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Toém tat - Bai bao nay trinh bay cac phan tich va két qua md phéng
thuat toan diéu khién cudn chiéu mo thich nghi (Adapt|ve Fuzzy
Backstepping Control: AFBSC) cho hé dinh vi dong ctia tau bién dé cai
thién thoi gian dap ung (hay con goi la thoi gian qua do: settling time).
Thanh phan diéu khién cudn chiéu sé bu truc tlep cac anh hwéng tw
dac tinh dong lwe hoc cla tau; thanh phan diéu khién thich nghi sé loai
trr sai léch tinh; trong khi d6 thanh phan diéu khién me véi 49 luat
khac nhau sé tw dong cap nhat tham sb clia diéu khién cudn chiéu dé
tao ra tin hiéu diéu khién dong co' ddy phu hop hon nhdm thich (ng
Vi cac didu kién thoi tiét méi trueng bién (song, gié, dong chay). Thuat
toan diéu khién nay duoc phan tich dwa trén ly thuyét on dinh
Lyapunov. Két qua mé phdng trén phan mém Matlab/Simulink d& cho
thay réing, didu khién AFBSC c6 wu didm rd rét vé thdi gian dap tng
va sai léch 6n dinh so v&i diéu khién cubn chiéu (Backstepping: BSC)
dwoc cong bd ndm 2013 [1].

Tir khéa - diéu khién backstepping; diéu khién mo; didu khién
chkstepping thig:h nghi; hé dinh vi déng; dong lwc hoc tau bién;
dieu khién tau bién; DPS.

1. Pit van dé

He thong dinh vi dong (Dynammic Positioning System)
goi tat 1a DPS hoic hé DP duoc phat trién dya trén nhu cau
clia nén cong nghiép dau lira trong nhimg nam 1960-1970.
DPS bao goém cac thiét bi diéu khién, thiét bi day, thiét bi
cam bién (gi6, song bién, vi tri, gbc nghiéng) va tram van
hanh giup git nguyén vi tri cling nhu hudng cia mii tau
trong diéu kién bi tac dong ctia moi trudng bién.

DPS cho tau bién di duoc nghién ctru nhidu trén thé
gidi. G. Xia va cac tac gia [2] di dé xut thuat toan diéu
khién cudn chiéu két hop bo loc nhidu cho hé dinh vi dong
cia tau bién dé dat duoc thoi gian dap tmg tét hon;
Haizhi Liang va cac tac gia [3] da thuc hién mot hé diéu
khién dinh vi dong cho gian khoan ban néi trong mién thoi
gian str dung bang phuong phap diéu khién mat phang
dong; Fang Wang [4] dé trinh bay vé tinh 6n dinh cho hé
thdng diéu khién dinh vi dong 3 bac tu do; G. Xia va X.
Shao [5] dd cong bd mot nghién ctru vé diéu khién ché do
truot dua trén co sé b quan sat trang thai phi tuyén dé ap
dung cho hé dinh vi ddng cua tau bién; X. Shi [6] ciing trinh
bay cac két qua nghién ciru V& didu khién bam vi tri & ché
do truot; S. Xiaocheng [7] nghién ctru mot thuat toan diéu
khién phan hdi trang thai cho hé dinh vi dong cua tau bién
dua trén ki thuat cudn chiéu két hop bo quan sat trang théi
phi tuyén; bén canh d6 V. P. Bui va cac tac gia [8] da trinh
bay mot nghién ctru vé thuat toan diéu khién két hop gitra
ché @6 truot va bod quan sat trang thai phi tuyén cho hé
théng dinh vi dong cua tau, trong truong hop khong co du
cac thiét bi do yéu t6 méi truong ngoai.

Céc ky thuat diéu khién dinh vi dong c6 thé dugc phan
loai nhu: diéu khién ché o truot [5, 6]; diéu khién theo mit

Abstract - This paper presents analysis and simulation results of
adaptive fuzzy backstepping control (AFBSC) for a dynamic
positioning system of ships to improve the settling time. The
backsteping control helps to reduce influences of ship dynamics;
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phang dong [3]; diéu khién dya trén b quan sat trang thai
[5, 7]; diéu khién dya trén bo loc [2]; diéu khién cudn chiéu
[2]; diéu khién tdi wu va didu khién thich nghi, bén viing;
diéu khién dy doan mé hinh; diéu khién phi tuyén.

Chat luong cta hé dinh vi dong phu thudc rat nhiéu vao
b6 diéu khién va cach lua chon tham s6 diéu khién sao cho
phti hop nhat. Thong thuong, cac dic tinh dong luc hoc cia
tau va hé dinh vi dong can duoc phén tich va mo hinh hoa
dé tim tham sd diéu khién t6i wu. Tiéu biéu cho huéng nay
1a nghién ciru cua Zang Cheng-Du [1] vé diéu khién cudn
chiéu (Backstepping Control: BSC) dé giam anh hudng tir
dac tinh dong luc hoc cua tau.

Tuy nhién diéu khién BSC khéng loai trir dwoc sai 1éch
tinh do thiéu thanh phan tich phan. Hon nita, do tinh phi
tuyén ctia hé thong thuc va sy thay doi nhanh cia thoi tiét
moéi trudong bién (song, gid, dong chay) nén cac tham sd
dleu khién ¢ dinh cua BSC khong. thé giup tau c6 dap tng
t6t, ddng thoi ludn ton tai sai 1éch dn dinh va sai 1éch tinh.

Dé khic phuc cac nhugc diém trén thi bai bao nay dé
xuidt mot thuat toan diéu khién mai: didu khién cudn
chiéu mo thich nghi (Adaptive Fuzzy Backstepping
Control: AFBSC) nhim cai thién thoi gian dap Gng va
sai 1éch 6n dinh cua tau so véi nghién ciru vé BSC [1].
AFBSC c6 thanh phan diéu khién thich nghi s& loai trir
sai léch tinh va diéu khién mo s& tu dong diéu chinh
tham sb cua thanh phﬁn cudn chiéu dé tao ra tin hiéu
diéu khién t6i wu hon, nhiam thich tng véi cac diéu kién
thoi tiét moi truong bién.

2. M6 hinh dong luc hoc 3 bac tw do cia tau
Trong nganh dau khi thuong st dung céc tau dich vu da
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ning véi 3 bac tu do (3-DOF) dé dinh vi tri va goc quay
clia miii tau khi cap man dé tiép can véi cac gian khoan. Dé
phan tich mé hinh dong lyc hoc cia tau nhdam phuc vu cho
viéc thiét ké hé thdng diéu khién, hai hé toa do khac nhau
duogc dinh nghia nhu cac hinh bén dudi. Thir nhét 12 hé toa
d6 ¢ dinh d6i véi trai dat Oxyz va hé kia 1a Oxiyiz1 gan
¢b dinh ¢ trén tau nhung di dong so vdi trai dat. Hai hé toa
d6 nay co thé cung gbc tai diém O & thoi diém mic dinh
ban dau va c6 thé cai dat lai vi tri goc.

Hinh 1. Hé toa dé ciia tau bién

Véc to vi tri trong mé hinh 3 bac tu do cua tau duoc
dinh nghia nhu sau:

n=[x y v (1)
trong d6 X,y lavi tri cla tau trén mat bién xét trén hé toa
d6 ¢b dinh so véi dat; w 1a goc mili tau hay goc quay cta
tau.

Quan hg giira van toc chuyén dong cua tau xét trén he
toa do co dinh va van toc cua tau xét trén hé toa d6 di dong
gan trén tau (huéng chuyén dong cua tau) 13,

dn _

trong d6 R 1a ma tran quay quanh truc Oz ; v véc to van
tdc duoc dinh nghia nhu sau:

v=[u v r]T )

trong d6: U la van toc chuyén dong theo hudng thang mii
tau ; v 1a van téc chuyén dong theo huéng vudng goc huéng
thing mii tau; rla van tdc quay cua tau quay quanh truc
Oz;. M hinh 3-DOF ctia tau phd bién trong cac nghién ctru
gén day c6 dang nhu sau:

M %+Cv+ Dv+G=r

q (4)

=T =3

dt
trong d6 M 1a ma tran tham s4 mo hinh lién quan dén th(‘)i
lwgng va mo-men quan tinh; C, D la ma tran tham s0 mo
hinh lién quan dén toc d¢ chuyén dong, quan hé gitra cac
chuyén dong, moéi truong dong chay; G 1a véc to tham s6
mod hinh lién quan dén vi tri va trong lugng cua tau;

Nhu vy, md hinh dong lgc hoc cﬁe} tau theo cac chuyén

dong tinh tién va quay c6 thé dugc viét dudi dang sau:

m,u+d,u+c,r+g,=F +f,

M,,V + My F +d,,V+(dy +C)r +9, = F, + fye 5)

M,V + Myl +Cy V4 (0, +C, )V+Hd,r + 9, =M, +m,,
trongdo F, F,, M, la tong cac lyc quy doi tir dong co day

theo cac hé toa d6 chuyén dong cua tau va mo-men quay
quanh tryc tau; f fye, m,, 1a tong cac lyc, m6-men tir

moi tredng ngoai (song, giod, dong chay) va sai Iéch mo
hinh dong luc hoc.

xe?

Pé tién cho viéc thiét ké cac thuét toan diéu khién, cac
phuong trinh dong luc hoc theo 3 chuyén dong cia tau
duoc viét lai nhu sau:

l.] = ailu + bll Fx + er (6)
\'/:a22v+a23r+b22Fy+b23MZ+Fye ©)
r:aezv+a33r+b32Fy+b33MZ+MZe (8)

trong d6 cac hé s6 a0, 8,85, 05,054,855, 855,05, 05
dugc tinh tir cac thanh phan cua ma tran M, D va dugc cho
trong phan mo6 phdng.

Céc m6 hinh séng, gid, dong chday da duoc trinh bay
nhiCu trong cac nghién ctru trude day [1-8] va duoc tham
khao trong phan mo phong.

3. Pi¢u khién cudn chiéu mé thich nghi

Dong luc hoc cua tau theo truc Ox duogc xép xi & nhu
phuong trinh (6), trong d6 F, 14 tat ca sai s6 mo hinh va
nhiéu ngoai (song, gi6, dong chay).

Pat sai 1éch vi tri

& = X=X 9)

ldy dao ham cua ching theo thoi gian, thu duoc
€ =X—Xy =U—Xy (10)
Pit mot bién diéu khién trung  gian,

o, =—C& + X, (¢, >0) va dinh nghia mot sai 1éch méi,
e, =U—a, =X+Ce —X%, =ce +¢ (11)

Lwa chon ham Lyapunov V, 1y dao ham theo thoi gian

nhu sau:
1
V1 =5 elz (12)
2
va lay dao ham theo thoi gian
Vi=¢egé =eU-x)=¢e(e,+a %)
. ,» (13)
= el(e2+ Xy —C& — Xy )= €.e,—-C¢e
Dinh nghia tiép ham Lyapunov V,,
1 1 1 -
V,=-e’+-e°+—F/7 (14)

21727 T2
trong do lfex =k, - lfex la sai s6 giita gia tri thuc trung
binh F, (hoac gia tri tdi wu, gia tri ly twdng duogc coi nhu
1a hing sb va khong xac dinh dugc) va gia tri woc lugng

Ifex . L€'1y dao ham sai I¢ch nay thu duoc
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I’::ex = Fex - 'éex = _Iéex (15)
Lay dao ham sai léch nay thu V,

ex ex_ Clel +e1e

V, =e6 +6e,6, +j;
(16)
Xd ] +— ~e>< Ifex
A4
Pé dao ham cta ham Lyapunov luén am, chon thuét
toan (tin hidu diéu khién dong co ddy duoc quy vé luc) F,

+e,[a,u+b,F +F, +Ccé —

nhu sau,

1

F,= bl[aﬂu C&+% ——Ce—Fy | ¢, >0 (17)
1

thi

vz = _Clel2 _CZeZZ +6€, |:Fex - lfex :| +— ex ex (18)

dé gia tri dao ham V, nay ludn am, chon luat diéu khién

bu nhidu sao cho &,F, +—F,F, =0 , nghiala
R =—Ae, P = 48, F, = [ 26, +F,(0) (19)

Luat diéy khién nay s& bu thich nghi cho sai léch mo
hinh va nhicu ngoai do tic dong cua song, gio, va dong
chay.

Nhu vy \72 =-ce’—c,e,” <0nénhé on dinh tiém cén
theo tiéu chuan Lyapunov.

Dbi v6i chuyén dong quanh Oy va quay quanh truc tau
thi str dung cac phuong trinh (7-8), trong do, F, 1a tat ca sai
1éch mo hinh va nhi€u ngoai quy doi theo trucy ; M, 14 tat
c4 sai léch mo hinh va nhidu ngoai quy ddi theo chuyén
déng quay quanh truc tau. Bat

ey =Y Yo & =¥ -V, (20)
va lay dao ham theo thoi gian, thu duoc
€y =Y—VYa=V—VYg & =¥y, =r—y, (21)

Dinh nghia céc bién trung gian nhu sau,
0, =8y + Y10t =Gy &+ (G, G >0) (22)
Tiép tuc dinh nghia cac sai 1éch mdi,

e2v =V- a,, = Clvelv + e.1v ; e2r =r- a, = clrelr + élr (23)

Dinh nghia ham Lyapunov V, va dao ham chung, thu
duoc

V= lelv2 + lelr2
27 2 (24)

2 2
—€,6, +€,6, —C,€

Vi=e,8, +e,€ 1r

1r = e1v62v
binh nghia ham Lyapunov V, ,
V, :%elv2 +%e1r2 +%e:2v2 il 2y Lge +i|\7lw2

2 2r Zﬂz ey 2}3

(25)

trong d6 A,,1, la hang s6 duong, Ifey =F, - Ifey la sai sb

thue F voi gia tri u6e luong F

gitta gid tri oy

Mg, =M,, —M,, I sai s6 giita gi tri thye M, voi gié tri

udc luong F . Lay dao ham cac ham Lyapunov, thu duoc
2
r G 8

alr]+ilf E LN M

/12 ey’ ey 23 ey ey

Bién d6i phwong trinh nay nhu sau,

; 2
V, =e,&, —C,&, +€,8,

e2v [V alv] + e2r [ (26)

; 2 2
Vz =€,6,, —Cy6, 16,6, —C,6,~ +

€ [a22V+ 8l +bzzF +b23Mz + Fe - (_Clvélv + yd :| +

&, [ BV +agr +h,F, by M, +M,, —(-C, &, +vi,) |+

%ﬁeyﬁey +%|\7|W|\7|W
(27)
bé don gian trong tinh toan va thiét ké, dat
U, _bzsz+b23sz Uy :b32Fy+b33M (28)
thi
F = b33 bzsub ‘M, = b32ua B bzzub 29)
! 22b33 b23b32 b22b33 - b23b32

Cén phai tim luat diéu khién sao cho \/2 <0 ,dovayco
thé chon

U, =—a,V—axyr _Clvélv + yd —C 8 6 — ey (30)
=—pV— A5l —C 6+ —Cy 6, —€ — Mey/
Thé vao phuong trinh V, & trén, thu dugc
7 2 2 2 2
VZ =—C,8, —Cy €, —Cp8 —Cy6 +
1 ~ 1.~ = 31
eva ~EF +e,M,, +—M (31)

ey /1 ey ey ey ey

Muc dich cudi cung la dat dugc
V2 = _Clvelv2 _clre1r2 _CZre2r2 <0 (32)
Pé hé 6n dinh tiém can theo tiéu chuin Lyapunov.

2
—C,\6

Thi cac luat thich nghi s€ dugc chon la:
o == My, =2,

"y = A M, = 28,
F, =] 46, +F, (0), M,, = [ L&, +M,, (0) (35)

Trong thuét toan diéu khién cudn chiéu & trén thi c1 va
¢z duge chon dua trén két qua mo phong. Trong d6 ¢ anh
huéng dén sai léch vi tri, trong khi d6 ¢, anh huong dén ca
sai 16ch vi tri va toc do. Cac két qua mo phong trén phan
mém di chi ra rang khi nhidu ngoai (séng, gio, dong chay)
thay dbi thi yéu ciu ngudi van hanh DPS phai lya chon lai
ché do van hanh (lién quan dén gia tri ¢2). Vi thé bai bao

(33)

(34)
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nay dua ra mét cai tién la dung thuét toan mo dé tu dong
diéu chinh tham sb ¢, tuy thudc vao sai 1éch va toe do sai
léch, nham giam sai s6 cua hé thong khi ¢6 nhiéu ngoai va
giam thoi gian qua do (settling time).

Hinh 2-3 va bang 1 trinh bay cach thiét ké bo diéu
khién mo dé tu dong cap nhat tham s6 ¢, ciia b diéu khién
cudn chiéu thich nghi. Trude tién cac bién ddu vao E (sai
1éch vi tri), DE (tbc d6 sai léch vi tr) va ¢z (dau ra ctia bd
diéu khién mo) duge dinh nghia nhu trén hinh 2. Céc gia
tri cua E=Kle va DE=K2de/dt (e 1a sai 1éch vi tri hoac
g6c quay) phai dugc dinh dang nam trong khoang -1 dén
1 bang cach Iya chon cac hé s6 K1, K2 sao cho phu hop.
Sau d6 7 bién ngdn ngir md dau vao dugc dinh nghia nhu
trén hinh 3 la: PB (positive big-16n duong), PM (positive
medium-trung binh duong), PS (positive small-nho
duong), ZE (zero-khéng), NS (negative small-nhé am),
NM (negative medium-trung binh &m), NB (negative big-
16n 4m) va 7 bién ngén ngit md dau ra dwoc dinh nghia
nhu sau: VB (Very big-rit 16n), B (big-16n), MB
(medium big-16n vira), M (medium-trung binh), MS
(medium small-nho vira), S (small-nho), VS (very small-
rat nho). Sau cung 49 luat diéu khién dwa trén kinh
nghiém vén hanh dugc lya chon nhu trén hinh 3 s& thu
dugc dap ung dau ra nhu trén hinh 4.
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4. Két qua md phéng

Hé théng didu khién dugc mé phong véi cac tham sb
md hinh tau dugc tham khao trong nghién ctru clia Zang
Cheng-Du [1]. Tt cac ma tran md hinh M, D cua tau tinh
duoc:

a, 0 0 b, 0 O
-M7'D=|0 a, a,[;M*={0 b, b,
0 a32 a33 0 b32 b33

Nhu véy cac tham s6 md hinh tau ding trong mé phong
thuat toan di€u khién la:
a,, =—0.0318, a,, =—0.0628, a,, =—0.0030
a,, =—0.0045, a,, =-0.2427
b, =0.887, b,, =0.5418,
b,, =0.3125, b,, =8.008

b,, =0.3125

Nhidu ngoai cho diéu khién dinh vi tri x, y 1a
50+50sin(5t) va nhidu cho goc quay la 70+60sin(5t).

Gia st rang tau dang & vi tri ban dau 12 0 va mudn
dinh vi & khoang cach xa 10m theo phuong x, 10m theo
phuong y va quay 10 d6 quanh truc Oz. Nhu vay cac hé
théng dinh vi dong phai 1am viéc dé ty dong dua tau dén
vi tri nay. Céac két qua so sanh 2 thuat toan didu khién
cudn chiéu (BSC) va cubn chiéu mo thich nghi (AFBSC)
ddi véi cac truong hgp khong cé nhiéu; c6 nhidu ¢ dinh
va c6 nhiéu dao dong hinh sine dugc thé hién twong ting
trén céc hinh 4, 5, 6.

Khi méi trudng hoat dong 1a ly twéng (khong nhiéu) thi
ca hai kiéu diéu khién déu lam viéc tot v6i sai 1éch 6n dinh
gan bang khong, trong khi AFBSC c6 thoi gian qua do
nhanh hon gap 2 lan.
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No disturbances
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Hinh 4. So sanh diéu khién dinh vi cho BSC va AFBSC khi
khéng c6 nhiéu

Static disturbances
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Hinh 5. So sdnh diéu khién dinh vi cho BSC va AFBSC khi c6
nhiéu ngoai co dinh
Khi méi truong hoat dong co nhiéu c¢b dinh hodc nhidu
tan s6 thap thi diéu khién cudn chiéu BSC khong loai trir
duoc sai 1éch tinh, trong khi d6 diéu khién cudn chiéu mo
thich nghi AFBSC thi loai trir hoan toan sai léch 6n dinh
véi thoi gian qué d6 nhanh hon khoang 30%.

Sine disturbances
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Hinh 6. So sdnh diéu khién dinh vi cho BSC va AFBSC khi c6
nhiéu ngoai dao dong dang sine

Khi méi trudng hoat dong c6 nhidu ngoai phirc tap dang
sine thi diéu khién AFBSC d4 giam manh anh hudng cua
nhidu so v6i didu khién BSC. Hon nita thoi gian qua do cia
AFBSC van duogc dam béo tdt.

5. Két luan

Bai b4o d3 trinh bay vé tinh toan va mé phong bo diéu
khién cudn chiéu m thich nghi (AFBSC) dé so sanh véi
diéu khién cudn chiéu (BSC) khi c6 su thay dbi phuc tap
ciia nhidu ngoai. Két qua mo phong trén phan mém
Matlab/simulink cho thdy bo diéu khién nay c6 wu diém 6
rét hon so voi BSC. AFBSC khong nhiing gidm thoi gian
qua d¢ khoang 30% so voi BSC ma con loai trir cac nhiéu
co dinh va nhleu tan thip, dong thoi gian thiéu anh hudng
clia cac nhiéu tan s cao.

Két qua mo phong cho mé hinh tau ba bac tu do da
cho thiy diéu khién cubn chiéu mo thich nghi AFBSC
dugc dé xuét trong bai béo nay cé cai tién rd rét so véi
diéu khién cudn chiéu trong nghién ciru cia Zang
Cheng-Du [1].

Loi cam on: Nghién clru nay duoc tai trg boi Truong
Dai hoc Dau khi Viét Nam (PVU) trong khuén kh6 ma dé
tai GV1602.
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