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Tom tit

Tuw déng diéu khién tau bién 1a métr xu huwong
nham tién téi tir dong hoa hoan toan qua trinh vén
hanh tau dé tao ra nhitng con tau khéng nguoi i
trong twong lai. Ciing véi diéu dong tranh va, diéu
khién cdp cau tau & nhiing bai toan phizc tap dnh
hieong dén an toan hang hdi, tinh mang con nguoi,
méi triong bién, ... Piéu khién tau cdp cau tuw
dong da dwoc nghién cizu ter 1au, tuy nhién cac hé
thong dé xudt ludn cé nhitng han ché nhdr dinh.
Trong nghién ciu nay, mang no ron tich kénh
duge dé xudt cho bai toan tu déng diéu khién tau
Va0 cdp cau. Véi cau tric tach biér cdc dau vao
cia mang, hiéu qua dieu khién banh Iai va chan
Vit 1a tot hon so véi bé diéu khién khdng tach kénh
nhw trong cdc nghién cieu trede day. Két qua md
phong di chi ra hiéu qua cua bé dieu khién dé
Xudt S0 Véi cac b diéu khién trude day.

Tir khoa: Tu dong cdp cau tau, bg diéu khién no
ron, mang no ron tach kénh, mo hinh tau MMG.
Abstract

Automatic ship control is a tendency, which
towards to fully automatilization of ship control
process, to make unmanned ships in future. With
ship collision avoidance, ship berthing is complex
problem affecting to maritime safety, human life,
sea pollution, and ..etc. Automatic ship berthing
has been studied early; however, existing systems
always exist certain drawbacks. In this research,
a decouple neural network is proposed for
automatic ship berthing. With the saparerate
structure of neural network, the performance of
automatic berthing process is improved compared
to existing berthing systems with the non-decouple
structure in the controller, on regulating the
rudder and the propeller. The result of numerical
simulation shows the perfomance of proposed
system based ship berthing in comparison with
previous controllers.

Keywords: Automatic ship berthing, neural
controller, Decouple neural network, MMG-ship
model.

1. Pat van dé

Nghién ciru ché tao tau tu hanh 13 mot xu hudng
thu hat sy du tu cua nhiéu qudc gia cd nén khoa hoc
hang hai tién tién. Vi viéc xuat hién cua nhirng thiét
bi van tai thuy khong nguoi lai trong tuwong lai, hiéu
qua lao dong sé dugc cai thién ciing nhu giai phong
stc lao dong con nguoi. Piéu khién tau cap cau tu
dong 1a mot trong nhitng budc nghién ciu dé thyuc
hién viéc tu dong hoa hoan toan qua trinh diédu khién
tau. Khi tau vao cap cau vai toe do thap, dic tinh dong
hoc chuyén dong cua tau trg nén phi tuyén phic tap.
Do d6 trong thuc té, qua trinh didu dong tau cap cau
thudng dugc chia thanh 3 giai doan nhu sau: Giai doan
1: khi tdc d6 con du Ion dé diéu khién tau an l4i, tau
dugc didu dong thay d6i hudng dé dua huéng mii tau
vé hudng tiép can cau an toan; giai doan 2: May chinh
duogc giam téc do dé tir tir tiép can cau, giai doan 3:
May chinh dugc ding tai thoi diém thich hop dé dwa
tau vao cau véi quan tinh. Vi sy phuc tap cua quéa
trinh cap cau nhu vay, mang no ron nhan tao dugc coi
1a pht hop véi bai toan nay vi né cé thé kha ning hoc
va lam theo bé ndo nguoi didu khién tau.
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Hinh 1. Tgo da ligu cdp cdu (bao gém céc trgng thai
déng hoc cua tau)
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H. Yamato et al [1] str dung bo diéu khién voi cac
tin hiéu vao gdm toa do vi tri tau tai cang, huéng tau,
khoang cach dén vi tri ciu va cac téc do dong hoc cua
tau, dau ra gom goc beé 14i va tée do chan vit. Tiép theo
hudng tiép can nay, cac nghién ctu caa nhom tac gia
[2, 3, 4] thuong sir dung cAC mang no ron véi su két
hop cua tat ca cac dau vao véi hai bién didu khién goc
banh 14i va tc d6 vong tua chan vit. Biéu nay lam cho
hiéu qua didu khién tau cap cau khong dat dwoc két
qua tdi wu vi trong thyc té goc beé lai khdng phu thugc
vao mot sb dau vao, chang han, khong phu thudc vao
vi tri tau, toc do tau theo chiéu doc,... Do d6, co thé
thay, viéc két hop tat ca cac yéu té dau vao voi dau ra
trong cAu triic mang no ron tim thay trong cac nghién
ctru trude day lam cho hiéu qua didu khién tau cap cau
chua ti uu. Trong nghién ctru nay, chiing toi dé xuat
mot bd diéu khién no ron 1am viéc nhu bd ndo con
ngudi cho bai toan diéu khién tau cap cau véi cau tric
tach kénh. Két qua md phong sé chi ra hiéu qua cua
hé théng diéu khién cap cau duoc cai thién hon so véi
céc hé thdng trude day.

2. Tw dong diéu khién tau cap cau sir dung
mang no ron tach kénh
2.1 Khéi nigm vé tw déng cdp cau tau

Bai toan cap cau tu dong dung mang no-ron c6 thé
chia thanh 3 giai doan nhu sau:

Giai doan 1: Tao dir liéu cap cau dé huan luyén
mang no ron. Tai khu vyc starting-point nhu (Hinh 1),
tau duoc ghi lai cac trang thai ban dau (Xo, Yo, U, V, T, ¥,
8, n) nhu tdc d6, vi tri, huéng mili, goc bé lai va vong
tua chan vit. Tir cAc trang thai ban dau ndy, ngudi didu
khién s& diéu dong tau vao cap cau bang viéc thay doi
g6c bé 14i (6) va téc do chan vit (n). T4t ca cac trang
thai ctia tau trong qua trinh didu dong cap cau thanh
cong s& dugce luu lai tao nén bo dir liéu cap cau.

Giai doan 2: M&i 1 dir liéu huin luyén mang bao
gom 6 dau vao (X, Yo U, v, I, ¥) va 2 dau ra (6, n).
Mang No-ron dugc huan luyén sao cho dau ra cua
mang bam sat dau ra cua dir liéu luyén mang.

Giai doan 3: Khi tau & khu vyc starting-point véi
c4c trang thai ban dau (Xo, Yo, U, V, I, ¥, 6, n) giéng hoic
gan gidng véi dit liéu hun luyén mang, bo diéu khién
no-ron s& tinh toén goc bé l4i va tbc d6 chan vit dé dua
tau vao cau mot cach tu dong, hanh dong bé 14i va
giam téc do ctia mang no-ron rat giong véi cac hanh
dong cua ngudi didu khién tao ra dir lieu huan luyén.

Trong do: (x, y) 1a toa do dia ly cta tau tai cang, ¥'la
hudng mii tu, (u, v, r) 13 toc do tau trén cac phuong truc
doc tau, truc ngang tau va tdc do ngang. 6 la goc bé banh
14i dé thay d6i husng tau, n 1a toe do quay chan vit. S 1a
vi tri tau, P 12 vi tri cau cang tau can cap va bugc day.
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2.2. M6 hinh toan chuyén déng ciia tau

Dé thuc hién viéc nghién ctru diéu khién chuyén
déng tau, cac md hinh toan (m6 hinh déng hoc) dugc
chi ra. Trong nghién cttu ndy, md hinh toan chuyén
dong MMG (Mathematical Modeling Group),
phuong trinh toan hoc ctia m6 hinh nay dwoc chi nhu
hé thirc sau:

(m+myu—(m+ my)vr =Xy + Xp + Xg

(m + my)fi + (m+myur =Y, + Y 1)
(Izz +]zz)7; = Ny + Ng

Trong d6: m, my, my la khdi lugng tau, khdi lugng
thém khi tau chuyén dong trong nudc theo cac truc
doc va truc ngang; Iz, J-; 1a mdé men khéi luvong va mo
men khéi luong thém khi tau chuyén chuyén dong
quay. u, v, r la tbc d6 tau trén cac truc doc, truc ngang,
va tryc thang dung.

Dé diéu khién tau chuyén dong can thiét phai thay
ddi cac goc beé lai va vong tua chan vit. C4c thanh phan
nay nam trong vé phai cia hé phuong trinh (1).

Dé thyc hién viec md phong, mot tau dau ¢ l6n
duogc sir dung véi cac thdng sb dé dua vao hé phuong
trinh (2).

2.3 Mang no-ron tach kénh #ng dung cho cdp
cdu tau tw dpng

Trong cac nghién ctu trude ddy, mang no ron
thuong duoc thiét ké theo phuong phap tit ca cac dau
vao duoc lién két véi cac dau ra théng qua 16p an.
Do d6, dau ra 1a: géc bé lai va vong tua chan vit s&
phu thudc vao tat ca cac dau vao. Tuy nhién, trong
thuc té quan sat thay rang: hanh dong goc bé lai dé
thay d6i hudng di cuia tu chi nén phu thudc vao cac
yéu té nhu: hudng mii tau, toc do dat ciing nhu toc
d6 gbc quay cua tau ma khong phu thudc vao vi tri
tau ciing nhu tdc d6 tau theo phuong doc tau. Theo
chiéu hudng nguoc lai, tdc dd vong tua chan vit ciing
chi nén phu thuéc vao téc do tau theo phuong doc
tau, vi tri tau tai cang. Do d6, viéc thiét ké bo diéu
khién mang no ron khong tach kénh s& lam phuc tap
mang ciing nhu giam thiéu hiéu qua cua mang no ron
Vi cac yéu td dau ra khdng hoan toan phu thugc vao
cac yéu tb dau vao (Hinh 2).

Trén co s6 d6, mot mang no ron tach kénh (thuc
chat 1a hai mang no ron doc lap) dwoc dé xuét trong
bo didu khién dé diéu khién riéng biét goc be lai va
tdc do vong tua chan vit (Hinh 3), hiéu qua cua bo diéu
khién s& tét hon do tach biét cac yéu té khong lién
quan giira dau ra va dau vao cua mang no ron.
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Hinh 3. Cdu trac mang no-ron tach kénh

Mang no ron tich kénh duoc dé xut trong nghién
ctu ndy c0 tric hai mang no ron nho riéng biét (Hinh
3). Trong do6:

Mang no ron thir nhat ¢6 cau tric gom: 16p vao
gdm 3 du vao (toa do dia ly cua tau tai cang (X, y),
toc do tau trén truc doc (u)); 16p an, va 16p ra 1a toe do
vong tua chan vit (n).

Mang no ron thtr hai ¢6 cau triic gom: 16p vao gém 3
dAu vao (toc do tau trén truc ngang va tée do goc (v, 1),
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huéng miii tau (¥); 16p an, va I6p ra 1a goc bé béanh 14i (5).

Viéc sir dung hai mang no ron riéng biét nhu trén
s& gitip cac hanh dong bé banh 1i cling nhu giam téc
d6 vong tua chén vit hop 1y hon do cac hanh dong nay
chi phu thugc vao cac yéu td trang thai tau tuong &ng.

Mang no-ron ¢ thé mé hinh hoa rat tt cac anh xa
phi tuyén phuc tap, trong bai toan nay mang no-ron
dugc sir dung dé md hinh hoa anh xa véi 6 dau vao va
2 dau ra twong ung. Mang duoc huin luyén bing
phuong phép lan truyén nguoc véi nhiém vu 1am tdi
thiéu hda ham muc tiéu nhu hé thie (2), chi tiét c6 thé
tham khao cach huan luyén mang trong cac nghién
ctu trude day cua tac gia [2, 3, 5].

E= i{desired_q 6,0, (W, 1, +b,)) - bi} @
i=1 =1 k=1

So dd khéi hé théng didu khién tau cap cau ty dong:
Pau vao la céc trang théai tau mong mudn dé dua tau
VA0 C4p CAu, & trang thai tau ban dau bo didu khién no
ron tach kénh sg tinh toan céc gia tri goc bé 14i va toc
do vong tua chan vit dé didu khién tau (md hinh tau
MMG) dé cac dau ra cua hé thong bam sat dau vao dat
ra, nhu Hinh 4.

3 " Déura
Pau vao Bo diéu R
* kluén no ron
téch kénh

v

M3 hinh tiu

Hinh 4. So' d@6 h¢ théng d@iéu khién tau cap cdu si
dung bé diéu khién no ron tich kénh

2.4. M phéng sé va so sanh két qud

Hinh 5. Tgo mdu cd@p cdu dé hudn luyén mang
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Trong phan nay, cac md phong sé duoc thuc hién
trén cong cu MATLAB dé chi ra cac hiéu qua cua bo
diéu khién no ron tach kénh so véi bo diéu khién no
ron khong tach kénh. Tao dit liéu cap cau duoc thuc
hién trén MATLAB dé ghi lai sau trudng hop cap cau
nhu Hinh 5.
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Hinh 6. So sanh két qud cdp cdu tau bdng hai bg d@iéu
khién (mau dé: bé diéu khién tach kénh, mau xanh:
bg diéu khién khong tach kénh)

Trong d6, khu vuc cang dugc md phong céd vi do
tir (-2 dén 9) va kinh d¢ tir (-2 dén 9), tau duoc coi la
cap cau thanh cong khi tiép can song song véi cau
tau va co tc do thip trong khoang 0.25 m/s. Budc
huan luyén mang dwoc thuc hién theo hé thic 2. Bé
thuc hién viéc md phong trén may tinh, cac yéu té vi
tri nhu: kinh d6, vi d6 dwgc chuyén sang hé khong
thir nguyén.

Sau khi hoan thanh viéc huan luyén mang, hai bo
diéu khién no ron tach kénh va khong tach kénh duoc
mb phong thuc hién cho viéc cap cau tau ty dong dé
x4c minh tinh hiéu qua cua bo diéu khién tach kénh so
v6i bo diéu khién khong tach kénh.

Trong Hinh 6, chudi hinh v& mau do thé hién quy
dao tau chay va trang thai tau dugc didu khién bang
bo diéu khién tach kénh, trong khi d6 chudi hinh v&
mau xanh thé hién quy dao va trang thai tau dugc didu
khién bang bo diéu khién khong tach kénh.

Két qua md phong sb chi ra trong ba truong hop:
Trudng hop thir nhat, vi tri tau tai thoi diém xuét phét
la (3, 7.5) huéng tau chay la 260 do, truong hop thi
hai (2, 8.5) hudng tau chay la 280, truong hop tha 3
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(4, 8.5) huodng tau 250. Két qua duoc thé hién trong
Hinh 6, qua do, c6 thé thiy rang quy dao chuyén dong
tau dugc diéu khién bang bo diéu khién tach kénh gan
vé6i duong tiép can cau mong mudn hon. Téc do tau
theo chiéu doc duoc giam tét hon bai bo didu khién
tach kénh. Dir lidu két qua ciing cho thay cac goc bé
banh 14i ciing nhu vong tua chén vit dugc diéu khién
t5t hon. Bén canh do, vi tri cudi cung tiép can cau
trong cac trudng hop diéu khién boi bo diéu khién tach
kénh ciing 1 gan hon so v&i C4c Vi tri dugc diéu khién
bai bo diéu khién khong tach kénh.

3. Két luan

Bai bao dé& xuat mot mang no ron tach kénh ap
dung cho bai toan ty dong diéu khién tau cap cau.
Khéi quat bai toan, md hinh toan cua chuyén déng tau
duoc dua ra 1am nén tang md phong s6. M6 phong sé
dugc thuc hién trén cong cu MATLAB véi ca hai bo
diéu khién tach kénh va khong tach kénh. Két qua chi
ra rang hiéu qua cua hé thdng cap ciu véi bo diéu
khién tach kénh Ia tot hon so véi bo diéu khién khdng
tach kénh. Quy dao tau tiép can cau la tét hon trong
truong hop sir dung bo diéu khién dé xuét. Trong thoi
gian tiép theo, chlng tdi s& tiép tuc nghién ctru dé
nang cao chit luong cua hé théng diéu khién cap cau
tau tw dong sir dung mang no ron ciing nhu nhitng dé
Xuit méi dé nang cao kha ning da nhiém cua bo diéu
khién no ron tach kénh.
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