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Tém tit

Mot cdu tric diéu khién td‘ng két hop vdi bo loc
nhiéu phi tuyén sé dwoc dwa ra trong bai bdo ndy
nham déi phé véi nhitng yéu t6 bat dinh cé trong
mé hinh tau thity. Viéc bién doi mé hinh todn hoc
gilip giam sw phu thudc vao mé hinh khi thiét ké
thudt toan dua trén ky thudt cuén chiéu va bé loc
nhiéu. Tinh 6n dinh ciia bé diéu khién cho mé hinh
tau thiy dwoc xem xét. Cdc két qua mé phong
chirng minh tinh hiéu qua cia bg diéu khién dwoc
dé xudt va so sanh véi b diéu khién truot co ban.
Tir kKhéa: Tau thiy, Ky thudt cuon chiéu, Bé diéu
khién truot, Bé diéu khién bén vitng, B¢ loc nhiéu.
Abstract

In this paper, a cascade control structure
combined with a nonlinear disturbance filter will
be introduced to deal with the uncertainties in the
surface vessel model. The transformation of the
mathematical model helps to reduce the
dependence on the model when designing
algorithms based on backstepping techniques and
disturbance filter. The stability of the controller
for the surface vessel model is considered. The
simulation results demonstrate the efficiency of
the proposed controller and compare it with a
regular sliding mode controller.

Keywords:  Surface vessel,  Backstepping
technique, Sliding Mode Control (SMC), Robust
controller, Disturbance filter.

1. Gioi thiéu

Tau thity dong mot vai tro thiét yéu trong nhiéu
ung dung nhu: giao thong vén tai, quan sy, tham do
moi trudng,... khong c6 nguoi 1ai do diéu kién rui ro
ma céc thity thu va ngudi st dung lao dong c6 thé gip
phai. Tuy nhién, viéc kiém soat ty dong hé thong hang
hai c6 rat nhidu khé khin do diéu kién hoat dong ludén
chiu anh huéng cta cac dong luc phi tuyén tinh rat
phirc tap ctia moi truong dai duong, ching han nhu
gi6, song va dong chay. Vi vay, nhitng nim gan day

da chimg kién sy phat trién vé mit thiét ké diéu khién
cho cac h¢ thong tau ndi véi thanh phan bat dinh va
nhidu bén ngoai [1], [2] va [3]. Trong sb cac cach tiép
can dé ting cuong bo diéu khién thich img manh mé,
mo hinh cua hé thdng tau thuy c6 thé duge xem xét
trong hai truong hop lién quan dén hé thong thiéu co
céu chip hanh [4], [5] va hé théng du co cdu chip
hanh [6]. Trong nghién ctru [7], mic di cu trac didu
khién tang ciing duogc xem xét trong tinh hudng dii co
céu chap hanh, nhung 13 rang 1a khac vdi cac phuong
phap hién c6 trong [4], k¥ thudt su dung ham
Lyapunov chian (BLF) dugc trinh bay dé giai quyét
van dé rang budc sai s6. Mot sb phuong phap thich
nghi truyén thdng dd dwoc trinh bay trong [8], [9]
trong d6 co ché thich nghi dugc sir dung dé tinh gan
dung cac tham sé chua biét. Phuong phap cuén chiéu
dugc mé rong véi may quan sat nhidu duge trinh bay
trong [10]. Trong [11] va [12], mat trugt tich phan
duogc str dung dé c6 duge chién luoe didu khién ché
do trugt (SMC) két hop véi mang no-ron dé uée lwong
giéi han thanh phan bat dinh ctia hé thong. Ngoai ra,
ky thuat diéu khién hién dai da duoc phat trién véi
viéc st dung ly thuyét mo, mang no-ron nhan tao dé
xap xi md hinh nhu trong cac nghién ciru [13], [14].
Tt nhitng nghién ctru dé giai quyét anh huéng cia bat
dinh va nhidu ngoai cho hé tau thiy, nhém tac gia dé
xuat mot cau trac diéu khién tﬁng dua trén k¥ thuéat
cubn chiéu két hop véi bo loc nhidu phi tuyén nham
nang cao chat luong diéu khién ciia ddi twong tau thuy.
Thém vao do, viéc bién d6i mo hinh dong luc hoc
cling gitip giam mot phan sy phu thudce cua thuat toan
diéu khién vao thong s6 mé hinh.

Trong nghién cuu nay, chung t6i s€ trinh bay
nhitng ndi dung chinh nhu sau: Trong Phan 2, phan
tich mo hinh dong luc hoc va bién ddi dé tao nén tang
cho viéc thiét ké diéu khién; thuat toan diéu khién bén
vitng véi phuong phap loc nhiéu dugc trinh bay trong
trong Phan 3, trong Phan 4, thé hién két qua mo phong
dugc thuc hién trén ngdén nglr lap trinh
MATLAB/Simulink; cudi cung, két luan vé bai bao.
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Chuyén dong dat

Chuyén dong quay
. huéng

Chuyeén
dong tién

Hinh 1. Mé hinh tau thiiy 3D
2. M6 hinh dgng lwc hoc tau thuy

Khi d6i twong tau thuy chuyén dong trén dai
duong ciing dugc xem xét gidng nhu tau chuyén dong
trén mat phang nam ngang, tiép tuyén voi bé mat trai
dat. Trong chuyén dong cia tau thay thudng dwoc mod
ta boi 3 chuyén dong thanh phan bao gdm: Chuyén
dong tién, chuyén dong dat va chuyén dong quay
huéng; cac chuyén dong 1én xudng, chuyén dong quay
lic va chuyén dong quay 1at bi bo qua. Do d6 tir mo
hinh chuyén dong sau bac tw do ctia phuong tién hang
hai trong [15], phuong trinh chuyén dong cta tau thiy
chi con ba bac ty do gdbm q= [X y H]T va
v=[u v r].

Qua viéc phan tich vé vi tri, huéng cta chuyén
dong va céac lyc gy ra chuyén dong trong [15], mo
hinh déng luc hoc phi tuyén cia tau thuy ba béc ty do
nhu sau:

q=J(q)v M
MV +C(v)v + D(V)v +9(q) =u + A(q, V) (2)

trong d6 J(q) € R¥**ma tran quay xung quanh tryc z,
M € R*?1a ma tran quan tinh hé théng, C(v) e R*®
ma tran Coriolis va luc ly tim, D R*?1a ma tran suy
giam thuy dong luc hoc, 9(g) =0e R¥ 1a véc to luc
déay va luc trong truong, u € R* 14 véc to chira cac
bién didu khién va A(q,v) € R¥*gdm cic véc to luc
va m6 men nhidu tir mdi trudng ciing nhu cic thanh
phan khong xac dinh ctia mé hinh tau.
Hé théng (1) va (2) thoa man cac tinh chat sau:
(i) Ma tran quén tinh cta hé thong 1a ma tran d6i xtimg
xac dinh duong (M =M" >0).
(ii) Ma tran Coriolis va lyc huéng tdm 1a ma tran dbi
xtmg léch (C(v) =-C" (v)).
(iif) Ma tran suy giam thiy dong luc hoc 1a ma tran
xac dinh duong (D(v)>0).

(iv) Ma tran quay quanh truc z 1a ma trén truc giao

(3@ =3"@).
Gia str tat ca cac bién déu co thé do duoc va tinh
duoc tin higu diéu khién & phuong trinh (2), ¢6 dang:

u=Mv, +C(v)v+D(v)v+Mu" (3)

trong do Vv, la gié tri dat, u’la tin hiéu dau vao sau
khi loc nhidu. Thé phuong trinh (3) va phuong trinh
(2) taco:

V+t, =V, +u (4)

trong d6 T, = -M'A(q,V) .

Nhu vay, ta da xay dung dugc mo hinh toan hoc
cho dbi twong tau thuy vai cac quan hé ciia cac tin hiéu
vao ra ma di giam bat sy phu thude vao thong sé md
hinh trong phuong trinh (4), phép bién d6i nay tao
diéu kién d¢é ta thuc hién thiét ké diéu khién trong phan
tiép theo.

3. Piéu khién bén virng

Trong phan nay, chung t6i trinh bay phwong phap
didu khién ting dya trén k¥ thuat cudn chiéu két hop
v6i b loc nhidu dé xay dung bo diéu khién nham muc
tiéu bam quy dao cho hé tau thuy. Y tuéng diéu khién
tang c6 hai vong diéu khién chinh dé dua ra tin hiéu
diéu khién cudi cung. O vong ngoai, tin hiéu dau ra
phan hoi vé va két hop vai tin hiéu dat dé tinh toan ra
sai 1éch, sai 1éch d6 dugc x1r Iy va tinh toan thong qua
bo diéu khién 4o dé dua ra tin hiéu dau vao cho vong
diéu khién tht hai. O vong diéu khién trong, sai léch
tdc do dugce dua vao dé tim ra tin hiéu didu khién chua
qua khau loc nhiéu. Chinh vi vay sau d6 tin hiéu tho
duge xtr y nhidu thong qua bé loc nhiéu (bu nhidu) va
tin hiéu diéu khién sau cung dugc dua vao hé théng
d¢é diéu khién mé hinh.

Dé thiét ké diéu khién, chiing t6i gia sir ring thanh
phﬁn bat dinh va dao ham ctia né duge chin boi cac
gi4 tri, cu thé:

A(Q, V) S Ay (5)
hoac:

T, <MA,, (6)

3.1. Chién lwgc kiém sodt hé thong

Piu tién, dinh nghia sai 1éch bam dugc tinh dya
trén quy dao tham chiéu q, = [Xr y, 6 ]T xac dinh
nhu sau:
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X=X,
&, =0-0, = Y=Y (™)
00,
Va:
e, =V-—V, ®)

v6i v, 14 tin hiéu diéu khién ao.

Mo hinh dong lyc hoc véi tin hiéu diéu khién chua
qua khau loc dugc viét lai tir phuong trinh (4) nhu
sau:

V=V, +u, )

Tiép theo, thuc hién dao ham e, theo thoi gian,
ta co:
é1 :q _qr :J(q)v_qr

. (10)
=J(a) (e, +V4) -0,

Tin hiéu diéu khién 4o duoc xac dinh nhu sau:
Ve =3"(@(ke +a,) (D

trong do k, =diag(k;;,K,,,ks;) 1a ma tran xac dinh
duong.

Cudi cung, tin hiéu diéu khién u, duoc tim dya
trén k¥ thuat cudn chiéu véi viée dao ham sai léch e,:

g, =V-V,
. . (12)
=V, tU —V,
Tin hiéu diéu khién duge xac dinh nhu sau:
u,=—v, —J"(q)e, + Vv, —k,e, (13)

Tinh 0n dinh cua by diéu khién duwoc xem xét béi
ham ng vién Lypunov dugc chon

\ =%e}e1 +%e;e2 (14)
Thé cong thire (10) va (12) vao dao ham cong
thire (14) theo thoi gian:
V,=e/é +ele,
=e; (J(a)(e, +Vvy) -0, )+e; (V, +u,—V,)

(15)
Tin hiéu diéu khién (11) va (13) thay vao (15),
ta duoc:

Vl = _eI ke, _e;kzez (16)

R& rang, véi moi ma trdn K, K, > Othi Vl <0.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

3.2. Phwong phdp loc nhiéu

Nham muc tiéu nang cao chat lugng diéu khién,
b6 phan udc lwong thanh phan nhiéu dugc cong thém
vao dau vao dicu khién duoc thiét ké trong Phan 3.2.

u =u, +u, (17)
Phuong trinh bd loc nhidu dugc dé xuat nhu sau:

1.

V=—=(V=V)+u +V,

g (18)
u, :i(\?—v)

o

v6i U, la daura ciia bg loc dé bunhiduva o 1a mot
s6 duong di nho, c¢6 rang budc.

Pé xem xét tinh on dinh cua ca hé théng, sai 1éch
giita thanh phan nhiéu va gi tri bu nhidu:

e, = U, -, (19)
Thuyc hién dao ham cong thuc (19), ta co:
oé, =—€,—01, (20)

Dé bd loc nhidu dat hiéu suét cao thi sai 1éch nay
can phai tiém cén vé khong, ta xem xét ham Lyapunov
nhu sau:

~ 1
vV, =V1+Ee;e3 21

Pao ham cong thirc (21) theo thoi gian:
L OV, .
V, = El(vr +u, +e;)+ese,

v, . o, 1 :
:El(vr+u1)+ale3—;e§e3—e§rd

(22)

Dua trén nghién ctru [16], ta c6 cac danh gia sau:
v, . 2

El(vr +u,)<—|v| (23)

oV, 1 k
= & <kalVles] < Ellvllz +§||esllz (24)

[0 < Kales] (25)

trong do k3 va k4 la cac gia tri duong. Thay cong
thire (23), (24) va (25) vao cong thic (22), ta co:
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1 Kk

. 1
V<3 (-8 el o

Nhu vay, rd rang d&& V, 1a xac dinh 4m néu
chung ta lya chon gia tri o thoa man diéu kién

O<o< @7

4. Mo phéng

Dé c6 thé thy hiéu qua ciia b didu khién dé xuat
mot cach tryc quan, viéc mo phong kiém chung trén
phin mém MATLAB/Simulink v&i thdi gian trich
mau 0,01s s& dugc thyc hién. Thém vao d6, ching toi
s& thuc hién so sanh bo diéu khién da duoc thiét ké
v&i mot cau trac didu khién bén viing dya trén k¥ thuat
cudn chiéu va bo diéu khién trugt co ban. Dua trén tai
lidu [17], chung t6i dua ra tin hiéu diéu khién ciia ciu
truc duoc so sanh nhu sau:

Vg = ‘JT (q)(_klel + qr) (28)
u =-v,-J"(q)e, + Vv, —k,sgn(e,)

Trong qua trinh thuc hién mé phong kiém ching,
chung t6i str dung mé hinh tau thuy c6 khdi lugng 1a
6,4.10° kg, chiéu dai la 76,2 m dya vao cong bd [13].

Quy dao dit va nhidu duoc dua ra nhu sau:

1000sin(0,1t + %)
2 1000 (m)
,q(0)={1000(m) |.
O(rad)

q, = 1000sin(0,1t)

arcsin(sin(0,1t)) +%

Tham sb diéu khién duoc chon véi k, =101,,
k,=20l,, 0=0,01 ddchora két qua nhu sau:

—U%c lugng
20 n |= = Tham chiéu |
10 ”
<
g o
-
-0+
20
-30 ;
0 50 100 150 200

Thoi gian (gidy)

Hinh 2. Khd néng bi nhiéu
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40 T

—Udc lugng
= = Tham chiéu

5
T, (m/s)

-40 :
0 50 100 150 200
Thai gian (gidy)
Hinh 3. Khd ning bii nhiéu 7,
50 T -
—Udc luo’ng
= = Tham chicu
25
£
g 0 |
l‘fﬁ
-25
-50 :
0 50 100 150 200

Thoi gian (gidy)
Hinh 4. Kha ning bit nhiéu 7,

Dua trén két qua dap tmg ciia Hinh 2, Hinh 3 va
Hinh 4, ta thdy phuong phap bu nhidu phi tuyén cua bd
diéu khién bén vimg dé xuit cho két qua tét, kha ning
bu trir nhanh va sai s6 ctia bo loc thap. Nhimg dap tmg
vé quy dao cua hé tau thuy dugc dua ra trong Hinh 5,
Hinh 6, Hinh 8 nhdm so sanh hiéu suét diéu khién cua
b diéu khién dé xuit va ciu trac diéu khién bén ving
dua trén bo diéu khién truot. Voi ciu trac diéu khién
bén viing dé xuét, thoi gian dap tmg 14 1a 46s, vuot troi
hon hén b6 diéu khién ché d6 truot do kha ning bu trir
nhitng thanh phan bét dinh phi tuyén ctia mé hinh.

2000 ‘ : —
|—Bo dic‘”:u khicn d¢ xuat
1500 - —— B0 diéu khién SMC [
= = =Tham chiéu
1000
~ 500
g
s 0
-500 i
-1000 1
-1500 5 ; :
0 50 100 150 200
Thoi gian (gidy)

Hinh 5. Pdp irng chuyén djng tién
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2000

T

——B6 dicu khién dé xuit
— B3 dicu khién SMC
== =Tham chicu

1500

1000

7\
/
- 500 \\ / /
= / \ /
~ 0 \ / \
-500 \ / \ 1
/
-1000 \ \._/ o
-1500 ;s :
0 50 100 150 200
Thoi gian (gidy)
Hinh 6. Ddp teng chuyén dpng dat
5 I \' 7 3 T
—DBo di{:u khicn d¢ xuat
— B¢ di¢u khién SMC
4 == =Tham chiéu
_,6,3 A
g 7N
B o ‘u\ / \‘ \
/ /
1 \ | // / | i
0 ‘\’I;/ I \\/ L \\/
0 50 100 150 200
Thaoi gian (gidy)
Hinh 7. Ddp iing chuyén dong quay huong
2000 S T
—Bd dit}u khié‘)n dé xuat
1500 F — B9 diéu khién SMC
== =Tham chifu
1000 -
g 500
-~ 0r
-500
-1000 -
-15

00 : : ; ;
-1500  -1000  -500 0 500 1000 1500
x (m)

Hinh 8. Quy dao tau thiiy
5. Két luan

Qua nghién ctru nay, nhom tac gia da trinh bay
dugc mot cau trac dicu khién bén viing dé ddi phé voi
nhiing thanh phan bét dinh cta hé thong. Két qua mo
phong giira 2 cau tric diéu khién bén viing di cho thay
vu diém vé thoi gian dap tmg va d6 qua diéu chinh
trong bo didu khién cua chung t6i. Trong nhiing
nghién ctru t6i, chung t6i s& xem xét dén ca nhiing
thanh phan nhidu bén ngoai va s dung cac phuong
phap diéu khién hién dai (ly thuyét mo, mang no-ron
nhén tao,...). Ngoai ra, vi¢c nghién cttu thuc nghiém
s& dugc 4p dung dé xac nhan két qua mé phong.
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