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Tém tit

Trong qud trinh tau thuyén hanh trinh trén bién,
dao dong ldc doc cuia tau sé anh huong lon dén sw
an toan cua con tau va hang hoa ciing nhw suc
khoe ciia thity thii doan. Dé giam thiéu téi mirc 16
da dnh hwong ciia chuyén dong lic doc 1én con
tau. Trong bdi bdo ndy mét phwong phdp diéu
khién méi dé giam chuyén dong lic doc cia tau
duwoe dé xudt dwa trén phwong phdp diéu khién
toan phwong tuyén tinh bdc hai. Mét mé hinh todn
hoc chuyén dong ldc doc cia tau dwoc dua ra cé
xem xét t0i cdc nhiéu tac dong lén hé thong la co
so dé thiét ké bé diéu khién, trang thdi cia hé
th(fng dwoc woce tinh bdng bo loc Kalman, sau do
hé thong dwoc diéu khién bang phirong phdp diéu
khién t6i wu toan phwong tuyén tinh Linear
Quadratic Gaussian (LOG). Sau ciing, két qud mé
phong sit dung phan mém Matlab cho thdy rang
viée sir dung phwong phdp diéu khién LOG dé dat
duoe kha nang giam ldc doc cua tau la kha thi,
két qua cho thdy hiéu qua ciia phwong phdap diéu
khién duoc dwa ra va bo diéu khién hé théng duoc
thiét ké.

Tir khéa: M6 hinh hé thong lac doc, diéu khién
toi wu, bo loc Kalman.

Abstract

When ships are sailing on the sea, pitch motion
will greatly reduce the safety of ships and cargo,
as well as the health of the crew. To reduce the
effect of pitch motion of the ship. In this paper, a
new control method to reduce the ship's pitch
motion is proposed based on the quadratic linear
control method. A mathematical model of the
ship's pitch motion is given considering the
disturbances acting on the system as the basis for
the controller design. The state of the system is
estimated by Kalman filter, and then the system is
controlled by the optimal control method. Finally,
the simulation results using Matlab software show

that using the LOG control method to achieve the
ability to reduce the ship's pitch motion is
feasible, the results show the effectiveness of the
given control method and the system controller is
designed.

Keywords: Pitch motion system model, optimal
control, Kalman filter.

1. Mé dau

Léc doc la mot trong sau bac dao dong tu do cia
tau, bao gdbm chuyén dong quay, chuyén dong ngang,
chuyén dong tién 1ui, lic ngang, dap dénh, va lic doc,
trong d6 chuyén dong lic doc cé tac dong tiéu cuc
16n dén sy 6n dinh va an toan cua tau. Do tac dong
ctia chuyén dong lic doc, hiéu qua khai thac cia con
tau bi giam di dang ké, su an toan cua thuyén vién
lam viéc trén tau, an toan cua hang hda va cua con
tau bi de doa nghiém trong. Do d6, nghién clru giam
lic doc cua tau 1a mdt nhiém vu quan trong va la
hudng nghién ciru dugce cac nha nghién ctru dac biét
quan tam.

Chuyén dong lic doc cua con tau chi yéu 1a do
su tac dong cla song ngau nhién, dudi tac dung cua
song ngau nhién va hé dong lyc lam cho con tau
chuyén dong trén cac huéng khac nhau, trong pham
vi cia nghién ctru nay, nhém tac gia xem xét nghién
ctru chuyén dong cua tau véi cac dao dong lic doc
két hop v6i chuyén dong dap dénh (chuyén dong 1én
xudng) cua con tau. Trong qua trinh van hanh tau,
chuyén dong lic doc gy ra su anh huéng 16n t6i stc
khoée ctia thuyén vién, sy an toan cua con tau va hang
hoa, 1am giam dang ké hiéu qua khai thac cling nhu
an toan ctia con tau. Do tinh chat quan trong ciia viée
giam lac doc tau thuy, t6i nay da co nhiéu cong trinh
nghién ctru duge dua ra dé giam chuyén dong lic
doc cho con tau bao gém ca cic cong trinh nghién
ctru 1y thuyét va thuc té sir dung cac phuong phap
diéu khién khac nhau.

Trong bai béo nay, mot b diéu khién t6i wu toan
phuong tuyén tinh LQG duoc 4p dung cho hé thong
lic doc tuyén tinh cuia tau thuy. Phuong phap LQG
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ludn 14 Iya chon hang dau dé diéu khién mot hé thong
tuyén tinh gitp mang lai hiéu qua diéu khién va 6n
dinh cao. Véi viée ban than bo diéu khién LQG 1a su
két hop clia bo diéu khién toan phuong tuyén tinh bac
hai v6i bd loc Kalman du doan trang thai cua hé théng,
gitip mang lai hiéu qua diéu khién cao, dic biét véi
nhiing hé théng chiu dnh hudng cua nhiu ngoai tac
dong va ca nhiéu noi ciia hé thong, ma mo hinh
chuyén dong lic doc tau thiy 13 mét vi du dién hinh.
Mo hinh chuyén dong lic doc tau thuyén co tinh dén
anh huéng ctia nhiéu bén ngoai 1 séng ngau nhién, va
nhiéu hé thong 1a nhiéu tring, gitip cho nghién ctru ¢6
tinh thuc tidn cao. Véi by diéu khién LQG, bd loc
Kalman dugc stir dung dé du doan trang thai mo hinh,
mot ham t6i wu duoc dua ra lam co so thiét ké luat
diéu khién t6i vu cta hé thong. Sau cing, két qua md
phong dugc dua ra dé ching minh tinh hiéu qua cia
b diéu khién duoc nghién ctru.

B6 cuc bai bao duge sép xép nhu sau: BO loc
Kalman nhiéu mau ngiu nhién dugc dua ra trong
phan 2, mé hinh séng ngau nhién va thiét ké bo diéu
khién LQG dugc nghién ctru trong phan 3 va phan 4
1a két luan cta bai bao.

2. B§ loc Kalman nhiéu mau ngiu nhién

Céc lyc va mo men tac dong vao con tau gay ra
céc chuyén dong lic dung va lic doc bao gom luc
ndi cta ban than con tau, luc nang va m6 men dugc
tao ra trong qua trinh tau hanh hai, chuyén huéng va
cac lyc tac dong do anh hudng cua nhidu. Dé lam
giam céc tac dong do chuyén dong lic doc va lic
dung gay ra, trong nghién ctru nay sur dung hé thdng
vay giam lic chi dong c6 dang canh gap kiéu T-foil
va Flap. M6 hinh toan hoc mé ta chuyén dong lic
doc va lic dung cua tau duge dua ra nhu sau [17]:

(M +@g3) X3 +D33X; +CyaX3 + B35 X5 + D5 X5 +Ca5Xs

=F_ i t FFIap + Fave

(155 +855) X5 + D55 X5 + Cs5 X5 + 8533 + D5z Xg +Co3Xs

=M_ty +M Flap T M ave

Trong do: m la lugng gian nudc cua tau, Iss 1a mo
men ndi gay ra theo truc doc tau, as;, ass la khéi
lugng va mdé men tang thém, ass, ass bss, bs3, czs,
es3la cac hé s, 1a cac bién trang thai ctia hé thong,
Fr_toit» M1_toil+ Friap» Mpigp 12 luc va mo men
gdy ra boi cac thiét bi giam lic cua tau.

Phuong trinh trang thai chuyén dong lic doc ciia

mot con tau duoc viét lai duéi dang nhu sau [2, 3]:

X = AXx+Bu+Cw;
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y=Hx+v 2)

Trong d6 X =[ X3 X3 X5 x5] —[a @] tin
hiéu dau vao cua hé thdng, wr la nhiéu ngoai do
song ngau nhién gay ra. Chon x; va xs 1 hai bién
trang thai ctia hé thong, x;biéu thi trang thai lic dimg
cua con tau, trong khi xs biéu thi trang thai lac doc
cua con tau. Lyc va mdé men giam lic duogc tao ra boi
co ciu giam lic chii dong cua con tau co6 dang

Fr_toit» M1 _toil» Frigp: Mpigy va duge xac dinh

nhu sau:

oC
Frofoil = 5A ﬁavaaz’ M1 _toil = Fr_saithr— o

I:FlapIFIap

1
FFIap =ECL15V250/1, MFIap =

Véi & laty trong nudce bién, A 1a dién tich cua
vay giam lic dang T-foil, S 1a dién tich cia vay dang

Flap, C,, C;; lah¢ sd nang cua vay dang T-foil va
Flap twong tUng, ¥ 1a van tdc cia tau,
a, A, lr_gits lpiap 18 gbc vay va canh tay don luc
nang cua vay T-foil va Flap tuong tng.

A, B, C 1a cac ma tran hé sb cua hé théng va
duogc dua ra nhu sau [1]:

A:_—%IBO —Aolco:l,%{m*a% 85 }

L o 0. 853  lsst+ags
C- A 'Bo{bzs bas}] Coz{ces Css}
| 0p2 | bss s Cs3 Css
S 1cua\/zs Lsay?
B= _AU 2 2 oa
oC, V2

L 0z:2 %CLléVZS Xl > TsaL P *br_goi
v 1a nhidu ndi cta hé théng, thong thudng cé thé coi
1a nhiéu trang thong thuong, ma tran phuong sai ctia
n6 ¢6 thé duoc dua ra nhu sau:

Q = diag[20.3 x 10™* 2.26 X 107]

Duya trén ly thuyét anh xa, co thé thu duoc ma
tran nhiu ngoai do séng bién tac dong Wyva ma trén
phuong sai tuong ting la:

Q = diag[0,037 x 10'* 3,576 x 10%*]
Dua vao phuong phap roi rac héa phuong trinh
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khong gian trang thdi lién tuc, dat: © = el |

TS TS
G= IeA(TS‘t) Bdt, T = J.eA(TS‘t)Cdt
0 0

Chon khoang thoi gian roi rac T, = 0,1s Két
hop cong thie (1) va (2) ta dugc phuong trinh khéng
gian trang thai sau:

X(k +1) = dx(k) + Gu(k) + T'w; (k) 3)

y(k+1) = Hx(k +1) +v(k +1) 4)

T6i day, theo nguyén tic phan tach, tam thoi
khong xét dén anh huong cua u(k), nghién ciru udc
luong trang thai x(k) cia phuong trinh roi rac (3)
duéi tac dung ctia nhiéu ngoai w; (k) thong qua bo
loc Kalman ta c6 cong thirc nhu sau [4].

R(k+1) =[ @ - Ky HD [R(K) + Ky, y(k +1) (5)

Trong d6: Ku» la ma tran do loi cia bd loc
Kalman ¢ trang thai 6n dinh, thu duoc bang phuong
trinh d¢ quy sau:

M = OPOT +TQ, T (6)
Ky =MHT [ HMHT +QW]71 )
P=[1-KgH M 8)

Trong d6: P 1a ma trdn wéc luong trang thai 6n
dinh c6 gi4 tri ban dau 1a B, =1 x10*, M 1a ma tran

16i udc tinh trudéc mot bude dy bao trang thai 6n dinh
ban dau.

E

:' -go—i 46 &6 12 74 16 18 20
E o™ N S
H_S . i . L L . L . .
e B O P O M
3

Soil 2 & § o114 16 18 2
R

H

B R

P
[ o0 12 14 16 18 20
s
Hinh 1. Ubc lwgng trang thdi hé théng

Két qua md phong cua bd loc dwoc chi ra bing
cach so sanh phuong trinh (3) va phuong trinh (5).
Két qua mo phong dat dugc nhu thé hién trén Hinh 1.
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3. Piéu khién tdi wu giam lic doc tau thiy
3.1. M6 hinh song ngéu nhién tic dpng vao hé thong
Trong nghién ctu nay, dwa trén phod
Pierson-Moskowitz (P-M), pho song bién ngau nhién
duoc dua ra nhu sau [1, 5]:
0,0081x g° 311
- 9 exp(- . )
N, .7z

a 1/3""a

W, (%) =

Trong do: Ny3 la chidu cao song, m, la tan sb
ctia song bién, g 1a gia tdc trong truong.
Dua trén 1y thuyét qué trinh ngéu nhién, mé hinh goc
dbc song duoc mé ta [10]:

B(t) = ?:1(\/ 2%(7ra)ﬂﬂa COS(T[alt + ), (10)

Trong dé:

g, la tan s song thir /;

; 1a pha ngau nhién cua song thir /;

n 1a s6 lugng séng duge sir dung dé mo ta song
ngau nhién.

Chon pha ngiu nhién ciia goc doc song co gia tri
bién ngau nhién tir 0-2x, khi d6 phd do cao séng va
phé ning luong c6 mdi quan hé sau:

4
Wy(mo) = KPKZ "5 We(no), (1)

Trong d6 Ky;va K, 1a cac hé sb, gia tri cua
chung phu thudc vao hinh dang than tau. Trong ving
nudc sau, co tinh dén mdi quan hé m2 = kg, khi tinh
dén anh huong cia hudng toi cua song va toe do téi
tan s6 song, thi tan s6 song ma tau gap phai duoc md
ta nhu sau:

T 2
T, = na—%P cos p, (12)
Trong dé:
P 1atdc do cua tau;
p la hudng song téi.
Dua trén nguyén 1y nang lugng twong duong, ta
¢6 mdi quan hé sau:
VVp(T[a)AT[a = %(T[e)AT[e- (13)
Hay:
Am,
Wp (Te) = A_T[e Wp (Tr2)
Sau bién d6i, ta co:
2 a
Wy () = Wp(ma)/(1 = = ¢ P cos p).  (14)
Do d6, mé hinh goc ddc cua song thu duge nhu sau:

Be(t) = ?:1(\/ ZVVp(T[e)Aﬂe cos(mt + ) sinp.
(15)
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Trong dé:
e, 12 tan sd song ma tau gap phai;
W, 1a pha ngau nhién cua séng thir L
Tur (14) va (15), ta co:

Be(t) = Tia(V2W, (o)A, cos (et + ) sin p.
(16)

Hinh 2 1a m6 phong ctia séng ngau nhién véi:
N,/3 = 5,8m,n = 28 huéng soéng p = 45° va tdc
dotau P=7,8m/s.

30

25

20

. L . L . L L . L
20 40 B0 a0 00 120 140 160 180 200
Time(s)

Hinh 2. M phéng ciia séng ngdu nhién véi géc tdi ciia
song béing 45°

3.2. Diéu khién téi wu giam lic doc tau thiiy

Trong phan nay, bo diéu khién cua hé thong roi
rac (3) duoc thiét ké. Dya trén phuong phap diéu
khién LQG, trang thai ctia hé thong sau khi thém vao
bién diéu khién c6 phuong trinh dé quy nhu sau [6]:

u(k) = L, (k) 17)
x(k +1) = dx(k) +Gu(k) +Tw, (k)  (18)
R(k +1/k) = DR(K) + Gu(k) (19)

R(k +1) = R(k +1/ k) + Ky [ y(k +1) ~ HR(k +1/K) ] (20)
Ham muc tiéu c6 dang hiéu suét bac hai duoc
dua ra nhu sau:
3= IR (K)Qx(K) +i" (K)Qu(k)] (1)
k=0
Sau d6 ma trén d¢ loi cua tin hi€u phan hdi trang
thai thu dugc nhu sau:

Ly =[Q, +G'SGI'G' S® (22)

S =[® -Gl 1" S[®—Gly,]

+Q +L",Q,L 23)
X stb~<u “sth

Trong (23): Gia tri ban diu clia ma tran S 1a S= Q..
Trong qua trinh md phong, gia tri cua O, dugc chon
nhu sau:

Q, =diag[16x10™ 3x10' 6x10™ 2x10™],
Q,=30.
So d6 hé théng duoc dua ra nhu sau:
u(t) x(t) y(t)

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

Hinh 3. So dé khéi h¢ théng diéu khién
Theo céc cong thirc tir (17) dén (20), két qua mo
phong thu dugc nhu sau:

E DW
=

S0 7 4 ¢ & 10 12 14 16 18 20

§ 10 17 14 16 18 20

8 10 12 14 16 18 20

0

10 12 14 16 18 20
tls

Hinh 4. Trang thdi hé théng diéu khién LOG

Tir Hinh 4 chiing ta c6 thé thdy x; va X5 1a cac
bién trang thai ciia hé thong biéu thi bién d6 lic va
tbc do lac dung cua tau gitra c6 va khong ¢ bod loc
Kalman, dudong nét dam biéu thi hé théng c6 st dung
bd loc Kalman, duong nét manh biéu thi hé théng
khi khong st dung bd loc Kalman, tuy chua thuc sy
1 rét nhung ching ta co thé thiy hé thong khi c6 bd
loc Kalman thi hiéu qua giam lic 1a tot hon, bién do
dao dong nho hon, hé théng duy tri sy on dinh.
Tuong tu nhu vay voi cac gia tri cia X3 va X4 la
céc bién trang thai ctia hé thong biéu thi bién do lac
va toe d6 lic doc cua tau gitra co va khong ¢6 bo loc
Kalman, hiéu qua khi st dung bd loc Kalman 1a rat
13, bién d6 lic doc cua tau dwoc giam di dang ké, hé
théng duy tri dugc sy on dinh theo thoi gian.
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4. Két luan

Trong nghién cuu nay, dua trén phuong phap
diéu khién toan phuong tuyén tinh LQG, mot b didu
khién giam lic doc tau thuy dugc dwa dé giam lic
doc cho tau thuy. B diéu khién duogc nghién ctu 1a
su két hop cta bd loc Kalman va bd diéu khién myén
tinh LQR gitip cho h¢ thong diéu khién 6n dinh va
dat duoc trang thai diéu khién nhu mong mudn.
Ngoai ra, v6i viéc xem xét tac dong cia cac yéu td
nhidu, bao gdbm nhidu ngoai tic dong va nhidu noi
ctia hé thong gitp cho két qua nghién ctru gan voi
thuc té hon. Két qua mo phong cho thay hiéu qua cua
phuong phap diéu khién duoc nghién ciru.
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