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T6m tit - Hién nay, linh vue diéu khién tu dong ngay
cang phat trién manh mé, cac by diéu khién dwoc ché
tao dé diéu khién nhiéu déi twong khac nhau. Yéu cau
thuc té dit ra 1a diéu khién cac hé théng déng luc rit
phiic tap, trong diéu kién hé sé bit dinh cang ting, cin
c6 b diéu khién chét lwgng cao hon,... Do d6, bd diéu
khién c6 thuat toan thich wng dé dap @ng thuc té. Véi
bd diéu khién sir dung mang noron - mo da tao ra mat
hwéng phat trién méi trong linh vuc thiét ké hé théng
diéu khién. B diéu khién mang noron - mo dwoc thiét
ké dé giir cho h¢ théng lai tw dong cia tau hoat dong on
dinh. Chang c6 thé dwoc thiét ké véi chat lwong hé
théng nhit dinh véi dd chinh xéc tly y va cong viéc cia
chiing dwa trén cac nguyén tic tw duy ciia con ngudi.

Keywords—Tau thiy, diéu khién tau thizy, mgng
noron — ma, diéu khién thich nghi, nhiéu séng bién.

1. POI TUONG DPIEU KHIEN

U (tu 1)

v X
Lic ngang (roll)

Hinh 1: M6 hinh tau va hé truc.

Déi vai tau thay chuyén dong thuong duoc gidi
han trong 04 bac tu do: Truot doc, trot ngang, quay
tré (husng), lic ngang. Xét mo hinh toan phi tuyén
cua tau theo cac truc X,Y quay tro (hudng), lic
ngang duoc trinh bay béi Son va Nomoto [1]-[3].
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(m+m)u—(m+m )vr=X +7,
(Mm+m )v—(m+m)ur+mea f-ml p=Y+rz,
(L+3)p-mlyv-mlur=K-WGM, ¢+,

(I, +3)F+maVv=N-XY +7,

Céc |n1.IC, m6é men (moment) thuy dong va phucj hoi
duoc thé hién nhu sau:
X =X U)+@-t)T + X, vr+ X V2 + X 1+ X o+
+Cgpy Fy SINS
Y =Y VY r+Y, p+Y, 0+ Y, VY r*+Y, v+

2 2
+Y,, . Vvr +YW¢7V ¢)+YVW

V(/)2 +YWI’2¢)+
+Y,,,rp’ +(1+a,)F, coss

K=KV+Kr+K p+K o+K, vV +K r’+K, vr+

e+

2 2 2
+K, e+ K, Vo + K, vo© +K

+K

rop

3 3
N=NV+Nr+Np+Ne+N_ Vv +N_ r +

Voo o

ro’ +(1+a,)z.F, coss
+ Ny V2r + N, vr? + N, Vo + N, v’ +
+N

re

Vop

r’p+N, ro° + (X, +a,x,)F, coss

rpp
Trong d6 X () la van toc phu thudc vao hé sé can
X (Uu) = X, |u|u. Luc banh I4i c6 thé dugc mé ta:

[uu

6135 A
N s+225 12

Up = U, &4/1+8KK, / (737)

(U2 +VZ)sinag

an =0 +tan~(vy +uy)

3 2
Vg =yV+Cg I +Cq I +Cp TV

Rrrr
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O day: Nhu vay chuyén dong cua tau thuy theo hudng
] uu Y, durgc mo ta tong quat bai hé phuong trinh:
- nD 1Oo=AL)L+G+1
u, :cosv[(l—wp)+r{(v+ xpr)2+cpvv+cprr}] n=J3(@mv ©)
You =V

e n: Toéc do quay chan vit (vong/phat);
¢ D : buong kich chén vit;
e A : Dién tich banh lai;

Céc h¢ s phuong trinh (3) duoc tinh toan phu
thudc vao théng sb thuc té cua ting loai tu, mo ta
day du md hinh toan cho tau thiy trong mé phong va

e 5 : Goc quay banh lai; didu khién trong diu kién chwa xét dén cac nhidu moi
e L : Chiéu dai than tau. truong nhu song, gié va dong chay:
Tur céc diéu kién trén, co thé thiét 1ap phuong trinh Cox Fy SINS
chuyén dong cua tau dudi dang: (1+a,)F, coss
. T =
lo=AL)+G+7 1) (1+a,)z;F, cosd
Trong do: (X +a, %, )F, cosd
T
v=[u v r . o .
[ P ] Il. PHUONG TRINH CHUYEN BDONG CUA TAU
m-+m, 0 0 0 THUY KHI CO XET DEN CAC NHIEU LOAN
- 0 m+m, -ml ~ mea, Khi xét dén nhiéu moi truong gom gio, séng va
0 —m,, 1 +J, 0 dong chay dai duwong, hé phuong trinh (3) duoc viét
0 -ma, 0 I,+],| nhusaw
X_u X_v 10=A(vy)vy +G+7+d
1=J(n)v 4
Ao 0 Y, Y WY, Vo +Y,, 00 ;7 _ 517) ()
0 K,+K,wW+ Kwo V@ + K, 00 _ out
0 N, +N,wW+N, vo+N, 00 V.
T.
0 X, V4 X, r=(m+m)v O=0=0, =[Uyg, Vg, P, 1T
Y, Yo +Y e +Y, WY, vr—(m+m)u v, =[u,,V,,0,0]" : Van téc dong chay ddi véi hé
K, K +K,rm+K, w+K, vr-mlu toa do gan lién;
N, N, + N, rr+N,w+N,vr d =7 + 74 - NDiéu gi6 va song.
I L-OT)+X,,0° | I1I. SU ANH HUONG CUA DONG CHAY DAI
Y.o+Y. rPp+Y. rg’ DUONG POI VOI CHUYEN PONG
G= S — CUA TAU THUY
Koo+ K, Vo  +K ro+K  ro"-WGMe )
N,g+ Nrer(D + Nrwr(/’z Van toc dong chayV, dugc phan tich thanh cac
I . . thanh phan uZ,vS thudc hé toa do cb dinh tam Tréi
Chuyén dong cuia tau dugc mo ta trong hé toa do j ; - )
cb dinh tAm Trai Dat dugc gidi han 04 bac tu do: bat trong mét phang ngang thong qua géc 5.
n=J(@mv @) uf =V.cosp
Trong do: £~V sin B
T C Cc
n=[xy ¢ v] Van téc dong chay ddi véi hé toa d6 gan lién trong
cosy -—siny 0 O mat phing ngang dwoc ky hiéu v, =[u_,v,,0,0]",
I(n) = siny cosy 00 trong d6, U_,V, la céc thanh phan van téc dong chay
0 0 1 0 )
theo cac truc X,,Y, .
0 0 0 cose
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M&bi quan hé giita van téc dong chay trong hé toa
d6 gan lién va hé toa do dia Iy dugc mo ta thong qua

goc huongy .
UC
VC

Véi: J(y) = {

Ta co:

E

u
|-
VC
cosy  siny
—siny  cosy

|
|

u, =V.cos(f—v)
v, =V, sin(f-y)
Van téc twong doi:
.
Vg =V—V, = [utd Vigr Py r]
IV. SU ANH HUONG CUA GIO POI VOI
CHUYEN PONG CUA TAU THUY
M6 men (moment) va luc tac dong cua gio ddi voi
tau thuy thuong duge xac dinh bai cac thanh phan van
tc gio Vi (hai Iy) va goc 7, (do) [1].

1
Ecx (J/R)pwVRZAT

1
Ygic’) = ECY (7R)pwVR2AL

Xgié =

1
i = ECN (7R)pwVR’2ALL

N

9
Trong do:
e C,,C, : Cac he sb lyc;
e C,, : H¢ s6 md men;
e p,,: Mat do khdng khi (kg/m?);

o A Bé mat theo phurong ngang va phuong doc
than tau (m2);
e L chiéeu dai than tau.
Véc to (vector) md men va luc tdc dong cua gio
doi vai tau thay:
T

Tgi6 :[Xgié Ygié Ngié
V. SU ANH HUONG CUA SONG BIEN DOI VOI
CHUYEN PONG CUA TAU THUY
Gio tao ra song thuong duoc trinh bay 13 téng mot
s6 lwong Ion cac song thanh phan. Cuong do séng A;
ctia song thanh phan i lién quan dén ham mat do phé
song S(@). Mb hinh phdé PM duoc xay dung vao

nam 1978:
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-167°
T 4a)4

1 7°H?2
S W) =— S mZS
(w) 1T )(m?s)

exp(

Vi T, : Hé s6 phu thugc vao mirc séng trung binh.

Tuyén tinh hda mé hinh séng bién PM c6 thé viét
ngd ra y(s) tir md hinh séng la y(s) = h(s)w(s).

Trong do:

@(S) : Nhiéu trang Gaussian c6 muc trung binh
bang 0 véi nang lugng phé p,,, (@) =1;

h(s) : Ham truyén d¢ nghi [1]:

K,S

$° +2EwyS + &

h(s) =

Vi hang s6 do loi K, dugce dinh nghia:
K, =2¢0,0,;

e 0, : Hang s6 mo ta cuong do song (m);

o ¢ : Hé s6 ma sét;

e @, tan s6 troi (rad/s).

M6 hinh s6ng bién cp ba véi cac thong sb ¢ ; @,
(rad/s); o, = 0.5(m) dugc md phéng nhu sau:

M0 hinh lyc va mo men ddi véi nhidu song bién

theo [1]:

N
X i (€)= 3 pGBLTCOSS3S; (1)
i=1
N

Yséng (t) = - _prLT Sinﬂsi (t)
N1
Nug () = X2 09BL(L ~ B?)sin 2557 (1)
i=1
Trong do:

e [3: Gobc gitta hudng tau va phuong song;

e g: Gia toc trong trudng (m/s?);

o P Mat do nudc;

e 5, () : Do nghiéng suon séng thi i;

e L : Chiéu dai than tau theo bé mit wot;

e B : Bé rong tau theo bé mit uét;

e T : Mén nudc tau.

Véc to md men va lyc tac dong ciia song bién ddi
véi tau thay:

T
Tséng = I:X song Yséng Ns()ng ]
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VI. THIET KE BO PIEU KHIEN MANG NORON
MO THICH NGHI TRUC TIEP CHO TAU THUY
04 BAC TU DO

Cho hé théng:
X(t) = Ax(t) + Bu(t) (5)

Co diéu kién dau x(0) = X,

Odiy xeR",ueR , AeR™, BeR™.

Gia sir A 1a ma tran Hurwitz va u(t) € L,,, cho
a, va A, lacachangsé duong, § €[0,5,] trong do
0< 3, <2a, thoa || e |l< 4,677,

Taco:

[ Bl 4

IX(E) 11 Age ™ NI %o |1+
° ° 20, -0

[l [z

Trong d6 gia tri ||U, ||,5 duoc tinh theo cong
thuc:

t
1, llos= (U (2)u(r)d )"
0

Dinh nghia:
_ . (n-1)qT
Yr _[yr’yr""’yr ]
Saisobam: e=Y, —x, €=Y, —X. Véi é va %
1a w6c lwgng cua e va x.
_ . (n-1) T _ T
e=[e,&,...e ",...1 =[e,&,,...e,]
Néucacham f (x) vag (x) dabiétvakhongco

nhiéu ngoai d, theo tiéu chuan Lyapunov va dua trén
tiép can twong duong, luat didu khién:
u' =g =) +y” +Ki€] (6)

voi K, =[KE K, . KS T 18 vée to do loi
hdi tiép.

Chon K, sao cho A =A —-BK/] thoa
Hurwitz.

Bai vi hé thong (5) chi c6 ngd ray c6 thé do luong,
cac ham f, (X) va g,;(x) chua biét nén luat diéu

khién (6) khong thé thyuc hién. Luat diéu khién duoc
dé nghi:

Uu=u, +v (7)
Véi U, xap xi luat diéu khién (7), v la thanh phan

dé khir nhidu ngoai va sai sé mo hinh. Ta c6:

Y —e=A(Y. —e)+B[f(x)+g(X)u; +g(x)v+d]
é=Ae-BK/é+B[-f(x)+y™ +K]é~
—g(x)u; —g(x)v—d]+Y, —AY, —By"
e =C'e
Hay:
é=Ae-BKé+B[g(x)u —g(X)u, —g(x)v—d]
e, =C'e
Vén dé dat ra la thiét ké bo quan sét trang thai dé

udc lugng trang thai véc to e, bo quan sat trang thai
duoc trinh bay:

€=Aé-BKJE+K,(e,—€)
A Ta
g =Ceée
Trong do: K, =[K?, Kg ,...,K,? ] 1a véc to do
loi bo quan sat trang thai dwugc chon sao cho
A —K,C' théa Hurwitz. Sai s6 bo quan sat duoc
dinh nghia: € =e—6 va € =€, — €,
Khi do, ta co:
e =(A-K,)e+B[g(x)u” - g(x)u; —g(x)v-d]

.
,=C'e

M

Dé xap xi luat diéu khién (7), tic tinh u, . Giai
thuat d& nghi sir dung cdu tric cua mot bo xap xi
noron-mgo. Cau hinh co ban caa hé logic mo gom c6
mot s6 luat néu - thi va co ché suy luan mo. Luat néu
—thi thiri (v6i i =1+ h) duoc viét:

Ri:Néue 1a A va..vae laA thiu, laB'

Trong d6: A, A),..., Al va B' Ia cac tap mo.
B xap xi ham noron-mg singleton ¢6 bén 1op: Tai
I6p 1, nit 1a cac ngd vao, dai dién véc to ngon ngir
dén €=1[6,,6,,....8,1". Tai I6p 2, céc nit thé hign
gi tri ham thanh vién cua tong sb cac bién ngdn ngi.
Mai nut caa I6p 2 thuc hién gia tri ham thanh vién.
Tai 16p 3, cac nlt la gia tri cua véc to co s6 Mo @ .
Tai l6p 4, ngd ra dai dién gia tri cia ngd ra mang U
. Lién két gitra 16p 3 va 1p 4 dugc ndi day di boi véc
to trong s6 @=[u,u?,..u™]" , cac thong sb

nay c6 thé diéu chinh dugc.
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e Budc 1: Bang phép thir sai véc to do loi hdi tiép
va bd quan sat K¢, Ko dugc chon:

Ky =[28;44]; K] =[24;4]
e Buge 2: CAc thdng s6 ciia thanh phan b trir sai
s6 dugc chon p, =05, & =0.02. Cac hé s cua

lut thich nghi dugc chon 7, =0.01;. Bo loc L™(s)

dugc chon L7(s) = L :
s+4
¢ Budc 3: Xay dung bo quan sat trong xac dinh véc
to sai s6 uéc luong.
 Buoc 4: Xay dung céac luat mo cho €, (t). Tu

luat diéu khién thich nghi truc tiép cho hé thng lai tu
dong tau thuy. Bé don gian va giam khéi lwong tinh
toan nhung khong mat tinh tong quat, nhom tac gia
dung véc to co s& md cho ca hai mang noron. Véi cac
ham lién thudc cua véc to co s mo dugc chon:

. e, +0.5 ?
ﬂA}(e,-)ZEXp =3 06

8V
ﬂAJa(éj):eXp _5( ] j

0.6
A §,-025Y’
ﬂA?(ej)ZEXp -3 ~ 06
) §,-05Y’
ﬂAJs(ej)ZeXp -5 06

Tinh cac véc to co s6 mo @(€)

A €, +5 ?
s (6) = expl —5

0.6

) 6, +25)
/UAJz(ej):eXp -5 ———

VII. MO PHONG HE THONG PIEU KHIEN TAU
THUY 4 BAC TU DO DUNG
MATLAB-SIMULINK

M®d hinh tau 04 bac tu do sir dung trong Matlab-

R 2 . .
X ; é,+0.25 Simulink.
6 )=exp| -5 ———
:LIAJZ( J) p 0.6
@ » | PD_container o
Model of 4DOF ship Integrator

xo

Hinh 2. M6 hinh tau 04 bac tu do.

¥

El_nea v

Matrizx
Multiply]

o
E1_nga
El_nga
n  phi—{phi theta_ui_dot
theta_ui
theta_u1_dot
e_hat .
= epsilon
(2wl ou1 >
theta_uZ_dot

Hinh 3. M6 hinh bo diéu khién mang noron-me thich nghi truc tiép.

Két qua md phéng
e Truong hop 1

Khi chua c6 nhidu séng bién tac dong. M6 phong Simulink dau vao 1a ham bac thang, van téc tau v = 7m/s.
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Hinh 4. Dic tinh tracking véi hé thdng diéu khién mang noron-ma thich nghi tryc tiép.

Nhan xét: Khi dau vao 1a ham bac thang, van téc
tau 1a 7m/s dap tng dau ra luén bam theo hudéng dat
truc cua tau, do vot 16 cho phép phi hop véi thuc té.

e Truong hop 2:
Khi tau c6 nhiéu séng bién tac dong cap chin.
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Hinh 5. Dic tinh tracking véi hé thong diéu khién mang no ron-ma thich nghi tryuc tiép cé nhiéu.

Nhan xét: Khi c6 nhiéu tac dong anh hudng cua
nhidu déi véi chuyén dong va huong di 1a nho. Tuy
nhién, khi séng bién cip do cao, dap ung cua hé thong
van giit dugc huéng di dit trugc nhung bién do thay
dbi nhiéu 1am anh huong dén vét di cua tau va tinh
kinh té khi khai théc.

VIII. KET LUAN

Két qua md phong & ca hai truong hop c6 nhidu va
khong nhidu cho thay bo diéu khién mé hinh tau 04
bac ty do ¢6 thé 6n dinh hudng di so v6i hudng di cho
truge trong khoang thoi gian thuc té. Uu diém néi bat
ctia bo diéu khién Ia khi c6 sy thay ddi v& van téc hay
c6 tac dong cua nhidu tau van giir hudng di on dinh
S0 v&i hudng di dit trudc.
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