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MO DAU

1. Tinh cép thiét cia van dé nghién ctru

Tau thuy 13 di twong diéu khién c6 tinh phi tuyén 16n (phi tuyén bac cao)
chuyén dong trong méi truong phirc tap, chiu su tic dong cua nhidu 13 ngiu
nhién: Song, gio, dong chay...diéu ndy c6 anh hudng 16n dén chat lugng diéu
khién huéng di, quy dao cta tau.

Nghién ctru mé hinh toan tau thuy ta thdy mo hinh toan cua dbi tuong co
nhiéu bién trang thai nhiéu va thuong xuyén co sy thay doi vé cdu trac ciia mod
hinh déi twong khong thé du bao do anh hudng cta nhidu ngau nhién, xét vé tinh
chat dong hoc cua d6i tuong thi ddi tugng thuong cé tinh chat dong hoc khdng
t6t: DO dy trir 6n dinh thap, qua trinh dao dong, thoi gian qua do dai, [16]...

Viéc thiét ké mot bo diéu khién dé diéu khién chuyén dong tau thuy dam
bao chit lwong mong mudn 14 bai toan gip nhiéu kho khin, nhat 13 nhimg bai
toan ma ¢ d6 can phai xac dinh rd mo hinh ddi tuong hay phai biét duoc cac
bién trang thai cua ddi tuong... Cac bai toan vé diéu khién chuyén dong tau thuy
kha da dang tir nhiing bai toan sir dung diéu khién kinh dién nhu PID dén nhiing
bai toan diéu khién hién dai stir dung md hay noron hay bai toan img dung thuyét
diéu khién phi tuyén. Tuy nhién mdi bai toan dua ra ap dung déu cé nhiing uu
diém, nhugc diém. Dbi voi bai toan st dung bo diéu khién PID c¢6 uvu diém la
ciu trac don gian, dé thyc hién nhung chét lugng diéu khién chua cao va c6 thé
lam cho d6i tugng diéu khién (tau thuy) mat 6n dinh. Bai toan 4p dung bd diéu
khién mo hay noron véi uu diém 1a khong can phai xac dinh mo hinh toan chinh
xac ctua doi tuong diéu khién, viéc 6n dinh huong di dugc nang cao (sai I¢ch
huéng di nho), tuy nhién nhuoc diém cho bai toan nay 1a khéng quan tdm nhiéu
dén chit luong dong hoc va tinh tdi wu nang lugong diéu khién.

Trong khudn khd dé tai nay Téac gia dé cap dén bai toan két hop giira viéc
nang cao chét luong dong hoc va 6n dinh hudng di (giam thiéu, loai bo anh
huéng cua nhiéu), tac 13 xdy dung bai toan c6 sy két hop bo quan sat khang
nhiéu va bd diéu khién t6i uu cho diéu khién chuyén dong tau thiy & ché d6 o6n
dinh hudng di.

2. Tong quan vé tinh hinh nghién ciru thudc linh vue dé tai

Tong hop nhitng bai toan nghién ctu vé diéu khién chuyén dong tau thuy
cho thdy muc tiéu diéu khién chinh cta cac bai toan (gia sir trong bai toan diéu
khién 6n dinh theo hudéng va quy dao) 1a dam bao tau ludn 6n dinh theo hudng
va quy dao di cho trudc, chua dat nhiéu muc tiéu dén van dé khi 6n dinh huong



va quy dao nhu vdy thi chat lugng dong hoc cua hé thong (qua trinh quéa do, thoi
gian qua do, do du trir on dinh...) nhu thé nao.

Nang lugng bo ra diéu khién 1a nhiéu hay it va di tdi wu hay chua, nhat 1a
trong diéu kién khai thac tau thay hién nay thi van dé tiét kiém ning lugng ngay
cang dugc quan tam.

3. Muc tiéu, d6i twong, pham vi nghién ciru
* Muc tiéu ciia dé tdi

Muc dich cia d& tai 13 xay dung bo diéu khién t6i wu két hop voi bd quan
sat khang nhiéu & ché do 6n dinh hudng di cho tau thuy

Giam thiéu anh hudéng cta nhiéu tac dong lam sai léch huéng di, nang cao
chét luong dong hoc cho hé¢ théng, lam cho hé théng 6 chat lugng dong hoc tbt
hon (sy dao dong nho, rut ngén thot gian qua do, do du trir on dinh cao...).

* Doi twong, pham vi

Péi tuong nghién ciru 1a tau thay dua trén cau tric va mo hinh toan

Trén co sé mo hinh toan cta dbi tuong, phan tich danh gia anh hudéng cua
nhiéu va cac phuong phap khang nhiéu.

Két hop xay dung bd quan sat khang nhidu voi bo diéu khién tbi wu trong
ché d6 diéu khién giit huéng tau thiy, md phong dic tinh trang thai khi diéu
khién huéng

4. Phwong phap nghién ctru, két ciu ciia cong trinh nghién ciru

Nghién ctru phan tich mé hinh toan, mé hinh khong trang thai mé ta chuyén
dong tau thuy

Phan tich 4nh huong cua nhiéu va cac phuong phap khang nhiéu

X4y dung m6 hinh todn bo quan sat khang nhiéu

Nghién ctru xay dung bai toan diéu khién t6i uu phan hdi dau ra

M6 phong so sanh két qua

5. Két qua dat dwoc cia dé tai

Nghién ctru, phan tich dugc md hinh todn, mdé hinh khong gian trang thai
chuyén dong tau thily va mé hinh toan hé truyén dong lai

Nghién ctru phéan tich duoc cac phuong phap giam thiéu anh hudng cia
nhiéu téi hudéng di

Co sO bai toan sir dung bd quan sat trang thai Kalman trong hé thong 14i,
tmg dung moé phong bd diéu khién tdi wu v6i bd quan sat Kalman. Phan tich
danh gia chat lugng diéu khién hudng di khi sir dung bo diéu khién trugt véi
quan sat trang thai.



CHUONG 1. MO HINH TOAN CHUYEN PONG TAU THUY

1.1 Pong luc hoc chuyén dong tau thiy

Tau thuy la ddi tuong hoat dong dudi nudc, moi truong hoat dong phirc tap,
chiu sy tac dong cia cac yéu t6 ngiu nhién, nhu: Séng, gi6, dong chay. Pong
luc hoc tau thuy dugc ap dung bdi dinh luat Newton trong do6 coi tau thiy nhu
mot vat rin chuyén dong trong méi truong chit 1ong va chuyén dong cua tau
thity ¢ 6 bac ty do DOF (Degress Of Freedom) [21, 31]. Céac thanh phan
chuyén dong theo hinh 1.1 bao gém: Trugt doc, trugt ngang, truot dung, lac
ngang, lic doc, do léch hudng di.

Inertial Frame

Pitch
q, _‘l_{

Sway
Yo, v, Y

Body-fixed frame

Heave
zo. W, 24

Hinh 1.1. Thanh phan chuyén dong, tham sé dong hoc ciia chuyén déng tau thity
Céc thanh phan chuyén dong va tham sé dong hoc mé ta chi tiét theo bang 1.1.



Bang 1.1. Thanh phan chuyén dong va tham sé déng hoc ciia tau thiy [17]

Tham s6 dong hoc

— ] Vi tri Toc dp
TT Chuyén dong chinh . .
A Ky fo. | KY
Tén goi o Téngoi | -
hi¢u hi¢u
Su dich .
. Tdc do
chuyén theo ,
N dich
Truot doc - Surge chiéu doc .
1 P . Xo chuyén u
(Chuyén dong theo truc X) (chuyén "
o theo chiéu
dong tinh
,; doc
tién)
Su dich Toc do
5 Truot dung - Heave chuyén . dich W
(Chuyén dong theo truc Z) thang dtng ° chuyén
(46 chim) thang ding
Toc dd
3 Truot ngang - Sway Su léch dich
, . %
(Chuyén dong theo truc Y) ngang Yo chuyén
ngang
, , Van toc
Lac ngang — Roll Goc lac L
4 ¢ goccualac| p
(Quanh tryc X) ngang
ngang
, ) Van toc
Lac doc — Pitch . .
S) Goéc lac doc 0 goc lac q
(Quanh truc Y)
doc
. Van toc
Quay tr¢ - Yaw L . .
6 Goc 1éch lai v goc quay r
(Quanh tryc Z) 7
ro

Trong d6: Oxyz - Hé toa do trai dat : NED (North East Down) hay Inertial Frame.
OpXpYpZp - HE toa do ga‘in vo1 vi tri tau trong do trong tam cua tau
tring vé6i goc toa d6 : BODY hay body - Fixed Frame

1.2 Phuwong trinh todn mé ti chuyén déng tau thuy cé 6 bdc tw do.

Chuyén dong can bang tau thuy & moi vi tri duoc thé hién theo (1.1) [21].




M.v+C(V)V+ DWW +g(n) =1 (1.1)
Trong do:
N - Vecto vi tri, dé dinh hudéng véi hé qui chiéu Trai dat (n-frame) va duogc xac

dinh gdm cac thanh phan nhu sau:

T T T
n=[nlm | L m=[xy2]  m=[4.0,0]
V - Vecto van toc hudng, van tdc gbc trong h¢ toa do ¢ dinh (body fix), duogc

xé4c dinh bang:

v =biail Vl:[u’V’W]T ’ v2=[p q.r T
Moi quan hé giita V va 77 dugc md ta theo (1.2):
77=3@)Vv (1.2)
Trong d6: J (1)) - Ma tran bién d6i phu thudc vao cac goc Euler (¢, 0, y) va c6
dang [21].

J(U):[Jl(¢’9’¢) 03X3 } (13)

O J,(4,0,9)
Véi:
c(p)e(@)  —s(@)c(P)+c(@)s(@)s(g)  s()s(4) +c(p)c(P)s(6)
J.(#,6,9) =| s(p)c(6) c(p)c(d) +s(p)s(@)s(9)  —c(p)s(d) +s(p)c(#)s(0) | (1.4)

-s(0) c(0)s(¢) c(0)c(¢)
1 —s()1(0) c(H)t(o)
va J,(4,0,9)=|0 c(¢) —s(#) (1.5)
0 s(#)/c(9) c(¢)/c(0)

Trong do6: s(.) = sin(.), ¢(.)=cos(.) va t(.)=tan(.)
Ma trdn quan tinh - M, xéc dinh theo cong thtc:
M = Mgg + Ma
Trong do: Mgg - Ma tran quan tinh do ban than tau sinh ra (coi dong luc hoc tau

thuy nhu 1a dong luc hoc cua vat re"ln), dugc tinh theo cong thic (1.6) [21].



Trong d6: m - Khéi luong cia tau.

lyx, 122 - MOmen quan tinh vé céac truc xqva zo.

mz, O -mx; I
-my, mx; 0 —1

XX 7y

XG, Y6, Zg - Toa d0 trong tam cua tau

u, v - Toc d6 va d6 dat ngang cua tau

(1.6)

Ma - Ma tran quan tinh gia ting khoi luong (Added mass), dugc tao ra

boi luc va mémen do quéan tinh chat 1ong bam (nuéc). Xung quanh chat long

luén co su chuyén dong, lyc tic dong nay ty 1€ voi tdc d6 cua tau. Gia tri Ma

duoc xac dinh theo (1.7) [14].

XXX

Yu Y\} Yw

z 7z

M= K KoK
MMM

NU N\) Nw
vdiX;%-Y.:gi z =% K

“ ou Y oeu Y au

Ma tran Coriolis - C(V) , dugc x4c dinh theo cong thirc sau:

X X
p

Y Y
P

v Z
p q
K K
P

M M
p g

N N
P q
K

Qf: M

ou !

C(v) =Crs (V) +C, (V)

-

o

-

(1.7)

Trong do6: C,(v) - Ma tran Coriolis hudng tam, dac trung cho thuy dong luc hoc

vat ran va dugc xéac dinh theo (1.8) [21].

0
CRB (V) = "

—mS (V1) +mS (rG )S(Vz)

-m3S (Vl) -m3S (Vz)s(re)



- 0 0
0 0
0 0
CRB (V) - _m(qu+ Zer) m(ye p+W) m(ZG p_V)
m(x;q—w) m(zF + X5 P) m(zsq+u)
_m(xGr +V) m(ygr—u) m(Xs P+ Ys0)
—m(X,q—Ww) —m(Xr+v) |
m(zer X5 p) _m(yer —u)
—-m(z5q+u) m(Xs P+ Ys0)
-1,9-1,p+1,r l.r=1,p-1,q
0 —l.r=1,9+1p
I, r=1,0-1p 0

m(Ysd+Z5r)
—m(ys p+w)
_m(ze p_V)

0

Iyzq+|xzp_|zr

—l,r=L,p+l,

" (18)

C.(v) - Ma tran Coriolis tao ra béi sy tang thém vé khoi luong, do tac

d6ng cta luc va moémen quan tinh chat 16ng, duoc xac dinh theo (1.9) [21].

0 0

0 0

0 0

CW=l g  _7u
Z w 0

Y:vv qu

0 0 —ZWW
0 Zw 0
0 —\V(vvv qu
va 0 —Nkr
—qu Nfr 0
0 -M g Kp
q p

Yv
-Xu
0
Mq
q
Kp
P
0

(1.9)

Ma tran dao dong do quan tinh - D(V) : Thuy dong luc hoc cta dao dong lic
gy ra boi quan tinh chét 1ong, phu thudc chii yéu vao: Ma sat gitta nude va than

tau, sy troi va xody cua nudc va dugce xac theo (1.10) [28, 30].

X0 Ko O 0 1.10
D(V)I YD v=—| 0 YV Yr v ( . )
Zo 0 N, N,

Véc to lyc va momen trong lyc - 9(77) . Lyc nay sinh ra do trong lyc va tinh noi
cua tau dudi tdc dong cua nudc 1én than tau. Luc do trong luc va tinh noi s€ tac

dong vao trong tam cua tau va duogc xac dinh theo ( 1.11) [21].



0
0
0

9(7) = —BG, Wcos@dcos¢ + BG, Wcossing
—BG, Wsin@ + BG, Wcosdcos ¢
| -BG, Wcos8sing — BG, Wsing

(1.11)

vOi W=mg, BG :[BGX,BGY,BGZ]T =[ X, = %1 Vg = Yor Zg —zb]T
g = 9.81m/s*: Gia tdc trong trudng
Véc to luc va momen cua tin hidu diéu khién: Pugc md ta béng ma trin - 7 va
dugc xac dinh theo cong thirc sau [31].
r=[X Y Z KM NT;
T gbm cac thanh phan nhu sau:

T=Tpg +Tes+7 + Ty

prop
Trong do:

Thya - Luc va momen sinh ra do chuyén dong gitra than tau voi nudc;
T ¢s - Luc va mémen tao do tdc dong ctia banh 14i, banh 14i phu tro (Fin);
T prop - Luc va momen tao ra do tac dong cua luc day may chinh;

Text - Luc va momen tao ra do tac dong cua nhidu loan méi trudng:

song, 10, dong chay...
Luwc va moé men do banh ldi tao ra: Luc do tac dong cua banh lai duogc tinh theo
(1.12) [11, 31].

X, =—F,V,,,Vv,r,o)sin(o)
Y,.q =FU,V,,V,r,5)cos(S) (1.12)
Zrud =0

§ - gbc quay banh 1ai, d¢ dam bao luc va md men quay banh lai thi goc bé lai
dugc gidi han vé do lon —6,,,, <S8 < S, VOi S, = 35° va tde do bé lai.
Momen sinh ra do tac dong ctia banh 1ai tinh theo (1.13).

[Kia Mg Noo ] =(CP=CG).[ Xy Yous Zraa]' (1.13)
Trong d6: ca “[XoYaZo] - Toa do trong tam tau;
P XY Ze] - Toa dd trong tam cua luc tdc dong 1én banh 1ai trong hé

toa do cb dinh va tinh theo biéu thuc (1.13).



= % PC. AV, 2 SIN(S ey ) (1.14)

Cr - Hé sb nang, A, - Dién tich banh lai, V,, - Van tdc dong chay tac dong 1én
banh lai, 5. - Goc tuong d6i gitra banh 1ai va dong chay.

Flow direction

Hinh 1.2. Mé ti géc twong doi banh ldi va dong chay

+ (X, — X)r
tow = O — arctan( ( CCJ c) )

Lyc va mo men do tac dong cua nhiéu logn moi truong: Bao gom song, gio,

o,

attack 6—9o
dong chay...
Lyc va momen sinh ra do nhiéu loan cua song:

Luc va médmen sinh ra do nhiéu loan cua song tac dong 1én tau duoc tinh theo
(1.15) [21, 27].

Xwave (t) = ZN:prLT COSIBSi (t)

Ywave (1) = i— LOBLT sin S, (1) (1.15)

i=1

N
Nuwe (8 = X 2 pGBL(LY — BZ)sin 258, (1)
i=1
Trong d6: L - chiéu dai phan mén nudc cia tau; B - chiéu rong phan mén nudc
cua tau; T - chiéu cao phén choan nudc cua tau; B - huong song, S; - do dbc cua
song.
Lyc va mé men sinh ra do tdac dong cua gio:

Luc va m6 men do tdc dong cua gié duogc tinh theo cong thuc (1.16) [14].

1
XWind = ECX (7/R)pwVR2AT

— 1 2
Yoing = ECY (7r)Pu Ve AL (1.16)

1
N ying = ECN (7/R )pWVRZALL



Trong do: Cx Cy - hé s6 luc, Cy - hé sb6 momen, o mat d0 khong khi

(Kg/m®), At - dién tich mit ngang (m°); A, - dién tich mat bén (m?), L - chiéu
dai tau (m).

Nhén xét: Viéc xdy duyng md hinh toan chuyén dong tau thuy ¢ dang mo hinh
trang thai cho thdy chuyén dong tau thuy gidng nhu chuyén dong cua vat ran
trong mdi trudng chat 16ng véi 6 bac tu do. Phuong trinh nay 14 co sé cho viée
khao sat va dua ra bai toan vé diéu khién chuyén dong tau thuy. Tuy nhién dé
thuan tién cho vi¢c khdo sat qué trinh dong hoc va dua ra bai toan diéu khién
ching ta can giam sb bac tu do.

1.3 Phwong trinh todn mé td chuyén dpng tau thiy véi 4 bic tw do.

Khi xét tdu & ché d6 ndi thi chuyén dong truot dung va lic doc thudng
c6 thé duge bo qua va coi ¢ =w = 0. Do d6 mé hinh chuyén dong cua tau
c6 thé duoc coi 1a chi ¢6 4 thanh phﬁn tu do chinh 1a: Truot doc (u); truot
ngang (v), lac ngang (p), quay trd (r). Do dé tir biéu thic (1.5) ta c6 thé

x4p xi nhu sau [29]:

¢ =P,y =rcos(p) (1.17)
va (1.1) duoc viét thanh (1.18)
Mg V=7(V,V,7) = Ceg (V)V (1.18)

Tur (1.1), (1.2), (1.16), (1.17) va (1.18) cho ta md hinh toan mé ta chuyén dong
tau thuy véi 4 bac tu do nhu (1.19) [31].

m 0 0 0 1" | X7 [m@ur+x.r2—zgpr]
0 m —mz,  mxg ||v | |Y —mur
0 -mz I, 0 |]:.] |K mz,ur (1.19)
0 mxg 0 [, p NJ | —mxgur |
r

Trong d6: m - Khéi luong cua tau

Ixx Va 12z - Mémen quan tinh vé cac truc X, Va g

Xg Va Zg - Toa d6 trong tam cua tau

u,v - Toc d6 va do dat ngang cua tau

r - Téc d6 1éch hudng di cua tau

1.4 Phwong trinh todn mé ti chuyén dpng tau thiiy cé 3 bdc tw do (xét trong
mdt phing ngang).
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Chuyén dong cua tau thiy xét trong mit phang ngang duoc dic trung boi
cac thanh phan: Truot doc (u), truot ngang (v), do 1éch huéng di (v ), ta coi
thanh phan lic ngang, lic doc, truot dung trong trudng hop niy bang khong
(hinh 1.3).

e

*

Rudder Pitch
Angle fﬁ%{‘ \]

Sway !

)

Hinh 1.3. Thanh phan chuyén dong, tham sé déng hoc cia tau thity
trong mat phcfng ngang.
Do ta bé qua cac thanh phan lic ngang, lac doc, trugt dimg do dé6 phuong trinh
(1.1) khi d6 tré thanh [8].
M.v+C(V)Vv+D\W)v =1 (1.20)
Khi t6i thiéu hod cac thanh phan bac tu do khong xét t6i trong mat phang ngang
ta dugc (1.21).
cosg —sing 0
J(n) =|sing coS @ 0 (1.21)
0 0 1
Do chi xét cac thanh phan chuyén dong trong mit ngang nén mémen quan tinh

Iy = ly; =0, do vay ma trdn Mgg, Ma va ma tran M duoc tinh nhu sau [21]:

m 0 0 —X. 0 0
My =0 m mx, |, M,=| O =Y. =Y
0 mx, I, 0 Y -N
m-—X 0 0
0 mX, —Yf I, - Nf

Ma trén coriolis khi xét trong mit phang ngang duoc tinh theo (1.23).
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0
C(v)= 0

(m—Y\_/ W+(M=Y)r

0 —(m-Y Jv—(mx, ~Y)r |

0
—(m-=Y)u

—(m=Y)u
0

Ma tran do quan tinh lac khi xét trong mét phang ngang duoc tinh theo (1.24).

-X, 0
D(v)=| O -Y,
0 —N,

0
=Y,

r

_Nr

(1.23)

(1.24)

Thay cong thuc tir (1.21) dén (1.24) vao (1.20) ta duoc phuong trinh mé ta
chuyén dong tau thuy xét trong mat phang ngang nhu (1.25) [18, 21]:

m-X 0 o |
0 u m-Y mxg Y v+
0 me—er IZ—N: ‘
_—x_ 0 (m—YV)v—(me—Yf)r_ T (1.25)
0 —Yv (m—YU_ Ju-Yy, vi=lY
(=Y W+(M=Y)r (=Y Ju-N, N, ]2

Nhén xét: Viée xay dung mo hinh toan chuyén dong tau thuy xét trong mit
phing ngang thuan tién cho viéc dua ra bai toan khao sat, thiét ké bo diéu khién
chuyén dong tau thuy theo hudng va quy dao.
1.5 Mé hinh khong gian trang thdi mé ta dong hoc tau thuy
a. M6 hinh phi tuyén mé ta déng hoc tau thiy

Mo hinh khong gian trang thai phi tuyén mo ta dong hoc tau thuy dugc viét
dudi dang sau [22, 31]:

Xx=H7"f(x0) (1.26)

V6i X=[U Vv r p ¢ yw]vag=p, w=r.cos(s)phuong trinh (1.19) duoc viét

lai nhu sau:

12



(X, 8) +m(vr + X r* =z, pr)

rudder

(M=X Ju= X, (x)+X

(x,0)—mur

rudder

(M=Y )v=(Mzg +Y ) p+(Mxg =Y )V =Yy (X) +Y
% p r

~(Mzg + K )+ (1, =K ) p=K p=Kp g (X)+ K, gger (X, 8) +mzgur
v p r

rudder

| - (L.27)
(mXG - N-)V_(Izz - N)r = Nhyd (X)+ Nrudder (X,5)—mXGUT'

$=p

w = cos(p)

Trong do: X;yd (%), Yh;d (x), K:yd (%), N:yd (X) twong tng 1a luc va moémen thuy
dong luc hoc.

Tu phuong trinh (1.27) thi ma tran H va f(x,8) cua (1.26) dugc xac dinh nhu
(1.28), (1.29) [31]:

0 (m=Y)) —(mzg +Y) (M -Y) 0 0
u D ;
- 0 (mzg +K)) (,-K) K 0 0
H 1_ G v b : (128)
0 (mx; —N ) ~N 0.-N) 0 0
\ p ;
0 0 0 0 .
L 0 0 0 0 0o 1 _
_X:yd (X) + Xrudder (X, 5) + m(Vr + XGr2 — ZG pr_
Yh;d (X) +Yrudder (X, 5) —mur
f(x,0)= K:yd (X) + K, yqger (X, 0) + mzur 129
N:yd (X)+ Nrudder (X15)_mXGUF )
P
I cos(¢)

b. M6 hinh tuyén tinh mé ta dong hoc tau thiiy.
Mo hinh khong gian trang thai tuyén tinh mé ta dong hoc tau thuy duoc viét
dudi dang sau [31]:
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5 _ Ht_l[af(z,u,5) B _z+af (z,u, ) B _5J
aZ z,u,o 62 z,u,o
=H,'Az + H'B,S5 (1.30)
= Az + Bo

Trong d6: z - vecto tin hiéu trang thai, d6i véi md hinh tuyén tinh coi tau
chuyén dong véi téc d6 khong ddi (u = const) do dé sb tin hiéu trang thai
z=[vr p ¢ ] va cac hé sb trong cot 1, hang 1 ctia ma tran H™ duoc bo qua.
Cac ma tran Hy, Ay, A, By, B duoc xac dinh nhu sau [31]:

A=HA, B=H'B,

[(m=Y) —(mz; +Y ) (M =Y) 0 0]
u p r
(mzg +K)) (I —K) -K 0 0
v p r
Ht_lz (me_N\'/) —N[,J (IZZ_Nk) 0 0 (1.31)
0 0 0 1
0 0 0 0 1
Y, Y, +Y,u Y, —mu Yy 0
K, K, +K,u K, +mzgu  —(pgVGM) 0
A=|N, Ny +Ng,  No+mzg N O @3
0 1 0 0 0
0 0 1 0 0
v, ]
K¢
B, < | N, (1.33)
0
_0 -

Trong do: p- ty trong nudc bién, g — h¢ ) trong luc = 9,81, V- luong
choan nudc cua tau, GM - chiéu cao tdm nghiéng, u — tbc do tau.

oY, Y

Yv v iy T ALA L
o' ™ Gpau

Tur (1.30), (1.31), (1.32), (1.33) ta c6 md hinh tuyén tinh mé ta dong hoc
tau thuy biéu dién nhu sau [31]:
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Vv -
| Jaw @ as a, Offv] |b
v Ay &, a, a, 0| r b,
p =| 83 A Ay Ay Of p|+|b; [ ] (1.34)
. 0] 0) 1 0] Ofl ¢ 0] '
¢ | 0 1 0] 0] O]l v | _O |
2

Trong do: aj;, bjj 1a cac hé ) phu thudc vao dong luc tau, va dugc xac dinh
theo céc thong sb cua tau.

1.6. Mé hinh todn hé thong truyén dong ldi tau thiy.

Phuong trinh mé ta hé théng 1ai tau thuy duogc thé hién qua cac bién trang
thai: V, I, ¥ tuong tGng 1a: Toc do truot ngang, tbc do quay trd, goc hudng tau
v6i tin hiéu diéu khién & - goc quay banh 14i. Tir (1.25) phuong trinh mo ta hé
thong 1ai tau thay duogc viét lai nhu (1.35) [20, 23]:

MY M=V OV iy my-y, 0 v Y,
mx, L,=N 0 [r |+ =N, mxu,—N, 0 |r|=|N, 5 (135)

Phuong trinh (1.35) duoc chuyén sang phuong trinh dang mé hinh khéng
gian trang thai nhu sau [10, 13]:
X = Ax + BS
y =Cx

Trong do tin hiu trang thai x =[v, r, ], tin hi¢u ddura Y=y

"l [an @ OV [k
Hay |7 |=|&; 85, 0 ||r |+|b, |6 (1.36)
0 0O 1|y 0

Trong do:
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—(1, = N Y, +(mxs =Y )N,

B = det(M)
(1, =N Y(mu, —Y,) —(mxg =Y, )(Mxzu, —N )
Pz = det(M)
—(M =Y )N, + (mx; — N )Y,
21 = det(M)
(M =Y )(MXsUy — N, ) —(mxXg; — N )(mu, —Y))
Aoz = det(M)
_(Iz - N.)Y5 +(mXG _Y.)N5
b = det(M)
—(M—=Y )N, ; +(mxg; —N )Y,
2= det(M)
m-—-Y. mxg —Y,
M = mXg I, — N, (1.37)

Phuong trinh trang thai (1.36) mo6 t4& mo hinh khong gian trang thai hé
théng truyén dong 14i tau thuy.
Phuong trinh (1.35) duoc chuyén sang dang ham truyén nhu sau [6, 35]:

Y (s)=C(sl —A) "B = — (PP =3D,) ¥y
o s[s® —(a,; +a,,)s+a,a,, —a,,a,,]
v _ k@+T;s)
i s T sarTear s (1.38)

Trong do: k, Ty, Ty, T3 la cac hé sb dac trung cho dong luc cua tau. Phuong
trinh (1.37) c¢6 thé dugc tinh x4p xi nhu (1.38) [15].

Yi(sy—_ K
S (s) = s(1+Ts)

(1.39)
Trong d6: T=T,+ T,- T3

Mo hinh dong hoc cua may l4i: Xuat phat tir yéu cau cua hé thong may lai
vé gidi han cta goc bé 1ai va toc do beé 1ai, md hinh dong hoc ctia may 1ai duoc
dua ra nhu hinh 1.4
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.......................................................................

; rudder [+ e K ;i

t contzal  [FrE et g b ST & .

: algorithm :i T4 s(1+Tgs) i s(1+T49)
! 3 :

: HY H

H o H

H i ;

H e ]

E ' E angle " b mechanical

: i transducer i . feedback {
. " e 'Rl

: ¥ 5

! rudder serve I telemotor system b main servo

I - o .

R

Hinh 1.4 Cdu triic mé hinh déng hoc diéu khién may lai
Trén thuc té yéu cau cua hé thong vé gidi han cia goc bé 1ai va tbe do bé
la1, va duogc gidi han nhu sau:
Gidi han vé do 16n goc bé 1ai:
Smax = 35(deg)
Omin =132.9(U / L)(deg/ s) (1.40)

Gi6i han vé téc do goc bé lai:
2% (degls) < 5., <7(degls)) (1.41)

Trong d6, U - 1a téc do cia tau, L - 14 chiéu dai cta tau. Trong md phong,
xay dung dac tinh h¢ théng 141 ty dong cAu trac cua hé théng may lai dugc don

gian hoa va dua ra nhu hinh 1.5:

Ec Bmx "_-“M_ 5 max 1.‘,:"-“ 5 i 5 .
. B . - — [‘ - K \ o o
from I - | .- " ’ g
autopilot
rudder ) rudder rate
limiter limiter

Hinh 1.5 M6 hinh mé ta déng hoc diéu khién may ldi
1.7 Két lugn
Viéc xay dung mo hinh toan tau thuy dudi dang mo hinh khong gian trang
thai va dang ham truyén thuan loi cho viéc khao sat chat luong dong hoc va dua
ra bai toan diéu khién vé chuyén dong tau thay. Tuy nhién khi xdy dung mé hinh
toan can phai gia dinh rang: Ddi tuong khong c6 nhidu tac dong hodc nhiu tac
dong 1a ¢ dinh khong phai ngdu nhién, cac tham sb cua tau, téc dd chuyén dong

ctia tau khong doi).
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CHUONG 2 CAC PHUONG PHAP GIAM ANH HUONG
CUA NHIEU TOI HUONG b1

2.1 Anh hwéng ciia nhiéu dén su thay ddi hwéng di
Tau thiy 13 di twong diéu khién c6 tinh phi tuyén 16n (phi tuyén bac cao)
chuyén dong trong méi truong phirc tap, chiu su tic dong cua nhidu 1a ngiu
nhién: Séng, gié, dong chay...Cac yéu td nhiéu loan nay 1a nguyén nhan chinh
gdy ra sy sai léch hudng di so véi hudng di dat trude. Xét vé tinh chat dong hoc
cac nhiu nay s& dugc ca cong va nhan vao phuong trinh dong hoc ciia chuyén
dong (2.1) [21]
M.V +C(V)V+ D(V)V + 9(17) = Twave + Twind + Teurrend T Tak (2.1)

environmental forces
Trong hau hét cac Gmg dung 1ai ty dong tau thiy, mot yéu to quan trong 1a

dong gop vao phuong an loai bé thanh phan chuyén dong do song (bién) tan sb
cao. Néu khong xtr 1y dugce van dé nay thi nhiéu séng sé giy ra hién tuong mai
mon trén cac ph?ln tir thuc hién nhu banh lai, chan vit chinh va chan vit mui.
Pong thoi lam ton hao ning luong cua con tau. Hién nay c6 ba phuong phap
loai b thanh phan nhiéu séng tan sd cao:

Str dung vung khong nhay (dead — band).

Str dung bd loc thong thuong.

Str dung bd quan sat trang thai.

Loc nhiéu séng bac mét
Theo [21] Chu ky séng nam trong dai: 5s < TO < 20s, tan s6 cua phd song

Pierson Moskowits s& nam trong dai: 0.05Hz < Ty < 0.2Hz. Séng trong ving tin
s6 nay s& sinh ra lyc va md mem dao dong (lic) 1on va goi 1a lyc va md men
song bac magt. Ngoai ra, chuyén dong con duogc tao ra bdi luc cia song bac hai
cling can dugc xem xét. Tuy nhién, thanh phan luc song troi dat bac hai nay cd
thé khong ché tac dung clia no bang hé théng 1ai ty dong. Nhu vay, nhiu song
bac mot thuong thay doi quanh tan s6 0.1Hz, nd gan tdi hodc nam ngoai han dai
thong diéu khién cua tau. Tuy nhién, nd lai ndm trong dai théng ctia cac phan tir
thuc hién, dong co servo cua tau. Diéu nay cho théy r.'?mg mot bo loc thich hop
cho cac tin hiéu phan hdi trang thai phai dugc st dung dé tranh nhiéu song bac
mot gdy ra qua nhiéu cac tac dong diéu khién. Ngoai ra, chung ta ciling khong

mudn banh 14i, chan vit mii, ... phai hoat dong dé bu cho phan chuyén dong lac
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do song tan sd cao tao ra. Mot bd loc nhu vay goi 1a bo loc séng. Pé lam duoc
diéu nay, nguoi ta thuong gia dinh ring chuyén dong tong hop cua hé théng
gdm tau va song dugc biéu dién trong mot ciu trac gdm chuyén dong tan sb thip
clia tau va chuyén dong tan s cao cua song. Doi v6i hé thong lai ty dong tau
thity, gia thiét rang phuong trinh dong hoc theo hudng tau duge viét nhu sau:

v (8)=y1L(8)+¥h (3)=Canip (5)5(8) + Guave (3) Wi (3) (2:2)
Trong d6: w, (S) la hudng tau nhan duge tir mé hinh con tau khi chua c6 nhiéu
s6ng (md hinh tan sb thap),y,,(S) 1a huéng tau nhan duogc tir md hinh tan sb cao

do song tac dong, wy, (S) la qua trinh nhiéu tring Gaussian.

 K(1+Tes)
Garip ($) = S(1+T;5)(1+T,s) (23)
Gue () = 5= (2.4

52 + 28@yS + w°

M6 hinh tau va md hinh séng (2.3) va (2.4) dugc thé hién trong so d6 khoi
hinh 2.1
lw(s}

‘UH (s}

ahip ship + wave

Autopilot &(s) Ws) W (s)
———~-g—| Autopilo - © -

i

i

i
w w,

st msr mmra i s oy i o e

Wave filter

Hinh 2.1 Cdu triic xép chong tuyén tinh ciia mé hinh déng hoc gitta hé thong
lGi va nhiéu séng.
2.2 Cdic phwong phdp giam thiéu tic dpng ciia nhiéu téi hwdng di
2.2.1 Sur dung vung khong nhay [21]

Viéc tng dung ving khong nhay dé loai bo chuyén dong tan sé cao cua
banh l4i trong cac vong diéu khién duoc thyc hién rat rong rai, nhu trong hinh
2.2. Tuy nhién, mot diém bat loi ddi voi ki thuat nay 1a nhimg chuyén dong tan
sb thép c6 bién do nho cling bi loai bd. Do do, dd chinh xac trong gitt hudng di
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ctia hé théng 14i cling s& bi anh hudng. Vi vay mot khau tich phan dugc xem xét
két hop trong bd diéu khién dé ting do chinh xac nhung su két hop gitta k¥ thuat
vung khong nhay voi khau tich phén lai dan dén sy dao dong khong mong mudn
ctia tau quanh hudng di dat. Piéu d6 1am ting luc can cua tau va din dén viéc
tang tiéu thu nhién liéu. Do d6, nhitng k¥ thuat loc tinh vi hon duoc dé xuat cho
cac hé théng 14i ty dong hién dai.

l waves

W, . 6 | J . v
0 autopilot 7T ship =
a4 - H

dead-band

Hinh 2.2 Cdu triic sit dung ving khéng nhay dé loai bé nhiéu song bic mot
2.2.2 Stk dung bé loc théng thap théng thuong [21]
Néu dai thong diéu khién nhé hon rat nhiéu so véi tan sé encounter, nghia
12 wgpip [ @, thi chuyén dong tan so cao clia banh 14i c6 thé loai bd bang bd loc
thong thap. Vi du mot bo loc thong thap bac mot véi hang sb thoi gian T; nhu

sau.

1 1
= < —< rad/s 2.5
15T, Wship T, @ ( ) (2.5)

Gip(s)

N6 s& loai bé dwoc nhiéu c6 tan s6 16n hon 1/T, . Tiéu chuan nay phai an
toan cho tau nho, nhung dbi voi tau dau c& 16n chung ta phai c6 dai thong diéu
khién t6i thidu ey, <0.1(rad /s). Dé dap tmg diéu nay bo loc trén c6 thé thay
bang bd loc Butterword bac n dé lam giam chuyén dong song bac cao. B loc
Butterword thu dugc bang cach ching minh p(s) thoa man da thirc Butterword

nhu sau:

] 2n
p(s)p(-s) :1+(s/ joy ) (2.6)
Trong d6: @; 14 tan s6 cit mong muén. Cubi cung chung ta xac dinh biéu thirc

cua bo loc thong thép nhu sau:
G(s)=—— 2.7)

p(s)

2.2.3 Sur dung bo loc song trén co so bo quan sat trang thai [21]
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Mot thay thé cho bo loc nhidu song dang thong thuong 13 img dung bd quan
sat trang thai. Ngoai ra, mot bd quan sat duoc thiét ké c6 thé tach thanh phﬁn
chuyén dong tan sb thap ra khoi nhidu do luong bang cach st dung mé hinh cia
tau va md hinh nhidu séng. Trén thuc té, thi bd loc séng trén co sé mo hinh thi
rat thich hgp dé tach biét thanh phan chuyén dong tan s thap LF va thanh phan
chuyén dong tan sd cao HF ra khoi nhau tham chi cho ca cac tau ma dai thong
diéu khién gin bang va 16n hon tan sb encounter. Chiing ta s& han ché tng dung
cho bo loc song trén co s& Iy thuyét tuyén tinh.

a. Mo hinh toan tau thity tan sé thap (NOMOTO) nhu sau:
Oy =W,
yL=n (2.8)
q=—£4L+E(5—%)+WL
T T
b. M6 hinh tan s6 cao
Mo hinh tan sb cao dugc dé xuat nhu sau:

K.S
S)= w ANES 2.9
WH( ) 32+2§coos+a)2 H( ) 29)

Phuong trinh dang ham truyén trén duoc mé ta dudi dang phuong trinh
trang thai tuong duong nhu sau:

éH =VH

. (2.10)
Wy =—200Wy — &ngy + KyWy
MBS hinh cua thiét bi do la ban la:
Y=y +tyy toy (2.11)
wigim
noise
P Madel nsed by T
e C-’nﬂmnﬁﬂl' measursment
wave model i noise
v
W M
¥, 8 - ¥, W
g~ autopilot ship model -0 o -

Hinh 2.3 M6 hinh con bé loc théng thdp (LF) va bé loc théng cao (HF)
Tiép theo chung ta s& sir dung phuong phép gan diém cuc dé thiét ké cac bo
tinh toan trang thai LF va HF. Cac biéu thtrc tinh toan trang thai cua tau thuy

duoc viét nhu sau:
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So=Ko(W v —wp)

v =f +K(w—w—wy) (2.12)
5 1, K A
L :_?rL+?(5_5O)+KZ(‘//_V/L_V/H)

Nhiéu séng bac mot duoc tinh toan nhu sau:
EL=vn+Ka(y -y —wn)
W =200y — O + Ky (v -wiL-wn)

b. B0 quan sat trang thai don gian (khong c6 mo hinh séng)

(2.13)

Thuec hién phép trir gitra J,y7,f, va 5 W7, f ta duoc:
Ad, 0 -K, 0 [[A&] [K
Al K 1| Ar K,

Trong d6: Ar. =1 —f Ay =y -y, A =, —50; So d6 khoi cia md

hinh tinh toan trang thai trén dugc thé hién trong hinh 2.4.

Hinh 2.4 M6 hinh todn trén co so b loc song
Mot cach don gian nhat dé tinh K, K, K, 1a sir dung phwong phap gan
diém cuc. Pong hoc sai s6 ¢o thé duge don gian hoa véi gia thiét rang toc do
thay doi clia &, rat chdm khi so sanh véi che do quay tr& (y,1 ) nén c6 the
cho ring gia tri cua Ko 12 nhd. Va trén thuc té gia thiét nay 1a hop 1y vi goc bé

banh l4i off-set thudng thay doi rat cham so véi dong hoc quay trd cua tau. Do
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d6, cac hé sb K;, K, cua bg tinh toan trang thai LF ¢6 thé duoc chon doc lap voéi
hé sb Ko bang phuong trinh dic tinh dang bac hai cua hai bién Ay, va Ar,
nhu sau:
7(s)=8*+(K +1/T)s+(K, + K /T) (2.15)
Chung ta c6 thé xac dinh hé sb tat dan ¢ va tan s6 goc ty nhién o, bang
cach dong nhat phuong trinh trén véi da thire sau:
7(s) =5+ 2lw,s + @ (2.16)
Do d6, ta thu dugc cac mdi lién hé cta cac hé sb bo loc trang thai sau day:
Ki=2w,-1/T
K, = @f —(2¢w,) I T +1/T?

c. Bo quan sat trang thai day du

2.17)

Trong muyc ndy ta s& tim cach thiét ké b quan sat trang thai day du (bao
gém ca mod hinh chuyén dong tan sd cao do séng bac mot) trén co so cach tiép
can cua Fossen (1993). Chung ta lai gia thiét rang gia trji dat ciia mach lap goc bé

banh lai thay d6i rat cham so véi dong hoc quay tré cua tau, nghia 1a 6, =0 va

Ko 1. Thyuc hién phép trir giita vt , &y 0y VA W, f,En 7y 12 cac bién

trang thai tinh toan, chung ta s& khao sat dong hoc sai s6 trong biéu thirc sau:

Ay ] Ky 1 0 -K; Ay,
-K, -1/T 0 -K
BHeT S s e
Ay | |-K, 0 -0f —of -2{w,—K, | Avy
Do do, phuong trinh dac tinh cua n6 cé dang nhu sau:
7(s)=s"+a8® +a,s* +as +a, (2.19)
Trong do:
a; =K, + K, +2{w, +1/T
8, =(L/T + 24, ) Ky + K, — 0fKg +1/ TK + (0 + 26w, I T) 220

8, = (26, 1T + 0f | Ky + 260,Ky — of ITK + 0} I T

Hon nira, viéc phan bo gia tri riéng co6 thé dat dugc véi yéu cau dong hoc

sai sO phai thoa man biéu thirc sau:
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4

[1(s-p)T z(s) (2.21)

i=1
Trong do: p; (i :1..4) la cac so6 thuc duogc xéac dinh tir cac di€ém cuc mong
muon cua dong hoc sai so. Biéu thirc nay dugc viét tat nhu sau:

Ek=u hay K=E '

Trong do:
T
K:[Kl Ky Ks K4]
| a)ﬁ /T a)r% 0 o |
2 2
B 200, 1T +w; 2lw, - lT 0 (2.22)
UT+20w, 1 o: 1T
i 1 0 0 1|
| P1P2P3 P4 |
—P1P2Ps — PLP2P3 — P2P3Ps — P1P3Py —a)ﬁ IT
ﬂ:

PPy + PaPg + PaP3+ PrPs+ PrP3+ p3p4—(a)§+2§a)n /T)
] —Py— Py~ P3— Py — (26w, —1/T) ]

Ta thay rang k s& tly thudc vao hing s6 thoi gian T cua tau va cac tham sd

ctia m hinh séng bac mot ¢, w, trong khi p;(i=1..4) 1a bén tham sb dugc xac
dinh tir diém cuc cua dong hoc sai $0.

Bo quan sat s& rat manh cho cac tham s khong chic chan khi chiing ta lua
chon vj tri can than. Mét khuyén cdo dé chon céac diém cuc p; thich hgp nhu
Sau:

p,<-1/T
p, <0 (2.23)
P3 = Py =—C,

Mbt bd tham sd dién hinh duoc sir dung trong bd loc la:

p=-11/T;p,=10"% py = py =—15¢@,;{ =0.01-0.L @, =0.5(rad / s)
L= AX+bu +K(X—QTX) (2.24)
Trong do:

. . T .
X:|:50 l/./L fL é:L l//H:| y U=5, K:[KO Kl K2 K3 K4]TV8.
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Biéu thirc ctia anh laplace:

0 00 0
0 01 0

A=|-K/T 0 -1/T 0
0 00 0
0 0 0 —w?

F O o o

_Zga)nj

1o

%(s)=(s1-A+ke" )(ky(s)+bu(s))

Gia sir u(s)=0 thi

9(s)=[ox 9> 93 9s 95]T=(81—A+K9T)_1Is
VL(s)=02(s)w(s)
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CHUONG 3 UNG DUNG BO QUAN SAT TRANG THAI PE NANG CAO
CHAT LUQNG TRONG CHE PQ ON PINH HUONG PI TAU THUY

3.1 Bg loc song trén co so bo loc Kalman
Mot giai phap thay thé cho ky thuat phan bd cac diém cuc 1a st dung bo loc
Kalman dé tinh todn cac hé sd cua vecto k . Bo loc Kalman cho phép tinh toan,
wdc luong trang thai (x) cia ddi twong thong qua viéc do tin hiéu dau ra khi c6
nhiéu tac dong vao ddi tuong.
Gia str mé hinh tuyén tinh cua ddi tuong c6 dang
X(t) = A)x(t) + B(t)u(t) + E(t)w(t) (3.1)
O day qua trinh tac dong cua nhiu duoc mo ta boi w(t)T N(O,Q(t) va
x(t) ) N(m, X (t)) 1a vecto trang thai ngau nhién voi udc luong trung binh m va
ma tran phuong sai X(t)
Phuong trinh trang thai dau ra dugc xac dinh boi phuong trinh
z(t) = H(t)x(t) +v(t) (3.2)
Vi v(t) 1a gi tri cia nhiéu, v(t) ] N(O,R)

M0 hinh toan trén co s¢ bd quan sat Kalman dugc xay dung nhu hinh 3.1

Process
noise
Mr;:asurement
had nolse
l -
Control u - Z |Kalman £ e
input = Plant filter Q. gsttailinate
A
Hinh 3.1 M6 hinh toadn trén co so bé quan sat Kalman
Trang thai udc lugng dugc xac dinh [21]
X(t) = A(t)X(t) + B(u(t) + K()[z(t) - H (H)X()] (3.3)

K(t)=X(@t)HT (t)R(t)
3.2 Ung dung bj loc Kalman trong hé thong ldi tw dong giit hwong PT70
Hé théng lai PT70 1a hé théng lai ki thudt s6 rat hién dai do héing
YOKOGAWA- Nhat Ban thiét ké ché tao, né phat trién trén co sé cta hé thong
lai PT500. Pay 1a hé thong 14i s6 voi su két hop gilta bo diéu khién t6i uu va bo
loc Kalman mé rong, ciu trac hé théng 1ai PT70 hinh 3.2. [33]
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i Modified extended Karman filter I
. (improved version) '
I I

Haading Estimgted Set course Rudder angle
Rate of turn hesding + g
command
I > Naise filter Optimum controller  fr—
Estimated rate of turn
' : N N A
[ |
! Predicted heading and rate of turn
I KT
e c
| Estimation unit e £ =
—>) : s |z
| | E °
Actual rudder i w | E "
angle . . kT
g ¢ Morelingar compensator  |mmmsdessssssssasduanan — 8 i
|
|
i + Morelinear ship model
l ¢
|
! E Optimum gain
| Ship movement E: -% # mmputaﬁg:,n
i parameter identifier E 4 KT
=
I i E
T rTerTmrTmr e Computstion of
evaluation functions
Ship speed
Estimation = Contral
system "T“ system

Hinh 3.2 Cdu triic quan sat Kalman trong hé thong ldi s6 PT70

a. Chtrc nang duoc thue hién tir bo quan sat trang thai Kalman

Chtrc ning loc va loai bo nhiéu tac dong boi khéi - Noise filter véi tin hiéu
vao 1a huéng tau va toc do quay trd. Vi chitc ning nay sé& loai bé dugce nhiéu
tac dong gay sai léch hudng di cua tau

Chtrc ning udc luong, tinh toan trang thai boi khdi - Estimation unit voi
tin hi¢u vao gbéc thuc cua banh lai va tin hiéu du doan hudng tau, tde do quay tur
khéi bu tdc do Ship speed compensation. Chtrc ning nay dam bao xac dinh
dugc trang thai dong hoc tirc thoi cua dbi tuong

Chtic nang bu khong tuyén tinh béi khéi Non-linear compensator. Chtc
nang nay giam dugc sai 1éch hudng di do trong qua trinh thiét ké thi than tau
khong hoan toan ddi xing qua mit phang trung tinh cua tau

Chtrc ning nhan dang d6i twong (su di chuyén cua tau) qua khéi Ship
movement parameter identifier. Nhu da phan tich trong chuong 1 ring mo
hinh to4n cta tau 1d mo hinh khong tuyén tinh (phi tuyén) cac thong sé dong hoc

trong phuong trinh trang thai c6 thé 1a ludn thay d6i va phu thudc vao nhiu, toc
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do tau, tac dong luc diéu khién...Do d6 véi tin hiéu goc quay thuc cta banh 14i
thong qua mo hinh mau Non-linear ship model khéng tuyén tinh s& nhan dang
duogc cac thong sb trang thai cua tau tir d6 co duge phuong trinh trang thai chinh
xé4c nhat
b. Chirc ning céc tin hiéu diéu khién tao ra tir bd quan sat trang thai Kalman

Véi cac khdi chire nang da phan tich & trén bd quan sat trang thai Kalman
tao ra cac chuic niang diéu khién gui toi bd diéu khién tdi wu Optimum
controller

Tinh toan, udc lugng hudng di cua tau

Tinh toan, udc luong toc do quay trd cia tau

Bu tin hiéu tir tinh trang khong tuyén tinh tir d6i tugng diéu khién

Tin hiéu t6i uu hé sb khuéch dai tir viée tinh toan ude luong va nhan dang
tham sd cua tau

Tt cac chirc ndng trén h¢ théng lai ty dong thich nghi PT70 dam bao dugc
cac ché do lai: ché do lai kinh té, ché do 1ai gilt hudng va ché do lai khi bién
dong voi kha ning thich nghi véi tinh trang nhiéu 1én

3.3 Tong hop bj diéu khién téi wu phdin hoi dau ra (LOG) ding quan sdt
Kalman
3.3.1 M6 hinh todan bo quan sat trang thai Kalman [4].

Xet doi tuong diéu khién c6 mo hinh

%:Ax+ Bu + nx (3.4)
y =Cx+ Du+ny

Trong do:
A - Ma tran hé théng
B - Ma tran diéu khién
C, D - Ma trin dau ra
nx(t) - Nhiéu do tac dong bén ngoai
ny(t) - Nhiéu do ban than hé thong gay ra
V6i gia thiét hai tin hiéu ngau nhién nx(t), ny(t) chung la tin hi¢u ngiu
nhién egodic. Chiing ¢ ky vong toan hoc bang khong tirc M nx(t)=Mny(t)=0
Y tuong cua viéc xay dung bo loc la thiét ké bd quan sat 1a st dung khau c6 mé
hinh (3.5)
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{d—X=A§Z+Bu+ L(y -y —Du) (3.5)

dt R
y =CX

Ma tran L tim dugc phai thoa man:

Q= Mle'e] = Y mfe?] - Min (3.6)
Trong do: e(t)=x(t)-X(t)
Tur (3.4) va (3.5) ta co:
de_ d(xdf) = A(x—X)+n, —LC(x~%)~Ln,
= (A-LC)x-X)+n,—Ln,
= (A-LCl+n,—Ln,
= e(t)=e*Ce, —_t[e(“c A (t)-Ln, (t)de (3.7)

0
Thay (3.7) vao (3.6) va véi gia thiét nx(t), ny(t) sau d6 tim gi tri L dé Q c6 gia
oQ oQ

tri nhé nhat bang cach xac dinh nghiém cia il 0 voi @ 1a ky hiéu chi ma
tran Jacobi cua Q ta duoc:
L™ =N,'CP (3.8)
Trong do6 P 1a nghiém cua phuong trinh Ricacti
PC'N,'CP~PA" —AP=N, (3.9)
Viéc x4c dinh bo quan sat Kalman tir (3.8) va (3.9) gidng nhu bai toan thiét ké
bd diéu khién t6i wu phan hoi trang thai khi khong c6 nhidu véi mo hinh ddi
tuong dang:
x = Ax+ Bu
dt
y =Cx+ Du
Puoc thay bang hé dbi ngau (3.10)
X ATxicT (3.10)
dt
Va ham muc tiéu sé€ c6 dang (3.11)
Q :%I(XTNXX+UTNyu)jt (3.11)
0

Tir cac din dat trén thi cac budce tim ma tran L' cho quan sat Kalman theo mé
hinh (3.4) theo cac budc sau:
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Xac dinh hai ma trdn N,, N,1a ma trAn ham hd tuong quan cua nx(t), ny(t)

Thiét ké bo diéu khién tdi wu phan hdi 4m trang thai cho d6i tuong d6i ngiu
(3.10) va phiém ham muc tiéu (3.11)

Thay L vira tim duoc vao (3.5) dé c6 quan sat Kalman

Céu tric hé thong diéu khién téi uu v6i bd quan sat Kalman hinh 3.3

]

w u %zAx+Bu+nx y
A y=Cx+Du+n,
X X -
KLQR - %Z AX + BU+L(y—CX—DU)

Hinh 3.3 Cdu triic hé diéu khién t6i wu véi bé quan sat Kalman
3.3.2 Tong hop bé diéu khién
a. Thong s6 déi tuong diéu khién
Péi twong md phong la tau hang véi cac thong sé cho nhu bang 3.1.
Bdng 3.1: Gid tri cdc théng sé tau [21].

Pac tinh Ponvido | Gia tri Ky hi¢u

Luong gidn nudc m’ 21222 Vv
Khéi luong T 21519 m
Chiéu dai m 175,00 L
Chiéu rong o giita m 25,4 B
Chiéu cao mén nudc gitra m 8.50 d
Chiéu cao mén nudc miii m 8.00 ds
Chiéu cao mén nuée lai m 9.00 da
Heé s6 khoi lugng lién két 0.559 Ce
Chiéu cao tim nghiéng m 0.83 GM
Chiéu cao tAm noi m 4.6154 KB
Heé s6 khoi luong lién két doc 0.559 Ce
Hé s6 md men quan tinh lién két 0.0000176 I
doc truc Ox

Hé s6 md men quan tinh lién két 0.0313 Iy
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doc truc Oy

Hé s6 md men quan tinh lién két 0.000456 l,
doc truc Oz

Dién tich banh lai m* 33.0376 Ag
Goc bé 14i 16n nhat do 35 S
Tbc d6 bé 1ai 16n nhat do/s 2.8 5
Tbc d6 16n nhit cua tau Knots 14 u

Tir cac thong s6 cua tau nhu bang (3.1) va tir cac phuong trinh (1.26) dén
(1.34) xac dinh m6 hinh toan ddi tuong dang md hinh khong gian trang thai (ta
coi nhu khong cé tin hiéu nhiéu tac dong. Cac tham s6 cua tau, toc do chuyén

dong cua tau khong doi).

X = Ax+Bu, y=CXx, x=[v,r, p,¢,z//]T , u=95

V _
(a, a, a, a, O0|fv] |b
r A 8, Ay a, O r b,
p =83 8y 8y ay O p|+|b; [5]
: 0 0 1 O O}l ¢ 0
¢ 0 1 0 O Ojly| [0 ]
L ¥

Véi céc h¢ s ajj, bjj cua phuong trinh trang thai nhu bang 3.2
Bang 3.2: Gid tri cic hé s6 aij,bij trong mé hinh khong gian trang thdi [21].

Hé s6 Gia tri Hé s6 Gia tri
a1 -0.046 as1 -0.0010
a1 -1.9614 as 0.0147
a1 0.2137 as3 -0.1163
a1 0.1336 a4 -0.0006
as 0.0011 b, -0.0600
az -0.1326 b, -0.0035
a3 -0.1246 bs -0.0026
a4 -0.0331

b. Ciu trac hé thong

Hé thdng diéu khién t6i uu phan hdi dau ra (LQG) ding quan sat Kalman c6 cau

trac nhu hinh 3

A4
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Nhiéu| f

u i i S TAU Hudng di
[H] 0 b L "l x=Ax+BS >
% - Z

Yy
HD

Y

[K] 4)2— B6 QS Kalman
LOR i «— |

Hinh 3.4 Cdu triic hé thong diéu khién i wu phdan héi dau ra (LOG) ding quan sat
Kalman

Trong d6 [K] - bd diéu khién t6i wu duge xac dinh trong bai toan toi uu phan hoi
trang thai, v6i thong s6 d6i tuong nhu bang 3.2 tinh todn dugc gia tri
K=[ -0.1440 16.1082 6.7620 1.1066 0.4471], [H] - b0 tién xur Iy duoc
tinh toan theo [K], véi [H] = [0.4471]
¢. Tinh toan thong s6 bd quan sat Kalman

Mb hinh dbi tugng khi khong c6 nhiéu véi cac ma trén hé sd nhu sau:

[-0.0406 -1.9614 0.2137 0.1336 O] [ —0.0600 |
0.0011 -0.1326 -0.1246 -0.0331 O 0.0035
A=|-0.0010 0.0147 -0.1163 -0.0006 0 |, B=| 0.0026
0 0 1 0 0 0
|0 1 0 0 0 | 0 |
C=[00001]
Mo hinh d6i tugng khi c6 anh hudng nhiu c6 dang nhu (3.12):
X
& = AX+ BU+nx
dt (3.12)
y =Cx+ Du+ny
Mo hinh bd quan sat Kalman c6 dang nhu (3.10)
dx - -
E:Ax+Bu+L(y—y—Du) (3.13)

y =CX
Ham twong quan Ny, N, ctia tin hiéu nhiéu n,(t), ny(t) duoc cho nhu sau:
Nx = diag([0.00001 0.0025 0.0012 0.009 0.00021]); Ny =1
Muc tiéu cta bai toan 1a xac dinh ma tran L dé ham muc tiéu (3.14) dat Min
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Q, =%T(XTNXX+UTNyU)ZIt (3.14)

0

V&i cic ma tran hé sd nhu trén, gidi phuong trinh Ricacti (3.9) xac dinh dugc

ma tran P nhu sau:

P=[21125 -0.0600 -0.0062
-0.0600 0.0104 -0.0006
-0.0062 -0.0006 0.0040
-0.2288 -0.0040 -0.0011
0.0029 -0.0038 0.0117
Tur (3.8) xac dinh dugc ma tran L nhu sau:

L =[0.0006 -0.0008 0.0023
d. M6 hinh mé phong hé thong

Set Headin, G & rudder angls Rats Limiter Integrator2
q L =3

-0.2288 0.0029
-0.0040 -0.0038
-0.0011 0.0117
0.3218 -0.0227
-0.0227 0.1087]

-0.0045 0.0217]

Band-Limited
White Moiss1

KALMAN

Outi

™
Inf [

Hinh 3.5 M6 hinh mé phéng e thong diéu khién t6i wu phan héi dau ra (LQG)
ding quan sat Kalman
e. Két qua mo phong ( khi thay d6i hudng di 5 do)
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DAC TINH GOC BE LAl KHI THAY DOI HUONG DI 5 DO ( BO DK LQR) DAC TINH HUONG DI CUA TAU KHI THAY DOI HUONG DI 5 DO (BO DK LQR)
7

12 T T T T T T T T T

. : : : : : : '
: : i : : ;
. : : : :

|

|

Goc be lai (do)
e
Huong di cua tau (do)

-Aﬂ 2|El dilu 5|I] BIEI I[lltl 1;0 1.I1IJ léﬂ 1$D 200 '10 I:EI 4IIJ El[l 8:] 1II]] |£u 1ali[l 1I|SI] 1EIID 200
Thoi gian (s) Thoi gian (s)
a) b)
Hinh 3.6 Kétqua ddp vmg géc bé ldi (hinh a), hirdng di hinh (b) ding bé diéu
khién LOR

DAC TINH GOC BE LAl KHI THAY DOI HUONG DI 5 DO (BO DK LQR+KALMAN)  DAC TINH HUONG DI CUA TAU KHI THAY DOI HUONG DI 5 DO (BO DK LQG+KALMAN)
12 T T T T T T T

Goc be lai (do)
Huong di cua tauido)

-1
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Thoi gian (s) Thoi gian (s)

a) b)
Hinh 3.7 Két qua dap ung goc bé ldi (hinh a) huéng di hinh (b) dUng diéu khién
. 161 wu phan hoi dau ra (LOG) va b quan sét Kalman ]
3.4 Diéu khién hwéng tau thuy sic dung siv dung bp quan sdt trang thdi két

hop bé diéu khién truot [23].
Bai toan str dung diéu khién cudn chiéu trugt (Sliding Backstepping) cho hudng
tau stir dung bd quan sat trang thai. Do tinh phi tuyén 1én cta hé thong l4i, ciing
nhu nhiing anh huong cua nhiéu loan ngau nhién ctia méi truong: Séng, giod,
dong chay...nén viéc thiét ké mot b diéu khién dam bao gitt hudéng cho tau co
hiéu suét cao ludn luén khé khin. Trong cu trac ndy sir dung mot bo quan sat
nhidu ngiu nhién Nonlinear disturbance Oberver- NDO dé quan sat nhiing
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nhiéu loan ngau nhién tac dong vao hé théng két hop bd diéu khién trugt cudn
chiéu (Sliding Backstepping Controller) cho hé thdng c¢6 nhidu ngiu nhién tac
dong (hinh 3.8). Bo diéu khién dugc thiét ké c6 thé dam bao su 6n dinh cia hé

thong vong kin va nhicu cta ché do kiém soat trugt giam.

C“’d Disturbances
u v (
jSliding backstepping 5.3 a Ship dynamics »

controller =

Ur

Nonlinear disturbance
observer b
|

Hinh 3.8. Cdu tric hé thong diéu khién giiv hiedng sir dung bé diéu khién truot
V6i b6 quan sat nhiéu ngdu nhién

Trong bai todn nay mé hinh todn cta hé thong chuyén dong theo hudng co

dang (Model Norrbin).
(T +AT)y +y +(a+Aa)y® = (kK +Ak)o +d
S, = 35[deQ) (3.15)
o =3[deg/s)

Trong d6 v - Gb6c hudng cua tau, 6 - Goc bé lai, T - Khodng thoi gian
khéng ddi, k va Ak - Hé s6 khuéch dai, d - Nhiéu loan bén ngoai, a va Aa - Hé
s6 Norrbin. Chon bién trang thai x; = v, X, = y, U = & - La tin hiéu diéu khién
két hop véi (3.15) duoc (3.16).

X =X,
X,=f(x)+bu+F (3.16)
y=x

Trong d6 f(x)=(-x,-ax)/T,b=K/T,F-La tat ca cac yéu tb khong chic
chan, duoc tinh theo (3.17).

F =(ATy +Aay’ +AkS) /T +d (3.17)

Muc tiéu diéu khién ciia bo diéu khién hudng tau 1a 1am cho tin hi¢u dau ra
(y) cuia hé thdng (3.16) bam tiém can theo hudng y, mong mudn bang cach thiét
ké luat diéu khién cta tin hiéu (u), trong khi van gitt dugc tat ca cac tin hiéu gidi
han vong 1ap kin.

Xac dinh bo quan sat NDO: B quan sat NDO dua ra c¢6 dang (3.18).
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F=z+p(X,X) (3.18)
z=—L(x,%,)Z+L(x, %)[ = p(X, %) — f(x)—bu]
Vi z eR?, cach tim p(Xy, X,) di duoc xac dinh, L(xy, X,) khuéch dai NDO duoc
xac dinh tir phuwong trinh (3.19).
L(X,, X, )%, =dp(x,,X,) / dt (3.19)
Sai léch quansat F=F-F (3.20)
Do yéu t6 ngiu nhién ctia nhiéu loan nén chon F =0 nghia 1a cho rang cac
nhiéu loan bién d6i twong dbi cham dé quan sat, tir (3.18), (3.19), (3.20) ta duoc

IE =F —F =—2—p(X,%,) = L(x, X,)[Z + P(X;, X, )] = L(X,, X, )[%, — f (x) —bu] (3.21)
= L(x, %) F—=L(x, %,)F =—L(x,X,)F

Tir (3.21) ta thiy sai léch quan sat 13 tién can on dinh trén toan mién néu
L(X¢,X2) >0.

Gia str chon L(X;,X) = a =>p(Xy,X) = aXp va %, = f(x)+bu+F/b). Do do
tin hiéu khuéch dai quan sat nhiéu s& 1a (1/b) va bién diéu khién ug = F/b.
Thiét ké bo dieu khién cuon chiéu truot: Sau khi dua bo NDO, khi d6 ta co

%, = f(X)+bu+F = f(X)+b(ug—U.)+F = f(X) +bug—F +F

3.22
= f(x)+bug +F (3.22)

Tir (3.22) 16 rang 1a nhidu loan dd dugc thay doi tr F — F va tit ca cac
nhiéu loan di duogc giam sau khi st dung bd NDO, lc nay (3.16) duoc viét theo
(3.23)
X =X
X, = f (X)+bug + F (3.23)
y=x

Sai léch diéu khién ctia hé théng c6 thé duoc tinh theo (3.24).
& =YYy
€, =X, —a,(X)

Nhu vay luat diéu khién duoc xac dinh theo (3.25)

Ugs =[c, (K&, —&,) — f (X) +2,(x) —e,~hs = 5sgn(s)]/ b (3.25)

Trong d6 ¢,>0, k>0, h>0 1a nhiing thong sb thiét ké, § - Udc lugng cia & .
Két qua mé phong hé thng

(3.24)

Hinh 3.9 dap tng tin hiéu ra hudng tau va goc lai khi hudng dat trude cho tau la
120°. Hinh 3.10 dap Gng tin hiéu ra huéng tau va goc 1ai khi thay doi huéng dat.

Tir két qua mo phong cho thiy dap tng dau ra hudng tau va goc bé 1ai khi sir
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dung bo quan sat NDO tét hon khi khong st dung bd quan sat NDO. Khi ¢o
nhiu tac dong hodc khi c6 su thay doi huéng thi dap Gmg dau ra goc hudng, goc
bé lai thuc cua tau c6 qua trinh qua do nho va géc huong luon bam theo huong

dat cua tau khi st dung bo quan sat NDO.

= — T 1. I. = S
| n \ f \ 1 4 |
er'\_,"Jl‘\-r n"\\ [ -\.Ihl:ﬂ 'I.,-'rJ.II""V! -.l'l.l‘.- .I".uﬁ : Fd__-..,:-.— ' T
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------- e L LR LR EEEEEELE “ .
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-2 "';f"“l ........ -— —Expectd | ____ el A Red  Jeeeeee
= | i i = Real g F - o -
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time/s
Hinh a Trucng hop khdng oo bd NDO Hink b Trieong hop cd bd NDO

Hinh3.9. Ddp itng dau ra hiedng tau va géc ldi khi hudng di dit truée cho tau la
120°

i i 0 10 200 0 40 50 00 70 80
0 200 400 500 800 imels
timels

Hinkh a Triwdmg hop khdng oo bd NDO Hink b Tridmg hop od bd NDO

Hinh 3.10. Pdp iing dau ra huéng tau va géc lai khi thay doi hiedng dat.
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KET LUAN
Trén day 1a toan bd ndi dung nghién ctru cua dé tai. Dé tai da giai quyét duoc
cac van dé sau :

Tim hiéu, phan tich nghién ctru dugc dong luc hoc chuyén dong tau thuy
trong 6 bac tu do. Nghién ctru phan tich dugc mé hinh toan cua chuyén dong tau
thiy 6 bac, 4 bac, 3 bac tu do. Phan tich nghién ctru dugc mo hinh khdng gian
trang thai mé ta dong hoc tau thuy, mo hinh toan hé thong truyén dong 14i tau
thiry. Nhitng mé hinh toan nay 1a co s& cho viéc nghién ciru céc bai toan vé diéu

khién chuyén dong tau thuy

Nghién ctu duoc sy anh hudéng cua nhidu tdi viéc on dinh hudng di.
Nghién ctru, phan tich duoc cac phuong phap giam thiéu tic dong cua nhibu toi
hudng di. Pua ra co s¢ cho viéc ing dung b loc Kalman vao trong hé théng 141.
Pi sau phan tich ciu tric, chiic ning hé théng 1ai sé PT70 co tich hop giita bo
diéu khién t4i wu va bo quan sat trang thai Kalman mé rong, day la co s& cho
viéc mé rong, (mg dung cac bo quan sat trang thai nham nang cao chat lugng 6n

dinh hudng di cho tau thuy.

Pé tai da nghién ctru, dé xuat tmg dung bd quan sat trang thai Kalman két
hop bo diéu khién tbi vu cho chitc nang 6n dinh huéng di tau thuy, mé phong so
sanh két qua khi c6 va khong co sir dung bd quan sat trang thai, két qua mo
phong cho thiy c6 su ning cao chit lugng hudéng di khi str dung bd quan sat
trang thai, tuy nhién két qua nay moi chi dimg lai & bai toan sir dung bo quan sat
Kalman don gian. Bén canh d6 dé tai di nghién ctru, phan tich mé hinh toén va
chat luong mot bai todn cy thé vé diéu khién hudng tau thuy sir dung sir dung bo
quan sat trang thai két hop bo diéu khién truot. Pay ciing 13 co s& cho viée tng

dung cac bd quan sat trang thai ngoai viéc st dung bo loc Kalman.

Han ché cua dé tai 1a chua dua ra dugc moé hinh by quan sat trang thai khi
nhiéu tac dong 1a ngau nhién va véi cac tan s6 nhi¢u khac nhau, bai toan méi chi

dimng lai & mirc do mé phong khi nhiéu 13 ¢6 dinh khong bién thién.

38



TAI LIEU THAM KHAO
Tiéng Viét
[1] Tran Anh Ding. DPiéu khién hién dai Iy thuyét va vmg dung. Nha xuat ban
Giao thong van tai, 2013.

[2] Nguyén Thi Phwong Ha. Ly thuyét diéu khién hién dai,hé diéu khién toi wu.
Nha xuit ban Pai hoc Qudc gia thanh phd Hd chi Minh.

[3] Nguyén Thuong Ngo. Ly thuyét diéu khién tw dong thong thuong va hién dai,
quyén 4 He t6i wu — hé thich nghi. Nha xuat ban khoa hoc k¥ thuat, 2005

[4] Nguyén Dodn Phudc, Phan Xuan Minh. Diéu khién t6i wu va bén vimg.
Nha xuét ban khoa hoc va K§ thuat, 2000.

[5] Nguyén Dodn Phudc. Ly thuyét diéu khién tuyén tinh. Nha xuat ban khoa
hoc va Ky thuat, 2005.

Tiéng Anh

[6] Arbab Nighat Khizer, Dai Yaping, M.A. Unar. Design of Heading
Controller for Cargo Ship using Feed Forward Artificial Neural Network.

[7] Aulia Siti Aisjah. An Analysis Nomoto Gain and Norbin Parameter on Ship Turning
Maneuver. The Journal for Technology and Science, Vol. 21, No. 2, May 2010

[8] Breivik, M. and T.lI. Fossen. Guidance Laws for Autonomous Underwater
Vehicles. Chapter 4, In"Intelligent Underwater Vehicles". I-Tech
Education and Publishing (A. V. Inzartsev, Ed.), Vienna, January 20009.

[9] Baozhu Jial, Hui Cao, Jie Ma. Design and Stability Analysis of Fuzzy
Switched PID Controller for Ship Track-Keeping. Journal of Transportation
Technologies, 2012, 2, 334-338.

[10] Christensen, A. and M. Blanke (1986). A Linearized State-Space Model in
Steering and Roll of a High-Speed Container Ship. Technical Report 86-D-
574. Servolaboratoriet, Technical University of Denmark. Denmark.

[11] Christian Holden. Model ingand Control of Parametric Roll Resonance.
Thesis for the degree of philosophiae doctor Trondheim, June 2011.

[12] Cristian Toma. On PID Controller Design by Combining Pole Placement

39



Technique with Symmetrical Optimum Criterion. Received 10 April 2013;
Revised 8 July 2013; Accepted 8 July 2013

[13] Eloy Lopez, Teresa M. Rueda, Fco. J. Velasco. Marine course — changing
control using the pole placemant method with a polynomial. Fecha: 1999

[14] Fossen, T.l. Guidance and Control of Ocean Vehicles. John Wiley and
sons, 1994

[15] Fossen, T.I. and M. Paulsen (1992). Adaptive Feedback Linearization
Applied to Steering of Ships. In: Proceedings of the 1st IEEE Conference
on Control Applications. Dayton, Ohio. pp. 1088-1093.

[16] Fossen, T.I. and T. Lauvdal (1994). Nonlinear Stability Analysis of Ship
Autopilots in Sway, Roll and Yaw. Proceedings of the Conference on
Marine Craft Maneuvering and Control (MCMC'94), Southampton, UK.

[17] Fossen, T. I and O.E. Fjellstad (1995). Nonlinear Modelling of Marine
Vehicles in 6 Degrees of Freedom. International Journal of Mathematical
Modelling of Systems JMMS-1(1), pp. 17-28.

[18] Fossen, T.l. and J.P. Strand (1999). Passive Nonlinear Observer Design for
Ships Using Lyapunov Methods. Experimental Results with a Supply
Vessel. Automatica AUT-35(1), pp. 3-16.

[19] Fossen, T. I, (2000). A Survey On Nonlinear Ship Control: From Theory To
Practice. Derparment Of Enrinneering Cyberletics Noswegian University
Of Science And Technology, N-7491 Trondheim, NorWay.

[20] Fossen, T. I, (2000). Nonlinear Passive Control and Observer Design for
Ship. NO.3 129-184, Modeling, Indentification and Control

[21] Fossen, T. I. Marine Control Systems - Guidance, Navigation and Control of
Ships, Rigs and Underwater Vehicles Marine Cybernetics, 3rd edition, 2002.

[22] Fossen, T. I. Nonlinear Modeling and Control of Underwater Vehicles.
PhD thesis, Norwegian University of Science and Technology.

[23] Lauvdal, T. and T. I. Fossen (1997). Nonlinear Rudder-Roll Damping of
Non-Minimum Phase Ships Using Sliding Mode Control. In: Proceedings
of the European Control Conference. Brussels, Belgium.

40



[24] Jin Cheng, Jiangiang Yi, Dongbin Zhao. Neural Network Based Model
Reference Adaptive Control for Ship Steering System. International Journal
of Information Technology, Vol. 11 No. 6 2005 .

[25] Jialu Du, Chen Guo. Nonlinear Adaptive Ship Course Tracking Control
Based on Backstepping and Nussbaum Gain. Proceeding of the 2004.
American Control Conference Boston Massachusetts Jule 30 - July 2, 2004.

[26] Jasmin Velagic, Zoran Vukic, Edin Omerdic (2003). Adaptive fuzzy Ship
autopilot for track — keeping. Control Engineering Practice 11.

[27] Lundblad, J. G. Application of the Extended Kalman Filtering Technique to Ship
Maneuvering Analysis. PhD thesis, Massachusetts Institute of Technol-ogy.

[28] Lauvdal, T. and T. I. Fossen (1998). Rudder Roll Stabilization of Ships
Subject to Input Rate Saturations Using a Gain Scheduled Control Law. In:
Proceedings of the IFAC Conference on Control Applications in Marine
Systems (CAMS'98). pp. 121-127. Fukuoka, Japan.

[29] M. J. Mahjoob and E.Abbasi. Fuzzy LQR Controller for Heading Control
of an Unmanned Surface Vessel. Center for Mechatronics and Automation,
School of Mechanical Engineering College of engineering, University of
Tehran Tehran, Iran

[30] Perez, T. and T. I. Fossen. Ship Kinetics. Chapter 4, In: "Ship Motion
Control: Course Keeping and Roll Stabilisation using Rudder and Fins" (T.
Perez), Advances in Industrial Control Series, Springer-Verlag, 2005,
ISBN 1-85233.

[31] Perez, T. and Mogens Blanke. Mathematical Ship Modeling for Control
Applications. Technical Report Dept. of Electrical and Computer
Engineering The University of Newcastle, NSW, 2308, Australia.

[32] Takezawa, Seiji. Directives for the Design of a Linear Quadratic
Autopilot for Minimum Fuel Consumption. The Society of Naval
Architects of Japan, Nov. 1999

[33] Instruction Manual Autopilot PT70 Yokogawa Denshikiki Co., LTD

41



