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THIET KE BQ PIEU KHIEN ON PINH PONG
CHO USV THIEU CO CAU CHAP HANH

Nguyén Khic Tuén'", Lé Tran Thétng2

Tém tit: Trong bai bdo nay, ching t6i da dé xudt bé diéu khién on dinh dong cho
phirong tién néi tw hanh USV (Unmanned Surface Vehicle) véi mé hinh thiéu co cdu chdp
hanh. Bé diéu khién dwoc thiét ké dua trén phuwong phap truot tdng, mang no ron nhan tao
dwoc sik dung dé xdp xi khi ta xét dén van dé mé hinh ciia hé thong bi thay doi ciing nhur
cac nhiéu bat dinh tdac dong trong qua trinh hogt dong. Tinh on dinh cia bé diéu khién
dwoe chitng minh dira trén phwong phdp ham Lyapunov dong thoi thiee hién mé phéng hé
thong trén phan mém Matlab cho két qua diéu khién cé chdt heong tot, bén viing khi cé
cdc nhiéu méi truong tac déng lén USV.

T khéa: Dynamic positioning control; Adaptive hierarchical sliding mode control; USV.
1. PAT VAN PE

Dién tich mit nudc chiém khoang 71% dién tich bé mit trén trai dat. Do d6, nhu cau vé cac
phuong tién van chuyén, thi cong xdy dung, ctru hd ciru nan, tham hiém tham do va phuc vu
quan sy v.v. hoat dong trén va dudi mat nudce la rat 16n. Trong nhiing nim gan day, van dé diéu
khién cho cac phuong tién ty hanh trén mat nuge (USV) thu hat dugce rit nhiéu sy quan tdm cua
cac nha khoa hoc. Diéu khién USV 1a mét thach thirc 1on dbi v6i cac nha nghién ciru bai tinh phi
tuyen manh va phirc tap cta ban than tau cling nhu mdi truong hoat dong. Ba c6 mot s6 nghién
ctru vé diéu khién tuyén tinh, phi tuyén dbi véi tau, thuyén va cac huong tién mat nude khong
nguoi i trong cac cong trinh [1, 2]. Trong bai bao [3] da thiét ké bo diéu khién cho USV su
dung phuong phap Backstepping. Bo diéu khién bam theo quy dao dya trén thudt toan Line-of-
Sight dugc trinh bay trong [4]. Phuong phap nay dya trén vi tri hién tai, van tdc cua tau va mot
khoang ngam xéac dinh trudc dé dua ra goc hudng mili tau phi hop dé chuyén dong ciia tau bam
theo mot quy dao xdy dung trude. Thudt toan Line-0f-Sight cling dugc 4p dung trong [5] nhung
véi muc tiéu dleu khién 6n dinh dong cho USV. Tuy nhién, phuong phap nay chi quan tam dén
vi tri va van tdc ciia tau ma khong dé cap dén mo hinh dong luc hoc cua tau. Do vay, thuong phai
két hgp phuong phap nay vdi cac phuong phép diéu khién khac cho mé hinh dong lyc hoc cia
tau dé dua ra tin hiéu diéu khién 14 cac lyc va m6 men tac dong Ién tau. Dleu nay dan dén kho
khin trong viéc ching minh tinh 6n dinh cho toan hé thong. Trong thuc t& USV thuong dugc
thiét ké voi mé hinh thiéu co cau chip hanh khi sb tin hiéu diéu khién it hon sb bac tu do cua tau.
Phuong phap diéu khién truot ting (HSMC, Hierarchical Sliding Mode Control) chimg t6 tinh
hi¢u qua va da dugc ap dung trong dleu khién cac dbi twong phi truyén & tai liéu [6-8]. Trong [9]
chung t6i da dé xuat bd diéu khién 6n dinh dong cho USV, tuy nhién, khi thiét ke bd diéu khién
chua @& cap dén van dé bat dinh ciia md hinh va anh hudng cia cac tac dong tir moi trudng. Dé
giai quyét vin dé trén, ching t6i dé xuit bo diéu khién truot tang thich nghi (AHSMC, Adaptive
Hierarchical Sliding Mode Control) st dung mang no ron nhén tao RBF (Radial Basis Function)
dé x4p xi mo hinh ciing nhu c6 xét dén nhiéu cua mdi truong nhu séng, gié va dong chay tac
dong 1én USV trong yéu cAu diéu khién phuong tién on dinh tai mot vi tri 1am viéc cho trude.
Cac két qua md phéng kiém chung chét lugng bd diéu khién dugc thyc hién trén ph?m mém
Matlab Simulink.

2. MO HINH PONG LUC HQC USV
Theo [1] mé hinh ba bac ty do (surge, sway va yaw) cia USV c6 dang nhu sau:

{ n=3(n) n

Mg+ Cpg (Q)Q =Trp
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trong do: n=[x y t//]T , v=[u v r]T 1a véc to vi tri va van toc ciia tau USV theo cac
phuong X, y va goc; J (77) 1a ma tran chuyén truc tir hé toa d6 gin than toi hé toa do gin véi mit

dat; M rs 1a ma tran quan tinh cuia USV; C, (g) la ma tran Coriolis va lyc hudng tam cua USV.

x,N

»E

Hinh 1. M6 hinh tau SUV.

Toag = Toya + Tns T Tuin +7, la tong véc to luc va mé men tic duyng lén USV;

a T 7

wave
T =—M,0,—C, (v, )v,—D(v, )v, 14 thanh phén luc va md men do dong chay gy ra véi v,
1a van tdc twong ddi cua tau so véi dong chay; M A~ Ma tran hang s khi lugng gia ting; C A"
Ma tran lyc huéng tam 1a Iuc Coriolis do khdi lwong gia ting gy ra; D - Ma tran giam chén va
ma sat tac dong 1€n tau.

Néu gia thiét van téc dong nuéc 1a v, thi v ,=v-v =[u, V r]T thanh phan vén toc

r r

dong chay theo phuong goc bo qua 7,4, 1a thanh phan nhiéu loan tir méi trudng giy ra boi

TW&VG
gi6, song. Nhiéu nay s& khong biét trude dit chung 1a A(Q,Q) va trong bai bao nay sé sir dung
mang no ron RBF dé x4p xi.

Gia thiét thuy dong luc hoc phuong ngang bang 0 nghia 1a 7., =0,

Ta =[z'x 0 7, ]T =[(z‘port +T4y) O (Tpon —rstbd)%]T - Trong 4o, Toorts Tspa VEC 1O luc déy
ctia dong co bén trai va bén phai cta tau, 7, , 7, 14 lyc day tic va mé men tac dong lén USV, B
1a khoang cach giita hai dong co day.

H¢ phuong trinh ddng luc hoc cuia hé duoc viét lai la

{M 7=1(n)v 2

RBQ"'CRB(Q)Q"' N(Qr):T

all

3. THIET KE BQ PIEU KHIEN TRUQT TANG THICH NGHI CHO USV
3.1. B diéu khién trugt ting (HSMC)
Theo [9], dua trén phép bién d6i mé hinh, c6 thé tach hé thdng thiéu co cAu chip hanh thanh
hai hé con: mot hé du co cau chép hanh va mot hé con tu do, cac gia tri 7,,,7, v dua vé dang:
T

T =7 7, O]T,7_7=[X v Y]T,Q=[U rovj.
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Tuong tu doi chd cua hang 2 va hang 3 cia cac ma trén thanh phan J(77), Mgy, Cgg,
C.(v,), D(v,) trong hé (2). Viét lai véc to vi tri va vén tdc, véc to luc ddy dong co cua hé

dudi dang:

7_72[7_71 7_72]T VdiQF[X V/]Tvﬂzzy;Q:[Ql Qz]TVéiglz[u r]Tiuzzv'

T , . T . T ;. T
Q rZ[er Qrz] Vo1 Q n= [ur r] » U r2:Vr’ Tall Z[Z 0] Vo1 Z:[Tx 7’-z] )
Véi n,, v, 1a thanh phan di co ciu chap hanh va 77, , v, 1a thanh phéan thiéu co cdu chap hanh

Néu xét dén cac yéu té nhiéu A(n,g) cua song, gido vao mod hinh thi m6 hinh dong luc hoc

(2) cua hé dugc viét lai:
3

Vector ham bét dinh dugc dinh nghia
E(Q):CRBQ+N(Vr)+A(Q'l_)):[F1 F, FS]T (4)

Hé (3) duoc viét lai thanh:
=Jv

{MRBQ‘_" E(Q_)=Za” (5)

Trudc hét dwa hé (5) vé dang thiéu co cau chap hanh tuong ty nhu da trinh bay o [9]. Dat
100
01 0f

=

F(v)=[F, Fu.| . trongds, F,=[F F,] =T,F(v), F=F =T,F(v) véi le{

T,=[0 0 1] h¢ (5) tr thanh:

7_71 =J30,+J3,0,

Qz =Ju0,+J,0,
M g0+ Mgy, 0, + T, F (Q) =z
Mg 01+ Mg, +T,F (2) =0

(6)

cosy —siny

Trong do, JM:{ 0 0

0 .
, Jp, = L Jy =[siny cosy], J,,=0

m 0 —myj,
Mees, = _my, mxg | Megs, = Lo Mego =[0 M], Mgz, =mxg

z
_mye

- ) m-— X, 0
M :Mn_Mlezz M21! M11: ) M12: |

M, = -Y,
—myg mXG_Nv r:|, “ [0 " V],

—N.
Mzz =MXg _Yr'

Bién di twong tu cac bude trinh bay & [9] hé (5) duogc viét lai dudi dang sau:
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Q.l =Jy0,+d5,0,
v,= fl(x)+g1(x)z
Q.z =J0,+J,0,
= fz(x)+gz(x)l

(7)

Trong do:
X=[n, v, 7, 0,] if(X)=M(-MgEML,T, +T,)E (u);
B (X)="Meaz | T, = MpgouM * (-Megyu Mg T, +T,) |E (0);
9,(X)=M70,(X)=-Mggy, "Mpg,,M .
Pat M, =M™ (~MpgiuMgs, T, +T,)
M, =—Megz, | T, = MegouM 7 (-MegyuMg T, +T,) |
Taco f.(X)=ME(v) va f,(X)=M,F(v).
Nhu da trinh bay trong [9], tin hiéu diéu khién theo phwong phap diéu khién truot tang Ia:
T=Tq + Tont +Teq2 + Tono

= _(/191 +/59, )71 |:ﬁ“ f, + 1, +ﬂ(k1‘]1121+k1‘]1222)+ﬂ(k2‘]2191+k2‘32222)+ k.S +55si gn(§)] (8)
Trong do, S la mat trugt dugc dinh nghia:
S=A4s +fs,, trong do, s.,=ke,+e,,s ,=ke;+e,, €,=7,"7y, €,=0;, €;3=1, Ty,

e ,=v,Vvan,, n, lacacgiatridat cho quy dao.

k =diag(k, k,)eR**k,eRA=diag(4 4)eR** p=[4 ﬂz]T eR™ va
kll’k12'k2'//{1'ﬂ’2’161'ﬁ2 >0
3.2. B diéu khién trwot ting thich nghi (AHSMC) cho USV

Luat diéu khién (8) chi thuc hién dugc khi biét 15 cac tham s cia md hinh nhu nhiing ma
tran Cpq, N(V,) vanhidu A(n,v) cua song, gié. Thuc & vié xac dinh chinh xac céc thdng s6 cua
ma tran nay rat kho khan nhiéu khi khong thé do sai s6 cam bién, anh huong nhiu tic dong tir moi
truong nhu suc gio, dnh huong cua dong chay,... Do vay, bai bao d€ xuat bieu dien cac thanh phan
bat dinh ciia m6 hinh thanh mot véc to ham bat dinh va tim céch xap xi ham bat dinh nay.

Hinh 2. Cdu tric mang no ron RBF dwoc su dung.
Trong mg dung xap xi cic ham phi tuyén, chiing toi sir dung mang no ron huéng tam RBF.
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Theo cac tai liéu [10] thi cac ham phi tuyén tron dap ung cac diéu kién trong dinh 1y Stone-
Weiestrass [11] déu c6 thé xap xi duoc bang mang no ron RBF voi d6 chinh xac tity y. Xu thé
ngay nay, thuong str dung mang no ron huéng tim hai 16p bao gém 16p vao va 16p ra, 16p vao la
nhiing no ron hudng tam, dé tang téc do hoi tu thuong lya chon ) lugng lon, 16p ra 1a cac no ron
tuyén tinh. Do d6, bai bao s& sir dung mang no ron huéng tim RBF hai 16p dé xap xi véc to ham bt
dinh F(v) da dugc dinh nghia ¢ (4)

Cu tric mang no ron RBF ding dé xap xi F(v) nhu hinh 2.

Déu vao la véc to vantoc v=[u v r]eR’

Wll WZl W31
W12 W22 W32 Ix3 1A A A . - - - 2T 3 1A A
W=| . . 2 1€eR™ la ma tran trong so, véc to F =[F1 F, FJ e R’ la dau ra
Wll W2| W3|
. 5 A 5 . A A U I .
uéc lugng cua F(v). Paura cia 16p vao 1a h=[h h, ... h] eR', véi céc h, dugc xac

dinh nhu sau:
2 2
V-G ' L -G .
nzem)—L;gﬁ— z}ma—w';J|,v&|:Lz_J (9)
b i=1 bj
Néu goi W 14 b6 trong sb tbi wu clia mang no ron thoa man F (Q) =W'h+¢& v6i gl sai sb
Xap xi va W 14 udce luong cia W thoa man F =V\7Th . Ttr déy, ta c6 sai s6 trong s6 W =W -W.
Thiét ké bo diéu khién trugt ting nhu trinh bay trong [9]. Chi khac thay biéu thic f.(X),

f,(X) 1a hai biéu thirc phy thuc vao ham bat dinh F vao ta duoc tin hiéu diéu khién:
-1 A A
EZ_(igl"'ﬂgz) I:)“MlE*'IBMzE]

_(/191 + 9, )71 [ﬂ“(kl"]llgl—i_kl‘]lzg 2) + ﬁ(kz‘]2121+k2‘]2222 ) +k.S +0si gn(g)]
Phat biéu dinh ly va chiing minh tinh 6n dinh cua hé kin.
Dinh Iy: Hé thong diéu khién kin bao gom ddi twong diéu khién (7) va bo diéu khién (10) véi
thanh phan bat dinh F (Q) (4) duoc x4p xi bang mang no ron hudng tam co luat cap nhat:

(10)

W:r[n.gT (AM, + M) - a||S| W | (11)
Trong d6, T' 1a ma tran dbi ximg x4c dinh duong, va théa man diéu kién

2
Is| > (e +a| W] /4) " (W], 1a chuan Frobenius ciia W ).

voi gy =[(AM, + M, )£ (12)
a 13 hing s6 dwong; A 12 gia tri riéng nho nhit ctia ma trin dudng chéo k thi hé kin én dinh
Lyapunov.

Chirng minh:
Viét lai biéu thirc dao ham mit truot dugc dinh nghia trong muc 3.1.
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S = [ﬁ“(kl‘]llgl_'_kl‘]lZQZ_'_ f +0,7) + B(KyJ,00, K, 30, + F, + gzZ)] (13)
Thay biéu thac caa f, va f, vao (13) thu dugc
S = [ﬂ(k13111_)1+k131222+M1E +0,7) + B(K, I 0, +K,J 0, + M, F + gzZ)] (14)
Thay (10) vao (14) rat gon thu dugc:
$ =—ks —5sign(8) +(AM, + M, )(E —F )

S =—kS —5sign(8) +(AM, + BM, )(W' —=W" )h+ (M, + M, ) (15)
Chon ham Lyapunov cho h¢ nhu sau:
v=1srs +1tr(\7vTr-1\7v) (16)
2 2
Pao ham ham V theo thoi gian:
v =§T§+tr(WTF’W) A7)

Str dung (15) va tin hiéu diéu khién trong (10) qua mot vai phép bién doi (17) tré thanh:
V =—kS'S —5STsign(S)+S" (AM, + M, )£ +S" (AM, +ﬂM2)\7VTh+tr(V\7TF’1\A7)
— k"S- 65"sign(S)+ ST (AM, +ﬂM2)§+tr{VVT [ng (M, +/3M2)_r1v‘v}} (18)
Thé (11) vao (18) tro thanh:
V =—k8"S - 587sign(8)+ ST (AM, + AM, )£ + a[S|tr (W' (W-W)) (19)
Str dung bét ddng thirc Cauchy — Schawrz c¢6 dang nhu sau:
tr(W (W =W))< [w - W] <[] pwi, -]
Taco: V <—kS'S - 687sign(8) + 7 (AM, + M, ) + a8 W] W/ -],
Str dung diéu kién (12) ta co:

o Y W,
v <-05"sign(s)- s ], -0, | —ngn[zmm Is] -6 e

[w )
T ~ 1 2 bnra 4 "VV"F
<557 sign(5) - all ], ~ WL, | ~I8l] Ay —— -5, -l

min

. 1 2
<57 sign(s) -1}, ~ 30, | <0 (20
Nhu véy theo tiéu chudn 6n dinh Lyapunov hé théng trén 6n dinh.
4. KET QUA MO PHONG

Dé kiém chimg tinh ding dan cia bo diéu khién truot ting thich nghi dé xuit & trén, bai bao
thuc hién mo6 phong, so sanh chat luong diéu khién ctia b di€u khién truot tang thich nghi va b
diéu khién truot tang voi thong s6 mo hinh tau dugc sir dung theo tai liéu [1]. Cac tham so duoc
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cua

bo

diéu khién la:

A =diag(100,100),

p=[48 160],

k =diag(0.1,0.1),

k, =diag(0.5,0.5), k, =10. Mang no ron RBF m¢t 16p an 50 nit, van téc cia dong nude 1a ham
thoi gian v ,=[0.8sin(0.7t) 0.2sin(0.5t) 0] (m/s)

Véi vi tri dat mong mubn theo phuong x 12 3 (m), vi tri dat mong mudn theo phuong y la 2
(m), gia tri dat goc dieu hudng 1a 0 (rad).

Truong hop khong c6 nhidu song, gi6 tac dong:

Van téc phuong x(m/s)

35

3

o o
o Z o p o
= N w

o
o
5}

-0.0!

= HSMC
.25 1 AHSMC
. \
1
\
~

(a)

y/

25 = HSMC ||
= m— AHSMC
2 2 1
)
2
£ 15
=
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(b)

25
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=15 8
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Hinh 3. Vi tri ciia tau trwong hop khéng nhiéu song, gié tac dong.

(a)

a

o

0

5

20 40 60

Thoi gian(s)

80 100

(b)

05 -
— ‘HSMC
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Q
£ 03f]
>
2
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2
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o
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Van téc géc quay quanh truc z(rad/s)

o

o

IR

<}
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o~

(c)

—-_——

=3
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Hinh 4. Vin toc ciia tau trirong hop khéng nhiéu séng, gié tac dong.

X 2 3 . i
Trudng hop cé nhiéu tic dong A(r_;,g) = [2|u| +0.05 |r[" +sin(v) 0]

(a)

®)

35 0.1
3
—~ = 'HSMC | E g5
E25 m—AHSMC| %
x i<
2 2 s T N == =N
g 2 o
Q
£15 £ '
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d e;
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¢ | 2 A =
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Vi tri phwong y(m)

Sai l&ch vi tri ctia goc(rad)

(c)
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Hinh 5. Vi tri va sai léch vi tri cia tau trieong hop c6 nhiéu séng, gié tac dong.
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(@)

0.3 u (c)
3 -
@ & 02 N 0.05
£ a o
X 02 E E r
X = o015 = | a4
c =) c 0 —
8015 5 g
2 5 01 o I
Y s g 0.05 ! 1
8 1 o ER
*E 01 S 0.05 o |l
< \ & S .
0.05 > o -0.1
[\ 0 B 1
c
0 2\ A < "
-0.05 > .0.15
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Thoi gian(s) Thoi gian(s) Thoi gian(s)

Hinh 6. Vin toc ciia tau triong hop cé nhiéu song, gié tic dong.

Nhu vay, dua vao két qua mo phong ching ta thay, bo diéu khién truot tang thich nghi AHSMC
cho chét luong diéu khién tt khi gia tri mo phong bam sat v6i gia tri dat mong mudn voi thoi gian
xac 1ap khoang 25 s, sai léch nho (hinh 3 a, b, ¢).

Véi ca hai truong hop c6 nhidu séng, gi6 tac dong va khong cé thi bo diéu khién AHSMC (dd
thi dudng nét lién) déu cho chit lwong t6t hon b HSMC thuén tiy (d6 thi duong nét dirt) khi co
sai 1éch nho hon va do qua diéu chinh nhé hon (hinh 5 4, e, ).

5. KET LUAN

Thuat toan diéu khién truot tang thich nghi 12 mot budc phat trién cua thuat toan truot tang
dung diéu khién 6n dinh dong cho USV, céc két qua chirng minh va mé phong trong bai béo thé
hién rd wu diém cua truot ting thich nghi trong trudng hop 1y tuéng ciing nhu trong trudng hop
c6 nhidu ngoai tac dong. Trong cac nghién cuu tiép theo, ching t6i s& &p dung thuat toan cho cac
mod hinh USV khac nhau dé tiép tuc kiém ching phat trién thuat toan.
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ABSTRACT

DESIGNING STATION KEEPING CONTROLLER
FOR UNDERACTUATED UNMANNED SURFACE VEHICLE

This paper proposed Dynamic Stability Controller for the USV (Unmanned Surface
Vehicle) with a model lacking an actuator. The controller was designed based on the
Hierarchical Sliding mode method, the artificial neural network is used for approximation
when we consider the problem that the model of the system is changed as well as the
uncertainties disturbance affecting during operation. The stability of the controller is
proven based on the method of Lyapunov function and the simulation of the system on
Matlab software gives good and stable control results when there are environmental
disturbances affecting the USV.

Keywords: Dynamic positioning control; Adaptive hierarchical sliding mode control; USV.
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