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TOM TAT

Hé théng dinh vi dong hoc cho tau thiy (Dynamic Positioning System - DP) la hé théng ty dong
gilrvi trf va hudng tau bang hé théng luc ddy clia tau ma khéng can st dung neo. Nhiém vu clia
hé théng dinh vi dong hoc la diéu khién tau dung yén tai vi tri cd dinh hodc di chuyén theo 16 trinh
cho trudc vdi tée do bé dé thuc hién mét nhiém vu nao dé. Bai bao gidi thiéu mot hé théng diéu
khién mai cho tau dinh vi dong hoc cé tinh 6n dinh bén vimg cé kha ndng khang nhiéu tot. BE
thuc hién diéu khién, bai bo trinh bay so dé hé théng diéu khién tau dinh vi déng, mé hinh toan
hoc clia tau thay va cac nhiéu dong do séng bién va thai tiét tac dong 1én hé théng tau. Hé théng
diéu khién dé xudt gém 2 vong diéu khién. Vong trong diéu khién téc dé tau dung phuong phap
mé hinh noi (IMC). Vong ngoai diéu khién toa dé tau dung phuong phéap diéu khién ty |& (P). Bai
bao xac dinh cac diéu kién 8n dinh bén viing clia hé thdng diéu khién doi véi sai s6 méd hinh. Mot
trong uu diém ctia bo diéu khién dé xust [a cé thé chinh dinh tinh bén vimg ca hé kin bang mot
tham s6. Heé théng diéu khién dé nghi cling dugc so sanh véi hé théng diéu khién PID. Hé diéu
khién PID cé nhiéu uu diém, tuy nhién dé chinh dinh cac tham sé can tén nhiéu thai gian va nang
luong. Cac két qua mod phdng cho thay tinh hiéu qua clia hé théng diéu khién dé nghi: cé chat
lugng tot, bén ving déi vai sai s6 mo hinh va nhat la khong lam qué tai hé théng. Bai bdo chua xét
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dén bai toan dan dudng (guidance) va diéu khién hé truyén dong (thruster actuators).
Tir khoa: Tau dinh vi dong, Tach kénh, Biéu khién md hinh néi, On dinh bén viing

PHAN MG PAU

Hé thdong dinh vi dong hoc cho tau thily (Dynamic
Positioning System - DP) la hé thong tu dong giti vi
tri va hudng tau bing hé thong luc ddy cta tau. Dinh
nghia nay d€ phan biét véi céc tau dinh vi bang neo
(Position Morring PM). Nhiém vu ctia hé théng DP
1a diéu khién tau dlng yén tai vi tri ¢§ dinh hodc di
chuyén theo 1§ trinh cho trudc véi téc do bé dé thuc
hién mot nhiém vu nao do.

Nhiing thong s6 thty dong luc hoc cta tau bién rét
kho xac dinh va thay d6i theo thai gian. Tau dugc diéu
khién theo ba béc ty do bing hé chan vit truyén dong
(6 t6c do thdp hé thong banh lai hoat dong khong
hiéu qua), vi vdy mé hinh cho tau DP la m6 hinh da
bién (céc tin hiéu vao la momen quay ctia cac chén vit
truyén dong, cic tin hiéu ra 1a toa d6 ctia tau).
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Hinh 1: So d6 hé théng diéu khién tau DP'

bserver

So d6 hé théng diéu khién tau DP dugc mo ta nhu
Hinh 1! g6m khéi xti ly tin hiéu (signal processing);
khdi quan sat udc lugng (observer); khéi dan dudng
(guidance); khéi di€u khién (controller); va khéi phan
phdi tin hiéu diéu khién (thrust allocation). Bai bdo
nay chi khao sat khéi diéu khién, khong khao sat cic
khéi con lai.

Su thanh cong cta diéu khién PID cho 14i ty dong
va tiép theo sy xuét hién ctia hé thong dinh vi toan
cdu da xuit hién nhiing thuat todn diéu khién hanh
trinh va toa do (positioning system). Nhiing tau DP
dau tién trén thé gidi tii nhiing nam 1960 st dung
bd diéu khién PID. Nhiéu cong trinh nghién ctiu dya
trén thanh qua caa ly thuyét diéu khién phi tuyén da
dugc nhiéu tdc gia nghién ciu dp dung cho diéu khién
DP nhu diéu khién truot, diéu khién cuén chiéu?3,
diéu khién dya vao bo quan st thu dong (Fossen) 12,
Tannuri.D.E et al. d€ xudt mo hinh diéu khién thich
nghi*. Fossen.T.Iva Strand (1998) d4 dua vao ap dung
bd quan sét cudn chiéu®. Tt ca nhiing bo diéu khién
vita néu déu dya vao ly thuyét 6n dinh Lyapunov. Mot
trong nhiing han ché cta phuong phap nay la tim
ra ham Lyapunov pht hgp. Nhiing nam gan day do
sy phat trién ctia cong nghé mdy tinh da xuét hién
nhting thuét todn diéu khién lién quan cdng nghé tinh
toan mém nhu logic ms2, mang no-ron 6 Tuy nhién,

Trich dan bai bao nay: Van Vi Quéc N, Nghia D H. Diéu khién tau dinh vi d6ng diing mé hinh néi. Sci.
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nhiing céng cy tinh toan nay rat khé chiing minh chit
ché tinh &n dinh.

Bai bdo nay gidi thiéu mot hé thong diéu khién méi
cho tau DP véi 2 vong diéu khién ¢6 tinh 6n dinh bén
viing va c¢é kha ning khidng nhiéu t6t. Vong trong
diéu khién t6c d6 tau dung phuong phap mo hinh néi.
Vong ngoai diéu khién toa do tau ding phuong phép
diéu khién ty 1é. C4u truc ctia bai bdo nhu sau: Phan
trinh bay mo hinh todn hoc cuia tau DP, phan phuong
phép diéu khién dé€ xuit, két qua moé phong, so sinh
luit dé xudt véi diéu khién PID phi tuyén, thao ludn
va cudi cung la phan két luan.

MO HINH TOAN HOC CUA TAU DP

MO hinh todn hoc ctia thu DP nhu sau!

no =1(y)v

Mv =-Dv+1+J(y)b+Eywy
b=—T,'b+Epwp 1
§=—-AwE +EBowWo

n="mo+Nw

voin =[xy w17 : véc to vi tri trong hé toa d6 c6
dinh, v = [u,v,1]T : véc to vén t6c (3x1) trong hé toa
do gan véi tau (Hinh 2),

east

IR

X narth

Hinh 2: Céc hé toa dé sit dung dé mé ta chuyén
doéng cua tau thay.

J(y) : ma tran (3x3) chuyén hé toa d¢

cosy —siny O
I(y)=|siny cosy O (2)
0 0 1

7 1a véc to (3x1) luc va moment diéu khién
T=[X,Y,NT 3)
M la ma tran (3x3) khéi lugng quén tinh,

m— Xu 0 0
mxg — Y; (4)
I, — N;

m—Y\';
0 mxg —-Y;
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m: khoi lugng tau thay, xg : toa do trong tdm, Iz :
moment quan tinh di véi truc thing ding,

X Y Y JdN

Yy = — Yi= — Ni = —
ou’ VT ov' ! i of

Xg =
" or

la cac hé s6 khéi lugng nude kem (lugng nudc quanh
tau va di chuyén cting v6i tau), D 12 ma trdn (3x3) hé

6 suy giam

Xy 0 0
D(v) = 0o -y VY +Dy(v) (5)
0 -Y -—N,
0X Y Y oON
Xo= G Y= Y= 50 Ne= 50

(Trong ché d6 diéu khién DP, van tdc tau thip, thudng
bé hon 2m/s, thanh phén phi tuyén D, = (v) c6 gid
tri bé va c6 thé bd qual), b 1a véc to (3x1) nhiéu dong
g0p chung ctia cac thanh phén nhiéu dong tan s6 thip
nhu dong chay, gi6 va song, Tj, la ma tran dudng chéo
(3x3) héng s6 thoi gian ctia nhiéu dong gop chung b,
E, va Ey la cac ma trdn duong chéo (3x3) déc trung
cho cudng d6 nhiéu, wy, wy, W la cac véc to (3x1)
nhiéu trdng Gaussian, & : véc to trang théi (6x1) biéu
dién nhiéu ddng tan s8 cao (song bién), cic ma tran
trong mo hinh trang théi ctia séng bién dugc xéc dinh
baoi

B3
2AQ

03x3
—_Q?

o — E,

 Ep= {Oi*f} (6)

Co = [033 B3]

I3,3 : matrdn donvi (3x3), 03,3 : ma trdn khong (3x3),
A=diag{¢1, 8,83}, Q = diag{wy1, 02, 03}, B =
diag{€p1,€w2,€w3}> & : hé s can, w,; tin s6 dao
dong séng bién, &4 bién do dao dong song bién, Ny =
Cp& mo ta tdc dong clia séng bién 1én tau. St dung
biéu dién dang ham truyén dat ta c6!
EwiS

=diagq —————— W 7
Mo lg{s2+2§~wois+a)§i} @ @

i=1,2, 3. Hinh 3 trinh bay mé hinh todn hoc tau DP
véip = J(¥)b+EyW,.

PHUONG PHAP DIEU KHIEN BE
XUAT

Hé thong diéu khién dé nghi (Hinh 4) c6 2 vong diéu
khién: vong trong diéu khién tdc d9, vong ngoai diéu
khién vi tri.
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Hinh 3: M6 hinh toan hoc tau DP.

position control speed control
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Kis) —
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Hinh 4: So dé diéu khién dé xuat.

Vong diéu khién trong

Vong diéu khién trong (Hinh 5) st dung ky thuit mé
hinh noi” véi (MS + ]A))*ll‘a mo hinh thuin, ((Ms +
D)) 1a md hinh ngugc, F(s) 12 bd loc IMC

F(S) = diag {fu(s),fv(s),f(s)} (8)

Vdifu(s) = ﬁ ,fV(S) = ﬁ, fr(S) = ﬁ Bé diéu

khién IMC dugc x4c dinh bai

Q(s) = (Ms+ﬁ)F(s) 9)

Trong bai bdo ddu A chi thong s6 tuong ting cia mo
hinh. Néu mo6 hinh hoan toan chinh xac

M=M va D=D (10)
va trong trudng hgp khong c6 nhiéu thi tin hiéu hoi
tiép trong s d6 Hinh 4 bj triét tiéu va ham truyén dat
tii w dén v dugc xac dinh béi

(Ms+D)~! (Ms +D)F(s) = F(s) (11)

Vay F(s) 1a ham truyén dat danh dinh cta vong diéu
khién trong. F(s) dugc chon c6 dang ma trdn duong
chéo nhu (8) nham ddm bao kha ning diéu khién doc
lap nhau ctia cac tin hiéu ra (decoupling). Béac ctia F(s)
dadm béo tinh hgp thic (proper) ctia bd diéu khién
Q(s) dinh nghia & (9).

IMC plant
i v
A T E
: (hs+DiF(s) (Ms+Dj’
P | 0 +
(Me+D] —O)
maodel

Hinh 5: Vong diéu khién trong.

Vong diéu khién ngoai

Trong trudng hgp mo hinh hoan toan chinh xdc va hé
thong khong c6 nhiéu, ta c6 thé thay thé vong diéu
khién trong béi F(s) va dugc so d6 Hinh 6, trong d6
e la sai s6 diéu khién

e=1nN4—1 (12)

Nq la gid tri dit cha 0.
Vi ham truyén dat vong hé tit e dén 1 trong Hinh 6
c6 khau tich phan, d€ triét tiéu sai s6 xac 1ap khi ng
bang hang s6, ta c6 thé stt dung diéu khién ty 1¢
K(s) = diag {K, Ky, Ky } (13)
Trong Hinh 4 va Hinh 6, J = J(y) la ma tran chuyén
hé toa d¢ dinh nghia & (2). Thyc hién phép tinh biéu
thiic JFJT ta c6
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MTS_ Kis)

Hinh 6: Vong diéu khién ngoai danh dinh.

fucos?y +fysin2y  (fy — fy)sinycosy 0
]F]T = l: (fu —fo)sinycosy  fucos?y+fysin®y 0 Néu
0 0 fr
chon F(s) thoa
fu(s) = fv(s) (14)
ta co
J(y)E(s)I(w)" =F(s) (15)

va hé théng diéu khién Hinh 6 tré thanh Hinh 7

Myt ~8

Fls) ﬁ[ 1

Kis)

Hinh 7: Vong diéu khién ngoai danh dinh

Ma trdn ham truyén dat vong kin ctia hé théng Hinh 7
duoc xic dinh bai
1 '
H(s) = (I+ EF(S)K(S)) EF(S)K(S) (16)

Thay (8), (13) va (14) vao (16) va thuc hién phép tinh,
ta duoc

H(s) = diag {Hx(s),Hy(s),Hl,,(s)} (17)
vGi
&
T
Hy(s) = —— (13)
2+ —s+—
Tu u
Ky
Ty (19)
Hy(s) = ————— e
24 —s54 -~
v TV
Ky
T (20)
24 —s+ 2
T T

C4u trac dudng chéo ctia H(s) cho thdy kha nang diéu
khién cdc tin hiéu ra x, y va y mot cach doc 1ap nhau
(decoupling).
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Cac thong sé cia hé théng diéu khién
Céc ham truyén dat ctia H(s) ¢6 dang chuén bac 2

2
Y @1)

- §2 + 28y wxs + 02
2
[0)
Ho(s)= —— ¥
Y( ) 32+2Cywys+w§
2
s
= — 23
SZ+2CW(J)WS+(J)%, (3)

Hy (s)

(22)

,

Hy(s)

s Kx Ky K‘{’

Gi Wy =1/ —, 0y =

VoL O Tu @y Ty T
1 1

“ AR T, /5K,

1
CW - 24/ 7. Ky

Céc thong s6 thiét ké cua hé thong diéu khién 1a
Tu, Tv, Ty, Kx, Ky va Ky Céc thong s6 7,7, va Ty la
thdi hing ctia dép ting ctia cac thanh phan vén téc cta

&

tau va c6 thé dugc xdc dinh theo thdi gian dap tng
mong mudn clia cic thanh phén van t6c. Cac thong
56 Ky, K, va Ky 6 thé dugc xéc dinh d€ cuc tiéu hod
céc tiéu chuén t6i uu sau

- Tiéu chufn t6i vu ISE

1 1
&X:§:>Kx:— (24)
u
- Tiéu chudn IAE va ITAE:
1 1
= — S Ky=— 25
== K= (s)
- D& hé thdng c6 cuc thuc kép :
v =1=>Ky=— (26)

41,

Cac thong s6 K, va Ky, c6 thé dugce xéc dinh mot cach
tuong tu.

Tinh bén vitng vé 6n dinh

Phéin ndy khao sit tinh 6n dinh bén viing ctia hé
thdng diéu khién dé xuit d6i véi sai s6 md hinh. C ac
dang biéu dién ctia sai s6 md hinh sau sé dugc khao
sat:

Biéu dién cong :

G(s) = G(s) +Ada 27)
Biéu dién nhan & dau vao :
G(s) = (1+48)G(s) (28)
Biéu dién nhan ¢ ddura:
G(s) = G(s) (1+48) (29)
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Trong d6

G(s) = (Ms+D)~! (30)

G(s) = (Ms+D)~! (31)

Ala ma tran ham truyén dat 6n dinh va thoéa tinh chét
|Alle < 1,04,8; va & la cic chén trén ctia sai s6 mo
hinh tuong tng.
Trong phin nay ta gia thiét F(s) dugc chon nhu (8)
VOi Ty = Ty = Ty = To tlc
1

fu(s) =fy(s) =fr(s) =1f(s) = - (32)
va K(s) dugc chon nhu (20) vé6i
Ky =Ky = Ky =Ko (33)

Sa d6 diéu khién véi sai s6 md hinh sé duogc dua vé
dang 6 Hinh 8. Diéu kién 6n dinh bén viing d6i véi
sai s6 mo hinh 13 [N(j®)) || < 18.

On dinh bén viing véi sai sé céng

Hé thong diéu khién véi sai s6 cong dugc trinh bay &
Hinh 9. Thyc hién phép tinh va v6i ng = 0, ta c6 thé
dua hé thong Hinh 9 vé so d6 Hinh 8 véi

(s+Ko)A o, \_1
N(s) = Na(s) = —— —2°A & 34
(6 =Nal) = =5 RG0! 69
Diéu kién 6n dinh bén viing déi véi sai s6 cong
[NaGo)ll, <1 (35)

On dinh bén viing véi sai s6 nhan ddu vao

Hé thong diéu khién véi sai s6 nhan ddu vao dugc
trinh bay ¢ Hinh 10. Thuc hién cic phép tinh va
voi g = 0, ta ¢ thé dua hé thong Hinh 10 vé so d6
Hinh 8 véi

(36)

Diéu kién 6n dinh bén viing ddi véi sai s6 nhan dau
vao

[IN1(jo)lo <1 (37)
On dinh bén viing véi sai s6 nhdn déu ra
Hé thong di€u khién véi sai s6 nhan ddu ra dugc trinh
bay ¢ Hinh 117, = 0. Thuc hién cac phép tinh va véi
, ta c6 thé dua hé thong Hinh 11 vé so d6 Hinh 8 vé6i

1 K
LI

N(s) = No(s) = ——F—TF_——§.I (38)
Diéu kién 6n dinh bén viing ddi véi sai s6 nhan dau
ra

[N (jo) [l < 1 (39)

KET QUA MO PHONG PHUONG
PHAP DIEU KHIEN DE XUAT

béi tugng diéu khién 1a tau dich vu da ning Northen

Clipper véi cac thong s6 nhu sau 1,

531 0 0
M=| 0 8528 0 x10° [kg]  (38)
0 0 3,74x103
D=
50242 0 0
0 27,1  —439 | x10*[Ns/m] (39)
0 —439  4,18x10*

B¢ diéu khién IMC dugc thiét ké v6i hing s6 thoi gian
toc do 7o = 4 s(t6c do dat 95% gia tri xac lap sau 31, =
12s), K, = 1/471, = 0,0625 dugc xéc dinh theo (26).
Trong m6 phong, tau di chuyén doc theo cic canh
cta hinh vuéng ABCD véi toa do A(0,0), B(40,0),
C(40,40), D(0,40). Tau di chuyén theo 4 giai doan:

- Tau di chuyén théng tii A dén B vé6i goc y = 0.

- Tau di chuyén ngang tii B dén C véi goc y = 0.

- Tau di chuyén lui tii C dén D véi goc y = 0.

- Tau di chuyén xoay miii dat ngang sang phai tit D
dén A véi goc y = 0.25 rad ~ 14°.

Truéng hop khéng c6 nhiéu

Hinh 12 trinh bay két qua mo6 phong hé thong diéu
khién v6i M = M, D=D (tau c6 tai trong dinh mic).
C6 thé thély cac tin hiéu ra x, y va y dugc diéu khién
mot cach doc lap nhau.

Hinh 13 trinh bay két qua mé phong hé thong diéu
khién v6i M = 2M, D = 2D (tau chay non tai). C6
thé thdy cdc tin hiéu ra x, y va v dugc diéu khién mot
cach doc 14p nhau va hé thong dap ting nhanh hon khi
tau co tai trong dinh mic (Hinh 11).

Hinh 14 trinh bay két qua m6 phong hé thong diéu
khién v6i M = 0,8M, D = 0,8D (tau chay qua tai
25%). Co thé thiy dap ting cua hé thong diéu khién
chédm hon, tau khong thé chay nhanh nhu khi chay
didng tai hodc non tai.

Trudng hgp ¢6 nhiéu

Thuc hién mo phong trong cac diéu kién thoi tiét (sea
state code) cép 5 trong thang d6 Beaurfort. Viéc phan
loai diéu kién thoi tiét dugc dién gidi theo Bang 1.
Hinh 15 trinh bay két qua mé phdng khi tau c6 tai
dinh muc trong diéu kién thoi ti€t cdp 5. Ta thdy hé
thong diéu khién hoat dong t6t trong diéu kién thoi
tiét nay.
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N(s)

Hinh 8: So d6 khao sat tinh 8n dinh bén viing.

A Als) —e du
My +.- 8 + - T - Foy
d K(s) J &) 8 |-
~ 9k
— &9 —=0
Hinh 9: Hé thong diéu khién véi sai s6 cong.
= Alg) = &
.
ey Py v
W58 Kis) e Bey'res) = _ Gy

LT
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Hinh 10: Hé théng diéu khién véi sai s6 nhan dau vao.
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My + € Ki(s)

[
i
<
Ky
o

Hinh 11: Hé théng diéu khién véi sai s6 nhan dau ra.

Bang 1: Thang dé thai tiét Beaufort

Cép Trang thdi bién Cao séng Téan s
50 Hyjs (m) (rad/s)
w0 1 0 Phing ling 0 1.29
0 ] 1 Sénglan tan khong 0-0,1 1,29-1,11
w c6 ngon
0 2 Séng lan tin 0,1-0,5 1,11-0,93
. 3 Séng lan tin 16n 0,5-1,25 0,93-0,79
“ . . . . . 4  Séngnhd 1,25-2,5 0,79-0,68
-10 1] 10 20 30 40 50
5 Séng dai viia phai 2,5-4,0 0,68-0,60
60
= £ i 1 [ Séng 16n véi chom 4,0-6,0 0,60-0,53
o —r bot
[ 200 400 600 800 1000 1200 1400 1600 1800 2000
i e 7 Bién cudn séng 6,0-9,0 0,53-0,46
— 40
-4 8 Séng cao viia phai 9,0-14 0,46-0,39
o 200 400 600 B00 1000 1200 1400 1600 1800 2000
9 Séng cao hon. >14 <0,39
ORI T T e SO SANH DIEU KHIEN PID PHI
v TUYEN VA DIEU KHIEN IMC
4
< of = Hé thdng diéu khién PID phi tuyén
4 L L L L L L L L L
O B0 400600 BOD. 000 100 1400 1600 1200 2000 Luét diéu khién PID phi tuyén ép dung cho tau DP
1 210 nhu sau! duge st dung dé€ so sanh véi hé thong diéu
me ™ v khién dé nghi:
O a0 0 0 B0 1000 120 1400 1600 1300 2000
time {5
o 1w .
IRYAN d -
=0 e
| A T=1T(y) er+KD—+K,/edt (40)
“o 200 400 600 BOD 1000 1200 1400 1600 1300 2000 dt o
time {5)

N e Trong d6 e = 1y — 1 1 sai s6 diéu khién, ng la gid tri
Hinh 15: Dap ting cia hé thong diéu khién véi tai L ) . .

dinh muc (M = M, D = D), c6 nhiéu tac dong. dat cia . Cac ma tran Kp = diag{Kp1, Kp2, Kp3 },
Ky = diag{K1, K2, Ky3 }, Kp = diag{Kp1, Kp2, Kp3 }
la cdc ma trdn hing s6 thiét ké va dugc xac dinh bing

phuong phap thii sai. Thuc t&€ g thudng la ham néc,
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50 T T T T T

30+ 1

1 1 i~ T T
100 200 300 400 400 G600
time [s)

1 1
200 300
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= 02}
[y
= 01F
[
D 1 1 1 )
0 100 300 400 500 500
10° time [s)
5 [y T T T T T =
= 0 _Il. -~
'5 C 1 1 1 1 _
0 100 200 300 400 a00 GO0
time (s}
w10
1 T T T T
= 0 k/ —h
R 1 1 1 1
0 100 200 300 400 500 E00
tirme ()
7
w10
2F T k' T T T =
= 0 V g f\ r
2 e I I I I -
0 100 200 300 400 a00 GO0

time (s)

Hinh 12: Pap iing ctia hé théng diéu khién véi tai dinh muc (M = M, D = D), khéng c6 nhiéu.
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50 T T T T T

30+ q

1 i~ T T
200 300 400 400 G600

I I 177 1
200 300 400 500 G500

= 02r : b E
g : :
=01r : : k
“ i

0 .

1 1 1 1
] 100 200 300 400 500 600

o 10° time [s)
5 ] T T T T T =
= 0 L ™ f
'5 C 1 1 I 1 1 7
0 100 200 300 400 500 G500
time (s}
w10
1 l T T T T
. L | ~
R 1 1 1 ’ 1
0 100 200 300 400 500 E00
tirme (5]
7
w10
2F T Rv T T T =
= 0 V - r\' V‘
2k I I I I -
0 100 200 300 400 500 G500
time (s)

Hinh 13: Pap (ing ctia hé théng diéu khién khi tau chay non tai (M = 2M, D = 2D), khéng c6 nhiéu.
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50 T T T T T

30+ 1

1 1 i~ T T
100 200 300 400 400 G600
time [s)

1 1
200 300
tirme (=)

= 02}
g
= 01F
o
D 1 1 1 )
0 100 300 400 500 600
10° time [s)
5 [y T T T T T =
= 0 L/ (\——y—
'5 C 1 1 1 1 .
0 100 200 300 40 500 600
time (s}
w10

1 1
0 100 200 300 400 a00 B00

tirme ()
o1’
JE ; k' ; ; ; =
= 0 V e f\ r
2 e I I I I -
0 100 200 300 400 a00 GO0

time (s)

Hinh 14: Pap ing ctia hé théng diéu khién khi tau chay qua tai (M = 0,8M, D = 0,8D), khéng c6 nhiéu.
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dé trdnh anh huodng cta sy thay ddi dot ngot ctia 14
1én khau vi phén, ta thay luit diéu khién (40) boi

T:JT(W) erfKde+K1/edt (41)

dt
D

So sanh két qua mé phéng diéu khién PID
phi tuyén va diéu khién IMC

Phan ndy trinh bay so sanh két qua mé phong trong
diéu kiéu nhiéu dong thaoi tiét cip 5 ctia b diéu khién
IMC dé xudt v6i bo diéu khién PID

Chon hé s6 : Kp = diag ([6e+5,6e+5,1e+9]); Kp
=diag([9e+6,9¢+6,9¢+9]);K; =diag([10,10,150]);

I I ! I hd I | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time (s)

40 7 :wmb—ww&

£ 20 B
> A
0 o St b=
. . . . 1 . 1 .
400 600 800 1000 1200 1400 1600 1800 2000
time (s)
e e
5 0.2 i \
£ o1 / X ]
LR R T—— i aiasion

I I . I 1 .
800 1000 1200 1400 1600 1800 2000
time (s)

L L L
0 200 400 600

Hinh 16: So sanh két qua mé phdng véi luat diéu
khién IMC va PID phi tuyén trong diéu kién thai
tiét cap 5.

i I I I 1
800 1000 1200 1400 1600 1800 2000
time

IR

=0 L
4

-1
0 200 400 600

%107

i i i i i
800 1000 1200 1400 1600 1800 2000
time

i A R
0 : "V': : " : '
5 i i i i i i i i i

0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

i i i
0 200 400 600

x10°
&

Hinh 17: So sanh két qua mé phéng luc diéu
khién dau vao véi luat diéu khién IMC va PID phi
tuyén trong diéu kién thai tiét cap 5.

Hinh 16 trinh bay d6 thi toa do theo t. Lan lugt 1a
toa do x,y, ¥ va huéng mai tau . D6 thi mau do (nét
chim) tin hiéu dat, mau do (nét lién) dap ting ctia hé
thong véi luat diéu khién IMC, mau den (nét roi) 1a
dap ting hé thong véi luat diéu khién PID phi tuyén.

Ta thdy trong diéu kién thdi tiét cdp 5 ( nhiéu dong
16n) hé théng diéu khién IMC c6 dép ting chdm hon
s0 v6i hé théng diéu khién PID phi tuyén.

Hinh 17 cho théyluc tdc dong bo diéu khién IMC (nét
manh lién mau xanh) it nhay véi sy thay d6i ctia nhiéu
dong do séng bién dau ra tin s6 cao. D6 thi mau do
nétlién la lyc tic dong b diéu khién PID . Ta thdy bo
diéu khién PID trong thuc t€ phai c6 bo loc tin hiéu
nhiéu séng bién dau ra. Ngoai ra bd diéu khién PID
dan dén qua tai hé truyén dong.

THAO LUAN

Qua két qua ctia m6 phong cho thdy hé thong diéu
khién véi hai vong diéu khién c6 nhiéu vu diém nhu
dé chinh dinh vi chi cin héng s6 thoi gian ctia bd loc
IMC tham gia vao qua trinh chinh dinh hé thong kin,
hé s6 ti 1é ctia vong diéu khién ngoai c6 thé xdc dinh
theo hing s6 thoi gian. Hé thong diéu khién c6 tinh
6n dinh bén viing véi sai s6 mé hinh va khang nhiéu
t6t. Ngoai ra hé thong diéu khién dé xuit khong lam
qua tai hé théng truyén dong nhu diéu khién PID.

KET LUAN

Bai bdo trinh bay mo6 hinh tau dinh vi ddng hoc DP
va gidi thiéu hé thdng diéu khién hai vong cho tau
DP. Vong trong st dung giai thuét diéu khién mo hinh
ndi. Vong ngoai st dung giai thuat diéu khién tuyén
tinh héa tach kénh. Cac két qua mo6 phong & nhiéu
diéu kién thoi tiét khéc nhau, cho thiy hé théng diéu
khién d& nghi cé chat lugng t6t khi c6 nhiéu dong,
bén viing véi sai s6 mo hinh (ma trén khoi lugng M
va ma tran suy gidm D). Trong diéu kién thoi tiét cdp
5 (d¢ Beaufort, chiéu cao song bién 2,5-4,0m), bd diéu
khién dung moé hinh néi cho két qua tét. Bo diéu
khién d€ xuit c6 qud trinh chinh dinh don gian vi chi
chon mot gia trj hang s6 thoi gian cua bd loc IMC
cho vong diéu khién trong va mot bo hé s6 cta bo
diéu khién (P) ctia vong diéu khién vi tri ngoai. Bo
diéu khién IMC it nhay véi nhiéu dong song bién tdn
s6 cao. Trong thuc té€ nhiéu dong do thoi tiét 1a 16n
hon vi vy cac nghién ctiu tiép theo la thiét ké bo diéu
khién cho tau DP ¢6 kha ninglam viéc trong diéu kién
thoi tiét khac nghiét hon.

DANH MUC TU VIET TAT

DP: dynamic positioning (dinh vi dong)

IMC: internal model control (diéu khién mé hinh noi)
LF: low frequency (tdn s thip)

PID: proportional, intergral, derivative (ti 1¢, tich
phén, vi phan)

PM: positioning mooring (dinh vi neo)

P: proportional (ti 1¢)

WE: w ave f requency (tdn s& séng)
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XUNG POT LO1iCH

Nhém téc gia xin cam doan rang khong c6 bét ky xung

dot 1¢i ich nao trong cong bd bai bao.

PONG GOP CUA TAC GIA

Duong Hoai Nghia tham gia vao viéc dinh huéng

nghién ctiu dua ra y tudng.

Nguyén Vin Vi Qudc thu thap di liéu, tinh todn, viét
bai ban thao va chinh.
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ABSTRACT

Dynamic Positioning Ship System (DP) is an automated system, which is used to keep the ship
maintain its position and heading at a fixed location or navigate along a predetermined track ex-
clusively by mean of its own actives propulsions systems without using such fixing device as the
anchor. DP system's task is to control the ship moving at a fixed position or moves following the
route for previous with low speed to execute a task. This paper presents a novel stability robustness
controller for a dynamic positioning ship with uncertainties and unknown external disturbances.
For the development and testing of the controller we present shematic diagram of DP systems,
the mathematical modeling of the ship and the bias forces as slowly-varying environmental dis-
turbances. The proposed controller has two loops. The inner loop uses an internal model control
(IMC) technique to control the speed of the ship. The outer loop uses a propotional (P) control ler
to control the position of the ship. The stability robustness of the control system is analysed. One
of the key aspects of the prposed controller is that the robustness of the closed loop system can
tuned via a single tuning parameter. The simulation results demonstrate that the proposed con-
trol system has high performance and robustness in the present of environment disturbance and
uncertainty. The proposed control system was compared with PID control.The control algorithm
of ship dynamic positioning is generally based on the classic PID, PID control has many advantages
and has a strong robustness. However, the parameters of the PID control depend on the test will
cost a lot of time and energy. Simulation results are provided to illustrate the effectiveness of the
proposed controller. The problem of guidance and control of thruster actuators is out of scope of
the paper.
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