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Construction of Immersive Display by PC Cluster with VR Juggler
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ABSTRACT

An immersive VR (virtual reality) environment system was reconstructed by forming a PC cluster. The system
was implemented on the basis of design guidelines including low cost, ease of making applications, and scalability for
systems. Four PCs equipped with GPUs process the graphics rendering of stereoscopic images synchronously. The
VR Juggler provides the synchronous graphics rendering with multiple PCs connected through a network, creating
immersive VR environments. The OpenSceneGraph was used as a framework for creating 3D scenes of virtual
environments. We developed a visualization application for educational purposes, enabling us to virtually experience a
walkthrough on the tideland registered as the Ramsar Convention on Wetlands.
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Equipment Specifications

CPU Intel Core i7-2600 3.4 GHz

Memory 4 GB DDR3 SDRAM

GPU nVidia GeForce GTX 560 Ti

0S Linux CentOS 6

Network Gigabit Ethernet LAN

1/0 device OptiTrack FLEX : V100, PlayStation2 controller, Wii Remote controller
Equipment Performance

Frame rate 146.2 f/s (Average of 17 steps)

CPU 72.5/800 % (Management PC), 83.1/800 % (Rendering PC)

Memory 427 MB (Management PC), 649 MB (Rendering PC)

Network 179 KB/s (Receive at Management PC), 1.5 MB/s (Send at Management PC)

VR Jugglerid, E¥fEO~= 27 Ik, L
TOFNETA YA b—=NVEND, 1) shell scriptzFE
179 % 729 OmakefileDTERL. 2) builddfER. 3)
ZDA VAN NVTH b, FEBEIZIZ. buildBRE: %
HTLDILEL ORI 2ol ZThid, VR
Juggler®buildiZ BV TIRGFBERICH LT 4 7T )0
SHGHET 5720 CThb, KIFF7477)DA VA b
—VFIEE ., 5k ’?Eii“Lf:o VR Juggler® {4 >~ A k
=Wtk TIY N T =L LINTG A= ek
b $ % 728 1Zconfiguration filex {EA LENH L, T
iE. VR Jugglerh 4 OB ABIVREEEE D ¥ A 5 A
THOECEET D L) ICHEL TBLZDDHDTH
5o ZOFEIZVR Juggler® kst EOFfME & 2 —
FE) T4 OFERTIEIH S L DD, configuration file
TEHRDINT A=Y % HETHIEIIHETEL
W configuration file TO/¥F A —F 13 FIZ, T4
ATVA « VAT A, TAARATLA - 94 Y Fy, T
FoRlE, (B2 —R—1) 26ERashs, ¥2I2,
configuration file®fl /R ¥, FHEFEDORAIZ,
configuration filelZ BT 2K /¥T X — & DFEH
VT 5,

TN r—=vareFTTAE-FE LT, UTO
WMAEDbEETHE L. BHPCEOL ¥ 51 ¥ 7PC
TEHFENDLAT Y N EOF T a v E2RT, 22
TlX.0sgTEELeXMHEFT 7 7 4 WiZdH 72 V) .main.osg

Ny =TI 7% L7774 VTHS, BT,
“TEELeX® 4 MFEREEHTEBH+T a4 AT 4 v
77 = FIFOBMEOKT R T, EHPCOFI/RME
H (X9 (@) iihsrLoyFyrr - E=Fid. L~
Z) > Z7PC (K9 (b)) THIW SN DX EEE R
LT\,

TEELeX® 4 HiFER & BHEB BN+ 2 5 4 AT AV
ERRIZ, TEELeXD 4 WA Z 1) — | 14‘?/%@%{%%7%

WRT b, 22—V OHEITEZEIRL T, %@ﬁﬁ 1A

L72Mg xR 5 720 ANTNNARE LTV 3

AATA v 7 BMHT 5,

- HHIPC

./0sgTEELeX [7 #JV 4 %&]/main.osg --vrimaster

vrpnHead.jconf teejex4.jconf

- Ly IPC

./0sgTEELeX [7 #JV4%&]/main.osg --vrjslave

——listen_port 7000

TEELeXD 4 HFRETINA A - 32l —%
FEBIZ, TEELeXD 4 Hi A 7 1) — VARG %

%T?éoXﬁrn4x®%miﬁb¢\77U#—

YarEEFTL, BEEEF—R—-FTHI,

- EHHPC

./osgTEELeX [7 #JV4%&]/main.osg --vrjmaster
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simHead.jconf teejex4.jconf

- L&) Y IPC

./0SgTEELeX [7 #JL4#]/main.osg --vrjslave
—-listen_port 7000

TEELeXD 4y I a2 —FETNA A - 3IalL—%
FEEZIE, TEELeXD 4 DA 7 1) — IZI3BHE %

PR LV, HHPCAT4 MBEDFIRZMERT 5o

700 ANTNA ZA0FEK S HbT, 77V r—T 3

YEFETL, BEEF K- KT,

- EHPC

/0sgTEELeX [7#JV4£]/main.osg simHead.jconf

simTeejex4.jconf

# 2 configuration filed

5. AT VDR

BABMVRIEETEELeX 2 o/ V5 57 T4
TearvT Y EEET 5121, VR Juggler R O
OpenSceneGraph® 7 L — A7 — 7 12E DL 77 ) 7
—Yary - TurIarflT b, AT T =3
YiEL L) AVE I arDio0REREE 2)
IRAEZEBIN D ™+ — 27 2V — &\ o 728 s I AR
Bt 2, a5y YHO3DY =TT TDT =%
L LT, OpenSceneGraph?’R— b $5ETDT 7
ANWVEREZFIHTE %,

K7 7)) r—a ZHHAFE 5 OpenSceneGraph

Configuration file

¥R

simHead.jconf
WA HHT %

FIBGHE Y 2 2 L— bR 720OMB 7 7 AV L TAAZARFEALAVT, 77 r—va 24795

simTeelexl.jconf

BEHPCHCTEELeXDIET 1 % FR$T 2720 OMK 7 7 4 v & SARHBSEIZ AR L 2\ TEELeX L ~
TV 7 g R 1O EHAY 4 Y NP FEREND,

simTeelex4.jconf

EBPCACIET, AT, RHIA 2 ) — > OTEELeXH 4 W% TR 5720 O 7 7 4 )V SLARARBLE
FER L Z2\ve TEELeXL Y # Y Y7 - o4 Y Ry 4ADEERMAY 4~ FUPFREINS,

teelex1.jconf
REND,

TEELeXDIEHEA Z ) — Y DA EM) 120 DR T 7 1 Vo VARRMSEE AR T 5, EHHY 4~ Fodk

teelex4.jconf

YRUNFIREN D,

TEELeXODIEM, 74T REA 7 ) — > &9 720 DWW 7 7 4 o SARRBGEE LR T 5. EHH 7 1

vrpnHead.jconf
— PSS H720OME T 7 A )V,

VRPN#EH TT/NA APCHHA ¥ 5 72—

S FONA A (BEEMELESE L Y, Ya A AT v Y) OF

vrpnHead_wii.jconf

):Hj’-%l)

VRPN#HHTT /N APCHH A v ¥ T —A
) OF =5 %S T 5720007 7 1)V

S FNA A (FHEMEREBE VY, Ya AT 4 v Y, 8T
. Wii RemoteZ FIH L TW A IGEIZ. TORKT 7 4 )V aFl]

Rendering monitors

= Moead Tiacking Sl | [ MnMGWirdon

(a) &H PC OFIRMHE

= FaecLndow

(b) L #1) 7 PC

9 BT
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(a) BEETH

(b) A pm &

10 #wETHay Ty

T7ANVORIZ ) — FEBINTAZ&I2LD, 77
F=2a T LRENRETH D, RREHHB L L
T, BRARE, AR EEOMIKE, Koz
BREENL, T2, KBEMAOA V5572 ay
. E — FaRdd A L ICE W EET S, WE
J—= FIZiE, ERAS. S8R, 2 =2 — %] 4
WETIVESH, ¥ — U8, ¥4 ~v— Lo REn
EENb, T LRETEEMAEDELZLICK
D, BALT T r—a b2 lE4sZ L0 TE
%o

MET )= aroFEELT, TAT— VS
F QRHORAIZEE T 5 EBSA) 18I Tw3
HETEZTHILT 23y F o BER L2, 2O
LT 7 —32 3 v Tl 2SR TEORR
kD20 B EE XA S572 ) TEB L2k
TBY., KN R EEL AT 2, B1012, (2) A&
FEOBEE (b) LY F1) Y ZPCO—DIZ Lk »TH
WENIERER TR, F/20 Ty T YT
. BETEOBIE L 1970FEREOHT = R/
D, WEEZBIELLVTELIIIIE>TWA,

6. &

PCr A% LR CIREINTE YT by 2T
Mo THERAFRVRIREE Y A7 A2 L7, KX
DOFTIE, VAT LARFICBWTEHET A AT LA
b 79 AY - ary¥a—54 72X B5I13DCG
LyFY Y TDoDY 7 My TRERIZOW T —
A Lize Gtk WHALT 7V r—2 a Y oOREEY
ZOFM % T > TV FETH bo
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{ install flagpoll
HYT NI 27D LE R ER A INET LY — )L

tar xfv ../flagpoll-0.9.4-src.tar.bz2
cd flagpoll-0.9.4-src/
./setup.py install

f# install scons
HYTET2TOENER - —)b

tar xfv ../scons-2.1.0.tar.gz
cd scons—2.1.0
python setup.py install

{ install boost
HC++DOFHET 75

tar xfv ../boost_1_48_0.tar.gz
cd boost_1_48_0
./bootstrap.sh

/b2

./b2 install

# install CppDom
#C+ + FIDOM#NT > — )V

tar xfv ../cppdom-1.0.3.tar.gz

cd cppdom-1.0.3

scons BoostBaseDir=/usr/local/ BoostIncludeDir=/usr/local/include prefix=/usr/local var_arch=x64
scons install

# install gmtl
H—WHFET o TL—F - G4 T T

tar xfv ../gmtl-0.6.1.tar.gz
cd gmtl-0.6.1

scons

scons install

#install VRPN
#HVREDES T Ay VT — 7 BEATERT L2007 A - 54 751)

unzip ../vrpn_07_29.zip
cd vrpn

mkdir build

cd build

cmake ../.

make —j4

make install

¥cmakez 4 Y A M=)V L TBLLEDNH S
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# install vr-juggler
# VRJuggler A%k
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LD_LIBRARY_PATH=/usr/local/lib:/usr/local/lib64:/usr/local/share
export LD_LIBRARY_PATH

tar xfv ../vrjuggler-3.0.1-1-src.tar.bz2

cd vrjuggler-3.0.1-1-src

mkdir build.linux.posix

cd build.linux.posix

../configure.pl ——with-boost=/usr/local/ ——with-vrpn=/usr/local
gmake build

gmake install

# install Doozer

#a XAV A B L5 2 7200 — )L

tar xfv ../Doozer-2.1.6.tar.gz
cd Doozer-2.1.6

./configure install

make

make install

#A configuration fileDF%E /ST X — & OB

display_system Value surface_viewports Value
number_of_pipes 1| origin 0.15000, 0.01172
pipes 0.0 size 0.78125, 0.97656
display_windows Value view Left Eye
origin 0, 0| lower_left_corner —1.500
Size 100, 100|{lower_left_corner 0.000
Pipe 0| lower_left_corner —1.5000
stereo false | lower_right_corner 1.500
border false || lower_right_corner 0.000
hide_mouse true | lower_right_corner —1.500
full_screen true |upper_right_corner 1.500
always_on_top false | upper_right_corner 3.000
active true || upper_right_corner —1.500
allow_mouse_locking true ||upper_left_corner —1.500
start_locked KEY_NONE |upper_left_corner 3.000
start_locked false || upper_left_corner —1.500
sleep_time 75||user Observer
active true
tracked false
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