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Tém tit

Bai bdo trinh bay nghién civu thiét ké va danh gid
bé diéu khién dw bdo mé hinh (Model Predictive
Control - MPC) hudng tdi tiét kiém ndng lwong cho
hé théng dinh vi dong (Dynamic Positioning - DP)
ctia tau bién. Trén co s6 mé hinh dong luc hoc phi
tuyén ciia tau trong mdt phang ngang, bai todn diéu
khién MPC dwoc xdy dung nham bdo dam kha
néng bam quy dao mong muoén dong thoi théa man
cac rang bugc vé luc va mé men diéu khién ciia co
cau chdp hanh. Bai todn phén bé luc ddy dwoc tich
hop dé chuyén déi liec diéu khién tong sang cdc luc
tac dong riéng lé cua cdc chan vit.

Hiéu qua ciia bo diéu khién MPC dwoc danh gid
théng qua cdc kich ban mé phong diéu khién tau di
chuyén tir diém A dén diém B trong diéu kién c6
nhiéu méi triweong. Két qua mé phong diege so sanh
véi bé diéu khién PID truyén thong dwa trén cdc
chi tiéu nhw qui dao chuyén dong, liwc va mé men
diéu khién, tong luc ciing nhw tong ndng heong tiéu
thu. Két qua cho thdy bo diéu khién MPC bao dim
dé chinh xdc bam quy dao twong dwong PID, dong
thoi tao ra tin hiéu diéu khién tron hon, tudn thii tét
cdc rang budc va giam ding ké tong luc ciing nhu
néng leong tiéu thy, qua dé khang dinh wu thé cia
MPC trong ndng cao hiéu qua nang luong va do tin
cdy cua hé théng dinh vi dong tau bién.

Tir khéa: Dinh vi dong, diéu khién dw bdo mé
hinh MPC, tiét kiém nang lwong, Phdn bé lyc day.
Abstract

This paper presents the design and evaluation of an
energy-efficient Model Predictive Control (MPC)
scheme for marine vessel Dynamic Positioning
(DP) systems. Based on the nonlinear horizontal-
plane dynamic model of the vessel, the MPC
problem is formulated to ensure accurate trajectory
tracking while explicitly satisfying constraints on

control forces and moments imposed by the

actuators. In addition, a thruster allocation scheme
is integrated to distribute the total control forces
and moments into individual thruster commands.

The performance of the proposed MPC controller
is evaluated through simulation scenarios in which
the vessel is required to move from an initial point
to a desired target position under environmental
disturbances. The simulation results are compared
with those obtained using a conventional PID
controller in terms of trajectory tracking
performance, control forces and moments, total
control effort, and cumulative control energy
consumption. The results demonstrate that the
MPC controller achieves comparable trajectory
tracking accuracy to the PID controller while
generating smoother control signals, strictly
respecting actuator constraints, and significantly
reducing the total control force and energy
consumption.  These  results  confirm  the
effectiveness and superiority of the MPC-based
approach in improving energy efficiency and
operational reliability of marine vessel dynamic
positioning systems.

Keywords: Dynamic Positioning (DP), Model

Predictive Control (MPC), Energy efficiency,
Thruster Allocation.

1. M& dau

Hé théng dinh vi dong (Dynamic Positioning -
DP) cho phép tau bién duy tri vi tri va huéng mong
mudn chi bing cic co ciu ddy, khong can neo hodc
lién két vat 1y v6i moi truong xung quanh. Cong nghé
nay déng vai trd quan trong trong nhiéu linh vyc nhu
khai thac dau khi ngoai khoi, ho trg lan sau, khao sat
dia chét va lip dat cac cong trinh bién. Tuy nhién,
trong diéu kién lam viéc thuc té, tau DP thudng xuyén
chiu tac dong cia song, gio va dong chay, khién hé
thdng diéu khién phai lién tuc diéu chinh luc ddy dé
duy tri trang thai mong muén [10].
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Mot trong nhitng vin dé ndi bat ctia hé thong DP
hién nay 1 mirc tiéu thu nang luong 16n, xuat phat tir
su bién thién nhanh va khong can thiét cia luc dy.
Céc bo diéu khién truyén théng nhu PID c6 wu diém
vé ciu trac don gian nhung thuong tao ra tin hiéu diéu
khién dao dong manh, d& dan dén hién tugng bao hoa
cong sudt va giam tudi tho co cau chp hanh. Trong
bdi canh yéu cau giam chi phi khai thac va phat thai
ngay cang dugc quan tam, viéc nang cao hiéu qua
nang luong cho hé thdng DP tré thanh mot muc tiéu
quan trong [8].

Diéu khién dy bdo mé hinh (Model Predictive
Control - MPC) 1a mot phuong phap diéu khién hién
dai, cho phép t6i wru héa hanh vi ciia hé thong trong
tuong lai dua trén md hinh toan hoc. Nho kha nang
tich hop truc tiép cac rang budc ciia co cau chip hanh
vao bai todn t6i uu, MPC dac biét phu hop dé han ché
bién thién Iyc day va giam cong sudt tidu thy trong hé
théng DP [15].

Xuit phét tir cac phan tich trén, bai bao tap trung
nghién ctru thiét ké b diéu khién MPC cho hé théng
dinh vi dong tau bién theo hudng giam bién thién tin
hiéu diéu khién va nang cao hiéu qua st dung ning
luong, dong thoi van dam bao yéu cau 6n dinh va do
chinh xac dinh vi.

2. M hinh toan hoc tau thity trong hé thong DP
2.1. M6 hinh todn mé ti chuyén dpng tau thiy

Chuyén dong cua tau thiy duoc mé ta nhu chuyén
dong cuia mot vat rin trong moi truong chét long véi
sdu bac ty do. Trong bai toan dinh vi dong, chuyén
dong cua tau chil yéu dugc xét trén mit phang ngang,
bao gém ba bac tu do: Trugt doc (surge), trugt ngang
(sway) va quay tr¢ (yaw) [1,10].

Xét mé hinh chuyén dong phing cia tau trong hé
toa dd g'fm véi Trai dat, vecto trang thai dugc xac dinh
boi:

T
n=[z.y.y] (0

Trong do: z,y 1a toa d9 vi tri vay 1a goc huodng tau.

Phuong trinh ddng luc hoc rat gon cta tau DP trén
mit phing ngang ¢ dang:

Mo+Dv=1+d 2)

Trong d6: v 1a vecto véin tdc, M 1a ma tran khoi
lugng - quén tinh, D 1a ma tran can thiy dong lyc hoc
tuyén tinh, d 1a nhiéu moéi truong, 7 1a vecto luc va
mo-men didu khién do cac may ddy tao ra, voi:
T= [E LM, ]T 1a vecto luc va md men diéu khién
do h¢ thong DP tao ra [5, 9].

Cac lyc diéu khién bi rang budc boi gidi han vét Iy
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cua co cau chap hanh:

|z’i|£‘r

i,max 1=2,Y,2 (3)

O tdc d6 thap dic trung ctia hé DP, cac thanh phan
phi tuyén bac cao c6 thé duge bo qua hodc gop vao
ma tran can tuyén tinh ma khong lam giam déng ké do
chinh xac ciia mo hinh.

2.2. M hinh phan bo lyc ddy trong hé DP

Trong hé thdng dinh vi dong (Dynamic Positioning
- DP), co ciu ch?ip hanh ¢6 nhiém vu tao ra cac luc va
mo men diéu khién nhim duy tri hodc diéu khién
chuyén dong cua tau theo quy dao dat trude. Cac luc
nay dugc sinh ra thong qua cac thiét bi day nhu chan
vit chinh, chan vit miii, chan vit phuong vi hoac cac
thruster bén. Bai bao nay xét mo hinh tong quat cua
co cau chép hanh va bai toan phan bé lyc day trong
mit phiang chuyén dong ngang cia tau.
a. Mé hinh lyc tong trong hé DP

Trong mit phing chuyén dong ngang, vecto luc va

mo men téng tac dung 1én than tau dwoc biéu dién
trong h¢ toa do than tau nhu sau [4]:

T=7,|= F; 4)
TZ MZ

Trong do: F, va F, lan luot 13 luc doc va luc
ngang tac dung 1én than tau,
M, 1a m6 men quay quanh tryc thing dung di qua
trong tam tau.
Vecto lyc tong 7 duge sinh ra tir cac co cdu chip
hanh thong qua quan h¢ tuyén tinh:
7=DBu

V6i u=[uy,uy,u..u,] € R"1a vecto luc (hoic

cong sut) didu khién ctam thruster, B e R*™1a ma
tran phan bd luc (thruster configuration matrix), phu
thudce vao vi tri lép dat va huéng lyc cia tung thruster.

Ma tran B c¢6 dang tong quat:

cosq, cosa, Cos a,
B= sing, sina, sinea,
lySine, —l,cosay 1,sina, —1,C08a, I,Sina;—1,,C0Sa,

Trong d6 1,114 toa do cua thruster thit i so voi
trong tam tau, va ¢, 1a géc phuong luc cua Thruster do
trong hé toa do thén tau.
b. Rang bugc co cau chdp hanh trong DP

Do gidi han vat 1y cla cac chan vit va bd truyén
dong, tin hiéu diéu khién cua mdi co cdu chép hanh bi
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rang buje: u" <wu, <u,i=1,2,3..n

Hay duéi dang vector: wu,,, <u, <u,,, trong do

min —

Uiy VA Uy, 180 Tuot 13 cdc vecto gidi han dudi va trén

ctia lyc (hodc cong suat) thruster.

Céc rang budc nay dugc xem xét truc tiép trong b
diéu khién MPC (Muc 3.1), déng thoi déng vai tro
quan trong trong bai toan phan b lyc ddy nham dam
bao tinh kha thi va an toan cho hé thng.

3. Thiét ké diéu khién
3.1. Thiét ké b diéu khién dw bdo mé hinh theo
hwdng tiét kigm ning luong

B6 diéu khién du bao mé hinh (Model Predictive
Control - MPC) 1a mot phuong phap diéu khién t&i wu
dua trén mo hinh, trong d6 tin hi¢u diéu khién dugc
xac dinh théng qua viéc giai mot bai toan tbi wu tai
mdi thoi diém 14y mau. Uu diém ndi bat cia MPC 1a
kha nang xu 1y truc tiép cac rang budc bién cua tin
hiéu diéu khién va trang thai hé thong, diéu nay dic
biét phu hop véi cac hé thong dinh vi dong tau bién,
noi céc co cdu chap hanh ludn bi giéi han boi kha ning
vat 1y [3,4].

Trong nghién ctru nay, bo diéu khién MPC duoc
thiét ké dua trén mo hinh dong luc hoc roi rac ciia mo
hinh tau. Tai mdi budc thoi gian, MPC sir dung mo
hinh nay dé du bao hanh vi twong lai cta hé théng
trong mot mién du bao hitu han. Trén co s& d6, mot
day tin hiéu diéu khién t6i wvu dugce tinh toan nhim dua
trang thai tau tién gan t6i gia tri mong mudn [11].

a. Mo hinh roi rac hoa

Tt mod hinh lién tuc cta tau DP, m6 hinh roi rac
dang tuyén tinh bat bién theo thoi gian dugc xay dung
v6i chu ky 1dy mau T, [3]:

2(k+1) = Ax(k)+ B, u(k) 5)

Trong d6 z 13 vecto trang thai, u 1a vecto diéu
khién.

b. Ham muc tiéu bg diéu khién MPC

bé nang cao hiéu qua nang lugng, ham muyc tiéu
cua bo diéu khién MPC duoc lya chon sao cho khong
chi giam sai s6 bam ma con han ché bién thién cua tin
hiéu diéu khién [12,14]:

Nﬁ 2 Nz:_l 2
J= % Q(k+i)-n, (k+i) + T RlAu(k+j) (6)
i=1 j=

Trong d6 @, R 1a cac ma tran trong s6 va Np la

chiéu dai mién dy béo. N, 14 ctra s6 diéu khién. Thanh
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phin Qln, (k+ i), (k+i)| dam bao o chinh xdc
dinh vi, thanh phan R|Au(k + 5)|" dam bao lam tron
tru tin hiéu diéu khién, gitp giam cong suét tiéu thy
va chéng hao mon co cu chap hanh.

c. Rang budc diéu khién DP trong MPC

Trong hé théng Dinh vi dong (Dynamic
Positioning - DP), mét trong nhiing wu diém 16n nhét
ctia Piéu khién dy bao mé hinh (MPC) chinh 1a kha
nang xir 1y truc tiép cac rang budc (constraints) ctia hé
thdng day ngay trong qua trinh tinh toan t5i wu héa.
Trong bai toan DP, ching ta khong chi quan tim dén
viéc tau dung yén tai mdt vi tri ma con phai dam bao
céc co cdu chap hanh (thrusters/propellers) hoat dong
trong gi6i han vat Iy. Bai toan t6i wvu MPC duoc giai
véi cac rang budc [7]:

Rang budc bién cia luc day: Upin S U < Uy s
Trong d6 u, 1a vector lyc diéu khién tai thoi diém &

Rang budc toc do thay d6i luc ddy: Cac dong co
va hé thong thity lyc can thoi gian dé ting hodc giam
cong suat. Viéc thay doi luc day qua nhanh sé& gay hai
cho may moc (co cAu thue hién), diéu kién rang budc
nay 1a Aw,, <u(k)—u(k—1)<Au,, hodc viét
cach khdc 1a [Au(k)| < umac .T, v6i T, 1a chu ky ldy
mau.

Viée dua cac rang budc ndy vao bai toan tdi wu
doéng vai tro quan trong trong viéc giam dao dong luc
déy va nang cao hiéu qua ning luong cta hé thong.
d. Phdn bé lyc ddy (Thruster Allocation)

Bai toan phan bd luc ddy (Thruster Allocation
Problem - TAP) dugc dit ra nhim xac dinh vecto diéu
khién u sao cho: Tai tao chinh xé4c (hodc gan diing tbi
uu) vecto lyc didu khién tong quat 7 do bd diéu khién
MPC sinh ra. Théa mén céc rang budc co ciu chép
hanh. Giam thiéu tiéu thy niang luong hodc nd lyc diéu
khién [13].

Trong nghién ctru nay, bai toan phan b luc duoc
md hinh hoéa dudi dang bai toan tdi wu bac hai:

min J, =u"W,u (7

Vi didu kien 1a: 7= Bu, v, <u <,

Trong d6: W, =W/ >0 (ma tran x4c dinh
duong) la ma tran trong s0, phan anh tiéu chi tiét kiém
nang lugng va han ché sir dung thruster.

Trong bai bao nay, bai toan phan bé lyc dugc giai tai
mdi bude 1dy mau va tich hop truc tiép voi bo didu
khién MPC, giup dam bao rang tin higu diéu khién
cudi cung vira thoa méan yéu cau diéu khién chuyén
dong, vira tdi wu vé ning luong.

e. So do khoi cau tric diéu khién MPC cho hé thong
dinh vi dong (DP)
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So db khéi chu trac diéu khién MPC cho hé thong
dinh vi dong (DP) dugc dua ra nhu Hinh 1, trong d6 bd
diéu khién MPC duoc sir dung 1a bo didu khién MPC
phan hoi dau ra, co sir dung bd quan sat trang thai
(Obserer) va bo udc lugng nhiéu (Disturbance Estimate).

System noise

,,,,,,,,,,,,,,,,
(e |
Reference|| % |
trajectory v
4 Y, MPC

&
Observer

Measurement
noise

—1 Y,

[r Ship dynamic

Estimate |, model DP

Hinh 1. So dé khéi cdu tritc diéu khién MPC cho hé
thong dinh vi dpng (DP)

Trong so do ciu trac trén:

Bé quan sat trang thai (State Observer): Trong hé
thdng DP, khong phai tit ca cac bién trang thai (nhu
vén toc thye cla tau trong méi truong nhidu) déu co
thé do dugc mot cach chinh xac. Do d6, mot bd quan
sat trang thai duogc su dung dé uée luong vector trang
thai z[11].

Phuong trinh thiét ké bo quan sat c6 dang:

i=Ai+Bu+L(y—7)
j=Ci

Trong dé:

7 1a vector trang thai u6c lwong (vi tri va vén tdc).

y—7 lasaisb giita gia tri do thyc t tir cam bién
(GPS, IMU) va gia tri dy bao tir mo hinh.

L 1a ma tran hé s khuéch dai (Gain matrix) cta
bd quan sat, duoc tinh toan dé dam bao sai sé ude
lwong hoi tu vé 0.

Bé wée lwong nhiéu (Disturbance Observer):

Vi cac thanh phan nhidu méi truong d  (séng, gio,
dong chay) thuong khong thé do truc tiép, bd wdc
luong nhiéu duoc thiét ké dé cung cap gia tri bu nhidu
cho bo diéu khién MPC, gitip nang cao do chinh xac
dinh vi.

Mo hinh nhiéu thudng dugc gia dinh 1a nhiéu c6
téc do thay ddi cham (d ). Phuong trinh thiét k& bo
ude lugng nhidu co ban 6 dang [11]:

d=H(y-19)

Trong do:

d : La gia tri nhidu méi trudng duoc ude luong.

H : La gia tri nhiéu mdi truong duge ude lugng, Gia
tri d sau do dugc phan hdi truc tiép vao bo diéu khién
MPC dé tinh toan lyc bu nhidu chi dong, gitp tiu giit vi
tri tot hon ma khong can doi sai s6 vi tri xay ra qua 16n.

Coéng nghé s6, tw dong hoéa va trng dung hang hai

3.2. Bé diéu khién PID

Trong thuc té, bo diéu khién PID van dugc str dung
rong rai trong cac hé théng dinh vi dong tau bién nho
chu trac don gian, d& trién khai va do tin cay cao. Ddi
v&i nhiéu hé théng DP thuong mai, PID dugc xem la
giai phép tiéu chuan do khong doi hoi mé hinh dong
luc hoc chi tiét va c6 kha nang lam viéc 6n dinh trong
nhiéu diéu kién van hanh khéac nhau [6].

Trong nghién ctru nay, bo diéu khién PID dugc thiét
ké cho timg kénh diéu khién lyc va md men cta hé
théng, bao gém lyc doc  F, lyc ngang FL va mo men
quay M, . Luat diéu khién PID tong quat cho moi
kénh c6 dang:
de,(t)

dt
trong do e, (¢)1a sai léch giira gia tri dat va gia tri thuc
cia dai luwong diéu khién tuong tUng, con
K, K, K, lan luot la cc hé so ti 1&, tich phan va

pir i

vi phan.

7(t)=K

p,?ei

()+K, [ e(t)it+ K,

®)

Céc tham sé PID dugc lya chon va hiéu chinh theo
nguyén tic dam bao hé thong dat duogc kha ning bam
quy dao mong mudn véi dap ing on dinh, khong dao
dong 16n va khong gdy qua diéu khién. Viéc hiéu
chinh tham s duoc thuc hién thong qua md phong,
dua trén kinh nghiém thyc tién va cac tiéu chi chat
lugng nhu thoi gian xac 1ap, sai 1éch tinh va d6 dao
dong cua tin hi¢u diéu khién.

Pé dam bao tinh cong bang trong so sanh véi bd
diéu khién MPC, cac tham sb PID dugc diéu chinh sao
cho chit lugng bam quy dao cua tau twong duong véi
truong hop st dung MPC trong cung kich ban mo
phong. Ngoai ra, cac luc diéu khién sinh ra boi by PID
cling dugc gidi han trong ciing mién rang budc bién
nhu bd diéu khién MPC, phan anh ding gidi han vét
Iy cia hé thong chap hanh trén tau.

Mic du bo diéu khién PID c6 kha nang duy tri quy
dao mong mudn, phuong phap nay khong xét truc tiép
dén bai toan t6i wu nang lwong va khong co kha ning
du bao hanh vi tuong lai cta hé théng. Do do, trong
cac ché do lam vigc kéo dai, tin hidu diéu khién cua
PID thuong c6 bién d6 dao dong 16n hon, din dén tong
nang luong tiéu thu cao hon so vdi cac phuong phap
diéu khién toi ru nhu MPC. Day ciing chinh 14 co s&
dé sir dung bo diéu khién PID lam dbi tuong so sanh
nham 1am rd uu diém cua bo diéu khién MPC duoc dé
xudt trong bai bao.

4. M6 phéng va danh gia két qua

Trong muc nay, cic bo didu khién di xdy dung,
bao gdm bo didu khién dy bdo mé hinh (MPC) va bd
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diéu khién PID, dwgc danh gia thong qua céc kich ban
mo phong sd. Muc tiéu 14 so sanh kha ning bam quy
dao, nd luc diéu khién va mic tiéu thu nang lugng cia
hai phuong phap diéu khién trong bai toan dinh vi
dong tau bién.

4.1. Kich béin va tham sé6 mé phéng

Kich ban mo6 phong dugc xay dung cho bai toan
diéu khién tau di chuyén tir diém ban dau A dén diém
dich B trong miat phang ngang. Quy dao dit
n, =[x, v, w,] duge xdc dinh sao cho tau dat
duogc vi tri mong muodn véi sai léch nho nhat.

Bing 1. Théng sé tau mé phéng trong nghién ciru

Théng s6 Gia tri
Pé dai 77,7 (m)
Chiéu réng 20 (m)
Mén nude thiét ké 4.6 (m)
86 cor cdu ddy 3

1.0e*, 2.0e*, 1.0¢’) N.m
(3.8¢*, 4.7¢*, 3.6¢’) N.m
Hang s6 thoi gian T 1(s)

Gioi han hrc Umin

Gioi han lyc .

Vi tri Thruster 1 (x;, y1) (30, 8) (m)
Vi tri Thruster 2 (x1, y1) (30, -8) (m)
Vi tri Thruster 3 (x1, y1) (-35, 0) (m)
Mll 5.3122¢6
M22 8.8231e6
M33 3.7454¢9
DIl 5.024¢4
D22 2.7229¢5
D23 -4.3933¢6
D32 -4.3933e6
D33 4.1894¢6
Bing 2. Thong sé mé phong MPC trong nghién ciru
Théng s6 Gia tri
Thoi gian ldy mau: Ts 0.2 (s)
Cira 56 dy bdo: N 20
Cita s6 diéu khién: Ne 5

Trong s6 trang thdi: Q diag(100,100,50)
diag(10,10,50)

diag(1,1,0.5)

Trong s6 diéu khién: R

Trong s diéu
khién: Wu

Bing 3. Bing thong sé cai dit by PID

Théng s6 Gia tri
K» 2.46
Kr 0.12
Kp 1.89
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Mo hinh dong lyc hoc tau dugc xét voi ba bac ty
do (surge, sway va yaw), pht hop véi hé théng dinh
vi dong. Cac nhiéu méi trudng tac dong lén tau, bao
gdm nhiéu séng va gio, dugec mo hinh hoéa dudi dang
nhidu ngoai sinh gi¢i han nham phan anh diéu kién
lam viéc thyc té.

Céac rang budc luc diéu khién cta co ciu chéip hanh
dugc ap dat nhu trong muc phan bo lyc day, dam bao
tin hiéu diéu khién ludn nam trong giéi han vat 1y cho
phép. Céc tham s6 cua bo diéu khién MPC va PID
dugc higu chinh dé dam bao kha ning so sanh cong
béng giira hai phuong phéap.

4.2. So' d6 moé phéng bj diéu khién MPC trong
hé DP

Céu triic mod phong Simulink nhu trén Hinh 2. Cac
mo hinh b diéu khién MPC, mé hinh phén bé luc, md
hinh tau thuy trong hé DP, mé hinh b quan sat, mo
hinh u6c lwong nhidu dugc xay dung bang m-file theo
cac phuong trinh da dua ra ¢ trén.

c
cIosl_fen
T Disturbances
Traiestory =
Fx. Fy. M2 % .
o 5 ST
Ol e aforance -H = 0
Clock3 Ll = L i’ -
= e oo LI - y
T Trajsstory P4 . & 7 .
L Vessel Medel (DP)
WEC Contralier Thruster Alceation 1 Input Saturation
Comute 30
- ]
Total Control Effort Cumuiative
Estimate Disturbances Control Energy
fin vh
‘ cpserver
-vh +
fon

Hinh 2. So' dé6 mé phéong bj diéu khién MPC cho h¢
théng dinh vi dpng (DP)

Trong md phong, nhidu moi truong tic dong lén
tau dugc mo hinh hoéa dudi dang luc va mémen nhiéu
trong hé toa do than tau. Cac nhiéu nay dai dién cho
tac dong tong hop cia song, gié va dong chay. Nhiéu
dugc gia thiét 1a qua trinh ngiu nhién, c6 gia tri trung
binh bang khong, tinh chét ding va ergodic. Trong mo
phong, nhidu dugc tao bang nhiéu Gaussian tring véi
bién d6 hiru han va duoc cong tryc tiép vao phuwong
trinh dong lyc hoc cua tau.

4.3. Két qui mé phong va danh gid

Trong muc niy, hiéu qua ciia by diéu khién MPC
duogc danh gid va so sanh véi bo diéu khién PID thong
qua nam d6 thi md phong, bao gdm quy dao chuyén
dong, cac thanh phén Iuc diéu khién Fx, F y moO-men
quay Mz tong lyc diéu khién va tong nang lugng diéu
khién tich liy.

a. Két qua mé phong va danh gid quy dao tiv A dén B
v6i bé diéu khién MPC va PID.

Quy dao chuyén dong cua tau Hinh 3 minh hoa
quy dao di chuyén cua tau tir diém ban ddu A dén diém
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dich B trong mit phang ngang dudi tac dong cua hai
bd diéu khién MPC va PID. Két qua cho thdy ca hai
bd diéu khién déu dam bao tau dat dugc vi tri mong
mubn véi sai 1éch nho.

Trajectory from A to B
T T T

* Point Al
* Point B|

Hinh 3. Pé thi quy dao chuyén déng ciia tiu tiv A
dén B

Pang chu y, quy dao cla tau dudi tdc dong ctia bo
diéu khién MPC trang khép voi quy dao ctia bo dicu
khién PID, cho thdy hai phuong phap dat duoc mirc
d6 bam quy dao twong dwong. Diéu ndy dam béo tinh
cong bang trong so sanh, dong thdi cho phép danh gia
hiéu qua cda céac bd diéu khién dya trén nd luc didu
khién va tiéu thu ning luong.

b. Két qua mé phéng va danh gid lye diéu khién theo
phuong doc Fx, Fy giita MPC va PID

Két qua md phong luc diéu khién theo phuong doc
Fx, Fy gitta MPC va PID duoc thé hién trén Hinh 4, 5.

Hinh 4 va Hinh 5 mé ta cac thanh phan luc diéu
khién Fx va Fy do b diéu khién MPC va PID sinh ra.
C6 thé nhan théy rﬁng cac luc didu khién cua hai bd
diéu khién c6 xu huéng bién thién twong dong, phan

5 x10° The surge force Fx: MPC, PID controllers
T T T T T T
4 iy s P |
3 4
2
~ 1
£ +PID
w —MPC
1 -
2 e
e
N "
4 i
U U U S
5 L | L L L L
0 5 10 25 30 35 40

Hinh 4. D6 thi lirc diéu khién Fx

2 <10° The yaw moment Mz: MPC, PID controllers
- T T T " " r .
- - PID
—MPC
o5k
H
23
N
=
-]
\ - - '
! [ e it et e —
4 = = - L - I . .
0 5 10 15_ 20 25 30 5 20
Time (s)

Hinh 6. D6 thi mé-men quay M,
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4anh yéu cau bam quy dao gidng nhau.

Tuy nhién, tin hi¢u diéu khién cua bd diéu khién
PID xuit hién dao dong 16n hon, dic biét trong giai
doan qua do. Ngugc lai, b diéu khién MPC tao ra luc
didu khién muot hon va tiém can ranh giGi rang budc
mot cach co kiém soat. Didu nay cho thay MPC xir Iy
truc tiép cac rang budc lyc trong bai toan t6i uu, trong
khi PID khong c6 kha ndng nay.

c. Két qua mé phong va danh gid mé men quay Mz
gitta MPC va PID.

Hinh 6 thé hién m6 men quay Mz ciia hai bd diéu
khién.

Két qua cho thidy mo-men diéu khién ciia bo didu
khién PID c6 bién do 16n hon va xuét hién nhiéu dao
dong hon so véi MPC.

B diéu khién MPC tao ra tin hiéu Mz tron hon va
6n dinh hon, nho kha nang dy bao dién bién twong lai
ctia hé théng va t6i uu hoa tin higu didu khién trén mot
khoang thoi gian hitu han. Cuy thé trong khi bo diéu
khién PID duy tri nd lyc diéu khién cao, dao dong
quanh muc 3,9.105 dén 4,0.10°%, thi MPC duy tri 6n
dinh & muc thap hon dang ké, khoang 3,75.10%. Diéu
nay chung t6 MPC giup tiét kiém ning luong khoang
5-7% so voi PID.

Diéu nay gop phan cai thién cht lvong didu khién
huéng va giam tai cho cc co cdu chp hanh.

d. Két qua mé phéng va déanh gid tong lwc diéu khién
ctia MPC va PID.

Hinh 7 minh hoa téng luc diéu khién cua hai bo
diéu khién, dugc tinh toan dwa trén chuan Euclid cua

5% 10* The sway force Fy: MPC, PID controllers

I L
15.|.i"_|e (512(] 25 30 35 40

Hinh 5. D6 thi luc diéu khién F,

x10° total control effort
T : T

w

llut®)l|

36 Il Il 1 Il
15 Time (5)20 2% 30 35 20

Hinh 7. So sinh tong luc diéu khién ciia MPC va PID
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vecto luc diéu khién. Pugc tinh tir cac thanh phén luc
va md men diéu khién:

Uy (1) = F2(£)+ F2(t)+ M(t) , n6 phan anh
murc d§ su dung nang lugng dicu khién.

C6 thé quan st thiy rang tong lyc didu khién cta
b6 diéu khién MPC nhé hon so véi bo diéu khién PID
trong sudt qua trinh mo phong. Cu thé do chinh xac
va tinh 6n dinh: B9 diéu khién MPC (dudng xanh) duy
tri mo-men quay cuc ky 6n dinh tai gia tri xap xi
3,75.10°N.m sau giai doan qua do. Trong khi d6, PID
(dudng do6) khong chi tiéu ton luc 16n hon (duy tri &
mirc gan 3,9.10°N.m) ma con xuat hién nhiéu "gai"
nhiéu va dao dong lién tuc.

Két qua nay cho thay bo diéu khién MPC dat dugc
cung hiéu sudt bam quy dao véi nd lyc didu khién thip
hon, phan anh wu thé ctia phuong phéap diéu khién tdi
vu ¢b xét dén rang budc.

e. Két qua mé phong va danh gid tong ndang hrong
diéu khién cia MPC va PID

Hinh 8 mé ta tong ning lugng diéu khién tich liy
ctia hai bo diéu khién. Téng nang lugng diéu khién
duoc xac dinh thong qua tich phan theo thoi gian ctia
binh phuong tin hidu diéu khién. Puoc tinh bang tich
phan theo thoi gian cia téng luc binh phuong:

E(t) = j(Ff(z’)+Ff(r)+Mf(r))dr , n6 danh gia

hiéu qua ning lugng téng thé.

Két qua mé phong cho thdy bo diéu khién MPC
tiéu thy ning lugng thap hon so véi bd diéu khién PID.
Nguyén nhan 13 do MPC han ché cac dao dong khong
can thiét cua tin hiéu diéu khién va phan bd lyc mot
cach hop 1y giita cac co cdu chip hanh. Day 1a mot vu
diém quan trong cia MPC dbi v6i cac hé thong dinh
vi dong yéu cu van hanh lién tuc va tiét kiém nang
luong.

4.3. Nhdn xét

Két qua mé phong cho thiy bo didu khién MPC
dam bao kha nang bam quy dao twong duong véi bd
diéu khién PID. Tuy nhién, nho xét dén rang budc va
t6i wu ham muyc tiéu, MPC giup giam bién d6 dao
d6ng cua lyc diéu khién va 1am giam tong ning lugng
tiéu thy. Didu nay dic biét c6 y nghia dbi véi cac hé
théng DP lam viéc dai han.

5. Két luan

Bai bao nay di xay dung thanh cong bo diéu khién
du bao m6 hinh (MPC) cho hé théng dinh vi dong hoc
tau thay (DP) c6 xét dén cac rang budc vé co cdu chép
hanh. Thong qua viéc thiét 1ap ham muc tiéu téi wu
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hoéa da muc tiéu két hop v6i cac ma tran trong sb
Q,RW, pht hop, hé thong da ching minh dugc kha
nang duy tri vi tri va huéng tau 6n dinh ngay ca khi
chiu tac dong ctia nhiu moi trudong phire tap. Két qua
mo phong cho thdy MPC khong chi cai thién d chinh
xéc dinh vi so v&i bd diéu khién PID truyén thong ma
con dam bao cac tin hiéu diéu khién luén nam trong
gii han van hanh an toan clia may day. Viéc tich hop
trong s6 W, dé phat tbc d6 thay déi luc (Au) giup
lam min tin hiéu diéu khién, tryc tiép giam thiéu hao
mon co khi va nang cao hiéu qua str dung nang luong.

Han ché ciia nghién ciru

Maic du dat dugc nhitng két qua kha quan, nghién
ctru van con mot sd han ché can dugc xem xét:

M6 hinh hoa don gian: Nghién ctru hién tai dang
sir dung mé hinh tau tuyén tinh héa quanh diém lam
viéc, didu nay co thé dan dén sai léch khi tau van dong
v6i bién d¢ 16n hodc trong diéu kién bién cuc doan noi
céc dic tinh phi tuyén tré nén o rét.

Gid dinh vé ning lwong: Viéc xap xi ning luong
tiéu thu thong qua binh phuong luc day (u?) chua
phan 4nh hoan toan dic tinh phi tuyén gitra luc va
cong suét thuc té cua cac loai thruster khac nhau.

Huéng phit trién tiép theo

Trong cac nghién ctru tuong lai, tac gia du kién tap
trung vao cac hudng sau:

Piéu khién di bdo phi tuyén (NMPC): Ung dung
mo hinh phi tuyén day du dé nang cao do chinh xac
du bao khi tau thay ddi trang thai manh.

T6i wu héa nang leong thuc té: Xay dung ham
muc ti€u dya trén mo hinh cong sut thuc nghiém cua
may ddy dé ti da hoa tinh kinh té trong van hanh.

Thyc nghiém trén mé hinh: Trién khai thuat toan
trén mo hinh tau vat 1y trong bé thir dé kiém ching
tinh ding dan cuia cac két qua mo phong trudce khi tmg
dung thuc té.

Loi cdm on

Nghién ctru nay duoc tai tro boi Truong Pai hoc

Hang hai Viét Nam trong dé tai ma s6: DT25-26.71.
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