khéng du tét. Boi véi thach thic dau
tién, mot cau truc tu té chic phai dugc ap dung dé s
dung tai nguyén tinh todn moét cach hiéu qua va linh hoat.
Do d6, ching ta thay rang ky thuat Uu tién thir tu dua trén
su tuong tu vai giai phap ly tudng (TOPSIS), lan dau tién
dugc dé xuat trong [4], da dugc ap dung trong nhiéu
mang dong [7], cac két qué cho thdy rdng TOPSIS c6 thé
sttdung théng tin chiia trong dit liéu dau vao dé xép hang
va chon cac no-ron Uing vién dé xay dung cac cau tric tu
t6 chuc [4, 6, 7].

D6i vai thach thic tha hai, mang Hé théng Hoc Mé&
RoNng (WLS) [4], c6 thé m& rdng theo chiéu rong, tir dé cung
cap mot co ché phan héi nhanh han véi dé chinh xac cao
hon so véi cdc mang no-ron phd bién khac [5, 8-111.

Dua trén cac can nhac trén, ching t6i dé xuat mot bo
diéu khién SMC dua trén mang WLS tu té chuic, trong d6
phuang phap TOPSIS dugc st dung dé xay dung cau trdc
tu t6 chic nham tan dung hiéu qua tai nguyén tinh toan
[6]. Hai ngudng dong (dynamic threshold): mot ngudng xac
dinh xem c6 gil lai hay loai bd cac no-ron dac trung hién
¢6 va ngudng con lai tao ra cdc no-ron dac trung mdi, dugc
xac dinh tu déng dé xay dung cu tric tu té chuic [7].

Nhing déng gop chinh clia bai bao gom:

(1) Ap dung phuong phap hoc mé& réng cé sap xép
(self-organizing) vao viéc diéu khién hé thong tay may hai
bac tu do.

(2) Thanh cong trong viéc mé phdng bai todn nghién
ctu trén phan mém Matlab-Simulink.

(3) Chiing minh ré rét sy vuot trdi clla phuong phap
SO-WLS so vai phuang phap WLS trong hiéu qua diéu
khién.

2. DAT VAN DE VA HUGNG GIAI QUYET

Céng thiic ctia mét hé théng phi tuyén co6 thé dugc

trinh bay nhu sau:

X" =f(x) + Glu+1(x) (1)
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Trong do, f(x) va G(x) la cac ham bat dinh phi tuyén.
) =0, 1,,... | I"eR™ la do bat dinh tap trung cda hé
théng, u=[u,, u,,..,u, 1" €eR™ la tin hiéu diéu khién va
X=X Xorw X' €R™ . Trong trudng hop ta bd qua kha
nang bat dinh cling nhu cac loai anh hudng khac clia
nhiéu loan bén ngoai thi hé thong danh nghia ctia (1) ¢6
thé dugc biéu thi nhu sau:

X" =£,(X)+G,(X)u (2)

Trong d6, G, =diag(g,,, 9o, " Yom) Va folX) la cac
phan danh nghia cia G va f tuong (ing khéng tinh téng
quat. Gia s rang g, =0 véi i=1,---,m thong phi tuyén
cla (2) 1a c6 thé diéu khién dugc va G;' ton tai, sau d6 hé

théng phi tuyén (1) c6 thé dugc moé ta nhu sau:
X" =f, +Gu+l(x) (3)
Trong d6, d6 khong xac dinh tap hgp dugc xac dinh la
I(x). Nhiém vu thiét ké mét hé théng diéu khién thich hgp
dé sao cho dau ra x cGa hé théng c6 thé theo déi mot
vectd quy dao mong mudn X, =[X.., X,ps - Xl € R . LOI
theo déi c6 thé dugc dinh nghia nhu sau:

e=x —X (4)

Néu tat ca cac yéu t6 fo, Go va I(x) déu dugc biét chinh
xac, thi sé c6 thé thiét ké bo diéu khién ly tuéng nhu sau:

u =G (x"—f,x-10+T"e) (5)

Trong d6, F=[T,,.. [, T,]" 1a ma tran Igi ich phan
héi 6 cac gia tri duang. Bang cach thay thé bo diéu khién
ly tudng vao phuong trinh (3), ta c6 thé thu dugc phuong
trinh xac dinh sai s6 nhu sau:

e”+IMxe=0 (6)

Trong trudng hop ' dugc chon la mét da thuc Hurwitz,
diéu nay goi y rang lim [le|=0. Tuy nhién, I(x) khong thé
t—ooo

xac dinh trong cac ing dung thuc té, vi vay u* khéng tinh
toan dugc chinh xac. Do d6, mot bd diéu khién hé théng
hoc mé& réng tu sap xép Self-organizing wide learning
system (SO-WLS) dugc dé xuat dé xap xi u”.

3. HE THONG HOC MG RONG TU SAP XEP SELF-
ORGANIZING WIDE LEARNING SYSTEM (SO- WLS)

O phan nay, nhom tac gia dua phuong phéap TOPSIS
vao dé xay dung mét WLS tu t6 chuc, dap Uing yéu cau
clia cac trang thai diéu khién khac nhau va tiét kiém tai
nguyén tinh toan. Cau tric cla hé théng tu sép xép hoc
réng dugc thé hién nhu hinh 1.
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Dit lign din vio X Nhdm niit cdi tién Diura Y

Nhém nit tiing cieomg

Xoa tinh ning
TOPSIS

\ Pha'n u-ch # Giir tinh néing
quyét dinh
tiéu chi

Giir tinh néng

Hinh 1. Cau tric cla hé thdng tu sap xép hoc rong self-organizing wide
learning system (SO-WLS)

Lay théng s6 ban dau la cac gia tri X cho hé cac vecto
dau vao dau tién dugc dua vao n ma tran cac dac diém
ngau nhién trong “cdc nut ddc diém” bang n anh xa dac
diém @i. Ma tran dac diém thu i c6 dang la:

Z, = ¢,(XW, +B,),i=1,2,...n (7)

Trong d6, X eR™V™,Y eR"*“, N |a s6 dau vao, M |a kich
thudc, C la kich thudc clia cac dau ra tuong Uing, trong s6
W, vathuat ngisailéch B, la cac ma tran dugc tao ngau
nhién két néi vecto dau vao véi cac nat dac trung. Ching
toi biéu thi Z, £ (Z1,Zy, . .., Z») la céc dau ra ca n nhom
nut dac trung. Ma tran trong so W, sau d6 dugc tinh
chinh bai mot bd ma héa tu dong dé tao ra cac dac trung
phu hop hon véi Z,.

Gia stircd m nhém anh xa véi cac nut dac trung Ki trong
nhom thiti va c6 mét nhom gbm m nut tang cudng, vai
mau dau vao x = (X1, Xy, . . ., Xm) va dau ra mong muén y,

ching ta ky hiéu W = (Wi )MxKi , Br = (by)1xK,

We = (W}, )(Ki+Ko+-+Kn)xm va Be =( ) Txm, trong d6 w;_
la trong s6 két n6i dau vao thu véi nut dac trung tha k
trong nhém &nh xa thi i, b, 1a hang t(r thién vi lién két

véi nut dac trung thu k trong nhém anh xa thu i, Wika la
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trong s6 két néi nut dac trung thi k cla nhdm anh xa thi i
VvGi nut tang cudng thir j va b;la hang tt thién vi lién két vaoi
nut tang cudng thitj. Ta lay ky hiéu dauraciahéla y .

m

n K n Kj
=S WSS WE +b)+ Y S Wi (®)

= i=1 k=1 i=1 k=1

VGi dau ra ctia nat thi k trong nhém anh xa thiriva &
M
ham kich hoat la F,lZ(w'fklxI +bi, ) biéu thi dau ra ctia nut
1=1
tinh nang thu k trong nhém anh xa thu i va &() la ham
kich hoat.
L4y ma tran trong s6 két néi cac dau ra clia cac nut tinh
nang va cac nut tang cudng véi no-ron dau ra (turc la cac
trong s6 & 1&p trén clng).

1 1
W=(W1,...,WK1,...,Wn, ,W W W) (9)

Trong d6, w, la trong s6 két néi nat dac trung tha k
trong nhém anh xa thir i véi no-ron dau ra va w; la trong
sO két néi nut tang cudng tha j" véi no-ron dau ra.

Chuing t6i chi cdp nhat W, We va Bebang cach gidam dan
dé déc dé gilr lai cac tinh nang ngau nhién dugc tao ra
b&i anh xa tinh nang tir cac dau vao. Ham 16i gilta dau ra
thuc té y va dau ra mé hinh y dugc dinh nghia nhu sau:

1o 0
E=—(y— 10

2(y y) (10)
DPao ham cactham s6 W, Weva B ta dugc:
E o E .
ok _ T _F 11
W w5 (y-y) (11)
E _E & . n X
E_ED _(y-y)E 'F +b, 12
T e B
E_EF “—y)w.F‘é.(iiw‘. F+b,)
oW, 0 €, ow, A== R

: . (13)

-y I-E YW +b)

i=1 k=1

E_5 % &
ob. 0 8W y

j EJ jk 8y . (14)

=(J-y)w, (1= > w,F +b))

i=1 k=1
CE_oy % o
ab o€, 8W‘. y
3 oy (15)

1—EZ(ZZkaF' +b)))

i=1 k=1

=(y-yw
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Trong dé, EJ. la dao ham ¢§;. Ta thiét 1ap dugc:

e —e (16)

& =tanh(x)=——
e +e

Tacéd EJ. =1-&
Cong thic 1ap lai cho cac tham s6 w,, w;, W), va b,

k=1,2,...,K;i=1,2,...,n;j=1,2,..., m) dugc tom tat
nhu sau:

w(t+1)=w,(t)-n(y-y)E(t) (17)
wi (t+1)=w, (t)-n(y-y)R (18)
wj.k(t+1):wj(t)Fk‘(1—Ez(t))w‘jk(t)—n(§/—y) (19)
bj(t+1):wj(t)Fli(1—Ez(t))bj(t)—n(§/—y) (20)

n i

K
Trong do, a(t)éaj[ D Wi (DR, +b(t)] van la téc
1

d6 hoc.
4. MO PHONG HE THONG

Dé€ mé phéng hé thdng nhém téc gia da xay dung bd
diéu khién hé théng nhu hinh 2.

u Phuong trinh déng hoc RobotZlinkW X m 7
R Y
e

Hinh 2. C&u trtic hé théng diéu khién SO - WLS cho robot hai bac tu do

Phuaong trinh ddng hoc canh tay robot viét dudi dang
véctotaco:

(m+my)E +my +2myl),cos8, myE+2mjll,cos6, |8,

{ my? +2myll, cosB, my }{éj
-ml1,(288, +&)sind,
mLL& sind, }

(m-+m,)glcos8, | |,
mygl, cos(6, +6,) - T,
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(21)

Dua vao (21) phuong trinh déng hoc clia canh tay co
dang:

M(8)6+V(6,0)+G(8) =T (22)

Ap dung phuong phap WLS va SO-WLS. Théng s6 chi
tiét va gid tri ban dau clia tay mdy hai bac dugc thé hién
trong bang 1.

Bang 1. Thong s6 ban ddu ctia tay may

Gia toc g=19,81(m/s?)
Momen xodn u=[t, TZ]T
Réiloan d=[d, ,]" =[0,5sin(t); 0,4sin(t)]

Trong lugng tay mdy m; vam; m; =1(kg), m;=1 (kg)

Vi tri goc hé thong robot q=[q1 q, ]T

L=h=1

Chiéu dai hai khdp tay | va l,

Nira chiéu dai hai khdp tay lival, [r,=0,5.;11=0,5.

¢, =00s(q, ), s, =sin(q,),

Hiéu ting ma sét
¢, =0s(q, +q,)

q,=6*pi/180 (rad),

Diéu kién ban dau ci ) .
1eu Kien ban dau cua qs, gz qZ(O):6*p|/180(rad)

Diéu kién ban dau cla ¢, , ¢,=0,q,=0

Bang théng s6 ban dau cla bd diéu khién duoc dé
xuat SO-WLS dugc trinh bay & bang 2.
Béng 2. Bang thong s6 ban dau ctia bd diéu khién SO-WLS

S0 lugng dau vaom 2
Solopn 2
S6 dauran, 2
W, 0,01
W, 0,01
i

W, 0,01
by 0,01
Toc do hocm 0,0001

Can cU vao bang théng s6 ban dau ctia tay may va
bang thong s ban dau clia bo diéu khién. Tién hanh xay
dung thuat toan diéu khién cho bé diéu khién trén phan
mém Matlab Simulink va thuc hién mé phong. Két qua ta
thu dugc cac tin hiéu diéu khién trong hinh 3, 4, 5.
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6i cha lien két 1

Khép n

""" Qu§ dao tham chiéu
= =Quy dao thyc té stir dung WSL
—Quy dao thuc té si dung SO-WSL

2
N
o

két
o

én

Oi cua

hép n

""" QuY dao tham chiéu
=== Quy dao thuc té st dung WSL

— Quj dao thuc té st dung SO-WSL| |

Hinh 3. Tin hiéu 10i theo doi cta khdp 1 va khdp 2 st dung phuong phap

WLS va WO-WLS

Timel/s
(b)

(a) Khdp ndi lién két 1, (b) Khdp noi lién két 2

=== Tin hiéu 16i E, sl dung WLS
— Tin hiéu 16i E1 str dung SO-WLS

e
e
-

118 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi

5 Time/s 10
(@)

15

—-= Tin hiéu I6i E, sr dung WLS
— Tin hiéu 16i E, st dung SO-WLS |

1 I I

0 5 Time/s 10 15
(b)
Hinh 4. Tin hiéu |6i theo ddi cta khdp 1 (a) va khdp 2 (b)
30
25
I\
€
Z
< 15}
~ - Tin hiéu @idu khién 7, ding WLS
— Tin hiéu diéu khién 7, ding SO-WLS
10t ! 1
5 L L
0 5 10 15
(a)
10
9 — - Tin hiéu diéu khién 7, dung WLS
— Tin hiéu diéu khién 7, diing SO-WLS
8-
£
z 7t
N
6 L
° L/_/\/_/\_/
4 ‘
0 Time /s 10 15
(b)

Hinh 5. Cac tin hiéu diéu khién cta phuong phap WO-WLS
() tin hiéu diéu khién khdp 1, (b) Tin hiéu diéu khién khép 2

Dua theo két qua mo phéng tiing canh tay robot véi
hai phuong phéap dung WLS va SO - WLS dugc thé hién
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trong hinh 5, 6 ching ta nhan thay rang bo diéu khién
dung SO - WLS luén duy trinh trang thai 8n dinh luén bam
theo tham chiéu va dat dén trang thai xac 1ap nhanh han
so vGi WLS. Vi két qua mé phéng nay da thé hién rat ro
rang vé kha nang lam viéc 8n dinh va tinh kha thi rat cao.
Cuéi cing, RMSE (sai s6 trung binh binh phuong géc) cta
phuong phéap dé xuat dugc so sanh vai WLS trong bang
3. Sai s6 trung binh binh phuong géc (RMSE) clia phuong
phap clia chidng téi thap hon 1.6090 lan so vai WLS [2].
Diéu dé chung té ky thuat ctia ching t6i r6 rang hoat
dong tét hon.
Bang 3. So sdnh RMSE ctia phuang phdp WLS va SO-WLS

Method RMSE; RMSE, Average_RMSE
WLS 0,405 0,427 0,4160
SO - WLS 0,249 0,2681 0,2586
5. KET LUAN

K&t qua mé phong bé diéu khién SO - WLS da ching
minh cho chuiing ta thay tinh kha thi va su 6n dinh khi ting
dung vao mé phong déi tugng canh tay robot hai bac.
Trong khi d6 nhg 6 ca ing dung mang na-ron, hé théng
hoc mé& rong hoc va co ché tu sdp xép (Self organizing) dé
tao ra cac dau vao diéu khién chinh xac cho hé théng. Tu
d6 ching ta cling cho thay hiéu suat tét hon vé d6 chinh
xac diéu khién va kiém soat nhiéu loan. Hudng phat trién
ti€ép theo ctia nhom la tng dung phuong phap da dé xuat
vao phan cing.
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