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

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

NGHIEN CUU XAY DUNG HE THONG THU NGHIEM SO
(DIGITAL TESTBED) PHUC VU NGHIEN CU'U PIEU KHIEN,
TAC PONG MOI TRUONG VA DPONG LUC HQC TAU THUY

RESEARCH ON THE DEVELOPMENT OF A DIGITAL TESTBED FOR
STUDYING SHIP MOTION CONTROL, ENVIRONMENTAL EFFECTS,
AND SHIP DYNAMICS
NGUYEN CONG VINH
Khoa Hang hai, Truong Dai hoc Hang hai Viét Nam
Email lién hé: vinhnc@vimaru.edu.vn
DOI: https://doi.org/10.65154/jmst.992

Tém tit

Trong linh vuc diéu khién chuyén dong tau thity,
dd cé nhiéu cong trinh nghién civu chuyén sau vé
mo hinh dong lyc hoc tau thuy, cdc thudt toan diéu
khién tw dong va tac dong ciia méi trieong bién
dén chuyén dong ciia con tau. Py la ba linh vie
nghién ciru khdc nhau nhung cé sw két néi, sie
dung két qua ciia nhau. Bai bdo dé xudt Hé thong
thir nghiém sé (Digital Testbed) nham tao cau noi
gitta cdac nghién ciru noi trén, phuc vu cong tac
nghién citu, so sanh va danh gia trong nghién ciru
diéu khién, tac dong moi truong va dong luc hoc
tau thuy. Digital Testbed duwoc trién khai trong moi
trueong MATLAB/Simulink véi kién triic mé-dun,
cho phép két néi linh hoat giita mé hinh tau thity,
mé hinh tac dong moi truong va cdc bé diéu khién
khdc nhau. Phan thic nghiém trong bai bdo sit
dung mot $6 mé hinh tau do Fossen dé xudt dwoc
diéu khién boi cac mdy ldi PID va Fuzzy Logic
nham minh hoa kha nang vmg dung ciia hé thong
thir nghiém so.

Tw khoéa: Digital Testbed, may lai tw dong tau
thuy, mo hinh dong luwc hoc tau thuy,
MATLAB/Simulink.

Abstract

In the field of ship motion control, numerous
studies have been conducted on ship dynamic
modeling, automatic control algorithms, and the
effects of the marine environment on vessel
motion. These represent three distinct research
areas; however, they are closely interconnected
and make use of each others results.

This paper proposes a Digital Testbed system to
serve as a bridge between these research domains,
supporting research, comparison, and evaluation
in studies of ship control, environmental

disturbances, and ship dynamics. The Digital
Testbed is implemented in the MATLAB/Simulink
environment with a modular architecture,
enabling flexible integration between ship models,
environmental disturbance models, and different
control algorithms.

The experimental section of the paper employs
several ship models proposed by Fossen,
controlled by PID and Fuzzy Logic autopilots, in
order to demonstrate the applicability of the
proposed digital testing system.

Keywords: Digital Testbed, marine autopilot,
ship dynamics modeling, MATLAB/Simulink.

1. Mé dau

Nghién ctru vé mé hinh dong luc hoc va tu dong
diéu khién tau thuy dudi tac dong cua cac yéu té moi
truong bién 1a hudng nghién ctru phd bién trong linh
vuc khoa hoc va céng nghé hang hai. Cac van dé lién
quan dén md phong chuyén dong tau, thiét ké hé thong
didu khién va phén tich anh huéng cua méi truong
bién c6 ¥ nghia quan trong ca vé mat ly thuyét 1dn ing
dung thyc tién.

Trong thuc té, cac cong trinh nghién ctru thuong
tap trung chuyén siu vao mot trong ba nhom van dé
chinh: (i) xay dung va phén tich m6 hinh dong luc
hoc, md phong chuyén dong con tau [3], [5]; (ii) thiét
ké, danh gia cac hé¢ thong diéu khién ty dong nhu
may lai ty dong [6], [9], hé théng vay giam lic [2],
hé théng dinh vi tau [7]; hodc (iii) mo6 hinh hoa va
phan tich tic dong ctia méi trudng bién thong qua
cac mo hinh soéng, gioé va dong chay [5]. Mac du cac
huéng nghién ciru nay c6 mdi lién hé chit ché, song
chung thuong duoc trién khai twong ddi doc 1ap boi
c4c nhoém nghién ctru khac nhau, trong nhitng diéu
kién va bdi canh khac nhau.

Su phan tach nay din dén han ché trong viéc tich
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hop va khai thac tong hop cac két qua nghién ctru
chuyén sau. Cu thé, cac nghién ctru vé bo didu khién
thuong duoc kiém nghiém trén cac mé hinh déi twong
v6i mirc d6 phirc tap han ché [6]; nguoc lai, cac nghién
clru tap trung vao mo hinh dong lyc hoc tau thiy su
dung céc thuat toan mo phong tién tién nhung lai duoc
thir nghiém véi nhimg bo diéu khién co ban [5].

Trén thé gidi, hé théng thir nghiém sb - Digital
Testbed (sau ddy goi tat 1a Hé théng Digital Testbed)
da dugc phat trién nhu mot hudng tiép can hiéu qua
nhdm két ndi md hinh dong luc hoc, mo hinh moi
truong va hé thong diéu khién tao thanh mot hé thong
phuc vu thuc nghiém [4], [8]. Cach tiép can nay tao
diéu kién két ndi cac két qua nghién ctru doc lap; cho
phép mot nghién ctru dé dang dugc kiém nghiém trén
nhidu d6i twong 1a két qua cua nhitng nghién ctru
chuyén sau khac, ddng thoi nang cao kha ning so sanh
voi cac nghién ctru cung linh vuc, qua d6 gia tang gia
tri khoa hoc va tinh Ung dung cla cac cong trinh
nghién clru.

Xuét phat tir thyc tién do, viéc xay dung mot Hé
thong Digital Testbed phuc vu nghién ctru chuyén
dong va diéu khién tau thuy dudi tic dong cia moi
truong bién 13 can thiét va c6 ¥ nghia ca vé khoa hoc
14n thyec tién.

2. H¢ thong Digital Testbed

Vi muyc ti€u néu trén, nhom tac gia da xay dung
Hé théng Digital Testbed trong méi truong
MATLAB/Simulink v6i dinh huéng nhu sau:

- Hé théng duoc td chirc thanh ba khoi chire nang
chinh, bao gém: (i) khdi diéu khién, (i) kh6éi mo
phong méi trudng va (iii) khdi dbi twong didu khién
(md hinh dong luc hoc tau).

- Cac mo-dun duge lién két thong qua chudn
truyén thong hang hai NMEA

- Hé théng c6 thé hoat dong & ché d6 mo phong
theo toc do xir Iy cia may tinh hodc & ché do thoi gian
thye, tuy theo muc dich nghién ctru va thir nghiém.

Vi kién trac trén, mdi nhom nghién ctru c6 thé
dong goi két qua ctia minh dudi dang mot mé-dun doc
lap va d& dang két ndi voi cac md-dun khac chira két
qué nghién ctru ctia dong nghiép. Khi van hanh & ché
d6 thoi gian thyc, Hé théng Digital Testbed c6 kha
nang két ndi truc tiép vai cac thiét bi hang hai that,
mé rong pham vi ing dung tir md phong thudn tay
sang thuc nghiém tich hop.

So d6 tong thé va cu trac chi tiét ciia cac mo-dun
duoc trinh bay trong Hinh 1.

Mé-dun 1: Khéi diéu khién
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Khéi diéu khién chira cac b diéu khién chuyén
d6ng cua tau thuy nhu may lai tw dong, bo diéu khién
huéng di, diéu khién quy dao hodc diéu khién bam
tuyén, diéu khién giam lc....

Tin hiéu dau vao cua khdi diéu khién bao gom
thong tin trang thai tau (vi tri, van tde, huéng di, d6
nghiéng,...) dwoc phan hoi tir khéi do luong. Dya trén
cac thuat toan didu khién duoc thiét ké, khdi diéu
khién tao ra tin hiéu diéu khién guri t6i khbi chdp hanh.

YT (17,1 S ———— IMO-GUN 2 b=
) Kni Knoi
; Diéu khién M6 phéng méi treéng
T B e o e
lemaaassasy A4 h 4
s ki L,
! Chap hanh _— s
[ Khoi M6 hinh déng Iwc hoc
: - con tau
L. | Knoi
i Do lrdng

Hinh 1. So d6 khéi hé thong

Mé-dun 2: Khéi mé phong méi truwong

Khéi mo phong moéi truong dam nhiém viéc mo
phong cac tdc dong ngoai lyc cia mdi truong nhu
song, gid va dong chays,...

Céc mé hinh méi truong c6 thé dugc xay dung
theo nhiéu murc d phirc tap khac nhau, tir cic mé hinh
tuyén tinh don gian dén cac mé hinh phd séng, gio
ngiu nhién hodc dong chay khong dong nhat.

Dir liéu méi trudng duogce truyén tryc tiép t6i khbi
md hinh dong luc hoc con tau, tac dong toi chuyén
ddng cua con tau ciing nhu két qua lam viéc cia bd
diéu khién.

Mé6-dun 3: Mé hinh dpng lwe hoc con tiu, co ciu
chdp hanh, do lwong va lwu triv

Mo-dun 3 tich hop ba khéi chirc nang chinh:

Khéi mé hinh dong luc hoc con tau

Day 1a khdi mo phong chuyén dong cua tau theo
céc phuong trinh dong luc hoc 0. Khdi nay nhan dong
thoi tac dong tir khdi chdp hanh va khéi méi truong,
sau do tinh toan trang thai chuyén dong cua tau theo
thoi gian thong qua phuong trinh:

Myv+CW)v+DWiv+gn) =1 (1)

Trong d6, ma tran khdi luong tong hop M bao gdbm
hai thanh phan 1 khdi lwong than tau (rigid body) va
khéi luong gia ting (added mass) do tuong tac thiy
dong gifra than tau va moéi truong nudc. Ma tran nay
phan anh dic tinh quan tinh cua hé théng va c6 anh
hudng truc tiép dén dap tng dong luc hoc cia tau. Ma
tran C(v) md ta céac lyc quan tinh phu thudc van tdc,
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thé hién tinh phi tuyén dic trung ciia chuyén dong tau
thiy. Ma trén giam chin D(v) biéu dién cac luc can
thity dong, thuong bao gom ca thanh phan tuyén tinh
va phi tuyén theo vén tdc. Cac luc va md men thiy
tinh dugc mo ta thong qua vecto g(7), phan anh anh
huéng cua lyc ndi va md men phuc hdi dén chuyén
dong cua tau, dic biét ddi véi cac chuyén dong lic
ngang va lac doc. Vecto 7 14 tong cac lyc va moé men
tac dung Ién tau, bao g6m luc diéu khién sinh béi cac
hé théng chap hanh nhu chan vit va banh 1ai, cling nhu
cac lyc moi truong nhu gid, song va dong chay.

Khoi co cau chdp hanh

Nhan tin hiéu diéu khién tir khéi diéu khién va mo
phong dong hoc cua cac co cdu chip hanh nhu banh
1ai, chan vit hodc hé théng ddy phu. Khdi nay chuyén
ddi tin hiéu diéu khién thanh lyc va mo-men tac dong
1én than tau. D6 chinh 1a mot phan cua thanh phan luc
va md men 7 trong cong thuc (1).

Khoi do lwong va luu triv

Co nhiém vu thu thap va xur 1y cac bién trang thai
cua con tau (vi tri, van tde, hudng di, gia tde,.. .), md
phong tin hiéu tir cac thiét bi do trén budng lai. Di
lidu do luong dugc phan hoi vé khdi diéu khién dé
hinh thanh vong diéu khién kin.

Két qua do ludng duogc ciing s& duge luu trir dé
phuc vu cho viéc nghién ctru.
3. Két qua thwe nghiém
3.1. Diéu ki¢n thwe nghigm

Viée thyc nghiém dugce thyc hién trong moi trueong
Simulink ciia Matlab nhim d4nh gia kha ning két ndi
cac md hinh tau thuy, bd didu khién va méi truong vao
Hé thong Digital Testbed. Két qua thuc nghiém khong
c6 muyc dich danh gia, so sanh chét lwong cua cac bd
diéu khién, m6 hinh tau hay mé hinh méi trudng.

Két ndi giira cac khdi trong thyc nghiém duoc mo
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ta tai bai bao nay dugc thuc hién qua duong két ndi
cua Simulink.

Hai loai may lai tu dong dugc st dung trong
nghién ciru gdm may l4i PID truyén théng va may lai
md (Fuzzy). Dé ngan gon trong dién dat, sau day hai
may lai nay sé duoc goi tén la May 1ai PID va May lai
Fuzzy.

Phuong trinh diéu khién ciia May lai PID duoc
trién khai & dang roi rac trong MATLAB/Simulink
nhu sau:

e(k) = ¥,(k) —¥(k) 2)

5(k) = Kpe(k) + K, XX e(D Ty + K, (ek‘TeSk—l) 3)

Trong dé:

Kp - Hé sb khuéch dai ti 1¢;

K, - Hé sb khuéch dai tich phan;

K, - Heé sb khuéch dai vi phén;

T, - Chuky lay mau;

W, (k) - Huéng di yéu cau;

Y(k) - Hudng di hién tai.

Cachésd Kp, K;, K, cua may lai dugc lya chon
trong qua trinh thyc nghiém dé phu hgp véi doi tuong
dicu khién (con tau).

May lai Fuzzy duoc thiét ké voi cac ham thude dau
vao, dau ra md phong theo céach 1ai cua mot thuy tha
lanh ngh¢ véi hai dau vao 1a Bg 1&ch huong di A¥va
Toc d6 chuyén hudng » cua tau. Thong s6 cac ham
thudc nay dugc thé hién trén Bang 1 va Bang 2.

May lai Fuzzy c6 mot dau ra 1a goc bé 1ai 5 voi
ham thudc nhu trong Bang 3.

Bo diéu khién Fuzzy ciia may lai sir dung 63 luat
mo tao 1én bé mat dicu khién nhu trong Hinh 2.

Trong thuc nghiém, cac may lai néu trén didu
khién hai mo hinh tau dién hinh do Fossen dé xuat, o

Bing 1. Ham thuéc dau vao 1 ciia Mdy ldi Fuzzy (A®)

-vb -b -m -s zero +s +m +b +vb
zmf trapmf trapmf trimf trimf trimf trapmf trapmf smf
[-55 -50 [-27 -25 [4.520 [25 40
[-55 -50] 40 -25] 220 -4.5] [-5-1.50] [-101] [01.55] 2527] 50 55] [50 55]
Bing 2. Ham thuéc dau vao 2 ciia Mdy ldi Fuzzy (v)

-b -m -t zero +t +m +b
zmf trimf trimf trimf trimf trimf smf
[-3-1.5] [-2-1.8-0.3] |[-0.31-0.2-0.08]| [-0.1200.12] [0.08 0.2 0.31] [0.31.82] [1.53]
Bing 3. Ham thuéc déu ra My ldi Fuzzy (6)

-b -m -t Zero +t +m +b
zmf trimf trimf trimf trimf trimf smf
[-3-1.5] [2-1.8-0.3] |[-0.31-0.2-0.08]| [-0.1200.12] [0.08 0.2 0.31] [0.31.82] [1.53]
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la mo6 hinh tau container L=175m va mo hinh tau ché
dau (Tanker) c¢6 cac théng s6 nhu trong Bang 4.

ruddar.

40
3 wrr_course

Hinh 2. Bé mt diéu khién My ldi Fuzzy

Bing 4. Théng sé cdc tau trong thuc nghi¢m [3]

Chidu | Téc dd o~
Ang ‘. .. Luong gian
Mo hinh dai (hai o2
o nuéc (tan)
(m) ly/gio)
Container 175 14-16 30,000
Tanker 260 12-14 200,000

Tinh hudng thuc nghiém nhu sau: Tau chay 6n
dinh trén hudng di ¥ = 0° tai gidy thir 50, hudng di
yéu cau dugc chuyén sang huéng ¥= 30°

Tac dong ciia moi truong dén dic tinh diéu dong
clia con tau va chat lugng diéu khién ciia may lai dugc
thyc nghiém véi mo hinh tau Tanker tai hai diéu kién:
Moén nuée sau (30m) va tai mén nude han ché (20m).

Hé thong tu dong ghi lai dit liéu phuc vu viéc danh
gi4 trong nghién ciru nhu huéng miii tau ¥, toc do
quay trd cua con tau r, goc bé 1ai 5.

So dd khdi thé hién cac bai thuc nghiém nhu trén
Hinh 3 va Hinh 4. Toan b hé¢ thong (phwong trinh
dong luc hoc cua con tau, cac may ty dong lai diéu
khién huéng di) dugc thiét 1ap trong méi truong
Matlab/Simuink.

Mé-dun 2 —~ Mé-dun 3
_ [ T e

Mé-dun 1

86 @du khibn Fuzzy Logic

<l
p: i
® iz ACET | .

30

Huong ai mol

(500 1> 50

80 dém [s]

Hutng di ban ddu

Hinh 3. So' dé khéi thie nghi¢m véi mé hinh tiu
Container voi Mdy ldai Fuzzy
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Cac khdi do luong ciing nhu cac két ndi déu su
dung cac khdi co sin cua Simulink. Dit liéu truyén
giita cac khdi dugc thé hién trén cac dudng két ndi
trén Hinh 3 va Hinh 4.

Mé-dun 2 Mé-dun 3

T
vy
8

E)
v
Y

LS6 5

Mo-dun 1 105 3du (]

= o
’\;}
3 G b4 e ]
! iom

tpmiwe| =

MG hinh thu Tarker

g ——]

Hinh 4. So dé khéi thwe nghi¢m véi mé hinh tiu
Tanker voi May lai PID

Huréing di ban ddu

Viéc chuyén Hudng di ban dau ¥'= 0 °sang huéng
di moi #'= 30 °tai giay thir 50 dugc thyc hién qua bd
dém thoi gian va chuyén mach trong Mo-dun 1 nhu
trén Hinh 3, Hinh 4.

Trong thyc nghiém, mdi may l1ai déu dugc thir
nghiém v6i ca hai Tau Tanker va Tau Container. Do
vay ngoai cac bai thir nghi¢m dugc thé hién tai Hinh
3, Hinh 4 con c6 hai bai thyc nghiém véi sy hoan doi
mo-dun 1 trong so d6 tai Hinh 3 véi mo-dun 1 trong
so dd tai Hinh 4.

Dir liéu duoc hé thong tu dong ghi lai dugc thé
hién trén céc d6 thi tir Hinh 5 dén Hinh 9.

3.2. Két qua thwe nghiém véi mdy ldi Fuzzy

Hinh 5 va Hinh 6 trinh bay két qua thuc nghiém
cua may lai Fuzzy véi hai m6 hinh tau Container va
mo hinh tau Tanker.

B diéu khién Fuzzy Logic ciia may lai ty dong co
cac ham thudc dugc thiét ké mo phong theo cach lai
tau cua mot thuy thu véi viée chia goc bé 1ai thanh 3
cap do6 (goc bé 14i 10n, goc bé 1ai trung binh va goc bé
1ai nho) (Bang 3) va diéu chinh thoi gian giit banh lai
& cac goc nay tiy theo vén te goc r (tbe d6 quay trd)
va d6 1éch hudng di Ay cia con tau. Véi thuat toan
nay, bo diéu khién c6 dai thich ng rong, c6 thé didu
khién nhiéu ddi twong c6 dic tinh diéu khién dang phi
tuyén khac nhau.

Trong bai thuc nghiém véi mo hinh tau Container
(cé tdc do cao, lugng dan nudce trung binh), May lai
Fuzzy can thoi gian qua d6 dé hoan thanh viéc chuyén
hudng 30° 14 100 gidy (Hinh 5). D6i v6i mé hinh tau
Tanker, do tau ¢6 quan tinh 16n nén thoi gian qua do
tang 1én dén 400 gidy (Hinh 6).
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v [°]

r°/fs)

S8 P

30 400 450 5:00
t(s]
Hinh 5. Mdy ldi Fuzzy diéu khién mé hinh
tau Container

w [

r°/s]

S I

8 I°
& N
8 o 8
T
I

Hinh 7. My ldi PID diéu khién mé hinh

3.3. Két qua thwe nghiém véi May ldi PID

Hinh 7 va Hinh 8 trinh bay két qua mo phong
chuyén dong cta hai mé hinh tau khi sir dung May li
PID. M6 hinh tau Container hoan thanh viéc chuyén
hudng véi thoi gian qua d6 1a 200 gidy véi do qua diéu
chinh 1a 8°. M6 hinh tau Tanker hoan thanh viéc
chuyén hudng vai thoi gian qua do 1a 400 gidy véi do
qué diéu chinh 1a 8°.
3.4. Anh hwéng ciia diéu kién moi trwong dén
vigc diéu khién con tiu

Pé minh hoa viée su dung HE théng Digital
Testbed trong vi¢c thu nghiém tac dong cua moi
truong d6i véi viée diéu khién con tau, tau Tanker
duoc thuc nghiém & 2 d sau khac nhau: B¢ sau 30m
va do sau 20m. Két qua thu dugc nhu trén Hinh 8 va
Hinh 9.

Mon nudce cua tau Tanker 1a 18m, do vay & ving
nudc c6 d6 sau 30m, hoan toan khong xay ra hi€u Gng
nuée néng. Két qua thue nghiém duoc thé hién tai Hinh
8. Tai khu vuc nudc cé d sdu 20m, tac dong tur hiéu
(g nude nong thé hién 16 rang nhu trén Hinh 9. May
1ai can t6i 650 gidy dé hoan thanh viéc chuyén hudng
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rle/s]
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Hinh 6. My ldi Fuzzy diéu khién mé hinh

tau Tanker

w [
3
:
|

/s

o 100 200 300 400 500 600 700 800 900 1000

ts]
Hinh 8. May ldi PID diéu khién mé hinh

con tau tr = (¥ t&i y = 30°. Sau khi hoan thanh viéc
chuyén hudng, banh 14i van phai duy tri 1éch mot goc
tir 12 dén 2° dé chéng lai hiéu mg nudc ndng cd xu
hudng 1am mii tau dat v& mot bén (Hinh 9).

3ol

20}

v [

r[efs]

S [
aay
ﬁ

Hinh 9. May ldi PID diéu khién mé hinh
tau Tanker khi c6 han ché mon nwéc
4. Két luan

Cac két qua cac thuc nghiém trén da minh hoa viéc
sir dung Hé thong Digital Testbed trong hoat dong
nghién ciru tu dong diéu khién, tac dong moi truong
va dong luc hoc tau thuy.
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Ngudi nghién ctru vé didu khién tau co thé két ndi
b didu khién ctia minh vao hé théng dé chay thi, hidu
chinh véi nhiéu d6i tugng diéu khién (con tau) khac
nhau; ¢6 thé so sanh két qua lam viéc cua bd diéu
khién cia minh v6i bo didu khién cua céc tac gia khac.

Ciing twong tw nhu vy, ngudi nghién ciru vé dong
Iyc hoc tau thuy hoan toan co thé thuc nghiém mo
hinh tau cta minh véi nhiéu loai may 14i, didu kién
thoi tiét khac nhau dé hiéu chinh dic tinh diéu dong
ctia con tau dang duoc nghién ctru, thiét ké.

Trong twong lai, H¢ théng Digital Testbed c6 thé
phat trién theo hudng sau:

- Tap hop nhiéu mé hinh dong luc hoc tau thuy,
mo hinh nhidu dong méi trudng thanh mot thu vién
chung phuc vu cho cac nghién ctru vé diéu khién
chuyén dong tau thiy.

- Thiét ké Heé thdng Digital Testbed thanh cic mo
dun chay doc 1ap trén cac may tinh riéng biét va cho
phép két ndi thong qua cac cbng vat 1y theo chuin
hang hai (NMEA). Bang cach nay, viéc trién khai cac
thuc nghiém khi nghién ciru tai phong lam viéc sé rat
gan véi viéc lap dat, thir nghiém trén tau that.

Lo&i cdm on

Nghién ctru nay duoc tai tro bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.18.
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