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PIEU KHIEN TOI UU HE THONG PINH VI PONG DUA TREN
KY THUAT NANG CAO FUZZY-PSO

OPTIMAL CONTROL FOR DYNAMIC POSITION SYSTEM BASED ON FUZZY -
PSO ADVANTAGE TECHNICAL

D6 Vigt Diing, Ding Xuan Kién, Hé L& Anh Hoang
Vién Dao tao Sau dai hoc, Truong Pai hoc Giao thdng vdn tdi Thanh pho Ho Chi Minh

Tom tat: Bai bao nay thiét ké gidi thudt mo téi wu bdy dan dp dung diéu khién hé thong dinh vj
djng dé on dinh vi tri tau duwdi nhitng tdc dgng khdng mong muon. Cac thong sé cau tric bg diéu khién
mo dwoc hiéu chinh t6i wu héa bang gidi thudt téi wu bay dan. Pham Vi gia tri do rong va do nghiéng
tdc dong cac tap mo cua ham lién thuge duoc chinh dinh linh dong véi sai so hé thong. Qua do t6i wu
hoa tin hiéu diéu khién va nang cao chdt lwong hé thong dinh vi dong. Véi két qua dat duwoc tot hon so
V6i cdc phiong phdp diéu khién khdc nhw gidi thudt me, da chimg té hiéu qud cua gidi phdp dé xuat.

Tir khoa: Hé thong dinh vi déng, tac dong khdng mong muan, ham lién thugc, toi wu bay dan, hé
phi tuyén.

Chi sé phan logi: 2.2

Abstract: This paper aim to design a fuzzy particle swarm optimization algorithm which applies a
dynamic positioning system to stabilize a vessel position under unexpected impacts. Particle swarm
optimization is used to optimize the parameters of fuzzy controller. The coverage domain width and
overlap degree influence of membership function are considered in the method to adjust dynamically
from system errors. Thereby optimizing the control signal and enhancing the dynamic positioning
system quality. The results in a better performance compared to other control method such as fuzzy that

proved effective of the proposed controller.

Keywords: Dynamic positioning system, unexpected impacts, membership function, particle swarm

optimization, nonlinear system.

Classification number: 2.2

1. Gigi thigu

Muc tiéu hé théng dinh vi dong (DPS)
duoc thiét ké dé tu dong duy tri vi tri va huéng
tau bang co cdu day dong luc hoc [1]. Piéu
Kién moi truong hoat dong thay doi lién tuc va
tac dong dén than tau. Vi vay, khi di chuyén
trong cac diéu kién bién d6i khién cho ddi
tugng mang tinh phi tuyén cao va va khé diéu
khién. Trong mot nghién cau, E. A. Tannuri
(2010) ¢ng dung giai thuat diéu khién cho
DPS dura trén md hinh mat truot két hop cac
phuong trinh toan hoc da bién phi tuyén [2].
Uu diém cua giai phap la tinh bén viing voéi
cac thanh phan bién d6i diéu kién méi truong.
DPé cai thiéen chat luong diéu khién, F.
Benetazzo (2015) st dung bo quan sat
Luenberger dé phat hién I16i bo truyén dong
[3]. Céc két qua md phong véi md hinh tau
dich vu cho thay, trong truong hop 13i cia bo
truyén dong, dap tmg DPS duoc dam bao chat
luong vai giai phap dé xuat. Nghién cau nay
can xem xét cac tac dong khdng mong muébn
dén chuyén dong cua tau nhu soéng va gio.

Trong mét nghién ciu gan day, M. C. Fang
(2016) ap dung giai thuat Neural-Fuzzy vao
thuc tidn dé tim ra trang thai tot nhat cua hé
théng dong lyc tau. Cung véi sy nhidu moi
truong duoc ude lugng va giam bang ciu tric
neural [4]. Tuy nhién, DPS nén duoc khao sat
trong mdi trudng thyc té, viéc xir ly tin hiéu
cam bién voi loc Kalman va thoi gian tré cua
tin hiéu diéu khién dén co ciu chip hanh ciing
la cac yéu tb can duoc xem xét.

Céu triic diéu khién mo (Fuzzy) dua ra
phuong phap tiép can hiéu qua cho hé théng
phi tuyén DPS véi nhimg tac dong khong
mong mudn, do kha niang x4p xi hoa ham phi
tuyén ciia hé mo. Trong bai bao nay, xem xét
ddng thoi cac tac dong khong mong mudn tir
moi trudng, nhom tac gia dé xuat ky thuat diéu
khién nang cao mo tdi wu bay dan (Fuzzy-
PS0O) cho DPS. Céc tham s6 khong xac dinh
gay ra boi cac yéu té moi trudng dwoc xap xi
boi chic niang mo. Giai thuat toi wu bay dan
(PSO) dugc &p dung dé hiéu chinh cau tric mo
trg 1én toi wu vai bién doi sai s6 dau vao. Ti
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d6 nang cao chét lugng cua hé théng va tdi wu
hoéa cau tric bo diéu khién cho DPS gilp tau
nhanh tién t&i mién 6n dinh.

2. Hé¢ théng dinh vi déng

DPS dugc mo ta trong mé hinh dong hoc
ba bac tu do gom truot doc, trugt ngang va
quay tro [1]. Hai hé toa d6 duoc minh hoa
trong hinh 1. Vi tri (x,y) va huéng di cua
tau (y) trong hé truc toa do tuyet ddi XoYoZo (hé
toa do gan véi Trai dat) duoc biéu dién dudi
dang vécto n = (x,y,9)".

Hinh 1. Hé toa dg tham chiéu cé dinh
Trdi ddt va tau.

Tbc d6 cua hé truc toa d6 gan voi tau duoc
cho boi vécto v = (u, v, 77, voi u la tdc do truc
doc, v 1a toc do truc ngang va r 1 téc do quay
quanh tryc thang dung va tam cua hé truc toa
d6 twong d6i xyz dat & mat phang truc doc cua
tau. M6 hinh biéu dién DPS [5] duoc md ta
trong cac phuong trinh sau:

n =] (1)
Mv +Dv =1+d(t) (2)

Vit = [t,,7,,7y]" 1a vécto luc va m6 men
diéu khién co cau day va béanh l4i cua tau theo
phuong tién, dat va quay tro. d(t) =
[dy(£), d (t), d3(1)]". biéu thi cho tac dong nhiéu
mdi truong bao gom séng, gi6 va dong chay.
Trong d6 d, () Va d,(¢) 1 nhiéu méi truong tac
dong dén chuyén dong tién va dat tau. d.(¢) 1a
tac dong trong chuyén dong quay tro. Bén canh
do, M dai dién cho ma tran quan tinh va b la
ma tran dao dong tat dan. Ma tran chuyén doi
J(n) gitta hé truc toa do tuyét ddi X,Y,Z, va hé
truc toa do tuong ddi Xxvzduoc cho bai
phuong trinh (3) nhu sau:

cos(yp) —=sin(y) O
J@) =J@) |sin(¥) cos@) O (3)
0 0 1

‘Gia thuyét: Cac tic dong khong mong
muon bao gom cac thanh phan nhiéu d, (),

d,(t) va d;(t) tr méi truong hoat dong. Mat
khéc, su thay d6i mo hinh dong hoc M va D
ciing 14 tac dong khdng mong muén.

Nhan dinh: Khi van hanh trong diéu kién
thuc té thi tau chiu anh huong chinh tir tac
dong moi truong. Mat khac nang luong va
hanh trinh hoat dong cua co cdu day tau luén
trong gisi han nhat dinh. Nhu vy gia thuyét
mang tinh thiét thuc va hop ly.

Bai béo gidi thiéu phuong phap thiét ké
bo diéu khién Fuzzy-PSO cho DPS (1) va (2)
dudi cac tac dong khdng mong mudn trong gia
thuyet V6i muc tiéu duy tri ¢ cac gia tri mong
mudn caa trang thai hoat dong vé vi tri tau
(x,y) va hudng tau () véi do chinh xac cao,
trong khi céc thong sé cau tric mo duoc tbi uu
bai thuat toan PSO.

3. Thiét ké bp diéu khién cho DPS

3.1. Phuong phap diéu khién Fuzzy

Téc gia V. D. Do (2017) dé xuat bo diéu
khlen Fuzzy-TS c0 hai ngo vao [6] e, la sai
s6 vi tri va dey/dt la van téc sai 6, ngd ra <
1a lyc diéu khién c6 ham thanh vién nhu sau:

e, :{NE NS ZE PS PO}
de,/dt:{NS ZE PS}
v :{NE NSS NS ZE PS PSS PO}

CAu hinh bd xap xi m& bao gom maot sé
luat néu-thi va co ché suy luan. Luat néu—thi
thr i (voi i = 1 + h) dugc viet nhu sau:

R Néu &, 1a A, ....e, 12 AL, thi u., 12 BL.

Trong do: AL, A,, .. AL, va BL la cac tap
mo, str dung luat suy dien Max-Prod, mo hoa
singleton va giai m¢o theo trung binh trong
tam, ngd ra cua bo dieu khieén xap xi biéu dien
nhu sau [7]:

N 6! 1§V ()]
Urp =
! il g, (8]

Vi Hai, (¢, la ham lién thugc bien mo, k la
tong cac luat néu-thi, 6, 1a diém vach ma tai d6
pei (B =1 Vva (@) = [k 9 - 01" €
R" vécto co s& MO Vi @k, dinh nghia trong cong
thic (5) sau:

[T7=1 1,1 (€]
(pk(e) = h : N
2i 1[H 1#,4%(].(31')]

=0cp(®  (4)

(i=1+h) (5)
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Cau tric bo diéu khién mo dic trung boi
mot tap ngbn ngir dya trén sy hiéu biét dac
tinh dong hoc mo hinh va dugc dién dat thong
qua cac luat néu-thi. Luat hop thanh bo diéu
khién mo (trinh bay tai bang 1) c6 dang ham
diéu kién lién két véi céac bién trang thai tién
t6 va cac bién diéu khién qué trinh.

Bdng 1. Tong hop lugt hop thanh [6].

de/dt
T/Ty/Ty
NS ZE PS
NEy/ NEy ’/V iSSXSY NSy/ NSy
1/\’ ﬁxsy NSy/ NSy | ZEy/ ZEy
s | nss. | /NS JZE,
e(t) NSX/ NSy ZEx/ZEy PSX/PSY
E | /NS, JZE, /PS,
P
ZEy/ ZEy | PSy/PSy /ff;xsy
s | JzE, /PS, Ipss.
PSy/PSy | P, | POx/ POy
o | /PS5, Ipss. | /POy

3.2. Phwong phap diéu khién Fuzzy-
PSO

Noi dung dé xuét viéc thiét ké bo diéu
khién cho DPS bang cach két hop hé thdng mo
véi thuat toan PSO dé dat dugc muc tiéu diéu
khién néu trong phan 2. Qua d6 khac phuc
duoc céc van dé trong Nhan dinh. Qua trinh
thiét ké bao gom hai buéc sau:

Budc 1: Xac dinh hé mo véi tham s6 téi
ru. Céu triic diéu khién duoc xay dung tuong
tu nhu noi dung phan 3.1. Bo diéu bién mo ¢o
hai dau vao, e.(t),d, )/d(®) va mdt dau
ra, z(t). CAc tdp mo duogc diéu chinh bang hé
sb 2 dé toi wu hoa ciu tric. Cac ham lién thudc
dugc xac dinh twong tu trong hinh 2.

ulelt))

al

Hai (de(t))

21, KN 0 s
HE NES HE E P PES PO

L]

A6l el 0540 O L e TR
(Agha1ts) (hgrd1/fs) (AghAg L)) FA 18] (hgbdgL)E) (ApdLjs)

Hinh 2. Gid tri tdp mo cua ham lién thuéc diroC
hiéu chinh t6i wu boi hé sé A.

Co ché suy luan mo xéac dinh bai cong thirc:

#p () = max;Z [, (e), p(de), p (D] (6)

Vi Ky (e(®) = A, (AL, A
thuoc sai $0,

j
/1? (Adel' de2*

Myl (x(e))

..Aéi) la ham
Hal (de(®)) =

dm) 1a ham lién thudc cua véan
toc  sai sé va “A{(T(t)) = (A3 + (1/
s)/14)(AT1, A7) 1a ham lién thugc déap tng
dau ra. j la chi s& tap mo, i 1a két qua cua suy
luan Mo. A = [A4, 4,43, 4,] 14 vecto chinh dinh
cAu trac hé théng, duoc x4c dinh bdi giai thuat
PSO.

Budc 2: Xac dinh hé s t6i wu 2. Théng
s6 toi wu hoa duoc dat vao mot khdng gian tim
kiém bén chiéu vai van tdc, vi tri ban dau cia
cac cé thé duoc chon ngau nhién [8]. Mdi c&
thé dai dién cho mot kha nang téi wu héa gia
tri 1. Kich thudc cua quan thé 1a s, mdi ca thé
thtr i (1 <i <) € dai dién cho mét giai phap
thir nghiém c6 tham sé j = 1,2,..,n. Tai thé hé
thir k, mdi cé thé s& c6 mot vi tri hién tai la
k), the ddo hien tai lawv,(k), vi tri tot
nhat A2 (k), trong khong gian tim kiém va
trong toan quan thé c6 vi tri tot nhat ca quan
thé 12 2% (k). M&i cd thé trong quan thé duoc
cap nhat lai cac thudc tinh trén sau mdi thé hé
theo biéu thirc sau:

v; j(ke + 1) = w(k)v, ;(ke)
+eyr[A07 (k) — A7 (k)] (7)
+ea12 [ AP (k) — A7 (K)]

Trong do: w la trong s quén tinh, clva 12
1a c&c hé sb gia toc, r,va r, 14 cac hang s6 ngau

lién
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nhién nam trong khoang (0.1), g 1a sé lan lap
lai [9]. Trong s6 quan tinh dwgc cap nhat theo
cong thirc (8) nhu sau:
(itetmax — 9) Wimax = Winin)
itelmax (8)
+ Whin

Vi iter,,, 12 gia tri 16n nhat caa s6 1an
lap thuat toan PSO, wy,, VA wy, 1an luot 12 gid
tri Ion nhat va nho nhat cua trong s quan tinh.
Vi tri méi cua mot ca thé c6 thé duoc cap nhat
theo cbng thuc (9) nhu sau:

Big+1) =49 +v(g+1) 9)

Sau d6 vi tri tét nhat cua mdi ca thé duoc
cap nhat theo cong thurc (10) nhu sau

Ag+1)

(22 if (g + 1) 2 (22(9)  (10)
)lzifj g+1),
Cudi cung, vi tri tét nhat caa ca quan thé

duoc cap nhat theo cong thuc (11) dudi day:
AP(g+1) =arg min/lziajp](/lﬁj?(g
+1)
vo6il<i<s

w(g) =

otherwise

(11)

Ham muc tiéu duoc dung dé danh gia 10i
giai cua bai toan ti wu. Vi muc tiéu 1 tdi
thiéu hoa céc sai so gitra tin hiéu ngd ra va tin
hiéu dit ngd vao cho cac khéi diéu khién vj tri
tau va huéng quay tro. Cau tric bo diéu khién
t6i vu chuyén dong tau thuy duoc thé hién
trong hinh 3. Ham muc tiéu duoc chon theo
tiéu chuan ITAE [8-10] nhu sau:

(12)

ITAE=jt|e(t)|dt
0

PSO
Algorithm
. ¥
= Parameters optimized
orbg| e i

d(t) .

%
J
/
/
-
/

e
Nrer (5
[T AV

Hinh 3. Cau tric gidgi thugt mo t6i wu bay dan
cho hé thong dinh vi déng.
4. M6 phéng hé thong dinh vi dong
Thong sé6 md phong [6] cho dbi tuong
DPS duoc chon trén tau Mariner Class ti 1€
1: 70 ¢6 chiéu dai L = 76.2m, chiéurong B =
18.8m va mén nudc thiét ké T = 4.6m.

5.0242¢e4 0 0
D= 0 2.7229e5 —4.393366]
0 —4.3933e6  4.1894e8
5.3122e6 0 0
M = [ 0 8.2831e6 0
0 0 3.7454e9

M6 phong véi tham sé tau dich vu trong
hai truong hop. Truong hop 1. Giai thuat
Fuzzy-PSO (FPSO) va mo (Fuzzy) tac dong
dua tau dén gid tri mong muébn
[3m, 7m, 20°] trong khoang 200s tur gia tri
ban dau [0m,0m, 0°]. Tac dong nhidu moi
truong d(t) = JT ()b xac dinh theo dinh luat
Markov nhu sau:

b=-T"'h+yYw (13)

Cong thirc trén ding dé mo ta su bién doi
cham cua nhidu méi truong bién. Trong d6 b
1a vecto lyc va momen tic dong nhiéu Voi
b(0) = [0KN, OKN, 0KN.m]", TeR3*3 lama
tran hang s6 thoi gian. weR3 1a vector nhidu
traing Gaussian, va ¥ = diag(3 x 10%,3 x
102,3 x 10%) ma tran dwong chéo tham s6 w.

Truong hop 2: Céc bo diéu khién thyc
hién md phong dé gitr hanh trinh tau dudi cac
tac dong khéng mong muén dugc néu trong
Gia thuyét. Cung vai su bién d6i caa md hinh
thong sé dong hoc M va D nhu sau:

D=15x
5.0242e4 0 0
[ 0 2.7229e5 —4.3933e6
0 —4.3933e6  4.1894e8
5.3122e6 0 0
M=15x [ 0 8.2831e6 0 l

0 0

Y/im

Psi/deg
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—— Fuzzy controller
—-=- PSO controller

L | | L L L .
20 40 60 80 100 120 140 160 180 200
s

(b)

Fuzzy controller FPSO controller

(©
Hinh 4. Két qua md phong trong triong hop 1. (a) Vi
tr|" thuc cua tau (gc, y) va huong quay tro . (b) Luc
dieu khién tinh tién 7, tréi dat 7,, va quay tro 7. (C)

Quy dgao di chuyén tau trong mdt phang XY

Két qua voi cac bo diéu khién cho DPS
duoc mé ta trong hinh 4 va hinh 5 cho thay tai
thoi diém 10s tau bat dau cap nhat hudéng va
quy dao dich chuyén mong muébn
[3m, 7m, 20°]. Khi bat dau xuat phat dudi tac
dong tir moi trudng va su bién ddi md hinh
dong hoc khién cho dbi twong c6 nguy co bi
léch hudng va quy dao dich chuyén. Bén canh
do, véi su gia tang bién d6 tac dong cac thanh
phan khdng mong muén 1am cho dap ¢ng tau
dao d6ng manh tai thoi diém 30s va 110s. Giai
phap FPSO c06 kha nang thich itng vai dac tinh
phi tuyén caa chuyén dong tau va han ché tac
dong khdng mong muén theo thoi gian.

Do d6, nang cao chat luong cua tin hiéu
diéu khién, giam dao dong va giir can bang
cho tau khi hoat dong. Nhu vay, chién lugc dé
xuit di giai quyét vin dé néu ra trong gia
thuyét va nhan dinh. Voi két qua st dung bo
diéu khién mo, vi tri tau s& 6n dinh trong
truong hop tac dong thap va rung lic & cac
truong hop tac dong cao hon. Bén canh do,
hudng tau dao dong manh theo muac @6 anh
hudng tac dong khdng mong mudn.

—— Fuzzy controller
=== PSO controller

Yim

—— Fuzzy controller
=== PSQ contraller

10 1 1 1 1 —— Fuzzy controller
====PSO controller
T

—— Fuzzy controller
s | | | | | | | ==== PSO contraller

0 20 40 60 80 100 120 140 160 180 200

FPSO controller

(©
Hinh 5. Két qua md phong trong triong hop 2. (a) Vi
tri thuc cua tau (x, y) va hudng quay tré . (b) Luc

dieu khién tinh tién 7., tréi dat 7,, va quay tro 7. (C)

Quy dao di chuyén tau trong mat phang XY.

5. Két luan

Bai béo trinh bay bo diéu khién Fuzzy-
PSO cho DPS duéi anh huéng cia su bién cau
tric dong hoc tau va cac tac dong khéng mong
mudn. Thuat toan dé xuét toi wu hoa cac tham
sb cau tric mo va giam céac dic tinh phi tuyén
tinh caa DPS gay ra bai cac tac dong khong
mong mudn. Do d6, gitip tau duy tri vi tri
chinh xac va huéng tdu mong mudn. Trong
twong lai, nghién ciru nay duoc mé rong bang
cach sir dung thuat toan bén viing dé nang cao
chat lugng diéu khién DPS khi tu hoat dong
dudi tac dong khéng mong muén trong thoi
gian dai va lién tuc.
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