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An Underwater Simulator Using X3D and a Motion Chair in a
Multi-channel Display Room

Pilwon Hur*, Jeongsam Yang** and Soonhung Han***

ABSTRACT

A submarine good military weapon because of its confidentiality and intimidating power. Therefore,
training warfighters how to maneuver submarine is very important. Because submarine is very expen-
sive and has regional and temporal limitations, M&S(Modeling and Simulation) can be a good alterna-
tive. However, as the existing M&S systems of submarine generally use expensive commercial software
and dedicated hardware, which cause the warfighters to take troubles to visit the secured places, and
then to train themselves during limited time slots. Also, many M&S systems have only one-channel dis-
play system which reduces the sense of immersiveness. Another problem is that many heterogeneous
simulators can hardly be used as an integrated system. To solve these problems, X3D, a platform-inde-
pendent and open standard graphic file format, is used with the general-purpose PCs. To increase
immersiveness, multi-channel display system and a motion chair are used. Finally, HLA/RTI is used to
integrate individual components of the simulator. All of these are verified through experiments.

Key words : Modeling and simulation, Motion chair, Multi-channel, underwater vehicle, X3D
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Fig. 5. Variables to derive conditions for synchronization of
multi-channel display system.
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1} UDP(User datagram protocol)E A&+ 5~ 3
Zejv F718ks) FojoF & AdEe] BAY 21 A
gafjof & dj7lo] Bs A-f-oll, TCPE AHg-ahd &
7t =3 4 derng B =R = UDPE A
&3t

3.4 Federate &S ZH0]| HIAIX] & HIA|

2 A B 0)AS 913 FederateS2] 40 ¢k8
%™ Federation®] A 3JH T}, Federate g2 7kl H|A]
A A AAE +5317] $l3] =¥ HLAS] FOM
(Federation object model)> A A4t Al&EF o] 0]
F 2 woll, Federation®] 412! FederateS Afo]
of Ffr=lojof st FRe Ulg AEFZXE ATH
o7 Aog} Ao|t}, o & Eof, 23 Federate?} ©]
2] FederateZ T4 ¥ Federation®] ATt 78 3sHH,
<=3} Federate®} ©] =] Federate 7+oll= 2140 9] 913

ARE M= wgstofol gitt, 9t A4, olg] 7
A, 2E|aL ZF AAe] 914 £4 Fo] BlE FOMe]
FAE 32804 AFE 37H¢] Federate 7H-H]
FOMel| xEgte|ofof & A=, kel 9%} 2Al
AEE 7EA AL = A12H Aol 2EQ] SM Info ©]
o} YA 5 7R9] Federate$l A 0] REQ] ¢l
H29) 78 BEe] QIAH A=, A 2E Ao BE
o] %Al (publishydh= SM Infol] QIAEIAZRE A

£ 44 (subscribe)dt & W BAA0] RE THA
3} 2E Alolo] YR FH+= Favt gl

: ObjectRoot
privilegeToDeleteObject : String

: SM_lInfo

position
orientation
Motion_Command

(a) Object class diagram

InteractionRoot

: Update_Motion
orientation

Motion_Command ﬂk

SimulationEnds

: Update Visual
position
orientation

Manager

(b) Interaction class diagram

Fig. 6. UML diagram for object and interaction.
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2 ik wAA o] AAek 78t RE AA=
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29 F2E HoFH. SimulationEnds ]2
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SimulationEnds E2] 227} A3<:0H Manager 2| 2~
=, AlEdold #EE 520 F HLAA 7|32
2 AFdte Fozolth A& Aol REA
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ZA= RTIO AAE T} Fig. 72 Federations
‘g8t 370€] Federates Aolel wlA1A] A 24
, UML2] Sequence diagram®.Z LERH Zlo]t},
A|=") Alo] BEoX 1Hrdh A o] £4(R1A, A
Al, o E RS AREAL Yol nje} o] E g
5, RTI2] HHoi¢l Update Attribute ValuesS A&
34 $4181A =W, RTR= RTO A3E S04 &
Aol AABle | Jullo|ER £A%hS Al st
= Federate®| Al RTI W% o]l Reflect Attribute
Values+5 ARE3IA AdEgit) o714 + 715 RTI
7} AF FZ3= Callback &0t}

o ot

B,

Mo ox r> O oy & rf wn
O

: SM_info RTI Motion chair & display

—

Update_Attribute_ValuesJ_ .
Reflect_Attribute_Values

S e s ]
Update_Attribute_Valug Reflect_Attribute_Values

T I: l
Fig. 7. Sequence diagram for transferring message between
federates through RTL
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4.1 iCAVE A|AEY

B =RolA Aot mAAele} X3DE o3 th
Ad 554 AlEdolEE, Fig. 8914 BE ule}
7ro] =dl|eel EE thAld 7PdEA Al
g¢] {CAVES 7|9to 2 &3P TtHOB! {CAVE A
2B 2 900X 1400 mm Z7]2] A3 479}, HE
W2 AE g o] oA Ut F Jle] Wz A
E7} g 7l 223Re] Adshdel 22t FAME Y 58
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A AlEHOlAE 18t 7o19] PC (KI&F Alo] &=
E U], BAAl] 2E 10 223 78 2E sT)
7} AXE QT 78 RES $l8l] XS sule] PC
= X3D RS 239 EY3ke 988 B
tj2Zgo]-& &do] X (Slave) PC7} 4T, 28] 2 &3
o]H PCEo| &93t= 2H7te] X3D AR EE shte]
2 Aoz AN F JEE 5738 F=, T
€] wiAE(Master) PCE 3=t £# 012 PC
o] a2 g7l=e ¥ 9] Projectore} AZAE ] Ut}
57132 98l vi2E PCE 100M Bps Ethernet®
2 dZ49 LANS S3lA, ZH2e] E#olE PCol|l &
718} sjAE HAsitt. Zkzke] E¥o]HE PC= 1024X
15369] A EE A 2R, AA HL 4096X 1536
o] I EE 7HAT}

(a) Four screens with 1900x2800 mm

(b) Eight front projection type projectors
Fig. 8. Virtual environment of iCAVE.
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of AZAE BASIA] 27| wliToll, FFle] &4o] B
o JA AEHE S FuE S Ak 23y
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22 9§7] wiEell, TCP/IPO] Ml £ WA =
e A& 7RI el AlEdeld A=
M= EelolE PCE vR=E] PC7E 2712 HIES
3 gl EAstez, UDPe] 7l Edolyt =3 &
Aol Fukd 52 A9 dofuA et mEt S
ol 4915 7IA= UDPE AHE-3Htt.

4.2 FEEH

e AlEYolHE T3] $I81A, X3D EZ3
7IRke] ohAld t=EEolE AL, ol BA
ZYPE s A7 22T BAA09 dF
st 7S F7IsI T HLAZ# Y92 A5S
93le] MAKiit 2] MAK RTIZE AFE31Ith Table 1
< 78 3ol dlste] HojFE

Table 1. System environment

Windows XP SP2
MAK RTI (C++)
Xj3D Toolkit (Java)

Viewer side: UDP
Federate: RTI

Operating system
HLA/RTI
Software | X3D SDK

Network protocol

Hardware

VGA card Nvidia GeForce 6600
CPU Intel P4, 3.0GHz
RAM 1GB

Input device

Microsoft SideWinder
Precision 2 Joystick

Virtual environment

8 channel iCAVE
(Fig. 8)

Motion chair

2 DOF Joychair!

Fig. 9. Result of integration of X3D multi-channel display,
motion platform and HLA/RTL
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w2l mE AY Tk, d4lE, e 7120
A, F FLFo] AFS mAAE BN Y
2= 9]
T
4348

£ =24 A HEe] A AlEH ]
Elo] A8 Ay e v 2t

o F5keE oF vithol] gt & 3 A9 3 Hol
] oA drt.

o ol AT e QRS vlekgt F, o] of
o] AP A bl ol W7kA] HEe]
ghol] 3t

o OJF]] E3EE AT F o E WAt

o WIALE o]} A & Al BAA Y MF
¥} b g 2w g

9 A Qo gk AlEdEelHe 43 AHe

YouTube(http://www.youtube.com/watch?v=PUbVsb
VeuSE)l 5@l &84 Atk & m=olA ARt
Wiz 17}e] AJd-8 B9 Paradigme] Vega, 12|31
ZA7te] 4994 £ Right Hemisphere®] Deep
Exploration CAD Edition®l] thall, 4714 &-&-(ZH Y
%, 5199] 2719} 29 AL, A, olulH) F)S
Hla #7he s,

43.1 == [

Table 2= AlE#H OIS AT 7] 3 74
sh= 5709 3D A WEAE, FAF siAAE,
g, o1, FAF ulthel tial, 7 Eke] 91XE ¢
o= XA T ] 7HA] HEE (Viewpoint 1~4)0l 4] €]
ZHAE&S v Flolt), o] 3D FHES Xj3DE
o] galx F& = 799} Deep ExplorationS o]-&
A Bdsk= A5 vad A, 3 WA FE
91 E (Viewpoint 1) A|&]3l2E B3 A5S B
ATk T HESIE(Viewpoint 2-4)SF LA,
Occlusion culling 71Heol 2J3)] Jd o2 AL 74
o] EgjLo]

7FA 85l Viewpoint 1914, Xj3D7F Deep
Exploration 20} Z#|-&0] & olf+=, 37/E =
2AER /dE Xj3D7F As0] $5517] Biks, 7]
2421 dlolgoly AEH e 755 =4S FiL
NEEIA7] wiiel] ey SErt WE ZoR A
Hoh Z229 /57T BE Viewpoint 2, 3, 4014
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Table 2. Comparison of experiment results

Xj3D (X3D) Vega (Open Flight) Deep Exploration (Open Flight)
Viewpoint 1 30 fps 18 fps 11 fps
Frame per | Viewpoint 2 10 fps 12 fps 10 fps
second Viewpoint 3 8 fps 24 fps 8 fps
Viewpoint 4 10 fps 24 fps 9 fps
Loading time 30 seconds 80 seconds 20 seconds
Cost Free More than $20,000 $1,495
Openness Platform Wiq, Linux, SGI Irix ' '
Platform independent All versions for each operating Windows
p system should be purchased)
. . . . Objects at a distance are less frequentl
Objects at a distance are frequently flickering fli chering due to relatively high Srecisi}c;n
. due to low precision (16bit) of z-buffer. . ) -
Image quality However. it can be solved by separatin (24bit or more) of z-buffer. Due to anti
’ Y Sep g aliasing, scenes are rendered with high quality
boundary surfaces to some extent.
at the cost of performance.

= A3E Xj3DY Z#|UE©] Deep Exploration®]]
Hlsl ol T} AT, Vegad] 7$-oll= ZaY-&o]
Xj3Del Hl3] AiF oz Ehtl 1 ol Vegas

FHoz 7PpHZ 2 LOD(Level of detailyE 283}
of, 2] e Pl thalir = shdol FAI8HA] %+
o 2M, 3 ZHYPT Ko Foof e EHF2
(Polygon)2] 7145 &%7] W&ot}

432 T4o| T7|9} 2E A|ZHe| Bl

Table 2614 K= vk} Zo] Xj3DE 303, Vegas
80%, Deep Explorations> 20%9] ZYA7HS zh=
AL IRIT F Aok 29 AI7HE 7o) F719 A
o] Utk Table 3014 W= npel 2Fo] 374 wkd
xHe) s FUs 3D FAe ZV|E H|aEhE,
X3D7} VRMLO|Y} Deep Exploration®] Open Flight
Hoh gl 2717h o Avke A4S 4 4 Uk X3D
£ VRML¥= tE Encoding ]S ARE-5H7] W&
o, X3D7} VRMLET} © H#A s} € 9d +2E 7}
e AL & 4 Aok 23y Open Flighte] 79,
X3D7} Open Flight 20} o HAsld 9l +x2&5

Table 3. Comparison of file size (unit: Kbyte)

. Open
Xj3D(X3D VRML .
3D models 13D( ) Flight
ASCII | Binary | ASCII | Binary
Pusan terrain 14,887 | 1,347 | 27,395 | 12,598

Pusan underwater | o35 | 144 | 2602 | 1222

terrain

Submarine 386 64 1,116 407
Torpedo 25 6 73 N/A
Pusan sea surface 22 5 35 83

SH=CAD,/CAME 3| =183 A 13d #1135 2008 2¢¥

FHieka welrle ofdiet. v vlo el Binary) 3
o] X3D 3 =7]= Open Flight Bo} ZpA]qt
Open Flight= UlF-4 02 X3DHET ©] @2 H] 34
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WA og sk 29 dEES ARs] wE
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ol=dl A= AlZke] Vegakth T At}

433702 Hlw

X3D= 2003l 1SO A FF0 2 A=A, 7Y
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Atk Xj3D FHolel -8 X3DE 7 3lske $-4X=
IPEL, HE9 H|go] glojx= AREo] 7Fsslth
(Table 2 Z11).
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