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TOM TAT

Trong tuong lai, dé ty dang hoan toan viec diéu khién céc tau
thay, he thing lai tw dong doi hai phai ca da chinh xé4c va kha nang
thich tng cao hon so vai cac he thang l4i PID hién nay vin can
nhigu han ché khi ddi mat vai nhigu mai trueng va sai sd trong
ma hinh tau. Trong nghién ciru nay, chang tai dé xudt thuat toan
diéu khién hoc lap (ILC) nhim nang cao higu sudt giir huang cho
cac he thang |ai tau thay. Khac vai thuat toan PID truyén thang,
thuat toan ILC st dung théng tin tir cac chu ky van hanh trudc
da dé dieu chinh tin higu diéu khién banh lai, tir da trigt tieu sai
st bam mat céach hiu qué trong cac budc lap tigp theo. DE kigm
nghiém thuat toan dé xudt, cac ma phong deoc thyc hign trén
MATLAB. K&t qua ma phang cho th&y thuat toan ILC cho higu qua
cao hon trong vie giir hudng tau thiy so vai ba diéu khign PID
truyén thang. Nghién ciru nay cung cép mat heang tiép can mai
cho vigc phat trién cac thé he |&i tau tw hanh thang minh trong
tuong lai.

Tir khéa: Tau thay tu hanh; hé thang lai tau thay; digu khién hoc
|5p; mé hinh dang luc hoc tau thiy.

1. DAT VAN PE

Trong nhitng nam gan day, cac nghién cttu vé tau thay tu hanh
khéng nguai lai da thu hat dugc su quan tam clia nhiéu nha nghién
ctru, nhiéu quéc gia trén thé gisi nhu mét linh vuc hét vé dong tau
va van tdi hang hai. Trong tuong lai, cac tau thuy tu hanh khéng
ngudi lai cé thé thuc hién cac nhiém vu quan trong nhu: Tim kiém
cliu nan & cac vung bién cé thai tiét khac nghiét; thuc hién cac cdng
viéc ngdm dudi mit nudc phc tap; bao vé méi trudng bién... Dé
c6 thé diéu khién dugc cac tau thly tu hanh can thiét phai c6 hé
théng lai tau (Hinh 1) ¢6 @0 hiéu qua can tinh toan dén cac yéu té
ngoai canh, d6 sau, luc can..., do vay nghién ctiu va phat trién cac
hé théng lai luén nhan dugc su quan tam clia cac nha nghién cdu.
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ABSTRACT

In the future, to achieve fully autonomous ship contraol,
autopilot systems will require higher precision and adaptability
than current PID steering systems, which face significant
limitations when dealing with environmental disturbances and
modeling uncertainties. In this study, we propose an lterative
Learning Control (ILC) algorithm to enhance the course-keeping
performance of ship steering systems. Unlike traditional PID
algorithms, ILC utilizes information from previous operating
cycles to adjust the rudder control signals, effectively
eliminating tracking errors in subsequent iterations. To validate
the proposed algorithm, simulations were conducted on MATLAR.
The results demonstrate that the ILC algorithm achieves
superior course-keeping efficiency compared to traditional
PID controllers. This research provides a new approach for
developing the next generation of intelligent autonomous ship
steering systems.

Keywords: Autonomous ship; ship steering system; iterative
learning control; ship dynamic model.

Xét vé ly thuyét, dé thiét k& dugc hé théng lai tau tu déng can
thiét phai biét dugc mé hinh toan hoc cla d6i tugng diéu khién, tur
mo hinh toan sé phat sinh ra cac bai toan khac nhau vé tu dong diéu
khién. Trong nghién ctiu [3, 4], cac bo diéu khién PID da dugc dé xuat
cho hé théng lai tau thay, uu diém cta hé théng diéu khién la don
gian, dé hiéu chinh. Tuy nhién, véi bd diéu khién nay thudng xuyén
sé ¢ nhiing lugng qua diéu chinh va thai gian di vao 8n dinh dai gay
chat lugng chua dugc tét trong qué trinh diéu khién. Bén canh d6, khi
tham sé clia hé théng diéu khién thay déi, chat lugng diéu khién ctia
hé théng ciing khéng duoc tot. Dua trén tiép can diéu khién thich
nghi theo mé hinh mau [5], mét hé théng diéu khién da dugc dé xuat
cho hé théng lai tau thay tu hanh két hgp véi logic ma.
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Hinh 1. So'd6 tong quan hé thdng lai tau thay

Phuong phap diéu khién mé hinh du doan [6] dugc nghién
ctru mang lai nhiing két qua tich cuc. Trong nghién ctu [7], mot hé
théng diéu khién tu dong da dugc dé xuat cho hé théng lai tau thay
tu hanh dé cap dén hai chong chéng déng luc. Nghién cuu [8] ting
dung bd diéu khién thich nghi logic mg, trong nghién ctru nay logic
ma& dugc dé cap dé gidi quyét bai toan tinh khéng chéc chan cua
mo hinh tau va nhiéu ngoai tac dung. Mat khac, cac nghién cuu [9,
10, 11] dé xuat cac bd diéu khién cudn chiéu dé giai bai toan lai
tau ty déng gil hudng, tuy nhién viéc st dung phuong phép diéu
khién nay sé gap phai bai toan phtic tap khi phai tinh tin hiéu 4o
trén nhiéu budc, do vay gay ra su phuc tap trong hé théng diéu
khién. Ngoai ra, diéu khién trugt trong [12] cling dugc ting dung
trong hé théng lai tau thay tu déng véi nhimng uu diém nhat dinh.
Han ché ctia bd diéu khién nay la tén tai hién tugng rung c6 thé gay
ra anh hudng tiéu cuc dén hé théng.

Mac du nhimng nghién ctu néu trén da thu dugc nhiéu két qua
dang ké, tuy nhién viéc ing dung céc luat diéu khién hién dai nhu
trén vao thuc tién gdp nhiéu thach thdc vi yéu cau phai trang bj
nhiéu loai cdm bién hién dai va khoi lugng tinh toan phuc tap. Do
do, trong nghién clu nay, ching téi dé xuat maét thuat toan diéu
khién duya trén ly thuyét diéu khién hoc 1ap cho hé théng lai tau
thay tu dong. B diéu khién vai thuat toan dé xuat cho phép nang
cao hiéu qua gitt hudng tau thiy tu déng so véi bo diéu khién PID
truyén théng nh& kha nang hoc lap. Bén canh do, viéc ing dung
thuat toan di€u khién nay la kha thi véi cac tau bién hién nay ciing
nhu cac tau thay tu hanh trong tuong lai.

2. MO HINH DONG LU'C HOC HE THONG LAI TAU THOY
Dé& thiét ké hé théng tu dong lai tau theo hudng, can phai biét
dugc mo hinh dong luc hoc (mé hinh toan hoc) cda con tau. Cho
dén nay, mé hinh néi ti€ng nhat dugc dung dé xay dung hé théng
may li tau thay tu dong 1a mé hinh Nomoto [2, 13], cu thé mé hinh
thé hién méi quan hé déng hoc gitta géc bé banh lai (6) va géc
hudng mui tau (W) & dang ham truyén:
w(s) __ K(A+Ts)
5(s)  s(+Ts)(1+Tys) 6]
Trong d6, cac tham s6 K, T, T, T, dac trung cho dong hoc cda
tau, véi mbi tau khac nhau cac tham s6 déng hoc nay sé khac nhau.

Dé don gian hoa trong viéc thiét k& bo diéu khién cho may lai tu
dong tau thiy, ngudi ta thuong xuyén s& dung moé hinh dong hoc

dudi day:
wes)_ K
d(s)  s(1+Ts) 2)

Trong mo hinh (2) nay, cac hé sé Kva T nay cling la cac tham sé
déng luc hoc. D& tim cac tham s nay, ngudi ta c6 thé xay dung mé
hinh vat ly thu nho cda con tau hodc st dung tau thuc. Bang cach
cho tau quay tré hét mét vong véi diéu kién cho goc bé banh 1ai §
¢6 dinh va ghi lai tat ca céac gia tri goc hudng tau (¥) thay déi theo
thai gian, sau d6 st dung phuong phap binh phuang nhé nhat dé
khdp cac bo dit lieu thu dugc sé tinh toan dugc cac hé sé K va T nay.

Trong nghién ctru nay, chung téi st dung mé hinh (2) dé thiét
k€ luat diéu khién hoc lap cho hé théng lai tau thay tu dong. Can
chuyén mé hinh (2) sang dang khéng gian trang thai va rdi rac héa
theo cac budc thai gian.

3. THIET KE BO DIEU KHIEN VA PHAN TiCH TINH HOI TU

Pat x, =y, x,=y =r, md hinh (2) dugc chuyén sang dang
khéng gian trang thai va rgi rac nhu sau:

{X(TH) = Ax(7)+bu(r)

y(@)=c"x(7) 3)
Trong do: ;z[x‘ j,Q:[Z‘ j,gz(c‘ j Mé hinh (3) Ia mé hinh rgi rac

X 2 €
cGia mo hinh ham truyén (2) véi 7 =0, 1, ...N, trong d6 N la ti s6 T/T,
c6 T, la chu ky lay mau tin hiéu. Nhu vay, tai lan thirthi k, anh xa f()
mo tad quan hé vao ra clia hé la:

7-1
SO (0) > " A5 (0)+ ) " A bu, (i) )
St dung ham hoc tuyén??nh kiéu PD cho hé théng (3) nhu sau:
U, @) =u, () +Kpe, )+ Kye, (i +1) (5)

Thay ham hoc (5) vao hé théng (3) & lan thar thi k, sai léch bam
huéng tau sé la:
2 2
€D =(-c"bK e (1) =) " A7 bK e ()= D T A7 bK e, (i+1)  (6)
Tl (6), ta suy ra: =0 =

€..1(0) 1-c"bK, 0 0 e, (0)
en() | | bk, 1-c"bK, 0 e (1)
eu(W)) \=c"4"'bK, —c"A (K, +AK)bK, ... 1-c"DK, e (N) 7)

Hay viét dudi dang:

Qidl = =@y, )gkpd 8)
Trong do:

¢, (0)
gpd _ e, (D

e.(N)

va P = (%Pd) i,j=1,2,.., N+1lamatrdn vuéng co6 cac phan
tir @, dudc xac dinh theo hé thic:
0 khii<j
¢ =1c'bK, khii=j )
AT (K, +AK,)b khii> |

Tu hé thuc (8), ta suy ra:
Pd

‘QH < H(I_¢Pd)HH§de (—Io)
Dé 6 duoc 7| <[e”| ta can diéu kien nhu sau:

|7 -4, <1 (1)

Theo diéu kién (11), hé théng diéu khién tau thiy tu dong vdi
b6 diéu khién hoc 13p theo kiu PD sé dadm bao hoi tu, tuc la cac sai
s6 sé tién vé 0 véi cac buéc hoc du lan.
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Nhu vay, c6 thé thay ring, véi thuat toan diéu khién hoc I3p
dé xuat trong hé thuc (5), bd diéu khién c6 cu tric don gian va dé
dang dugc cai dat trong cac hé thong lai tau thay tu ddng ngay nay.

4.MO PHONG SO

P& kiém chiing tinh kha thi ctia thuat toan diéu khién hoc lap
cho hé théng lai tau thay tu ddng, mé phéng sé dugc thuc hién trén
MATLAB. Tham s mé hinh déng luc hoc hé théng [2] lan luot la K
=0,5vaT=10. Hdm hoc dugc lua chon theo kiéu PD v&i cac tham
s0: K, = 1,5; K, = 1,2; nhiéu tdc dong téng hop bdi ham d = 0,05.
sin(0,5t)+0,02.w(t) + 0,01 vé&i w(t) la nhiéu trdng vai phuong sai 1.
Géc banh lai duoc giGi han 35 dd vé hai phia. Mé phéng dugc thuc
hién vdi hai kich ban gitt huéng va thay d6i huéng, cu thé:

Kich ban 1: Tau dugc yéu cau gitt hudng 20 do, thai gian mé
phong la 100 gidy, thai gian 1dy mau la 0,01 gidy. Hinh 2 chi ra két
qua bam huéng di cai dat theo yéu cau, theo d6 hiéu qua bam
huéng dat t6t nhat tai 1an hoc 50 véi thai gian 8n dinh tai 14 gidy so
vGi 32 gidy clia lan hoc thu 5.

030 030 g huong s 00
T T

Hinh 2. Két qué diéu khién tau thiy giit huéng 20 d véi b diéu khién ILC

Kich ban 2: Tau dugc yéu cau thay déi hudng tir 15 dé sang 30
do, thai gian mo phong 1a 400 giay, thai gian ldy mau la 0,01 gidy
nhu kich ban 1. Hinh 3 chi ra két qua bam khi thay d6i huéng bam &
Ian hoc thi 50, theo dé & giai doan 1 khi tau bam hudng 15 d9, hiéu
qua bam t6t, trong khi khi chuyén sang bam huéng 30 d6 & giay thi
200 c6 xu hudng bi qua diéu chinh mét lugng nho.

Hinh 3. Két qué diéu khién ddi hudng tir 15 @6 sang 30 d6 véi b diéu khién ILC
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TU cac két qua trén, c6 thé thay rang hiéu qua diéu khién lai
tau thly tu dong bang thuat toan diéu khién hoc Iap la rat t6t ngay
ca khi nhiéu ngoai cadnh cling nhu sai s6 trong mé hinh tac déng. Vi
luat diéu khién hoc 1ap phu thudc vao sai s6 bam hudng tau thuc
té & nhiing budc hoc trudc, do vay né hoat déng khong phu thudc
hoan toan vao mé hinh clia hé théng. Ngoai ra, so vdi cac thuat toan
trudc day, thuat toan ciing khong yéu cau qua nhiéu cam bién va
khéi lugng tinh toan phic tap, do vay thuat toan diéu khién hoc lap
6 tinh kha thi d€ ap dung trén cac tau thdy cling nhu tau thay tu
hanh khéng ngudi ldi trong tuong lai.

5. KET LUAN

Trong nghién ctu nay, nhom tac gia da dé xuat mét bo diéu
khién hoc l3p cho hé théng lai tau thay tu dong. Bo diéu khién hoc
I3p c6 thé hoc va chinh dinh tin hiéu diéu khién sau méi budc hoc
dé dua sai s6 bam hudng tau vé bang 0. Vi tinh don gian va théng
minh cla thuat toan diéu khién, bd diéu khién cé tinh kha thi dé
dugc Uing dung trong cac tau thay hién tai cling nhu tau thiy khong
ngudi lai trong tuong lai. K&t qua moé phdng sé da kiém chiing duoc
hiéu qua ca bo diéu khién dé xudt. Trong nhiing nghién cuu tiép
theo, chiing t6i sé thuc hién tich hgp cac ky thuat hién dai khac nhu:
thich nghi, bd quan sat... vao luat diéu khién hoc l3p dé gidi quyét
céc bai toan khac nhau trong hé thdng tu dong lai tau thay.

L&i cdm on: Nghién ctiu nay dugc tai trg béi Trudng Pai hoc
Hang hai Viét Nam trong Dé tai ma sé: DT.25-26.04.
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