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PIEU KHIEN TRUQT DUNG MANG NORON
HE NANG VAT BANG TU TRUONG

Nguyén Chi Ngén', Pham Thanh Ting* va Dwong Hodi Nghia®
ABSTRACT

The strong point of the sliding mode control (SMC) is the stability and robustness even
under effecting of disturbances and variations of controlled object. However, designing a
SMC requires an mathematic model of the object which may not always be obtained, in
practically. In order to cope with this problem, this article proposes using an artificial
neural network to estimate the object’s status for calculating the sliding control signal
instead of using mathematic model. The proposed SMC algorithm is applied to control a
magnetic levitation system. Simulation results indicate that the controller is stability and
robustness in several conditions of noise effecting and object’s parameter changing; the
system response has a rising time about 0.17+0.02s, without overshoot, fluctuation and
steady-state error.
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TOM TAT

Uu diém néi béc cia bé diéu khién truot la tinh én dinh bén vitng ngay ca khi hé théng co
nhiéu hodc khi théng sé ciia doi tiwong thay doi theo thoi gian. Tuy nhién dé thiét ké duwoc
bg dzéu khién trueot, ngieoi thiét ké can biét chinh xdc mé hinh ciia ddz twong. Trong thuc
16, van dé nay khéng phdi lic ndo ciing thue hién dwoc. Dé giai quyét van dé trén, bai bdo
dé nghi sir dung mang noron dé wée heong cdc ham phi tuyén mé ta trang thai cia doi
twong trong ludt diéu khién triegt thay vi sir dung mé hinh toan. Giai thudt dae nghi dugc
dap dung dé diéu khién hé ndng vit bang tir truong. Két qua mé phong cho thay bé diéu
khién on dinh va bén virng duwdi tde dong cia nhiéu va sw bién thién thong so cua doi
twong, ddp tmg cia hé thong c6 thoi gian tang 0.17+0.02 gidy, khéng xudt hién vot 16,
khong dao dong va sai $6 xdc ldp bi triét tiéu.

Tir khoa: Mang noron nhdén tgo, diéu khién truot, hé ndng vt bt%ng tir truong

1 GIOI THIEU

Phuong phap diéu khlen trugt duoc quan tdm va ng dung thanh cong trén cac hé
phi tuyén bi tinh 6n dinh bén vitng dbi voi nhidu va sy thay ddi cua cac thong sb
cua mo hinh (Efe, M. O., O. Kaynak and B. M. Wilamowski, 2000; Perruquetti W.
and J. P. Barbot, 2002). Tuy nhién, viéc thiét ké hé thong diéu khién truot doi hoi
phai xac dinh dugc mé hinh cia ddi twong diéu khién (Utkin, V.I., 1977). Trén
thuc té, viéc xac dinh mo hinh toan cta doi tuong, dac biét 1a cac ddi tuong phi
tuyén manh s& gap nhiéu kho khin va dbi lac khong dat dugc két qua. Trong khi
do, véi kha nang xtr Iy ngay cang manh mé cuia may vi tinh, mang noron nhén tao
(goi tat 1a mang noron) c6 thé dugc huan luyén mot cach nhanh chong dé xép xi
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mot quan hé phi tuyen bat ky (Demuth H., M. Beale, M. Hagan, 2010). Néi cach
khac, mé hinh phi tuyén cua di twong c6 thé dugc nhan dang bang mang noron
thay vi phai mé ta toan hoc bang cac hé phuong trinh vi tich phan.

H¢ nang vat béng tir truong (magnetic levitation system) 1a mét hé phi tuyén duoc
mg dung nhiéu trong k¥ thuét robot, phi thuyén khong gian va bo diéu khién dia
ctmg. Hé nay duoc mot sd tac gia nghién ctru va diéu khién thanh coéng voi nhiéu
phuong phap khac nhau (Mahmoud N. I, 2003; Arreola R. B., 2003; Al-Muthairi,
N. F. and M. Zribi, 2004). Trong cac nghién ciru d6, bd didu khién trugt da phat
huy tac dung (Al-Muthairi, N. F. and M. Zribi, 2004), song viéc thiét ké bo diéu
khién phu thudc vao mé hinh toan cua ddi tuong. Hon nita, k¥ thuat mang noron
chua dugc quan tim 4p dung trong diéu khién hé nang vat bang tir truong.

Nham b sung va khic phuc nhimg han ché da dé cap, bai bao dé xuat giai phap
két hop ky thuét diéu khién truot voi viée nhan dang m6 hinh phi tuyén cua doi
tugng bang mang noron dé diéu khién hé nang vat bang tir truong.

2 PHUONG PHAP VA PHUONG TIEN NGHIEN CUU
2.1 M hinh hé nang vét bang tir truong

Mic du phuong phap thiét ké bo didu khién s& duogc dé cap khong doi héi mé hinh
toan cua hé nang vat bang tir trudng, song dé thuan loi trong viéc kiém chung giai
thuat diéu khién ma khong can b tri thiét bi trong phong thi nghiém, nghién ciru
nay md phong ddi tuong dua theo md hinh dwgc trinh bay trén hinh 1 (Al-
Muthairi, N. F. and M. Zribi, 2004). Trong m6 hinh hé nang vat bang tir truong
(Hinh 1), dién 4p u chinh I ngd vao cta ddi twong, duoc thay dbi dé kiém soat luc
dién tir Fg dung dé nang hodc ha hon bi mét khoang h so v6i nam cham dién. Vi tri
h giita hon bi va nam cham dién chinh 13 ngd ra ctia dbi twong diéu khién.

Lurc dién b (Electromagnetic Force)

e

h
Q Lirc hﬁp dén (Gravitational Force)
v Fg=mg

Hinh 1: M hinh hé nang vat bing tir truong
Ap dung dinh Iuat 2 Newton ta co6:

“\2
F=F6—FE=mg—C(ﬁj

Suy ra:
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dh

dh _,

dt

u = Ri + JEOD
dt

- \2
mdvzmg—C(lj
dt h

Truong Dai hoc Can Tho

(1

Trong d6: h 1a vi tri hon bi (m); v 12 van tc hon bi (m/s); i 1a dong dién qua cudn
day (A); u la dién ap cung cap cho cudn day (V); R, L 1a dién tr¢ va dién cam cudn
dy (Q, H); C la hang s6 lyc tir (Nm’A™); m 1a khéi lwgng hon bi (Kg) va g la gia

tdc trong trudng (m/s?).
Dién cam cta cudn day 1a mot ham phi tuyén:

L(h)=L, +%

Chon bién trang thai nhu (3):
X;=h, x,=v,x3=1
Vector trang thai cta hé thng:

T
X= (Xb X2, X3)

Tu (1), (2) va (3) ta dugc phuong trinh trang thai nhu (4):

Goi Xq = [ X14, X2a, X3¢ ] 12 vector trang thai mong mudn.

2

3)

“4)

Muc tiéu diéu khién 1a én dinh x tai x4 trong diéu kién hé théng chiu tac dong cua

nhiéu va voi sy bién doi thong s6 mo hinh.

2.2 Thiét ké bd diéu khién trugt

Theo (Al-Muthairi, N. F. and M. Zribi, 2004), ta thuc hi¢n phép ddi hé toa do (5)

dé dwa (4) vé dang chuén (5"):
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x, =f(x)+gx)u

s

)

Ltc nay ta can xac dinh luat diéu khién u sao cho z=(zl,zz,z3)T—>(0,0,0)T khi t—o0,

dé x— x4. Két hop (4), (5) va mot sd phép bién dbi ta duoc (6):

z,=Z,

Z,=1Z4

2 /C
g(Z)—'m E(g'zs)

. 2C R
f(Z)—Z(g'Z3)LI +X, (1_ L(z, +de)]+ L:I

z,=2(g-z,) |- 2€ +E —#‘/E(g-%)u
Z, + Xy L(z, +xy) L | L(z, +x,) Vm

(6)

(7

Tir (6), (7) ta dwoc md hinh dong hoc cua ddi twong trong hé toa d6 méi nhu (8):

Z, =2,

Z, =17,

z; =1(2) +g(2)u

Ngo ra cua doi tugng trong hé toa ¢ mai la:
€=Z =X -Xy

Moi quan hé ngd vao va ngo ra:
e® =f(z)+g(z)u

Hai ham f(z), g(z) twong tmg trong hé toa d6 ban dau 1a f(x), g(x):

f(x)—g X,X; .2C ) R ﬁz
m| x; Lx, ) L\ x,

2Cx,
Lmx;

g(x)=-

Ta viét lai (10) trong hé toa d6 ban dau nhu (12):
e? =f(x)+g(x)u
Chon mat trugt nhu (13):

S=€+ac+aye

®)

)

(10)

(11

(12)

(13)
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Vi cac hé so a; va ay duoc chon sao cho phuong trinh dac trung p2 +ap+ta=0
c6 tat ca cac nghiém vadi phan thuc am.

Luat diéu khién truot tong quat duoc thiét ké nhu (14):

! —f(x)—al[g—c()%j J—aoxz—Wsign[g—C()%] +alx2+a0(xl-xld)] (14)
g(x) m\ x, m\ X,

Trong d6: W 14 hing s6 dwong chon trudec.

u=

2.3 Thiét ké bd diéu khién trwgt ding mang noron
2.3.1 Nhdn dang doi twong ding mang noron

bé thlet ké luat diéu khién truot dung mang noron cho hé néng vat bang tir truong,
ta tién hanh nhan dang cac ham f(x) va g(x) trong (11) bang mang noron truyén
thang 2 16p, voi lcyp an phi tuyén (ham truyén hyperbolic tangent sigmoid) va 16p
ra tuyen tinh, ¢ cAu trac va quan hé vao ra duwgc mo ta trén hinh 2. Goi f (x)va
8(x)1a két qua nhan dang thi:

A

f(X):fANNl(Wl’bl’Xl’XZ’X3) (15)

g(X): fANNz(WZab2aXI’X3)

v6i (W1, by) va (Wa, b,) 1an luot 1a ma tran trong sb két ndi va vecto ngudng kich
hoat cuia hai mang noron nhan dang (fANm, fann). Gidi thuat truyen nguoc
Levenberg- Marquardt duoc ap dung dé diéu chinh (Wi, b))|i=1 2 dat duoc (16), voi
Ni, N 1a 0 mau dir li¢u twong Gmg dung dé huan luyén c6 giam sat cac mang
noron; [fy(x), gq(x)] 1a cac ngd ra chuan dé nhan dang (15), tinh toan dugc tir (11),
sau khi mo6 phong hé phuong trinh trang thai (4) véi dit liéu vao (x;, X,, X3) dang
ngau nhién cho trudc.

1 Ni|a 2
minf & S) -0}
L B : (16)
mind 5509 -0 |
2 j=1
S| N X1
f g
X2
X3 X3
Lop vao Lé6p 4n Lopra Lop vao Lép 4n Lopra
a) fannt nhén dang ham f (X) b) faxnz nhan dang ham g(X)

Hinh 2: CAu tric mang noron nhin dang déi twong

144



Tap chi Khoa hoc 2011:17b 140-147 Truong Dai hoc Can Tho
2.3.2 Thiét ké bé diéu khién truot dung mang noron

Sau khi st dung mang noron dé nhan dang cac ham f(x) va g(x) ta dugc cac ham
xap xi f(x)va g(x). Khi do, luat diéu khién (14) duoc thiét 1ap lai nhu (17):

_f(x)-al[g—ri(?] J—aoxz—Wsign[g-ri[i}) +alx2+a0(xl-xld)ﬂ (17)

3 KET QUA VA THAO LUAN

H¢ nang vat bang tir truong duge mod phong trén MATLAB/Simulink vdi cac tham
s6 duoc xac lap theo (Al-Muthairi, N. F. and M. Zribi, 2004), bao gdm: hon bi
thép khdi lwong m=11.87g; nam cham dién duogc hinh thanh tir cac vong day quan

quanh 16i thép véi dién tré cla guon day R=28.7Q); dién cam L,=0.65H; hang sb
luc tir C=1.4 x 10*Nm?/A?; gia toc trong truong g=9.81 m/s”.

u=

1
g(x)

Két qua mo phong cho thiy ham f(x) va g(x) co thé nhan dang duoc bang mang
noron di thiét 1ap (Hinh 3). B diéu khién trugt dung mang noron véi lut diéu
khlen (17) duoc thtr nghi€ém véi cac tham sb6 W=350, a,=930, a;=61 v&i nhiéu
trang cong suit 0.1W tai ngd ra cta d6i tuong. Két qua mo phong trén hinh 4 cho
thdy vi tri hon bi x; (d4p ng ngd ra cua dbi twrong didu khién) bam theo tin hiéu
dit x,q v6i thoi gian ting pht hop thuc t&; dap tng cua hé 6n dinh va khong xudt
hién vot 16.

Ket qua nhan dang ham 2(x)

Ket qua nhan dang ham f(x)
T T T T
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Hinh 3: Két qua nhan dang ham f(x) va g(x)

Ngoai ra, dé khao sat tinh 6n dinh va bén vitng cua bd diéu khlen hé théng ciing
dugc thur nghiém voi sy bién thién 25% kh01 luong vat ning can nang trong tur
truong (tirc khdi lugng hon bi) va nhidu tring cong suat 0.1W dé gia lap nhiu cam
bién vi tri vat nang. Két qua mo phong dugc trinh bay trén cac hinh 5, 6 va 7. Cac
két qua nay cho thiy bo didu khién 6n dinh va bén viing dudi tic dong cuia nhiéu
va sy bién thién thong sé ciia dbi tugng diéu khién; dap ung ciia ngd ra co thoi
gian ting 0.17+0.02 gidy, khong xuat hién vot 16, khong dao dong va sai s6 xac 1ap
bi triét tiéu.
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Hinh 4: Pap tng vi tri va dién ap véi b diéu khién trugt ding mang noron
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Hinh 5: Khio sat dap tng ciia h¢ théng trong truwomg hgp m=m+25%
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Vi tri (m) Dien ap (v)
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Hinh 7: Khio sat dap tng ciia h¢ théng véi nhidu tring cong suit 0.1W
4 KET LUAN

Phuong phap diéu khién trugt dung mang noron dugc thiét ké co vai trd dam bao
vi tri vat nang trong tir trudng bam theo vi tri tham khao. O phuong phap nay,
mang noron truyén thang nhiéu 16p duoc ding dé uéc lugng cac ham phi tuyen mo
ta quan h¢ vao ra cua doi tuong thay cho viéc sir dung mo6 hinh toan trong thiét ke
Két qua mo phong cho thdy dap tng ciia b diéu khién truot dung mang noron on
dinh va bén viing duéi tac dong cta nhidu va su bién thién thong sé cua ddi twong.
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