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HE THONG LAI HWONG TAU THUY BA CHE BO
MULTI - REGIME SHIP COURSE CONTROLLER

L.é Thanh Tung
Truong Pai hoc Bach khoa Ha Nai

TOM TAT

Nhiém vu chinh ciia hé thong ldi tw dong la giir tau chuyén dong theo huéng chon truce dé
dam bao an toan hang hdi va tinh kinh té ciia van tai bién. Pé ndng cao chat lwong lam viée ciq
chiing, nhiéu ky thuat diéu khién khac nhau da, dang va sé dwoc dp dung va phdt trién. Trong bai
bao nay, mot bo diéu khién da ché do xdy dung trén bién 16 hop diroe dé xudt. He Ii?éfwg s€ ing xip
khac nhau, tiy thuge vao do lon hién t6 hop. Han ché goc be lai d{r‘()'c tinh dén trong xdy dung lugy
diéu khién. On dinh ciia hé thong dwoc chitng minh theo Iy thuyét 6n dinh Lyapunov. Hoat dong C'l:;(!
hé tong hop dwoce danh gia trong cdc diéu kién khdc nhau thong qua m(? phong s6 siy dung phan
mém Matlab. Cdc két qua dat dwoc cho thdy, bé diéu khién dé xuat o thé img dung rong thye 1

Tir khéa: Diéu khién da ché do; Diéu khién t6i wu,; Bién to hop; Dong luc hoe ¢4, thiy;,

Hé thong ldi tw dong tau thiiy.
ABSTRACT

The major ship autopilot duty is to keep a predefined direction using mostly ruddey. . their
successful design and performance improvement various control techniques ”.’3"@ C“‘?d are dEVElop wil
In this paper, a multi-regime controller based on so called aggi'é’gf’fed variable is presented. Ty,
behavior of the autopilot is depended on the aggregated variable values. The limitatiop on the
rudder deflection is involved in control law design. The system stability is prov éd through Lyapype,
theory. The performance of designed autopilot is evaluated through numer ical simulation iy Matigp,
The results show that proposed ship autopilot can efficiently be used to control the coupge of reql

ships.

Keywords: Multi-regime controller; Opyimat conmrol: Aggregated Y iable; Ship dyngyyg

ship autopilot.
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1. MO PAU

Nhiém vu chinh ciia hé thong lai tu
dong tau thuy 1a duy tri huéng chuyén dong
cua tau duoc 6n dinh nho hoat dong cua banh
lai. Sy an toan hanh hai cting nhu hiéu qua kinh
té cua van tai bién phu thude truc tiép vao chit
luong hoat dong cuia céc hé thong 1i tu dong.
Dé cai thién chit lwgng lam viéc cua chung
nhiéu ky thuat diéu khién hi¢n dai da, dang va
sé dugc nghién ctru, img dung nhu diéu khién
thich nghi, mo, didu khién t6i uu hay str dung
mang no ron nhan tao [1-10, 14]. Déi véi cach
tiép can theo diéu khién t6i wu cac phan tich
cho thﬁy, thir nhit, chi s6 danh gia chat luong
hay suir dung la tiéu chuan binh phuong tuyén
tinh va hé tong hop g xtr theo cung mot cach
khong phu thudc vao trang thai cua né so voi
diém cén bang. Trong thuc té, s& 1a hop logic
hon néu hé thong quay vé 1an can trang thai
cin bang mot cach nhanh nhit co thé co tinh
dén tiét kiém ning lugng, nho dé han ché tai
trong 1én mdy lai va suy giam tée do tau, do
lue can tang Ngoai ra, goc be lai lon nhit cling
bi han ché va viéc khong tinh dén hién tuong
nay trong xay dung luat diéu khién c6 thé dan
dén mat 6n dinh cta hé thong. Trong bai bao
ndy, b diéu khién t6i uu da ché do sur dung
bién t hop dugc dé xuat. Ung xir cia h¢ tong
hop s€ khac nhau tiy thudc vao trang thai cua
hé thong so vi diém can bang. Trudng hop
sai léch 16n b diéu khién co thuoc tinh cua bo
diéu khién tic dong nhanh va tiét kiém nang
lwong. Khi sai lcch nho, chung ta c6 bo diéu
khién LQR truyén thong. Han ché goe be lai
duge dua vao trong tinh toan thong so bo diéu
khién va nho vy ¢o thé kiém soat dugc sy qua
diéu chinh, suy giam toe do do gia ting luc can,
nho do hiéu qua lam viée cua tau ¢o thé dugce
cai thién. On dinh cua hé duoc tong hop dugc

chirmg minh theo ly thuyét Lyapulov. Bai bao

c6 céu tric nhu sau: O phén tiép theo, mo ta
ngan gon dong luc hoc tau, may lai va nhiéu
moi truong duoc thuc hién. Tf)ng hop bo diéu
khién, dénh gia ché dd va 6n dinh duoc trinh
bay & phan 3. Két qua mo phong, so sanh va
danh gia c6 trong phin 4. Két luan duoc trinh
bay trong phan cudi cung.

2. TOM TAT PONG LUC HOC TAU, MAY
LAI VA NHIEU NGOAI

2.1. Pong luc hoc tau va may lai

Phuong trinh mod ta chuyén déng cua
tau dugc gidi thigu trong nhiéu tai liéu [11-13,
17]. B6i voi bai toan 6n dinh hudng chuyén
dong c6 thé bo qua su dat va tuong tac gilra
chuyén dong dao lai véi chii va lic ngang. Vén
tde cua tau duoc xem 1a on dinh. chuyén dong
(dao 14i) cua tau duoc xem la dién ra trén mat
phéng nim ngang (h.1) va duge mé ta boi cac
phuong trinh sau:

qb:(o;(}):f((o,é') (1)

Véi: @- Goc dao lai; - Van toc goc

dao lai; 6- Goc bé lai.

X
0, /%, Xg

5

‘I’Zg

Hinh 1. Chuyén dgng ddo 1di va cdc thong so.
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Mbt md hinh phd bién trong xay dung
hé théng 6n dinh huéng 1a md hinh Nomoto
tuyén tinh bac nhit [16]:

:a);a)='——(0+—5 2
@ 7O+ 2)

O day, K- Hé sb dic tnung cho hiéu qua
ctia banh 1ai; T-Hing s6 thoi gian.

Sir dung mé hinh méy 14i [3] :

5=

- ©)

3 3

Véi u- Lénh bé 1i; u__ - Géc bé 14i 16n
nhit; T,- Hing s6 thoi gian may 14i.

2.2. Nhiéu méi trudmng

Séng bién 1a nhidu méi truong chit yéu
tac dong 1én thdn tau. Trong bai bao ndy sur
dung md hinh séng bién sau [17]:

xw=Ax_ +bmw=Clx, )

Voi:

0
RN
-0} -2¢w, K, 1

Trong d6: n - Nhiéu tréng Gaus véi tri
trung binh khéng; - Tén sé séng chu dao; §-
He¢ s6 suy giam tuorng ddi cia song; K, -Hé s6
phu thudc vao nang lueng séng. Mo hinh song
dang ham truyén nhu sau:
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w=Cl(sI-4,)"b, = K (6)

w 2
s°+2%w, s+ a)f

3. ’l:HIET KE BOQ PIEU KHIEN VA DPANH
GIA

Két hop phuong trinh (1) va (2), déng

thoi ky higu x, = ¢;x, =a)=¢;x3 =0, tacd
hé phuong trinh hé mé rong nhu sau:

£ - 1 1
F R = n v ()

3

. . 1
X1 = Xy,X2 = —?Xz +
3.1. Thiét ké bd diéu khién

Bo diéu khién duoc thidt ké theo phuong

phap trinh bay trong [14, 15]. Xac dinh bién td
hop theo cdng thirc:

v =X, +czx2 + c3x3 (8)
Chon phiém ham:
© .2
J= J‘[le % +(thl//)2)dt;T, >0 (9)
0
Tin hiéu diéu khién y duoc x4c dinh tir

phuong trinh: 7,y +4 ¥ =0 vi ¢§ dang phy
sau:

Tz( cz} ( ¢ | 6K
==l =2+ -2+ 22|ty

“TTT, T T (11)

Ta c6 luét di€u khién:
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T,
=<y (12)

Dudi tac dong cua tin hi€u diéu khién trén
diém biéu dién trang thai cia hé théng chuyén
dong vé l4n can mit y =0 va chuyen dong doc
trén mét nay. Phuong trinh chuyén dong cta hé
lic nay dwoc mé ta bdi phuong trinh:

Xi =X,3X2 = ——— -=+

Ke, ‘- 1 Ko,
Te, ' \ T To

sz (13)

Céc tham sb c¢,,c,,c; phai dam bao

chuyén dong doc theo y =0 la 6n dinh.
3.2. Phan tich 6n dinh

Xét ham Lyapunov:

V_l_lgl_x +lx (14)
27T, 27

LAy dao ham theo thoi gian ta co:

K Ke, Kc | Ko ) 1 K‘
V=F:T‘x--n+nxz=-\m(——'" '] ‘[r Te, AT T, (15)

Te, Tey

Sir dung (11) ta co:

y 2 1 ch
l+—K—cl=i+l>0—>V20;V=—x2{—+ -)50
T Te, T, T Tc

Ta thdy: Khi t—oo,x, =>0. Tu

KCI (__l__'_ Kc2 )x ta co X, - 0.

T Tc
Vay, hé 6 én dinh toan cuc.
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3.3. Phan tich ché dé

» Ché d0 sai Iéch 16n. Trong ché do nay, thy — 1

T .
tin hiéu diéu khién |u| > —2-<u, , phiém

Tic,

max *

-

C;

ham tré thanh: J = j[T sz(ls)

Véi, t, t, - Thoi diém bat dau va két
thiic ché d6. Ro rang day 1a phdi hop cua tiéu

chuan t6i wu thoi gian va ning luong.

« Ché d¢ sai léch nhé. Trong ché d nay,
thy =~y =X, +CyX, + ;X5 , tiéu chudn tro
thanh:

J= j(—u +(ex, +6,%, +0yx;3) ]dl IIITRM+X Qv}il (17)

c; :

Véi:
2
X, ) Cp GG (GG
p_13 . H_ 2
x=|x, [R==F;0=|cc, ¢; ¢c,¢c3| (18)
_ 3 2
X3 €G3 CC3 Cy

R& rang déy Ia tiéu chudn binh phuong
tuyén tinh.

4. KET QUA MO PHONG

M6 phéng dugrc thue hién trong Matlab
Simulink. Cac tham sb cia mé hinh sir dung
trong md phong duge 13y tir [17], véi cac gia
tr1 sau: K =0.5(1/5);T =31(s). Goc hudng yéu
ciu 1a bang 0. Qua trinh qua d6 cta hé thong
v6i cac tham s khac nhau cua bo diéu khién
dugc trinh bay trén hinh 2. Co thé thiy 1a goc®
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dao 14i, van tbc goc dao 1ai va goc bé 14i hdi tu
vé céc gia tri mong mudn sau khoang thoi gian
nhit dinh. Ngoai ra, goc bé 14i héi tu vé 0 nhanh
hon géc ddo 1ai va vén tbc goc dao l4i. Piéu
ndy, c6 thé dugc giai thich béi khi sai léch nho
hé théng tr chuyén dong vé trang thai cin bang

1007t
1- ume=10; T1=1
S0 2- umax=10; T1=10
3 umex=5; Ti=1
80f 4 umax=5; T1=10

yaw angle (deg)

5588

5 8

200 20

(hé (18) 6n dinh). Khi sai 1&ch c6 gia tri 16m goc
bé 1ai nhanh chéng dat gia tri cuc dai dugc thiét
lap va duy tri n6 chimg nao sai s6 chua giam
t6i gid tri ndo d6. Bang cach thay déi h¢ s6 T,
ta thay d6i dugc thoi gian xac 1ap ctia hé thong.
Goc bé 1ai dugc gidi han & cac gia tri dat trude.

30
1- umax=10; T1=1
25 2-uma=10; T1=10
Fuma=5 T1=1
4 uma=5, T1=10
20
=
S 15
K
£ 10
S
o
-
2
100 150 200 250

t(s)

Hinh 2. Thay déi goc ddo ldi va goc bé ladi theo thoi gian trén nudc tinh.

Hé théng dugc mo phdng
trong cac diéu kién khic nhau
(cép s6ng). Trén hinh 3, trinh bay
thay dbi goc dao 14i, van toc dao 100

T1=10;umax=10;h=4

lai va goc bé lai theo thoi gian
cho séng véi chidu cao dam bao 80y
3% 1a 4 m. C6 thé thiy ring, goc
dao 1ai, van toc dao 14i va goc bé
141 dao dong xung quanh dic tinh
trén nudc tinh. Bién d6 dao dong
goc dao lai 1a khoang 3°. So sanh
voi bd didu khién LQR truyén
théng dugc trinh bay trén hinh 4.
Cac tham s6 cta b diéu khién
truyén théng dugc xac dinh voi

60

N/

rudder angle (deg)

yaw rate (deg/s)

cac ma trdn Q va R ldy tr (18). 0
Viéc so sanh dugc thuc hién cho
cac gidi han goc bé lai la 35%a)
va 5%b).
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50 100 150

200
t(s)

Hinh 3. Thay doi géc va van téc dso lai, goc bé ldi ¢ song vei

h,%=4 m.
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Két qua cho thdy, truong hop ca hai hé
dé xudt (1) va hé truyén thdng (2) c6 han ché
gbc bé 14i 1a 35°, hé dé xuét nhanh chéng dua
tau vé lan can trang thai cin bing. Goc bé lai
ciia hé lac nay nho hon so voi hé truyén thong,

yewn angle (deg)

yaw rato (deg')

3 50 100 150 200 0
1s)
30 1- rtrolle
2- tradifional corrolkr
20
g 10
2
go
S
-3
2 .10
20
30, 50 100 150 200 250

s)

a

Hinh 5. So sanh hoat déng cdc by diéu khién
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yaw gngle (deg)

rudder engle (dog)

thoi gian qua 46, d6 qua diéu chinh cua goc
huéng cta hé truyén théng 16n hon. Trudng
hop bi gi6i han goc bé 14i 14 5°, bo diéu khién
truyén théng tham chi khong dam bao 4n dinh
clia hé théng.

rEmTE
700 aditiona | oy clk:
-
€00
e
500 e
/
400 e
200 e
s

20 / .
100/\

[

0 50 100 150 200 250

t(s)

yaw rate (degh)

3
1- propased cordroller
2 faditional confrofller
25
20
15
10
l 2
g
off 1
0 50 100 150 200 250

t(s)
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5. KET LUAN

Trong bai bao nay, hé théng 1ai huéng
da ché do duogc dé xuét. Hé théng &pg xu khac
nhau phu thudc vao dé 16n bién t& hop ‘(d;ic
trung cho su 1éch hé thong khéi vi tri can béx}g).
Nho vay, vira dat dugce tac dong nhanh, dong
thoi han ché cuong do 1am vige cia méy 14i, va
suy giam toc do tau. Cac thong 50 bg diéu khién
phu thu¢c tuong minh vao thong s6 tau va cac
thong s6 thiét ké, nho vay dé dang thay ddi theo
mong mudn cia ngudi van hanh. Do lon goc be
lai duge kiém soat bang 1y thuyét. Chat lugng
hoat dong cua hé dé xuat dugc kiém chimg
thong qua m6 phong. On dinh toan cuc cta hé
dugc chirng minh sur dung 1y thuyét Lyapunov.
Két qua cho thay, bo diéu khién dé xuat c6 thé
ap dung trong thuc té. %
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