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PIEU KHIEN TRUQT TANG THiCH NGHI QUAN SAT NEURAL
TUA LUENBERGER CHO TAU NOI USV

HIERARCHICAL SLIDING MODE ADAPTIVE CONTROL USING LUENBERGER NEURAL OBSERVER

TOM TAT

Bai bdo trinh bay thiét ké b diéu khién cho tau ni 6n dinh dong trén mit
nudc (USV), thudc ldp doi tugng MIMO thiéu co cdu chdp hanh véi mo hinh phi
tuyén va sy bat dinh vé mo hinh va nhiéu. Mt bg quan sat neural cdi tién cho bo
quan sat Luenberger duoc st dung véi bo diéu khién trugt tang (HSMC) cho USV
dugc gidi thiéu. Bo diéu khién dam bao diéu khién vi tri va goc clia tau theo gia
tri mong mudn. Tinh 6n dinh cta hé théng kin dugc chiing minh qua tiéu chuan
6n dinh Lyapunov. Céc thuat toan dugc dé xudt thuc hién trong moi trung mo
phéng tong hop véi gia thiét 6 nhiéu song, gi6, dong chay va két qua thu dugc
minh chiing cho tinh hiéu qua cta b diéu khién.

Tirkhéa: USV, b quan sdt Luenberger, mang neural, b diéu khién truot tdng.

ABSTRACT

This paper presents the design of a controller for a surface ship moving on
water (USV), belonging to the MIMO objects class that lacks an actuator with a
nonlinear model and uncertainty, noise model. An improved neural observer for
the Luenberger observer used Hierarchical Sliding Mode Control (HSMC) for USV
is introduced. The controller ensures to control the position and angle of the train
according to the desired trajectory. The stability of the closed system is proven by
the Lyapunov Stability Theory. The proposed algorithms are implemented in a
synthetic simulation environment with the assumption of interference from
waves, wind, flow and the obtained results demonstrate the effectiveness of the
controller.

Keywords: USV, Luenberger observer, neural network, Hierarchical Sliding
Mode Control.
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1. GIGI THIEU

USV Ia hé théng tau chuyén déng trén mat nudc dang
dugc nghién ctiu trong nhilng nam gan day nha tinh linh
hoat ctia né [1, 2]. Thach thic khi thiét ké ké théng diéu
khién USV la déng luc hoc cta tau la phi tuyén. BEé gidi
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quyét van dé mo hinh phi tuyén, rat nhiéu nghién ctu da
dugc tién hanh, néi bat la ky thudt cuén chiéu
(backstepping) va ly thuyét Lyapunov dugc st dung rong
rai [3], diéu khién trugt [4], diéu khién du bao (MPC) [5],
diéu khién bé mat dong (DSC) [6], phuong phéap dai s6
tuyén tinh [7].

Bo diéu khién backstepping tén tai mot s6 nhugc diém
nhu kha nang dap Ung vai nhiing thay ddi cla méi trudng
khong cao, can biét chinh xac théng s6 mé hinh khé xéac
dinh. D€ gidi quyét nhugc diém nay, ching t6i da dua ra
gidi phap st dung ky thuat diéu khién trugt tdng (HSMC)
cho tau USV [8]. Bay la phuong phap cai tién ctia ky thuat
diéu khién trugt két hgp véi phuong phéap backstepping,
tan dung dugc uu diém cla ky thuat diéu khién trugt 1a kha
nang bén ving khi hé théng cé nhiéu hoac khi théng s6
clia ddi tugng thay ddi theo thai gian. Mot khoé khan nira
trong diéu khién tau néi Ia cac phép do van toc cd thé
khong do dugc hoac do dugc nhung cé tén tai cac nhiéu.
Dé d6i phé vai van dé nay, bd quan sat Luenberger [9]
dugc dé xuat. Tuy nhién han ché cla bd quan sat
Luenberger la doi hoi biét day dd mot sé théng tin chinh
xac vé doi tugng, diéu nay khé dam bao vi trong méi
truong thuc té viéc dam bdo thong tin chinh xac la khé
khan. D& giai quyét van dé nay, bai bdo dé xuat st dung két
hop thém mang neural nhan tao dé xap xi cac thanh phan
bat dinh trong bd quan sat. Trong bai bao nay, b6 quan sat
mang neural tua Luenberger dugc thiét ké cung bé diéu
khién trugt tdng cho USV. Tinh 6n dinh clia hé dugc ching
minh qua ly thuyét én dinh Lyapunov.

2. MO HINH TAU NGI USV

Theo [1] md hinh ba bac tu do (surge, sway va yaw) cla

USV ¢6 dang nhu sau:

{ A=(n)v m

MgV + Cpg (H)E =Tge
trong do: n=[x vy q)]T, v=[u v r]' lavéctovitri

va van téc clia tau USV theo cac phuong x, y va goc; J(n) la
ma tran chuyén truc ti hé toa do gdn than t6i hé toa do
gén v6i mat dat; Mgs la ma trén quan tinh ctia USV; Cp; (v)

[da ma tran Coriolis va luc hudéng tam cia USV;
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Tag = Toyg + Ths T Tpina + T la téng véc ta luc va mo

wind wave all

men tac dung lén USV; T, ,=-M,0,—C, (v,)u,-D(u,)u

la thanh phan lyc va mé men do dong chay gay ra véi v, la
van toc tuong déi cla tau so véi dong chay; M, la ma tran
hdng s6 khéi luong gia tang; Ca la ma tran luc husng tam la
Iyc Coriolis do khoi lugng gia tang gay ra; D la ma tran giam
chan va ma sat tac dong 1én tau.

xN

Hinh 1. M6 hinh tau USV [1]
Néu gid thiét van t6c dong nudc la u_ thi

C

v =v-u =[u v, r] thanh phan van téc dong chay

r

theo phuong géc bd qua T la thanh phéan nhiéu

wind > wave

loan tir moi trudng gay ra bdi gid, séng.
Gia thiét thay dong luc hoc phuong ngang bang 0

T T %]T

T,q VEC ta luc ddy clia dong co bén trai

nghiala 1,, =0, 7,=[t, 0 1] :|:(Tpm +T4) O
Trong d6 T,
va bén phai cta tau, T, T, 1a luc ddy tdc va md men tac dong
Ién USV, B la khoang céch giiia hai dong ca day.
Hé phuong trinh dong luc hoc ctia hé dugc viét lai la:

{ A=J(n)v 2

MRBQ+CRB (H)E"' N(Er) =T

all

3. BO PIEU KHIEN TRUGT TANG QUAN SAT TRANG THAI
NEURAL TUA LUENBERGER
3.1. B6 diéu khién truot ting

Theo [8], ching t6i da tach hé théng thi€u co cau chap
hanh thanh hai hé con: mét hé du co cdu chap hanh va mot
hé con tu do. P3i chd clia hang 2 va hang 3 clia cAc ma tran
thanh phan J(n), Mgs, Cgs,, Cre, Ca(us), D(u,) trong hé (2). Viét
lai véc to vi tri va van téc, véc to luc ddy dong co cla hé
dudi dang:

=[n, n.] véin=[x ' n,=y;u=[v, u,J

1>

Vi v =[u r]", u,=v.

Er:[gﬂ v ]T Vél
1, =[t 0] véi t=[r,

a

Pinh nghia véc to:
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E(E) = CRBQ"’N(Vr) = [F1 F, K ]T (3)
FN]T trong do F, =[F, FZ]T =TF(v),

1 00
F,=F= TzE(H) vai T, :|:0 1 0:|, T, = [0 0 'I] .

Cac phép bién d6i va ma tran thanh phan da trinh bay
trong [8] hé (2) trG thanh:

bat F(v)=[F,

r] _J11U1+J12U2
nz - J21U1+J22U2

Qz_fz( )+gz( )_

Tin hiéu diéu khién theo phuaong phap diéu khién trugt
tang dugc thiét ké [8] la:

l eq1 + Tsw1 + Teqz + Tswz
M, +Bf, + A (k,J,,0,+k,J,,0,)
_()\91 +Bgz )71 +B(k J21U1+k Jzzuz) (5)

+k.S + 6sign(S)
Trong d6 S la mat truot dugc dinh nghia:
S=As,+Bs, trong dé6 s
€., =N;"Ny, €,=Y,, €;=N,"N,q, €,=U, VA Ny, Ny
la cac gia tri dat cho quy dao.
k, =diag(k,, k,,)eR*? k,eR,A=diag(A\, \,)eR*?,
B=[B, B,] €R*'vak,,ky,.k,,\,N,,B,,B, >0 .

3.2. B6 quan sat neural tua Luenberger

1= k1§1+§2 'S 5= k2§3+§4'

Hé tau nédi thi€u chap hanh c6 dang nhu da viét & phan 2:

n = Jhu,+,0,

0 =fi(x)+g(x)zx

n - J21U1+J22U 2

0 ,=f(x)+g,(x)T

Néu dat:
ﬂ1 02><2 J11U1+J21U2
v, g,(x) fi(x)

X = t),g(x)= f(x)=
n (t).9(x) 0., (%) Ly,

v 9,(x) f,(x)

thi ¢4 thé chuyén hé thanh dang Affine véi dauralay cé
dang:

froor
1

trong d6 ma tran daura C=|0
0
hién cho cac trang thai do dugc cda hé.

c

9 ©)

0 0O
100
0 0O
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Trudc hét, néu dat (p(x,u) = f(x)+g(x)u—Ax , VGi A la
moét ma tran Hurwitz tuy chon, la mot dnh xa tron, lién tuc
Lipchitz trén khong gian trang thai compact xac dinh véi x
thi hé tau néi da cho tuong ducng vai:

x=Ax+o(y,u)
y =Cx

(7)

Nhu da biét, trong ly thuyét diéu khién tuyén tinh, b6
quan sat Luenberger dugc thiét ké hoan toan phu hgp dé
quan sat cac trang thai khong do dugc ctia hé tuyén tinh
dua trén nguyén tac hiéu chinh sai léch gitta dau ra ctia hé
va dau ra quan sat théng qua viéc thiét ké ma tran
Luenberger. Nguyén tic d6 hoan toan c6 thé ma rong cho
I6p hé phi tuyén truyén ngugc dang Afine, bac n, quan sat
dugc, dugc goi la bé quan sat tua Luenberger. Dinh ly sau
sé trinh bay nguyén tac do:

Pinh ly 1: (B6 quan sdt tua Luenberger). Néu hé phi
tuyén (6) la quan sat dugc, tic la cdp ma tran (A, C) la quan
sat dugc thi véi bé quan sat:

X =Ax+@(y,u)+K(y-Cx) 8)

sé lam cho Itmx(t) =x(t) néu ma tran K dugc tinh toan
phu hgp sao cho dam bao ma tran A, = A - KC la ma tran
Hurwitz. Cac diém cuc cla A, cang xa truc do, téc dd tiém
can X — x cang nhanh.

Nhu vay trong dinh Iy 1 cho ta mét goi y dé xay dung bé
quan sat cho d6i tugng tau ndi. Tuy nhién do dac thu déi
tugng nay la mot thiét bi c6 do bat dinh tuong d6i I6n nén
thuc t€ dnh xa @(.) khéng thé xéc dinh chinh xac, nghia la
tén tai mét lugng chénh léch Ag(y, u) @0 nho lam cho:

x=Ax+o(y,u)+a¢(y,u)
y = Cx

)

Va khi @6 néu van st dung bd quan sat nhu (8) thi sé
khong dam bao dugc limx(t)=x(t) ké cdkhiA;=A-KCla
t—oo

Hurwitz, do phuong trinh vi phan )L(:X—Q:A(x—ﬁ)ﬂ(p(y,u)
t
con du mét sé hang trong nghiém |a: IA@(y,u)dt.
0
Pé khic phuc dugc han ché néu trén, trong bai béo nay,
chung t6i dé nghi s dung mang Neural nhan tao dé xap xi
thanh phan ham bat dinh ¢(y, u). Theo d6, thuc hién phép
tinh xap xi b&i mang: (p(y,u):WJtanh(YJi),i:(iT uT)T,
6(.) la ham tac déng bi chan thi mé hinh b6 quan sat sé
dugc cho theo dinh ly 2. Nhung trudc hét, ching ta c6 gia
thiét duci day:
Gia thiét 1: Trong s6 cGia mang Neural 1a bi chdn. Nghia
13 ludn tén tai cac giad tri W,,, Y,, thda man:

Gia thiét 2: Cac trang thai hé théng cling véi cac dao
ham cda né 1a bi chin. Nghia la ||x||<s.upx(t)£a1 va
t—oo0

A

WO

A

<W, va [Y.|I<Y, (10)
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[X| < supx(t)<a, . Gia thiét nay c6 y nghia bdi & lusn tén
t—o0

tai moét giGi han vé mat co khi chét tao cho céc hé théng
thuc. Ngoai ra néu ki hiéu

Q= {x(t) R, >R

x| < stupx(t) <a, } cR" la tdp cac
véc to x(t) thoa man gia thig:1 thi do R" la khong gian véc
to da, Q dong va bi chan.

Pinh Iy 2: D3tf(x.x,,t)e C'(R"xR"xR_,,R) la anh
xa lién tuc: R" xR" xR, — R thudc khéng gian véc to du
C", 1 chiéu. Q cR" la tap compact xac dinh trén khong
gian R" € e R, la hdng s6 duong bé tuy y va ki hiéu tap
{51 (x.xg4,t) € C'(R"xR" XRZO,R)‘i € N} la tap nhing anh
xaa R"xR"xR_, >R  bi trén  mién
C'(R"xR"xR_,,R). Cling v8i cic gia thiét 1, 2, khi d6
Vx,xg€Q, VteR,,, luén 3LeN sao cho Vie[lL]c N,
tdp cac anh xa tac dong phi tuyén va bi chan (tap gisi noi),
lien tuc {5i (x%,,t) € C'(R"xR" xR R)‘i < N} va tap

chan

202

véc to céc s6 thuc {w, e Rjie[1,L]< N} théa man:

up Hf(x,xd,t)—WTG(x)H

<% (11)
VX XgeQ +||vf(x,xd,t)—WTV6(X)”

Trong d6 &(x)=[6, &, 8,]' goila véc to ham tac

dong va vector W=[w, w, w, | goi la véc to trong
s6. Vfla ki hiéu anh xa Jacobian: R™ - R™" tinh bai
of (x)
X

Nhu vay néu dinh ly 2 thoa man thi sé luén tén tai 2 gia
tri trong s6 dé

o(y,u)=W; tanh(YoTi)

Vf =

(12)

Pinh ly 3: Xét hé phi tuyén (9) bac n c6 cap ma tran
(A, C) quan sat dugc, cung véi véc to ham toan hoc bat dinh
mo ta hé théng 2@ (y,u), néu st dung bé quan sat:

A%+ W] tanh( Y% )+K(y - CX)
C
X ()“(T u’ )T

Dong thai ma tran K dugc tinh toan phu hgp sao cho
dam bao ma tran A, = A - KC 1a ma tran Hurwitz. Cap nhap 2

trong sé VVO va \?0 theo dinh ly 3, sé lam cho sai léch quan

x>

(13)

<>
Il

sat hoi tu chiing nao X con nam bén ngoai trong mot mién
Compact Q, dinh nghia béi:

o - 2d

XX < .
HlCAG (<) €

(14)

min
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nghia la:

lim|%](t) =0, % £ ©, (15)

Cac diém cuc cta A, cang xa truc o, t6c d6 tiém can
X — x cang nhanh.

Pinh ly 4: (Cdp nhdp mang Neural) Ki hiéu §y =y -y thi
ludt hoc mang Neural dugc cap nhap theo hé phuong trinh
dudi day thong qua cuc ti€u hoa ham sai léch:

W =-A tanh(?T_)y

Y =-A tanh(YT_) TCA, WT( H(?in))_ g

Trong do, A,,:6,,

»

8, >T°,62 >1, N la sé neural I6p an, H(\?in) la mot

la cdc hé s6 duong théa man

ma tran chéo véi cac phan t trén dusng chéo chinh la
tanhz(\A(in), \A(Op la vector cét thu p cla \?0. Ngoai ra, cac
sai léch trong s6 W, =W, -W, va Y, =Y, -V, la cic diém
can bang theo nghia UUB.

Trong d6, 6n dinh UUB dugc dinh nghia: Hé phi tuyén
x=f(x,t) véi f(0,t)=0;vt>0;xeR™ va é&nh xa
f(.)eR™. Diém can bang x. dugc goi la UUB néu ton tai
tap dong Q, e R" sao cho Vx eQ, ludn ton tai chdn trén
B va thai gian T, (B,x) dé luon co:

[x - x| <B,Vt=t, +t, (17)

Ching minh tinh héi tu:
St dung ham Lyapunov xéc dinh duong c6 dang:

(18)

Toro 1 jeray 1. e
Vo(x)—Ex Px+5tr(WOWO)+Etr(YOYO)
P la ma tran d6i xtiing xac dinh duong bat ki.
Lay dao ham theo thgi gian ctia ham Uing vién Lyapunov
ta dugc:

(19)

o

Vv (x):%)L(TP>~<+%>~<TP>;<+tr(\/~VJVL\/o)+tr(:,T\L(o)
St dung dang thuc
W =—W =\ tanh(YT )y

(13) va
W, va doéng thoi

dé y rang

Y, =-¥, =), tanh(¥]%)5 AW, (e =T1(%,%)) +, 5]

thay vao (19) ta dugc:

T Yikvi
I (PA, +A1P)>2+>?P[W° tanh(¥;%) J
2

Vo) = +py +K(y - CX)

+ tr(VN\lcT)\1 tanh(\A(oTY)f/TCA;1 +W6,

W,)
+tr[\?§ A, tanhA(\A{oT %)§7CAW (i, —H(\?Jj))}

.
+Y, 6,

(20)
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Mat khac do ma tran Ao la ma tran bén, P d6i xing xac
dinh duong nén né cdn théa man phuaong trinh Lyapunov:

PA, +AlP =—ul vGiu>0 (21)

Ta duoc:

)

v (x):—gxmxp(w; tanh(¥]X)+K(y-CX))
e WA, tanh(V]X)57CAS -+ W6, 7] (W, - W, )| (22)

n Y{ A, tanh(¥] Y)}?TCAjon (h-11(%3%))
+76,[9(Y, -Y,)
Goi C la ma tran gia nghich dao ctia ma tran dau ra C thi
% =C'y . Thay vao dao ham ctia ham Lyapunov va st dung
bat d&ng thuc Cauchy-Schwart c6 dang:

~ 12

o (, ) <,

()< R

Bién d6i ta c6 duogc:
V,(x)<-2y7(c’) cy+Cyp W tanh(¥.x)
x)<_P
° 27 Y +K(y - CX)
+tr(\7VJ7\1tanh(\?J?))7TCA;1)
+8,[3]( W [V, |, W,
6, (%% | -}

+ tr(YO A, tanh(¥]%)5TCAW (1, —n(\?gpi)))

—|W.

) (24)

F F

0

Mat khac ta lai co:
=W =W | < W, + | |

.. (W] tanh(Y]x )
Cyp[ +Py +K((y c) J<||>’||||F’||||C ||( o+ £

tr(w A, tanh(¥]% )57 CA, )So (25)

tr(V], tanh(V]%)y"CA, 1WT( (\?gpi)))

<9 A | (Wt + W, )

Ta dugc:

VO(X)S-%VT(C )¢ V+||Y||||P||||C [(ow e+ )
o, [5]IW, "(WMWOF—VVoi)
+0 ||y||( || )

V(%

o)
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: M AT g2 100000
= <-=A_.(C) C
°(X) 2 ’“'”( ) "y" A\, =\, =50;6,=6,=10;C=|0 1 0 0 0 O,
, 0000 T10
culPlle’|-| &, L |, S
6 neural I&p an: N =20
plllc: oW SN (26) o o o 1 o0 0]
o Mkl i“’“ﬁ' Dl o 0 o o 1 o
+(8,% + [N CA W, )% |- (8, - )|, a0 0 0 0 0o 1]
. |-s0 0o 0o -9 0 o0 [
—{Yo —#Wo] 0 92 0 0 —69 0
L - L0 0 -5 0 0 -100]
o Inca o 120 0 0 ]
Nhu vay néu chon 6, >—.,6, >1 va dat: 0 120 0
ou [Pl ]+ o [ k={ 0 2 0
a, = 0 0 0 O
olg 27 el 0 0 2441
b4 o 0 0 |
0.y +||7\ CA’1||V_\/M Xét tac van téc cta dong nudc la ham thoi gian:
Y= e, ) @7y =[0,8sin(0,7t) 0,2sin(0,5t) 0] (m/s)
Ta dugc: Vai vi tri dat mong muén x=3(m);y =2(m);p=0,1(rad)
4
U, (x) <= A () C I
—— IRVA N
-1
* _ 2 o 2 (28) —_ /
| P ”*{61 e ] Ry ——
---- Truwot tang
+(e —1)0.2 1 / = Trugt ting quan sit
2 2
Vay dé dam bao tinh xac dinh &m clia ham Lyapunov thi 0
sai léch quan sat can théa man: 0 20 40 60 80 100
)s Thoi gian(s)
z{sMupnnc*n{a bt ﬁ -1
1] > 7 (29) 15 /| = Giaiaat |
u)\min(C*) c B / ----- Trugt ting
- 1 === Trugt ting quan sit
ACAL
Pat d=e, ||PIIIIC*|I+{61 "T] #(68, ~1)of thita b
0

0 20 40 60 80 100

c6 diéu kién da dé bc} quan sat xap xi dugc trang thai la: 1 Thi gian(s)
-  _ (dpcm) (30)
I " C||( ) P 0.8 — G ~
AmlCIC) T Trugt ting

4. KET QUA MO PHONG Eh —Trugt ting quan it

DPé kiém chung dé hiéu qua cla bo diéu khién dugc dé =04 N
xuét, bai bao thuc hién mé phéng bo diéu khién trugt tang 02

, . e N N " . k

thich nghi quan sat neural tua Luenberger trén phan mém - = = = = = DTerreerrreerree
Matlab Simulink. Théng s6 mé hinh, bo diéu khién truot L 0 10 0 s 100
tang dugc lay & tai liéu [8]. Thoi gian(s)

Cac tham s cta bo quan sat va mang neural: Hinh 2. Vi trf va gc huéng ciia USV
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0.1y |- Trugt t%ing
= Trugt tang quan st
,UT M
=5 0
«
13
=
-0.1
0.2+
0 50 100
Thaoi cian(s)
0.3 x
----- Trugt tiang
\ =—Trugt tang quan st

20 40 60 80 100
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Két qua mo6 phong cho thay, bd quan sat dugc dé xuat
dap tng t6t yéu cau xap xi dugc trang thai ctia hé théng vi
tri, van toc. T6c do hoi tu khodng 10s dugc thé hién & hinh
3. Chét luong diéu khién dam bao so vdi bd diéu khién
trugt tang c6 st dung cam bién do vi tri, van téc
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5. KET LUAN

Bo diéu khién trugt tang thich nghi quan sat neural tua
Luenberger dat hiéu qud 6n dinh, chat lugng tét, da giai
quyét dugc mét s6 bai toan thuc té dé ra la sy bat dinh cla
mo hinh va moi trudng hoat dong. Bo quan sat neural khac
phuc dugc nhugc diém clia bd quan sat Luenberger thuan
tay, mé& ra hudng giai quyét bai toan kho do dac vi tri, van
téc cla tau trong méi trudng nudc.

Hudng phat trién tuang lai ctia bai béo 1a bén canh s
dung bd quan sat, két hop st dung bd xdp xi cac thanh
phan bat dinh s dung mang neural dé gidi quyét triét dé
van dé bat dinh, khé do dac ctia moi trudng va mo hinh.
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