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Tom tit

Khi tau thuyen hanh trinh trén bién, chuyén d@éng
ldc ngang sé lam gidm ddng ké s an toan cua tau
va hang héa, ciing nhw sirc khée cua thuyén vién.
Véi nhitng wu diém vieot tréi, ngay nay, vay giam
lac chi déng da tré thanh mét thiét b phé bién
dwoc \dp dat trén tau dé giam ldc ngang cho tau,
hiéu qua giam ldc cua vay chi déng phu thuge
chu yéu vao bg dieu khién vay. Trong nghién ciru
nay, mot bé diéu khién dir dodn mé hinh dua trén
mang than kinh phan hoi dwoc @é xudt cho hé
thong on dinh vay tuyén tinh cia tau. Piéu khién
du doin mé hinh (Model Predictive Control -
MPC) 1a mér phirong phdp hiéu qud trong diéu
khién qua trinh, né c6 thé duoc sir dung dé nang
cao hiéu qua cua hé théng dieu khién. Tuy nhién,
mgt trong nhitng han ché cia dieu khién du dodn
mé hinh la ganh ngng tinh toan Ign khi giqi bai
t0an toi wu héa. Pé gidi quyét vin dé nay, mang
than kinh phdn hoi (Recurrent Neural Network -
RNN) dwoc gidi thiéu d@é giai quyét van dé lgp
trinh bdc hai (Quadratic Programming - OP) dé
c6 thé dat dwroc hiéu qud cao hon. Trong nghién
ClU Ciia ching t6i, phirong phdp diéu khién di
dodn mé hinh dwa vao mang than kinh phan hoi
ot &p dung cho hé thang n dinh vay tuyén tinh
Cia tau dé dwa ra dwoc chién luoc diéu khién hiéu
qua cho hé théng nay. Cudi cung, két qua md
phong duwoc dwa ra dé khang dinh hiéu qud cua
bé diéu khién duroc thiét ké.

Tir khéa: Diéu khién dw dodn mé hinh, mang
than kinh phdn hoi, vy én dinh tau, ldp trinh
bdc hai.

Abstract

When ships are sailing on the sea, roll motion will
greatly reduce the safety of ships and cargo, as
well as the health of the crew. Due to advantages
of fin stabilizer, nowadays, active fin became a

popular device, which usually installed on ships
to reduce roll motion, and the fins roll reduction
efficiency depends primarily on the controller. In
our work, model predictive control (MPC) method
is proposed for ship linear fin stabilizer system
based on recurrent neural network. MPC is an
effective method in process control, which can be
used to improve efficiency of the control system.
However, one of the constraints of MPC is the
heavy computational burden when solving the
optimization problem. To tackle this problem, the
recurrent neural network (RNN) is introduced to
solve quadratic programming (QP) problem so
that a higher convergence can be achieved. In our
work, MPC based on RNN is applied to the ship
linear fin stabilizer model to derive the control
strategy for this system. Finally, a numerical
simulation is given to validate effectiveness of the
designed algorithm.

Keywords: Model Predictive control, recurrent
neural network, ship fin stabilizer, quadratic
programming.

SO 67 (8-2021)

1. Mé& dau

Khi tau thuyén hanh trinh trén bién, chuyén dong
lic ngang cua tau duoc tao ra do sy tac dong cua cac
yéu t6 bén ngoai nhu song, gio, dong [1] thudng co
tac dong tiéu cuc t6i tau. Chuyén dong nay s& 1am
giam hiéu suat khai théc ctia cac tau, anh huong toi an
toan cua thuyén vién va hang héa ciing nhu hoat dong
thuong ngay cia tau va thuyén vién. Do do, lam thé
nao dé giam chuyén dong lic ngang cua tau 1a mot
nhiém vu quan trong. Dé giai quyét van dé& nay, tur
nhidu ndm trudc day da c6 nhiéu thiét bi duoc lap dat
trén tau dé giam lic cho tau nhu két nuéc giam lac,
banh lai giam lic, vay giam lic bi dong,... Tuy nhién,
hiéu qua giam lac cua cAc thiét b ké trén 1a khong du.
Trong nhiing thap ky gan déy, vay giam lic chi dong
dwoc lap dat trén tau dé giam lic cho tau va dat duoc
két qua cao [2]. Ngay nay, vay giam lic chi dong da
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tro thanh mot thiét bi giam lac quan trong va phd bién
duoc I4p dat trén cac tau. Tuy nhién, hiéu qua giam lic
cua thiét bi nay chu yéu phu thudc vao bo diéu khién,
do d6, 1am thé nao dé thiét ké duoc bo didu khién vay
giam lic dat duoc hiéu qua giam lic cao 12 mot nhiém
vu hét stic quan trong. Da ¢ nhiéu phuong phap diéu
khién dugc ap dung dé thiét ké bo diéu khién cho hé
thong vay 6n dinh tau. Vi dy, mot bo diéu khién phi
tuyén dua trén ky thuat diéu khién backstepping va
céc thuat toan dinh hinh d6 loi vong kin da duoc dé
xuit cho hé théng 6n dinh vay tau [3]. Trong [4], mot
bo diéu khién PID di duoc d& xuat cho bo on dinh vay
tau trong khi tau quay dya trén phuong phap t6i wu
héa Monte Carlo.

Trong diéu khién du doan, mot mé hinh thuong
dugc s dung dé dy doan phan ung trong twong lai
cia ddi twgng didu khién tai cac thoi diém roi rac
trong pham vi du doan nhat dinh. Dua trén phan hoi
duoc du doan, mot thuat toan téi wu hoa duoc su
dung dé tinh toan chudi tin hi¢u diéu khién trong
tuong lai trong pham vi diéu khién sao cho su khac
biét gitra phan hdi du doan va tin hiéu mong muén Ia
nho nhat. La mot thuat toan diéu khién dy doén dugc
sir dung phd bién, diéu khién du doan duoc sir dung
rong réi trong nhiéu linh vyc diéu khién va ang dung
thuc té, chang han nhu diéu khién chuyén dong tau,
diéu khién robot, diéu khién dong co,... Uu diém cua
diéu khién du doan 1a n6 c6 thé duoc sir dung dé ddi
ph6 véi céc tin hiéu diéu khién bi chan va cac diéu
kién rang bugc trong hé thdng, hiéu qua didu khién
cling ¢ thé dugc cai thién thong qua céch tiép can
nay trong thoi gian cho doi. Ti wu hoa 1a mot van
dé quan trong ddi voi thiét ké diéu khién du doan,
tuy nhién, mot s cong nghé tdi wu hoa cd dién
khong du hiéu qua vi van d¢ tinh toan phiic tap hozc
yéu cau nghiém ngat vé thoi gian tinh toan. Do do,
mot trong nhitng han ché cua diéu khién dy doan la
ganh nang tinh toan Ién trong viéc giai bai toan toi
uu hoa.

Trong nhimg ndm gan day, viéc toi vu hoa thong
gua mang than kinh phan hdi duoc nghién ciu rong
rdi va di dat duoc nhiéu thanh tyu dang ké. Vi dy,
diéu khién dya trén mang than kinh phan hoi cua cac
mach tuong ty dd dwoc nghién cau boi Tank va
Hopfield [5]. Ngoai ra, mang than kinh phan héi con
c6 mot sb wu diém ndi bat va mot trong sé doé 1a tinh
wu viét trong giai quyét van d& lap trinh bac hai. Vi
du, trong [6] bai toan lap trinh bac hai 16i (SCQP)
nghiém ngat voi cac rang bugc tuyén tinh tong quat
da duoc giai quyét bang cach &p dung mang than
kinh phan hdi. Va mang than kinh phan hdi mot I6p
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vGi mot ham chic nang gidi han cung khong lién tuc
da dugc dé xuét trong [7] dé giai quyét van dé lap
trinh bac hai. Trong [8], mot mang than kinh phan
hoi mai da duge dé xuat dé giai bai toan lap trinh bac
hai 16i, va thuat toan duoc trinh bay cho thiy nhiing
wu diém dang chu y vé két qua hoi tu va do phirc tap
ctia cau trac.

Trong bai bao nay, thuat toan diéu khién du doan
dua trén mang than kinh phan héi duoc dwa ra cho hé
thong 6n dinh vay tau. Phuong phap diéu khién du
doan dugc 4p dung cho hé théng vay 6n dinh tuyén
tinh cua tau, va mang than kinh phan hdi duoc dua
vao dé giai quyét vin dé tuyén tinh bac hai trong quéa
trinh t6i wu hoa.

Phan con lai cua bai bao dugc sip xép nhu sau:
M6 hinh tuyén tinh chuyén dong lic cua tau dwoc
dua ra trong phan 2. Phan 3 la gioi thiéu vé mang
than kinh phan héi dugc &p dung trong bai. Phan 4
dua ra thiét ké bo diéu khién du doan cho hé thdng
vay giam lic tuyén tinh cua tu. Cac két qua md
phong dugc dua ra trong phan 5. Phan 6 1a cac két
luan cua bai bao.

2. M@ hinh tuyén tinh chuyén déng lic cha tau

Khi hanh trinh trén bién, tau thuyén thuong chiu
tac dong cua nhidu dong bén ngoai nhu séng, gio,
dong chay, vv. Khi géc lic ngang cua tau nho, md
hinh 6n dinh vay tuyén tinh cua tau duogc thiét lap
dua trén ly thuyét Conolly. M6 hinh nay duoc st
dung rong rai dé diéu khién giam lic cho tau va duoc
mo ta nhu sau [9]:

(My +AM, )¢5+ 2Nygp+ Dyhpe = -Dyhnas -K, (1)

Trong d6: M, va AM, la mé men quan tinh
lic va md men quén tinh lic tang thém cua tau. ¢
la géc lic ngang cua tau, ¢ la toc do lic ngang,
hy, la chiu cao khuynh tdm ban diu cua tau, Dp
biéu thi lwong gidn nuéc cua tau, 2N, biéu thi hé s6
suy giam cua chuyén dong lac cia tu. oy biéu thi
hiéu so gay nghiéng cua song, K. biéu thi mé men
lyc do vay giam lic sinh ra tic dong vao tau, c6 dang
nhu sau:

K. =2LlI; cos(x) 2

Trong d6: L 14 hé s6 luc nang cua tau dugc gay
ra boi vy giam lic, | 1a canh tay don lyc nang cua
vay, o la goc cua vay, géc nay la goc giira truc thang
dimg va duong tam cua vay giam lic. Bo diéu khién
san sinh ra cic mo men diéu khién khéc nhau bang

cach thay d6i ché do chuyén dong cua vay giam lic
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(thay d6i g6c cua vay) dé dat dugc muc dich giam lic
ngang cho tau. Cong thuc (2) biéu thi mdi quan hé
gitra g6c cua vay giam lic va md men giam lic dugc

sinh ra.
Cong thuc (1) dugc viét lai nhu sau:
. 1 .
(/’zm(—ZNu(ﬂ—Dphm(/’_Dphmal—Kc) 3)

Bicu thi x=[x,X, ]T = [(p,gb]T la cac bién trang
thai, do d6 (3) dugc viét lai nhu sau:
X =Xy
Xo = AXy + AoXo + By (Dphiney +Ke) @

Trong d6: A, A, B, Ia cac ma tran hé s6 va
duoc tinh toan nhu sau:

_ Dphm _ 2Nu
AT amy T T Ay
: ©
BT, Ay

Cong thic (4) duoc viét lai duéi dang md hinh
khdng gian trang thai nhu sau:

X(t) = AX(t) + Bu(t) + E.d(t) (6)
Trong d6 A :{ 0 } e R*? |a ma tran bién
g A A, d

0 5
trang thai, B, =C, {Bje R”1a ma tran dau

vao. Ngoai ra, d biéu thi nhidu hé thng, u biéu thi
tin hiéu dau vao cua hé thong, va ciing 1a mé men
diéu khién duoc sinh ra boi vay giam lic dugc mé ta
trong céng thuc (2).
3. Mang than kinh phan hai

Nhu chung ta da biét, ngay nay viéc tdi uu hoa
théng qua mang than kinh phan hoi dwoc nghién ctu
rong rdi. MO hinh ciia mang than kinh phan hbi
thuong c6 dang nhu sau:

g% =-n(t) +Wa(t) +b, (7)

V6i: vée to trang thai n(t) e R", & la hing sé
duong, W 1a ma tran trong s, b 1a véc to ngudng, va
a(t)=f(n(t) 1a mot ham sé lién tuc khong suy bién.
trong bai bao nay, mang than kinh Hopfield s& dugc

sir dung dé giai quyét van d& Qp cua phuwong phap
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diéu khién dy bdo md hinh, mé hinh toan hoc mang
than kinh phan hoi dugc mé ta nhu sau:

& dgtu = —AU +WF (AU) +b, (8)

Trong d6: AU e R" duoc st dung dé biéu thi

véc to trang thai voi Au (i=1,2,3..,N,) biéu thi
yéu té tha i coa pham vi didu khién (Control
horizon) (N,). & la mot hing s6 duong, W;
(=1,2,3,...,Ne) 12 ma tran trong sé véi j biéu thi
hang thir j" cua ma tran W, b (k=1,2,3,..,N_ ) Ia
véc to ngudng véi k biéu thi yéu tb thir k™ cua véc to
b, va F la mot ham sé lién tuc khdng suy bién. chi co
mot 16p va Nen no ron trong mang than kinh
Hopfield.

Mot trong nhiing dong gbép quan trong cua
Hopfield 13 ¢tng dung ly thuyét 6n dinh Lyapunov vao
phan tich 6n dinh cho mang than kinh phan héi. Do
do, dic diém cua mang Hopfield 1a gi? Cau tra i la
khong can thiét ké luat hoc, khong can huan luyén, va
khéng yéu cau tu hoc. Do dé, qué trinh thiét ké dua
trén ham Lyapunov s& duoc dua ra dé xac dinh ma
tran trong s6. Va ham Lyapunov duoc dua ra bai

Hopfield sé ¢ dang nhu sau [10]:
V(a)=- % a'Wa-b'a. (9)

Va nhiém vu thiét ké s& 1a téi thiéu hoa ham V(a)
bang cach lya chon ma tran trong sé6 W va véc to
ngudng b sao cho phu hgp.

4. Thiét ké b diéu khién dw doan mé hinh

M6 hinh tuyén tinh (6) dwoc viét dudi dang mo
hinh thoi gian roi rac nhu sau:

{x(t +1) = Ayx(t) + Byu(t) + E4 d(t)

y(t) = Cox(t) (10)

Trong d6: x 1 bién trang thai, Yy =¢ latin hiéu

ra cua hé théng, u 1a tin hiéu vao, Aq, Ba, Ca, va Eq 12
cac ma tran hing sé caa hé thdng sau khi rai rac hoa.
Nhidu hé thng d(t) la nhidu Gaussian. Biéu thi su
khac biét cta nhiéu nhu sau:
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Ad(t) =d(t)—d(t-1). (11)
Léy hi¢u sb trén ca hai vé cua phuong tinh thir
nhét trong hé thong (10) ta duoc:

X(t+1) —x(t) = Ay (x(t) —x(t—1)) + B, (u(t)

Cu-1)+E, @O -dt-1). 2

Hiéu sd cua cac bién trang thai duoc biéu thi
nhu sau:
AX(t+1) = x(t+1) — x(t) (13)
AX(t) = X(t) — x(t -1). (14)
Hiéu sé cua tin hiéu diéu khién dugc biéu thi
nhu sau:
Au(t) =u(t)—u(t-12). (15)
Két hop (10), (11), (12), (13), (14), (15), ta co:
AX(t+1) = A,Ax(t) + By Au(t)+ Eq Ad(t). (16)
Luu y rang:

y(t+D) -y =C, (x(t+1) - x(1)
=C,Ax(t+1) (17)
=C, A, AX(t) +C,B,Au(t) + C,E,Ad (t).

Két hop (16) va (17), ta c6 mo hinh sau;

{Ax(t+l)}_{ A, OlTleAx(t)}
yt+) | [C,A 1y |l v

(18)
By Au(t) + 5 Ad(t)
"leB, CE,
AX(t)
=[o,, | ,
y(t) =[O, M]{y(t)} (19)

Xac dinh:

AX(t)
y(t)

A:|: A:I Ole:|eR3><3 B:|: Bd :|€R3><l
CdAi |1><1 CdBd

-]

}e R3¢ la ma tran bién trang thai mai

C= [lez lel] eR™ E= E, e R
CqEq
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Trong d6: 0, 1a ma tran sé khong co kich

thuéc 1x1, |, 1a ma tran don vi véi kich thuéc

1x1,vaA, B, C la cac ma tran két hop cua md hinh.
Biéu thi (18) dudi dang don gian nhu sau:

X, (t+1]7) = Ax, (t) + BAu(t) + EAd (1) (20)

y(t) =Cx, (1) (21)
Goi Npn la pham vi dy doan va Ny [a pham vi
didu khién (Nen < Npn) thi cac bién trang thai tuong
lai s& dugc tinh toan nhu bén dudi bing cach sir
dung diém dit cua cac tham sé diéu khién tuong lai.
X, (t+1]t) = Ax (t) + BAu(t) + EAd (t)
X, (t+2[t) = Ax (t+1]t) + BAu(t +1) + EAd (t +1)
= A(AX_(t) + BAU(t) + EA (1)) + BAU(t +1)
+EAd(t+1)
= A’X, (t) + ABAU(t) + BAu(t +1) + AEAd(t)
+EAd(t+1) (22)

%, (t+ N, [t) = A" x () + A" 'BAu(t)
+AYPBAU(t +1) +---+ A" BAU(t+ N, 1)
+A"EAd (1) + A EAd (t+1)
+.+EAD(t+N, -1).

Gia sirrang Ad(z) 1a mét chudi nhiéu trang c6
gia tri trung binh dan t6i khdng, Ad(z+i) co gia

tri trung binh ciing dan t6i khong, (Ad (7 +i) lagia

tri du doan tai thoi diém i trong tuong lai). Cac gia
tri dy doan cua cac bién trang thai va bién diu ra
dugc tinh toan nhu gia tri mong doi, do do, tac dong
cta nhiéu toi gia tri du doan gan nhu bang khdng.
Cac bién dau ra duoc tinh toan duwa trén cac bién
trang thai dy doan nhu dudi day:

SO 67 (8-2021)
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y(t+1]t) = CAx (t) + CBAV(t)
y(t+2[t) = CA®,(t) + CABAu(t) + CBAU(t +1)

' 23
y(t+N, [t) = CA"™x (t) +CA™BAu(t) )
+CA"™ ?BAU(t +1) +-+-+ CA" " BAu(t + N, -1).

Xac dinh cac véc to:
T T T
Y =[y+1) 2"y + N, [0 ] (24)
T T T
AU =[Au@®)’ Au(t+D)" - Au(t+N, ~1)" | (25)

Két hop (23), (24) va (25), ta thu duoc ma tran
rit gon nhu sau:

Y =Fx (t) + AU, (26)
Trong d6:
CA
CAZ N, x3
F=| . |eR™ 27
CA"
CB 0 0
CAB CB 0
®d=| CA’B CAB ... 0 e R, (28)

CA"™7B CA"’B CA"™ "B
Xem xét van dé t6i vu hoa véi ham muc tiéu sau:
J=Y'QY + AU'RAU, (29)

Trong 6 Q va R la cac ma tran trong sb.
Biéu thi (29) nhu sau:

J = (Fx, (1))  QFx, (t) + 2AU "®'QFx (t)

(30)
+AUT (R+®'Qd)AU,
Va xac dinh:
A= (Fx (1) QFx (t). (31)

Trong qué trinh t6i wu héa, ma tran A duy tri
khong d6i, do d6 A c6 thé bo qua trong van dé
quadratic programming. Do d6 (29) c6 thé viét lai
nhu sau:

1
minJ = —— AU 'WAU - AUf ", (32)
2
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Diéu kién rang buoc:

AU <AU<AU (33)
Umin <U SUW (34)
Trong do:
W = 2(R+®'Qd) (35)
f =—20"QFx,(t) (36)
AU =—(R+®'Q®d) " @ QFx (t). (37
Mang thin
kinh phan hoi
u(t)
\l/ y(t)
Ham muc pbi tuwong
tiéu diéu khién
y(t+1) x(t)
M6 hinh du
bao

Hinh 1. So dé khéi bé diéu khién du bao mo hinh
6. Nghién ciru mo phéng
Trong phan nay, md phong s& duoc thuc hién voi
mot tau cd cac tham sé duoc dua ra nhu Bang 1 [11].
Sir dung phan mém méd phong Matlab.
Bdng 1. Tham sé tau mé phéng

Tham sb Giatri Donvi
Chiéu dai tinh toan 98 m
Chiéu rong 10,2 m
Moén nuéc 3,1 m
Luong gidn nudc cua tau 1458 t
Dién tich vay giam lic 5,22 m?
Canh tay don lyc nang cta vay 3,46 m
Hé s6 luc nang cua vay 3,39 N
GOc ngap nudc 43 °)
Chiéu cao khuynh tim ban dau 1,012 m
Téc do thiét ké 18 knots

Trong md phong nay, cac tham sé diéu khién
dugc chon nhu sau: Khoang thoi gian dugc dat la
T=0,08s. Pham vi diéu khién Ne=4, Pham vi du

doan Nph=10, gdc cua vay dugc gioi han la |o| <25

Chi ¢6 1 16p va Neh no ron trong mang Hopfield.
C6 j(j=1,2,3,...,Nen) hang trong ma tran trong s6 W
va k(k=1,2,3,...,Nen) yéu té trong ma tran ngudng b.

Va Au (i=123..,N_)biéu thi yéu td tht i cia

pham vi diéu khién. Dé khiang dinh hiéu qua cua
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phuong phap diéu khién dugc dua ra, mot bo diéu
khién toan phwong tuyén tinh Gaussian ciing dugc
thiét ké véi muc dich so sanh. Bo diéu khién toan
phuong tuyén tinh Gaussian duoc thiét ké nhu sau:

u"(t) =—KX(t) (38)

Trong d6: K 1a do loi cua tin hiéu phan hdi trang
thai, X(t)Ia trang thai du doan ciia hé thong thong
qua bd loc Kalman.

Két qua md phong duge dua ra nhu trong Hinh
2-4 cho thay hiéu qua cua phuong phap diéu khién
duoc thiét ké.

40

30

20 fiy

anglefdeg
o o

]

tirneds

Hinh 3. Chu ky lic cia tau

Fin angle
40 T

20
2of 4

40
0

angle/deq
(=]

W‘D 2;] 3;] Jl‘[l ; S‘DJ E‘D 7;] 8;] H‘D 100
Hinh 4. Tin hiéu vao ciia hé théng

Tir két qua md phong ¢ trén ta cd thé thay rang:
Hinh 2 va 3 chi ra goc lac va téc do lac cua tau khi
hé thong c6 va khdng c6 bo diéu khién, qua d6 ching
ta c6 thé thay hiéu qua giam lic cho tau cua phuong
phap dua ra 1 twong ddi tét, hé théng nhanh chéng
dat duoc trang thai 6n dinh, va géc lic cua tau ciing
dugc giam xudng gia tri mong muén. Hinh 4 dua ra
tin hi¢u diéu khién cua hé théng nam trong gioi han
cho phép.
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6. Két luan

Trong bai b4o nay, mot bo diéu khién dyu béao mo
hinh dya vao mang than kinh phan hdi dwoc dua ra
cho hé thdng vay giam lic cua tau. Véi viéc ap dung
phuong phap diéu khién du doan mé hinh gitip cho
hé thong dat dwoc sy on dinh va manh mg, ngoai ra
viéc &p dung mang than kinh phan héi gitp cho van
dé 1ap trinh bac hai dwoc giai quyét gitp giam bat
khéi lugng tinh toan trong qué trinh ti wu hoa, gitp
hé thong dat dwoc hiéu qua giam lic nhu mong doi.
Céc két qua md phong dugc dua ra da khang dinh
hiéu qua giam lac tot cua phurong phéap dugc dé Xuat.
Loi cam on

Nghién ctru nay duoc tai trg bi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma sb: DT20-21.02.
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