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Automatic generation of building instructions for stable and self-
balanced LEGO sculptures

MASAHITO TAKEZAWA™  YUHI SASAKI™

TAKASHI MAEKAWAT

TAKUYA KOZAKI™

When building a large-scale LEGO model, we can reduce the number of bricks not only to lower the cost but also to lighten the
model by hollowing it. However, the hollowed model may change its position of center of gravity significantly, and may not be
able to stand by itself.  In this paper, we present a method to control the position of the center of gravity of the large-scale hollowed
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LEGO model so that it can stand without any support.
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Figure 1 Flow chart of our research
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Figure 2: LEGO bricks
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Figure 3:  (a) Input mesh model. (b) Voxel model.
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Figure 4: Computation of convex hulls. (a) Voxels having
contact with the ground are in green color. (b) Convex hull of
(a) is in brown color.
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Figure 5: (a) Discrete distance fleld asa result of FMM. (b)
Continuous distance field as a result of B-spline fitting.
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Figure 6: Three operations: (a) Merge. (b) Split. (c) Remove.

BexeE LIECIE, BEZ2 T2t ) IoRT=x
X —DWMERE, 3D OFAEEE A REIZ 0PI L,
Ty ORENMEET S UKD, ETANEELE
WL, BHERE LTS ANERTE S, AT
Kozaki H[1]DO W= /X —BEICE 5 HE LT, BEib
DB EEY 52 2HE4NT5 (X Q). #hEho



TR 2P TE
IPSJ SIG Technical Report

HITHERE SIS R>TRY, MM LTWA. FHLEAL,
FENPSOHEEZZE L2 HDT, TETLVDOREREEL
H.2%. H2HA LH3IHEFENEIKE, BEHFRO
Tay s OERDEEELELOTET VEEROMEIZE
BrHE25, HAHBIZIE—AV FEZBELELOT,
LHEEOMECHMEICHEBE 52 5. R THINT A5 5
HEX, BEMIEOEEZELZLOTHD.
E(M) = wEp(M) + wyEy (M) + w3Ey(M) + wyEy (M)
+ wsE¢(M) 3)
A B) DERELNIELZZFIAF—DHTHD. wi(i=
1, ) ELERLTNS. X @) WRTIICET LV
DELLEZCE LT, xy FHEICRE LIS Ed "y T ¢
IRy 7 ATESME LT E (u,v) & LTH (2) 1Tt
AL, xy FHEHOEBOHEEZGS. Fig7lZrnd Lo, &
HRIBOELEERE T L2 L CHELHBL N TE

—Rr(% @\ _p(s &
AEc =R (Bx ’ By) R (Bx ’ By) (4)
n
1
C=(CaC) =2 P, 5)
i=1
1 n n'
C =) =——( Y Pz )P (6)
- i=1 j=1

ZIZTCB=BuB)IEET VDR T 4 TRy I A
T, CIAEEZOBELOMETHS. n'IX, =—H/MITH
W HHEMT 2y 7 O, nix, EEAMOBHLTHDH
7wy 7 ORT, Py, PUIHMT 0 v 7 OBEOLAETSH
. g—AanEicky, X @) »oZLEESED Z
L CTHEODAE A convex hull RICBEIT 5.

-,

C. C

Figure 7: Change of the centroid positions.
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Figure 8: Input mesh models. (a) pig. (b) kitten. (c) Stanford
bunny.
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Figure 9: Computed LEGO models. (a) pig. (b) kitten. (c)
Stanford bunny.

Figure 10: Cross sections of Figure 9. Bricks in purple color are
inside bricks.

Figure 11: Real pig LEGO model.
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Table 1: Comparative data between our method and other methods [1,8,9].
Input Real Convert Color Thickness Centroid Building
LEGO method information adjustment adjustment instructions
Hong et al.[9] Mesh Yes Greedy No No Yes No
Testuz et al.[8] Mesh Yes Greedy No No No No
Kozaki et al.[1] Real object Yes SA Yes Yes No Yes
Our method Mesh Yes SA No Yes Yes Yes

Table 2: Comparative data between Kozaki method [1] and our

method.
# of Void Centroid
bricks  ratio(%) before  after
_ Kozaki [1] 591 25.3 -0.187
Pig 0.167
our method 632 24.5 2.03
_ Kozaki [1] 957 27.9 4.87
Kitten 471
our method 975 30.1 5.19
Staford  Kozaki [1] 813 252 0.761 -0.952
bunny  our method 846 30.6 ' 0.367
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