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A Digital Testbed system for marine control research: Application to ship
autopilot development

Nguyén Cong Vinh*

Trwong Pai hoc Hang hdi Viét Nam

Ttr khéa:

Thwc nghiém s6;
Tw dong diéu khién;
Mo hinh dong luc
hoc tau thuy;

NMEA 0183;

May lai tw dong tau
thay.

TOM TAT

Bai bio gi¢i thiéu mot hé théng thwe nghiém sé (Digital Testbed) phuc vu nghién ctiru diéu
khién tau thay, do tac gia xay dung va phat trién. Tinh méi ctia hé théng thé hién & kién
tric mo-dun, cho phép tich hop cdc mo6 hinh dong lwc hoc tau, mé hinh méi trwedng va cac
thuat toan diéu khién trong mot nén tang thdng nh4t, hd tro ngudi nghién ctru thiét 1ap va
thwc hién thwc nghiém mot cach nhanh chéng. Hé théng dwoc phat trién & hai cdp dd: (i)
cip do 1 md phdng tip trung trén mot may tinh véi wu diém téc do xt Iy cao, phtt hep cho
cac nghién ctru 1y thuyét; (ii) cdp dd 2, cdc mo6-dun 1am viéc trén cadc may tinh khic nhau
va két n6i qua cong COM theo chudn NMEA 0183, cho phép thuc nghiém trong diéu kién
gan thuc té va c6 thé két ndi trwc ti€p vai cac thiét bi hang hai. Hé théng ho tro thwc hién
nhiéu hwéng nghién ctru khac nhau nhw phat trién va kiém ching cic thuit toan diéu
khién, x4y dwng va hiéu chinh mo hinh ddng lwc hoc tau thiy, cling nhw nghién ciu anh
hwdng clia cac yéu t6 moi tredng dén chuyén dong ctia tau. Trong bai bio, hoat dong cia
hé thong dwgc minh hoa thdng qua viéc thir nghiém moét méay lai tau thiy (ship autopilot)
trén ca hai cip do cia hé thong.
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ABSTRACT

This paper presents a Digital Testbed system for marine control research, developed by
the author. The novelty of the system lies in its modular architecture, which enables the
integration of ship dynamics models, environmental models, and control algorithms
within a unified platform, allowing researchers to quickly set up and conduct experiments.
The system is developed at two levels: (i) Level 1, a centralized simulation on a single
computer with the advantage of high computational speed, suitable for theoretical
studies; and (ii) Level 2, in which modules operate on different computers and are
interconnected via COM ports using the NMEA 0183 standard, enabling experiments
under near real-world conditions and direct connection with marine equipment. The
system supports various research directions, including the development and validation of
control algorithms, the construction and calibration of ship dynamics models, as well as
the study of environmental effects on ship motion. In this paper, the system operation is
demonstrated through the testing of a ship autopilot at both levels of the system.
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1. Dat vian deé

biéu khién tw dong chuyén dong tau thay da
dwoc nghién cru va phat trién tir rit sdm. Ngay tir
dau thé ky XX, cac hé thong may lai tw déng (ship
autopilot) da bat dau dwoc trién khai nham hé tro
nguoi diéu khién duy tri hwdéng di 6n dinh trong
cac hanh trinh dai trén bién. Ngay nay, pham vi
diéu khién chuyén dong tau thiy da dwgc mé rong,
khong chi dirng lai & viéc gitt hwéng ma con bao
gbm cac bai toan phirc tap hon nhw diéu khién
dinh vi dong (dynamic positioning) cho tau dich vu
[7], diéu khién gidm lic nham nang cao do 6n dinh
va an toan cida tau [2], cing nhiéu &rng dung kKhéc.
Cac phwong phap diéu khién ciing ngay cang da
dang nhw diéu khién thich nghi, diéu khién mo [6,
9], mang no-ron... yéu cau viéc thwc nghiém véi cac
con tau khac nhau, cac diéu kién tai trong khac
nhau, diéu kién méi trueong khi twong, thiy van
khac nhau dé€ huin luyén, diéu chinh thong sé ciing
nhw khing dinh kha ning tw dong thich nghi cia
bd diéu khién doi voi doi twong diéu khién.

Viéc thir nghiém truwc ti€p cac hé théng diéu
khién trén tau that thwong gap nhiéu kho khin
nhw chi phi cao, khé kiém soat diéu kién moi
treong va han ché vé khd nang ldp lai cac thi
nghiém. Vi vay, viéc xay dung cac moi treong thi
nghiém s6 cho phép mé phdong chuyén dong tau va
thit nghiém cac thuit todn diéu khién dang tré
thanh mot hwéng nghién ctu quan trong va dang
dworc thé gi¢i quan tam [1, 4].

Bai bio nay gi&i thiéu mot hé thong mo hinh
thr nghiém s6 (Digital Testbed) phuc vu nghién
ctru diéu khién tau thiy da dwoc tac gia xay dung.
Hé thong cho phép mé phdng dong lwe hoc ciia méot
s6 loai tau cung tdc dong cia méi truwdng giup
ngudinghién ctru c6 thé thwe hién cac thuc nghiém
mot cach thuin loi.

D€ minh hoa hoat ddng cia hé théng Digital
Testbed, bai bdo mo6 ta viéc sit dung hé thong trong
thr nghiém mot may lai tw dong. Muc tiéu cua cac
thir nghiém nay khong phai nham dé xuit mot
thuat toan danh cho may lai tw dong tau thiy mdi,
ma nham minh hoa kha niang cua hé thdng Digital
Testbed trong viéc ho trg nghién ctru va danh gia
cac hé thong diéu khién tau thay.

2. Gidi thiéu hé thong Digital Testbed

Hé théng Digital Testbed dworc thiét ké gbm cac

mo-dun chinh sau:

Mé-dun 1: Chita cidc bo diéu khién

Mo-dun 2: Chtra cAc m6 hinh mo6 phdng moi
treong

Mo6-dun 3: Chtra cac mo hinh m6 phong dong
lwe hoc tau, khoi chdp hanh, lwu trir va hién thi.
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Hinh 1. So @6 khéi Hé thdng Digital Testbed

Véi thiét ké nhw vy, nguoi nghién ctiru thudc
linh vwc nao chi cdn dwa san pham cta minh vao
khéi twong (ng, thwc hién cac két ndi (da chuin
héa) t&i cac khoi con lai va tién hanh thwe nghiém.
Mbi khéi déu c6 chira sdn nhiéu m6 hinh 13 két qua
nghién cru cia nhiéu tac gia nén viéc thyc nghiém
sé cO két qua da dang, phong pht. Cu thé véi cac
thwc nghiém trong bai bdo nay, ngudi nghién ctru
chi can dwa mdy lai tw dong cia minh vao Mé-dun
1, thuwc hién cac két noi don gian 1a da cé thé thir
nghiém diéu khién vé&i nhiéu mé hinh déng lwc hoc
tau thiy da tich hop sdn trong Mé-dun 3 véi cac tac
dong moi trudng tr Mé-dun 2.

O goc d6 khac, ngudi nghién citu vé mo hinh
déng lwc hoc tau thiy c6 thé dwa mo hinh cia minh
vao Mé-dun 3 va thuc nghiém vé&i cac may lai tw
dong, md hinh mdi tredong cé san cla cac tac gia
khac da tich hop trong Mé-dun 1 va M6-dun 2.

Dbé phu hop véi cc giai doan khac nhau trong
nghién ctru, hé thong Digital Testbed dworc thiét ké
vi hai cip do:

Cap dd 1, cAc mo-dun (Hinh 1) dwoc thiét lap
trong moi trrong Simulink cia Matlab va chay trén
cung mot may tinh. K&t noi dir liéu gitra cac mé-
dun str dung duong két ndi cia Simulink. O cap do
nay, hé thdng chay v&i toc do nhanh nhit ma may
tinh cho phép. Pu diém cua cip do nay la thoi gian
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chay thwc nghiém nhanh, hé thong gon gang; phu
hop véi giai doan nghién ctru & mirc dd ly thuyét.

Cap d6 2, cic md-dun (Hinh 1) ¢6 thé 1a thiét bi
that hodc cac mé hinh, thuit todn dwoc cai dat trén
cac may tinh khac nhau. K&t néi dir liéu gitra cac
mo-dun (thiét bi thit hodc may tinh) thong qua cac
cong két noi vat ly theo chudn NMEA trong hang
hai. O cap d6 nay Hé thong cé thé chay véi thoi gian
thue, phtu hop véi giai doan nghién clru rng dung,
ché tao thiét bi.

3. Thw vién mé hinh tau trong hé thong Digital
Testbed

Mot trong nhirng phdn quan trong cia hé thdng
Digital Testbed la thw vién md hinh tau thay dé
thwc hién thir nghiém céac thuit toan diéu khién.

Cac md hinh dong lwc hoc con tau trong hé
thong Digital Testbed dwoc xdy dung dwa trén cac
mo hinh todn hoc dwoc trinh bay trong cac cong
trinh nghién ctru ctia Thor I. Fossen [3]. Cac md
hinh nay dwoc xay dung theo phwong trinh dong
lwc hoc sau:

Mv+Cv)v+DWwv+gn) =1t (1)

Trong d6, ma tran khoi lwong tong hop M bao
gom hai thanh phan la khéi lwgng than tau (rigid
body) va khéi lwong gia tang (added mass) do
twong tac thay dong gitra than tau va méi trwong
nudc. Ma tran nay phan anh dac tinh quan tinh ctia
hé théng va cé dnh huwdng truc ti€p dén dap Gng
dong lwc hoc cua con tau. Ma tran C(v) mo ta cac
lwc quan tinh phu thudc van toc, thé hién tinh phi
tuyén dic trung cia chuyén dong tau thay. Ma trin
gidm chdn D(v) biéu dién cac luc can thiy dong,
thwong bao gobm ca thanh phén tuyén tinh va phi
tuyén theo van toc. Cac lwc va mdé men thiy tinh
dwgc mo ta thong qua vecto g(n), phan anh anh
hwdng ctia lwc néi va mé men phuc hoi dén chuyén
déng cua con tau, dic biét ddi voi cac chuyén dong
1ac ngang va lac doc. Vecto 7 1a téng cac lwc va mo
men tac dung lén tau, bao gom lwc diéu khién sinh
b&i cac hé théng chdp hanh nhw chén vit va banh
14i, cling nhw cac lwc mdi treong nhw gid, song va
dong chay.

Hién tai da c6 nhiéu mo hinh déng lwc hoc tau
thuy dwoc nghién ctvu béi nhiéu nha nghién ctiru
v&i cac muc dich nghién ctru khac nhau & Viét Nam
cling nhw nhiéu nwéec trén thé giti [5][8]. Nho do,
thw vién mé hinh tau c6 thé duwgc mé rong theo
thoi gian, tao thanh mot co s& dit liéu mo hinh
phuc vu 1au dai cho cac nghién ctru vé diéu khién
tau thuy.

Trong phién ban hién tai, thw vién cia hé thong
Digital Testbed da tich hop cac mo6 hinh tau tiéu
biéu do nhém nghién ctru cia Thor 1. Fossen dé
xudt. D6 1a cic tau mariner, container, Lcontainer;
tanker-...

4. St* dung hé thdong Digital Testbed trong
nghién ctru diéu Khién tau thay

D€ minh hoa viéc sit dung hé théng Digital
Testbed trong nghién ctru diéu khién tau thiy, mot
bd diéu khién ctia may lai tw dong s dung phwong
phap diéu khién mo (Fuzzy control) dwoc trién
khai trong hé thong dé diéu khién cdc mo hinh tau
da tich hop san.

Théng qua cac kich ban thwc nghiém voéi sy
thay doi vé toc do tau, loai tau va diéu kién moi
truong, tic gid muon minh hoa tinh wu viét ctia hé
thong Digital Testbed. D6 la viéc gitip cho nguoi
nghién cru nhanh chéng thiét 14p va so sanh cac
tinh hudng, bai toan khac nhau ma khéng can thay
d6i cau triac mo hinh tong thé; tiét kiém thoi gian
trong nghién ctru va hé tro cho két qua nghién ctru
dwoc da dang va toan dién hon.

Cac bai thwc nghiém dwoc thuc hién & ca hai cip
d6 ctia hé théng.

4.1. May Idi tw dong Fuzzy

May lai Fuzzy dwoc st dung trong thwe nghiém
c6 cac ham thudc diu vao, dau ra mo phong theo
cach 14ai cia mot thay thia lanh nghé véi hai dau vao
la d6 1éch hwong di (A¥) va toc dd chuyén hwong
(r) cta tau. Thong s6 cac ham thudc nay dwoc thé
hién trén Bang 1 va Bang 2 [9].

Bang 1. Ham thudc dau vao 1 cia May lai Fuzzy (4P).

-vb -b -m -s Zero +S +m +b +vb
zmf trapmf trapmf trimf trimf  trimf trapmf trapmf  smf
[55-50] L2220 [27-25 1o 501 101] 01,55 220 [2540 5440

-40-25]  -20-4,5]

2527]  5055]
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Bang 2. Ham thudc dau vao 2 ctia Mdy lai Fuzzy (r).

-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] [-0,12 0 0,12] [0,080,20,31] [0,31,82] [1,53]

May l4i Fuzzy c6 mot dau ra la goc bé 1ai (8) véi ham thudc nhw trong Bang 3 [9].

Bang 3. Ham thudc diu ra My 14i Fuzzy ().

-b -m -S Zero +s +m +b
trimf trimf trimf trimf trimf trimf trimf
[-37 -37 -33] [-10-10 -9] [-5-5-4] [-0,100,1] [455] [91010] [3337 37]

B0 diéu khién Fuzzy ctia may 1ai str dung 63 luit
mo tao 1én bé mat diéu khién nhw trong Hinh 2.

Hinh 2. Bé mit diéu khién May 14i Fuzzy.

4.2. M6 hinh tau dwoc str dung trong thwc nghiém

Trong thwc nghiém, may 1ai Fuzzy diéu khién
hai mo6 hinh tau do Thor L. Fossen dé xuét, d6 1amo
hinh tau container L. = 175 m va md hinh tau ché
dau (Tanker) c6 cac thong s6 nhw trong Bang 4.

Bang 4. Thong sd cac tau trong thuwc nghiém [3]

w aas Téc dod Lwon
M6 hinh Ch‘(em“)da‘ (hai.  gian musc
ly/gid) (t4n)
Container 175 14-16 30.000
Tanker 260 12-14 200.000

Tau Container c6 lwong gian nwédc 30.000 tan,
tdc do 14-16 hai ly/gio 1aloai tau ¢ trung binh, c6
tinh nang diéu dong tot nén viéc diéu khién chuyén
hwéng va gitr hwéng cho con tau twong doi thuan
lgi. Tau Tanker cé lwong gian nwéc 200.000 tin
thudc nhém tau siéu trwong, siéu trong. Véi chiéu
dai 260 m va lwong gian nwéc 1én nhw vay viéc
thay déi huwéng di cia con tau sé khé khan hon
nhiéu so véi tau Container néi trén. Ngoai ra,

nhitng tau siéu 1én nhw vay con c6 dac tinh khéng
on dinh hwdng di (Directional instability) gy kho
khan cho may lai tw dong khi diéu khién gilt hwéng
cho con tau.

4.3. Thwc nghiém trén hé théng & cdp do 1

O cdp d6 nay cac mo-dun dwoc chay trén ciing
mot may tinh trong méi truwdong Simulink cta
Matlab. May lai tw dong da md ta trong muc 4.1
dwoc dwa vao M6-dun 1. M6 hinh mo phéng cac con
tau da tich hop sdn trong Mé-dun 3. Khi chay thuc
nghiém chi c6 mot mo6 hinh tau tham gia thuc
nghiém dwoc bién dich va chay. CAc mé hinh tau
khéc s& dwoc “4n” di bang 1énh “Comment out” ctia
Simulink dé khong lam giam t6c do cia hé théng.
Trén Hinh 3, tau Tanker dia duoc “Comment out”
nén hinh anh khéi da mo di.

|Mé-aun 2

Mé-dun 1

Ty Ty v v
¥
g

Kz Record

u | our e
" L)
Hurding di ban dau

Hinh 3. So' d6 thwc nghiém trén hé théng Digital
Testbed (cdp dé 1).

Viéc thay doi cac tham sé trong qua trinh thuc
nghiém c6 thé 1am thu céng hodc tw dong. Trong
thwc nghiém nay, viéc chuyén huwéng di yéu ciu
dugc thue hién tw dong thong qua cong tac thoi
gian trong Mé6-dun 1 (Hinh 3).

Dau vao ctia Mé-dun 3 ciing nhw luéng dir liéu

dwoc lwu trir va hién thi tai khéi “Record” c6 thé



Nguyén Céng Vinh

Hé théng thwc nghiém sd (Digital Testbed) phuc vu nghién citu diéu khién tau thiy ...

thay d6i theo yéu cau cia thwc nghiém. Trong thuc
nghiém nay v&i may lai diéu khién hwéng di tau
bién, cac diu vao va luéng dir liéu dwoc lwu trir bao

A 7z 2 Y& 7 ~ Y ~ A 2 "
gom goc bé 1ai, hwéng miii tau, téc do quay tré, van
toc ngang va van tdc doc ctia than tau.

Thwc nghiém 1: Tau Container chay 6n dinh
trén hudng di 90° véi téc do 16 haily/gio. Tai gidy
th 50, yéu cdu may l1ai chuyén hwdng sang hwéng
di 1500 va giit 6n dinh trén hwéng di mai.

u [hai ly/h]

=

v [m/s]

|
.
]
.
.

160 T

= 1201
100
i
40 Y T

!

|

|

|

|

I ] ] ] ]

0 100 200 300 400 500 600 700 800
thoi gian [s]

Hinh 4. Két qua thuc nghiém 1.

|
‘
20 |
=
0 L

Hé thdng ghi nhan va biéu dién két qua lam viéc
ctia may lai cling nhw cac théng so clia con tau trong
thoi gian thwe nghiém nhw trén Hinh 4.

105F i T i i T i i

10[- 1
9.5~ 1

9l

u [hai Iy/h]

v [m/s]
S
N

“520F

0 I | [V 1 I I
100 200 300 400 500 600 700 800

thoi gian [s]
Hinh 5. Két qua thyc nghiém 2.

o

Thwc nghiém 2: Tau Container chay 6n dinh
trén hwéng di 900 véi toc do 10 hai ly/gio. Tai gidy
th 50, yéu cAu may lai chuyén hwéng sang hwéng
di 1500 va gitt on dinh trén hwéng di mai.

Hé thdng ghi nhan va biéu dién két qua lam viéc
clia may lai cting nhw cac théng sé cua con tau trong
thoi gian thwe nghiém nhuw trén Hinh 5.

Thwc nghiém 3: Tau Tanker chay 6n dinh trén
hwéng di 900 véi tée do 15 hai ly/gio tai khu vuc
c6 d6 sau lon. Tai gidy thir 50, yéu cau may lai
chuyén hwéng sang hwdng di 1500 va gitr 6n dinh
trén hwdng di moi.

Hé théng ghi nhan va biéu dién két qua lam viéc
ctia may lai cling nhw cic théng s clia con tau trong
thoi gian thwe nghiém nhuw trén Hinh 6.

16 T T

0.2F T T =

°
E-02F :
> 04k | | 4

06= | ! ! J
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r . . . . . . . .
o4k | | J
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Hinh 6. Két qua thuc nghiém 3.

Thwc nghiém 4: Tau Tanker chay 6n dinh trén
hwdng di 900 véi tée do 11 hai ly/gio tai khu vuc
c6 d0 sau han ché. Tai gidy thir 50, yéu cau may lai
chuyén huwéng sang hwdng di 1500 va gitt 6n dinh
trén hwdng di moi.
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5102
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Hinh 7. Két qua thuc nghiém 4.
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Hé thdng ghi nhan va biéu dién két qua lam viéc
ctia may lai cting nhw cac théng s6 cuia con tau trong
thoi gian thwe nghiém nhw trén Hinh 7.

V&i cac két qua thyce nghiém trén, ngwoi nghién
ciru c6 thé so sanh, phan tich chit lwong diéu
khién ctia may lai khi con tau thay déi téc do (so
sanh két qua gitra thwc nghiém 1 va 2); khi thay doi
dé6i twong diéu khién (so sdnh két qua gitra thuc
nghiém 2 va 3); tac dong cuia hiéu rng nwéc nong
dén viéc diéu khién con tau (so sanh két qua gitra
thwe nghiém 3 va 4) dé tir d6 danh gia va hiéu
chinh b6 diéu khién.

Nhuw vdy, & cdp do 1, ngwdi nghién ciru chi cadn
dwa may lai cia minh vao Mé-dun 1 va tién hanh
thwc nghiém, thu dwoc két qua rat da dang ma
khong tén thoi gian thiét 1ap hé thong.

4.4. Thuwc nghiém trén Hé théng Digital Testbed &
cdp dé 2

O cip d6 2, cac mb-dun dwoc thiét 1ap trén cac
may tinh khic nhau. Viéc trao d6i thong tin gitra
cac mé-dun dwoc thue hién qua cac cong COM clia
may tinh.

Trong bai thwc nghiém, may tinh sé 1 chira Mé-
dun 3, may tinh s6 2 chivra Mé-dun 1 (May lai tw
déng Fuzzy). Cong COM 20 ctia may tinh s6 1 dworc
két néi voi cong COM 21 cta may tinh s6 2 dé
truyén dir liéu vé hudng di, téc do quay trd cia con
tau téi may 1ai tw dong. C6ng COM 8 cuia may tinh
s6 2 dwoc két ndi véi cdng COM 9 ctia may tinh s
1 dé truyén dir liéu diéu khién (gdc bé 1ai) tir may
lai tw dong sang mo hinh dong luc hoc con tau
(Hinh 8).

coM9 o 9 coms

com20 4T comar
[ \
May tinh s6 2
Khéi didu khién
(Maéy l4i tu dong)

,.

May tinh s6 1
Khdi md hinh dong
lyc hoc con tau

Hinh 8. So' 6 két ndi Hé thdng.

Khéi M6 hinh déng lwc hoc con tau ndm trong
M6 dun 3 dwoc thiét1ap trong moi treong Simulink
cia Matlab (Hinh 9). Trong so d6 nay, khéi La
ban_NMEA_Encoder c6 nhiém vu ma héa dir liéu
hwéng di (y) va toc dé quay tré (r) clia con tau
theo ding dinh dang ban tin chuidn NMEA 0183.

Ngworc lai, khéi Géc bé ldi NMEA_decoder c6 nhiém
vu gidi ma ban tin da nhan dwogc tir céng COM 9
thanh tin hiéu diéu khién la géc bé lai (5) dé diéu
khién con tau.

coma mis > kn
Baud rate - 4500 s > knots
COM® - Cu hinh umis] —-@—r
30 80 s8u(m] f \
Baud rate : 4800 e
COM 20 - Céu hinh
mis]
G bé ki i [0 t[as]
. J

Container Record

. ytes, ence
Gyro_NMEA_Encoder |g

COM 20 - Gii

Hinh 9. So' @6 Khéi M6 hinh ddng lwc hoc con tau
trong Simulink (Mdy tinh sé 1).

Twong tw nhw vay, Khoi Diéu khién trong Mé-
dun 1 dwoc thiét 1ap trong moi treong Simulink
cia Matlab (Hinh 10). Trong so d6 nay, khoi La
ban_NMEA_Decoder c6 nhiém vu gidi ma ban tin dé
lay dwgc hwdng di (#) va téc do quay tre (r) ctia
con tau dwa vao may lai tw dong. Khoi Géc bé
ldi NMEA_Encoder c6 nhiém vu ma héa ban tin géc
bé 14i theo dinh dang ban tin chudn NMEA 0183

dén hé thong 1ai diéu khién con tau.
i

COM 8 - Giri

»I:' B rudder  NMEAgfivtes_sentence
Rudder NMEA_Encoder

Goc bé lai_NMEA_Encoder

COM 21 - Nhan

Data
M21

- Gyo_NMEA_Decoder Status

9

Trang thal nhan

La ban_NMEA_Decoder

. . L
Huéng di ban dau Baud rate : 4800

Ccoma
Baud rate : 4800

COM 21 - Céu hinh COM 8 - Céu hinh

Hinh 10. So @6 Khéi diéu khién - May lai tw dong
trong Simulink (Mdy tinh sé 2).

Khi lam viéc & cip d6 2, cac mo-dun cua hé
théng Digital Testbed lam viéc doc 14p trén cac may
tinh khac nhau hoic cé thé 1a mot thiét bi that, viéc
giao tiép gitra cic mé-dun qua cdng COM can thuc
hién theo dung tiéu chuin giao ti€p va kj thuat
dién do National Marine Electronics Association
(NMEA) thiét 1ap. Dy la giao thirc noi ti€p str dung
chuin RS422 dé€ truyén dir liéu gitra cac thiét bi
dién ti trén tau, nhw GPS, sonar, la ban,... dang phd
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bién nhat hién nay.

bé lam diéu nay, cac khdi ma hda/giai ma trong
cac md-dun cta hé thong dwgc lap trinh trong
Matlab dé ma héa/giai ma cac ban tin theo ding
ciu trac da dwoc quy dinh. Cac ban tin dwoc st
dung trong cac thwc nghiém trong bai bao nay bao
gom:

Ban tin vé hwéng miii tau:

$HEHDT,xxx.xx,T*hh<CR><LF>

Trong do:

$HEHDT M4 nhan dang

XXX.XX Hwéng mii tau (do)

T  Huwéng Bic that

*hh M3 kiém tra
<CR><LF> K&t thuc ban tin

Ban tin vé téc dd quay tro:
$HEROT,x.xx,A*hh<CR><LF>
Trong do:

$HEROT M4 nhin dang

xxx  Toc do quay tré (d6/phit)

A Trang thai

*hh M3 kiém tra
<CR><LF> K&t thiic ban tin

Ban tin vé goc bé 1ai dwoc gri tir may lai tw
dong:

$HCRSA x.xx,A,x.xx,A*hh<CR><LF>

Trong do:

$HCRSA Ma nhin dang

xxX  Goc bé lai (banh lai bén phai)
A Do tin cay
xxx  Gocbélai (banh lai bén trai)

A DO tin cay

*hh M3 kiém tra
<CR><LF> K&t thtc ban tin

Cac cong COM trén cac may tinh dwoc ciu hinh
giong nhw ciu hinh cong COM cta céc thiét bi st
dung trén tau bién. Cu thé, cac cong COM 8, COM 9,

COM 20, COM 21 déu dwoc cdu hinh nhw trén
Hinh 11.

| serial Configuration
Configure the parameters for the serial port.

Parameters

Port: [coms v
| Baud rate: |4BDD ‘ B

Data bits: 8 ~

Parity: none ~

Stop bits: 1

Byte order: little-endian ~

Flow control: nane ~

Timeout: Ts_io 1|

oK Cancel Help Apply

Hinh 11. C4u hinh cdng COM dwoc thiét 14p trén
cac may tinh trong hé théng.

Hién tai, viéc truyén dir liéu gittra cdic mo-dun
thong qua c6ng COM RS 422 v&i dinh dang ban tin
theo chudn NMEA 0183 nhw di trinh bay & trén.
bay la phwong thirc truyén dir liéu phd bién nhat
hién nay. D€ c6 thé két n6i voi nhirng thiét bi dung
chuidn NMEA 2000 cung giao thirc Ethernet-based,
hé thong Digital Testbed chi can diéu chinh lai khéi
“ma hoa/gidi ma” va thay cac cong két néi tir thw
vién Matlab Simulink trong cac mo-dun cda hé
thong 1a hoan toan cé thé két noi dworc.

Thwc nghiém 5: Tau Container chay 6n dinh
trén hwong di 900 véi tdc do 16 hai ly/gio. Tai gidy
th 60, yéu cau mdy lai chuyén hwéng sang hwdng
di 1500 va gitr 6n dinh trén huéng di mai.

Két qua diéu khién cia mdy lai Fuzzy theo yéu
ciu cua bai thwc nghiém nhuw trén Hinh 12.

u [hai Iy/h]
2 3 3

v [m/s]

r [o/s]

0 50 100 150 200 250 300 350 400 450 500
thoi gian [s]

Hinh 12. K&t qua thuc nghiém 5.
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boi twong diéu khién va bd diéu khién trong
Thwc nghiém 1 va Thwe nghiém 5 hoan toan giéng
nhau. Nhin tong quan, két qua diéu khién trén Hinh
4 va Hinh 12 c6 tinh twong dong cao. Tuy nhién,
trén Hinh 12 c6 thé nhin ra cac dic diém riéng do
cac khéi trong hé thong dwoc két ndi véi nhau
théng qua cdng COM cda hai mdy tinh khac nhau.
biéu nay thé hién, & cip do 2, Hé théng da hoat
doéng gin voi thue té hon nhiéu so véi cap do 1.

Véi két n6i qua cong COM theo giao thirc tiéu
chuin & cip do nay, viéc két n6i mot may 1ai tw
déng that vao hé thong dé thr nghiém véi nhiéu
tinh huéng, hodc nhiéu mé hinh tau c6 trong hé
théng la hoan toan kha thi.

Cac két qua trén khing dinh kha ning cua hé
thong Digital Testbed trong viéc tich hop va thr
nghiém cac thiét bi diéu khién thit trong thuc té.

5. Két luian

Bai bao da giti thiéu mot hé thong thuc nghiém
s (Digital Testbed) phuc vu nghién ctru diéu khién
tau thidy, dwoc xay dung theo ciu triic mé-dun va
c6 kha nang trién khai linh hoat & nhiéu cip do.
Thong qua cac thi nghiém minh hoa, hé théng da
thé hién dwoc kha niang hd tro hiéu qua cho qua
trinh tht nghiém va danh gia cac hé thong diéu
khién trong linh vic hang hai.

Mot trong nhirng wu diém cua hé thong la kha
nang tiét kiém thoi gian cho ngwoi nghién ctiru, do
khong can thiét 13p lai toan bd méi trwong thuc
nghiém tir ddu ma c6 thé khai thac truc tiép cac
mo-dun va cdu hinh da dwoc xay dung san. Bén
canh d6, hé théng cung cip thw vién mé hinh da
dang, cho phép thwc nghiém trén nhiéu loai doi
twong khac nhau, gép phan mé rong pham vi va
tinh da dang trong thuwc nghiém.

Hé thong dwoc xiy dung véi hai cidp d6 trién
khai, ddp &rng cac nhu cau nghién ctru khiac nhau.
O cap d6 1, hé théng phi hop véi cac nghién ciru
mang tinh ly thuyét nho wu diém vé toc do xir ly
cao va cdu hinh gon nhe. O’ cdp d6 2, hé théng cho
phép thuc nghiém véi cac két noi va giao thire da
dwoc chuin hoa trong hang hai, cho phép két noi
thiét bi that vao qua trinh thir nghiém, qua dé ho
tror hiéu qua cho cac nghién cru mang tinh @ng
dung.

Hé théng Digital Testbed c6 kha nang phuc vu
nhiéu huéng nghién cru khac nhau, tir phat trién
cac thuit toan diéu khién nhw may 1ai tw dong, dén
xay dwng mo hinh dong lwc hoc tau thiy va nghién
ciru dnh hwdng cua cac yéu t6 moi trweong dén
chuyén dong cta tau. Pac biét, hé théng cho phép
tich hop va st dung cac mo hinh, thuat toan hoac
san pham nghién ciru tir cic tac gia khac, tao diéu
kién thuln lgi cho viéc ké thira, m& rong va phat
trién cac nghién ctru lién nganh.

Véi nhirng dic diém trén, trong twong lai hé
thong Digital Testbed c6 thé tré thanh mot nén
tang nghién ctru dung chung, gép phan nang cao
hiéu qua, chit lwong trong nghién clru va phat
trién cac hé thong diéu khién tw déng trong linh
vuc hang hai.

Loi cam on
Nghién ctru nay dworc tai tro béi Treong Pai hoc
Hang hai Viét Nam trong d@ tai ma s6: DT25-26.18.

Tai liéu tham khao

[1] Korea Research Institute of Ships & Ocean
Engineering, “S-TAS simulation testbed for
autonomous ship,” Autonomous Ship Verification &
Evaluation Research Center, 2024. [Online].
Available:https://wwwkriso.re.kr/menu.es?mid=a
20202070000.

[2] Q. D. Nguyen, “Thiét ké bo diéu khién vay gidm lic
tau thiy dwa trén mang than kinh phan hoi,” Tap chi
Khoa hoc Céng nghé Hang hdi, no. 67, pp. 11-17,

2021. [Online]. Available:
https://jmst.vimaru.edu.vn/index.php/jmst/articl
e/view/83.

[3]T. 1. Fossen, Handbook of Marine Craft

Hydrodynamics and Motion Control. Hoboken, NJ,
USA: John Wiley & Sons, 2011.

[4]E. C. Gezer, M. K. I. Moreau, A. S. Hggden, D. T. Nguyen,
R. Skjetne, and A. Sgrensen, “Digital-physical
testbed for ship autonomy studies in the Marine
Cybernetics Laboratory basin,” arXiv, 2025. [Online].
Available: https://arxiv.org/abs/2505.06787.

[5]H. K. Doan, A. T. Dinh, and D. T. Hoang, “Xay dwng,
phan tich dong lwc hoc cia mo6 hinh tau container 3D
6 bac ty dwdi tac dong cuia séng va gio,” Tap chi Khoa
hoc Céng nghé Hang hdi, no. 72, pp. 15-21, 2022.

[Online]. Available:
https://jmst.vimaru.edu.vn/index.php/jmst/articl
e/view/343.

[6]D. P. Vuong, V. A. Do, and V. T. Le, “B6 diéu khién mo
lai trong hé thdng tw ddng 14i tau thay,” Tap chi Khoa
hoc Céng nghé Hang hdi, no. 72, pp. 5-8, 2022.
[Online]. Available:
https://jmst.vimaru.edu.vn/index.php/jmst/articl
e/view/341.


https://www.kriso.re.kr/menu.es?mid=a20202070000
https://www.kriso.re.kr/menu.es?mid=a20202070000
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/83
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/83
https://arxiv.org/abs/2505.06787
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/343
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/343
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/341
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/341

Nguyén Céng Vinh

Hé théng thwc nghiém sd (Digital Testbed) phuc vu nghién citu diéu khién tau thiy ...

[71H. Q. Nguyen and D. D. Phan, “Nghién ctru bd diéu
khién dw bdo m6 hinh dé tiét kiém ning lwong cho
hé thong dinh vi dong tau bién,” Tap chi Khoa hoc
Céng nghé Hang hdi, no. 85, pp. 15-21, 2022.

[Online]. Available:
https://jmst.vimaru.edu.vn/index.php/jmst/articl
e/view/965.

[8] M. Rybczak and A. Rak, “Prototyping and simulation
environment of ship motion control system,”

TransNav: The International Journal on Marine
Navigation and Safety of Sea Transportation, vol. 14,
no. 2, pp- 367-374, 2020,
doi:10.12716/1001.14.02.13.

[9] W. Gierusz, N. C. Vinh, and A. Rak, “Maneuvering

control and trajectory tracking of very large crude
carrier,” Ocean Engineering, vol. 34, no. 7, pp. 932-
945, 2007, doi:10.1016/j.0oceaneng.2006.06.003.


https://jmst.vimaru.edu.vn/index.php/jmst/article/view/965
https://jmst.vimaru.edu.vn/index.php/jmst/article/view/965
https://doi.org/10.12716/1001.14.02.13
https://doi.org/10.1016/j.oceaneng.2006.06.003

