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PIEU KHIEN TRUQT THICH NGHI DUNG MANG NO - RON
ADAPTIVE NEURAL SLIDING MODE CONTROL

Nguyén Dirc Minh, Dwong Hodi Nghia, Nguyén Ditc Thanh
Truong Dai hoc Bach khoa - Dai hoc Quoc gia Tp Ho Chi Minh

TOM TAT
Duwa vao ly thuyét diéu khién truot va ky thudt mang no - rén, bai béo nay gi6i thiéu bé diéu
khién truot thich nghi dung mang no - rén (ANSMC) cho mét I6p céc dbi tuwong phi tuyén bét dinh,
hodc khéng ré mé hinh. Péu tién, dwa vao moét ham Lyapunov, mét luét diéu khién truot (SMC) duoc
thiét ké dé bdo dam tinh én dinh cda hé théng. Sau dé mét mang truyén thdng duoc st dung dé tao
tin hiéu ra cho bé diéu khién. Cudi cung gidi thuat huén luyén mang duoc xay dung sao cho quy dao
pha cta hé théng hoi tu vé mét truot trong diéu kién déi tuong bat dinh. Két qué mé phdng trén hé
théng con lac nguoc, mét déi tuong phi tuyén, khong én dinh va khéng cuec tiéu pha, da cho thay bo
diéu khién dé nghj khéng chi khac phuc duoc hién tuong dao dong ma con cé chét luong va tinh bén
viing tot.
ABSTRACT

Based on the sliding mode control theory and the neural network technique, this paper
introduces a new adaptive neural sliding mode controller (ANSMC) for a class of uncertain or unknown
nonlinear systems. First, based on a Lyapunov function candidate, a sliding mode controller (SMC) is
designed to guarantee the stability of the system. Next, a feedforward neural network is introduced to
provide the output of the sliding mode controller. Finally, the learning algorithm of the neural network is
designed such that the state trajectories of the system converge to the sliding surface in presence of
system uncertainty. Simulation results on an inverted pendulum, which is a nonlinear, unstable and
non minimum phase system, show that the proposed control strategy can not only reduce the
phenomenon of chattering in effect, but also has good dynamic performance and robustness.

|. GIOI THIEU 1. PIEU KHIEN TRUQT (SMC)

Diéu khién truot 1a mdt phuong phap 2.1 Mb ta to4n hoc dbi twong didu khién
diéu khién phi tuyén kinh dién, don gian va rat

hiéu qua. Tuy nhién do tin hiéu diéu khlen truot
b dién c6 dang ham chuyen mach nén ton tai

Xét mot hé thong phi tuyén voi biéu dién
trang thai sau :

hién tuong dao dong véi tan sb cao (chattering) Xy =X,
cua cac quy dao pha xung quanh mat truot. Da : (2.1)
co rat nhiéu nghién ctru, 4p dung mang no - rén X, =X,

trong hé théng diéu khién truot, voi muc dich 1a
tim ra cac luat diéu khién khong phu thudc vao
cac gi6i han cua hé thong, ciing nhu han ché y=X
hién tugng chattering [2-7].

X, = f(X)+g(x)u+d

o Trong d6 u 1 tin hiéu vao diéu khién, y

Bai bao nay gidi thi€u mdt bd diéu khién 1a tin hiéu ra, x 1a vector trang thai, d 1a tin hi¢u
trugt thich nghi dung mang no rén véi luat cép nhiéu.
nhat don gian, nhim giai quyet bai toan

chattering. Phuong phap diéu khién d& nghi Gia thict 1/g(x), f(x), va d 1a céc ham

khong doi hoi phai nhan dang truc tuyén cac bi chan. Bai toan diéu 5khién duoc datra la : xac
ham phi tuyén trong mé hinh cta déi twong. Bai dinh tin hi¢u di€u khién u sao cho tin hi¢u ra y
bao gébm c6 5 muc. Muc 2 trinh bay phuong bam theo tin hiéu datr.

phap diéu khjén trugt SMC ap dung cho cac hé 2.2 Mt truot

phi tuyén bat dinh. Muc 3 gidi thiéu bd di€u L
khién d& nghi ANSMC. Muc 4 trinh bay mét s6 Dinh nghia tin hi¢u sai 1¢éch :
mo phong. Muc 5 trinh bay cac két ludn.
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e=y-—r (2.2)
vaham S :
S=e"4c " +. .. +ce+ce (23)

Trong d6 ¢y, ... , Cny, 12 cac hé $b duoc
chon trude sao cho da thie dac trung cua (2-3)
thoa man diéu kién Hurwitz (co tit ca céac
nghiém véi phan thuc am). Két qua 1a khi S =0,
tin hiéu sai léch e -0 khi t — oo. Phuong
trinh S = 0 x4c dinh m{t mat cong trong khong
gian n chiéu, goi 4 mit truot (sliding surface).

VAn dé dat ra 1a : xac dinh lut diéu khién
u dé dua cac quy dao pha cua hé théng vé mat
trugt va duy tri trén d6 mot cach bén viing dbi
v6i cac bién dong cua f(x), g(x) va d.

2.3 Luit diéu khién cho hé bat dinh

Lay dao ham (2.3) va st dung (2.1), (2.2)
ta co:

S=e"tc M 4. of+ce

= f(x)+c_e" 4. +cErce+d-r+g(x)u

(2.4)
Pinh nghia : V = 1 g2 (2.5)
2

Tacod:
V=8S=S(f(x)-r )+cn L cf+cg+d)+g(x)Su
<[SH{g (0] 5(x) + g(x

(2.6)
Véi :

5(x) = . (fFX)—r"+c, "V +..+c+ce+d)
9(x)

2.7)

Pé S0 khi t— oo, chon u sao cho
V<0 vsi VS#0,va v=0khi s=0.

Tir 2.6 suy ra luat diéu khién :
u=-p4.sign(g(x).S) (2.8)
Voi L=6(X)+py B,>0 (2.9)

Co6 thé chon B biang mot hang sd
K > sup(5(x)) . Khi d6 :

u =—k.sign(g(x)).sign(S) (2.10)

Nhin xét : (2.10) cho thay luat diéu khién chi
phu thudc vao chin trén cia § , ddu cua g(x) va
mit truot S. Tin hiéu diéu khién khong lién tuc
tai thoi diém quy dao pha di qua mit trugt
S =0.

I1l. PIEU KHIEN TRUQT THICH NGHI
DUNG MANG NO - RON (ANSMC)

3.1 H¢ thong diéu khién ANSMC

Xet mot mang no - ron dung lam bo dicu
khién ANSMC dang tmyen thang q 16p co
phuong trinh biéu dién tong quat :

u=f, =N(E,W) (3.1)

Trong d6 E 1a vecto ngd vao, W la bo
vector trong s ciia mang. Tat ca cac trong )
cua mang dugc khoi tao véi gid tri ban dau 1a
khong. Cac gia tri nay s€ dugc cdp nhat truc
tuyén theo 1y thuyét diéu khién truot, sao cho
S -0, khi t —oo0.

3.2 Luét cap nhat thich nghi

T (2-5), diéu kién & S — 0, khi
t >oola:

V=85<0 (3.2)
Hay s8N g (3.3)
ou ow

Tu (2-4)suy ra:

S= '[;(f ) +c, "+ +cftcgrd—r™ 4 g(x).u)jt +5(0)

(3.4)
Hay s _ [9edt 4 h(x) (3.5)
ou %
(3-3) s& thoa man néu :
W= —a.sign(h).sign(S).[S:Vj (3.6)

Trong do o lz‘lrhé“lng s6 duong. Roi rac hoa (3-
6) v6i chu ky lay mau 1 T ta c6 :
w(k +1) —w(k) _ ( ]T
————— = = —a.sign(h).sign(S

T gn(h).sign(S){ —

(3.7)
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— D) (-2) 5
S=e""+c, "7 +...+Ce

+Ce

Ludt cap
nhdt

\

| Bg diéu knién | U y
| mang no -ron

Y

Déi twgng  —>

¥ E=[e & .. e
X=[x, X - Xn]T

!

Hinh 1. Hé thong diéu khién ANSMC.

bat Aw=w(k +1) —w(k), taco :

Aw = —y.sign(h).sign(S).(Z:IJT (3.8)

Véi H= aT

Nhén xét : (3.8) cho thdy luat cap nhat trong
s0 chi phu thudc dau cua h(x) va dau cta mat
truot S.

3.3 B) diéu khién ANSMC

Xét mang truyén thang mot 16p an co cau trac
nhu hinh 2. Goi n 12 s0 tin hiéu & 16p vao, m la
$0 no ron ¢ lop an, ham tac dong 16p an la ham
sigmoid ludong cuc, ham tidc dong 16p ra 1a ham

tuyén tinh, E=[e, e, .. e,]' 1 vetor ngd
vao, Z=[z, z, .. z,]" la vector ngd ra l6p
an, u la ngd ra mang,
w, =[w, w, .. w,] la vector trong so6
ka A 2 r T
cua no ron ¢ 1op ra, w, =[w, w, .. w,]

la vector trong so ctia no ron thir i ¢ 16p an.

Hinh 2. Cau truc ciua mang no - rén mot [op an

dimng lam bé diéu khién ANSMC.

Ap dung luat cap nhat (3-8) va trién khai luat
chain, tmg vai céc trong s6 cho no ron & 16p ra,
taco:

w, (K+1) =w, (k) —,u.sign(h).sign(S)(;;JT (3.9
=w, (k) — w.sign(h).sign(S).Z 0
T}mng tu nhu trén, luatﬂcép nhat cho cac trong
s0 cua cac no rén ¢ 16p an:

w, (k+1) =w, (k) —y.sign(h)sign(S)%.wOi 1-z))E

(3.10)
IV. MO PHONG
Ph’?m nay gioi thiéu cac két qua mo phong hé
thong dicu khien SMC va ANSMC cho doi
tugng la con lac ngugc trén xe. Muyc dich diéu
khién la giti thang bang cho con lac & vi tri
nguoc @ =0 (hinh 3).

Hinh 3. M6 hinh con ldc nguwoc trén xe.
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Céc thong s6 ciia d6i twong didu khién
nhu sau: khéi lwong xe M = 2 kg, khéi luong
ctia con lic m = 0.1kg, va chiéu dai canh tay
don ¢ =0.5m. Goi z 1a khoang cach vi tri xe
so voi géc toa d6, 6 la goc con lic so véi
phuong thang dimg, u 1a lyc tac dong lén xe
con lic. H& phuong trinh dong hoc cho xe con
lac duoc mé ta nhu sau.

(M+m)Z+mld=u (4.1)
mz+ml.éd=mlo (4.2)

Rt gon va biéu dién dudi dang phuong
trinh bién trang thai :

{’9 =X, (4.3)

X, =a.x, +bu=20.58x-u
Trong do:
a=(M+m).g/Ml,b=-1/MlI, X =6.

M6 phong diing diéu khién SMC

Chon : S=cX +X, =4X +X, (4.5)

Luat diéu khién truot :
u =—k.sign(b).sign(S) =k.sign(S)  (4.6)

M6 phong véi goc léch ban dau
6 =-0.3 rad va hé s6 k = 10. Ta duoc két qua
6 hinh 4. Ta thay hién tugng chattering thé hién
rat rd & dap ung u(t).

01

of---

01f---
02

theta (radian)

S

time

Hinh 4. Két qua mé phong ding diéu khién
SMC.

MG phong ding diéu khién ANSMC.

02 T T T T T T T
0

theta (radian)

time

Hinh 5. Phién diéu khién dau tién ciia ANSMC.

theta (radian)

S

Hinh 6. Phién diéu khién thir hai ciia ANSMC.

Dung bo diéu khién ANSMC véi mang
no - ron dugc sir dung la mang mot 16p an, voi
hai ngd vao (e va €), 16p an c6 6 no ron voi
ham tac dong l1a ham sigmoid ludng cuc. L6p ra
c6 mot no ron v6i ham tich hop tuyén tinh va
ham tac dong tuyén tinh. Hé s6 hoc duoc chon
12 0.05 cho phién diéu khién dau, va 0.01 cho
cac phién diéu khién sau, thoi gian liy miu la
0.01s. Két qua mo phong duge thé hién ¢ hinh 5
(phién diéu khién dau tién) va hinh 6 (phién
didu khién the hai). Ta thdy hién tuong
chattering da dugc khic phuc (khong con ton
tai & dap ung cua u). Mat khac, chét lugong cua
phién diéu khién thir 2 dwoc cai thién rat rd so
v6i phién dau tién.

Thyc hién mé phéng trong trudong hop
thong s6 mo hinh xe con lic thay ddi va trong
diéu kién c6 nhidu. Cu thé 1a thay M= 5kg, m=
0.5kg, 1=0.3m, va dudi tic dong ciia nhidu trang
& ngd ra. Két qua mo phong ¢ hinh 7 cho thiy
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hé théng bén viing véi sai s6 mo hinh va véi V. KET LUAN
nhiéu.

theta (radian)

0z

Bai bdo nay da gidi thi€éu mot phuong
phap diéu khién truot thich nghi ding mang no
- r6n. Ly thuyét va két qua mo phong da cho
L thay bo diéu khién ANSMC da khic phuc duoc
Py wri nhuge diém co ban cua diéu khién truot do 1a
hién tuong chattering. Luat cdp nhat cho bo
diéu khién ANSMC don gian, va khéng can
phai nhan dang online ham f(x) nhu trong céc
bo diéu khién NSMC [2], [3], [4], [6], [7]. Luat
diéu khién ANSMC dugc hinh thanh trong quéa
trinh diéu khién, va c6 tinh ké thira : phién diéu
khién sau co chat luong tot hon phién diéu
khién trudc. Ludt cip nhat ANSMC don gian,
va ¢6 thé mo rong cho cac loai cAu trac mang

Hinh 7. Tinh bén vitng voi sai $6 mé hinh va khac nhu mang RBF, hodc no - ron mo.

nhiéu.
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