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Tom tit:

Bai bao nay trinh bay viéc xay dung md hinh mé phong phan cang trong vong ldp (HIL) dé nghién ctu,
thir nghiém céc bo diéu khién quy dao cho tau container. M6 hinh dé& xuit gdbm maot dbi twong diéu khién
40 3D va mot bo didu khién quy dao thuc. Déi twong 40 1a mot mé hinh dong luc hoc 3D dugc xay dung
dua trén hé phuong trinh 6 bac tu do (6-DOF), hd so k¥ thuat cua tau va phan mém Unity. Trong d6, bo
diéu khién tao nén tir phan mém MATLAB/Simulink. B diéu khién va dbi tuong diéu khién duoc truyén
théng véi nhau qua viéc st dung giao thirc Modbus TCP/IP véi duong truyén vat ly Ethernet. Bén canh do,
mo hinh d& xuét bao gém ddy du cac thanh phan nhiéu loan chinh ciia méi truong tac dong 1én tau, rat nhiéu
nghién ctru vé diéu khién quy dao tau trude day déu bo qua. Két qua thir nghiém cho thiy mé hinh hoat
dong tin cay, chinh xac va c6 thé 4p dung dé nghién cau, thir nghiém cac bo diéu khién quy dao cho tau
thuay.

Tir khoa: HIL; Tau container; M6 hinh dong luc hoc 3D; 6 bac tu do; Phan mém Unity.

Abstract:

This article presents the construction of a hardware-in-the-loop (HIL) simulation model to research and test
trajectory controllers for container ships. The proposed model consists of a 3D virtual control object and a
real trajectory controller. The virtual object is a 3D dynamic model built based on 6 degrees of freedom (6-
DOF) equations, technical records of the ship, and Unity software. Meanwhile, the controller is built using
Matlab/Simulink software. The controller and control object communicate with each other using the
Modbus TCP/IP protocol with a physical Ethernet link. Besides, the proposed model also fully includes the
main turbulence components of the environment affecting the ship that many previous studies on ship
trajectory control have ignored. The test results show that the model operates reliably, and accurately, and
can be applied to research and test trajectory controllers for ships.

Keywords: HIL; Container ship; 3D dynamic model; 6-DOF; Unity software.

1. Giéi thiéu tau hoat dong trén bién duoc an toan, mang lai
hiéu qua kinh té, can dén nhiing bo diéu khién

Viét Nam la mét qubc gia cé tiém luc rat l6n dé : i
quy dao cho tau.

phét trién kinh té bién. Cac cong ty van tai bién
va sb luong cac doi tau dang phat trién khong Dé nghién ciru vé céc bo diéu khién cho tau
ngung trong nhimg nim gan day. Dé diéu khién  noi riéng va cac bo diéu khién trong cong
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nghiép noi chung, nhitng mé hinh mé phong
phan cing trong vong lip HIL dang ngay cang
dugc sir dung rong rdi. Mo hinh HIL cé nhiéu
wu diém nhu nang cao tinh an toan, tiét kiem
thoi gian, chi phi va chat lugng diéu khién.
Nhitng HIL trong linh vuc hang hai duoc dé cap
trong cac cong trinh nghién ctru sau day.

Johansen va cong su [1] da xay dung mot mo
hinh dé thtr nghiém cac bo diéu khién dinh vi
dong DP cho tau thuy. Dubey va cong su trong
nghién ctu [2] da xay dung mot moé hinh HIL
dé thir nghiém, kiém ching hé thong diéu khién
cho cac tau khong nguoi 1ai, mé hinh dong hoc
cua ddi tuong diéu khién trong nghién ctu nay
sir dung 12 Notomo, trong khi d6, bo diéu khién
la card cR109064 hang NI. Tai liéu [3] dé xuét
xay dung mot md hinh thir nghiém cac bo diéu
khién plug-and-play cho thiét bi ngam khéng
nguoi lai AUVs. Aarseth va coéng su trong
nghién ctu [4] dé xuat mo hinh HIL dé tha
nghiém céac hé théng ciru ho ROVs. Tai liéu [5]
d& cap mo hinh thir nghiém bo diéu khién bam
quy dao cho tau thuay co6 rang bugc tin hiéu va
bat dinh ham & dau vao. Nghién ciu [6] xay
dung mé hinh HIL dé thir nghiém cac bo diéu
khién chuyén dong cho tau thuy voi muc tiéu

t61 wu nhién liéu tiéu thu &p dung cho tau cho
hang. Tir d6, nghién ctru nay dé xuat xay dung
mot md hinh mé phong sir dung phuong phap
HIL véi muc tiéu ting dung trong nhitng nghién
ctru vé chuyén dong tau véi 6-DOF: Tao ra b
dir liéu cho nhitng m6 hinh mé phong lai tau san
treo 6-DOF, thtr nghiém cac bo diéu khién 6n
dinh cho tau, tha nghiém hé théng tu dong
chéng nghiéng tau thuyi,...

Phan con lai cua bai bao dwoc sap xép nhu
sau: Muc 2 trinh bay viéc xay dung cAu tric md
hinh md phong HIL. Qua trinh xay dung chi tiét
md hinh dugc thé hién trong muc 3. Muc 4 la
thir nghiém mé hinh da xay dung. Mot vai két
luan dugc dua ra trong muc 5.

2. Pé xuit cau trdc caa mod hinh

Mot bo md phong HIL truyén théng c6 ciu tric
duogc thé hién nhu Hinh 1 [3]. Trong d6, Host
PC 1a may tinh d¢ thu thap, xay dung mé hinh
toan cho dbi twong diéu khién thuc. Real-time
PC la may tinh chay mé hinh ciia d6i twong theo
thoi gian thuc nham thay thé cho dbi tugng that
va Controller 12 bo diéu khién chira cac thuat
toan, chwong trinh diéu khién.

Tao mé hinh Real-time PC Tin hiéu Controller
dbi twong dicu vaolra
khién - <« >
M5 hinh doi Cac thuat toan
tuong diéu khién diéu khién

Hinh 1. Céu tric mo hinh mé phong HIL truyén thng [3].

Duya trén ciu tric méd hinh HIL truyén théng
cing tai liéu [6], mo hinh dé& xuat duoc xay
dung nhu trong Hinh 2. Trong d6, dbi tuong
diéu khién 1a mot mo hinh dong luc hoc 3D
duoc tao nén tir hé phuong trinh 6-DOF cua tau
cho container, mé6 hinh nay duoc chay trén may
tinh Real-time PC.

Real-time PC Controller

OPC Read/Writ
Modbus eaI e
TCP/IP

KEPServerEX
Ethernet

Hinh 2. CAu triic md hinh dé xuét.
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Bén canh do, bo diéu khién Controller duoc xay
dung bang phan mém MATLAB/Simulink. Véi
nhiéu thu vién, cdng cu duogc tich hop trong
phan mém MATLAB/Simulink, do d6, cac bo
diéu khién c6 thé dé dang duoc tong hop, thay
ddi cac thdng s trong qué trinh nghién ctu, thi
nghiém. Bo diéu khién va dbi tuong diéu khién
duoc truyén thdng véi nhau bang giao thic
Modbus TCP/IP thdng qua mot cap Ethernet.
May tinh chira bo diéu khién duoc cai dat phan
mém KEPServerEX dé giao tiép véi cac khoi
OPC Read/Write trong Simulink va thu vién
Modbus TCP/IP Master dugc lap trinh trong
phan mém Unity chira mé hinh dong luc hoc 3D
cua tau.

3. Xay dung mé hinh mé phéng HIL
3.1. Md hinh @i twong diéu khién

Trong nghién ctu nay, d6i twong dicu khién 1a
tau container thyuc dugc thay thé bang mé hinh
dong luc hoc 3D, xdy dung dua trén moé hinh
toan 6 bac tu do cua tau va ho so ki thuat cua
nd. Khi nghién ciu vé mé hinh toan cua tau,
thuong sir dung sau chuyén dong co ban gom:
roll - géc lic ngang; pitch - goc lac doc; yaw -
g6c quay tro; rate of heave - van toc trugt ding;
rate of surge - van toc truot doc va rate of sway
- van tdc truot ngang (Hinh 3).

Z

Yaw 4
(r) 7

Hinh 3. Céc chuyén dong 6-DOF cua tau [7].

Phuong trinh toan cta tau véi 6-DOF duoc thé
hién nhu sau [7], [8]:

7=J(MvMv+CL)o+DW)+Gy=7.+7 (1)
Trong d6, n la véc to vi tri va huéng, J(») la
ma tran chuyén doi, v =[u,v, @, p,q, r]" 12 véc to
van toc g6c va van téc dai, M 1a ma tran quan
tinh, C(v) la ma tran Coriolis va lyc hudng
tdm, D(v) 1 ma tran giam chan, G la ma tran
hang s6, 7. va z la cac lyc va md men cua
nhiéu moéi trudong va hé luc day (chan vit va
banh 14i). Trong phwong trinh (1), thanh phan
lyc va mb men gay ra bai cac nhiéu moi truong
gom ba thanh phan chinh 1a song (z,,..), gi0

(r,.;) va dong chay (z_,..) nhu phuong trinh

currents
dudi day:
T =T

waves + Twind + Tcurrents (2)

Trong phuong trinh (2), thanh phan lyc va md
men gay ra boi dong chay anh huéng tryuc tiép
dén van téc cua tau. Trong khi do, cac thanh
phan luc va md men gay ra bai song va gié géom
hai thanh phan luc tac dong vao truc doc, truc
ngang cua tau va mot thanh phan md men quay
trg dugc trinh bay chi tiét trong tai lieu [7]. Véi
dinh hudng nghién cau la cac tau cho container
c6 mot chan vit chinh va mot banh lai, dong
thoi, bo qua cac luc va mé men caa chan vit
mili, cac lwc vd md men cua hé luc day c6 thé
ap dung duoc cho loai tau nay [9]:

t=[7,,%,,0,0,0,7,] ?3)
Véi 7 1acac lyc va md men tong caa hé lyc day
tac dong I1én con tau, z, la véc to luc tac dong
vao tau theo truc doc, 7, la véc to luc tac dong
vao tau theo truc ngang; =, la mdé men quay tro
tac dong Ién tau gay ra boi banh lai. Lyc tac
dong vao con tau theo truc doc gém thanh phan
luc gay ra boi chan vit 7, va banh lai 7, :

Ty =Tp T TR 4)
p = (1—tp)pn§D3KT (5)
T =—(1-tz)Fysind (6)
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Trong do, t, 1a hé s6 giam trir luc day chén vit,
n, la toc d6 quay cua chan vit, D, 1a duong
kinh chan vit, K. 1a hé s6 day chan vit, t, hé
sd giam trir lyc can banh lai, F, 1a luc tac dung
vao banh lai va ¢ la gbc bé lai.

Lyc tac dong vao tau theo truc ngang gom
thanh phan lyc gay ra khi bé banh lai z, dugc
tinh theo phuong trinh sau:

7, =—(1+a,)F, cosd @)

Thanh phan mé men quay tré tic dong vao tau
duogc tinh theo phuong trinh:

7 = —(Xg +a, X, )F, coso (8)

V6i x, la toa do diém tac dung cua lyuc theo
chiéu doc va X, la toa d6 cua banh lai theo
chiéu doc tau.

Bang 1. Thong sé chinh cua tau HAIAN TIME.

STT Théng sé Giatri
1 Chiéu dai lén nhat 161,85 m
2 Chiéu rong Ion nhat 25,6 m
3 Trong tai tau 18055 T
4 Chiéu cao man kho 3,878 m
5  Cong suat may chinh 11440 kW
6  Tbc do may chinh 127 rpm

Hinh 4. M6 hinh déng luc hoc 3D.

Dé xay dung mot ddi twong dong luc hoc 3D a0
nham thay thé cho tau thuc, tac gia sir dung
phan mém Unity. Unity 12 Game Engine rat

manh, hd trg ba ngdn ngit 1ap trinh phd bién 1a
C#, Boo va UnityScript. Phan mém nay hd tro
mo phong vat 1y cho d6i twong théng qua thugc
tinh Rigidbody. Vi vay, tir phuong trinh (1) 1a
phuong trinh chuyén dong 6-DOF cua tau, két
hop Vvéi cac phuong trinh (2), (3) va hd so ky
thuat cua tau thuc, moé hinh dong luc hoc 3D
dugc xay dung st dung phian mém Unity dé
thay thé cho tau thuc HAIAN TIME, duoc minh
hoa dang hanh trinh trén bién nhu Hinh 4.

Chi tiét vé qué trinh xay dung va thir nghiém
mo hinh nay duogc trinh bay trong nghién cau
[10] cua téc gia.

3.2. Xay dwng bd diéu khién

Vi muc tiéu xay deng md hinh mg, tai do, bo
diéu khién c6 thé dé dang duoc thiét ké, lap
trinh va thay ddi cac thong sb. Téc gia xay dung
mot bo diéu khién quy dao st dung logic mo két
hop véi bo diéu khién PID dé thir nghiém mo
hinh d& xuat. Trudc tién, hudng di tinh toan v,
str dung logic mo dé guri d&én bo diéu khién PID
[11]:
we =y, +(y, —y, )xFZ )

Trong d6, w, la goc giita duong thang ndi tam
tau dén diém waypoint gan nhat véi hudng Bac,
w, 1a goc gitra duong thang ndi tam tau dén
diém waypoint gan tht hai véi huéng Bac, FZ
la mot hé sé dugc tinh toan st dung logic mo.
Céac ham thudc dau vao, dau ra va cac ménh dé
hop thanh, dugc tham khao nhu trong nghién
cau [11]. Sau khi tinh toan hudng di mong
mubn, tin hiéu duoc gui toi bo diéu khién PID
dé tinh toan gié tri géc bé l4i dat cho tau 3D nhur
phuong trinh sau:

Soraer = Ko (W —y) + K, I(V/F —y)dt—K i (10)
0

Trong d6, &, la goc bé lai dat gui dén he
thdng lai tau 3D, K, 1a hé s ti 18, K la h¢ s6
tich phan, K, 1a hé s6 vi phan, va v 1a hudng

di cua tau tai thoi diém tinh toan.
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3.3. Xay dwng céc tin hiéu dau ra caa md
hinh

Dé phuc vu muc dich nghién cttu cac chuyén
d6ng cua tau, cac bién dau ra cia mé hinh duoc
thé hién nhu trong Bang 2. Céc théng s6 can thu
thap, duoc lap trinh théng qua sir dung nhirng
khdi ham trong Unity véi ngdn ngir lap trinh

C#. Céc tin hiéu trén déu duoc thu thap va luu
vao co so dir liéu véi thoi gian 1dy mau duoc
dat la 0.5s. Toa do theo truc X va truc Y duoc
lwu lai ¢é dung cho viéc dung quy dao tau da
hanh trinh trén bién. Cac toa d¢ nay két hop véi
thoi gian hanh trinh duoc luu c6 thé tinh van téc
trung binh caa tau trong mdi hanh trinh.

Bang 2. Céc bién dau ra cua mo hinh dé xuat.

TT Tén bién Khéi ham (Unity va Matlab)
1 Toa do X Rigidbody.transform.position
2 ToaddoY Rigidbody.transform.position
3 Thai gian hanh trinh DPdng ho Clock (Simulink)

4 Go6c lic ngang Transform.eulerAngles
5 G6c lac doc Transform.eulerAngles
6 GAc quay tro Transform.eulerAngles
7 Van téc truot ngang Rigidbody.velocity
8 Van téc truot doc Rigidbody.velocity
9 Van toc truot ding Rigidbody.velocity

Bén canh d0, sau thong s6 la cac chuyén dong
cuia tau vai sau truc (thdng sé 4 dén 9 trinh bay
trong Bang 2) duoc thu thap dé phuc vu cho
viéc nghién ctru, danh gia cic dao dong cua tau.
Séu thdng sé nay thu thap dugc bang céch s
dung cac khdi ham trong phan mém Unity.

3.4. Xay deng m6 hinh mé phéng

L - M@ hinh dong lwc hoc 3D
Modbus TCP/IP .

B diéu khién

Hinh 5. M6 hinh dé xuat di xay dung.

Trén Hinh 5 1a mo6 hinh dé xuat da xay dung.
Trong d6, khdi thir nhat 1a mé hinh dong luc hoc
3D cua tau thuc duoc dung biang phan mém
Unity va khéi thir hai 1a may tinh déng vai tro

nhu bo diéu khién thuc. Gitra hai khbi dugc két
ndi voi nhau thdng qua st dung mot cép
Ethernet véi giao thuc Modbus TCP/IP.

V&i muc dich nghién ciru céc thuat toan, bo
diéu khién chuyén dong cho tau, tac gia sir dung
phan mém MATLAB/Simulink dé thiét ké bo
diéu khién. Day 1a phan mém c6 thé manh bgi
c4c thuat toan hién dai, d dang thay d6i chuong
trinh, thuat todn trong qua trinh thir nghiém va
nghién cau. Qué trinh thir nghiém mé hinh dé
Xuat duoc trinh bay nhu phan dudi day.

4. Thir nghiém mo hinh
4.1. Xay deng kich ban thir nghiém

Mo hinh dé xuét dugc thir nghiém theo céc kich
ban thé hién nhu Hinh 6. Tau dong hoc 3D duoc
diéu khién di qua mot quy dao cac diém
waypoint A-B-C-D. Tuy nhién, c6 ba truong
hop cap gi6 khac nhau duoc cai dit véi clng
mét hudng gio thoi tir phia Bac. Cu thé, ba kich
ban nay duoc thé hién nhu trong Bang 3.
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Bang 3. Ba kich ban thir nghiém.

Kich Técdpdast  Huwénggi6  Chp
ban may chinh (d6) gid
1 105 rpm 00 — north 0
2 105 rpm 00 — north 4
3 105 rpm 00 — north 7

1852 m

(1 nm)

%& 2
,Ir,o'\' ™ Tong quang duong
» A-B-C-D: 3.414 nm

Huéng gi6: 0°
Cép gi6: 0, 4,7

1852 m
(1 nm)

Hinh 6. Quy dao thir nghiém.

Khi tau hanh trinh ¢ ché d6 1ai tu dong trén bién,
gioi han goc bé lai thuong dugc dat trong
khoang tir 50 dén 200, tuy vao diéu kién thoi
tiét. Vi nhimg diéu kién thoi tiét gia dinh nhu
trong Bang 3, gidi han goc bé 1ai cai dat cho bo
diéu khién goc bé 14i cua tau 3D la +150.

4.2. Két qua thir nghiém

Khi thir nghiém tau di chuyén theo quy dao dit
véi cac kich ban khéc nhau bang mé hinh HIL,
gia tri mot s6 théng sé chinh duoc thé hién nhu

99.2

100.0 98.7

100

98

96

94

92

90

88

trén Bang 4. Cac thong s khao sét trong ba
truong hop cap gié khac nhau la thoi gian hanh
trinh, véan tdc trung binh va quing duong di
chuyén. Hinh 7 thé hién cac théng sb trén theo
phan tram so vai gié tri Ion nhat trong ba kich
ban cua mdi théng sd.

Bang 4. Két qua thir nghiém.

Cap Thoi gian VAn toc Qb

gi6  hanh trinh (s) (knots) (nm)
0 1097.25 11.225 3.4215
4 1139.75 10.865 3.4399
7 1184.5 10.540 3.4679

O kich ban 1, khi tau di chuyén, khdng c6 nhiéu
moi trudng tac dong (cip 0/12), thoi gian di
chuyén cua tau 1a nho nhat va van toc trung binh
la 16n nhét trong ca ba kich ban. Bong thoi,
quing duong tau phai di chuyén ngan nhat
trong ba kich ban boi tau di chuyén bam sat
duoc quy dao dat.

Trong kich ban 3, véi cap gi6 7/12 theo
thang Beaufort cua T6 chirc Khi tuong Qudc té
WMO [12], do chiu anh hudng cua cac luc va
mb men gy ra boi song va gid 16n, van téc
trung binh cua tau I1a nho nhat trong ca ba
truong hop. Do d6, thoi gian hanh trinh
waypoint A dén waypoint D Ia 16n nhét trong
ba truong hop. Ngoai ra, dudi sy tac dong cua
lyc va md men tao bai song, gid nén tau khong
bam sat duoc quy dao dit va diéu nay dan toi
quing dudng phai di chuyén thyc té cua tau la
I6n nhit trong ca ba kich ban.

100.0

Quing duwong (nm)
Vén téc trung binh (knots)
Theoi gian hanh trinh (s)

CAp gi6 0/12 CAp gi6 4/12 Cép gi6 7/12

= Thoi gian hanh trinh (s)

Vian tbe trung binh (knots) ™ Quing dudng (nm)

Hinh 7. Két qua thir nghiém theo phan tram so véi gid tri Ion nhat (% max_value).
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O kich ban con lai, véi cap gi6 4/12, ca ba thong
s6 khao sat déu 1a nhitng gié tri nam giita cac
gi& tri twong tng ¢ kich ban 1 va kich ban 3.

Hinh 8, 9 va 10 thé hién ba dao dong tiéu
biéu cua tau 1a gdc lic ngang, géc lic doc va
van tdc truot dung trong sb sau thong sé thu
thap dugc (m6 hinh con thu thap géc quay tro,
van tc truot ngang va van toc truot doc).

Khi tau di chuyén véi quy dao tir A dén B,
gid va song tic ddng vao tau véi goc twong ddi
1a 00. Song va gi6 tac dong goc twong dbi 1a

3150 khi di chuyén tir B dén C. Trong khi do,
tau di chuyén tir C dén D c6 goc tuwong ddi la
2700.

Khi goc tuong dbi cua séng voi mii tau 1a
00, géc lic ngang cua tau 1a kha nho trong ca ba
truong hop cap séng. Khi goc twong ddi l1a
3150, goc lac ngang tang 1én. Bic biét, néu goc
twong ddi 1a 2700, Gtng véi truong hop song
danh ngang than tau thi goc 1ic ngang cua tau
rat 16n, dic biét 1a véi cip song 7/12. Biéu nay
duoc thé hién rd trén Hinh 8.

20 T T T T
Cép gi6 (0/12) [Beaufort]
15+ Cip gi6 (4/12) [Beaufort] -
Cs‘np gi6 (7/12) [Beaufort]
g 10 |- -
o |
s DY NIRRT IV IV OPY Mmml h“l‘l xl ”‘ ll T m,l"Jlu.‘l“w HMI ‘MHMI
£ 0 e Uil l”l' ‘~~|‘ TR ‘h nmp] g v
S st J .
-10 - B
-15 1 1 1 | 1
0 200 400 600 800 1000

Theoi gian hanh trinh (s)

Hinh 8. Gdc lic ngang (roll angle) véi ba cip song khac nhau.

8

I
Cép gi6 (0/12) [Beaufort]
—— Cip gi6 (4/12) [Beaufort]
6 H Cip gi6 (7/12) [Beaufort]

4 MH

Goc lic doc (dd)
5]

LK

4 I I

u?t.m.ulll ’ ll «!‘H\,.ml ,|‘Il.in.hh..ul)‘.mnm\ﬂ.«,m.l i

\IH\

1 1 1

0 200 400

600 800 1000

Thaoi gian hanh trinh (s)

Hinh 9. Géc lac doc (pitch angle) véi ba cip song khac nhau.

; “ I il lll“x ‘lh‘.”\ ,l’l,,!“ TR il H' AN'.I,;!.HI‘”,,n“.Hlf W
’l|l “ dyHH"H"" Ml ']"H’ kit H' "l' I ““1” 7

Thai gian hanh trinh (s)

Hinh 10. Van téc truot dung (rate of heave) véi ba cip séng khac nhau.
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4000 —

Cép gi6 (0/12) [Beaufort]
CAp gi6 (4/12) [Beaufort]
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Trén Hinh 9, thé hién géc lic doc cua tau véi ba
cap song khac nhau. Nhan thay rang, khi cap
song tang, goc lac doc tang. Khi goc twong ddi
gitra s6ng va mii tau 1a 00, tau 1ac doc manh
nhat véi cing cap song, goc liac doc nho khi
song danh ngang vao than tau d6 la tau di
chuyén tir C dén D (géc twong ddi 1a 2700).

Quan séat Hinh 10, twong tu nhu hai thong s6
trén, van toc truot dimg tang khi cap song ting.
Tuy khéng cé nhiéu khac biét vé théng sé nay
Vi nhiing cdp song khac nhau, nhung c6 thé
thiy tau dao dong truot dang it nhat tai goc
tuong dbi gitta song va mili tau 1a 00 khi tau di
chuyén tir A dén B.

Hinh 11 thé hién quy dao di chuyén cua tau
tir waypoint A dén waypoint D. Tau bj dao dong
I6n xung quanh quy dao dat khi cip séng ting
l&n. Md hinh nay 1a co s¢ dé nghién cau, thiét
ké va thir nghiém nhitng bo diéu khién quy dao,
bo diéu khién 6n dinh cho tau.

5. Két luan

Bai b&o nay trinh bay viéc xdy dung mot mo
hinh m6 phong HIL ¢6 cac dau ra l1a nhiing
chuyén dong cua tau véi sau bac ty do, quy dao
hanh trinh cua tau, van téc trung binh va quang
duong di chuyén.

Két qua thir nghiém cho thay mé hinh hoat
dong tin cdy, khi so sanh nhiing théng s6 dao
dong cua tau voi nhitng théng sé twong tmg do
duoc tir c4c tau thue trong nghién cau [13]. Két
qua cho thay nhitng su trong dong va logic. Mo
hinh nay c6 thé dugc tng dung dé nghién cau

I I
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Hinh 11. Quy dao di chuyén cua tau dong luc hoc 3D véi ba cap song khac nhau.
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céc bo diéu khién quy dao, bo diéu khién 6n
dinh cho tau nham tiét kiém thoi gian va chi phi.
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