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Tom tat

Bai bao nay trinh bay gidgi phap si dung bg diéu
khién PLC va phan mém Unity 3D trong thiét ké
hé thong mé phong radar hang hdi trong ds, qud
trinh truyén va nhgn di liéu giza phan cing va
phan mém ciing dwoc tich hop trong hé théng md
phong nhw toa dg, toc do, heong cua tau chi va
tau muc tiéu. Ngoai ra, phat trién va iing dung diz
ligu bién Viéet Nam khi xay dwng cac kich ban hudn
luyén. Hé thang nay 1a mét té hop cac thiét bj aé
huan luyén va dao tao vé an toan cia thuyen vién
trén bien. N6 khong chi gitp hoc vién thao tac trén
thiét bj truc quan, sinh déng véi céc tinh huong
huan luyén quen thugc ma con trang bi cho hoc
vién nhiing ki ndng can thiét treéc khi thao tac,
vdn hanh trén thiét b thuc té, nang cao hiéu qua
hugn luyén hang hdi tai Viét Nam.

Tur khoa: Hé thong md phong radar hang hdi,
phan mém mé phang radar, man hinh radar.
Abstract

This article presents a solution using the PLC
controller and Unity 3D software in designing
Radar simulation system. Besides, the process of
transmitting and receiving data between
hardware and software is also integrated into the
simulation system such as the coordinate, speed
and heading of ownership and target ship.
Additionally, developing and creating specificity
for the system when building training scenarios
using data of Vietnam's Sea. This system is a
device for effective education concerning safety in
ship navigation. It will help not only students
manipulate visual equipment, vividly with familiar
training situations, but also equipping the
trainees with necessary skills before manipulating
and operating on real equipment, improving the
efficiency of maritime training in Vietham.
Keywords: Marine Radar simulation system,
radar simulator software, radar screens.

1. Pit van dé

Trén thé gisi hién nay c6 mot sé cong trinh nghién
ctru vé hé théng md phong radar hang hai, ciing nhu
thiét ké, ché tao thanh cong hé thng, dién hinh mot
s6 hang nhu Transas [1], Furuno [2]. V&i cong nghé
mo phong tién tién, nhung khi may chu bi sy ¢ toan
bo hé thdng s& khdng hoat dong dwoc, quan trong hon
nira 1a kinh phi bao dudng, bao tri 16n va phu thuoc
hoan toan vao céng nghé nuéc ngoai.

O trong nuéc, cac cong trinh nghién ciu vé hé
thng con han ché, chi cd bai bao nghién ciru xay dung
phan mém mo phong radar [3], trong dé cac tac gia
trinh bay céch xay dung phan mém mé phong radar
dua trén Visual Studio véi giao dién don gian, chua
sat véi hinh anh cua radar trén thyc té. Do d6, ngudi
van hanh khé cé thé nim bit duoc hét thong sb ciing
nhu quy trinh thuyc hanh dan dén khé khan khi van
hanh vai radar thuc. Tuy cac phuong phap xay dung
hé thdng md phong radar n6i trén ¢ nhitng wu nhuoc
diém riéng nhung d6 chinh xac giéng véi radar that
chua dat duoc yéu cau huin luyén [3]. C6 nhiing
truong hop chinh xac dat dén 90% nhung xét vé mat
kinh té va ky thuat khong duoc téi wu nhat [1], [2].
Trong bai b4o nay, nhom tac gia dé xuat xay dung
cdng nghé md phong hé théng radar dwa trén phan
mém Unity 3D va bo diéu khién PLC véi nhitng cu
trdc truyén va nhan di liéu sau do hién thi trén man
hinh radar dé dap ung duoc yéu cau trong cong tac
dao tao va huin luyén tai Viét Nam ciing nhu kha ning
&p dung trén thyc té.

Noi dung chinh cta bai bao dugc sip xép theo thir
tu nhu sau: Muc 2 xay dung cAu tric cho hé théng mo
phong radar. Muc 3 dé xuét thuat toan truyén va nhan
dir liéu gitra may tinh chi va may tinh radar. Muc 4 1a
thuc hién mé phong hoat dong cua hé thong radar va
phan cudi cung la két luan.

2. Xay dung cau trac cho hé théng mé phéng radar

“Radar” 1a viét tit cua “Radio Dectection And
Ranging” 14 hé thong xac dinh vi tri cia muc tiéu bang
viéc do cu ly va phuong vi nho nguyén ly séng phan
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xa. Radar hoat dong & tan sé vo tuyén siéu cao c6 budc
s6ng siéu ngin, dudi dang xung va duoc phat theo 1
tan s6 lap xung nhat dinh [4]. Hé thdng mé phong
radar 1a t6 hop hé thong phan cang va phan mém dé
mo phong lai nguyén Ii hoat dong ciing nhu céc thao
tac van hanh caa mot thiét bi radar thuc.

Trén Hinh 1 1a cau triic chung ctia hé thdng md phong
radar hang hai do nhém téc gia xay dung:

May tinh
radar
(RADAR
computer)
3

Thiét bj mang
(Ethernet
Switch)

Nhéan 2
dix liéu

May chu Gui dir lieu

(Workstation)
1

Gui va nhan
dix lieu

Bo diéu khién
kha trinh PLC

(PLC
controller)
4

Hinh 1. Céu tric hg théng mé phéng

Khéi 1: May chi m6 phong (Workstation) déy 1a
may tinh c6 chirc ning mé phong 3D hé théng hang
hai nhu tau cha, tau muyc tiéu, thoi tiét va xay dung
duoc dia hinh, dia vat tdy vao tirng khu vuc cang nhit
dinh. O khéi nay, dir liéu cua tau cha va tau muc tiéu
duoc thiét 1ap sao cho gidng véi thuc té nhit.

Khdi 2: Thiét bi mang (Ethernet Switch) khéi nay
¢6 chirc nang tao ra duong dan thdng tin gitra cac may
tinh vé6i nhau gidp cho ching c6 thé giao tiép gui va
nhan dix liéu duoc.

Khéi 3: May tinh md phong Radar hang hai (Radar
Computer) day la may tinh c6 chtrc nang nhan dir liéu
tir may chi guri sang sau d6 giai ma dix liéu. Tiép theo,
dir liéu nay s& duoc tinh toan, xu Ii pha hop dé hién
thi 1én man hinh. Ngoai ra, dit liéu & may tinh moé
phong radar duoc mé héa va gui sang may tinh hai dd
dién tir (ECDIS) dé hién thi théng s6 nhan dang tu
dong (AIS) cua tau chi va tau muc tiéu.

Khéi 4: Bo diéu khién kha trinh PLC, thyc hién
nhan va xir ly dir liéu tir céc thiét bi khac chuyén toi
nhur v lang, tay trang diéu khién, la ban, ... sau d6 s&
giri sang may tinh chu thdng qua mang ethernet. Pdng
thoi cing nhan dir liéu tir may chi dé hién thi 1én man
hinh trong ban diéu khién.

3. Xay dung thuit todn truyén va nhan dir ligu
trong hé théng mé phéng radar

Hién nay, c6 rat nhiéu giao thirc truyén dit liéu nhu
TCP/IP, UDP, HTTP, FTP,... ma trong d6, mai giao
thirc déu c6 wu nhuge diém nhét dinh. Tly vao ting

bai toén cu thé ma cé thé sir dung cac giao thuc khac
nhau. Trong nghién cttu nay nhém tac gia da su dung
giao thuc UDP (User Datagram Protocol). Pay la
mot trong nhirng giao thuc cdt 16i IP/Ethernet. Khi
stir dung giao thuc UDP gilp chwong trinh trén may
tinh c6 thé gui nhitng dir liéu ngian duoc goi la
datagram toi may khéc. Day 1a giao thirc ¢d toc do
truyén nhanh va truyén céc gai dit liéu lién tyc.
3.1. Thudt toan truyén di ligu tir may cha dén
may tinh radar

Thuat toan xay dung quy trinh truyén dit liéu dugc
trinh bay nhu Hinh 2.

Sai

l Bing

5 " Sai
Kiém tra diéu
kién mé cong

Bing

Béng goi dir lidu theo Thﬁn_g
format RADAR 1 bao 161

l

G i ligu

I

Két thie

—

Hinh 2. Thugt toan truyén di ligu ciia may chii

Truéc tién, nhom tac gia xay dung giao dién md
phong hang hai trén may tinh cha dwa trén phan mém
Unity 3D véi ngdn ngir lap trinh C#. Cac théng s6
chinh giri cho radar c6 thé ké dén nhu toa do, toc do,
hudng,... tau chu va tau muc tiéu.

Budc 1: Thuc hién thiét lap cac dia chi IP tinh cho
méy chi: 192.168.0.140, céng port: 8001 va IP may
radar: 192.168.0.150, cong port: 8999. Sau do tién
hanh khai tao giao thirc va tao ra socket UDP, bo dém
thoi gian tao ra vong quét 500ms dé gui di ligu.

Budc 2: Kiém tra diéu kién dia chi socket UDP va
thong bao 13i néu xay ra su cd.

Budc 3: M3i loai thong s6 nhu toa do, toc do,
hudng tau co6 dinh dang khac nhau, dir liéu nay dugc
chuyén vé dang format RADAR 1 truéc khi giri. Cau
trac quy doi dix liéu vé dang byte va sir dung ham
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Buffer.BlockCopy nhu c4u trdc lénh:
Buffer.BlockCopy(info, 0, message, 0, 86);

Buffer.BlockCopy(newfloat[]{ boatEngine.Speed
_Log},0,speed,0,4);
Buffer.BlockCopy(dataSource.Speed_target_p,0,
speed, 4, 4 * 31);

Budc 4: Sau khi quy ddi dit liéu xong may chu s&
giri dit liéu dén dia chi IP may radar théng qua lénh
send. Cudi cuing la két thac thuat toan va quay lai vong
I3p ban dau.

3.2. Thugt toan nhdn di ligu cida may tinh
radar tzr may cha

Hinh 3 trinh bay thuat todn nhan dir liéu caa may
tinh radar tir may tinh chu, sau khi may cha da g goi
dix liéu thi nhiém vu ctia may radar la nhan géi di liéu
d6 va xtr Iy dé hién thi trén man hinh. May chu gui dir
lieu sang véi kiéu dit liéu dang byte quy dinh theo
dang RADAR 1. Do dé, tat ca dit liéu nhan dwoc s&
dugc chuyén sang dang RADAR 2 ¢6 kiéu dinh dang
nhu int, float, ushort.

i
B
£

Tinh todn v2 hién thi
trong chiromg frinh con
|
!

Hinh 3. Thugt todn nhgn dé ligu ciia may tinh radar

Budc 1: May radar s& thiét lap dia chi IP. Sau d6
khai tao socket UDP. Tiép theo 1a kiém tra diéu kién
dia chi IP.
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Bud6c 2: May tinh radar s& tién hanh nhan dit liéu
Dt liéu luc nay dugc quy dinh theo dang format
RADARI va can duoc Kiém tra theo dting dinh dang gri.

Budc 3: Sau khi kiém tra s& tién hanh chuyén dix
liéu da nhan sang dang format RADAR 2 dé tién hanh
thuc hién tinh toan.

Budc 4: Day 1a budc xur ly théng s6 da guri dé tinh
toan va hién thi trén man hinh cia Radar. Chuong
trinh con thuc hién dé tinh toan sau d6 dua ra muc do
canh béo va cham. Cudi cuing 1a két thic thuat toan va
bat dau vong lap.

3.3. Tinh toan théng sé dé hién thi va dwa ra
canh béo

Dé mo phong radar hang hai sat vai thuc té nhat
thi moi thong s6 dugc tinh toan va xir ly trong phan
mém md phong Unity 3D. Trong muc nay trinh bay
hai phuong phap co ban dé quy d6i huéng va khoang
cach cua tau muc tiéu, tinh toan thong sb khoang céach
gan nhat xay ra va cham (CPA), thoi gian ngin nhat
dé dan dén va cham (TCPA).

a. Tinh toan khodang cdach va hwéng tau muc tiéu so
vgi tau chu.

Hinh 4 biéu dién toa d6 tau chu va tau muc tiéu
trén mat phang Oxy [5] sau khi dwoc quy dbi. Toa do
tau chii ¢6 vj tri gitta man hinh va duoc lay tring voi
tam cua man hinh véi toa 46 O(z,, ¥/, ) -

Trong do:

_ Xscreen _ Yscreen 1)

X1 = ) Y1 = )

Hinh 4. Toa d¢ tAu muc tiéu trén mgt phéang

Str dung phwong phap ban tia tir man hinh vao
trong terrain (dia hinh) dé chuyén toa d¢ tir khong gian

cua tau muc tieu A(z,,y,,z,) sang toa do mat
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phang nhe Unity s& c6 duoc  A(),y,):

/I\Vector3screenPos=Cam.WorldToScreenPoint(R_Sh
ips[currentClickTarget].transform.position);//

Sau d6 tinh dugc vector khoang cach:

OA = (:U2 - :vl,gj2 -y,) 2
Tiép theo 14 tinh d¢ 16n vector khoang cach:
‘OA‘ = \/(xQ -z, + (y'2 —y) (3)
Ung véi mdi thang do i khac nhau s& c6 mot hé s6
K, tuong ung.
04,
p=1" (@)
! RG
Trong do:

D. : Hg s6 khoang cach;

K, :Lah¢ s6 quy ddi tir thang do hai ly sang mét;

R: Ban kinh duong tron hién thi thang do;

G: Hé s quy ddi nguoc lai sang hai ly;

Goi g0c gitra vector khoang cach va hudng cua tau
chula o:

T
tana = — (5)

b. Tinh toan thdng so CPA, TCPA

Hinh 5. Khodng céach, vén téc giza tau chs va tau
muc tiéu

Hinh 5 thé hién hudng vector van toc tuong ddi
cling nhu 1a khoang céch gitra cac tau vai nhau. Vector
van toc twong ddi tau cha v, =(X,,,Y,,,Z,,) Va vector

Vo Vo Tvo

van toc tuong dbi tau muc titu v, = (X, .Y,,.Z,,)
trong khong gian [5]. Tiép theo, tinh toan vector van
téc twong ddi dua vao tau chu va tau muc tiéu. Goi

v, la vector van toc tuong doi [6]:

KHOA HOC - CONG NGHE

V,=(X,, - X,.,Y,, =Y, . 2. —Z,) (6)
Vector A'0' 14 vector khoang céch gitra tau chu va
tau muc tiéu trong khong gian.
A0 = (2, ~,,~ 1,2 — ) U]
Tinh toan goc gitra vector khoang céch va vector
tdc do twong ddi sau d6 quy dbi tir do sang radian.

‘7
cosozz—H.i (8)
D 180

Trong dé:

duoc tinh D =|A'0"
Sau d6 tinh dugc CPA khoang cach gan nhét hai tau

va cham:

D: la khoénT cach giira tau chu va tau muc tiéu va

D
X = .sina (MN 9
1852 (MN) ®©)

Tinh todn TCPA Ia thoi gian ngan nhat dé hai tau
c6 thé va cham:

(1852 . COSs O[J
t=2"22%_ 7 (donviphat)  (10)

v.|.60

R

Cudi cung dat gia tri CPA<CPA,, . |
TCPA<TCPA, . trong d6 hai thong sb
CPA,,,,,»TCPA, . c6thé do ngudi van hanh tiy
chinh. Thyc hién hién thi va canh bao thong qua doan
Iénh chuong trinh con:

If(( CPA>0 )&&( CPA<CPA,,.
(TCPA<TCPA,,,,..))

{

// thyc hién chuong trinh canh béo va hién thi/

}
4. M6 phéng hoat dong cia hé théng mod
phéng radar hang hai

)&&

Pé md phong hoat dong cua hé théng, truse hét,
thuc hién truyén va nhan dir liéu giira cac may tinh.
May tinh chu s& giao tiép voi PLC dé nhan dit liéu
thdng qua phan mém Unity 3D. Toan b dit liéu nhu
huéng, toe d6 cua tau cha déu dugc 1ay tir phan cang.
Toa d6 tau chu tai diém c6 vi tri gan dao Bach Long
Vi va ving bién Hai Phong. Diém nay co vi do
20°07°220”N va kinh d6 107°57°754”E. Toa do tau
chu & dung vi tri da chon dugc thé hién ¢ Bang 1.
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Bdng 1. Bang hién thj théng sé tau chii

VN_TT400
LAT 107°57.7441° N
LON 20°0.7223° E
HDG 550 DEG
ROT 0 OMIN
COG 550
SOG 0,45 KN
VHW 0,4° 0
DPT 0 KN

Tiép theo la thir nghiém chirc nang do khoang cach
(RNG) va goc (BRG) cua tau muc tiéu so vai tau cha
duoc biéu dién & Hinh 6 va thong ké trong Bang 2.

Bdng 2. Bing théng sé tau muc tiéu

TARGET READOUT
NAME LCONT CARGO
ID 15 01
AIS AIS AlS
RNG 0,0717 0,1075 NM
BRG 199,6 137,02 DEG
CPA 0,1540176 0,17483 NM
TCPA 1,450326 2,462938 MIN
HDG 50,1° 50,4° DEG
COG 4Q° 60,5° DEG
SOG 5,654 3,876 KN
LAT 20°0.0490° 19959.8630° N
LON | 107959.5684° | 107°59.9302° E

Moi thdng s6 nhu vi d6, kinh d6, huéng tau thyc,
khoang cach cua tau muc tiéu LARGE CONTAINER,
CARGO. Cuing mét thoi gian cho phép hién thi thong
tin hai tau muc tiéu.

Hinh 6. Hién thj théng sé tea dé tau muc tiéu

Tinh nang khoang do céch khi xay ra va cham
ngan nhat va thoi gian xay ra va cham ngén nhét Ia
tinh ning can thiét khi mé phong hé théng radar. Khi
van hanh hé théng radar, ngudi van hanh c6 thé thiét
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lap hai théng sb khoang cach xay ra va cham nho nhat
(CPAIlimit) va thoi gian ngén nhat dé dan dén va cham
(TCPAIimit). Khi c6 canh bao radar théng bao cho
ngudi van hanh biét dé phong ngira ¢am va.

Khi tau muc tiéu vi pham cac diéu kién canh bao,
moi thdng sé canh céo, tén tau muc tiéu s& duoc luu
lai 12 hién thi trong hop bao dong. Nguoi van hanh s&
quan sat va dua ra nhitng giai phap pht hop dé xir ly
tinh huéng trong Hinh 7.

cea [ 2

' CPATTCPA

About

CPA/TCPA:LCONTAINER

Hinh 7. Hién thj canh bdo CPAva TCPA

Trong Hinh 7, hai théng sb ban dau dé thiét lap cho
CPAL|M|T,TCPA|_|M|T la 4.6984MN va thﬁng Sé
5.1844MIN. Sau khi tinh toan tir radar d6i véi mdi tau
muc tiéu néu tau nao c6 gia tri CPA va TCPA nho hon
gia tri dat thi sé phat tin hiéu canh bao.

Hinh 9. Hién thj vét tau di chuyén

Diéu kién thoi tiét 12 yéu t6 anh huong dén yéu t6
nhiu trong radar. Nhém tac gia di mé phong yéu té
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nhidu mua v6i mac 5 thé hién trong Hinh 8.

Trong mét sé tinh hudng nguy hiém dan dén dam
tau thi chire nang truy vét tau (trail) 1a mot yéu té can
thiét cho viéc tim kiém ctu nan. Nhom ciing mo
phong chirc ning nay véi nhitng théng sé theo quy
chuan ddi véi radar hang hai nhu Hinh 9.

Cubi cung, nhém tac gia thuc hién xay dung mot
sb kich ban huan luyén hé théng radar hang hai, thu
nghiém va danh gia, so sanh véi mot sé hé thong mod
phong ciia hang I6n nhu Transas, Kongsberg duoc lap
dat tai Truong Dai hoc Hang hai Viét Nam.

Mot trong nhiing kich ban d6 1a cho tau chu xuét
phét tir cang Nam Pinh Vi véi huéng 320° diéu khién
tau bang vo liang, huéng bic that N up, van téc
6,754kts va gap hai tau muyc tiéu di chay theo chiéu
nguoc lai, muc tiéu cd phuong vi 70,8°, khoang cach
0.1179NM. Thoi gian mé phong la 8 gio 10 phat. Yéu
cau cua radar do khoang cach tur tau chu dén hai tau
muc tiéu véi ting thang do cu thé va ding vong cu ly
dong, toc d6 cua tau muc tiéu nhu Hinh 10.

Hinh 10. Hién thi VRM, EBL

Hinh 10 thé hién duong phuong vi (EBL) va vong
cu ly (VRM) dugc do thi cdng cua tau muc tiéu Cargo
ship, gia tri do duoc hién thi trén man hinh radar. Bén
canh phuong phap xac dinh tha cong, hé théng md
phong radar nay con cho phép tu ddng tinh toan
khoang cach va phuong vi muc tiéu.

Qua qué trinh thir nghiém mét sé tinh ning cua
radar va so sanh voi hé théng mé phong radar cua
Transas két qua thu duoc cho thay hé thong radar nay
dap ung du dwoc yéu cu co ban trong huan luyén
radar hang hai.

5. Két luan

Trong bai béo nay da dé xuit giai phap va thiét ké
ché tao thanh cong hé thong md phong radar hang hai
dua trén thiét bi phan ciing PLC va phin mém Unity
3D. Pic biét, md phong gan chinh xac co ban chic

KHOA HOC - CONG NGHE

nang radar thyc ciing nhu cac hé thong radar hang hai
cta nhiéu hang trén thé gigi. Voi nhiéu tinh nang nhu
tao nhiéu cho radar, quét muc tiéu, diing cac vong cu ly
dong, truy vét tau khi tim kiém cau nan. Hé théng md
phong radar hang hai nay da dap ung dugc 85% so véi
nhitng hé thdng radar hang hai cuaa mot sé hang I6n trén
thé gidi. Bac biét, nhém tac gia con lam chii hoan toan
cdng nghé va ndi dia hoa san pham. Huéng phat trién
ctia bai bao trong tuwong lai s& thir nghiém nhiéu thuat
toén trong radar va xay dung duoc hé md phong radar
cho céc loai thiét bi radar hang hai khac nhau.
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