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TOM TAT

Tau ngdm hoat déng thuong gép céc chuéng ngai vét trén hanh trinh. Vi vy van dé dat ra la
cén trang bi cho né moét thiét bj lai tw déng c6 mirc do théng minh cao, khéng cén c6 nguoi diéu khién,
ma tau ngédm vén di qua duoc cac chuéng ngai vét theo mét hanh trinh da dinh truéc. Bai bédo nay
gi6i thiéu dong hoc huéng chuyén déng cia tau ngédm, sau dé dé xuat mét gidi phép ting dung mang
no - rén truyén thang nhiéu I6p déng vai tro la thiét bj lai tw déng huoéng chuyén déng trang bij cho tau
ngam loai Remus v6i muc dich la lam téng mdre do thong minh cua thiét bj nay va thuc hién mé phong
trén phédn mém Matlab. Két qué mé phéng tng dung mang no - rén truyen thdng nhiéu I6p cho thiét bj
lai tw d6ng hudéng chuyén déng cta tau ngdm loai Remus sé cho thay tinh wu viét va kha thi cda gidi

phap nay.
ABSTRACT

When an underwater vehicle runs, it usually has to face up with a lot of obstacles on its
itinerary. Hence, the matter is that it needs an intelligent autopilot which helps the vehicle be able to
go through the obstacles to follow the target itinerary. This article is purposed to both introduce the
heading of underwater vehicle model and propose a solution applying multilayer feed forward
networks into an autopilot used for the heading of Remus underwater vehicle with the aim of
increasing an intelligence level of an autopilot and it is simulated by Matlab software. The result of
the simulation in the Matlab software when using feed forward neural networks into an autopilot used
for heading of an underwater vehicle in an autopilot shows that the solution is advantageous and
feasible.

1. MO PAU bam theo dugc huéng chuyén dong mong mudn

. . A . 5 ) xac dinh trudc ma khong can cd nguoi diéu
Tau ngam hoat dong thuong gap cac

chudng ngai vat trén hanh trinh. Dé n6 c6 thé khien. o i

vugt qua ching, cin thay ddi hudng chuyén . Mangqno - ron t1:uyén thang nhiéu 16p c6
dong theo 16 trinh hop 1ly. Véi tau ngam co nhi€u vu diém la c6 cau tric don gian, c6 luat
ngudi diéu khién, hudng chuyén dong duoc hoc lan truyén nguoc cua sai léch tin cdy. Vi
didu chinh bang cach thyc hién quay tay lai vdy ung dung no trong cac linh vic nhan dang,
didu khién banh 14i. C6 kh4 nhidu truong hop nhan mu va diéu khién s& dép (g dugc yéu
can khao sat phia duéi midt nuéc nhung giy cau dit ra.

nguy hiém cho thuy thi doan, do d6 can c6 mot
loai tau ngém duogc trang bi thiét bi lai tw dong
c6 d6 thong minh cao khéng co6 ngudi didu
khién, cho phép huéng chuyén dong cia tau
ngim bam theo dwgc hudng chuyén dong miu
dd duogc dinh trude. Nhu vay can thiét ké mot
b6 diéu khién thich nghi dong vai tro 14 thiét bi
lai ty dong c6 d6 thong minh cao trang bi cho
tau ngdm sao cho huéng chuyén dong cia nod

Bai bao nay dé xuit mot giai phap ung
dung mang no - réon truyén thing nhiéu 16p
dong vai tro 1a thiét bi 1ai tu dong trang bi cho
tau ngém loai Remus lam viéc phia dudi mat
nuée, & do siu khong ddi, bam theo duoc
huéng chuyén dong mong muén dé lam ting
mirc 46 thong minh cua thiét bi nay, khong dé
cap dén diéu khién tau ngém thuc hién ldn siu
hodc ndi 1én mit nude.
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11. PONG HQC HUONG CHUYEN PONG
CUA TAUNGAM

Phéan nay dua ra mé hinh hudéng chuyén
dong cua tau ngam, khong nghién ciru dén mo
hinh 13n sau, nbi 1én. Theo [1] mé hinh tau
ngam dugc thiét 1ap vai cac gia thiét sau.

Mo hinh ¢ dang vat ran tuyét ddi; su
quay cua trai dat khong anh huong dén céac
thanh phan chuyén dong cua tiu ngam; tau
ngam c6 két cau la d6i xing theo truc doc than
tau; tau ngdm dang chuyén dong thang, déu véi
tdc do chuyén dong nhé, & d6 sau khong doi,
trén mat phang nam ngang, phia dudi mat nudc.
Do d6 khi can xac dinh vecto tbe 4o thay d6i
hudéng r mot cach gin dung, chi can quan tam
vé do 16n cia no, con yéu td vé phuong va
chiéu co6 thé coi 1a khong thay ddi. Sau déy la
cac phuong trinh mo ta tac dong cua cac luc
thanh phan lam tau ngam bi lic va bi léch
huéng anh hudng dén hudéng chuyén dong cua
no:

ur =Up 1
mv, =-mUgr + AYs (2)
Izzf = AN¢ 3
y=r 4)
m 1a khéi luong cia tau ngﬁm; Urla tbc do
chuyén ddng cua tau ngam  voi

ur =Ug =const;
do, gia toc lic; v 1a huéng chuyén dong; r, T

V,,V, tuong tmg 13 tc

tuong ung 1a toc do, gia téc chuyén hudng;
I,; 1a mémen quan tinh.

Vi cac gia thiét trén cho phép ton tai su
can bang giita lyc ddy thuy lyc va phan Iyc
gidng nhu trong luong va luc day ciia nudc lam
tau ngdm ndi 1én. Cac luc thuy dong hoc co
quan hé voi tde do, gia téc cua tau ngém khi bi
lac hodc bi léch hudéng so véi hudng ban dau
(gia thi & tla duong thing). Do tau ngam
¢ két cau dbi xtrng theo truc doc than tau nén
cac thong s thay d6i theo phuong nam ngang
doc lap voi nhau. [1] da dua ra cac phuong
trinh sau ddy mo ta su thay ddi cua cac luc thuy
dong hoc 1am tau ngam bi lic, bi léch huéng
theo phwong nim ngang:
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AYs =f(v,,dv, /dt,rdr/dt,5,,t)
ANg =f(v,,dv, /dt,r,dr/dt,3,,t)

®)
(6)

Luc tac ddng ctua banh ladi dugc phén
thanh hai thanh phan tuyén tinh la: Y§8, va
Ngd; (O, la gbc cua banh lai). Thuc hién khai
trién (5), (6) theo chudi Taylo, bién ddi co
AYs va ANs tuong tng 14 thay doi cia lyc tic
dong ngang lam tau ngam bi lic va mémen
quay lam tau ngdm bi léch huong, viét ¢ dang
phuong trinh tuyén tinh sau day:

AYg =Yy Ve + Yy Ve +YiE+ Y1+ Y50, (7)
ANg =Ny Vp + Ny vy +Ngf+Nr+Ngdp (8)

trong d6 cac hé sé cuia hai phuong trinh tuyén
tinh (7), (8) c6 dang sau day:

oYs aY oY oY.
Yoy Yo =y Y= Y=g

r r r or

ONg ON¢ | oN oN
NVr ov NVr ov 'Nf:a_.f;NrZ f
r r r or

Ttr cac phuong trinh (1) dén (8) thyc hién
céc phép bién doi duge phuong trinh trang thai
dong hoc hudng chuyén dong cua tau ngam viét
0 dang ma tran nhu sau:

Y Y -my, 0

\'/r f : Vr Vo 00 v, Y§§
SN =N O =N N r ([N, 1d.(9)
ieom v v r v 0§r

0 0 1 0 1 0
III. UNG DUNG MANG NO - RON

TRUYEN THANG NHIEU LOP TRONG
THIET BI LAI TU PONG PIEU KHIEN
HUONG CHUYEN PONG CUA TAU
NGAM LOAI REMUS

Phan niy trinh bay mit gidi phap Ung
dung mang no - rén truyen thang nhiéu 16p
trong thiét bi lai tw dong diéu kh1en thich nghi
hudng chuyen dong cua tau ngam loai Remus.
Loai tau ngam nay dugc thiét ké tai phong thi
nghiém Oceanographic Systems, Wood’s Hole
Oceanographic Institute [1], dwoc sir dung dé
hoat dong khao sat thuy van & vung nudc co do
sdu tir 40 dén 100 feet. N6 c6 bon vay & suon,
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hai nam ngang va hai thang dimg. M6 hinh tau
ngam loai Remus trinh bay tai hinh 1.

Hinh 1. M6 hinh tau ngam logi Remus

3.1 X4y dung bai toan diéu khién

Phan nay trinh bay giai phap thiét ké
thiét bi lai ty dong umg dung mang no - rén
truyén thang nhiéu l6p, thod man diéu kién khi
huéng chuyén dong mong mudn yq thay doi
thi goc quay cta banh 1ai 8, s& thay d6i mot
cécp tuw dong nhdm thuc hié:n tac dong diéu
khién lam cho huéng chuyén dong cia tau
ngdm y ludn bam theo dwoc yy cho trudc.
T (9) thuc hién bién (16i, phuong trinh trang
thai dong hoc cia tau ngam c6 dang:

X = AX + B3, (10)

m-Yy, —Yr 0] Y Y, -mUg 0

0 1 1 0
-1

0 0 1] |0

x=[v, ry]" (12)

Gia thiét ton tai ma tran nghich dao:

Thiét bi ldi tw dong

m-Yy, -Y; 0
0 0 1
hay:  (Mm—Yy )(Izz = N;) =Ny Y; #0

3.2 Thiét lap so d6 diéu khién

Hinh 2 1a so dd thiét bj l4i tu dong diéu
khién thich nghi huéng chuyén dong tau ngdm
theo phuong phap mé hinh mau tng dung
mang no - ron truyén thang nhiéu 16p. Mang no

- r6n (IXn,x1) dong vai tro 1a thiét bi 14i tu
ddng c6 nhiém vy tao tin hi€u diéu khién la goc
banh lai §, thay doi tw dong lam cho huéng
chuyén dong ciia tau ngdm y ludn bam theo
dugc hudng chuyén dong mau mong mudn vy
d3 dugc cho trude. So dd bd didu khién ung

dung mang no - rén truyén thang nhiéu 16p
trong thiét bi 1ai tuy dong cia tiu ngam trinh bay

& hinh 3. Mang no - rén  (Ixnox1) gém c6 ba
16p: 16p vao c6 sd niit 1a Ny =1dua tin hiéu sai
léch e =y —y vao mang; 16p ra co sé nat 1a
N3 =1 dua tin hiéu diéu khién 14 goc quay ciia
banh 14i 12 §, diéu khién huéng chuyén dong
clia tau ngdm; 16p 4n c6 sb nat 1a n 2 can dugc
xac dinh trong qua trinh diéu khién.

3.3 Qua trinh diéu khién

Phan nay trinh bay luét hoc lan tmyén
ngugc theo sai 1éch [2] dé tim ludt diéu

| Luat hoc lan truyén Huodng i v

1 e 1A 1 d

! nguoc theo sai I1éch mong :

! § mudn i +
i Mang no - ron i Mo hinh —
! ,| truyén thang 3 16p p| taungam

1K (1xn 5 x1) 8 1| Remus b

| “\a !

Hinh 2. So d6 vmg dung mang no - rén truyén thang 3 16p (1xmpx1) trong thiét bi ldi tw dong ciia tau

ngam logi Remus
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chinh ma tran trong sb va bias cua mang
(Ixnox1) la: wq =[ij]n2x1; Wy =[Win ]1xn2
ma tran bias: bo Z[bm]lxng; by =[bjlix1
i=1) dé tao ra

duoc tin higu diéu khién goc 14i ty dong &,

(voi j=1 m=12,..,n,;

sao cho y ludn bam theo dugc 4 cho trudc,
ttrc 1a sai 1éch diéu khién dat cuc tiéu. Luat cap
nhat by cac gia tri diéu chinh cia mang
1X ny X1 nhu sau:

Lopra:

Wim (K) = Wim (K =1) + AW, (k) (13)
AWim (K) =noj (K)a(vm (K) —bm (K))

b (k) =bj (k —1) + Ab; (k) (14)
trong do: Abj (K) = noij (K) (vii i =1)

oi (k) =a'(vi (k) —bj (k))e(k) (15)

vi(k)= r:Z:N im (K)a(vm (k) —bm (K))  (16)

(v6i m=12,..,ny; i=1).

Lop dn: Wpj(K) =W i (K=2) +Aw i (k) (17)

AW mj (k) = noma(vj(k) —bj(k))

bm(K)=by (k-1) + Abp, (k)
Abp, (K) =—nom (k)

(18)

o (K) =" (v (k) by (k)).%w in (K)oi (k) (19)

1
Vi (k) = _lemj(k)x j(K) = wmj(k)e(k) (20)
j=

(j=1L m=12,..,ny;i=1); AWjy, (K), Ab; (k)

tuong Umg 1 thay dbi trong sb lién két gilra cac
nat ¢ 16p an véi cac nt ¢ 16p ra, thay doi bias
cia nat & 1op ra tai thoi diém tho k;
AW i (K),Abp (K)  twong umg 1a thay doi
trong sb lién két giita cac nut 6 16p vao voi cac
nat ¢ 16p an va thay doi bias cuia ntt ¢ 16p an tai
thoi diém thu k; oj(K),oy(K) 1a sai léch
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tuong Gng cua nut thir i 16p ra va nit thi m 16p
an tai thoi diém tht k; vy, (K),V;(K) tuong
g 1a trong luwong cta nat thir m ¢ 16p an va
nat the i & 16p ra taithoi diém thit k; X (k) 1a
tin hiéu vao nut thirj 16p vao tai thoi diém thir
k; M 1a h¢ s6 hoc (0<n<1); x;(k)=e(k);
j=1) a(.) 1a ham chuyén d6i tang hyperbolic:

_ e arpeapy . Oa(net)

a(net)_1+e_2net 1; a'(net)= et
17T 17T

E== Ye(k)? == Ylyg(K)-a(v3(k)-bs (k) (21)
2k=1 2y

Str dung céc cong thire tir (13) dén (21)
tim bd thong s6 diéu chinh 1a cac ma tran trong
s0, bias ctia mang (1xn 2X1) thoa mén diéu kién
E<Ecp(22) (Ecp 1a sai léch cho phép);
e(k)1a sai léch tai thoi diém tha k; T 1a sé
lwong diém 14y miu coa chu ky hoc;
k=(L,2,..,T). Néu chua thoa man, tiép tuc
thay d6i s6 nat ¢ 16p 4n n o cho dén khi thoa
mén (22). Cha y can dam bao yéu cau thiét b
lai ty dong can cé cau truc khong qua phic tap,
do d6 sb nat & 16p an npcla mang
(Ixn 5x1) can c6 gia tri nho nhat ma vin dam
bao diéu kién (22).

3.4 Két qua md phéng

Thuc hién m6 phdéng trén Matlab voi céac
thong sO0 cua tau ngam loai Remus [1]:

m=3(kg); Ug =1.543(m/s);
Yy, =-35.5(kg),

Y =1.93(kgm/rad), Y, =-66.6(kg/s),
Yy =2.2(kgm/s), Ny, =1.93(kgm),

N; =-4.88(kgm? / rad), N, =-4.47(kgm /s),
I, =3.45(kg/m%), N, =-6.87(kgm? /s),

Ny =-34.6/35(kgm /5%), Y4 =506/3.5(kgm /5°),
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w1 ={ Wi gzl w3 = (Wi Iy

-1
by =.-_'rbm.lrn2xi
)

-1
bo= b1z

Lép vho Lépan Lépra
Hinh 3. So d6 mang no - rén truyén thing 3

l6p (1xrpx1) trong thiét bi ldi tw dong.

huéng chuyén déng mong muébn vy biéu dién
tai d6 thi hinh 4. Thuc hién md phéng voi
phin mém Matlab. Két qua mdé phong duoc
trinh bay trén cac do thi tir hinh 5 d&én hinh 11.
Céc @6 thi tir hinh 5 dén hinh 9 tuong tmg mo ta
huéng mong mudn g (nét dut) va hudng sau

b

=

A
i
|

diéu khién  (nét lién) khi 1an luot sir dung cac
loai mang no - ron truyén thang: (1x2x1),
(Ix3x1), (1x4x1), (Ix5x1), (Ax6x1). Dé
nhan thy tin hiéu v di bam theo duoc g
nhung ¢ cac muc d9 khac nhau. C?ln chon loai
mang no - rén truyén thang c6 sd nat ¢ 16p an
N, =6, tic 1a chon dugc mang no - ron truyén
thang ba 16p co cdu trac 1a (IX6x1) dong vai
tro 1a thiét bj l4i tu dong cho tau ngdm vi c6
huéng sau diéu khién y (nét lién) bam theo
huéng mong mudn Wy (nét dat) (hinh 9) tot
nhat. DS thi hinh 10, hinh 11 md t4 tin hiéu
diéu khién banh lai 8, va do thi khong gian 3
chitu md ta quan hé gilta ba tin hiéu
(g, W, 8y) tng vGi truong hop st dung
mang (IX6x1) .

|

<

>

—

Iy

Hinh 4. Do thi huong
mong muon yq

Hinh 8. Huong mong
muon yq (nét dit),
huéng chyyén dong
v (nét lien) sur dung
mang (1x5x1)

Hinh 5. Huong mong
muon wq (nét dut),
hieomg chuyén dong w
(nét lién) sir dung mang
(1x2x1)

Hinh 9. Huong mong
wq (nét dit),
hieomg chuyén dong w

muon

(nét lién) sir dung mang

(1x6x1)

Hinh 6. Huéng mong
muon yq (nét dirt),
huwong chyyén dong
v (nét lién) sur dung
mang (1x3x1)

Hinh 10. D6 thi tin
hiéu diéu khién goc
quay cua banh ldi

5r khi sw dung

mang (1x6x1)

Hinh 7. Huong mong
muon wq (nét dur),

hieéng  chuyén dong
v (nét lien) s dung
mang (1x4x1)

h 11. D6 thi ba
chiéu mo ta quan hé
(va, v, &) khi sir
dung mang (1xX6x1) .

Céc do thi hinh 9 va hinh 10 cho thdy
huéng chuyén dong y cua tau ngam khi st
dung mang (1X6Xx1) bam theo dugc hudng
chuyén dong mong mudén Y4 voi do dap mach
va d6 quéa didu chinh 1a nho va tin hiéu diéu
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khién 8,c6 do dap mach nhé phu hop véi yéu
cau dat ra déi v6i thit bi lai tw dong cho tau
ngam. Két qua ma tran trong soO va bias diéu
chinh tai thoi diém Kk =1200 cia mang
(Ix6x1) :
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w1 (1200) =[0.1495 -0.1685 0.1960 0.1624 0.0741 -0.1315]"
W (1200) = [0.1615 -0.0294 0.1066 -0.0100 0.1800 -0.1924]
b2 (1200) = [0.0929 0.0593 0.1602 0.0698 0.1151 0.0308]

b3(1200) = [- 0.0442]

IV. KET LUAN

Két qua mé phong da cho thiy giai phap
mg dung mang no - ron truyén thing (1x6x1)
trong thiét bi lai ty dong trong diéu khién thich
nghi huéng chuyén dong cia tau ngim loai
Remus 1a phu hop, vi hudng chuyén dong v da
bam sat theo dugc huéng chuyén dong miu
mong mudn ¥4 Ung dung mang no - ron
truyén thang nhiéu 16p trong diéu khién 13 mot

huéng nghién cuu mdi, chua dugc tng dung

nhidu tai nudc ta. Giai phap nay gop phan
khang dinh huéng nghién ctru ing dung mang
no - ron truyén thang nhiéu 16p 1a dung dén va
1a linh vuc can duoc quan tim hon nita. Pay
thuc sy 1la mét giai phap moi, cai thién dugc
mirc 6 théng minh ciia thiét bi 1ai ty dong diéu
khién thich nghi huéng chuyén dong cua tau
ngim noéi riéng va c6 thé tng dung no trong cac
linh vuc diéu khién hé tuyén tinh hodc phi

tuyén khac néi chung.
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