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XAP XI PONG LUC HQC TAU THUY VA XAC PINH THAM SO

MO HINH PIEU PONG SU DUNG MANG NO RON
APROXIMATING SHIP DYNAMICS AND DETERMINATION OF
MANEUVERING MODEL PARAMETERS USING

NEURAL NETWORK
Lé Thanh Tung
Dai hoc Bach khoa Ha Noi

Tém tit: M6 hinh diéu dong tau thiy dong vai tro quan trong trong nghién ciru diéu dong tau,
thiét ké hé thong diéu khién chuyén dong va xdy dung cé hé thong mé phong ldi tau. Nhdn dang md
hinh dong luc hoc tau va xac dinh cac tham s6 mo hinh ludn 1a bai toan khé do sw phy thudc phi tuyén
clia CAC yéu té thiy dong e vao cac tham so déng hoc ciia tau. Bé gidi quyét bai toan nay nhiéu ky
thudt nhdn dang hé tho"ng da duoc sw dung. Trong bai bao nay, mang no ron nhan tgo nhiéu lop
truyén thang nho kha nang xdp xi ham phi tuyén véi d@é chinh xac tly y thy thugc vao cdu tric mang
dege sir dung dé xdp xi dong liee hoc tau thiy va xdc dinh cdc hé sé ciia phwong trinh mé ta chuyén
déng tau trén mdt phang nam ngang. Cac dir liéu luyén mang duoc ldy tir md phong diéu déng zigzag.
So sanh dwge thuce hién giita mé hinh 1y thuyét va mé hinh xdp xi dwoc thie hién théng qua md phong
diéu déng vong tron quay tré. Cac tham s6 ciia md hinh diéu dong diroe xéc dinh thong qua phan tich
cac quan hé xap xi theo chudi Taylor. Két qua cho thdy mé hinh xdp xi trén co sé mang no ron mé ta
twong doi trung thwe chuyén dong ciia mé hinh Iy thuyét va c6 thé dugc dp dung trong the té.

Tir khéa: Piéu déng tau, dong liwc hoc tau, mang no ron, hé théng mé phong ldi tau.

Chi sé phén logi: 2.1

Abstract: Ship maneuvering models play an important role in ship maneuvering research,
designing ship motion control systems and ship steering simulators. Problem ¢ ship dynamic
identification is always a hard issue. For dealing with the problem various system identification
techniques were and are developed. In this paper, a multilayer feed-forward neural network
(NN)thank for its ability of approximation of any nonlinear relationship with predefined accuracy
depended on network architecture is used for approximation of ship dynamics and determination of
coefficients of mathematical equations describing ship motion in horizontal plane (yaw motion). The
data for network training is generated by performing zigzag maneuver. Comparison has been made
between theoretical model and estimated model is conducted by performing the tuning circle
maneuver. The maneuvering model parameters are then calculated by expression of approximated
relationship in Taylor’s series. The results show that the maneuvering model obtained by neural
network approach adequately reflects the motion of the theoretical one and proposed approach can be
applied in practice.
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1. Giéi thi¢u

Mo hinh diéu dong tau thiy dong mot
vai trd quan trong trong nghién ciu diéu
dong tau, thiét ké hé thdng diéu khién chuyén
dong, mo phong lai tau do an toan hang hai
va hiéu qua kinh té trong van tai duong bién.
Bai toan nhan dang dong lyc hoc tau va xac
dinh tham s6 mo hinh diéu dong tau 1a bai
toan kho va c6 thé duogc giai quyét theo nhiéu
cach khéc nhau. K. J. Anstrom va cong su [1]
dé xuit nhan dang dong luc hoc tau theo
phuong phip Maximum  Likelihood
identification cho tau hang kho va tau chd
dau sir dung dir liéu thtr tau thuc. Trong [2]

bai toan nhan dang duoc giai quyét theo
phuong phap Interactive Multiple Model
Tracking Algorithm. Nhan dang va xac dinh
cic tham s6 mé hinh trén c& s& bd loc
Kalman suy rong dugc xem xét trong [3, 4].
Trong [5 - 7] ky thuat Least Square Support
Vector Machines Technique duoc str dung.
Nhan dang trong mién tan sd dugc st dung
trong [8, 9]. Xac dinh tham s mé hinh
chuyen dong tau trén co so dir liéu cua biéu
d6 diéu khién va diéu dong zigzag dugc xem
Xét trong [4, 9, 10]. Cac phuong trinh mo ta
chuyén dong tau dugc xay dung trén cd sO
cac dinh luat Niu ton vé bién thién dong
lugng va mO0 men dong lugng. Kho khan



TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 34-11/2019

chinh trong thanh 1ap cac phuong trinh nay la
su phuc tap vé xac dinh luc va md men thuy
dong tac dong 1én than tau do quan h¢ phuc
tap va phi tuyén ctia chung véi cac tham s
chuyen dong tau. Mang no ron voi kha néng
xap xi ham phi tuyen v6i d§ chinh xéc tuy y
phu thudc vao kién trac cua mang [11] 1a mot
giai phap hop ly. Trong [12 - 14] mang no
ron Radial Basic Function (RBF) duoc su
dung dé nhan dang duogc tinh phi tuyén cua
m& hinh Norrbin. Trong bai bao ndy mang no
ron nhiéu 16p truyén thing duoc st dung
trong xap xi dong luc hoc tau. Cac tham sb
mo hinh diéu dong duge xac dinh sau do theo
phuong phap sai phan. Bai bao dugce t6 chirc
nhu sau: Tom tat mot s6 van dé nhan dang sir
dung mang no ron duoc trinh bay trong phan
tiép theo. Két qua mé phong dugc trinh bay
trong phan 3. Két luan trinh bay trong phan
cubi cung.

2. Mt s6 van dé co ban

2.1. Pong luc hoc tau thiy

Phuong trinh mé ta chuyén dong cia tau
duoc gidi thiéu trong nhiéu tai lidu [15 - 19].
Dbi véi bai toan lai tau co thé bo qua tuong
tac gilra chuyen dong dao lai voi chui va lic
ngang. Véan toc cua tau duoc xem 1a 6n dinh,
chuyen dong (dao lai) cua tau duoc xem la
dién ra trén mat phang nam ngang (hinh 1) va

dugc mo ta boi cac phuong trinh sau [2, 15 -
18]:

0 =0
w=a,o+ayB+b,5; 1)
B=ayo+a+ a22,5|ﬂ| +b,0
Véi:
o,0,8,6: Goc dao lai, van toc goc dao
141, goc dat va goc be 1ai.
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Hinh 1. Tham s6 chuyén déng ddao ldi.

2.2. Dong luc hoc may lai

Mot s mo hinh may 14i dugc trinh bay
trong [18, 19]. Trong bai bao sir dung mo
hinh sau [19]:

- 1 1
§=—?5+?u;|u|§umax (2)
Véi:
uu,...: Lénh bé 14 va goc bé 14i 16n

nhat (35° ddi véi tau bién). Két hop (1) va (2)
ta c6 h¢ phuong trinh mo ta dong luc hoc tau
va may lai:

0=0,

= a;w+a;,[+bo;

. 3)

B=a,0+ay,8+ azzﬂ|ﬂ| +D0,0;

' 1 1
5:—?6+?u;|u|sumax

2.3. Nhiéu méi trueong

Song bién 1a nhiéu méi trudng chu yéu
tac dong lén than tau. Trong bai bio nay st
dung mo6 hinh séng bién sau [19]:

Xw = A, X, +b,7;w=Clx
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Trong do:

n: Nhidu tring Gaus véi tri trung binh
khéng;

, : Tan s6 song chu dao;

& Hé sb suy giam tuong d6i cua song;

K,: Hé s6 phu thudc vao ning luong
song.

M5 hinh song dang ham truyén nhu sau:
- A) ', =S ©)

w=C,(s
" $? + 28w, 5+ o}

Nhin chung, trude khi nhan dang va xac
dinh cac tham sb mo hinh cén lua chon biéu
thirc giai tich dé biéu dién cac quan hé phi
tuyén cua hé théng. Mot cach biéu dién phd
bién 1a phan tich thanh chudi Taylor. Biéu
thitc chudi Taylor ctia ham v6 hudéng nhiéu
bién nhu sau:
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Yo =y00+ 3L ¥, 228561
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Pau vao va dau ra ciia mang no ron si

in= (...zi w2 ...zijk...)T ;

out=y;z; =h;;z; =hh;;z; =hhjh, ...
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Céu tric mang no ron nhiéu 16p mot dau
ra dugc trinh bay trén hinh 2.

dung phu thude vao cach biéu dién. Truong
hop st dung chuoi Taylor ta c6:

(7)

Hinh 2. Cau triic mang no ron nhiéu dau vao,
mot dau ra.

Voi:
w ;. Trong so lién két mang;

b, : Bias;

F : Cac ham truyén dat.

V& ban chét, qué trinh nhan dang la qua
trinh luyén mang su dung dir liéu dau vao va
dau ra dé thay ddi cac lién két mang sao cho

sai 6 gura dau ra thuc té va dau ra yéu ciu

nho hon gia tri chon trude. Tham s6 mo hinh

sau d6 duogc xac dinh theo cong thirc:
oy _y(z+(0..042,0..0)") - y(2) .

0Z;

Az;

10% _y(@+(0..04z; 0. 0)7) - y(z)

2 0z;; Azij

3. Két qua mé phong

(8)

Trong thuc t& bd dir lidu luyén mang
dugc thu thap tir thu nghiém tau thyc. Tuy
nhién, do khéng c0 liéu thuc, dir liéu phuc vu
luyén mang duogc tao ta st dung mo hinh ly
thuyét v6i cac tham sb trong [18]. Cac tham
s6 mo hinh 1y thuyét dwgc trinh bay trong
bang 1 cung voi tham s tinh toan xac dinh

theo cong thirc (8) va sai 1éch tuong ddi.

Bing 1. Tham sé 1y thuyét, tinh todn.

) ) Sai léch
Tham so | Ly thuyét | Tinhtodn | twong doi
%
an -0.1589 -0.139 12.52
a2 0.0048 0.0043 10.41
by 0.00023 0.00021 08.70
an 0.584 0.622 06.07
a220 -0.0207 -0.0217 04.83
a2 -0.0772 -0.079 02.33
b2 0.0088 0.0085 03.40
T 3 297 01.00

Dé xap xi ba phuong trinh dong luc hoc
cla tau va mdy lai ba mang no ron truyen
thang mot 16p an duge su dung. Ham truyén
dat cua 16p an dang Hyperbolic Tangent, 16p
dau ra c6 ham truyén dat tuyén tinh.

Dt li€u luyén mang duogc tao ra st dung
diéu dong zigzag. Dé tinh dén anh hudng
khong tranh khoi cta song bién khi thir tau
thuc tin hiéu dau ra cta bd loc hop thanh (5)
duoc cong véi goc bé 1ai. P thi thay ddi cac
thong s6 dau vao va dau ra duoc trinh bay

trén hinh 3.
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Hinh 3. Thay doi dit liéu luyén mang theo thoi gian.
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Pé danh gia chét luong cac mang duoc
luyén diéu dong vong tron quay tré (Tuning
Circle) duoc thyc hién cho mé hinh 1y thuyét
va mo hinh trén nén mang no ron. Két qua
thir nghiém duoc trinh bay trén hinh 4. C6
thé nhan thiy rang quy dao cua hai mo hinh
kha gan nhau. Piéu nay c6 nghia 1a mé hinh
xap xi phan anh tuong ddi trung thuc chuyén
dong ctia md hinh 1y thuyét. Sai léch tuong
dbi 1a chdp nhan dugc.
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Hinh 4. Piéu déng Tuning Circle.

4. Két luan

Dbong luc hoc tau thuy dugc nhan dang
st dung mang no ron. Két qua cho thay mo
hinh nhan dang phan anh kha trung thuc
chuyén dong ciia mé6 hinh ly thuyét. Sai 1éch
tuong doi chap nhan trong xay dung cac h¢
thong diéu khién va mé phong lai tau.

Béng cach tiép can tuong tu ¢ thé nhan
dang m6 hinh chuyén dong day du sau bac tu
do cua tau ciing nhu cac hé co hoc khacll
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