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Diéu khién an toan thoi gian hitu han dwa trén ham Lyapunov rao can cho
tau mat nwdéc tw hanh

A finite-time safety-critical control based on barrier Lyapunov function for
autonomous surface vessels
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Trwong Pai hoc Hang hdi Viét Nam
Tir khéa: TOM TAT

biéu khién an toan Trong nhirng nim gan day, viéc ddm bdo tinh én dinh va an toan van hanh cta cac hé
Diéu khién thoi gian  théng tdu mat nwdce tw hanh trong méi trwdng bién phirc tap da tré thanh mot thach

hitu han thirc quan trong trong nghién ctru va phat trién cac chién lwgc diéu khién. Trong bai
On dinh Lyapunov bao nay, mot phwong phéap diéu khién an toan thoi gian hoi tu hitu han dwgc dé xuit
Tau mit nwéc nhdm bao ddm kha ning van hanh chinh xac va 6n dinh cta tau. Truéc hét, mot bod

diéu khién cuén chiéu két hop véi ham Lyapunov rao can dugc phat trién dé duy tri
hé thdng trong mot khéng gian 1am viéc an toan. Tiép theo, tinh 6n dinh cta hé thdng
vong kin dwoc chirng minh chit ché dwa trén 1y thuyét 6n dinh Lyapunov. Bén canh
dé, thoi gian hoi tu cha céc sai léch dwoc xac dinh rd rang, gidp nguwoi van hanh c6 thé
diéu chinh cic tham s& diéu khién theo tirng yéu ciu cu thé ctia cic tng dung thuec té.
Cuéi cung, hiéu qua ciia phwong phap dwoc xac minh théng qua cac két quad mo phong
s6 va so sanh véi nhirng b diéu khién tién tién hién c6, khing dinh tinh kha thi va do
tin ciy ciia phwong phap dé xuit.

Keywords: ABSTRACT

Safety-critical In recent years, ensuring the stability and safety of unmanned surface vessels in
control complex marine environments has become a critical challenge in the research and
Finite-time control development of control strategies. In this paper, a finite-time safety-critical control
Lyapunov stability method is proposed to ensure the accurate and stable operation of surface vessels.
Surface vessels Firstly, a backstepping-based controller integrated with a Lyapunov barrier function

is developed to maintain the system in a safe working space. Next, the stability of the
closed-loop system is rigorously demonstrated based on the Lyapunov stability
theory. In addition, the convergence time of tracking errors is explicitly derived,
facilitating the operator to adjust the control parameters according to the specific
requirements of practical applications. Finally, the effectiveness of the method is
verified through numerical simulation results and compared with several existing
state-of-the-art controllers, confirming the feasibility and reliability of the proposed
method.
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Diéu khién an toan thoi gian hitu han dwa trén ham Lyapunov rao cdn cho tau mdt nwéc tw hanh

1. Gi¢i thiéu

Ngay nay, viéc phat trién cac chién lwgc diéu
khién cho tau mat nwéc tw hanh da tré thanh mot
chu dé nghién ctru nhin dwoc sy quan tim siu
rong cia cong dong khoa hoc trong va ngoai nwérc,
nho vao tiém nang &ng dung rong rii trong cac
linh vwc nhw van tai bién, khao sat dai dwong, va
quoc phong - an ninh [1]. Tuy nhién, dic tinh phi
tuyén manh trong mé hinh dong lwc hoc cua tau da
dat ra nhiéu thach thirc trong viéc thiét ké cac bo
diéu khién c6 kha nang ddm bao hiéu suat va do 6n
dinh cao. Bén canh do, viéc duy tri hoat dong cua
hé thong trong mién vin hanh an toan déng vai tro
di3c biét quan trong nham bao dam tinh kha thi va
an toan cua tau trong diéu kién méi truwdng phirc
tap, chiu 4nh hwéng cta nhiéu nhw séng, gi6 va
dong chdy. Trwdc nhirng thach thic do6, nghién
ctru nay dé xuit mot phwong phap diéu khién an
toan thoi gian héi tu hitu han danh cho cac hé
théng tau mat nwédc tw hanh nham bao dam hiéu
sudt van hanh dn dinh va dang tin ciy trong mién
lam viéc an toan, dic biét déi v&i cac rng dung
thuc té c6 yéu cadu nghiém ngéit vé thoi gian.

Trong linh vuyc diéu khién tau mat nwéc tw
hanh, diéu khién tuyén tinh la moét trong cac
phwong phap dwoc st dung pho bién nho wu diém
vé tinh don gian, dé dang thiét ké va trién khai trén
thuec té. Cac cong trinh tiéu biéu c6 thé ké dén nhw
diéu khién PID [2], diéu khién t6i wu LQR [3], hay
phan héi trang thai tuyén tinh [4]. Tuy nhién, st
dung cac xap xi dé tuyén tinh héa mé hinh déng luc
hoc thwdong lam suy gidm tinh chinh xac trong viéc
mo ta cac ddc trung phi tuyén ctia hé théng, tir d6
anh hwong dén chit lwong bam quy dao khi tng
dung trong diéu kién thwc té. Bén canh do, cac
chién lwoc diéu khién tdi wu cling dwgc phat trién
nham t&i wu hoa kha ndng van hanh cia hé thong,
dién hinh la diéu khién dwa trén hoc ting cuwong
[5], [6] va diéu khién dw bdo md hinh (MPC) [7],
[8]. Mdc du dat dwgc cac két qua tiém ndng, nhitng
phwong phap nay lai doi héi ciu tric diéu khién
phtic tap va khoi lwgng tinh todn cao, gy kho khan
cho viéc 4p dung trén cac nén tang phan cing
trong cac &rng dung thdi gian thwc. Pac biét, cac
gidi thuat hoc tang cwong [5], [6] tap trung vao
khia canh thich nghi v&i moéi tredrng van hanh bién
doéng thay vi xem xét cac yéu td an toan cua hé
théng. Bén canh d6, cac nghién ctru trén chwa cung
cip cac phan tich vé thoi gian 6n dinh ctia hé thong,
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yéu té quan trong trong cac rng dung thuc té. Dé
xtr ly hiéu qua dic tinh phi tuyén von c6 cia tau
mat nwédc, nhiéu nghién ctru da tip trung vao
phwong phap diéu khién phi tuyén [9]-[20]. Chang
han, cac cong trinh [9]-[11] &ng dung k§ thuat
cuén chiéu cho bai toan diéu khién bam quy dao,
trong khi cac nghién ctru [12]-[14] m& rong thém
bang cach tich hop bd quan sit nhiéu nham ting
cwong hiéu suit van hanh cta hé thdng. Nham
khac phuc hién twong nhay cdm véi dao ham tin
hiéu diéu khién do thwong gip trong cac bo diéu
khién cudn chiéu, cic bo diéu khién bé mat déng
dwoc dé xuit trong cac nghién ctru [15], [16], tich
hop mot bo loc thong thap gidp gidm thiéu anh
hwéng cia dao ham tin hiéu do. Ngoai ra, cac
hwong tiép cin dwa trén diéu khién trwot ciing
dwoc quan tdm rong rai [17]-[20] nhd kha nang
dam bao tinh bén virng cia hé théng truedrc mot so
b4t dinh va nhiéu. Pang cht y, nghién ctru [17] da
két hop diéu khién trwgt vai ly thuyét bac phan so
va b quan sat trang thai st dung mang no-ron,
g6p phin ning cao hiéu suit diéu khién dong thoi
gidm phu thudc vao cdm bién do. Hon nira, cic
cong trinh [18]-[20] con mé& rong bang cach tich
hop thém cac co ché thich nghi nhiéu, qua d6 ting
cwong tinh 6n dinh va kha ning bén virng cia hé
théng trong moi tredng bién phirc tap. Mac du dat
dwoc nhiéu két qua dang ké, cac nghién ctiru néu
trén hau nhw chwa xem xét dén viéc duy tri trang
thai hé théng trong mién lam viéc an toan, mot yéu
t6 then ch6t bdo dam tinh kha thi va an toan trong
rng dung thwc té. Nham khac phuc khoadng tréng
nay, mot s6 hwdéng ti€p cin dwa trén diéu khién
rang budc diu ra da dwgc phat trién cho hé thong
tau mat nwéc [21] cling nhw cac hé phi tuyén khac
[22], [23]. Tuy nhién, cac phwong phap nay chu
yéu gi¢i han viéc ddm bao an toan trong mién rang
budc cb dinh, din dén viéc gidm tinh linh hoat va
kha nang thich &ng trong méi trwedng van hanh
thay doi. Hon nira, thoi gian hoi tu ctua hé théng,
yéu to didc biét quan trong do6i véi cac rng dung
yéu ciu nghiém ngit vé thoi gian, van chwa dwoc
xem xét mot cach day du trong cac cong trinh hién
co.

Dwa trén cac phéan tich dé cip trén, nghién ctiru
hién tai dé xuadt mot phwong phap diéu khién an
toan thoi gian hitu han cho cac hé théng tau mat
nuwédc tw hanh. Bang cach két hop ky thuat diéu
khién cuén chiéu véi ham Lyapunov rao can,
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phwong phdp dé xuit cho phép duy tri hé thong
trong mot khéng gian lam viéc an toan. Nhitng
déng gop chinh cua bai bao dworc liét ké nhw sau:

e Dam bao hé théng vin hanh trong mién rang
budc bién thién theo thoi gian thay vi chi xem xét
cac mién rang budc c6 dinh nhw ciac nghién ctru
[21]-[23], tr d6 ning cao tinh tong quat cua
phwong phap dé xuit;

e Tinh 6n dinh ctia hé thong vong kin dwoc
kiém chirng chat ché thong qua ly thuyét 6n dinh
Lyapunov. Ngoai ra, nghién ctru cung cip cu thé
cac phén tich ly thuyét vé tinh 6n dinh va thoi gian
hoi tu caa hé thdng, qua d6 cung cip co s& diéu
chinh tham s6 dé phu hop véi tirng (rng dung thuc
té.

C4u tric cda bai bao bao gom nhitng ndi dung
nhw sau: Phan 2 la trinh bay m6 hinh dong lwc hoc
ba bac tw do cia tau mit nwéc; Phan 3 13 thiét ké
bd diéu khién an toan thoi gian hitu han va phan
tich tinh 6n dinh ctia hé théng; Phin 4 thé hién cac
két qua mbé phéng théng qua hai kich ban va so
sanh v&i cac bd diéu khién khac; va cudi cung la két
luan va hwédng nghién ctru trong twong lai dwoc
trinh bay trong Phan 5.

Ky hiéu: Xét véc to X= [x1 X, X, ]T , trong
d6 x, kyhiéu cacphantrcaavécto X, k=1,...,n.
diag(x, ) 12 ma trn dudng chéo chinh chira cac

9 9

phan t cla véc to X,

.
X1 :[xl[ﬂ] Xz[ﬂ] ¢ [ﬂ]] 1a liiy thira cha

n
véc to X trong d6 x, 7! :|Xk|ﬂ sgn(x, ). In(e) 1a
ham logarit ty nhién cta . 4, (*) la tri riéng
nhé nhat cia ma tran *.

2. M6 hinh toan hoc

Theo nghién ctru [24], m6 hinh toan hoc ba bac tw
do ctia tau mat nwéc dwoc trinh bay nhw sau:

n=J(n)v
My 3 (1)
V+C(V)v+D(v)v=1

7 T At
Trong doé nz[?]x 7, 77& Vo1l (77x,77y’77¢)

twong ng 1a cac chuyén dong tinh tién doc, tinh
tién ngang, va chuyén dong quay quanh truc dirng.

LEETO P ST
V=[u v r] la véc to van tdc cda tau theo ba

chuyén doéng.
m, 0 O 0 0 ¢4
M= 0 m, m,|.C(v)=[0 0 c,]|,
0 my, my Cy Cp O
d, 0 O
D(V) =| 0 d,, d, |lanlwetlamatranquan
O d32 d33

tinh, ma tran hwéng tam Coriolis, va ma tran giam
chan, voi
my =m—X;, My =m=Y,, My =mx, =Y,,m,,

=mx, =N, mg=1,-N,, C;=-C,=myv
+Myr,  Cpy=—Cyp=(M=X,)u, d;, =—X,
_X\u\u |u|— Xy |u|2 =Y, _YMV |V| _Y\r\v |r|,
dyp ==Y, =Y |V|_Y\r\r |, dy=-N, - Ny, v
=N, |1 dgg ==N; =N, [v|= N, |r|. Céc hé sd

{X(*),Y(*), N(*)} la cac tham s6 thay déng lwc hoc

dwoc dinh nghia theo tai liéu [24]. Tin hiéu diéu
T

khién dwgcky hiéula T = [TX 7, T¢:| .Matran

chuyén doi J (n) dwoc xac dinh nhw sau:

cosn, -sinp, 0
J(n)=|sinp, cosy, O] (2)
0 0 1

Trong qua trinh diéu khién tau mat nwéc, viéc
bdo dam cho hé théng hoat dong trong pham vi
lam viéc xac dinh trwéc déng vai tro thiét yéu
nham duy tri tinh an toan van hanh, gidm thiéu cac
nguy co mat kiém soat tiém 4n, bao vé con nguoi
va phwong tién, ddc biét dwéi anh hwdng cta cac
diéu kién moi trwong khac nghiét nhw séng, gio va
dong chay phtrc tap. Ngoai ra, méi nhiém vu van
hanh thwong gin lién véi nhitng gi¢i han hoat
déng riéng, doi hdi hé thong phai thich &ng linh
hoat véi cac rang budc thay déi theo tirng giai doan
hoat dong cu thé. Do d6, nghién cru xem xét viéc
dam bao d4u ra cua hé thong én dinh trong mot
mién rang budc bién thién theo thoi gian

—b,"(t)<m (t)<b," (t) véi i={xy,¢4}. Xét

X, =M va X, =1, (1) dwoc bién ddi lai nhu sau:
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{Xl =X2 (3)
X, =f (X, %,)+9(x,) T
trong dé g(Xl) :J(n)M’1 va

f(x,%,)=3(m)v—g(x,)(C(v)v+D(v)v).
Phuwong trinh (3) 1a co s& cho thiét ké bo diéu
khién an toan thoi gian hitu han dwoc trinh bay
trong phén tiép theo.

3. By diéu khién an toan th¢i gian hiru han

Trong phan nay, mot bo diéu khién cudn chiéu
tich hgp ham Lyapunov rao can dwoc phéat trién
nham dam bao kha ning van hanh an toan va chinh
xac cho hé théng tau mit nwdc tw hanh. Sau dé,
tinh 6n dinh cta hé théng vong kin va thoi gian hoi
tu cda cac sai léch bam dwgc phan tich chi tiét
thong qua ly thuyét 6n dinh Lyapunov.

~ ~ T Y ~

Truwdc hét, dat n, :[de Nay 77d¢:| la quy
dao mong muon ctia hé thong. Mién rang budc bién
thién theo thoi gian cda sai léch vi tri hé thong

e, =X, — Ny =[elx e, el(JT dwoc lwa chon
nhw

e (1) <by; (t) = min{b, " — 5y, b,
i= {X, Y, ¢} Pao ham sailéch vi tri e, va st dung
(3) ta thu duoc:

sau

i } véi

q (4)

2y 2¢:|

&, =€, +Xyy

trong d6 e, =X,—X,4 = [ -

ham Lyapunov nhw sau:
2
v-1y .n(bl_i], (5)
2ichyey P

voi ¥, =b,* -
v0i (4) ta thu dwoc:

e,;°. Pao ham hai vé& (5) va két hop

(S .
A(ezi + Xy _’7di)

Y.
V, = 5 . . (©)
-Zu&_%
bli \Pli

Tir d6, tin hiéu diéu khién 4o dwoc dé xuit nhuw sau:
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Xoq =My — K, € _kzglel[ﬂ] )
1

—k,Q.e, _Eel’

trong d6 fe (O,l), Q, =diag o | va
LPliT
. 1 )

Q, :dlag(—). k, =diag(k, ),

kgt

k, =diag(
diéu khién. Thay (7) vao (6) ta thu dworc:

k, ), va k, =diag(k

51 ) 1a cac tham s&

p+1
_ k1ie1i2 _ k2i |e1i|
p+1
P lPli?
7 k i€ i2 €€ 8
EYE s
i={x,y.4} 1
_( 2 +bnan+ by
A ST &t b;

Véihangss ¢, < W,; batky, ap dung bit dang thirc

Young ta c6 danh gia sau:

_ eli2 +b1ibli
A ST ¢

2
_1+i ST 12tili2.
2 o \w, ) T2

Bang cach két hop (8) va (9), dao ham cua V,

9)

dwoc danh gia nhw sau:

ki€’ Ka |eli|ﬁ+l
S " s
2
V< Y [ _e‘_](_J im, (0
i~{xy.0} 2 3
LBl
‘P

trong d6 @,

_ by 1,1
i{;)’,¢}[bli " 2 " 2§12 " J
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e S

/"Vong diéu khién ngoai \

—_————

/V(‘)ng diéu khién tronﬁ\

{
|
: B§ diéu khién ham
|
l

\

|

|
n, e | Lyapunovriocin B§ diéu khién bam quy o] Taumat |x
= n dang logarit dao | nuéc X,

o (7) (14) ! (3)

| 91;({)|£b1,(f) :

l\ !

//

Hinh 1: C4u tric diéu khién phwong phéap dé xuit.

Xét dao ham sai léch vong trong e, =X, —X,, va
két hop véi (3) ta thu duoc:

&, =F (X, %,)+9(X,)T—Xyq. (11)

Chon ham Lyapunov cho hé théng vong kin nhw
sau:

Vv, :V1+%e2Te2. (12)

Pao ham hai vé (12) va str dung (11) ta c6:
. . . 1
V, =V e, (%%, ) +9(X, ) T—%y ). (1)

Dwa trén (10) va (13), tin hiéu diéu khién dwoc dé
xudt nhu sau:

T:g(x )—1 Xaq _f(xl’xz) (14)
' -Q.e, -k e, —ksez[ﬂ] ’

véi k, =diag(k, ) va kg =diag(ky; ) 1a cac tham
sO diéu khién.

So d6 diéu khién ctia phwong phap dé xuit dwoc
thé hién trong Hinh 1. Sau khi nhén cic phan héi
trang thai cua hé thdng, b diéu khién rang budc
dwa trén ham Lyapunov rao can (7) dwoc thiét ké
dé xac dinh ra tin hiéu diéu khién do x,, dwa trén
sai léch e, lam gia tri ddt cho vong trong. Sau do,
dé dam bao X, tién tdi gia tri ddt X,,, bd diéu
khién bam quy dao (14) tinh toan ra tin hiéu diéu
khién T cho hé thong tau mat nuwéc (3).

Tiép theo, tinh 6n dinh ctua hé thong vong kin
dwoc kiém chirng s dung ly thuyét 6n dinh

Lyapunov. Bang cach thay thé (10) va (14) vao
(13), ta thu dwgc danh gia nhw sau:

L+l
ket Ky leu]

L+l
Tli ‘Pli?

2\ e )

Vz B z _[km _Lj[¢J T, (15)

i={x,y.¢} 2 \Pli
_k4ie2i2 - k5ieziﬂ+l

Bing cach lwa chon tham s8 diéu khién k, thoa
g 2
man Ky > ? va két hop vé&i cac danh gia sau:

2 2
In| 2" seL,v|eli|<bli
\Pli \Pli
o (16)
2
(Ze) = e
i={x,y.¢4} i={x,y,4}
Phwong trinh (15) dwoc viét lai nhw sau:
. LAc (17)

2
V,<-oV,-o\V, ? +7,

trong dé coz=min{/1mm(kl),ﬂ,mm(k4)} va
@, =min{A (K,), A, (Ks)}. Xét hing s6

duwong | bat ky, (17) dwoc viét lai twong dwong
nhu sau:

£+l
2
V, <-o,V, —@,lV,

_(wz (1_|)vfz”_wl}

(18)
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p+1

" > w.
NéuV, 2 > L

@, (1-1)

, (18) tré thanh:

. o (19)
V, <-o,V,—@,lV, % .

Phwong trinh (19) ching minh rang ham
Lyapunov giam va dwa cac sai 1éch vao mién hoi tu
B dwoc xac dinh nhw sau:

= Y o
? @,(1-1)

Bang cach giai phwong trinh (19), thoi gian hoi tu

B=<e,e,el’

T dwoc dwa ra nhw sau:

TS—Z

@, (1—,8)
18 (21)
oV, ? (t=0)+a,l

@l

xIn

Nhuw vay, cac sai léch bam dat dwoc tinh bi chan
déu cudi cung dwa theo [25].

Nhdn xét 1: Nhitng phan tich ly thuyét cu thé vé
mién hoi tu va thoi gian 6n dinh cta hé théng cung
cip cac co s& cho ngwdi van hanh ¢ thé diéu chinh
tham s phu hop véi tirng rng dung cu thé. Chang
han, viéc lwa chon k, va k dé giam gia tri @, cho
phép lam ting t6c d6 hoi tu cua hé thdng, thé hién
qua (21). Twong tw, viéc lya chon cac tham s6 K,

k,, k; cung véi mién rang budc b, giup diéu

w 1A AN n )
chinh mién hdi tu ctia hé théng théng qua ti s6 —
@,
nhw dwoc chi ra trong (20). Nhw vay, viéc cung cap
cu thé cac phan tich ly thuyét gidp ting cwong tinh
rng dung ctia phwong phap dé xuat trong thwec té.

4. Két qua mo phdong

Trong phén nay, cac két qua mo phong sé dwoc
trinh bay cu thé dé kiém ching tinh hiéu qua cta
phwong phap dé xuit. Nghién ctru str dung md hinh
Cybership I1 [24] véi théng s6 dwoc liét ké trong Bang
1. Quy dao dat dworc lwa chon nhuw sau:

-5+6co0s jﬂ—
300
) zt
—-1+6sin| — | |.
(300)

05+ 7L

300

Ny = (22)

biéu kién ban dau ctia hé théng duoc cai dat la
1](0) = [O 0 O]T . Tham s6 diéu khién dwoc chon

nhw trong Bang 2. Bén canh d6, hai kich ban kiém
chirng dwoc thiét 1ap nhw sau:

Kich ban 1 so sanh thoi gian héi tu cia bd diéu
khién dé xuat (FT-OBLF) v&i bd diéu khién rang budc
dau ra (OBLF) dwoc dé xudt trong [21] trong diéu
kién ly twdng. Mién rang budc sai 1éch vi tri ctia ca hai
phwong phép dwoclwa chonnhwsau by, =b, =1.5,

by, =0.75.

Kich ban 2 dwoc xay dung trong diéu kién nhiéu
phirc tap dé lam noi bat kha ning rang budc bién
thién ctia phwong phap dé xuit, dwoc xac dinh nhw

sau.
d =dwind +dwave +du' (23)
Bang 1: Thong s6 md hinh tau.

Thong sd m I, Xq

Gia tri 23.8 1.76 0.046
Thong sd X, X " X

Gia tri -0.7725 -1.3274 -5.8664
Thong s6 Y, YMV Y,

Gia tri -0.8612 -36.3823 0.1079
Thong sd N, NMV X,

Gia tri 0.1052 5.0437 -2.0
Thong s6 Y, Y, N,

Gia tri -10.0 -0.0 -0.0
Thong sd N,

Gia tri -1.0

Bang 2: Tham s3 diéu khién.

Thamsd k, k, k, k, k; 2B

51, 3, 1, 51, 51, 05

Gia tri
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2
wind

wind k,Kk.A, 1a nhiéu gi6 trong dé
k, =1.25 kg/m® 1a khoéng  khi,
k, =diag(1.12,1,0.1),k, =diag(1.2,1.1,0.095)

1an lwot 1a hé s6 bién thién toc d6 gié va hé so can,
A, =[085 0.32 0.15]' la dién tich be mit t3i

véi d,, =K,V

mat  do

da, V,;,, =3 m/s 1a van tdc gié. Nhiéu séng dwoc

xem xét 1a
3v; +5sin(v,v, ) +8sin (0.7t)

Oye =| 7-4V2 +2.95sin(v, ) —4sin (0.4t)

—4vf, —5sin(0.7t)+3cos(0.08t)

d, =0.25(Cv+Dv) Ia bat dinh md hinh. Trong

kich ban nay, b6 diéu khién dé xuat dwoc so sanh
thém v&i bo diéu khién cudn chiéu (Backstepping) dé
xuit trong [9] bén canh so sanh v&i bd diéu khién
OBLF trong [21]. Trong khi rang budc ctia bo diéu
khién OBLF dworc gitr nguyén nhw Kich ban 1 do chi
xem xét cac rang budc c6 dinh, cac rang budc sai 1éch
vi tri cia bd diéu khién dé xuit trong Kich ban 2 dworc
lya chon nhwsau: by, =b,, =(1.5-0.2) e +0.2,

b, =(0.75-0.1)e** +0.1.

6

'0.25
0
45t -0.25
-0.75
3 L
— 1.25
g 0 2 4 6 8
IR T e
&
0
| Sfmmmmmmmmmmmecccmmeoooooood
—FT-OBLF — OBLF - -Mién rang budc
3 I ‘ i ‘ j
0 50 100 150 200 250 300
Thoi gian (s)
Hinh 2a: (Kich ban 1) Sai 1éch chuyén dong tinh tién doc.
6 .1.25 T T T T
451 0.75
0.25
3t 0
— 0.25
g
= Iskocoao 0 2 _4__6__8 _ __
© L
0
IS5 =m=mm=mmmmmmmmmmm e o e oo
|—FT-OBLF —OBLF - -Mién rang buc |
3 I ‘ i I ‘
0 50 100 150 200 250 300

Thoti gian (s)
Hinh 2b: (Kich ban 1) Sai 1éch chuyén déng tinh tién
ngang.

3

0.2
225+ 0
-0.2
_asp o
E 0 2 4 6 8
N Al e e e
<
)
0
075 == === === - o e e oo o mm— oo
—FT-OBLF —OBLF - -Mién rang bugc
15 1 1 1 1 1
0 50 100 150 200 250 300
Thoi gian (s)
Hinh 2c: (Kich ban 1) Sai léch chuyén déng quay theo truc
dirng.
6: —FT-OBLF
—OBLF
— =Tham chiéu
4 L
B
~ 2
=)
=
0 |-
1 1.5
Piém ban dau
2 . . . . !
-12 -10 -8 -6 -4 2 0 2

7, (m)
Hinh 2d: (Kich ban 1) Pap (ng quy dao hé thong.
Hinh 2a - 2d thé hién két qua m6 phong trong Kich
ban 1, trong d6 bo diéu khién dé xuat (FT-OBLF) cho
thay kha nang hoi tu nhanh chéng so véi phwong
phap OBLF dé xudt trong [21]. Cu thé, b diéu khién
dam bdo cac sai 1éch vi tri (elx : ely,el¢) hoi tu vé 0

trong khoang 3 gidy, trong khi do thoi gian hdi tu st
dung bo diéu khién OBLF la khoang 7 gidy, nhw duorc
mo ta trong Hinh 2a - 2c. Nho tich hop thém thanh

phdn bic phin s6 (kzﬂlel[ﬁ ]) trong (7) va

(k5e2[ﬂ ] ) trong (14), cach ti€p cin cta ching t6i cho
phép céi thién téc d6 hoi tu khi vi tri hé thong tién gan
gia tri mong mudn. Hon nita, bang cach xem xét rd
rang thoi gian hoi tu cia hé thong, thé hién qua
phwong trinh (21), b diéu khién dé xuat cung cip
thong tin cho viéc diéu chinh cic tham s6 diéu khién
sao cho phu hop véi tirng yéu ciu cu thé trong cac
g dung thuec té. Pap rng quy dao hé thong str dung
hai b diéu khién dwoc thé hién trong Hinh 2d, mot
IAn nira thé hién kha ning ting cwdong téc do hoi tu
cta phwong phap dé xuit so véi bd diéu khién OBLF
trong [21]. Ngoai ra, cac phan tich dinh lwgng nhw
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Bang 3: Chi s6 danh gia trong Kich ban 1, trong d6 “x” thé
hién chi tiéu khong dwoc xét dén.

RMS Thoi gian Thoi gian
hoi tu mo6 hoi tu ly
phdng thuyét
OBLF 0.011 7.8s X
FT-OBLF 0.006 2.3s 3.18s

danh gia kha nang hoi tu thong qua chi s Root Mean
Square (RMS) ciing nhw so sanh thoi gian hoi tu mé
phong véi phén tich ly thuyét trong (21) dwoc cung
cap trong Bang 3. Cu thé, phwong phap dé xuat (FT-
OBLF) dat dwoc chi s6 RMS nhé hon so véi phwong
phap OBLF va dam bao thdi gian héi tu nhé hon
3.18 s dwa trén (21), yéu t6 chua dwoc phan tich
trong phwong phap OBLF. Nhitng két qua trén da xac
thuec tinh hiéu qua cia phwong phap dé xuit.

Két qua md phong trong Kich ban 2 dwoc chi ra
trong cac Hinh 3a - 3d, cho thay hiéu suit vwot troi
cia phwong phap dé xuit so véi bd diéu khién
Backstepping trong [9] va b diéu khién OBLF trong
[21] dwéi dnh hwdng clia nhiéu va bat dinh. Cu thé,
Hinh 3a - 3c thé hién cac sai 1éch vi tri ciia hé thong,
cho thiy bo diéu khién dé xuit luén dam bao cic sai
1éch & mirc t6i thi€u va duy tri chiing trong mién rang
budc chat ché. Trong khi d6, do khong xem xét cac
rang budc hé thong hay x& ly cac anh hwdéng cia
nhiéu, by diéu khién Backstepping trong [9] khong
thé ddm bao hé théng van hanh chinh x4c trong diéu
kién khac nghiét. Bén canh do, bo diéu khién OBLF
trong [21] chi tich hop cac rang budc hang s6, do d6
mién rang budc phai dwoc mé rong dé thdéa mén diéu
kién ban dau ctia hé théng. Diéu nay dan dén su suy
giam hiéu suat

3

Backstepping — ‘Micf:n rang buge (OBLF)
— OBLF = -Mién ring bugc (FT-OBLF)
r |—FT-OBLF

2

e, (m)

0 50 100 150 200 250 300
Thoi gian (s)
Hinh 3a: (Kich ban 2) Sai léch chuyén dong tinh tién doc.

3 T
Backstepping = - Micn ring bude (OBLF)

— OBLF - -Mién rang budc (FT-OBLF)
r|—FT-OBLF

(3]

e, (m)

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

Hinh 3b: (Kich ban 2) Sai léch chuyén dong tinh tién

ngang.

Backstepping — 'Micf:n rang budc (OBLF)
| |—OBLF = -Mién rang bugc (FT-OBLF) | |
— FT-OBLF

e (rad)

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

Hinh 3c: (Kich ban 2) Sai léch chuyén dong quay theo

truc dirng.

7 Backstepping
— OBLF
—FT-OBLF

- = Tham chiéu

Diém ban diu

12 0 s 6 4 2 o0 2
7, (m)
Hinh 3d: (Kich ban 1) Dap &ng quy dao hé thong,

van hanh ctia hé thdng trong diéu kién nhiéu ngoai va
bit dinh do khong thé rang budc chit ché céc sai léch
vi tri, dworc chi ra trong Hinh 3a - 3c. Nguworc lai, do
xem xét rang budc bién thién theo thoi gian, phwong
phap dé xuat chirng minh d6 hiéu qua trong viéc duy
tri cac sai l1éch vi tri cia hé théng 6n dinh trong mién
rang budc chat ché xac dinh trudc, ddm bao dap tng
quy dao theo gia tri mong mudn nhw dwoc chirng
minh trong Hinh 3d. Twong tw Kich ban 1, cic chi s6
danh gia trong Kich ban 2 cho thay do hiéu qua caa
phwong phap dé xuit so véi bd diéu khién
Backstepping va OBLF. Cu thé, bd diéu khién FT-
OBLF van dat dwoc hiéu sudt diéu khién tt nhat khi
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Bang 4: Chi s6 danh gia trong Kich ban 2, trong d6 “x” thé
hién chi tiéu khong dwoc xét dén

RMS Thoigian  Thoi gian
hoitumé  hoituly
phdng thuyét
Backstepping 0.1562 X X
FT-OBLF 0012  26s  3.8s

dat chi s6 RMS thap hon phwong phap Backstepping
va OBLF, mic du chi s6 nay 1én hon Kich ban 1 do
chiu anh huéng cla nhiéu tic dong. Bén canh do,
phuwong phdp dé xuit dat thoi gian hoi tu hiru han
nho hon phén tich Iy thuyét trong (21), trong khi khia
canh nay khong dugc xem xét trong ca hai phwong
phap Backstepping va OBLF. Qua do, tinh dung dan
va hiéu qua cta phwong phap dé xuit dugc kiém
chimg.

5. Két luan

Trong ndi dung nghién cru nay, phwong phap
diéu khién an toan thoi gian hiru han dwoc phat trién
cho hé théng tau mat nwéc tw hanh giup ddm bao hé
thong van hanh an toan va chinh xac trong diéu kién
khic nghiét ctia moi treong. Bang cach st dung ham
Lyapunov rao can va ki thuit cuon chiéu két hop véi
cac thanh phin bic phan s6, b diéu khién dé xuit
dam bao dong thoi viéc duy tri sai léch hé thong trong
mot gidi han chat ché va dam bao hoi tu trong khoang
thoi gian hiru han. Tinh 6n dinh va thoi gian hoi tu
cta hé thong dwoc phin tich cu thé dwa trén ly thuyét
on dinh Lyapunov. Trong twong lai, cic co ché wéc
lwong/thich nghi nhiéu dwoc phét trién nham giai
quyét hiéu qua anh hwdng clia cic yéu t6 bit loi tac
dong lén hé thong, gitp ning cao hiéu suat vian hanh
va tang cwong tinh kha thi trong cac wng dung thuc
té.
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