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Tom tdt: Muc tiéu diéu khién cua hé thong ldi tau la diéu khién giir huéng va chuyén hudng tau
theo hiong di da dat truée dwdi anh hwéng cra Cac yéu té bén ngoadi tac dong 1én con tau. Trong bai
bao nay, cac tac gia nghién citu sir on dinh cua hé thdng lai tau thuay va S0 sanh véi gidgi thudt diéu
khién PSO - PID va Fuzzy duwdi anh hweng cua nhiéu mai truong bao gom dong chay, gi6, séng va
nhiéu song tan so cao tdc déng vao tau. Dac biét, tham sé cria cac yéu to tdc dong vao tau duot khao
sét tir dieu kién vang bién thuc té ciia méi truong bién Viét Nam tir Binh Thudn dén Ca Mau sé tang tinh
g dung cho gidi thugt diéu khién dé xuat. Hiéu sudt cua gidi thudt duwoc duwoc danh gid théng qua két
qua md phéng si dung phan mém Matlab/Simulink.

Tir khoa: Fuzzy, hé thong lai tau, nhiéu, PSO-PID, tdc déng Ciia méi trieong.

Chi sé phan loai: 2.2

Abstract: The control objective of the ship control system is to control the heading and change of
direction of the ship to follow up the desired heading under the effect of external factors acting on the
ship. In this paper, we study the stability of a ship autopilot system based on the PSO-PID control
algorithm and the Fuzzy control algorithm under the effects of environmental disturbances, including
current, wind, wave, and high-frequency wave noise. Especially, the parameters of the factors
affecting the ship were surveyed by the actual conditions of the Vietnam sea environment from Binh
Thuan province to Ca Mau province, which can increase the reliability of the proposed algorithm. The
performance of the algorithms was evaluated through simulation results using Matlab/Simulink
software.

Keywords: Fuzzy, ship autopilot system, disturbances, PSO-PID, environmental impact.
Classification number: 2.2
cho thay dap tng tét, nhung can khao sat
trong diéu kién moi trudng tng vuing bién cu
thé tdc dong vao tau dé thuc té hon. Bé chit
luong cua hé thdng lai tau duoc nang cao,

1. Giéi thigu

Muc tiéu diéu khién cua hé théng lai tau
1a diéu khién giir huéng va chuyén huéng tau
theo huéng di da dat truée dudi anh huong 5 nghién ctru khac da tng dung giai thuat
cua nhicu moi truong. Viec thict ke mot e 4idu khién t6i uu biy dan dé téi uu bo didu
thong lai tau hoat dong on dinh dudi anh ypidn pID [2] cho hé théng lai tau dudi anh
hu’g”rng cua nhicu la phupg thach thuc cho CaC  Lyong cua dong chay, séng va gié. Nhing
nha khoa hoc do tau la mot doi twong phi- & qua mo phong cua cong trinh nay cho
tuyen vqxphuc tap. Trudc day, cac gial thuat 14y dap ang duoc én dinh nhung trong didu
dieu khién huong tau chu yeu la PID. Cho  yian hoat dong chua xét dén nhidu séng tan
(:Ién thai dlAém '?ay nh'?“ ky Fhuét ,mdl ,du:(_)r(\: s cao anh hudng dén tau. Trong nam 2017,
ap dung trén cac b diéu khién lai ghep va  gisi thyat mo cho hé théng I tau tu dong cé
Khien ching tre 1én théng minh hon cac b 3 pyeng nhidu [3]. Két qua dat duoc cho
dieu khién kinh dién trudc ddy. Cac gidl 4y giaj thuat cua nghién cau nay c6 kha
thuat dicu khien lai ghep da dwoc ung dung ning thich nghi v6i anh hwong nhiéu moi
vao doi tuong tau, giai thuat Noron — Mo cho truong nhung chua dua thém tac dong diéu
hé thong lai tu dong tau thuy dudi tdc dONg  yisy moi trwong caa mot viing bién cu thé tac
cua dong chay, gio va song Ien tau [1]. K€t 4504 vao tau, Gan day, mot nghién ciru moi
qua nghién ctru cua giai thuat Noron — Mo da ' '
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dua ra giai thuat PID voi cac tham sé PID
dugc diéu chinh bang bd diéu khién noron
nhan tao cho hé théng lai tau thay dudi tac
dong cua gi6 [4]. Két qua cho thdy dap ung
cua tau bam theo hudéng dat tuy nhién chua
xét t6i thoi tiét cua tung khu vuc bién va
nhiéu dong chay, song tac dong lén con tau.
Nhim nang cao hiéu suat dap ung hé thong
l4i tu chju tac dong tir cau tric cia md hinh,
bo diéu khién Fuzzy nhiam xap xi hoa déi
tugng phi tuyén di duoc nghién cau [5],
phuong phap duoc dé& xuat thich nghi tét
dudi anh huong cua song, nhung chua xét
dén dong chay va gi6 hay nhiéu séng tan sé
cao tac dong vao con tau.

Trong cdng trinh nay, nhom nghién cau
da st dung céc giai thuat diéu khién PSO-
PID va Fuzzy nham giai quyét nhiing van dé
khi c6 nhiéu tac dong vao tau, md phong thir
nghiém két qua cua nghién ctu trén phan
mém Matlab/Simulink va danh gia két qua
cuia c&c giai thuat diéu khién trén.

2. M6 hinh dong hoc cia tau va cac
thanh phan nhiéu tac dong vao tau

2.1. M6 hinh ddng hoc cua tau thiy

b4

z Earth-fixed frame

q (Pitch) 5 N
v v (Sway) -'m—' i

Body-fixed frame
Hinh 1. Hé toa d tau so véi Trdi dat.

Chuyén dong trén bién cua con tau la
mot loai chuyén dong phuc tap, phi tuyén va
tau chiu tac dong cua nhidu méi trudng. Piéu
nay lam anh huong rat I6n dén hudng di cua
con tau. Hé toa do tau so va&i dat duoc cho
boi hinh 1. Mot mé hinh hé théng lai tau
tuyén tinh cho diéu khién huéng tau dugc
thiét ké thé hién chuyen dong bao goém dong
chay, gi6, song, nhiu séng tan sb cao va luc
tac dong vao con tau nhu sau [3]:

M v+ N (U)V =08 + 7 +m (1)

Khi 6,N,M lan luot 12 g6c bé lai, ma tran
giam phén va ma tran quén tinh. Céng thuc
(2) thé hién goc be lai va quay tro:

m—Y\,/ MXg _Yf {V}
me—N\_/ IZ—Nf r
Yy m-Y, u=Yr Iry %
’ —Ny  mxg —\;, u—Ny {r} :_{N(;}S
f
Tir (2), 4p dung phuong phéap chuyén df}i
Laplace ta c6 phuong trinh xac dinh moi

quan hé goéc be lai va huéng di con tau béi
biéu thiec Nomoto [2]:

)

r(s) K(1+T3S) 3)
5(s) 1+ Ty8)(L+T,s)

Cong thac (3) la md hinh Nomoto ¢6
ham truyéen chuc nang gitra r va 6. Khi K la
do loi goc banh lai tau, T3 T, Ia cac hang

s6 thoi gian, véi (T = 3+T2 +T1) va hudng

=r. Vécto didu khién ddu vao & 1a goc bé
lai cua tau boi cac co ciu chap hanh, vécto
Te dai dién cho lyc va m6 men cta dong chay,
gi6 va song. Vécto 7 14 luc cia song tan so
cao duoc thé hién bén dudi:

Te = Twind T Tcurrent T Twave
™ =h(s)

Hé théng bénh 14i duge minh hoa trong
hinh 2 thé hién tinh hiéu qua cuaa goc bé lai [2].

Goc bé lai tau gioi han:
—Omax <0 < émax (rad) (5)
Vi Smax 12 toe do banh 14i gioi han
bai gia tri I6n nhat. Thoi gian tré gitra goc
dat é; va goc be lai thuc t&¢ 6 duoc the
hién bang ham bac nhat véi hang sb thoi

(4)

gian 7, — ‘5(;nax VGi 8 18 dai ty 1¢ [2],
pd
§mﬂx
e

gmﬂx-.
ﬁ‘ o

Hinh 2. H¢ thong banh lai tau.
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2.2. Thanh phan nhiéu tac déng vao
tau

Nhiéu moéi truong tac dong truc tiép 1én
con tau thay doi mét cach lién tuc dan dén
con tau khd gitr dugc hudng dat khi dang
hoat dong trén bién. Trong bai béo nay,
nhom nghién ciu s€ phéan tich anh hudng
dong chay, gid, séng méi truong cua vung
bién Viét Nam tir tinh Binh Thuan dén tinh
Ca Mau va nhidu song tan s cao la nhiing
thanh phan phi tuyén anh huéng 16n nhat dén
an toan tau dang hoat dong ngoai khoi [6].
Cac tham sb dong chay, gi6 va song dugc
xay dung theo diéu kién méi truong thyc té
cua thoi tiét thay doi that thuong tai ving
bién Viét Nam dé biét toc do gié va do cao
trung binh song tac dong vao than tau trong
thang 9 nam 2017 nhu hinh 3 [6].

MChitu caoséng (m)
mTéc dé gid (m/s)
Téc 6 dong chay (m/s)

\ 1 il

[Ngay]
Hinh 3. Si thay doi s6ng, gi6, dong chay timng ngay
cua bién Viét Nam trong thang 9 nam 2017.
2.2.1.M0 hinh luc song

Luc song tac dong 1én con tau nhu cong
thac sau [2]:

N, M,
Twave = ¢(X, ¥,t) = Z Z \/23 wqwr)AwAw ©)
sm(wqt+¢qr —kq (xcoswr + ysinyy ))
2.2.2.M0 hinh luc gi6
Luc gi6 [2] c6 thé dugc dura ra nhu sau:
Uind = Vwind COS(Qwind _1/})_“
Viind = Ywind Sin<9Wind _¢>_V
1 2. (7)
Ywmd 2 WX'OaerT ( wmd)
1 2
Ywind _§RWypairALl Vin

2.2.3.M0 hinh luc dong chay

Lyc gi6 tac dong Ién mat nude duoc Xac
dinh theo toc d6 dong chay [2]:

u Veurrent COS(
=V

current Sin(chrrent _¢>_V
2 (8)

current = feurrent _¢)_U

Veurrent =

1
Xcurrent =% RwxPwater ATl (Uwater )

1
Yeurrent =% RwyPwater AL1 (Vwater )

2.2.4.Mb hinh séng tan sé cao
Luc s6ng tan sd cao tac dong vao tau

duogc dinh nghia la [7]:
K.,S
n= h(s) = 2 = 2 9)
ST+ 2/1a)OS +ay

3. Thiét ké giai thuat cho hé théng lai
tau

3.1. Giai thuat diéu khién téi wu bay
dan

Trong nhiéu nim qua, viéc ap dung
thanh cdng giai thuat t6i wu bay dan (PSO)
véi nhiéu nghién cau va tng dung. Giai thuat
PSO la mot phuong phap toi uu héa ngau
nhién voi viéc dwa vao quan thé duogc
Eberhart, Kennedy phat trién [8], phong theo
hanh vi dan chim di kiém thic an.

Hé thong duoc tao boi mot quan thé cac
loi giai ngau nhién va tim kiém 10i giai tdi uu
biang viéc cap nhat cac cé thé qua cac thé hé.
Giai thuat PSO hoc tir kich ban nay va duoc
g dung d& 1am céc bai toan tim kiém ngau
nhién. Trong PSO, mdi 16i giai 1a mot con
chim trong khong gian tim kiém, goi la ca
thé. Tat ca céc ca thé c6 gia tri thich nghi
duoc danh gia boi ham thich nghi can téi wu,
va ¢6 van téc hudng theo chiéu bay cua cac
ca thé. Vi cac ca thé bay qua trong khdng
gian bai toan bang cach bam theo cac ca thé
t6i vu hién tai. Giai thuat PSO dugc khoi tao
boi mot nhém cac ca thé ngau nhién (goi Ia
nghiém) va tiép theo tim nghiém | t6i uu bang
cach cap nhat cac thé hé. V&i mdi thé hé thi
mdi ca thé duoc cap nhat theo hai gié tri tot
nhat. Gia tri thir nhat d6 1a vi tri tdt nhit ma
phan tr d6 da dat dugc cho t6i thoi diém hién
tai, goi 14 B, - Mot nghiém t6i wu khac ma
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ca thé nay bam theo duoc goi 1a nghiém tdi
uu toan cuc Gbest’ no la vi tri tot nhat ma

trong tat ca cac qua trinh tim kiém quan thé
tir truGe cho téi thoi diém hién tai [9], [10]
duogc thé hién trong hinh 4.

3.2. B diéu khién PSO - PID cho hé
théng lai tau

Giai thuat PSO Ia thuat toan tim kiém
song song, thuat toan nay dugc tao boi mot
nhom cé thé ngau nhién. Sau d6 tim nghiém
t6i wu bang cach cap nhat cac thé hé trong
quan thé. Mot quan thé bao gdm nhiéu cé thé
duogc dat vao mot khong gian tim kiém n
chiéu véi cac van toc va vi tri ban dau dugc
chon mot cach ngdu nhién. M&i ca thé dai
dién cho mot kha nang giai quyét viéc tdi wu
hoa va di chuyén dén mat vi tri méi theo van
t6¢ moi clng véi van toc trude d6 cua ca thé,
cac vécto di chuyén bam theo vi tri tot nhat
ctia CAC quan thé nhu hinh 4 [8].

Huwéng di

y chuyén hién tai Huéng di

chuyén theo vi
tri tot nhat ciia

cd thé
S / Huéng di

«’ chuyén theo vi
! tri tot nhat ciia
qudn the

[ =Pbest_g

- X
Hinh 4. So @6 mgt diém tim kiém
bang gidi thugt PSO.
Ham muc tiéu dung dé déanh gia cac loi
giai cua bai toan téi uu, tiy vao ting trudng
hop bai toan dat ra ma cong viéc chon ham
muc tiéu sé kh&c nhau. Trong bai bdo nay,
muc tiéu dat ra caa nhém nghién cau 1a toi
wu hoa céc sai s6 giita tin hiéu ngd ra va ngd
vao goc bé lai dugc mo ta nhu hinh 5.

Hinh 5. Gigi thudt PSO-PID cho hé thdng lai tau.
Ham muc tiéu duoc chon nhu sau:

fitness = ISE = jaroo(e%itch (t)+ eg,aw (t))dt (10)

Gia tri cua bo PID dugc téi wu sau khi
chay thuat toan PSO véi 30 lan lip nhu sau:
KP =3.977, KI =—-0.00274 va KD =4.753.

Dé t6i wu hoa ham muyc tiéu thi can chinh
dinh tham s6 bo diéu khién PID dung thuat
toan PSO nhu hinh 6 [2].

Ehdoi tao cac théng sé vt Iy c1ia hé 1ai tan
va cac thong so lra chon thuit toan PSO
- ' H
EChai tao nzau nhign cic ca thé (1<i=s) vai
- Vitrl hién tai, pi
- Toc do hién tai, v

3
Tinh toan gid tri ham muc tidn |
_ S—
Xac dinh céac gia tri tét nhat: .
- Vi tri tot nhat clia moi cd the, Phy
- Vi tri t6t nhat cia quan the, Gb
Céap nhat lai thude tinh cho cac thé:
- Vi tri hién tai, pi
- Toc dd hién tai, v

i
Tinh toan g1a tnn ham muc tiéu
’ - ]
Hac dinh va cap nhat cac gia tri tot nhat:
- Vi trl tot nhat c1ia moi cd the, Phy
- Vi t1i £0t nhat cua ca quan the, Gb

Sir dung céac gia tri cudi cing cnia vi tri
ca thé nhw 1a tham s6 PID

Hinh 6. Luu do t6i wu hda giai thugt PID
dung bg dieu khién PSO.
3.3. Xay dwng thuat toan Fuzzy cho hé
thong lai tau

Singtoc ey

D - T

G tac 8ong

Déng chiry tie B

Hinh 7. Gidi thudt Fuzzy cho hé théng lai tau.

Gan day c6 rat nhiéu cong trinh nghién
ciru didu khién tau thay [11-13] va diéu
khién thiét bi ngam [14]. Trong bai b&o nay,
nhim giam dic tinh phi tuyén cho hé théng
lai tau gay ra boi cac tac dong khdng mong
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muén tir ving bién tinh Binh Thuan dén tinh
Ca Mau. Nhém nghién ctiru xem xét bo didu
khién Fuzzy dé gitr hudng tau duoc minh hoa
trong hinh 7. Ching t6i dat gia tri dau vao
cua giai thuat mo véi hai dau vao: e(t),
de(t) /d(t) va mot dau ra 7(t) st dung

phuong phép tham chiéu mo Takagi-Sugeno.
Muc dich thict ke giai thuat Fuzzy la dua vao
nhing kinh nghiém thyc t& cua nguoi lai tau
va thiét 1ap mot bang mo c6 thé do duoc.

Céc dau vao, dau ra coa giai thuat mo
duoc xac dinh:
e(t)={vPS PS PM PB VPB}

Trong thuc té, nhidu tir moi trudng anh
huéng vao tau thudng 1am cho tin hiéu diéu
khién tau bi sai léch. Nguyén nhan 1a do su
thay d6i cua cac ddc tinh dong hoc cua ddi
tugng. Céc khai niém diéu khién tu dong cua
giai thuat Fuzzy duoc trién khai twong @ng
voi sai s6 dau vao. Sai s6 diéu khién duogc
giam ciing nhu muc tiéu cia diéu khién dugc
duy tri. Cac ham thanh vién mo ta cac dac
diém dau vao, dau ra nhu hinh 8 [7].

3.4. Tham s6 md phéng

M6 hinh dugc m6 phong cho bai bao nay
ctia hé thdng lai tau theo thdng sb tau thuc té
nhu sau [2]:

de(t)/dt={PS PM PB} Hg =4m *Viying =0m/s
T(t) = {VPS PSS PS PM PB PBB VPB}
P A - wp=1rad /s - A =24
Va dua trén cac van de thuc te ve hé P Ll
théng l4i tau ta co cac quy tic diéu khien mo  * s=4 0 _ 300
duogc chon thé hién trong bang 1. Nl =20 wind —
Bdng 1: Cac quy tdic diéu khién mo doi véi hé thong -V =1m/s
lai tir dong tu Véi gidi thugt Fuzzy. + M =10 current
. _ 0
-0 de(t)/ dt . £=25 ecurrent =30
PS PM PB - 1-01
VPS VPS PSS PS . kq =0.005 -
PS PSS PS PM co=+/2
et) | pm PS PM PB . _20°
PB PM PB PBB "”Iim =20 g = 0.8976rad /s
VPB e Pee VPB va thdng s6 md phong tau dwoc st dung
1 VPS PS PN PB VPB trong béng 2 [2]
Bdng 2. Théng s6 md phong tau
05 Thong sé tau
Chiéu dai 76.2m
Chiéu rong 18.8 m
e -0.06  -0.03 0 003 006 0.1 Mén nuéc thiét ké 22m
de/d(t) Luong gidn nudc 350 m3
1 Ps PM PB Toc do 8 knots
Téc d6 lai toi da 5 (rad/s)
Géc bé lai cuc dai _ 40 (rad)
03 Théng sb diéu khién
Hang s6 banh lai K 0.185s!
0 T, 118s
-0.2 -0.1 ] 0.1 02
0w T, 7.8s
1 VPSS PSS PS PM PB PEB' VPB T 18 55
\ .
. 3.5. Két qua mo phéng va danh gia
- Ml ' [ [ | =
-02 -0.1 -0.05 0 0.05 0.1 0.2 1

Hinh 8. Cac ham thanh vién
choe(t), de(t)/dt va 7(t).

Rud
[- -
o n

200 a0

] o] 000 1200

Timw(s)
Hinh 9. So sdnh ddp vmg goc bé lai
Cua tau khi tac dong séng, gié cap 5.
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Hinh 10. So sinh dap ing huong di
Cua tau khi tac dong séng, gié cap 5.

Duéi tdc dong cua dong chay, gié va
s6ng (cip 5) kém theo nhiéu séng tan sé cao
thi giai thuat diéu khién PSO - PID va Fuzzy
trong hinh 9 va 10 van giit 6n dinh hudng
tau, goc bé 1ai dao dong manh ty I¢ theo cap
do tac dong cua nhiéu méi trudng lam hudng
thay doi theo, tuy van quanh gia tri huéng
dat. Vé mat bién do, giai thuat diéu khién
Fuzzy cho dép tmg dao dong tét hon, nhung
khi xét vé thoi gian dap tng thi giai thuat
PSO - PID t6t hon. Vé kha ning thich nghi
VGi su thay dbi cua moi trudng, giai thuat
PSO - PID thich nghi tot hon giai thuat
Fuzzy.

4. Két luan

Cac yéu té moi truong tac dong vao tau:
dong chay, gid, séng va nhidu song tan sb
cao gay nén sai léch huéng di cua tau. Véi
giai thuat PSO - PID va Fuzzy dé xuat va
kiém nghiém, so sanh trén md phong, cho
thiy chat lwong diéu khién duoc nang cao
gilp con tau duy tri huéng di mong muén
theo thoi gian. Giai thuat PSO - PID thich
nghi hon so v&i gidi thuat Fuzzy khi ¢ nhiéu
tac dong vao taull
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