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StudI/O: Supporting Toy Block Assembly and Recording by Projection
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Abstract: Projection mapping uses a compensation technique to project images correctly on 3D buildings
or real-world objects rather than on ordinary flat projection screens. In this study, we reverse this procedure
in order to assist with toy block assembly and scanning methods. In order to assist with toy block assembly,
our “StudI/O” system projects round markers on the studs of a target toy block to indicate the mounting
position and direction of the block. When a user places a block in an appropriate location, the stud areas
are illuminated exactly, without distortions. These markers are also useful when a user wants to disassemble
his/her toy block work to scan the structure. The user can reassemble and continue the work by using the
assembly instruction function of our system mentioned above. This is an effective and practical system that
uses only a projector. Because the user manually adjusts the positions during the assembly and scanning
task, no sensing devices to detect the position of the user and toy blocks are required.
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Fig. 1 Flow of toy block work.StudI/O can build toy blocks

and also save models as data.
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Fig. 2 Overview of the system.
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Fig. 3 Optical axis of the projector.
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Fig. 4 Projecting round markers to LEGO studs to build.
(a) Projection to central four studs is shifted. (b) When
the user places the block in an appropriate location, four

studs are exactly illuminated without distortion.
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Fig. 5 Projecting round markers to LEGO studs to scan.
(a) Projection to central four studs is shifted. (b) When
the user scrolls up to adjust the markers, four studs are

exactly illuminated without distortion.
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Fig. 6 Result of the test.
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Fig. 7 Blind projection area.
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Fig. 8 The LEGO assembly procedure by StudI/O: (a) the user

posithions a plate, (b) instructions for a block position,

and (c) the user sets a block.
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Fig. 9 Scanning LEGO procedure by StudI/O: (a) the user po-
sitions a plate, (b) adjusting the height, (c) specifying

the size and location.
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Fig. 11 Assembly evaluation using (a) paper-based manual

and (b) StudI/O.
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FNFNOMAN T - T, Studl/O L MOFHHEZ
ffioCT1EZTOMAN. TEIT) 1 HREOHE %247 -
72, MOFIHEE > THAVT TG E L HRT, AV R
TATIHEDLL LR CHEWR CHATTE I ENTE
B DPRGE L7z,

SELDOWEEYE (A~H) ®9 b A~D D 443Ky
AT LR, RICHHAEZ o THAL TEITo 72, 5%
) OHERE D E~H D 4 ZITFHHAE LMo THIA. T2
T, RVAT AL YVHAT Tz, AV THEKAL 72 2
DOVEDMES IS L EZTHBED, DD A
B, E, FIZIEX 10 oz (x)(y) DNEIC, $72, C, D,
G, HIZIX (y)(x) DIEISHLALTTY & o 72,

8 L DWIRE KA. TICE LR 23R 1 IIRT. &
T, ZNENOWERE OERER (s) &, KT AT LI
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R 1 HAILTYESER (7))
Table 1 Assembly work time (in sec).

Order Manual | StudI/O | Improve

A Studl/O — Manual 136* 135 1

B Studl/O — Manual 148 131 17

C Studl/O — Manual 166 148 18

D Studl/O — Manual 371 195 178

E Manual — Studl/O 150 120 30

F Manual — StudI/O 214* 147 67

G Manual — StudI/O 435 160 275

H Manual — StudI/O 267 139 89
Ave. 235.9 146.9 84.4

LA T EICHEEVS D) .

0SS R () &, ChODFHERLTVS. 8
LOWEREEED, BEOXEEIHL D00, KIFRI2BW
TLYVEOTEEERTLTWS., FEOKT»5,
EOWERHZ D 2 MEOEEDITZH A5, 70y 2 DR o
N, 1HH I AL —XIEEZH#EDOTVE Z &N
gani, TNTY, BIIATR T4 %550, ¢
RTOWREPARFAT L) R ICEEZ R TV 5.
S5, MOBHEIIZ X B AN. TEER E AR T X
T b % 7Y AT CUEE R R D 22 SRR I I A B T
BB DREDD B 72912, FEAKUEE 5% THHIRE D t e
ATo7:. ZORSE, t(8)=2.59, p=0.035 TH V), FHH
AT OEIFEETHDLEVZ D,

W A, D, HIZFIHE LA TE B MOBHAFOF
HEENL, TOBRTHEMNTL2 70y 7 23 XTHEDZ)
R TIRORARMEEEZT> TV, FRIZOLPHDDELT, 3
ZOWEH L SREFROF 1L ) EEEEIC/EERT L7,
SHITIE, HEE A IE2ERICBVWTMETIAAEL T
BY, ELLHATTOR TV R o7, BBED LF
Z70y 2% Lo i3RI LVTHALTARE, 7
Oy 7 A TEEICRNEN TR S L. FRIS,
WEEE D 2B W TUIERNIIAT - 72 BHEIC L B AT TD
B2, 70y 7 OfE % BEMRET 5% L L TRIER O
Lol MOBHEIZL DAY TIE, M120L5
21 HIADAHM 5 ORI ED V7GRN % i L CTHLA
VTCAHZD, 70y 7 OMEIZEKROE L2720 TH D L
EZOLNDL., L2LEDVL, RIAT- 72K KN TIEFx 1k
DB ED R CIFFIHEEZ D 2720, (EERR2SEIN
IZEE SN T A, DlbEd s, RIFNUSH A TS
D, FD X9 AL TIIAEN -1 LT, fEE
RO B ICEVwEEZONDL, T2, HEBE A
DX AN TUEN - — I3t LT, VEERERE
DR RBIHETERVD DD, HLA THEEVE; IR HED
HYVEHTHDLEVR D,

FEEAE TR E T vy — b A v P Ea—%4T>
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BHTHol-m&Er %k, W FFIZEFITHDH, 2. %
ITHA, 3. b5V EW, 4 F)TEARW, 5!
FoFH)TIRAEY) OFEBTHELTCLL-/2E 2
A, A, DDO2#IF2. F)THsHLREL, 20D 6
AF 1 IEFICE ) THAH L ME Lz, ML FEROE R
BRAHEHTHo LW TESL, KV AT LIZL S LEGO
FLANL TIIIERDEIRIFHHEIC R TESG ThH o 12 &)
ME, ML 5EMTHMELTOL 72825, A, CO
QG2 FH)THALEMEL, B D6 4H 1. FEHIZE
ITHDHEMELZEHIT, RIY AT LR LD /E
EOBREPIDL LN E ) hE, FLUL 5 ERBETHELTY

HolebkZh, A2, Z)THALERAELDIIHL, #
DD 7THIF 1 IFFICE)THL EME L. ZNIZE
D, KYAT LR T CHEDD BNV AT L% -
TWietE2Z6N5.

KU AT LHIZOWTHHRBRTEML/zE 25, MO
BEAE WAL CEILB LT, 70y 7 Z#AV TS
NREGF 2T CICHERT LI EATE, MHICHEVZ <
FANTHZEDTEE V) RIE TSN, 7
FTNERREZIEL PO DL LI HDT, [H
EWEIELTW Z EDERBEIEONT-LOER LD -
72, —HT, EETTOy 2 O—F2d =\ 7T LY
T, RETAIGEZEBT LI/ EED
Holz. =N TFHEGTIT L TEEEGTOTh
BRELZY, BWEig~fkg s, Wi %o 72001
WTdhb., 5B, F—INTThHbHIEDFREMS
POFFETEMT S LT, IRWIEEBEIES 2% 5 L 9t
i L7zw,

T/, MOFHEP 1B LICHATLTORRE I LD
T > TWADIZH L, AV AF4aTlE7ay 7% 1 AT
DA TS &) BRIGIZHRR LT 728, B THL
TR T, MALTLIEDELERE LS
Nl wIERLH -7, 40, EBRICHVEGNSE
RORWERE L T2 ), HAMEELREShR
HTHs9). LrL7ay 7#HAT T, (EihzE AT
THELADIINIZ, EZIRETA2D0EZ G HIEE
FTHNRANVHGELADHLDHFETH L. 4Kk, MK
DHHEFEO L)1 ETOMAL TS LIRT HHED
FEH L, BIEOBRN IR AL B L 72,

4.2 ECEREER

Ky AT b Effio 7R ORGEEDO B % AT 5
72912, LEGO 0 LDD & AR Y A7 L % fi o TRLEkEE
AT) - WEBRT FEM L. BERE S 4 (20 mAA
DIEHRFFRRFAEB L ORFREA) 12, K10 (x), (v)
2R, B OMLAN CTHEER L [F—o LEGO {81
b, $RTCOTO Yy 7 OFHH, (i, S zekd 21E%
RUTE L 72, EBRIAT 727 v — b omT, HEBRED
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M 13 FEREBROMT. (a) #EY 7 Y 27 LDD &, (b) Studl/O
Fig. 13 Scanning evaluation using (a) LDD and (b) StudI/O.
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Fig. 14 Example of the graphical user-interface in LDD.

55 JELD24I1E LEGO 710 v 7 & H\ 7=l 7 T
¥xtforzl LEIhECAVERALE. F72, BB
LEGO DA THEXRIT-720W K, M, O, P D 4%
1315 SEDLET, T 14ERT, F LT N IEFEEmmEL
7. Doz &nrs, #hEE 8 %HITHED S LEGO fAIL
THEER AT Tk VD, EECERL TRV
W2 A, BER#EIE 2 D0 LEGO % LDD (K 13 (a))
LRV AT L (K 13(b) 2o, ZATALETO,
a2 HORBMER LT o7, Bb, HTA 70V Y

Fro7-.
FNENDVEEIIL - T, BBRE I 4808 217 -
7. IDD Tit, M 14 DX H 7% GUI (574 A )1—
A7 Tr2—R) IZLoT T AEEL ¥ —F— F#EA/E
B L CEE®4TS . F72, LEGO 1M % L@ 5 A
LoD, ZO70y 7% LDD Tilstd 254, Ko7
Oy 7EEZ [7 77— L LTHMIRELTE
CERFEWNTHD., 22T, EBRIET->T, 7uv 7%
FIRLCRE 2 AKEBMEISNZ, 70y 70— 0"
BEx7T 7L — b LTREFLTBLCHERLELDD T
0y 7 %5k 5B OBIER LI OV THERE ICHH
fTo7z. D) ZTHEEZ, 22056 3@o7Tay 732
BUCE R > 2RI RLET A8 %, KV A7 4L LDD
o Tiro 7.
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® 2 RAFTESERER (B))

Table 2 Saved work time (in sec).

Order LDD | StudI/O | Improve
I StudI/O — LDD 364 191 173
J StudI/O — LDD 350 197 153
K Studl/O — LDD 683 218 465
L Studl/O — LDD 956 211 745
M LDD — StudI/O 510 226 284
N LDD — StudI/O 812 160 652
O LDD — StudI/O 731 179 552
P LDD — StudI/O 902 259 643
Ave. 663.5 205.1 458.4
=3 MhEz 7709y 78 (M)
Table 3 Number of mistake blocks.
Order LDD | StudI/O

1 Studl/O — LDD 5 2

J Studl/O — LDD 6

K Studl/O — LDD 1 0

L Studl/O — LDD 11 1

M LDD — StudI/O 13 1

N LDD — StudI/O 0 0

O LDD — StudI/O 0 1

P LDD — StudI/O 5 2

Ave. 5 1.6

vy, RIZLDD % ffio TRUEMEEZAT o 72, JR YD O ERE
D M~P D 4413 LDD %o CTIEMERAF LB T, &K
VAT LK DEERL. EREKE L2 2 DODERD
A IIREL EZ TWEDS, &07z0l21, J, M, NI
EE 10 DR E (x)(y) PEIZ, $72, K, L, O, PI2id
()(x) DNIAEEL TH 5 o7z,

SULDWEREDNEHE LR HDOIZE L 2B 2R 2 1R
. KT, ZNENOWERE OVEFERR (s) &, KT X
F AN ) RS N (s) &, CASOTHEIRLT
Wb, KRV AT L%MH & T8ELDWERESBD, LDD
T L7258 ISR TR R L T DR TS 2 # 2
TWwh., &5, LDD 12X 2 PHEERB &R 27 A
& H W7 E R O 2 DETIICE B TH 2 gD O
572012, HEKE SR THABED t MEZ T-72. %
DGR, £(8)=5.66, p=0.00076 TH V), T D=L &
bDOTHETHALLEVZ D,

T/, BhEZ TESEIN-7Tay 7O EER 3 IIRT.
FX0, SRIOFMERICBNT, WHOEEE D BEN
BRI BE LI ZORTH -T2, KU AT LATIE
SYATDRT v ZEEICL > T7ay 7O A X&2485%E
FTHBICEENDZ R ON:, 7221, 4x1DREE
DTy 7% 3x1ORESIE L THEZTERLTLE
I L—HFb iz, ZoL) wEVERIETA7201C, K
AT ATIE, BIRL7-78 v 7 OIBEHL (LA THAR
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OIMID) ISHEEL TS, L L, TEoREEEIEL
WCONTEBENMETL, kT X&70y 7o LY
ENn7uy 7ol EHEYVRESTIMEELTED L1 —
FoHwiz, T—WIFEFERER( RSN T Ty 7 EFERIC
WO L7z7ay 72 TEL XA REHEr LRT S
CETIDE) REOFEVIIRS TN TELES).

—H/ 7T, LDD [ L7z12iE, LDD O —H 1 %
TJr—AxHAWwWTT7ay 7 2o Tay ZICHEAELQD &
12, RO LHECHTRON. £ omE:, FB
rhllEZtoruy sk 7Ty L— e LTRIEEL TH
5, INxfEAENRDL I L CIEMEREEL TW7z. IS
RzZTws1Eo7uy 2%7y7L— e LCREET S
VEERAG TH LD, 207y 7 FV—T2BEAGbE
HEETIE, THICEESINL 70y 7 HSHE A, 6 /2 7%
L e B7280, IELWENEET 200K TH -7z 8%
Zbis,

FLASL CTHEBRE FARIC, FEBRHE TR ICHEBRE IR AT
LD WBET R &N T v — Naedrolz, KU AT
L1255 LEGO 1Em DRLEMESHEIL LDD IZHRTHES T
Hotzir (1 FEFIZFITHD, 2. F)THA, 3.8
EDWVRRW, 4 F)TIERW, 5. Fo7LF)Tld
V) OFBBTRAELTOb /72825, #HEE T * K
S THDLIIFWICEFITHAHLERE L. — T THERE
JIZ3: &botdbnzhwnkmELx. £3 L, R
HIDARRY AT L EHCIZREEEEDOT A LDD %4
L7z A IR TRE VDS 0o 72, BB J IZFEBR O
AT AR Y AT A ER M L 725RsMEEORE OB L, 9
LTy P ORERGETETCOVRVEETTH- 72, T L
SLOBERE b IE DERFETE DI AIH o720 DD, FEER
DOBIZIZERSY X270y 7 OREZ AT E Tz, HE
FEOL VB L CHEEE A2 52 LT, HhEVIZRES
EEZOND. 512, KV AT LIZL A LEGO fEMDR
FRVESE L LDD (AR TERED RN nh &) 2 [F
U SEBTHELTLb 272825, J, LO2&D2:
FATHALAEL, HROD 6D 1 FEICE)ITHAS
EMA L., kY, KY A5 41255 LEGO 1M
DFLFMEEE, MAT TEEICHERTE D ived (&l
DLW AT A I hoTwWizeEzbhb, /2, £3
LV, R AF213LDD &L LT XY EREICIRAIESE
AT ZEMTELLE W) T DM D.

F72, KVATFLAICOWTHHREBTEM Lz 25,
LDD &L CX W EBWCHEICT Oy 7 OfE % i
BT HIENTEE V) BAPSEEAE SN/, LDD T
2 7E Y 2 EEEGTABIC, v AEF— K- FrHlAL
bET, X—24, [Hin, HEBE), 70y ZiRER & OBk
LEERAT I LEDN S D, YT AL F—FR—-FEHHLL
BEIZEY, HEeTay 7 #BnEB ) O EATI»T
CENTELVWI LI ED L SEHZ LW D W,
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— 5T, BHEDVAT LTI —INEIRN L2710y 7
DDA EHE L Tz, §XTHOTH Y 7 2R
Li#&h 2 FCRlsk L7MEMDIE R MR T A 2 L TE R0,
FDI, &2 ifﬁﬁbt#L¢f%u?5 ENTE
BN LIIRERE LB —FH i, W2, B2y
7%Lf%ﬁ%bt@@74—Fﬂv7ﬁﬁﬁﬁfi&w
720, BECELZDREI DTN IC VEVIERLH -
72, BRI LIEBICELRET T4 — NNy 2 24757
D, REFEL7ZERERETALRETLRZESL LTI BV
VAT AIZL TV EW,

5. BAEMRTRE

DuploTrack [2] (32 7 £ T Kinect® % Fl v T AR D
DUPLO® 710 v 7 DAL CTEFTELZY, kLD
THYATLTHA. Kinect DIREFEDHIFI 2 &2 XD,
R RDEE A AOKRE 70y Z7IZBREEINTWASE D
OO, L—FPHHIZT—TIVIZEE, FIZL7 Duplo 7
Oy 7 i L, BiEcEWT4 A7 L 412 CC HWi{E%
FRL THANLTEEEZT) . AR 7E v 7 28k~
DY EFHT 5 2 &L THEET A ATy 7 OLERE
ATV, 70y 7 DAV T - BLECIRE T EBLL /2.

B E PE L oA Ty 7 BRI L2 S
%iﬁ(ﬁ?)ﬂf\ﬂ% Anderson 51Z LEGO 7u vy 7D X9

WA LT 270y 7 [ZE AN & LAk s, 3D IR
*%i?ﬁﬁ“% VAT LERRSELI(). SOYAT AL E
R T I 7Y%y 7 kfERIZT Ty 7 Hik % F i

LT7uay 7HEOMEZHEEL, AV TOHNZTH Y
75 3D ETNEREREL, BRREMRL LML T 7 A
FxXEMR7=3D 75T 74 v 7 ABERT D, 7T 74y
JAET) Y TIINEN R L—-YTh, ¥ TNRT
Oy 7 &2Hn5 2 LT, BHIRIRIESEZITH) 2L T&
4. ActiveCube [12] (V. 7RO 71 » 7T, 6 [HIZFEMZ
HenRi-7vrbars INPREINTNL, 2—F0T
sEYLEHRLTCTOy 72 fllA LTS E, 7Oy 7R
WHERHSND, ZOTYATLIZLD 3D ETVOKE (3]
R, ANO 3D WRRRHIGHG [9] Z DT T ) r—a U
Eb iz, 7ay 7 EROIIREERR R M A TR iR %
79 BB LT, ABFEICBVTY 70 v 7 ICE T
TRlAALT T —F BN EETH - 72, WFoO7Tay o
VDL CRMMCERMNR Y AT A2 HIELZ, £/
INLDOWFET/RENIZLHIZ, WA Ty 71X, 3D
7774w 7 ADOOIIRESE, %, RHEESICT
EAVE T 2= AL LTHMTHA, lFEOTI Yy 7 %[
W AR BRI, BFRIE A HARAA RN 2 70y 70
IO TII A LTRKEZERTE Wb DD, 3DJE
WREWRD 7200% A % 72— AFEELELTHEHTD
brEZD.

IN=VFNT 7TV r—23s~OLEGO 71 v 7
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bAFZE SN T 5. faBrickation [6] (X, 3D 7'V ¥ 7 1 ~

IB BIREELR > % LEGO 71 v 7 THLANTT,
MGy DA% 3D T vy T Az ETTY Uk
B ZEHL, SEY RO by A EVFREHL L) &
TEVATATHA. 3D T AT EHicTay s
A EITAEER, Ky AT ZIRIERMICITH) 2 LT
50T, LEGO7uy 2 %777 ) r—raryMHT5
BWHCTHER LY —VIChATHA .

AR # 72 LEGO flAN THEIZ I T TEEMIE S
NTWw5hb, 72&21F, Tang 513 AR 12X 5 LEGO #LAT
TR R 23l L, AR ¥ A7 L1128\ T dependent
error (BICFEEL-TINETOLT — |12k - TH &R SR
BHIT =) AT B EE/RL[10]. %7 Robertson
51, HMD % %75 L 72 LEGO flA Y TIEEICB VT, K
M LEGO 70 v 7 % LA N THMRICIEMICEREGHET
FIR L7z AR (fully registered AR) 1, fiZB7% AR (2
ERTIDECER CHA. TEEEITZAAZ EERL
728, TOXHIT, EHFOME L KL 7B EROHN
AR 2B AT 5 LT, X )RIPRI M AT THEELTED
WHEIZ R A ZEDTRENT WS, KRNI, MEEbEE
ELwray 7 #EOME LY L —FIEE 52 LT, 5
R BRI ZLEL T D AR ¥ AT LR TEE D
ECEI A NTEHEL TS, T /2% RE HMD # M
HYATFTLATE, BETLHIEEEDLIEL L —HFD
L, NI LT, 7Y ¥ 2k ) ERREDO LEGO
Ty ZIHEETNERRE T AR AT LIF, gD
FHPL R L ERN G VAT AL o T W5,

TV s 7L ) EMFUER AR L CEEESY
179 VAT LS BHHRFE SN T A, FabNavi[11] T,
EEANR—ZAD T ay 78 ATREBE, Hoh
Ok L7 fA CFRIEEZ T 5. T 25Mm % %
WRKTHRETHZET, EYWEES LEDE LI FMAT
TEAITHZEDTEDL, L L%DS, FabNavi TldiEba
P2 T AHW TR ENTVDE 20D, KVAT LD
£ BRIFREICSIARET IV EERT 5 2 L ICIEARAETHS.
K AT LTI, ORI S (22 TlEzEE) ~
DIFEFH LT, MELHERIZS 20b o THEDE N
HAN. THEZIT> T A, F72, Tojo & [5] 1, Wik~
DIFHGEDERZFIH L CHIBEREE 2 EB LT
Rmméwﬂi,sﬁm%rw#%wﬁiﬁﬂﬁm%iﬁ
THFEERREL TS, 22T, ERhoRHER %
HNATERHWTAT YL, 7027 712X )EREIC
BIROIRREZHE L TWL., TREDY AT LI, KV A
7L L AR HMD 23535 2 & % CFIC & 245808
HoH. LLehs, WEekl - R T 572012027,
LW, TV EORBOBEEFALTBY,
FHARCINSEDF Y ) TL—Y 3 Y2 E_TLLEND
. KRYATLTHHT LRI TOY 27 DATH S
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720, ¥y TL—3 3 AMEEORHIEID W,

—75, EMROWELP S 3D F— 5 BVEH T HHFsE 0 L
IS BAEAET S, LDD DX % 3K CAD V7 + T
&, ¥ AL F— R — FEREICX )L MR E
BIRZFELC, Bl EOVARNLZETVERET S 2 L
BTEXL., Lol, TN OERMET—IEICEMETHILEC
EoTIRREEETHAE. RVATLATIE, 709270 3K
DIEIXY T ARVED R TIRES 5 Z L DWHETH 5720,
BVED L TH B, PHANTOM* ¥ D X 9 7 3 RILD AH
TTNA ZFEMTH B DY, 3 RICOME TR R L
DEEMICANTAIENTEL, L2LEYDL, 7T—24
OTEFFHSE SN D720, A TELMEICHIELSH 5.
Artec3AD DL ) BNV T4 3D AXF X FTlE. AF v+
FRICEL, AF vy LW IicEm Y AA TR
LHIETAFY VT HIENTETHS, 3D AFY D
BEN B CEEMTH BH%, FHIL72b 0h 6 ke
TIWELERT @RI LEICE o THELRG AR S 5.
KinectFusion [4] 1%, Kinect % F\v> TG 22 % F#£ 12 3D
AFx v LT, WMEDL T A F— a v RiT\v, IEBR
FEEA I T 2—ARFEHLLY) L L. AIFETIE, 7
0y 7HED A F v VLT 5 2 LTV Witsk s
ArhzHfEL. £z, BFM% 3D AF v = vV Rk
Tid, LEGO fEMWNERICHKE S N7z 71 v 7 OFECALE
BB LETET, 0o RN OIS TILEY
LT ENTER W, KFREI7 0y 7 204 L DD508k
T5DT, 3D AF ¥ F TIEFHITE 2 WNEREES 77—
FELTRAFLTBLZEDTRETH A.

6. F&&b

TaV sy ar R LR RSB AVEE
TEFT B ERZEL, LEGO 710 v 7 ORI — T %
BT B 2 & THLAN THESE L EMORLSMEE DR 21T
9 Studl/O % 3% L7z,

2 DDFHMERRIZ LY, WEROMDOFEIER GUI & EA
EL7ZVATAEHBLT, I A%ES LIEEER & &k
TEDL LM TE.

AL, WRTa Y 7 OFBANOIEREREEAL T,
IORIREMICEEER B L T E v, 28 21, ROK
THEHTL270y 72500 L0FRTLHIET, MAT
THANCLER Ty 72 HETHZ LN TE, MEERRH
DI FIZD BB THA). Tz, MALTHEEIET L
RIS MG R TV s v a vy Y ST A
IV TA A MRS Z T, oS E
BRI TELEALY ., kBB T, 7
Oy 7 O xR Lk T HHERE D 2 Lo, 708
ORI I ~OF R FIH T 2 R E RSN

*8  http://www.ddd.co.jp/phantom/
*9 http://www.artec3d.com
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X, LEGO 7a v 77217 Ch<{, T v 7oy o
B, S HIE MR e RERLLEE O A N THIE D W HE
THA).

SEXH

[1]  Anderson, D., Frankel, J.L., Marks, J., Leigh, D.,
Sullivan, E., Yedidia, J. and Ryall, K.: Building Vir-
tual Structures with Physical Blocks, Proc. 12th Annual
ACM Symposium on User Interface Software and Tech-
nology, UIST 99, New York, NY, USA, ACM, pp.71-72
(online), DOI: 10.1145/320719.322587 (1999).

[2]  Gupta, A., Fox, D., Curless, B. and Cohen, M.: Duplo-
Track: A Real-time System for Authoring and Guiding
Duplo Block Assembly, Proc. 25th Annual ACM Sympo-
stum on User Interface Software and Technology, UIST
’12, New York, NY, USA, ACM, pp.389-402 (online),
DOLI: 10.1145/2380116.2380167 (2012).

[3]  Ichida, H., Itoh, Y., Kitamura, Y. and Kishino, F.:
Interactive Retrieval of 3D Shape Models Using Phys-
ical Objects, Proc. 12th Annual ACM International
Conference on Multimedia, MULTIMEDIA ’0}, New
York, NY, USA, ACM, pp.692-699 (online), DOI:
10.1145/1027527.1027685 (2004).

[4] TIzadi, S., Kim, D., Hilliges, O., Molyneaux, D.,
Newcombe, R., Kohli, P., Shotton, J., Hodges, S.,
Freeman, D., Davison, A. and Fitzgibbon, A.: KinectFu-
sion: Real-time 3D Reconstruction and Interaction Us-
ing a Moving Depth Camera, Proc. 24th Annual ACM
Symposium on User Interface Software and Technol-
ogy, UIST ’11, New York, NY, USA, ACM, pp.559-568
(online), DOI: 10.1145/2047196.2047270 (2011).

[5]  Tojo, S.H.K. and Inokuchi, S.: 3-D Tele-direction Inter-
face using Video Projector, Transactions of the Virtual
Reality Society of Japan, Vol.7, No.2, pp.169-176 (2002).

[6]  Mueller, S., Mohr, T., Guenther, K., Frohnhofen, J.
and Baudisch, P.: faBrickation: Fast 3D Printing
of Functional Objects by Integrating Construction Kit
Building Blocks, Proc. SIGCHI Conference on Hu-
man Factors in Computing Systems, CHI ’1j, New
York, NY, USA, ACM, pp.3827-3834 (online), DOI:
10.1145/2556288.2557005 (2014).

[7]  Rivers, A., Adams, A. and Durand, F.: Sculpting by
Numbers, ACM Trans. Graph., Vol.31, No.6, pp.157:1—
157:7 (2012).

[8]  Robertson, C.M., MacIntyre, B. and Walker, B.N.: An
Evaluation of Graphical Context when the Graphics Are
Outside of the Task Area, ISMAR 08, pp.73-76 (2008).

[9]  Sharlin, E., Itoh, Y., Watson, B., Kitamura, Y., Sutphen,
S. and Liu, L.: Cognitive Cubes: A Tangible User Inter-
face for Cognitive Assessment, Proc. SIGCHI Confer-
ence on Human Factors in Computing Systems, CHI
02, New York, NY, USA, ACM, pp.347-354 (online),
DOI: 10.1145/503376.503438 (2002).

[10] Tang, A., Owen, C., Biocca, F. and Mou, W.: Com-
parative Effectiveness of Augmented Reality in Object
Assembly, CHI ’03, pp.73-80 (2003).

[11] Tsukada, K., Watanabe, K., Akatsuka, D. and Oki, M.:
FabNavi: Support system to assemble physical objects
using visual instructions, 10th Fab Lab annual meeting
(2014).

[12] Watanabe, R., Itoh, Y., Asai, M., Kitamura, Y., Kishino,
F. and Kikuchi, H.: The Soul of ActiveCube: Im-
plementing a Flexible, Multimodal, Three-dimensional

2587



1BERAIBF=EmEE Vol.57 No.12 2577-2588 (Dec. 2016)

Spatial Tangible Interface, Comput. Entertain., Vol.2,
No.4, p.15 (online), DOIL: 10.1145/1037851.1037874
(2004).

[13] Zauner, J., Haller, M., Brandl, A. and Hartmann, W.:
Authoring of a Mixed Reality Assembly Instructor for
Hierarchical Structures, Proc. 2nd IEEE/ACM Inter-
national Symposium on Mized and Augmented Reality,
ISMAR ’03, Washington, DC, USA, IEEE Computer
Society, p.237 (online), available from (http://dl.acm.
org/citation.cfm?id=946248.946783) (2003).

BA ®E (FERR)

2014 4F- B4 DKL R 7 B2
BHERFASE, 2016 EB R DKL TR
FRFBE NSRS A 7R A
BIIEARRAE T . BUE, KHARRIFES
St~ =T 1 v ZEMICHTE.

HEE —BF (E&H)

1979 4 3 H & B R B
RBrAesE. 1984 48 3 G T E KK
FhER A M T e R L AR E T .
FEAAHAT A - U— - oS
PR ST ZE T 12 A f. 1997 4F 4
HENRF TR #Ed 2% T, 2002
4 A¥d%. 2001 4F 4 H~20024E 3 HY a — Y 7 TRFK
S e E. 2005 4E 4 X ) BAO KL T RFHFE
B FRI IR, V7 by 2 7RSSR, ba—< v A S
7 x—A%E, ACM £ H. T4,

© 2016 Information Processing Society of Japan 2588



