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Tém tit

Bai bdo gidi quyét bai todn tw dong diéu khién cdp
cau cho tau thuy khi co cdu chap hanh bi 16i va
nhiéu ngoai canh tac dong. Diéu khién trueot duoc
sir dung lam bg diéu khién 16i dé dam bdo tinh on
dinh cho bé diéu khién tw dong tau cdp cau. Hai
tin hiéu hiéu chinh dwoc thiét ké trong tin hiéu
diéu khién dé giai quyét anh hwong ciia nhiéu
ngoai canh tic dong va dnh hwong khi co cdu
chdp hanh cia tau xay ra 16i. Hiéu qua cia bo
diéu khién dwge dé xuat dwoe minh chimg thong
qua cdc két qua mé phong.

Tw }{héa: Y:Lr d‘Néng diéu khzén tau cdp cau, diéu
khién swra loi, 1oi co cau chap hanh.

Abstract

This paper addresses the problem of automatic
ship berthing subject to actuator faults and
external disturbances. Sliding mode control is
used as a core controller, providing robust
features for the auto-berthing control system. Two
adaptive reaching signals are designed in control
signal to compensate the effect of external
disturbance and effect of actuator faults. The
effectiveness of proposed controller is proved by
numerical simulations.

Keywords: Automatic ship berthing, fault-
tolerant controller, actuator faults.

1. Mé dau

Hién nay, diéu khién stra 18i dang dwoc nhiéu nha
khoa hoc tap trung nghién ctru phat trién dé nang cao
murc d6 an toan ctia hé théng diéu khién ty dong. Nhiéu
nghién ctru da dugc thyc hién dé giai quyét van dé didu
khién stra 13i trong cac linh vuc khac nhau nhu: Didu
khién canh tay robot [1], nganh hang khong [2], diéu
khién vé tinh [3], diéu khién cac phuong tién hang hai
[4] va cac hé thong khac [5]. Trong nganh k¥ thuat hang
hai, hién nay chi c6 mot s cong trinh nghién ctru didu

khién stra 18i cho tau thily bam quy dao dugc thyc hién
[6][7][8]. Tuy nhién, chua c6 nghién ctru vé diéu khién
stra 16i cho qua trinh tu dong diéu khién tau cap ciu cho
tau thuy dugc thyc hién, Trong thuc té, tu dong didu
khién tau cap cau 1a nhiém vu kho khin phtrc tap hon
diéu khién tau bam quy dao don thuan. So véi khi hang
hai ngoai khoi, ngoai yéu cau dam bao bam quy dao
cap cau duy kién, tau thily can giam dan toc do dé tiép
can ciu cang an toan. Khi do, tau thuy s€ chiu anh
huéng 16n cua cac yéu td ngoai canh nhu séng gio,
dong chay, hi¢u ing dém bo, hién twong squat. Khi co
céu chdp hanh cua tau bi 18, tu co thé bi mat diéu
khién, gy va cham vdi cau tau, tau khac hodc cac
chudng ngai vat. Do do, nghién ctru diéu khién sira 18
trong tu dong diéu khién tau cap cau 1a mot van d& can
duoc nghién ciru giai quyét dé nang cao an toan trong
qué trinh phat trién tiu ty hanh trong tuong lai.

Trong thyc té, 156 xay ra trong hé thng diéu khién
tu dong bao gdm: Lai co ciu chip hanh, 15i cam bién,
va 131 trong hé thdng. Hau hét cac nghién ciru diéu
khién stra 18i cho cac phuong tién hang hai tap trung
vao 15i co céu chap hanh vai 2 giai phap chinh: Phan
phéi diéu khién va diéu khién thich nghi. Véi giai
phap dau tién, mot ma tran trong khdi chan vit duge
dé xudt trong bo didu khién [9] va c6 thé duoc diéu
chinh theo ti 1& 151 hiéu sudt cta chan vit. Giai phap
diéu khién thich nghi trong diéu khién sira 151 dya trén
mot bd wdc luong 16i. Nghién ciru [7] va [8] dé xuat
diéu khién sira 18i cho nhiéu loai 18i khéc nhau ctia
chén vit va diéu khién truot thich nghi sir dung bo tré
thoi gian. L3i co ciu chap hanh co thé xay ra 13i toan
phan hodc 15i mot phan. Li toan phan xay ra véi co
céu chip hanh 13 khi co céu chép hanh bi ket khong
thé tao ra luc déy mic du c6 tin hiéu diéu khién. Lai
mot phan ctia co cau chip hanh 1a khi lyc day tao ra
bi suy giam so v6i luc day theo yéu cau, thuong dugc
thé hién du6i dang phan tram.

Bai bao d& xuit mot bo diéu khién truot sua 15i
thich nghi cho bai toan ty dong diéu khién tau cap cau
cho tau thuy khi c6 anh huéng cua nhiéu ngoai canh
tac dong va 151 mot phin cua co ciu chép hanh.
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2. Co s& Iy thuyét
2.1. Yéu cdu ciia bai todn tw dpng diéu khién
tau cdp cdu cho tau thiiy khi cé anh hwong ciia
nhiéu ngoai cinh tic dong va 16i mét phén ciia
co ciu chap hanh

B6 diéu khién tu dong tau cap cau cho tau thuy can
dap g duoc cac yéu cau sau:

- Pam bao diéu khién tau bam theo quy dao cap
cau dy kién ddng thoi diéu khién hudng miii tau theo
hudng cap cau;

- Giam dan tdc d6 tau, dam bao téc do bang khong
tai vi tri clu tau;

- Pam bao duy tri chat luong diéu khién du6i anh
huéng ciia nhidu ngoai canh;

- Pam bao duy tri chat lvong diéu khién khi xay ra
16i mot phan ciia co cau chap hanh.

2.2. M6 hinh todn chuyén dpng tau thiiy

Dé giai quyét cho bai toan tu dong diéu khién tau
cap cu, mo hinh toan chuyén dong cuia tau theo 3 bac
tu do trén mat phang ngang duoc sir dung bao gom 3
chuyén dong: Chuyén dong theo truc doc tau (Surge);
chuyén dong dich chuyén ngang (Sway) va chuyén
dong xoay (Yaw). M6 hinh toan chuyén dong theo 3
béac tu do trén mit phiang ngang cho tau thiy duogc
trinh bay trong tai li¢u [10]:

{ n=Jmv )
Mo+ Cwv+D@uv=1t+d

Trong d6: 1 = [x y ]"1a véc-to thé hién vi tri tau
(x,y) va huéng mili tau y; v = [uvr]” 1a véc-to tde
do tién 1ui, tde do dat ngang, tde do quay trong hé toa
do tau; M 1a ma trdn quan tinh; C(v) 1a ma tran
Coriolis va hudng tim; D(v) la ma tran giam chan
thuy dong luc hoc; 7 1a véc-to lyc va mémen diéu
khién gy ra boi cac co cdu chip hanh cia tau theo 3
truc chuyén dong: chuyén dong theo truc doc tau
(Surge), chuyén dong dich chuyén ngang (Sway) va
chuyén dong xoay (Yaw); d1a véc-to luc va mbémen
do nhiéu ngoai canh tac dong.

Ma tran chuyén d6i J(n):

cosyp —simp 0 ()]
Jm) = [simp cosy 0]
0 0 1
Ma tran quén tinh M:
my;; O 0 €))
M = [ 0 my,, O l
0 0 mga;

Trong d6: my;, ma, va ms;z 12 hé s6 quan tinh bao
gém anh huong tang khéi luong (c6 gia tri duong
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khong d6i).
Ma tran Coriolis va hudng tam C(v):
0 0 _mzzv (4)
Cwy=| 0 0 myu
_mzzv _mllu 0

Ma tran giam chan thiry dong luc hoc D (v):

-dll 0 0 (5)
D (U) = 0 d22 0 l
[0 0 ds

Trong d6: dy, d», va ds; 1a hé s6 giam chéan thuy
dong luc hoc.

Gia dinh 1: Ma tran quan tinh 13 ma trin xac dinh
duong khong d6i hodc thay ddi cham.

Mb hinh (1) dugc nghién ciru st dung dé thiét ké
bo diéu khién truot sira 15i thich nghi cho bai toan tu
dong diéu khién tau cép cau cho tau thuy khi co anh
hudng ciia nhidu ngoai canh tic dong va 15i mot phan
ctia co céu chip hanh.

2.3. M6 hinh 16i co cdu chip hanh

Véc-to lyc va momen diéu khién gay ra boi cac co
céu chap hanh cua tau 7 ¢6 thé dugc xac dinh boi cong
thire sau:

T = Hu, ©®)

Trong d6: u, = [ug Ugp Us]T 1A tin hidu didu
khién tr bo diéu khién theo 3 truc chuyén dong; H la
ma tran hé sb stc khoe cta co ciu chép hanh:

H(t) = diag[h, (t) h,(t) h3()] )
voi 0 < hy(t) <1,i=123

Gia dinh 2: Do 15i mot phan co cdu chip hanh xay
ra vao thoi diém khong xac dinh, h¢ s6 ste khoe H
khong thay d6i sau khi 16i mot phan co cau chap hanh
xay ra. Gia dinh ring H(t) = 0 va hé s6 (/-H) dai
dién cho phin suy giam hiéu ning cia co cdu chip
hanh.

Gia dinh 3: Nhidu ngoai canh tac dong d va hé s6
suy giam hiéu nang ctia co ciu chap hanh (/-H) bi giéi
han va thoa man:

( ldll < dy ®
[1-H||<H, <1

3. Thiét ké bd diéu khién trwgt sira 18i thich
nghi cho bai toan tw dong di€u khién tau cip
cau cho tau thiiy khi c6 4nh huwéng ciia nhiéu
ngoai canh tic dong va loi mét phan cia co
cau chiap hanh
3.1. Thiét ké toc dp mong muén do

Trudc tién, cac toc do mong mudn 40 cia tau (ug,
va, va rg) duoc thiét ké tir vi tri va hudng tau mong
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muon (x4, y4, w4) cua quy dao cdp cau dy kién. Cac toc
d6 mong muon &o cua tau bang khong khi tau tai vi tri
cau tau.

Sai s6 bam vi tri va hudng tau dugc xac dinh nhu

sau:
ey x
=le, | =|y| =
oLzl

Dao ham sai s6 bam vi trf va hudng tau theo thoi
gian:

©)

Xq
Ya
Ya

€y X Xg (10
e | = y — | Ya
€y (24 I

Sai s6 bam tdc do duge xac dinh nhu sau:
[eu] u Uq (1)
e, = |&v =[v]—[vdl=v—vd
ér r Ta

Tir cong thic (1), véc-to te do tau v ¢ cong
thuc sau:

u x 12
H =R@)|Y
r ¥
Trong do:
cosyp sinp O (13)
RW) = [—simp cosy Ol
0 0 1

Véc-to toe do mong mudn do cia tau téi bo diéu
khién duoc thiét ké nhu sau:

Uy Xy — tanh (k,e,) (14
vdl = R(y) | Ya — tanh (kye,)
T4 Y4 — tanh (kyey)

Trong d6: ky, k;, k, > 0 1a hé s6 khuéch dai diéu
khién.

Pinh 1y 1: Néu sai s6 bam tdc do (e, e,, e,) trong
cong thue (11) hoéi tu vé khong, sai sb6 bam vi tri va
hudng tau (e, ey, e,) trong cong thic (9) s€ dugc dam
bao hoi tu vé& khong.

Chirng minh: Thay cong thuc (12), (13) va (14)
vao cong thuc (11), ta dugc:

e, + tanh (k,e,) (15)
e, = R(y) | €, + tanh (kye,)
ey + tanh (kyey)

Do [R()| = 1, ma trén quan tinh R(y) 1a ma trn
khong suy bién. Do d6, néu sai s6 bam toc do (e, e,
e,) trong cong thirc (7) hoi tu vé khong, thanh phan
( €y + tanh (kye,)), (€, + tanh (kye,)), va (ey +
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tanh (kyey)) s& hoi ty vé khong hay:
€, = —tanh (k,e,) (16)
e, = —tanh (k,e,)

ey = —tanh (kyey)

Chon ham Lyapunov ¥ nhu sau:

1 1 1 (17)
V= Eef +E€§ +E€$}
Pao ham cua ham Lyapunov V-
V = e €, +e,€, +eyey, (18)

= —e, tanh(k,e,) — e, tanh(kyey)
— eytanh (kyey)

Véi ks, ky, k, >0, V < 0. Do d6, ¥ s& hoi tu vé 0
va sai sd bam vi tri va hudng miii tau e, e,, e, cling
ddng thoi hoi tu vé 0. Pinh 1y 1 di dwoc chimg minh.
3.2. Thiét ké bé diéu khién trwet sira 16i thich nghi

Theo Pinh 1y 1, néu téc do tau duoc diéu khién
bam theo tdc d6 mong mudn &o trong cong thirc (14),
sai s6 bam vi tri va hudng tau (e, e,, e,) trong cong
thire (6) s& duge dam bao hoi tu vé khong hay tau s&
bam theo quy dao cap cau dy kién. Trong phan nay,
tin hiéu diéu khién trugt theo tbe do mong mudn 4o s&
dugc thiét ké. Trong tin hiéu diéu khién, hai tin hi¢u
hiéu chinh duoc thiét ké dé giai quyét anh huong cua
nhidu ngoai canh tac dong va anh huong khi co ciu
chép hanh cua tau xay ra 15i mot phan.

Chon mat truot nhu sau:

ERd :
s= 1S =|e|= ey
S3 e,

T cong thirc (1), ta co:
V=M1 (—Cv—-DWV+T+d) (20)

Thay cong thtc (12) va (20) vao cong thue (19):
S=MY-Cwuv-DWu+t+d)— (2
Uy

Thay cong thtte 18i co cau chip hanh (6) vao cong

thire (21):
s=M1(-Cv-DWv+Hu, + (22)

d) — vy
=M [-C)v— D@ — My, +
Hu, + d]

Tin hiéu diéu khién dugc thiét ké nhu sau:

U = Uy + Upq + Upy (23)
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Trong d6: u, 1a tin hi¢u tuwong duong véi A =
C()v + D(v)v + Mvy; u. 1a tin hi€u hi¢u chinh thir
nhat dé giai quyét anh huéng cua nhidu ngoai canh tac
ddng; u,» tin hidu hiéu chinh thir hai dé giai quyét anh
hudng cua 16i mot phan cta co ciu chap hanh:

u,=Cv+Dv+Mv; =4 (24)
Uy, = —ksign(s) (25)
Uy, = —A|Alsign(s) (26)

Luat diéu khién thich nghi dugc thiét ké nhu sau:

: (27)
(28)

k = a;ls|

A= a|Alls|

Trong d6: y 1a tham sé duong, ax va a; 1a toc do
thich nghi. k>0 va 2>0 1a h¢ s6 thich nghi.
3.3. Phaén tich on dinh ciia hé thong
Tur cong thirc (22), (23), (24) va (25), ta co:
S=M"1-A+ H(A - ksign(s) —
AlAlsign(s)) + d]

=M™[(H - 1A — HMA|A|sign(s) —
Hksign(s) + d]

Xét cac tham so gidi han sau:

{kb =d,/(1— Hp)
Ap = Hp/(1 — Hp)

Xét sai s6 tham s6 sau:
k=k,—k
{/T =1 — 4
Chon ham Lyapunov L nhu sau:
L=2s2+ ﬁa — H)M kTk +
% (1— H,)M AT

(29)

(30)

3D

(32)

Pao ham ham Lyapunov L:
L=ss- a—1k(1 — H)M kTk -
= (1 —H,)M AT}
az
=sM™[(H-1)A —
HA|A|sign(s) — Hksign(s) + d] —
L1 -H)M %kThk—-=(1 -
ay ) a;
HOM™'ATA

Véi luat thich nghi (27), (28), dao ham ham

Lyapunov L dugc viét lai nhu sau:

L=sM[(H-1)A —
HA|A|sign(s) — Hksign(s) + d] —
(1= Hy)M™ ' (kp, — K)Is| — (1 -
Hy)M ™ (4 — DAl
=sM™Y(H-1DA -
HA|Alsign(s) — Hksign(s) + d] —

dp

(1= H)IM™ (22— k) s = (1 -
H)M™ (24— 1) 14lIs]

(33)

(34)
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=M™(H - 1)As — HylAl|s|] +
M~ [-HA|Alls| + (1 — Hy)A|Alls|] +
M™[—Hk|s| + (1 — H)k|s|] +
M~[ds — d,ls]
Tu Gia dinh 3, ta co:
(H — 1)As < Hy|All|s|
(1 = Hp)AlAlls| < HA|A]ls|
(1 — Hy)k|s| < Hk|s|
ds < dpls|
Tir cong thuc (34) va (35), L < 0. Hé théng 6n
dinh theo tiéu chuan Lyapunov.

(35)

4. Két qua mé phéng

Nhim dénh gia chit lugng diéu khién cua bo diéu
khién duoc dé xuét, tac gia sir dung mo hinh tau Cyber
Ship II, 1a ban sao ti 1€ 1:70 cua mdt tau dich vu duoc
phat trién boi vién Marine Cybernetics. Day 1a tau du
co cAu chap hanh véi 2 chan vit va 2 banh 14i, va 1
chan vit miii. Thong sb dong hoc chi tiét cia mé hinh
tau Cyber ship II dugc tham khao trong tai liéu [11]
va dugc thé hién trong Bang 1.

Bing 1. Thong sé dong hoc ciia tau Cyber Ship IT

Tham s6 Gia tri Pon vi
23.8 kg
L 1.235 m
0.29 m
mii 25.8 kg
m22 33.8 kg
m3; 2.76 kgm?
di 7.92 kg/s
dz2 38.23 kg/s
ds3 2.73 kgm?/s

Vi tri, hudng va tbe d6 ban dau cua tau: x(0) = Om,
y(0) = Om, w(0) = /6, u(0) = Om/s, v(0)=0m/s,
#(0)=0m/s . Vi tri va huéng cap cau: x(b) = 20 m, y(b)
=20m, w(b) = 0.

Quy dao cap cau dugc thiét ké nhu sau:

x = x(b) x (2t — t2)/T?
{y = y(b)(3t — 3t* — t3)/T?3
T'1a thoi gian du kién cap cau.

(36)

Hé s6 cua bo diéu khién duoc chon nhu sau: i =
1, ky=1, k, = 0.8, hé s6 khuéch dai ban dau k= [1 1
17 va =100 0], tdc d6 thich nghi ;= 0.5, ;= 0.2.

Nhiéu ngoai canh tac dong d theo tai liéu [12]:
0.2 4+ 0.001.cos(0.8 x T * t)
0.4 4+ 0.001.sin(0.8 * 7 * t)
0.2 4+ 0.001.cos(0.8 x T * t)

d= @37)
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4.1. Mé phéng khi khéng cé 16i co ciu chip
hanh

V6i md phong khi khong c6 18i co cdu chép hanh,
hé s6 stc khoe clia co cdu chap hanh H=1.

Két qua m6 phong dugc thé hién trén Hinh 1-7.
Tau dugc didu khién hoan thanh cong viéc cap cau
vao luc 200s. Hudng miii tau dugc quay tir n/6 téi 0
khoang 150s, va gitt & 0 mac du c6 hién tuong rung
do anh hudng cuia nhidu ngoai canh tac dong. Toc do
tién i u cta tau ting dén 0,5m/s sau d6 giam dan vé
0 tai 200s. Toc do dat ngang v ting dén 0,07m/s
khoang 70s sau d6 giam dan vé 0 tai 170s. Tir Hinh 6

25

20

0 5 16 1-5 2-0 25

y
Hinh 1. Quy dao cip ciu ciia tau khi khong c6 16i co
ciu chdp hanh

20
15
x 10
5
0
0 5 10 15 20
y

Hinh 2. Do thi bam quy dao cip céu ciia tau khi
khéng cé 16i co' ciu chép hanh

0 50 100 150 200 250 300

0 50 100 150 200 250 300

.20

0 50 100 150 200 250 300
time (s)

Hinh 3. o thi vi tri va hwéng miii ciia tau khi khong
¢6 16i co céu chip hanh
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va 7, hé sb thich nghi ting dan dé giai quyét anh huong
ctia nhiéu ngoai canh tac dong.

04 ‘ '
Eo2
toes | 0 i
0 100 200 300
@006 °
E 007 -
>
0 100 200 300
& 9 T
w
T s —
-2 ‘ .
0 100 200 300
time (s)

Hinh 4. Do thi téc dé ciia tau khi khong c6 16i co ciu

chép hanh
6
€ 4
32
0
0 100 200 300
02F = " 5
2> 0.1 N
s 0 |
3701
0 100 200 300
g 0.1
£ 0
5
S .01 . L
0 100 200 300
time (s)

Hinh 5. Do thi tin hiéu diéu khién khi khéng cé 16

co céu chip hanh

2 F
R ,//—
5 A |
0 100 200 300
2
Y9 r’/,’/
0
0 100 200 300
i
<705
0
0 100 200 300
time (s)
Hinh 6. Hé sé thich nghi k khi khéng cé 16i co céu
chdp hanh

S |

0 100 200 300
05 ]
o~
SN |
0
0 100 200 300
-4
4 10 ,
o |
0
0 100 200 300
time (s)

Hinh 7. H¢ sé thich nghi i khi khéng cé 16i co cdu
chép hanh
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4.2. M6 phéng khi c6 16i co cdu chip hanh

Gia sir cac co cau chap hanh c6 16i mét phan nhu sau:

h _{1khit<305 (38)
17 0.4 khit = 30s

b :{1khit<505 (39)
27 10.3 khit = 50s

b :{1khit<805 (40)
37 10.2 khit = 80s

25
20 {@
Al
15 1 7 E,uu
x )
Y
10 //
P 7
5 7
\47
7
0
0 5 10 15 20 25
y

Hinh 8. Dé thi bam quy dao cép cau di kién ciia tau

khi khéng c6 16i co ciu chip hanh

20
15
x 10
5 - = .Desired trajectory
—— Actual trajectory
0
0 5 10 15 20
y

Hinh 9. Dé thi bam quy dao cép ciia tau khi ¢6 16i co

cdu chap hanh

0 50 100 150 200 250 300

E10

0 50 100 150 200 250 300

40
=20

0 50 100 150 200 250 300
time (s)

Hinh 10. Pé thi vi tri va huwéng miii ciia tau khi cé 16i

co ciiu chip hanh
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hanh
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Hinh 12. Dé thi tin hiéu diéu khién khi c6 16i co ciu

chép hanh
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Hinh 13. H¢ sé thich nghi k khi ¢6 16i co cdu chip
hanh
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Hinh 14. H¢ 56 thich nghi 2 khi c6 16i co cdu chip hanh
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Két qua mo phong dugc thé hién trén Hinh 8-14,
Tau dugc didu khién hoan thanh cong viéc cap cau
vao luc 200s mic di c¢6 151 mot phan cia cac co cdu
chéap hanh trong qua trinh diéu khién. Tir Hinh 11 va
12, do anh hudng cua 186i mét phan co cdu chip hanh
ttr 30s tin hiéu didu khién duoc khuéch dai nhd hé sb
thich nghi dé dam bao bam quy dao cép cu du kién
ddng thoi giam dan tde do vé 0 tai vi tri cau. Cac hé
s thich nghi dugc khuéch dai dé giai quyét anh huong
ddng thoi cua nhidu ngoai canh tic dong va 16i mot
phan cta co ciu chap hanh.

5. Két ludn

Trong bai bao nay, tac gia da d& xuét mot bo diéu
khién truot stra 18i thich nghi cho bai toan ty dong diéu
khién tau cap cau cho tau thity khi c6 anh huong cua
nhidu ngoai canh tac dong va khi c6 16i mot phan co
cAu chép hanh. Phuong phép diéu khién truot theo tin
hiéu tbc d6 mong mudn o dam bao tau bam theo quy
dao cap clu du kién, déng thoi dam bao tde do tau
bang 0 tai vi tri cau tau. Tin hiéu diéu khién thich nghi
dugc sir dung dé giai quyét anh huong ctia nhidu ngoai
canh tac dong va anh huong khi co cdu chap hanh 13i
mot phan. Cac két qua mé phong chimg minh hiéu qua
va tinh 6n dinh cta b didu khién duge dé xuét.

Ngoai ra, bo diéu khién nay 1a mot bo diéu khién
sira 16i thu dong khong can bo nhan biét 156 nhung chi
giai quyét 18i xay ra véi co cAu chdp hanh. L3i cam
bién va 16i hé théng s& duoc nghién ctru trong giai
doan tiép theo.
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