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Abstract : A ship handling simulator is popular means of preventing marine accidents caused by human error. It can also be used to
train navigators. A real-time 3D visualization system, a component of a ship handling simulator, is an important component, as realistic
and intuitive image generation play an essential role in improving the effects of education using ship handling simulators. This paper
discusses the design of a new real-time 3D visualization system based on an open source 3D graphics engine as well as its
implementation. The developed real-time 3D visualization system satisfies the operational requirements derived in terms of visualization
functionalities, reuse of legacy graphic data, and interoperability with other systems constituting a ship handling simulator. This system
has an architecture in which new functionalities are easily added.

Key words : Open source 3D graphics engine, Ship handling simulator, Real-time 3D visualization

1. M 2 717} ook weEbA % Aldel gk AAA WA 3

e FEE 9 Wt R et AlEYelE 7<% (Magee,

Auk &3], AsAke) o] Abal Ay A] Bk Q17 9 1997; Murai et al,, 2004; Wallace and Northam, 1997; Kuhl
E4 fa7p A= % A" A9, AL qig 9 et al,, 1995)°] 4-&Ht}

A FA (=FAL 2 D] ago] Fastth 22 o AB o) T EE, S8 EAd wi 2AHe mus

& A=HES O FR7F BEste] JEAQ algo]l "9 golgt 5 Aolyl mdn oF A gl A Ie] HFAE

shaL guef 74 o] azked A AAl ARE A AL wE S 8t S AETE ol &3t A Aiks FAste ALtk A

T A Az 0 A3, dhmun@knu.ackr 054)530-1271
* AR : A3, thfang@moeri.re.kr 042)866-3625
% A3]9], ojyong@moerirekr 042)866-3648
sk 9131 Q) hjhwang@moerirekr 042)866-3645
s 3] Q) be7871 kim@samsung.com 042)865-4368
(F) o] =i W& di= A &3 AlEFolHE fg AT 3D 7FAIE Al 2"l A7 Al Fo R “20108 5 g3 o3|
el =g (E 2 S stnl, 2010.4.4.22-24)"° LEE AL

- 187 -



208 3D AW A0 eI Huk £ A

Z ARl A Al ZtH o Balsls Aolth A1zt AR A}
GAbote] FEAES AT HEH] AHFA AR AR
A& ATH A BH oA 7HA s Fagatel] Q1AL
BAA AlgdelE e g gI3E golE T 2ot
o)9} e 7IAE 7)1EL Hg A B o)E Wk olE Az

A& ol A (Mujber et al, 2004)°|vt A HG A|Ed oA
(Bian et al,, 2006)9 %= F8.3F 7]<o|t},

A GF AlEH A TN EHE AsiAe S ate BAL
(Tessendorf, 1999; Lee and Han, 2010), dig=Hol A2l 42
18] (Jensen and Golias, 2001), %k 2749 7}A|3}, & &3
oF T4 AA (& Eol A=hete) 44528 (Mitchell, 2005;
Glassner, 2002) ¢ 5+% 7M1 g 7lsE0] Hash, 4
44 3D 2 AHe &5 g UHezE o
SHAIZF k(3 - A, 2009). 3 A48 3D = q
Al U 5-e] Fad oz QlsiA
HAl a#g 71 Ee] Ago] oy
H 7% T Aok Wit

Sl AT Hol A At dak 28 AJEd el (Gong
et al,, 2004)¢] AAIZF 3D 7HA 3 Al 2" g8 2y <l
72191 VEGA Prime (Presagis, 2009)& 7|4te 2 7125 %17
Lol A AlEd el fe 78 8kl v-&-31]
AsNA Al ="l 7ss AU A4 aHy VEs A
S3at=dl Aleke] lth
444 3D 18 A h2A $/0F 3D 13 4
27F gAE ] ol WEATL A ZE 7HA S 27l
2 AT = de o] vk HEgk A~ &
3 HA e 71Ee] A 8ol Jbesith 2GR

, 2009)¥5F oy} g} Eofol M= Az 3D 7hAE 3

2 349 3D ey Adxe #E3 v AlE(Burns
and Osfield, 2004; Friese et al., 2008; Roth et al.,, 2004)&
S F Ak

o] =M= FE 21
201005 7I¥ko = MEb -3 A|EwolE 8 AAIZE 3D 7HA
st Al2lS e
3D 7HA3E A"l

3 d
Elo} dsS dto] A5 S FAsAh

to i

0O

b
o off

[o o wlo off rlo
of

f
g
o R
&g
gj, —_
o £
Sy
>
il
o,
o
)
=
k2
i
10
>,
)

2. M4t 28 AIZ2|0IE2| 3D JHAIE 2F

2.1, M4 28 AlzelolEe| T+

Auk o8 A"l o FAL Fig. 19 2uh Adh &3
o} BAAZ Yo Adaes ALgAF &
), gAY tj=Fd o], AAE 3D 7t
Mgk Alz®lo]l il FAlAeli= Motion Solveret I0S
(instructor operating station)”} ¢t}

B Adeol e Zb MEbe) AFe ARkl £

w2} Motion Solveroll A AlAFEth Motion Solvers A4S

¢ o
5
)
2

| &I E & AAIZE 3D 7FA13F Al 28 sl
st7] 8 dask 4RE 10SE S8 e & AL 29E
Al I0SZ ®{ith I0S+E Motion Solver?] 74t A3tE n}
gow Jgad AlEgelAd volEE AlEd o e 9] AHEAL Q1
o] (A ti=Ege], AAIZE 3D 78 Al 2~gD
o] &t
AlEYolHE FAE
TCP/IP (Transmission Control Protocol/Internet Protocol)
1} UDP/IP (User Datagram Protocol) ¥4} o] AFg-€t}. 10S
= BHREINZE (broadcast) W29 UDP €4l1& F3) 33
A "z=Fg ol A 3D 7HAEF Alz=dlel] AE AlE

golAd dole s dEdrh

1o

NzEls gre] BN 96

1l

Control room Bridge

Instructor Operating
Station
(105)

Steering devices
(steering wheel/engine
controller)

-

Navigation support display
(RADAR/ECDIS/ODD)

Real-time 3D
visualization system

[ Motion Solver ]

Ship motien
characteristic
DB

Scenario DB

Fig. 1 System configuration of a ship handling simulator
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Table 1 Graphic capabilities required for maritime simulation

Item Sub item Details
Ocean wave Spectral model-based ocean
simulation wave generation
Stern/bow wakes 2D or 3D-based wakes
Ocean
waves Infinite grid for ocean | Projective, rectangular, circular
wave type grid generation
X Reflection, refraction, godray,
Sea surface optics K
caustics
Ship search lights
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Ship/buoy floating , . D
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Dynamic | effect
) ocean waves
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Dynamic object lighthouse ~ On/OFF, Ship’'s
animation sub system animation (e.g.
radar rotation)
Environ Weather Clear/fog/cloud/rain/snow
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Scene graph
. management
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Fig. 2 Use case of a real-time 3D visualization system for

a ship handling simulator
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Fig. 5 System architecture of a real-time 3D visualization system based on an open source 3D graphics engine

4. AA|ZH 3D JIAIEE AIAHIQ AN AA|

3ol A gl g Al 2~®le] 7 F2E vy o R UML &
2] W (Fouler and Scott, 1999)& AF-&38te] 2 A7} 3D 7}
Azl Al 2="le] A 25 A Sk

AAIZE 3D 7N Al 2='0] A S, Fig. 63 2ol
RevisysApplication®} ApplicationRole®|t}. RevisysApplication
Fgre Zz2ae] dET FAE(entry point) J&S 3+
t}. ApplicationRole & 2x+=, At 23 AlEd o)A Aol

A, IOSZHE e A Ewold A3 dolHE ste 7HA3}
sk 4 dAE BElske Fdlzolth 3D 7HA8 Al ~Hlo]
Ao met 29y SY2He] nfay e SYolR 9
S 3] wiEel, ApplicationRole Z#|AE  AbEurol
MasterApplicationRole¥} SlaveApplicationRole =5 #
olate] Ao gl ot A S FHET

3D 7kr st Al 2=d"le] 278k A3, F8 HAAE AlEA T
oloj 1S o]&ste] AAG A#Hr} Fig. 7otk A&
3D 711138k Al 2=ES A33HH RevisysApplication el

- 191 -



TAE 3D 2gg AR

tjo
m&‘i

RGNS

GlobalConfigManager E25 3 A28 Z7|44S
%, ooy Feare 47 AR wel ApplicationRole
ol 319 Flxe AA (MasterApplicationRole FE+=
SlaveApplicationRole) & A3/d 38t x7]gtstr}. %7|8) #4
o] Fud, &3 Al EH A H4 <t IOSEHE AlEH ]
A A dele H31E vro} e FFAIEE gt AREAE
o Fg WY T [OSERH Fr JFe wow

RevisysApplication E#}27} 3D 7FA3 A ~81S E 83}

romjy o

RevisysApplication ApplicationRole

+LoadConfiguration()
+Initialize () +Uninitialize()
+Run() +Run()

+Uninitialize ()

MasterApplicationRole SlaveApplicationRole

+Initialize() +Initialize()
+Uninitialize() +Uninitialize()
+Run() +Run()

Fig. 6 Design of a real-time 3D visualization system: class

diagram of RevisysApplicationandApplicationRole

g Fel2ge] naE e SeolH ko] Hloly H7)
s}= Fig. 8% 22 Ao o] Yt) whaE = IOSEHE
AEHolA Az delHE UDP dWzlezm we F
MaritimeSceneManager®] UpdateScene() 3+ZE FE 38}
scene 1Y EZE 7Algt) viaEHE 73"]
718t RS FA SHoBE Y

Algdold & AIE (o] &9 7@* O] 73 Al
b), Adutoln} Fipel e 24 AAe] #g HE, Tt

o [

N

¢

: RevisysApplication
<<create>>

1: T2 AR

23l Mk 23 A 5P olH &

AAZE 3D 7tAI8E A"

2ol JEIZE Wt g4 Aol #Ag FR, bt Al
Hogtag F9F 59 34 AA ARUL 71Edn 4o
= vhaEERE e F7st 3 dlojEe]  uhet
MaritimeSceneManager 2] UpdateSceneFromSyncPacket()
S5 &3S scene 1 ZE JPAIST]

3D 71X &} Al2~Ele Fig. 99F 22 X & scene 1 ZE

<

A sta Felgt) Scene 1 1) FH 5&%‘, vttt 71
AE B s 2) - AR BRY B s 3) BEe) S
A =2 A 3D 7HAISE Al A Fheeks A4
3} 37 olFa7] Wil Fhelete] A 9 Wk AR = A
o HARAE 7IEoZ RdHCE wpehA Al2=E A vlo]E o
Aol ol shilEk 913 92 B JRES ¢lo], Ahvlet =
Z5S A == OwnShip?] 8] === o),
5. MAIZH 3D JHA|E A|AEIS] TE I Al

3A I} 4 A ARFE AAIZE 3D 7HA 8 A5l A Ao
w2} 3 A el FelaE 9] Az 3D A 3 Al
de FAste] dsFAT A Ak £ A Bl A

|3tk

WA g 7% FES Y] Bes 3D 1Y dxow F
A& 3D 2e88 AFQ Ogre3D 1.63S A&atoitt 1ei=
dlolg] =4, st 7FA 8, 87 7148 ZE FEE 96

A Ogre3DE 7]9te 2 st 3718 glolH
(Hydrax, 2010), SkyX (SkyX, 2010)& }%6’}

A"l T AFOA HolH 2 X Apache
logdexx (Apache, 2010)& AF&38to] F&3FH L, 18 o
ol =4 ®E-L Ogre3D 7|¥ro = 7dtd F703 2ho]lB
2]¢l DotScenelLoader (DotSceneLoader, 2010)Z A}-&3}]

I

©
o
=
g
£

: GlobalConfigManager : ApplicationRole

4 : Initialize ()

2 : LoadConfiguration()
3 : LoadConfig()

5 : GetGraphicClusterRole()

il

<<create>>
6

7 : Initialize()

9 : Run()

sd Loop J 8: Run()

>
10 : Send a packet :I

11 : Uninitialize ()

12 : Uninitialize()

<<destroy>>
13

14<<destroy>>

X

Fig. 7 Design of a real-time 3D visualization system: sequence diagram of RevisysApplication and ApplicationRole

- 192 -



FHd - o A4S - Fo - AgE - e

Master

' N
I0SPacketReceiver:
GetinstDatal }

PACK_FREEZE PACK_RUNTIME PACK_STOP

Update the
Do nothing scene from an _Senla a SIWP
105 packet signalto slaves
[ T

¥

[ UpdateScene() | Slave

Update the scene

SendSyncPacket() I
Send a sync packet L Multich
1o slaves

MaritimeScenaManager:: ]

MaritimeSceneManager::

UpdateScenaFromSyncPacket{)
Update the scene
froma sync packet

[ Render the scene

- J J

M

Fig. 8 Design of a real-time 3D visualization system: Data synchronization process between master and slaves

Environment
nghlGrDup

[ Sky ] Sunnght] [ Ocean ] [ HarborObject ] nght

( Fog ] ( Haze ] ( snowAndRain | BuoyGroup

((ownship ) ( Trafficship ] [ Trafficship J(_ Buoy ] [ Buoy |

I CameraNode ] l CameraNode ]

| Camera |

Fig. 9 Design of a real-time 3D visualization system: class diagram for scene objects

TF#EsAE 28 XML dlolH 3 9184 TinyXML
(TinyXML, 2010)E AH&3FSAth

YEAZ EA A=9 Multichannel SyncMgrt I0S
Packet Receiver®] 785 1314 WEH A 521 gteolBv e
2l Windows Socket(WinSock) 2.25 AF&3}Ath

A A ZF 3D 7HAE A28} stk Lt P o] Mk 93
AlEHelHe dAFste] 7HAE AESs A% 4347} Fig.
100]t}. A% AFES 3, sNdgk AAIZE 3D 7HAISE Al 2~E
o] 71&9] 44 3D Y R 7|uke /\]i‘;ﬂ:ﬁl} ] &}
o Mubdgor 5l

= 75 %‘% N

/24

5]
=4
&

o

£ 7)E Azl
} 715 Aol Was)
oh. @ElAd 7bA ke A4, B v 2Edol (tled display)

o} 2o vhakst U pAo] sbse Aol 9ot Wel 4] Fig. 10 Visualization of ship handling simulation using the
So] RE3 o] whdolt) developed system

- 193 -



2

o 93 AEelolE g AR 3D FhAl g A
ABeol ol A &8 558 7ha 8
AgeolE 2 FA s B Azdte
el Siolok Atk of Aol b

3 e EA 5

HO

N
Rl o2

Y

A7 3D 7}/\]:@} ]Z:Eg}% st
7hA] 8t 2t
B & g ]/RE%]_\‘V,]_Q]
Zshgith 1Ela =
o AoF 74 EES 7391 & 5
7k 3D 7HA 8k A2l OE‘HL TEE
ateich. A1z 3D A 2~ E)
FINE 2=
Ab-g-8to] 7hA
+F AlEdo

Zahst,

mlS
Ho
:?1:4"
fo
[N
~N
olr

}\] 2~ F;ﬂ 7H =]

N
|
&
o 1H

e
offt
e
g
=2
R
oo N

tlo o
ol o

juj
-

o
=)
o
o

)

2 oX olN'
lo
o
=

i

_41&:

[1] &73, 9hAld, A48, %i 71 (2010), A9t 3 A&
golElE 9% AAF 3D 7HA sk A=l 8 2
2010 ﬁ&%CAD/CAMF@I ﬂ’\tﬂﬁl

[2] A5, o174, F27 (2010), 2FEAa2 1~ Azl
S o &3 JHSEA B vxFyo] Al s
2010 3= CAD/CAME 3] &<l

[38] =3, =Y, o]74d (2009), HE& 9% wEF 7}
Agt BES ol &g A EE ©A AEH oA, g
CAD/CAM3} 3] =<4, 144, pp.69-75

[4] 353, &73 (2010), A= &3 A Eold 7 stE
Ak e ANejd A 7o) A B
whal3) A, 344, pp. 153-160

[5] Apache (2010),  http://logging.apache.org/logdcxx/
index.html

[6] Bian, Z., Ishii, H., Izumi, M., Shimoda, H., Yoshikawa,
H., Morishita, Y., Kanehira, Y. (2006), "Development
of a Tracking Method for Augmented Reality Applied
to NPP Maintenance Work and its Experimental

in the Proceedings of the ACM

Virtual Reality Software and

Evaluation”,

Symposium  on

JE#ole-& AAZF 3D 7HA1E A28 s
Technology
[7] Burns, D., Osfield, R. (2004), "Open Scene Graph A:

"

Introduction, B: Examples and Applications ”, in the
Proceedings of the IEEE Virtual Reality Conference
2004

[8] DotSceneLoader (2010), http://www.ogre3d.org/tikiwiki/
New+DotScene+Loader&comzone=show

[9] Fouler, M., Scott, K. (1999), “UML Distilled: a Brief
Guide to the Standard Object Modeling Language”,
Second Edition, Addison Wesley Longman, inc

[10] Friese, K. L, Herrlich, M., Wolter, F. E. (2008), "Using
Game Engines for Visualization in Scientific
Applications”, IFIP
Information Processing, Vol. 279, pp. 11-22

[11] Glassner, A. (2002), “Duck!”, IEEE Computer Graphics
and Applications, Vol. 22, pp. 88-97

[12] Gong, I. Y., Lee, C., Lee, K. ], Lee, H. .J., Kim, S. Y.
(2004),
System for Korean Navy and Its Mathematical
Model”, in the Proceedings of 31st IMSF AGM

[13] Hydrax (2010), http://www.ogre3d.org/tikiwiki/Hydrax

[14] Jensen, L., Golias, R. (2001), “Deep-Water Animation

in the Proceedings of the 2001 Game
Developer’s Conference

[15] Kim, Y. S., Yang, J., Han, S. (2006), “A Multichannel
Visualization Module for Virtual Manufacturing”,
Computers in Industry, Vol. 57, pp. 653 - 662

[16] Kuhl, J., Evans, D., Papelis, Y., Romano, R., Watson,
G. (1995), “The Iowa Driving Simulator: An Immersive

IEEE Computer, Vol. 28, pp.

International Federation for

“Development of Ship Handling Simulator

and Rendering”,

Research Environment”,
35-41

[17] Lee, H., Han, S., (2010), "Solving the Shallow Water
Equations Using 2D SPH Particles for Interactive
Applications”, Visual Computer, Vol. 26, pp. 856-872

[18] Magee, L. E. (1997), “Virtual Reality Simulator (VRS)
for Training Ship Handling Skills”, In Seidel, R. J.
and Chatelier, P. R. (Eds), Virtual Reality, Training’s
Future? , Defence Research Series, Vol. 6, Plenum
Press: New York, pp. 19-29

[19] Murai, K, Hayashi, Y., Miyoshi, Y.
(2004), “A Basic
Observation Area and Stress Level for Ship Handling
by Actual Ships and Simulators”, IEE] Transactions
on Electronics, Information and Systems, Vol. 123, pp.
1311-1318

[20] Mitchell, J. L. (2005),
Rendering of Ocean Water,” ATI Research Technical
Report

Inokuchi, S.

study on Navigators' Visual

"Real-Time Synthesis and

- 194 -



)

(e}

F

[21] Mujber, T. S., Szecsi, T., Hashmi, M. S. J. (2004),
“Virtual reality applications in manufacturing process
simulation”,  Journal of Materials Processing
Technology, Vol. 155-156, pp.1834-1838

[22] Ogre3D (2010), Open Source 3D Graphics Engine,
http://www.ogre3d.org

[23] OgreMax (2010), http://www.ogremax.com

[24] Presagis (2009), http://www.presagis.com/

[25] Roth, M., Voss, G., Reiners D. (2004), "Multi—
threading and clustering for scene graph systems”,
Vol. 28, pp. 63-66

[26] SkyX (2010), http://www.ogre3d.org/tikiwiki/SkyX.

[27] Tessendorf, J. (1999), "Simulating Ocean Water,” In
SIGGRAPH Course Notes, Addison-Wesley

[28] TinyXML  (2010), http://www.grinninglizard.com/
tinyxml/

[29] Wallace, P. R., Northam G. A. (1997), “Training Task
Analysis  Methodology  for  Operational  Flight
Trainers”, in the Proceedings of the 19th
Interservice/Industry ~ Training, Simulation and

Education Conference. Orlando, Florida

1N E - oAl S - FE - 0

il

g4 20104 10€8 8Y
AR 120100 129 9Y
Aaaigd 20119 39 23Y

195 -

e

riet



