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StackBlock: A Block-shaped Interface for 3D Model Reconstruction
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Abstract: We propose StackBlock, a novel building-block interface that precisely constructs 3D models by
letting users simply stack blocks at arbitrary positions and angles. StackBlock has Infrared LEDs and pho-
totransistors laid in a matrix on each surface. When a block is stacked on a block that is already stacked,
each block recognizes the contact area from infrared light reception from other blocks. The IR LEDs and
PTRs are also used to transmit the contact-area information to the other block. Contact-area information is
sent from the top block to the bottom-most block in the sequence. This data is sent to a computer where the
positions and angles of the stacked blocks are estimated and their 3D shapes are constructed. We ascertained
the required specifications for StackBlock by observing how children play with physical building blocks and
implemented a prototype of StackBlock with several blocks. The results of our evaluation of the accuracy
and latency of 3D shape recognition confirmed that StackBlock sufficiently performs 3D shape recognition
for flexible stacking.
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Fig. 1 Implementation of StackBlock.
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Fig. 5 Arrangement of elements.
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Fig. 6 Relationship of refraction and the intensity distribution

of infrared (side view).
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Fig. 7 Intensity distribution of infrared (plane view).
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Fig. 8 IR light-receiving range of PTR on the corner.
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Fig. 9 Configuration of the six-sided block.
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R &, FoTay s OTHA, )L O %R L T
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DIROFIRD & H 1274 5. HiidiE 2 ooy 712k

2570



[EHRNIBFSERIEE Vol.57 No.12 2565-2576 (Dec. 2016)

(a) Example construction (b) Contact-area

(d)Contacf—éréa lOf
upper block

(c) Contact-area of

lower block

10 FERRES DT

Fig. 10 Shape of contact area.
WCHEAZ O T, EER BB L AR TH L. RET
BLIGIRERET L, 7Oy 7 OFMEA BB X F AT
HDHEVIFERET T, 70y 7 ORBS BRI
NS Ty 7 8 L OEMAIE & AEERET S DD
TH5b.

StackBlock 70 v 7 RIHICHE L7-&7+ M bT7 Y
AZNE, WMET STy 2P0 FRNEEZETHE, #
DZICHEEE R 0-1023 O 1024 B FECREFE L, 2O I
UC, HsEs8mL, bl 7+ bbb T U IRAT DR
BZEAITEIT, 70y 7 89 L OEfnE & fEx
WeEsh., ZITEMELIE, 27+ NF VRS E
bk L7z 138 10mm OIEFEEDS, 7oy 7 L5
fill L CWARLERTL, COEBITT7+ M T IR
FTOBRERRBICESWZERTH L. TIHERLEMHL
Ko 7-HfEREYR 2 1RT. EBRTIE, 2HoTuy 2%
KEWE &) LT o720 &3l S &7 REE % ) IREE &
L, ko7vay 7% El)im~ZA0E 1mm T 20mm F T
BE) S, SOHICKHEMTELIANERICBH S, £
OEDOZHRE 50%4A) L4847+ N b T VI AYDIES
JERRI & DE 7 ) E OTHAF & 0 Bk 2 i L7,

F 2R LIAEE VT E & AEOHEE 1T .
¥, THRERE 0 LLED 7+ F T Y ASICEL
TS 100%E B DT, 2OF FOEELY HWT
MM 28I L, 202 e OEBE (vhy) £ T 5.
FDH, THIREE 800 KD T+ M v T YV AFIZONWT
X, FERTRD (v,y) SED LD, BRI E S
EARTZIT, HEOEBNEZBE S5, & 55000
FEAFO T+ P NI UV RS OEEE (2,y), O%NH
FICBTAEMEE p L35 L, EAMFTEITo 2RO
BE (2, y") 1ZRDOA (1) D&k H 1k 5.

(@) = (x . 5 sgn(xy _150)(100 - D) ,

5sgn(y: —y)(100 — p
vt ( 103( )> (1)

ERE EOTXTOT7 4 b T UV RY DEEE (oY)

DFEF S P2 F L, e 7 HE s o 3 1 iUy
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%2 EBLY RO EEEN
Table 2 Contact probability.

IR light Contact Probability (%)

intensity
0-49 0
50-99 0
100 - 149 0.109
150 - 199 1.12
200 - 249 1.00
250 - 299 3.52
300 - 349 7.65
350 - 399 9.51
400 - 449 16.6
450 - 499 20.5
500 - 549 34.4
550 - 599 42.7
600 - 649 60.5
650 - 699 79.3
700 - 749 90.9
750 - 799 97.2
800 - 849 100
850 - 899 100
900 - 100

11 AR, R R O PE

Fig. 11 Determination of the position and angle of the contact

area.

B (Tavgs Yavg) & T 5. 70 v 7 OBERMEL, HEflGEB
DOIEDS, I L T EDREEME N T WD EFHET
BT EICEPET S, B L Z2EMAE (2000, Yavg) &
WY, W LK T A N NI UV A ORIE L OEEED
TR RN E B L D) EBEFEL L, FOMHE % tand
LT 5. 200 R EMBEBOAE LT 5.

RIS, 11 IRT L), HEd s 2@o7ay 2
ICBUF B EAALE & BB T KT 5 L) ICES
SHLZEICEY, 2 DT Oy 7 OREIRDIFRFE S
B, Z OWERE SHEMETTICOWTITY, Tay 7 89 L
DOIIFHT 24T S &AL D, HEEE S N 2RO TR

PR

479
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(b)Long edge

ﬁ. _3i

(d)Rotation

(a)Initial state

(c)Short edge

12 FHIliFEERICHBIT S 70y 7 OfAER

Fig. 12 Stack of blocks in the evaluation experiment.

5. EAERZBHBOFE

5.1 WRFZBROEEICET 25HA
StackBlock (&, 3= TR BY, T2 fiis) &%
MEL TLEEHRZZELTBY, EELLVATLN

%@M%E#%ﬁtbfwaﬁ MY 5. ARFHE T,

X 12 ISRT L9, 270y 7ORKREVWEHE) LE

Uofzh) LS E/REEZMHREL L, DTo4oT

IRLIoNF =TTy 7 w38, TNEho7ay

sHET, IR E N7 uy s ofE s, ERRTO

Ty 7 OMEOREZEHIIL, REDFHME, RkAHE,

SrEE % GRS 5 .

Ny —v 1. To7ay z7oEBRFRIE, Fogay s
Z 1lmm ¥ 2, 0mm~>50mm @Eﬁﬂfﬁ) L72%&
(I 12 (b))

Ny =2 FTo7ay 7 OFMNFIMZ, EoTay s
Z 1mm 9 2, 0mm~25mm @EIE'EEJ‘?:% L7-%4E
(B 12 (c))

Ny =23, ETo7ay 7Ly —%se-5FE, b
D70 7% 10deg. 32, 180deg. T THIE S W 7-15;
& (M 12(d))

Ny =4 EoTay 7 ORELED E TOTH Y 7O
A N N AV S e b AN A G B 4 N 1 - 2K (VA= 4
WMPIRREE L, Eo7ay 7 ZEE RN Tmm §0
O0mm~30mm DX EEEL TWw {HaE

FoXy — Y NOREMTORHINEZNEN 3 [T . /3
¥ =1, 2 OFNATTIRERRER D TAT H A~ ORGEE (LT

E2) REliT 2720, F72/8% — v 3 OEMIZIEIRED

RSN OREEE (LB 3) %FFHilid 272012479 . /¥

F = ADEMTIIINY — 2 1~3 LB Y, EBRORIKE

WAIAT DT, L@7Dv7@fﬂﬁLm)%1@ﬁHé%

ToTUy 207+ b NT I AY E DBV CZNIRE

%MET 5. StackBlock OFE A E AR T ARYMRZ v

TWwh7z0, 70y 7 MASHERMICHENL TN TS, HEAE

ozl LTORREEATTbN L RN H S, DL
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S

w

[N

5
4
3
2
o
0

long edge shortedge rotation
Direction of movement

=

long edge short edge rotation
Direction of movement

o

Mean errors to long edge[mm]
N
Mean errors to short edge[mm]

(b) Mean errors to
short edge(average = S.D)

(a) Mean errors to
long edge(average = S.D)

_25
— R — “

long edge short edge rotation
Direction of movement

=N
v o

Mean errors to rotation[deg.]
=
o

o wuv

(c) Mean errors to
rotation(average = S.D)

13 K HIANOTIREH O P37

Fig. 13 Mean errors to each direction.

1000

800

600
B 400

200

0 5 10 15 20 25 30
0y R ERE [mm]
14 70y o HEEHEE ZGmE
Fig. 14 Received light intensity for the distance between
blocks.

LAl i CHBEZ 0 572012, SEFIANDO 71
RS 74 P N2V RAY OSHIRE DM Z 4T .
EEEOMEREZR 13, B 14 1R T. E@J5m, #a7%
O (K 13 (a), (b)) (2R S 7z b fEIE
DOFLEIEDORAE L FAFETH Y, [HE5H [~ O Ra
(I 13 (c)) 133 S N7 HRFIROM & DFAE L [FFKTH
5. 13 (a)~(c) FOZEN—FZBR L7z LT Y 7D
Bhi8y — > (1~3) ITHE L, FNENAEHLE (mm)
BT, Fo, TN TPEREDSTERT. K13
0, $XRTOEESHFTOLAFFNDFEEE 3mm LU &
o TWwh, F7z, AEHHNOBRAETTRTOEE T
10deg. LT &R ->TWAZEDRERATE, LEFEMZH
2L TCWwBZ xR L. /2, K14 Ly 7uy 7
HEEATR & L SR BT EZIREIZNE L R D5, 7
0y 7 BN TV TH RN Z 0T 5 2 LR S L
7. WERRHE AT ) 720 OBMEIX 14 FAREEH TRS
% 800 TH A7, M 14 FRFHTRENS, 70y 7
2% 8mm F TOMA TS L T\ 5 LHEND
ﬂ%ﬁﬁ%élkﬁﬁ#ok.
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Ib. 35msec

c. 15msec

Block”B’

a. 110msec lLd 105msec

Block”A” c. 45msec
a. 110msec JLd 210msec
Host PC
BaseBlock >
e. 90msec
X 15 FAEQEERICET LR ONIHR

Fig. 15 Breakdown of the time.

5.2 TEAERIBHD U TILEA LEOFHE

=W, T 2= ADFERETIE, eD) TV A L
PELEETH S [20]. 2T, BAERDZHDO) TV A
LVEOFHET (WBEEM4) L LT, 70y 7 &) Lok
HAEA D PCITRES N, IRREFEAE 7§ % £ TORERH
ZHET 5.

EBEOBIELFBICEROA 7270y 72 ERD L,
Ty 7P N EENIREE T SRR AT b L B M REE
W B 728, A EAGERICET HEM 2 EEICHE T E
v, FZTHRIOFERTIESH 520 L BaseBlock 75 &
ERRRRL G 2 LFRFICT T v 7 RMISEE S 7Rk
L LED #5656, A b PCICHMEREY %E LEb D
C I ICHkE LED 2{HAT§ 2 &) 7ur 7 4Lk

HAERGERICET 2R OFHAITIE, 7ay 7 A
H 12, BaseBlock O#kf LED 2855/ L CHHHE 5 F
TOMMAZEHIIL7:. 7ay 7O~ A3 LKA b PC
oOETray 7oRE ENG WD, RAERQERRICE
T AHIEMIEA 0 23 =7 (Tektronix % MS04054B) O
70— 7 &kt LED ST OIS (H1F THlET 5.
HABRICHVWSL 70y 7083 1~3 & L, HIEIEZ
NENIH LT 10 [32179 .

%%@%% Tuy sk 1 ORAERIZGEOEAER
PRI T D F'Eﬁﬂi@iéj 313 msec (SD = 20.4msec), 22

HA QA 722 msec (SD = 26.4 msec), 3 2

A A 72 A 12134 1300 msee (SD = 60.2msec) &
&ot.l15c20@7U/7%@Aﬁmt%®%&ﬁ

RABFRICET AREHOAREZRT. W15 L0, HArER
570y 7 Ok n L LIBE OMAERGERIZES LI
T 15 (2) TREND.

n—1

T:2mn+65+B5§:k

(msec) (2)

B 15 12”7 & 912, StackBlock T, & EANHRIZ
70y 7 BOFRIRBE D) L —I12 X ) RIS H R b
PCIZEBEEINL 720, FAERL 7O Y 7 OFHRKE L
UL, FEAEREROB KL FRIMEEE OB & ) &
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HERERICET HEHIEE RS, —fF&IZ, 2—VIE¥
A7 ORI U7 @) 2R NIC L — A ¥ 72— X
MOEVARYAPHLEZ e ME5T 505, a~x F74
NODATO X)) W HMZ 5 2 7 TlE, 1 BRED
TOYAT ABERBA I E Ly ShTws 20 40
DOFEBFERTIZ 2O 7Oy 7 OBAERQEHTE TV T
WEALMEZHLTWDLEWZ LD, 3 EOTT Y 2

U T A LEIAELTESY, LEREOHIRITS
BOBETH 5.

6. E=

6.1 MBEFTMEREREVEEHRICONT

70y ZEOHEEL, TRTOLTTANDEEHD 3 mm
UTEZoTBY, DEFEMH2 (5mm) 2402z L Tw
LI ENyhA. 70y 7 OEEMAEOHEEIZE LT
i, TRTOFPLGT10deg. LT ER->THBY, LEHE
3 (12deg.) Zii7z LTW5b, [EHEFANDEE) Y
K& o T LT o-BM & LTid, g S/ amaEs
DL HHEZ BN D, FRINRZ I % H 7 TR
FHETE, THLTVETRTOT 4+ N N T VIRV DR
BEFHEIMHEHT 2720, EBEOZBMER L) b LRk
SENHEIBSHEML T2 EHEEINLZENHL. 2D
728, FEIHOMHE PSR R/N S HEESND I LD,
BMENELEEZONDL, INLEMRRT LI
ZHBRED DTN THL T+ N NT VI RAYDOEEEE T 4
V)T, RN TF—F DA THE 238 5T
HEDVEZONDL., T, EROVLEREFTIERVDEE
HIANDOFEGRFRIZ OV T HBE VL ETH 5. StackBlock

TEFRNEE VA 72D, 70y 7 BN TV TR
YR EZHT A, Lo, ZOERE, RisZEihET
Oy 789 Ly SNLERMORELE#RTE L0
StackBlock (&2 —4 (JFI27fh) 70 v 7 2 fEAENRL
SRR Z FRIL 720, 70y 2 &2 EZICEL %D
EVo EIERRRELN T AL TELEEZOLNS.

RKIZ 3.3 Wi THRARICBLBEEFIZOVWTIHRARD . LEE
D) LABFIRAZIIOWT (RHEEF2, 3) IdaiRo LB H
B 2w E2e o Nz, £72, %3 L7 StackBlock
26T RCICREEREREZFE S, N— P72 7 OfRE L
LCIEANORAEL ) SRR TETH L (LEES
D. L2LBfER, THOBARKEFOHRTH KE 2E4E
%Ebéiﬁﬁ«@%&ﬁm”ﬂﬁLtﬁ%?»ﬁUiA
HHLTBY, MFNORAELR ) 383 55
1, 42Tk K 7Ty 7 ORLER LBUO)L}EZIPZ%&
A, SRBRIIINSOMEOFER, BIOREHTLVITY X
L DZALIZ & B EROBFHBFEF OB RKIZOWTDEI 645
EPLETH L. £z, FULD) TIVY A APEIZDOWT
(DLEEM4) 1F, SELEoTay 7 2 EAERTEE,
T NVE A LR S WiEHRE 2D, StackBlock (3%
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AENRFIARICET L 2 S 5 IR T AL EDNH B L%
ZAbNb, ZFOLDIZEZLNLTFFRELTE, 77
KOwFEDSHITONL. IKEROKEEL ) TIVY A 4
PEE N L= R+ 7OBRICH Y, EEICHEERIRT #ET
572012135 DF— 773%?3:72% fﬂﬁ@ﬁ/«ﬁ(muﬁki
T, ERERALE, MEHEEOZOIC, £70y 7 ko
?«f@7¢bb7//xy®%ﬂﬁxt%£%ﬁ%,L
FLTWDY, BMEZHVWTE 7+ b T2 V287D
$HF— ¥ E, O 2 HT— Y BB A LT
T EEHOTIENTRETH .
FEBOMRGHOIH, TiExR s LzFkg &2k
AW TRERON R L LT ooy 7)), BERE
N r =TI TAREDND L. LErLENLING
1Z, Kﬁ TR RT & - FE L HANIHE QLR F 72135
BUIAMEOMEE 25 L FHENS,

6.2 WEDHIK
HIfE D StackBlock DA FE QAR T IV I) AL TIE, %
E L7 HMEER R RMRE O 2012, 7 a7 OFEfifm

DA LED & T RTRRIZELSIE TS, 207280
17Ty 70 FIEBEO 79y 7 2 fEAEREEA,
7nv755L®%%ﬁ%ﬁ’ﬁﬂﬁﬁﬁﬂ,m®7Uy

DR SRITREMSH L. LAL, 2o
%%i%&ﬁnmﬁYw:uzA%&%ﬁath%&ﬂ
BeThb. 12213, FHED7TTy 7 OESEDRYE LED
X 1OEIEE, Ko Tay 2 TIIERO T + b b
T VI ARY DZIERED ST T H v 7 TEITT D ARYMR
LED OfiEx45E L, HHT2/R9MELED &7+ b b

YIRS Ry F TS HFEIIERETHI LT, LR
IR ORI TTH y 7 E R FET 5 2 LA R
b, ZOFEIZLY, Tay F AOFIOTRN % i
INRIZTHZENTEDLEEZOND,

72, StackBlock T3, 70 v 7 ELEED-O
IR EFIH LT b 7280, B - T3 %

*haﬁuﬁk%%_ THENHL., LrLINnNsld, EFEH

IZHNEDRIRIRE D S H 5 0 COBIEZATH & & TH
LT ECThbLEEZLND.

KIZ, BT 2 MZOWTIRR %, StackBlock D% &
FERIIL VTN THLHHS, FIROT 0 by 4 TOETHK
BFETH A 72012, KA M2 TFRLTWABOY 2T
2 (SCHR [16], [17]) & &) ICHA_TI A M8 & A EIA)IC
HbH. LrL, SNSEHFEDY AT 4k StackBlock (34%AE
RHWPERL L 70, HELRIAMOEET 22 LITH
#TH 5. StackBlock DHFREITHFAFLED &7+ + b7
YIUAEHTHDL. INHDFEFIF 1 2H ) OffitkidL
<, FIAT2ETERDIEREN LT T ALRE Y (FR-4)
DT NEWERHA L TWAD, KEIZEET A
ENSTENR, iz WS TE 5.
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6.3 JtH

ek 7oy 7B UL &13587% Y, StackBlock (&2 —4
DHHZEAERIC L DHEIRE IEMEICEERT 5. £
72, StackBlock 3/MEIZZ 1T TlE e &, A EF20, HL
720 ) K9 BEEAREFREDF DT HETDH 5.

StackBlock (& 7'1 v 7 IRV LED, 74+ b T
VIUAY HRBET YV TNGEEETHL, DD, E
BT LHEARDOIRICIE U CTHEREER T 2L EIEIDH S
A5, FIAER, =iERl 2 & Ofk 4 IR OFE AR IS T
FECHDH., S5, N2 ERT LA T—T 2 ) VT —
AR E, 1EROBEAKNEFBRIZ, ZhEN % i
DIFHTLBHNEETH D,

BARTT VAL TE—RHEY - Ve LTHwORT
727280, StackBlock 1 Z 7V A I E—RHEEFY— LD
WEDFNT P E I T 2 2 EAEETH 5 [21], [22].
WERDOEARNE V72l TIE, BARKOREEL RS
2O E T 2R ICBIE L TolT 5 Lo, 8Ll
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WEEAHEET A D WREE 2 D, 728 21F, BAEDOHELE
TR G L SIIEFERT L) LAy -V EER
EEp T, FHtoERHoOMER, A ML AEORK
RRDVHFEFTE B [22].

F 7, BEOBEIRE EMICEERL, L VESE S
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7. bW

KIfFeCld, T—VFOHMERARERICL 2 BERIRE
IEHEICRERECE 5 70y 7 ULl T % StackBlock % #2%
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#EF:  StackBlock DFEEIIH 72 ) T2 72550
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