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NHAN DANG MO HINH POI TUQNG DUNG MANG NO-RON RBF
TRONG DPIEU KHIEN DY BAO MO HINH

Luong Hoai Thuong', Nguyén Chanh Nghiém? va Nguyén Chi Ngon®
""Dai hoc Su pham K thudt Vinh Long
2 Khoa Céng nghé, Truong Pai hoc Can Tho

P ABSTRACT
Thoéng tin chung:
Ngay nhan: 14/07/2015 Control systems are generally nonlinear in reality, so controller design for
Ngay chap nhdn: 27/10/2015 nonlinear systems is difficult and traditional control methods are also
ineffective. Therefore, modern and intelligent control solution such as
Title: model predictive control is preferred. However, when applying model

RBF neural networks—based predictive control, it will be difficult to identify the behaviors of the system
system identification in model  in the future, especially the one with unknown parameters. This study

predictive control approaches the application of radial basis function (RBF) neural networks

to overcome such limitation. In addition, applying the online training
Tir khoa: method for the RBF neural network does not require collecting the
Piéu khién dy bdo mé hinh, training data, which cannot always be achieved in practice. The control
mang no-ron RBF, hé nang algorithm was tested on a magnetic levitation system. The simulation
Vit bang tir trieong results show that the system response follows the reference signal, the

setting time is about 2 seconds without overshoot, and steady-state error is
Keywords: negligible. Furthermore, the simulation results also indicate that the
Model predictive control, control system is stable under the presence of noise and the changing of
RBF neural networks, the object’s mass.

magnetic levitation system TOM TAT
Cac hé thong diéu khién trong thuc té thuong phi tuyen nén viéc thiét ké
bé diéu khién tré nén khé khan va cdc ky thudt diéu khién truyén thong
ciing 16 ra kém hiéu qud. Do do, nguoi ta thwong tim kiém cdc gidi phap
diéu khién hién dai, thong minh, trong dé cé k thudt diéu khién duw bdo
mé hinh. Tuy nhién, khi dp dung b diéu khién dy bao mé hinh, van dé khé
khan la viéc nhdn dang hanh vi cua doi tirong trong twong lai, dac biét khi
chiea biét tham s6 cia doi twong. Nghién citu nay tiép can viéc vmg dung
mang no-ron ham co sé xuyén tam RBF dé khdc phuc han ché dé. Ngoai
ra, viéc tmg dung ky thudt huan luyén online mang no-ron RBF ¢6 wu
diém la khong can phdi thu thap dir liéu trude - dieu ma khong phai lic
nao ciing dat dwoc trong thuc té. Gidi thudt diéu khién dwoc kiém chung
trén hé ndng vit trong tir truong. Két qua mé phong cho thdy: ddp img ciia
hé ndng vit trong tir truong bam theo tin hiéu mong muén, voi thoi gian
xdc ldp khodng 2 gidy, khéng xudt hién vot 16 va sai s6 xdc ldp khéng ding
ké. Mat khdc, khdo sdt ciing cho thay, hé thong hoat dong on dinh duwdi tic
dong cua nhiéu va sw thay doi khéi lwong vdt ndng.
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1 GIOI THIEU

Bo diéu khién du bao dung mdt mo hinh toan
dé doan trudc dap ung tuong lai ciia ddi twong didu
khién tai nhitng thoi diém khac nhau trong pham vi
dy bao nhat dinh. Dua vao dap tng du bao nay,
mot thuat toan tdi wu hoa duoc st dung dé tinh
toan chudi tin higu diéu khién tuong lai sao cho sai
léch gilta dap ng du bao boi mo hinh va tin hi¢u
tham khao cho trudc 1a téi thiéu. Phuong phap diéu
khién du béo 1a phuong phap téng quat dé thiét ké
bo diéu khién trong mot khoang thoi gian, co thé
ap dung cho hé tuyén tinh ciing nhu hé phi tuyén
(Nguyén Thuc Loan va ctv., 2003; Nguyén Thi
Phuong Ha, 2007). Trong thuc té, viéc 4p dung
chién Iuge diéu khién du bao cho hé phi tuyén can
giai quyét hai vin dé co ban, thir nhit 1a xay dung
mé hinh toan dé dy bao hanh vi cua dbi tuong va
thir hai 1a xay dung giai thuat giai bai toan t6i uu
dé tinh toén chudi tin hiéu diéu khién tt nhat
(Camacho and Alba, 2007). Tuy nhién, dbi v6i hé
phi tuyén, viéc xay dung mé hinh toan 1a kho khan,
vi dic tinh phi tuyén rit da dang.

Nhitng ndm gén day, viéc nhan dang mé hinh
khong tham s6 cua ddi tuong dung cac ky thuat
may hoc nhu mang no-ron nhan tao d chirmg minh
duoc tinh hitu dung cua nd, nho kha nang huén
luyén mang (Gupta va ctv., 2003). Tuy nhién, kho
khan ctua ky thuat nay la viéc thu thap dir li¢u
vao/ra cia ddi tuong dé lam tap dir liéu mau. Vi
vy, cing cd va phat trién k¥ thuat huén luyén
online dé khoi phai thu thap dir liéu miu 1a mot
giai phap dugc nhiéu nha nghién ctru da va dang
phat trién.

Nhim bd sung va khéc phuc nhitng han ché néu
trén, bai bao dé xuit giai phap ding mang no-ron
ham co s& xuyén tim RBF vai ky thuat huan luyén
online dé nhan dang hanh vi cua dbi tuong, 4p
dung dé diéu khién dy bio mé hinh cho hé nang
vat bang tir truong.

2 PHUONG PHAP NGHIEN CUU
2.1 Doi twgng diéu khién

Mic du phuong phap thiét ké bo didu khién
dugc dé xuit khong doi hoi md hinh toan cua dbi
tuong, song dé thuan loi trong viéc kiém chung
giai thuat diéu khién ma khéng cin bd tri thiét bi
trong phong thi nghiém, nghién ctru ndy moé phong
hé nang vat bang tir truong nhu Hinh 1 (Al-
Muthairi and Zribi, 2004). O Hinh 1, dién ap U
chinh 13 ngd vao cua dbi twong, dugc thay ddi
nhim kiém soat luc dién tir Fg dung dé nang hoac
ha hon bi ¢ vi tri cach nam cham di¢én mot khoang

38

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 40 (2015): 37-42

h. Vi tri nay chinh 1a ngd ra cua déi tuong diéu
khién.

L AN

R L

Hinh 1: Mé hinh h¢ ning vit bing tir truong

Phuong trinh mé ta dbi tuong dugc cho boi
(Al-Muthairi ef al., 2004; Barie, W. and Chiasson,
J., 1996; Shafiq, M. and S. Akhtar, 2004):

dh

—_— =V

dt

U =R+ AEDD
dt

dv C[£j2
dt h

(M

m——=mg, —

trong d6, 4 1a vi tri hon bi (m); v 1a van tbc hon
bi (m/s); i 1a cuong do cua dong dién chay qua
cudn day (A); U la dién ap cung cap cho cudn day
(V); R, L 1a dién tr6 va dién cam cudn day (€2, H);
C 1a hang so6 lyc th’(NmzA'z); m 1a khoi lwong hon
bi (kg) va g la gia toc trong trudng (m/s?).

Pién cam cua cudn day 1a mot ham phi tuyén:

L(h)=L1+2C/h . 2)

Chon bién trang thai nhu sau:
3)

Véc-to trang thai ciia hé thong:

x;=h,x2=v,x3=1.
x = (x1,x2,x3"

T (1), (2) va (3) ta duoc phuong trinh trang
thai mo ta do6i twong nhu sau:

“)
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2.2 Thiét ké bd diéu khién dy bao mé hinh
2.2.1 Nguyén tic diéu khién
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Theo Charara va ctv. (1996), ta thiét ké bo diéu
khién nhu so ¢6 Hinh 2.
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Hinh 2: So d6 diéu khién hé nang vat bing tir truong

Trong do:

- Déi twong diéu khién “Maglev” 1a hé nang
vat bang tir truong duge mo ta & Hinh 1.

- ~Kh(‘)i “Tapped Delay Line” 1a bd tao cac tin
higu tré cho ngd vao u(k) va ngd ra h(k), tic la tao
ra cac tin hiéu: u(k-i), h(k-i). Tuy theo muc d¢ phi
tuy€n tuyen cua doi tuong, ma i co theé phai co gia
tri 16n hon. O nghién ciru nay, i=2, d€ tao cac tin
hiéu {u(k), u(k-1), u(k-2), h(k-1), h(k-2)).

— Khdi “Neuro-RBF” ding dé udc luong ngd

ra ctia ddi tuong, d6 1a A(k) .

— Ham muc tiéu (Cost function) cta giai thuat
toi uu dugc chon nhu sau:

=3, R b

— Khdi “Dynamic Optimizer” thyc hién téi uu
hoéa ham muc ti€éu nham tao ra tin hiéu diéu khién
u(k) tot nhat dé dam bao ngd ra h(k) dung vdi tin
hiéu tham khao 7,.(k) chon trude.

—  Céc rang budc ngd vao ciia dbi tuong:

dumin —<du —<dumax : Umin _<14 —<umax.

2.2.2  Nhdn dang déi twong dimg mang no-
ron RBF

Mang no-ron RBF 4p dung trong nghién ctru
nay la mot mang truyén thang hai 16p (Liu, 2013),
véi 5 ngd vao, 10 nlt an va mot nit ra, nhu Hinh 3.

3 nitt vao

10 niit dn

I it ra

Hinh 3: CAu triic mang no-ron RBF
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- Lop an: Su dung ham kich hoat Gauss.
Ngd ra cta no-ron thit ¢ thudc 16p an, dugc tinh
toan theo:

Jpm,[f
z =e o (6)

trong do, X 1a vecto ngd vao, X=[u(k), u(k-1),
u(k-2), h(k-1), h(k-2)J7, m, 1a tim ham Gauss va
o, la bé rong ham Gauss ctia noron 4n thir .

— Lop ra: Ngd ra cua mang noron RBF, duogc
tinh toan bai:

k) = Z Wy, ™

bé puén luyén mang no-ron RBF, ta gia su tai
thoi diém £, dir liéu vao ra cua doi tuong la {x(k),
va(k)}. Ham muc tiéu dugc dinh nghia nhu (8).

I & 2 1
J=§Z(yd/_yj) =§Ze/2"
=l = ()
Trong do:

! n
1 X~ S

Nguyén técv cap nhat online trong sd cia mang
no-ron RBF thé hién bdi (Gupta va ctv, 2003):
new

0" = ) +nue,, (10)

new old ( p
C. =c._ + 772 —_—
2
ip ip o
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O'”e”—O' +1, (x G )Zu (12)

ip
Cip

véi 771, 72 va 173 1an luot 1a hé so hoc twong ing
cua cac bd trong so, tdm va d¢ rdng cia ham co sé.

Véi ki thuat huén luyén nay, trong mdi chu ky
le‘iy mau, mang no-ron dugc cip nhat lai trong s6
moi theo nguyén tic (10), (11) va (12) véi dir liéu
duogc lay truc tuyén ma khong cn phai thu thap
trude.

2.2.3 Mo hinh mé phong

So d6 mé phong bo didu khién du bao mo hinh
dung mang no-ron RBF dugc xdy dung nhu Hinh
4. O do6, giai thuat giai bai toan tdi wu dugc s
dung 13 cong cu tdi wu hoa sin c6 cia MATLAB.
Trong qua trinh m6 phong, mé hinh nay cho phép
thay dbi tin hiéu tham khao, gia 1ap nhidu cam bién
va thay ddi khdi lugng hon bi, nhdm hd tro viée
khéo st tinh én dinh, bén viing cia bd diéu khién.

v6i 17;, 2 va n3 1an luot 1a hé s hoc twong ung
cua cac b trong so, tdm va dd rdng clia ham co so.

V6i ky thuat huén luyén nay, trong mdi chu
ky ldy mau, mang no-ron dugc cép nhét lai trong
s0 mai theo nguyén tac (10), (11) va (12) voi dur
liéu duoc ldy tryc tuyén ma khong can phai thu
thap trudec.

2.2.4 M6 hinh mé phong

So d6 mé phong bd didu khién du bdo mo hinh
dung mang no-ron RBF dugc xdy dung nhu Hinh
4. O do, giai thuat giai bai toan tdi wu dugc s
dung 14 cong cu tdi wu hoa sin co cia MATLAB.
Trong qua trinh m6 phong, mé hinh ndy cho phép
thay doi tin hig¢u tham khao, gia 1ap nhidu cim bién
va thay ddi khéi luong hon bi, nhim hd tro viée
khao sat tinh 6n dinh, bén viing ciia bo diéu khién.
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Hinh 4: So' @6 diéu khién dw bao mé hinh
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3 KET QUA VA THAO LUAN

7

Céc tham so cua h
duogc xac lap theo Al-Muthairi va ctv. (2004)
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Hinh 5 trinh bay dap mg cua hé thong khi tin
hiéu tham khéo thay d6i & hi=3cm (Hinh 5a) va
khi hrr=2,6cm (Hinh 5b). Két qua cho thay dap
g khong xuat hién vot 16 va khong co sai sd xac
lap, véi thoi gian xac 1ap hop ly. Hinh 6 trinh bay
két qua mo phong khi trong luong ctia hon bi duoc
thay doi trong truong hop ting 20% (Hinh 6a) va
giam 20% (Hinh 6b). Két qua cho thdy ¢ thoi diém
qua d6, mang no-ron RBF cén vai chu ky dé cap
nhat trong sé va hoi tu vé gia tri mong mudn dé sau
d6 dap ung cua hé thong bam tét tin hiéu tham
khao. Trong trudng hop Hinh 7, nhidu tring cong
suat 0.1W duoc thém vao dé gia 1ap nhidu cam
bién khoang cach. Tuong tmg v6i hai truong hop
khi khéi lwong hon bi dugc gitr ¢b dinh (Hinh 7a)
va khi giam 20% (Hinh 7b), chiing ta thdy dap tng
van bam t6t tin higu tham khao. Tuy nhién, dap
mg c6 xuat hién sai s6 xac lap khoang 5%. Két
qua md phong trong nhiéu diéu kién khac nhau
da chung téd dugc tinh 6n dinh cua giai thuat
diéu khién.

4 KET LUAN

Bai bao di md ta phuwong phap diéu khién du
b4o mo hinh dung mang no-ron RBF, ap dung dé
diéu khién vi tri vat ning trong tir truong bam theo
vi tri tham khao. Mang no-ron RBF duogc sir dung
dé dy bao dap tmg ¢ 10 miu twong lai cua hé
théng, nhdm cung cip mot tham sé dau vao cho
viéc giai bai toan tim tin hiéu diéu khién ti vu tai
thoi diém dang xét. Luat cap nhat trong sb cua
mang no-ron RBF dugc tién hanh tryc tuyén
(online) trong qué trinh diéu khién, nén cho phép
bd nhén dang tu dleu chinh thich tng véi sy bién
thién cua cac yéu tb tac dong khac 1én ddi tugng.
Két qua mo phong trong cac truong hop khi tin
hiéu tham khao thay ddi, khi c6 nhiu tac dong va
khi khéi Iwong hon bi thay ddi di ching t6 dugc
tinh 6n dinh cua giai thuat diéu khién.
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