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2. XMVR Framework® Architecture

XMVR-> remote VR ClientQ! visualization software’} WE o2 7}A13} dlo]
B £& o] AZEdolm 92 7HA3 235 =484 interaction®] 7Hsat
Al 3k= VR ServerZ Z%3HH VR Serveri= A5 22 immersive displayE 2
gty websd VR Client sitecl A= F7ke] H&S 5914 VR systems 75
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[28 3] XMVR Framework Architecture

7}. VR Client

VR Clients= visualization software®} State Manager® T %t} ParaView2}




2o 7)E THAEE AZE Yo7} visualization softwareol] d|F3FH State M
anagerv 7FA3F AZE 7} AAEE 7HAE AAE A S State Saveret
o]Z VR Servero] U EH SR HE3= State Messenger® o] Fo & At} =,
A5FE AlE# ol A= Visualization SoftwareS o]-&3dfe] 7hA|3 &7} o]
FolAM ARgAE= VRE ZIE displaystalzl & wf State Manager® %3}
™ State Managers 7FX 3} 232 gz AA3s & A E#H oA dolg e 37
VR Server®] State Loader® %3t} State Saver®} State Messenger®] 43
I 5E4S Adshd vy 2

State Saver

1. Role : visualization software®] visualization 23} A%
2. visualization software dependent

3. Module Type: Add—on module or dynamic plug—ins

4. Calls State Messenger

State Messenger

1. Role : A% visualization 235 VR Serverol] %
2. visualization software independent

3. Module Type : library

4. Client process to State Reader of the VR Server

1. VR Server

XMVR®E] VR Server= State Loader®} VR Kernel®Z A o] %™, State Loader
= State Messengero A H U2 Hlo|E & 415t A A3}+= State Reader$} vi
sualization state fileS 34]3}4] working memory©ll state #t& A st ol&
VR AL A AL 4= JE= 3F= State Analyzer® ©|Fo] %] dt}. State Re
adert= diskol ®lo]E|E A3 & State Analyzero] VR serviceZ 233t} St
ate Analyzer+ visualization state X9} VRO hardware/softwareo] %tA VR

service 374 S A A3Eto] VR service A3 FH|Z 3t} State Reader, Stat
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XMVE. Client XMVR Server
Visualization Software VR Kermnel

High-Speed

State Manager State Loader
State State - Network State State
Saver Messenger Reader Analyzer
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State Reader
1. Role : VR Client24-8 A%% Holg|& #&3FaL VR Service 8%
2. Module Type : stand—alone execution program

3. Server to the State Messenger of the VR Client

State Analyzer

1. Role : State Reader2%-H VR Service 875 A58kl visualization state
ydS d4)3te] VR Kernel?] AE]S A A3sa VR Service A%

2. Module Type : plain module tightly coupled with VR Kernel

3. Calls VR kernel modules
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View
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[29 5] VR Kernel 74 8%

State Saver State Messenger

Rol Storing the visualization result|Transmission of the result infor
ole
from the visualization systems |mation and the source data

System Dependency|Visualization System dependent |Visualization system independent

) API library or stand—alone prog
Module Type Add—on or plug—in
ram

Requests uploading service to S

Calling process Calls State Messenger
tate Reader of the VR Server

[¥ 1] State Saver®} State Messenger

VR Kernel2 13l[4]¢} #Zo] A 3D User Interaction Handler, Feature Hand
ler, View Manager® T4 %] 2t} 3D User Interaction Handlers 6DOF(De
gree Of Freedom)E 7}A| &= trackerd®} wande B E, 279 55 g3t} Fe
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3. XMVR Frameworke] +¢&

7F. VR Client®] State Saver 7-&

Visualization Software®] 7}A]3} A¥&= XML formate] A= A7Fo] Hu o]
W A= F8 ARE 7HA3 deolH Y sdolE3 1A, A8% visualization
filter(operation), =%, Zetf Fol Atk HEAHE= ParaViewe] WA H 2
sYg FAS A&sta shte] 7HA St Adte sk kel Aol Hrh Mult
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T o =Z multiview® 39 Aijulde] BF AAET

<Proxy group="sources" type="LegacyVTKFileReader" id="78" servers="1">
<Property FileNames" id="78.FileNames" number_of_elements="1">
<Element index="0" value="/xtmp/pvsm/Data/blow.vtk"/>
<Domain files" id="78.FileNames.files"/>
</Property>
<Property TimestepValues" id="78.TimestepValues"/>
<SubProxy Reader" servers="1"/>
</Proxy>
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<Property KeyLightIntensity" id="21.KeyLightIntensity" number_of_elements="1">
<Element index="0" value="0.75"/>
<Domain range" id="21.KeyLightIntensity.range">
<Min index="0" value="0"/>
<Max index="0" value="2"/>
<Resolution index="0" value="0.05"/>
</Domain>

</Property>

<Property LightAmbientColor" id="21.LightAmbientColor" number_of_elements="3">
<Element index="0" value="1"/>
<Element index="1" value="1"/>
<Element index="2" value="1"/>
<Domain range" id="21.LightAmbientColor.range">
<Min index="0" value="0"/>
<Min index="1" value="0"/>
<Min index="2" value="0"/>
<Max index="0" value="1"/>
<Max index="1" value="1"/>
<Max index="2" value="1"/>
</Domain>

</Property>
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State Messenger®] I A2 QoA A3k wpe} o] A% visualization st
ate L3} data HFUS VR serverz AEst= Aot} o= FdsH7] ¢ QU
ANA[16]& AH&3tlth QUANTAE #etxt&E9 4 37 (Collaboration Envir
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uctureol] AF&3}7] 938 MEE toolkito 2 ThFSE platformol 4] AF&-o] 7}53)
] AR AEstaal sk HolE Y] BEAS SEIZEIAY FEolA A
QUANTAE AA UES SAd sHAl A&2te] AAs Wdsto] dHeolHE dF
gt FAe] Ao P& remote VR Service A o] A= ojof 3t= XMVR fram
eworkell A&t Eojtt,

QUANTA Client® &#t3}= State Messenger’} QUANTA Server®l State R
eaderdl I+ uploadingS 8. %35t State Messenger?} HolE U} visualiza

tion 23 3$YAS VR system? local diskoll #&3tc},

. VR Server?] VR Hardware T4

VR display #*]+= 4709 rear projector(SONY SRX—-S110)E 7}A|+= Wall Scr
een® Z FAE gJom(F[1]) YHAX= FlyBox[20] joystick¥®} IS—900 M

icroTrax[21]19] head tracker®} wandZ AFg&3sFal Jth.

Type of projector SONY SRX—=S110
Resolution of a single projector 4096 x 2160
Number of projectors 4

Stereoscopic image INFITEC stereo
Computing system Picasso
Installation year 2008

[ 2] Wall Screen H/W Specification

VR 7|5 23S ¢3F Application Master Node®] AFeke #[2]9F Zo™ imme

rsive display-& node®] AF%e FE([3]13 ).




Manufacturer HP

Node Model xw8600
# of nodes 2 + 1 spare
Manufacturer Intel
Model Xeon X5450
Clock 3.0 GHz
# of FP operations / clock / corel|4

CPU # of CPU cores / socket 4
# of CPU sockets / node 2
GFLOPS / core 12 GFLOPS
GFLOPS / socket 48 GFLOPS
GFLOPS / node 96 GFLOPS

Main memory 64GB
Manufacturer NVIDIA
Model QuadroFX5600
Graphic memory 1.5 GB

GPU Memory bandwidth 76.8 GB/sec
Frame lock support Yes
Trangles / sec 300 million
Texels / sec 38.4 billion

[3£ 3] VR System Maseter Node

Manufacturer HP

Node Model xw8600
# of nodes 16

CPU Master®} =<

Main memory

64GB

GPU

Master®} &<

[ 4] VR Display Node
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State Analyzer”} VR kernel® =Y 3= visualization FH. 9 FFE 'sources',
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® Sources

visualization®] to] H+&= Lo T/ AAE Ued=d AFEA7T visualiz
ation softwareol A loadingdt =& dloly U2 2+2+e] 'Sources' TEE 713
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® Views

visualization softwareol| 4] A}-&3} rendering viewel] tall FEE YElHE elem
ent= view®| 7], 91X, W@, Fhdlel/z= AR, Z2gal o] viewel P dh=
tlolE] 3} €] 'representations' element?] ID Toll W3 ARE HAeE= A=
oltt. drte viewoll= o2 doly wdo] 2dE 4 JlomE 149 'represe

ntations' ID7} &F1}9] viewol] E=AT 4 Q)

® TFilters

visualization softwareoA] "ol 3}doll A8 visualization filteroll tfst #
& fAs= 2= Clipping, StreamTracer$} 22 filtergo] 7]l 3]dgt

o}, filter 44 tl“d2 'Input’ IDE YERATE

® Lookup_tables

display A AF&3}+= color space(RGB, HSV)E AHoldl:= I 'representatio

ns' W= A A8}z &1 'lookup_tables'e] gk IDE 7FA 3L 9l

® Extended_sources
visualization 28] ZA¥=Z AAE visualization object® filter HEA] Ao 2
A E objecte] ARE £A8= =2 StreamTracer® A &3t 7

nt7} o 7)ol &)

State Analyzer”} visualization H]°]E e} A3} A HE loadingdst= HAHL v}
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Step 2: 'sources' TE=9] data fileS opendlil data set®] EF7} Geometric da
ta?l#] Volumetric(image data *X3}) datal#| & T3t 3| data setS ™A
g2 293t}

Step 3: multi—view TS 938t ‘views' g AE = 7} view nodeol
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table®] node reference FHE U=t}
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Step 4: Step 39| reference AHE o] &3} Z} view?] display objectE A4

o). =, source data set= ZL#|¥ object® FHEIL AA} FW 5 representati
ons AHE dAS}

Step 5: visualization softwareol| 4] AF&3t filterE VROlA A-&3s}7] 935Fo] 'filt
ers' B]2EE ©ASIHAA 7} filtere] 393t 'sources' nodeE Frol, 1 node
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B}, VR Server : Kernel

VR Server?] Kernel 78S 93}, interactive 3—D 37 7ol 7} o] A}
|53 %)= APIQI VRCOQ] CAVEIb[18]E AF&3F%1 2™ immersive interactio
n 34042 input device trackings ¢34 = trackd®[19]& AFE3F T trac
kd+= "daemon" X213 O 2 tracking device®} input deviceZHF-EH HHE Ao
/] immersive application Z 213 A QX AHE AL 4~ JE=F s},
Visualization 7] 7S 984 scientific visualization toolkit2] standard
2 Z}g& Wil & Object Oriented Visualization ToolkitQl VTK[2,15]1& A}
23}t VTKE open source® scalar, vector, tensor fieldsol] )3t t}Fal vi
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VTKE CAVEIlbe} A AF&317] 918ke] Rajlich(1998)+= "vtkActorToPF", Hal
1(1999)% "vtk2CAVE", Shamonin(2002)-2 “VtkCave"E& THEAT. "vtkActorT
oPF":= VTKelA polygonal dataE #ofjo] o] HoJHE IRIS Performer(¥=
OpenGL Performer)ol|A @@ st WHolal, "vtk2CAVE"E display process
7} shared memory®l EA}E vtkActor Xl %13}l polygonal dataES Open
GLZ 8]+ Wyolth 12lal “VtkCave's= VTKE o]&3le] CAVE application
S ZAAT £ JEE JNEHE libraryE Performer AFEo] =3 A ot} Performer
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Z3l display processE°l Al AE3}H display processE- OpenGLZE ©] d|o]H
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[2¥ 11] XMVR VR Menu

1) Feature Handler9l A X 3t= 7%

Feature Handler®] 7] = [19 11]1¢] wlyrol oA Az =m 2t 7]%50]
Aeshe yee oo g,
7}) Representation Change

do]8 & displaysti= WHES WIS = 7]5o® WH(Surface), A (Wireframe),

A (Points) Al 7FA 9] FdWHo] AFHa

}) Clipping

7FA13HE objectArel HeH
= 3= 7]5olt}

filo

FAolHA Uakt BRAA AU B 5 oE

t}) Slicing
N5,
2}) Probing

Point widget& &2 o]HAl 7FAIStE object”t 7FAAL Ui= scalar gk, 914 B H
5% interactiveol| Al Hojs=t}

vl) Magnifying

3DZE display ¥ objectE TF WHolA AFEX7F AlEsE &S & 5 =S obj




H}) Transformation(Translation, Scaling, Rotation)

ZIABFE objectoll thate] 9 x| o]%, /=L, AL S8}
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2) View Managerol A A Q3= 7%

Multi—view= A|93}7] $3}9] view managere= AF8AF2] eventZ} A view
£ active AHIZ FH 352 YA views inactive HEIZ AT} BE vie
wi 27 XMVRAIA A dets e 7le S $6otA AHEE + 3o active
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4. Case Study: ParaView

VR Client9] visualization software® ParaViewZ Z-€3F A= tpe3 7t}

® ParaView? Clipping 7|5 %8 A%

ParaViewol A "cow.g" & =3 F Clipping Filter &3t 1 235 A
o=, XMVRol A Ad 7HA 8t A3E 2938t Clipping 715°] 484 &
& A7t VRol Al vFZ display %S

(a) (b)
[z2¥] 12] (a) ParaView: Clipping filter, (b) XMVR A3}




® ParaView? Contour 7]% A& Z3y

ParaViewol A “headsq.vti" volume dataZs loading?dt ¥ skin¥} bone surfaceZE
F=317] Y8kl F+ 709 contour filters 833 S. A89 AU AFE I
& XMVRONA] loadingsh¥ (b)9} #o] ParaViewel & U3d A37F vl= VRO

=
A1 display 2.

(a) (b)
[z2¥ 13] (a) ParaView: Contour filter, (b) XMVR ZA3}

® ParaView?] StreamTracer 7|% 28§ Ay}

ParaViewoll A structured grid data format$@l “office.vts"E loading%dt & office
desk, shelf &< displaydl”7] 93s}e] 197}A 9] ExtractSubset filterS 283}

=
71Ae] 555 Fetetr] fete] 1070 StreamTracergs 2483k, 7HA g 4
H7} AFE FLdS XMVRONA loadingsbd (b)2} o] ParaViewel T3k 2
7} vl= VRell A displayE.
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[2¥] 14] (a) ParaView: ExtractSubset filter?} Stream Tracer filter 2-&, (b) XMVR
27}
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® ParaView? Multiview 7|5 #-& A}
ParaViewol Al Y3t volume datadl W&l skinS F=3lE view, boneS 3
=5t view, skin¥ bones EAl FESHE views WE AT F 27 cont
our filterE A-&3stal 1 AYE 3o gddd A%stSla. 7HA8t d3E XMV
Rl A loading3t® (b)9} #o] ParaViewel HL3tA o2 70 view$} filter %

SLANE FAlo A Ys A7t VRAA displayE.
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(a) (b)
[2¥ 15] (a) ParaView: ExtractSubset filter?} Stream Tracer filter 28, (b) XMVR
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® ParaViewd Multiview 7]% A& Z2x2

ParaViewoll A M2 ttE 4] 709 dataseto] taiA Z}z; o views AL
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