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Tém tit

Ngady nay, si phdt trién nhanh chéng cia cdc hé
thdng tau mdt nwoc tw hanh da dat ra yéu cau
cap thiét vé nghién citu cdc phwong phdp diéu
khién bao dam an toan va dé chinh xdc trong méi
trwong bién phirc tap. Trong bai bdo nay, mét
thudt todn diéu khién bén ving rang budc khong
gian lam viéc cho cac hé théng tau néi mdt nuwde
dwoc phat trién véi muc tiéu dong thoi giam thiéu
sai léch bam quy dao va duy tri mién vin hanh
an toan trwée anh hwdng cia bat dinh va nhiéu
loan. Dau tién, bo diéu khién dé xudt duoc thiét
ké bang cdch két hop giita diéu khién bé mdt
déng va ham rao chdn Lyapunov nham dam bdo
hé thdng on dinh trong vung lam viéc xac dinh
triweée. Sau do, tinh 6n dinh cia phiong phdp dé
xudt dwoc phdn tich chdt ché sir dung Iy thuyét
on dinh Lyapunov. Cudi cing, cdc kich ban mé
phong sé dwoc xdy dwng nham déanh gid tinh hiéu
qua ciia phwong phdp dé xudt théng qua so sanh
voi cac phwong phap hién co.

Tw kh{')a: Diéu khién bén vimg, diéu khién ring
bugc, on dinh Lyapunov, tau mdt nuoc.
Abstract

In recent years, the rapid development of
autonomous surface vessels has raised urgent
requirements for the research of control methods
to ensure safety and accuracy in complex marine
environments. In this paper, a robust workspace-
constrained control algorithm is developed for
surface vessels, aiming to simultaneously
minimize trajectory tracking errors and maintain
within operating regions in the presence of
uncertainties and external disturbances. Firstly,
the proposed controller is designed by integrating
dynamic surface control with barrier Lyapunov
function, thereby guaranteeing system stability

within a predefined workspace. Subsequently, the

stability of the proposed approach is rigorously
analyzed using Lyapunov stability theory. Finally,
numerical simulation scenarios are constructed to
evaluate the effectiveness of the proposed method
through comparison with existing methods.

Keywords: Robust control, constrained control,
Lyapunov stability, surface vessels.

1. Giéi thiéu

Trong nhimg nim gan day, bai toan thiét ké didu
khién cho tau mat nudce tu hanh d3 nhan duge su quan
tAm sau rong tir cong déng cac nha khoa hoc tai Viét
Nam ciing nhu trén toan thé giéi nhd vao nhing tmg
dung tiém ning trong linh vuc vén tai bién, quan su,
bao vé chi quyén va khao sat dai dwong [1]. Tuy nhién,
cac yéu td ¢b hiru ton tai ctia hé théng, bao gém dac
tinh phi tuyén va bat dinh mé hinh da dit ra nhimng
thach thirc 16n trong viéc dam bao hi¢u suét van hanh.
Bén canh do, cac tac dong phirc tap dén tir moi truong,
bao gdm gid, song va dong chay dai duong, cang lam
tang thém nhitng thach thic trong viée thiét ké diéu
khién. DPic biét, viéc xem xét cac rang budc hé théng
trong thiét ké diéu khién ciing 1a mét yéu té then chdt
nham ting tinh kha thi cua cac phuong phap diéu
khién trong bdi canh thyc tién khi tau mat nudc phai
van hanh trong nhiing gidi han an toan nghiém ngét
nham giam thiéu rai ro v& tai san va con ngudi.

Mot trong nhimng hudng tiép can dugc ing dung
rong rdi cho tau mat nudce ty hanh la diéu khién tuyén
tinh nho uu diém vé cau trac don gian va dé dang trién
khai, tiéu biéu nhu bd diéu khién ty 16 - tich phan - vi
phan (PID) trong [2], [3], bd diéu khién tuyén tinh
dang toan phuong trong [4], hay bo diéu khién phan
hoi tuyén tinh trong [5]. Tuy nhién, qua trinh tuyén
tinh hoa mo hinh nham muc dich thiét ké diéu khién
thuong lam mét di cic dac tinh phi tuyén quan trong
ctia hé théng, tir d6 dan dén sy suy giam dang ké vé
kha niang bam quy dao trong diéu kién véan hanh thyc
té. Bén canh d6, cac phuong phap diéu khién t6i wu
ciing duge ing dung nhim nang cao chat lugng van
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hanh ctia tau mat nude, trong do ndi bat 1a hoc tdng
cuong trong [6] va diéu khién dy bao mé hinh (MPC)
trong [7], [8]. Mic du cac phuong phap nay cho thay
céc két qua hira hen, song han ché 16n nhat ctia ching
nam & sy phirc tap vé cau tric diéu khién va ganh ning
tinh toan 16n, qua d6 lam giam tinh kha thi khi trién
khai trong cac tmg dung thuc tién. Ngoai ra, 16p diéu
khién phi tuyén dugc nghién ctru phd bién do phi hop
v6i dac tinh phi myén cua tau mat nuoc [9] - [19]. Cu
thé, cac nghién ctru [9], [10] d4 tng dung k¥ thuat
cudn chiéu dé thiét ké bo diéu khién bam quy dao cho
tau mat nudc tu hanh. Hon ntra, nghién cou [11] da
tich hop bd quan sat nhidu vao ciu trac diéu khién
nhim nang cao hiéu qua van hanh trong moéi truong
chiu tic dong ctia nhidu va bat dinh. Tuy nhién, mot
thach thirc n6i bat cua ky thuat cudn chiéu 1a hién
tuong nhay cam voi dao ham cua tin hi¢u diéu khién
40 van chua dugc xir 1y trong cic cong trinh trén.
Nhim khic phuc han ché nay, cac bo didu khién bé
mat dong trong do6 sir dung bo loc thong thép dé 1am
dé giam thiéu hién tuong trén dugc phat trién trong
céc nghién ciru [12] - [14]. Mot hudng tiép can khac
dua trén diéu khién trugt da duoc dé xuit trong cac
nghién ctru [15] va [16], cho phép dam bao tinh 6n
dinh cua hé théng trudc anh huéng cia nhidu va bat
dinh. Bén canh d6, nghién ciru [17] dé phat trién bo
diéu khién trugt bac phan s tich hop bo quan sat trang
thai dya trén mang no-ron, giup duy tri hiéu suat diéu
khién df”)ng thoi giam sy phu thude vao cac thiét bi do
ludng. Ngoai ra, cac b didu khién truot két hop véi
bo quan sat nhidu da dwoc d& xuét trong [18], [19]
nhim ting cudng kha ning bén viing cua hé théng. Du
dat duoc cac két qua 4n tugng, cac nghién ctru trén da
b6 qua viéc xem xét duy tri hé théng trong mién lam
viéc dé dam bao an toan. Pé xir Iy khoang trdng
nghién ctru trén, b diéu khién rang budc khong gian
lam viéc dugce nghién ctru va phat trién cho hé phi
tuyén trong [20], tuy nhién van con ton tai mot sé han
ché nhu chi xem xét rang budc ddi xtmg hay thiéu tinh
bén vitng v6i anh hudng ciia nhidu loan va bét dinh.
Thiic ddy tir phan tich trén, mot bo didu khién bén
virng rang budc khong gian lam viéc duoc dé xuit cho
tau mit nuée nhim dam bao ddng thoi do chinh xac
va an toan cua hé théng trong diéu kién ton tai nhidu
va bét dinh. Bén canh do, tinh 6n dinh cua hé théng
dugc phan tich thong qua Iy thuyét on dinh Lyapunov.
B6 cuc cua bai bdo dugc trinh bay nhu sau: Phan 2
gi6i thi€u moé hinh dong luc hoc cia tau mat nudc va
cac van dé can giai quyét; Phan 3 thiét ké bo diéu
khién va phan tich tinh 6n dinh cta hé thdng; trong
Phan 4, hai kich ban mo phong dugc xay dung va danh
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gia két qua; Phén 5 1a két ludn chung va trinh bay
hudng nghién ctru trong tuong lai.

Ky hi¢u: diag(x,) va col(x,) voi k=1..,n
lan lugt 1a ma tran dudng chéo chinh va véc to cot
chtra cac phan tir {X, %X} In(*) 1a ham
logarit tu nhién cia *. A, (¢) va A, (s) lan
luot 1a tri riéng nho nhat va 16n nhit ciia ma tran e

2. Pit van dé

Xét mo hinh dong lyc hoc cua tau mat nudce, bao
gdm cac chuyén dong tinh tién doc (7,), tinh tién
ngang ngang (ny) , va quay quanh truc dung (77¢)
trong diéu kién c6 bat dinh hé thong va nhiéu loan moi
truong nhu sau:

n=J(n)v
MV +(C(v)+C(v))v )
+(D v)+|5(v))v =T+T,,

Trong . do n= [nx n, 77¢]
V= [Vx v, oV, lan luot 1a vi tri va van toc clia
tau. M, C(v), D(v)eR*® tuong Gng 1a ma trdn
quan tinh, ma trdn huéng tdm Coriolis, va ma tran
giam chén danh dinh. C(v), D(v)eR*® la bét
dinh hé th6ng so sai léch giua mo hinh toan hoc va
thue té. = [r z, r¢] eR® 1a tin hiéu didu
khién gdm 1uc day theo phwong doc 7, luc déy bén

T, Va; md-men quay quanh truc ding 7, ; Teq € R?
1a nhicu loan moi truong tac dong 1én hé thong. Ma
tran chuyén d6i J(m) duoc dinh nghia nhu sau:

cosn, —sinn, O
J(m)=|siny, cosp, O )
0 0 1

Mic du trén 1y thuyét dap tmg vi tri clia tdu mat
nude khong bi rang budc, nhung trong thuc té viée
duy tri hé théng trong mién lam viéc xac dinh trude 1a
yéu cAu thiét yéu nhdm dam bao tinh dn dinh, han ché
riii ro tiém an va bao vé an toan con ngudi ciing nhu
tai san, déc biét trong cac diéu kién méi trudng khic
nghiét chiu tac dong cua song, giod, va dong chay. Hon
nita, & mdi giai doan van hanh khac nhau, hé thong s&
phai tudn thu cac mién 1am viéc an toan twong ng dé
pht hop véi timg Gmg dung. Xuét phat tir thuc t& do,
nghién ciru ndy xem xét cac rang budc dau ra bat doi
ximg va bién thién theo thoi gian ciia tau mat nudc
nham duy tri hé thong trong mot ving giéi han van
hanh an toan  —k. (t)<7(t )<k, k' (t), voi
n = {nx My M } Xét bat dinh va nhiéu loan h¢ thong

d("l,V,t)=‘rext—é( )v—D(v)vva dit x,=n va
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X, =1, phuong trinh (1) duoc bién ddi nhu sau:
X, =X,
. (3)
X, =F (%, %,)+9 (X, )T+A(x;,x,,1)
voi:
f(x,%,)=J(n)v-J(n)M*(C(v)v+D(v)v) .

g(x,)= J(m)M™, A(x,,x,,t) =3 ()M *d(n, v, t).

3. Phwong phap diéu khién

Trong phan nay, bo diéu khién rang budc bén vimng
duoc dé xuat dam bao van hanh chinh xac va an toan
cho cac hé théng tau mit nudc dudi anh huong cua
nhiéu va bat dinh. Sau d6, tinh 6n dinh ctia phuong
phap dé xuit dugc kiém chimg théng qua 1y thuyét on
dinh Lyapunov.
3.1. Bj diéu khién rang bujc bén viing

Khéc véi cach tiép can dua trén diéu khién huédng,
nghién ctru hién tai thiét ké bo didu khién truc tiép cho
c4c dau ra cia hé théng nang cao kha nang bam quy
dao chinh x4c va cho phép xem xét cu thé cac rang
budc dau ra va rang bugc sai 1éch hé théng. Cu thé,

xét sai 1éch vi tri cua hé théng e =X, —m, Voi
T ~ < LA
Ny :[de May 77d¢] la quy dao dat, ta c6 mién

rang budc cla sai léch vi tri (_kﬁ’kﬁ) duoc lya

chon dya trén mién rang budc dau ra ctia h¢ thong va
gia tri dat nhu sau:

—kzl;, —1y <Ky <& <ky' <kj' =7,

P (ke )| ,
Pt 7, ==In M , 14y dao ham va két
2 kli (k1| _eli)
hop véi (3) ta thu dugc:
z1=®1+®2(x2_f]d)' 4

(ki +kif)

klli_ +e1i)(kl'i—| _eli)] v

Trong d6 O, =%diag£(

Kkt M kKt kH
0, :—col[——L el +—Hkll +%—k1—;|j. Tu do,
2 kli + e.Li kli _eli kli kli
tin hiéu diéu khién ao duoc dé xuét nhu sau:
Xy, =Ty — 0, (P2, +0O,), )

v6i p, € R*® 14 tham sb diéu khién.
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Dé giai quyét hién tuong nhay cam voi dao ham
cua tin hi¢u do, mot bd loc thong thép duoc dé xuat
nhu sau:

{de (O) =X (O) ©6)

Xoq =& (XZa Xy )
Trong &6 &, € R** 1 tham s ctia bo loc.
Dua trén dau ra cia bo loc, sai léch vong trong
dugc dinh nghia nhu sau: e, =X, —X Léy dao
ham va két hop vai (3) ta co:

2d*"

ég:f(X1:Xz)+9(X1)T+A(X1’X2’t)_5‘2d' ()

Dua vao (7), tin hiéu diéu khién duoc dé xuit nhu

T=9'1(X1)(X2d _f(Xl'XZ)(eZ)J’ (®)

—P,€; —P5 S9N

trong 46 p,,p, € R** 14 cic tham sd diéu khién.
Nhu vay c6 thé thiy qua (8), tin hiéu diéu khién duoc
thiét ké dwa theo cac thanh phan danh dinh ctia hé
f(x,,%,) va g(x,) théng c6 thé duoc xac dinh
chinh xac. Trong khi d6, thanh phan khong ding
A(X,,X,,t) trong (7) thé hién anh huéng cua bat
dinh va hé théng khong duoc st dung truc tiép ma
dugc giam thiéu anh huong théng qua thanh phan
P, Sgn (ez) trong (8), dugc mo ta chi tiét trong phan
tiép theo.
3.2. Phan tich on dinh

Chon ham Lyapunov nhu sau:
1 1 1
Y :Ez[zl+§efef +Ee2Te2, 9)

VOl €, =X,y —X,, la sai léch cua b loc. Pao ham
hai vé (9) ta thu duoc:

V=2"2+eé +e, ¢, (10)
Xét dao ham cua sai 1éch bo loc va két hop voéi (6)
ta co:
e =G —X,,. (11)
Thay (4), (7),va (11) vao (10) ta dugc:
V=2"(0,+B,(x,-1,))
+e," (_Clef _Xza)

el (f(xl,x2)+g(x1)r}

+A(xl,x2,t)—i(2d

(12)

Str dung tin hiéu didu khién 4o (5) va tin hiéu diéu
khién (8), (12) dugc bién déi lai nhu sau:

142
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V=-2"pz —e e —ex,,
+€," (A(x,,x,,t)—p,e, —p;sgn(e,)). (13)
Tur d6, ta c6 danh gia:

V < ()l A (&)
+€ X5, = A (P € (14)
_(ﬂ’min (Ps)_"A(Xl’Xz't)")"ez”'

Ap dung bat dang thic Young cho thanh phan

€;X,, trong (14)taco:

e %, s%(”ef”2 +||>‘<2a||2). (15)

V6i gia thiét ton tai hing sb b, ,b, sao cho

20’

%, b, va [A(xx,.t)|<b,, két hop véi (14)

20

va (15) ta thu dugc danh gia sau:

v < _lmin (pl)"zl”2 _ﬂ’min (p2)||e2"2
1 2
(@)l 16
1
_(ﬂ“min (ps ) - bA )"ez" +be22a '

Nhu vay, véi viée lua chon céc tham s6 thoa man
Ain (61) > > va A (ps) > by, (16) trd thanh:

V<-aV +a,, (17)
1 H 1 )
VoL @, = 2mln{ﬂ’min (pl)’ﬂ’min (Cl)_i’ﬂ’min (pz )} va

1 2 ALy
@, = Eb.fh . Phuong trinh (17) c6 thé viét lai tuong

duong nhu sau:

V<-alV-—(z,(1-1)V-a,), (18)
v6i 1>0.Néu V >—22 _ (18) tr6 thanh:
@, (1-1)
V<-@lV. (19)

Phuong trinh (19) cho thiy ham Lyapunov giam
va ddm bdo cic sailéchbam z,, e,, vasailéch bo loc
e, duy tri trong mién hoitu B dinh nghia nhu sau:

A

B= Zl’ef!eze]RS 2 2w, (20)
el <522
1
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Nhu vay, khi céc sai 1éch c6 xu hudng roi khadi
mién hoitu B duogc dinh nghia trong (20), hé thong
s& dam bao ching tién trg lai mién trong khoang thoi
gianhoity T . Dé tinh toan thoi gianhoitu T, (19)
dugc chuyén d6i sang dang phuong trinh vi phan nhu
sau:

dv
dts-wlv. (21)
1

Tich phan hai vé trong khodng thoi gian (0,T) ta
thu duoc:

V(t=T) dv

T<- .
Y

V(t=0

(22)

Bing cach giai (22) dya trén (9) va (20), thoi gian

hoitu T dugc dua ra nhu sau:
1-HV(t=0
@, w,

Do d0, cac sai 1éch bam va sai 1éch b0 loc dat duoc
tinh bi chin déu cudi cung dua theo [21].
4. M6 phéng kiém chirng

Trong phan nay, hai kich ban mé phong dugc thiét
lap dé kiém chimg tinh hiéu qua cua b diéu khién dé

xuét. Cac ma tran hé théng trong (1) dugc xac dinh

m, O 0

nhu sau [22]: M= 0 m, m,|,
0 m, my
0 0 ¢, d, 0 0
C(v)=] 0 0 c,|,D(v)=| 0 d, dyl,
C; C, O 0 d;, d
voi

Cy =—C;3 =33.8v, +1.0948v,, C, =—C; =25.8v,;

d,, =0.7225+1.3274|v,| +5.8664v7,  m, =258,
d,, =0.8897 +36.4729|v,|+0.805|v,|, m,, =338,
d,y =7.25+0.845|v, [ +3.45)v, |, m,, =m,, =1.0948,
d;, =-0.0313-3.9565)v, [-0.13)v,|,  m,, =2.76;

dy; =1.9-0.08|v,|+0.75)v,|. Quy dao dat dugc

thiét 1ap nhu sau:
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5+6¢c0s Lt
300

. 7t
=1+4sin| — | |.
[300]

24)

Tham sb diéu khién dugc cai dit la p, =5I,,

p, =51, p, =10L,, & =100I,. Bén canh do, diéu

kién ban dau cua hé théng dugc chon 1la

n(0)=[0 0 0] .

sau:

Hai kich ban dugc xay dung nhu

Kich ban dau tién kiém ching kha nang bén vimg
voi mot s6 bat dinh va nhidu va so sanh véi bo diéu
khién rang budc dau ra (OBLF) trong [20]. Nhidu moi
treong va bt dinh duoc tinh toan nhu sau:

d=d,,,+d,..+d,,

wave

(25)

Trong d6 d,;, = K V2K K A, 12 nhi€u gi6 véi
k, =1.25 kg/m* la mat do khong khi,
k, =diag(1.12,1,0.1) 1a hé s6 bién thién téc d¢ gio,

3 ; ‘
——ROBLF

2t ——OBLF
- - - -Mién rang budc

€1, (m)
(=]

0 50 100 150 200 250 300
Thoi gian (s)

Hinh 1. (Kich ban 1) Sai léch bam quy dao theo
chuyén dpng tinh tién doc

1.5 T T
———ROBLF
Iy ———OBLF
- - - -Mién rang budc
0.5p
= T )
i:'/ 0 aaMana AaaMans AanMas, AaaMas, Aan
Z vwvvv LAALTAAMR A4 VA A4 VYA AR AL TA A
< [
-0.5
1 F
1.5
0 50 100 150 200 250 300

Thoi gian (s)

Hinh 3. (Kich ban 1) Sai léch bam quy dao theo
chuyén djng géc quay truc diing
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can,

. =diag(1.2,1.1,0095) la h¢ sb
=[0.85 0.32 0.15] ladién tich bé mit toi da,

k
AS

Viing = 3.5 M/s 1a toc o gio;
5v; +3sin (v,v, ) +10sin (0.5t)
Oy =| 3.2 +4.5sin(v, )-8sin(0.3t) | 1a nhidu

—6v; —8sin(0.9t)+3cos(0.1t)

séng; d, =0.2(Cv+Dv) labatdinh mo hinh. Ngoai

ra, cac rang budc sai léch vi trf dugc lya chon nhu sau:

Kk =k =k, =k =(2-05)e°* +0.5, va

klg = kl'; = (1—0.25)(3’0'5t +0.25.

Kich ban 2 duoc xay dung trong diéu kién nhiéu
va bt dinh phirc tap hon dé 1am ndi bat kha niang
rang budc ctia bd diéu khién dé xuit, dugc tinh toan
nhu sau:

d=d,+d,..+d, +d,,

(26)

Trong d6 nhiéu gi6 d,, trong (26) dugc xét

—ROBLF

2y —OBLF
- - - -Mién rang budc

1
£, AA_N'\MAMA AN NAAN
= VU T INZTUV
g (VYOO MUT W TNV VY

-1 N

2t

3 . . . . .

0 50 100 150 200 250 300

Thoi gian (s)

Hinh 2. (Kich bdn 1) Sai léch bam quy dao theo
chuyén déng tinh tién ngang

—ROBLF

5 ||——OBLF > & ?
Tham chiéu / q
p o \
°l “L—

1y (m)

7, (m)
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giong Kich ban 1 véi van toc gi6 v, , =10 m/s; nhiéu

song
15v; + 25sin v,v, ) +50sin (0.7t)

Oyme =| 12V2 +353in(vy)— 27sin(0.2t) |; bét
—23v; —18sin(0.3t) +35c0s(0.6t)

dinh md hinh

d, =0.3sin(1.2t)Cv+0.5cos(1.4t)Dv; va  cac

loai nhiéu méi truong khong luong trude duge d,,

xét théng qua tin hidu nhidu trang. Trong kich ban
nay, hai bd diéu khién hién dai duge st dung dé so
sanh, bao gém bo diéu khién truot bac phan sb
(FOSMC) trong [17] va b¢ diéu khién dy bio mo
hinh dya trén ham Lyapunov (LMPC) trong [8].
Ngoai ra, khac vdi nghién ciru [20] chi lam viéc véi
cac rang budc ddi ximg, cac rang budc bat ddi xtmg
duoc lua chon cho bd diéu khién dé xuét trong Kich
ban 2 nhu sau:

ky =(2-0.5)e**+0.5, kj =(1-0.5)e™** +0.5,
kfy' =k;, ley =k, klz =(0.5-0.25)e " +0.25, va
k1; =(1-0.25)e " +0.25.

———FOSMC =———ROBLF

1 s
] ~——LMPC == =-Mién rang budc
(RN ity Wi S DU Dty Bt R S T B | B
— 0
I Rl e il - -
& I
S 1
-1y
U
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2t
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Hinh 5. (Kich bdn 1) Sai léch bam quy dao theo

chuyén dong tinh tién doc

——FOSMC =———ROBLF
~———LMPC - - - -Mién rang budc

..........................

0 50 100 150 200 250 300
Thoi gian (s)

Hinh 7. (Kich ban 2) Sai léch bam quy dao theo
chuyén dong géc quay truc dirng
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Két qua mé phong trong Kich ban 1 duoc thé hién
qua Hinh 1 - 4, cho thdy kha ning bén viing v&i mot
sO loai nhidu va bat dinh ctia phuong phap dé xuat
(ROBLF). Cu thé, mic du ca hai phuong phap
ROBLF va OBLF déu duy tri cac sai léch bam quy
dao trong mién giéi han cho trudc, song phuong
phap dé xudt trong [20] van chua giai quyét hiéu qua
cic tac dong cua nhidu va bat dinh 1én hé théng, thé
hién trong Hinh 1-3. Trong khi d6, nh& bd sung thanh
phinbénvitng p,sgn(e,) trong tin hiéu diéu khién
(8), bd dieu khién dé xuat da xu ly hi€u qua cac tac
dong ctia bat dinh va nhiu, qua d6 dam béo céc sai
lech vj tri ’(elx €, ) vasailech géc lai (e, )dat gid
tri nho nhat. Hinh 4 mo6 ta dap ing quy dao cua bd
diéu khién d& xuat va bdo OBLF, chitng minh kha
ning cua phuong phap dé xuat trong viéc duy tri do
chinh xac khi van hanh cta hé théng tau mat nudc
duéi tac dong cua nhiéu va bat dinh. Mic du bo dicu
khién OBLF c6 kha ning dam bao céc sai léch trong
mién rang budc, song dap tng hé théng bi dao dong
do anh hudng cua nhidu va bat dinh chua duge giam
thiéu hiéu qua. Qua d6, phuong phap dé xuit cho
théy hiéu sudt vuot troi khi cai thién tinh bén viing
ctia hé thong, gitp ting cudng tinh kha thi trong cac
tng dung thyc té.

——FOSMC ——ROBLF
- - - Mién rang budc

——LMPC

ey, (m)

"o 50 100 150 200 250 300
Thoi gian (s)

Hinh 6. (Kich bdn 2) Sai léch bam quy dao theo

chuyén dpng tinh tién ngang

———=FOSMC
5| |[=——LMPC
——ROBLF
Tham chiéu
ol
= ¥ LA
ol Diém ban dau
4+
-6 . . . . . . .
-12 -10 -8 6 4 2 0 2

’ N (m_)

Hinh 8. (Kich bdan 2) Dap vng quy dao ciia cac by diéu
khién
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Trong Kich ban 2, dap ung sai 1éch bam quy dao
cua céac bd diéu khién duoc thé hién qua Hinh 5 - 7,
trong d6 b diéu khién dé xuat (ROBLF) cho thiy
kha ning duy tri 6n dinh trong mién rang budc va
giam thiéu tac dong ctia nhidu va bat dinh tot nhat.
D ca 3 bo diéu khién duoc thiét ké déu c6 kha ning
bén vitng voi mot s6 bat dinh va nhiéu, song dudi tac
dong cua nhidu phirc tap, ca bo didu khién FOSMC
va LMPC déu chua thé duy tri c4c sai 1éch bam quy
dao trong gidi han cho phép. Cu thé, bo dicu khién
FOSMC trong [17] chi tap trung vao khia canh dam
bao hé thong tién toi gia tri dit mong mudn, dan dén
khong thé duy tri trong mién rang budc khi van hanh
trong diéu kién khic nghiét do khong thé triét tidu
anh huong cua nhiéu 16n. Tuong ty, mic du bo diéu
khién LMPC trong [8] ¢6 kha nang duy tri dép tng
cia hé théng trong mién van hanh duogc xéac dinh
trudc, song viéc ap dung truc tiép cac rang budc
hang sb 1én trang thai hé thong khién mién rang budc
phai dugc mé rong dang ké ddi véi cac hé théng co
khong gian lam viéc 16n. Hé qua 1a, dudi tic dong
cua nhidu va cac yéu td bat dinh, cac sai 1éch bam
khong dugc duy tri trong mot gidi han chat ché nhu
thé hién trong cac Hinh 5-7, du ring céc rang budc
trang thai cua hé théng van duoc dam bao. Bén canh
d6, ca hai phuong phap FOSMC va LMPC déu yéu
cdu chi phi tinh toan 16n, do d6 lam giam di tinh tmg
dung trong thuc té cuia chung. Nguoc lai, nho xem
X6t cac rang budc bién thién bat ddi ximg ciing nhu
tich hop kha nang giam thiéu anh hudéng cua nhiéu
va bét dinh, phuong phap dé xuét cho thiy do hiéu
qua trong viéc duy tri cac sai léch hé thdng én dinh
trong mién rang budc chat ch&, dong thoi dam bao
cic sai léch bam quy dao nho nhét trong ca ba
phuong phéap nhu thé hién trong cac Hinh 5-8.

5. Két luan

Tdng két lai, nghién ctru nay da phat trién bo didu
khién bén virng rang budc khong gian lam viéc cho hé
théng tau mat nudc chiu tac dong cua bt dinh va
nhiéu méi truong. Bang cach két hop ham Lyapunov
rao chén va diéu khién bé mat dong, thuat toan diéu
khién d& xuét dam bao ddng thoi viée téi thiéu hoa sai
léch bam quy dao va duy tri hé thdng trong mién giéi
han an toan. Tinh 6n dinh cua hé théng dugc kiém
chimg dua trén 1y thuyét 6n dinh Lyapunov ciing nhu
dugc danh gia thong qua mot so kich ban mo phong.
Tuy nhién, nghién ctru hién tai tap trung vao phat trién
bd diéu khién rang budc dau ra nhim dam bao khia
canh van hanh an toan ma chua giai quyét do chinh
xéc clia hé thong trong cac diéu kién phc tap. Vi vay,
dé giai quyét dong thoi khia canh an toan va tinh chinh
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xac khi van hanh cta hé thé)ng, mot khung diéu khién
rang budc tich hop bo quan sat nhiéu s& dugc phat
trién trong twong lai nhiam xir 1y hiéu qua anh hudng
ctia nhiéu tic dong 1én hé thong, taing cudong kha ning
g dung trong thyc té.
Loi cdm on

Nghién ctru nay duogc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.25.
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