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ARToolKit for GEM:
For Authuring Augmented Reality Applications

Shigeyuki Hirai '
' Department of Computer Science, Faculty of Science, Kyoto Sangyo University

To development or make an Augmented Reality (AR) application, it requires various knowledge of technologies and
techniques. There is not so many effective tools or authoring environment for interaction design or content production of
AR. In order to provide effective tool for artists and/or designers of media arts, I implemented a GEM extemal object
called ARToolKit for GEM, which is based on Max’/MSP and PureData, including the ARToolKit library. Max/MSP
and PureData are famous visual programming environments for interactive arts. The ARToolKit is a library to construct
AR applications. ARToolKit for GEM gives us an easy way to recognize 3D positions and postures of visual markers,
and enables authoring AR ocontents without C-language and OpenGL. This paper describes implementation,
functionalities and sample applications of ARToolKit for GEM with features of Max/MSP, PureData, GEM,
ARToolKit.

1. LIz BN A=) U VBERE Ca T AT S S
IVITREDY—NVEMRTBIET, arFry
HHEERLT YA T —BREDT A FT7EELLEY,
Ay T UHIEEROSERLEH DR Y, 7V q
T A TR ERTE B LS ITT A0NR— BT
Hd, ZOXIRBNTHASRE 2T VHlE

74 CG RV RERALEA L7505
ATRYRATLRALF Y, T— MERZEDSHWE
Wi, Y7 b =TRon— R 7 OBEERE L
BREPSLELEIND, ZHIHL, f ¥ T7x—2



BHIZIZ, Flash % Director, PureData (PD) 1,
Max/MSP &2 L<{mbh T3, ZLT, Zhbd
DY—NEFIRLTHESN D 2T oY iXT7T =2
—varRb—bt— FEEEPLH, KFPE
YHEFIRLCAVE T IT A TIER - B - &
{L&E¥B HONENoT,

—J5C, Augmented Reality %> Mixed Reality
(BLF, ARMR) DX 5z, arFryDa—4H
HHara—F EOEH L F CEESCR CZERHA
TAVEF I a vy TERRFIRAVETIvay
BfiRa vy 7o YBRBLTETND, ThbDy
AT ARERTIEDDTA T T YRV —/MIET
BIRE - WRIIEOLRIWTWELOD, Thb
OEHEFIAT 5O ORWESBRREIL 20720,
ZNOREL LTI EFAIN TV S DI TiERy
ZEMND, CICHETTu sl YELTS
REEEEEHBOEREPLELTHZ LNE,
EEIIZhET, PD R Max/MSP L TEIfET 3
S A - CG L BB GEM (Graphics
Environment for Multimedia) 2I8l> 73 - $24ti2 B8
boTETVE, ZO7asS I L FRETHH A
FILEDETAASBEREICHR X, e R ERLHE
FEEESC CG HEREEN A > 4 7Y ZMICRIFATE 5,
ZZT, ARMR A4 75 ) OEx ZOBET
FIATEEIZ T L, PD < Max/MSP 04w > Rl
B GEM 12X B854 - CG B OMEEER AT
FATE, ARMR AT LR BBITHETE S
—H D BERERTES LE X, ARMR R}
L aTNe—h—BEIATTVELTHER
ARToolKitllsleln 3 GEM n—ihed LTEE L,
AFETIX, GEM ®° ARToolKit DEAR 7 HEES
B L. L7 ARToolKit for GEM DEEREIZD
WTHRART, BRI AR 25T 3,

2. =YY oURKELTHATS
S54TF5) ER—ABBKIZONT

2.1 ARToolKit

ARToolKit I BT 4% ¥ 7F v EE b, Filc

HRlEN=ESHECIZ L b~—h— (K 1 £2H8)

DERTB L FAZBBTH LN TEDCERH

DITATFYThHD, A—=TV V=RV T byz7T
L LTRRSED LN TWS, B 1AL, Blan
e —N—IN R EERADER S TAT Y
r—va OETHTH D, ZOv—h—iZHAIZ
THAL U L bORFIATE, elte—h—%FE
RIS E 5L TE S, AR ¢ LTERAD
W THIET 58&i1X OpenGL 2BV TFr /53
YITRLERHD, L, BRICERTME -
FHHROMEENHR X 5513, ARMR 77Y r—
va EREFET S LTHEEIERNTHY . BlckEx
72 ARMR B TR S h T3,

X 1 ARToolKit DEHES]

ARToolKit T4 75 U 25 OHAE & i 2 24
BLLUTD@EY &3,
© ETAR ¥ 7T v iE
CARAGRGA—F (¥ VT —TarT—%
7 7 A NVOFEFAI
< w=R— (RF—V) T A VOFERAS:
< ¥y T Y ERD OO —H —FRH
(ERFEALE - HEORHL . B~—H—T&
OB FRIRHZET)
© Xy IF R EROE RE
Xy 7FYER (FRER) LHEEREO=K
TEE RS DE
« HMD FROTZHDRT L A H#iE
¢ w—H—ZF ==L A RRTB CG P
OpenGL ZF|A L T H BICHiE
%7-. ARToolKit DEAF/ Sy r—F ¥ ) T L—v
3RV A—T— DD D—T 4 VT 4
HEIN TS,
AW TIL, ZD ARToolKit DT A 75 Y ik
@ GEM »LFRHES L IIZL, EVaTAT R
75 IV VBT ARMR A—4 Y LS EHT D,



22 Max/MSP # & U Pure Data (PD)

Max it Miller Puckette 23383 L7-5 1 7 &%
MiI7a s IVSEETHY, YHNIRZ Y SR
HROEFEE 7= BB LI QUIIZEBEY 2
TATaTI IV TRB~LER L TEEICEST
Wo, Tul7IVTRELIL, BEOBEL R
ORERAT V=7 b ) BAYFa—-F @)
TOREEDEDZLT, F—F 7 u—%ikt3
FLizoTWn3, HfEL, Cycling'74 #HDORRTh
Y . Macintosh ffi& Windows RS fRET 5, =7
RE—FNAT Vs FEeMINB TS T4 (3
BIAT77Y) L0 e ioBEbiBRNTTREL 125
TV, 728, MSP i, Max ETYT7AZ A 1%
BESUELZERTEMax A7 V=7 FETH D,

PD i3, Miller Puckette K43 Max/MSP & Rl%n
BHEZHOT ) —Y 7 k=T L LT—h0B%L
BELEZLDOT, A—7Fv Y—2AOBBAT A NEE
2TWVW3, BT VU3 C EETEMN T
55, GUI DA »F 7 = —REZIE TelTk 2343
RENTVB, E£7=, Max LRIz 2% —F L
A7V M XV BETGERTETH B,
Windows, Mac OS X, Linux & 75 v h 74—
LTEET D, EEFIZR2 SRT,

[-XaX:] Untitled-1* - /

Open <name> <endiamacy>

2ep

L eessgen Stavca-sutpue

w- 2% Dee ATk
trocord p.

£ atatos (i-retording f O-ust_cecordiag)
cutput emplitaar

y cnum. of

[¥ 2 PureData (PD) |5
(HU v REEB I UFADLRE)

MaxMSP BLUPD 2. A V¥ 505 4T 7—
FMDFGA TR ==V AR VAT L— g L hp
EDa T YRR TRIBEND = & A%,

i, FulI I ERERABRVT T 4 R
MOFHAL F—THRBIRIIBRETHY ., B
LABOBIESERZ LWTRTH B0, [ 7
Vo) FRBLARG VT U VEETE R LS,
FASNZRELRER L RoTNS,

ARFRTIE, 20 (e RAE) TFLARNRD)
FIRTE 298 EEN LT ARMR =7 Ve
DEBAZBELT I, F—H) V FRBEO~—
AR INODE Y aTAT RIS IV /B
2R3,

2.3 GEM (Graphics Environment for Multimedia)

GEM i1 PD ®° Max/MSP T84 5 OpenGL

N—2ADETF « CG LBEDI= DTy R F—F
ATV =7 METH D, 4 Mark Danks 73 SGI
< ® Max FVICBIR Lz b D72 - 7=, PD Lk
TEHET A L 5BSh, F—F L Y—2DY T b
VT & LTHREIAS D IEM BY—2 =
— FOEE%{T> T3, Windows, Macintosh,
Linux TEET 3. €@ Macintosh £ TOETH
ZE3ITRT, HFOERDY 4> FoXBEEY ¢
YRUTHY., FEZOBRAIDY 42 K7 GEM
F7V= MHEBINZ Max 775 A ThH3B,
GEM D74 CG EHRE R FISET 5 L IRD L
IR B,

« FEREITY - ORI

(RY T difR. R, XF%)

© BT Y T ENFTRORE

- BBALE ORFEOREE, aRly)

- HRRCTEROEME CHATHE)., B, THE)
© BURCER T — ¥ DFEAIAL

C ERIE (TANFR Ty 22
CTIRF¥e S

© SN—=T 4 TNV

¢ TURRF—R— N2 FOBEAS

« WEGEFESS A X SOl
AHIFETIL. GEM O E5FF - CG MBIz 2 &
ERBEEAFIALT, 22 ARMR 272V 0
BRI R EBT A - L 2 BT,



ro'e i LI
k avlos v aider e oaiaat |
W render g o a3 e ‘
T

09.yeltu1’eapo_t

$gom pir.nage okadl.

kead bezdur = 2iage

H
i

Rro pit * 2 testre Capping
arige the aody
m retate the teaprt

e
,&E:f_:_ ]
ST

K3 GEM OEFH (F4—Hy haDF I XF ¥ v L)

3. ARToolKit for GEM DR$:

3. GEMIHRE—FNFTSzH b

ARToolKit OHEES GEM THIET 51211, GEM
LY RE—FANAT V=7 b LTEET BHEH
HY, TOR—REETHB PD BL T Max/MSP
DIEIRAB—FNAT P2 P& LTHERET IS
Eid B,

PD & Max/MSP 1335z C B TEINTEY,
TIRE—FINAT V=) bD=dDOTR ST I
TA U E7z—2% COBETHY ., IHEREKEOHM
BRAEINR TS, L, MEIIRBENY 7 b
=T ThdbDD, B~ DUBORFUH
LBMICEDDOEREBH B0, 7 V2 bEE
DOEHMERRIZIIEENLETH B,

—J. GEM it CH TR ShTEY, #XEHE
LEDEITRATATIYE LTI RE—F A
T2z bDTOT T I T A F T = RN
Eh T3, PD, Max/MSP OESEEZEHEAV A1
FITIIENLOBEE a—NVTILERDH DM, &
ARNZIZ GEM OEEY 5 A TE  DERIIREK
EhTVBHDT, EERIDR,

32. GEM & ARToolKit DiRED LI Y 4 1F

ARToolKit # GEM ETHIAT 3I12HhT=Y, ©F
A% ¥ TF Y BiEl LIXNFICRE CHEE L D2 %>
HIEFET 270, FIAT 2HBEOL D T ANET

#%. ARToolKit i H OELISMNT GEM DigseE%
FRAT21E58, FRAear 7o YRECHIE T

BLEZRD, FD=H, 2.1 HiTHITF - ARToolKit
DOFEEHED 5B, kD 3 SDOHEER ARToolKit
for GEM OFER#EE LTRIBT 52 Lk,

© ANEE S Dw—H —ER;

(ERFALE - FHHgik, ~—b—H5)
s A= (RE=V) T A NOFHIAS
CAAGRFA—E (XX VT L—YarF—
Z) 77 A NOFERABE X OATEHRORHE

IO DBERDHERIAT 2 Z L OFRICIE . KRD
LOBRETENB,

1. ASERD Y —ABBE SR

2. ANBEBIZH N LD T ANFEZNTBRE

DRBLENFREL 725
3. BHEhI~— D —D=RIEHEBROALFIA
Lictka 227 7Y &r— a VIS ETTRE

1 DAS Y —RIZHONWTiL, HEED ARToolKit T
BT ETAH A FEDOANEREBVRITIUE
bRV Z A, GEM DER 7 L—AhT—F %fF
52 EITThiE, T4 DEBROY —RBHATAN
NA—E—=T 7 A )Vh, EiTEHERL B,

2 OFBAEIZOVTH, I b TR MRER%D
ATy 7 RIRELERNETIT) Z LA FHET
5D, VERDH A FHGE L TOEBASERER S
LDk, #~x72 ARMR FIABBEICEG TE 57HE



HHH B,

3 IZDWVWTIiL AR & LTANEBIZA—s3— Lo
LTRFTIUERRNT Y r—a o biEIc
ERLTE B Z L BFIRTH D, = —H—DERTR
BHRREDAEAVTERTANA V F T =—RE L
TUSRATHZLAREREZLNS,

33. AHHhAyE—D

THIRF—FNFT =2 k& LTDARToolKit
for GEM DAMADREE L NEE BET D LEMN
Hd, BIEOBY, ©FF%¥ FF BN R
B ORER L1 GEM OBEEEFIAT 30T, &4
TVx 7 NTUEREIT I MERR, LERNESY
HLNZE 2T, ECv—h —RERAET 3700
ER 2T 2180 v — I —F—FRh X 5%
TRA=E DT 7 A NVETHRALT-HODT 7 A VD
A oE—VEANTIVERSHD, ¥, v—H—
AT A ERLE ORIES, —EEM L~ —
A RBICER L TR LE S ¢ 35E—F
DIED>, FRARREEZ VY MTBAvE—UBA
MELBEEEZLD, HACBEL X, TR0~
—H - L T DOERITTEE - & OFBMAIET 5
NBIED, ANEHRDORBHBIBSBEG % DME
BT—2EHATEZEBEZOND,

P, AHAA v E—CRELDBLKRDE
SiThe 3,

[AA]

© B (7 — RO HOEIR)

* loadcpara (I A F/8F A—F 77 A )L)

* loadmarker (v—H—D/F—1T7AN)

* threshold (EH&ALEEDRE(E)

* continuous GESFREMT— F On/Off)

+ reset BREDPY LY })

(4]

c B (v AT ORNEEGE)

© BH~—H—ER (D BLUEKRTHES)
ARNZONWT, BT —FIZGEM DA vE—
L LTHDLNEZDT, GEM OHEL, —BEDHB
AH Arvo b)) 2FIBTBHLERSS, Thil
PHIBE A v E—J L LTRAITE Bed, Ko
YLy bEEIVETTE S, EgLRL—BEDA

YUy AR yE—UANTBMMEE L, B
DVTIL, BT —% Li#i~—p—DE#R L 132
DAY=V ZEItRBED, A7V
7 rOWHA (T MLy b) #2045, A%
v—A—tE#, ERTERT—FHSH GEM * v
-V &Lz

28, GEM LTI R —FNFT V=) FTI,
BT —F 2 AN L LTRIFHT 247V b &
Pixes RDAT V= b LR, T V=7 FED
SR pix_ A< 2 EAMED L ERoTWS,
ZDZEHH, ARToolKit for GEM @ GEM s
IZRITE2F 7o bAT “pix_artoolkit” & L=,
pix_artoolkit DA A vE&—V% Max/MSP L
TRALHTFER 4 1TRT,

; _@Q Q __gem.pix_artoolkit_sample D

!

gem_list with pixeldata

i load a marker file
| loadmarker patt.dummy |

load a camera parameter file
i ‘mdopara camerspara.dat l

continuous mode
i [l
: [continucus $1 ] threshold $1 |

threshold for
image processing

| reset all
[reset | parameters

gem_list marker info.
with

| pixeldata

M4 ARToolKit for GEM (pix_artoolkit)
. DAHARA -

4. ARToolKit for GEM D R{THH
41. T—h—EAD CCHGHOHE

FH 7= ARToolKit for GEM Iz & B8 A28
FiL LT, ~—h—tic CG ks EhSbyTsE
T BHEXS5ITRT, KBARD Max/MSP
027 hEE, ERBREEY > Ry ThD, Bk
D=7 =DM LTS . &2 DEEER ST
OBFBERBLH TS Z Lashins,



e 908

oated & marker Yiis (patthoro) as 1.
anded & marker file (pattkaniid 652,
Jetatian: creats window

o BEMARPartidles1s P

5 ARToolKit fo GEM DFERF] 1 (¥~—H—IZx 5 CG i)

42. AW —h—ZRAWVER—TF12IL
s
2 DOv—h—E2RANWT, FHE =T 4 71D

BER, bIRFTE/ T4 INVDBI/5FE LTE
A&, =T 7 10fhEe~—I—(BTA v
B IT 4 TWENESRBTERER L, TOE
THOBRTFER 6 TR,

{GEM]

®6 ARToolKit for GEM OEH2
(w—H—T/—F 4 7 V2 HIET DT

5. BEWR

51ARMR B S A TS  Y—)Fy b
ARFZETIE. ARMR LD 2 712 ARToolKit %

FIR LR, FHEOTA 75 VIS bIFET 3,

MXRToolkit!® X Mirxed Reality BRIEMHESEER)

DCEF/IATFIVIT, ATy —RTadzy
FE LTI TV, H#EEMNIZIE ARToolKit
LIZIERAICTH M, BIET Ty b7+ —Ai
Windows D&4-& 725 T3,

MRT (Mixed Reality Toolkit) © ¥ Mixed
Reality BEBEDOLHOY—LF v b THB,
CHDIFRFATZ Y & LTHRHE SN TEY, 8
£75 v b7 #—Ai% Windows DA T 3B,

OSGARIE, ARToolKit & Open Scene Graph
FHAEDESR LT, =77 7RG
7= ARToolKit DT 477V TH3, CG ZERAIC
%< DHBEMERHDHAITIE, v~ T 77 THl
EEELOBREERE - HET2I1EI 08 EL. £
DI=HDEREZREEL TV B,

DWARFuUJX, *} v hU—2 FCH##D PDA %
FRAVWTAREEEM L a7 oY BRTHIE
ZAHRIZ, CORBA ~—AM AR [A)iF 7 L— AT —
JERYPET I, REDLZ A, BRI
C++/Java/Python {23 LTV 553, CORBA Xt
LTWAEFETHIUIT ISR L 2o T3,
B{E7J v b7 4 —Ai% Linux, Windows, Mac
0SX MDiFAH», iPAQ E® Linux THLEMET 3,

52 ARMRBEDF—HY IR
AMIRE (Authoring Mlxed REality) 02)i%,



ARToolKit % 2 7IZETFNRT 7 R F % B OTA
ARBERER L — 7T THRES, L~V API B4R
L. LVKES ARMR 25 Y07a ¥4
THELERTIZLEAMIZL TS, AL, F
=Y T LABFNTHBHDD, CHTOS 1
TIIVTERFBIILTVWS, o — 75 ZHEEIC
1%, OpenSG X OpenSceneGraph ZFH L T\ 3,
DART (Designer’s Augmented Reality Toolkit)
b33, ARToolKit D#sE# Macromedia Director
D Xtra ELTEEL, bAETRELBETS
Z & T Director OA—4 Y JBREET AR a7
IYRHETEDLIIZLAEbDOTH S, Lingo iZ
L3770 sT I L HERRE o TNV,
DesignARM (I, 3D FH¥ A o DAY —L
Touch Designer D VaFArulS5 I ke
Z 372, MXRToolkit THREILIEZ 1TV ), AR/MR
ATV EA—YITE LTHIETE 3L )1z
L7=bDOTHB,
5.3. Max/MSP, PD L@ E 7% - CG SLEM K
AFFFETIE GEM 2 ~_—RIZA—4 Y o FBES
HEL T35 GEM LEEO LT 7 - CG /g
BIXSHIEET 5,
ditter 1%, MaxMSP O ZHETTH 3
Cycling'74 23BA% L= 54 « CG JEid = 2 =
F—=FNAT V=7 METHD, (THIEET Vv
ZIATIHO I L THEHBLESONEIZH S A,
OpenGL #IZ XA HEIZ AR L TW3, BIFD
Max/MSP 552 TI3—FFIA Sh T 5 ignsss
5T 2, Windows fRE Macintosh fidsdh 5,
DIPSUSHIT IR A SRR T B =0 R F—F 4
TV= MET, T2 1T Java BROD Max B CTh 3
Max ECEMET B RF—F Lt TPy b T
b7z, Max/MSP 2% Java THOxT 7 R ¥ —F L4
TPy MRV R— P LIEDT, MaxMSP AR
IZBHEE N7, DIPSS M3/ \—a L Ths,
PDP (Pure Data Packet)lél {3 PD (=2 % #—
TANFT =y b THY | ITHIREMEEY ~— =iz
EFA - ERAEEITS, Y —R3— Kk GPL T
KBS THS, BESS v b7 4+ — A4l Linux
L MacOSX Th3,

PiDiPl9l |3 PDP #%~X— R |Z[ERANIHEER L
—U—OF4EMEERR Y 2B L PD =) R ¥ —F
NAT V=7 METH D, PDP & FEIC GPL TV
—Ra— FBABRENTEY, BIESS v F 73—
A% Linux & MacOSX Th 3,

GridFlowR0 |JfTHIEEMELFIALTEF A -
BAGUBEEIT I IbDZI RF—F A AT Pz 7 b
T, PEIIZ Ruby 2 LT3, Y—Zxa—

FRRABENTRY, BESSy b7+ —ai%
Windows, Mac OS X, Linux +® PD & jMax T
H3, '

Z0fth, Windows @ DirectX O#ssEZFIHLT
7% - CGEE1TS PD D=/ RA¥—F 4T
Y=/ £ Framestein2U%>, Mac 0S 9 T
Max/MSP TEMETBATI RF—FAFT =2
B D nato 435 3,

6. BbYIC

AEF9T 47 ARMR a5 09 kA—4
V¥ VBRE TR SRR BIWETE B L 2B
(912, ARToolKit % BV a7 A7 025 3y /8
ETHIFTE 5 ARToolKit for GEM %328k L7-,
Z ZTid, Max/MSP & PureData FCEIfET 3 b
77« CG WBOMHEENR (T X4 —FNFTY
=7 ME) GEM O—#fEL LTEELTWS, =
LY, 18k 5 C E3ER OpenGL DK
WHLER ARMR SR TF MEEIZR L, ZhEA
72< &b, Max/MSP % PureData D\ V& 2 TX
WEBBICAR 77— a v dMERND = Lich
Do TLT, BRARTATTOTa hFL L TR
TR & AR EF TR B LS FREL S,

L22L. ARToolKit (Zi3i#~—h —%—o 0l
BRmEE LTREBT IBESLHY, BRAD
ARToolKit for GEM TiI-&DESEEIC IR IS LTV
RV, SHRITRSOMEELFIATE B L 512353
120, ditter EOMOETF - CG LERETY
ARToolKit BFATE B L 51T 3 FETHSD, =
TEY, AR a7 U VHIVERE ORI & 1<
L. #iic72 AR BEORAIH~EHT 2 FETH B,



BiE

Y7 by = 7RI, ARToolKit 1EE TH5
RIRKRZIGEE— KO ZHEREE E L, B
DFERLET,

BEH

[1] Miller S. Puckette: “Pure Data”, Proc. of
International Computer Music Conference 1997,
pp.224-227 (1997)

[2] Mark Danks: “The Graphics Environment for
Max”, Proc. of International Computer Music
Conference 1996, pp.67-70 (1996)

[3] Mark Danks: “Real-time Image and Video
Processing in GEM”, Proc. of International
Computer Music Conference 1997, pp.220-223
(1997)

[4] Kato, H., Billinghurst, M. “Marker Tracking and
HMD Calibration for a video-based Augmented
Reality Conferencing System”, In Proc. of the
2nd International Workshop on Augmented
Reality (TWAR 99), (1999)

[5] Kato, H., Billinghurst, M., Poupyrev, L., Imamoto,
K., Tachibana, K., “Virtual Object Manipulation
on a TableTop AR Environment”, In
Proceedings of the International Symposium on
Augmented Reality (ISAR2000), pp.111-119,
(2000) '

[6] Kato, H., Billinghurst, M., Morinaga, K.
Tachibana, K., “The Effect of Spatial Cues in
Augmented Reality Video Conferencing”, In
proceedings of the 9th International Conference
on Human-Computer Interactioﬁ, (2001) ‘

[71 ARToolKit - htip:/artoolkit.sourceforge.net/

[8] MXRToolkit - http//mxrtoolkit.sourceforge.net/

[9] R. Freeman, A. Steed, B. Zhou, "Rapid Scene
Modelling, Registration and Specification for
Mixed Reality Systems", Proceedings of ACM
Virtual Reality Software and Technology, pp.
147-150 (2005)

[10] Enylton Machado Coelho, Blair Maclntyre and
Simon J. Julier. "Supporting Interaction in
Augmented Reality in the Presence of Uncertain
Spatial Knowledge", UIST 2005 (2005)

[11] DWAREF - http//ar.in.tum.de/Chair/ProjectDwarf

[12] Domer R., Geiger C., Haller M., Paclke V.,
“Authoring Mixed Reality - A Component and
Framework-Based ~ Approach”, Proc. of
Intemational Workshop on  Entertainment
Computing, (2002)

[13] Blair Maclntyre, Maribeth Gandy, Steven Dow,
and Jay David Bolter. "DART: A Toolkit for
Rapid Design Exploration of Augmented Reality
Experiences”, UIST'04 (2004) -

[14] DesignAR - http://www.mis.atr.jp/~rodney/
designAR/index.htm

[15] #AHJE: DIPS:Max D7HD Y T 5 A Il
A7V x 7 M, BB E IR
45, 2000-MUS-36, pp.49-54 (2000)

[16] Matsuda,S, Miyama,C, Ando,D, Rai,T, "DIPS
for Linux and Mac OS X", Proc. of the
International Computer Music Conference 2002,
(2002).

(17] BR, B, LILTFEL, EHH: ~
NFAT4TTalF I 7RE DIPS2,

THEIERELTFER, 2003-MUS-51, pp.1-6
(2003)
[18] PDP (Pure Data  Packet) -

http://zwizwa.fartit.com/pd/pdp/overview.html
[19] PiDiP - http://ydegoyon.free.fi/pidip.html
[20] GridFlow - http:/gridflow.ca/
[21] framestein- http://pinktwins.com/disk/framestein/



