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Abstract
We present a legorization framework that produces a LEGO model from user-specified 3D
mesh model. Our framework is composed of two stages: voxelization and legorization. In the
voxelization, input 3D mesh is converted to a voxel model. To preserve the shape of the 3D
mesh, we devise a silhouette fitting process for the initial voxel model. For legorization, we
propose three objectives: stability, aesthetics and efficiency. These objectives are expressed in
a tiling equation, which builds a LEGO model using layer-by-layer approach. We legorize five
models including characters and buildings to prove the excellence of our framework.
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1. Introduction

LEGO is a well-known assembly toy from the LEGO company in Denmark. The LEGO
consists of colorful interlocking plastic bricks with many other parts such as gears and
minifeatures. The most commonly used bricks are of rectangular shape with various lengths,
widths and heights.
Sometimes, many LEGO users have a desire to assemble their own models, whose
assembly diagram is not provided by the company. Only highly experienced LEGO users
design their own diagram to build a LEGO model for their desired models. Recent progress of
digital contents such as games or animations accelerates the desire to build a LEGO model for
their favorite characters, e.g. Eevee of Pokémon.
We present a framework to build an assembly diagram for a user-selected 3D mesh model
that guides users to build their LEGO model using commercial LEGO bricks. Our framework
is composed of two stages: voxelization and legorization.
Many existing legorization works start from a voxel model which is converted from a 3D
mesh. Like these works, we employ an existing slice-based voxelization scheme to produce an
initial voxel model. Furthermore, we present a silhouette-based fitting scheme for the initial
voxel model to achieve a voxel model whose shape is as similar as possible to the input 3D
mesh.
Legorization is defined as a process that tiles the voxel model using a series of bricks. We
employ a layer-based approach that fills the voxel model layer by layer using appropriate
LEGO bricks. Unlike other frameworks, we include bricks whose height is more than one
layer. We have three objectives for legorization: stability, aesthetics and efficiency. We define
a tiling equation that covers these objectives and find the solution of the equation using a
heuristic search algorithm. Our framework is distinguished in these points:
1. Shape-preserving voxelization: To preserve the shape of an input 3D mesh, we design
a voxelization process that modifies the initial voxel model by fitting the silhouette of
an initial voxel model to that of the input 3D mesh.
2. Objective-driven legorization: We pursue three objectives including stability for a
stable structure, aesthetics for a balanced layout and efficiency for using multi-height
bricks. Multi-height bricks have not been considered in the existing works.
3. Efficient data structure and implementation: We devise a two-colored graph that
represents the adjacency and stability information of a LEGO model. Our legorization
is composed of tiling process on each layer, which is implemented using a heuristic
search algorithm.
We illustrate the overview of our algorithm in Fig. 1. An input 3D model is converted to an
initial voxel model, which is further adjusted to the input model using our silhouette fitting
scheme. Each layer of the voxel model is tiled through the LEGO bricks using an energy
minimization scheme that optimizes users’ aimed targets such as stability, aesthetics and
efficiency.
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Fig. 1. Overview of our algorithm.

2. Related Work
2.1 Voxelization techniques
Voxelization techniques are originated from 1980s. Kaufman et al. presented a voxelization
algorithm that converts continuous geometric objects into an array of voxels in 3D discrete
space while preserving their shapes [1, 2].
The progress of GPU motivates an acceleration scheme for voxelization algorithms using
the GPUs. Fang and Chen [3, 4] presented a scheme that reconstructs volume model from the
sliced image, which is created by intersecting an input 3D model with a clipping plane using
GPU computation. Karabassi et al. [5] also presented a voxelization scheme employing GPU
and a depth-buffer supported by OpenGL library. Passalis et al. [6] added a stencil buffer to the
scheme in [5] to present a lossless voxelization scheme for an arbitrary surface model.
Eisemann and Decoret [7] presented an accelerated scene voxelization scheme using GPU.
They defined an ambient lattice on a rendered scene from a viewpoint. Furthermore, the depth
information is stored in the RGBA channel to reduce the computation time for shade rendering
and reflection rendering. They [8] also presented a single pass approach for voxelizing the
inside of a watertight model, which guarantees real-time voxelization for high-resolutional
models.
There are also several voxelization schemes that do not rely on GPU. Silva et al. [9]
presented a scheme that renders a mesh model as a voxelized model using a point sampling
scheme that segments the edges of a triangular mesh according to the user-initiated resolution.
Nooruddin and Turk [10] employ a ray casting to count the number of intersection points on a
target model and a parity counting to build a voxelized model. Finally, they modify the voxel
model using a series of morphological operators.
Recently, real-time voxelization algorithms using GPU acceleration are presented for
high-resolutional models. Hong et al. [11] reduce the inefficient computation on the empty
voxels lying inside of a surface model by constructing an octree structure. Schwarz and Seidel
[12] presented a sparse voxel octree(SVO) structure to voxelize a solid model.
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2.2 Legorization techniques
2.2.1 Early techniques
Gower et al. [13] pioneered a computerized framework for generating a LEGO model from
a polygonal model. They define several heuristics for designing LEGO model and propose a
minimization scheme for a penalty function using simulated annealing. The heuristics they
define include cover ratio, big brick, perpendicularity, vertical boundary, T-shaped joining,
and covered edge by center (See Appendix for an explanation). Their framework, however,
has not been implemented in their paper. Petrovic [14] employed a genetic algorithm to
resolve the LEGO construction problem and van Zijl and Smal [15] used cell clustering
strategy to merge 1×1 bricks to design a LEGO layout. Later, Smal [16] improved this
scheme by applying a beam search algorithm. These works use primitive data structure such as
a list ([14]) and a grid ([15, 16]).
2.2.2 Recent techniques without physical stability
Testuz al. [17] presented a graph-based randomized greedy algorithm to merge 1× 1 bricks
to general LEGO bricks of diverse scales. A LEGO model is organized as a graph whose
vertex corresponds to the brick and edge to the connectivity. Therefore, an articulation point of
the graph represents a brick where many parts of the model are connected. Their strategy is to
build a biconnected graph where an articulation point does not exist. They do not go into
physical problem considering the weights of the bricks and gravity. Ono et al. [18] presented
a graph-based greedy merging algorithm for build a LEGO design. Their strategy resembles
Testuz et al.’s work [17]. Their merging algorithm includes the heuristics defined by Gower et
al. [13] such as big brick and cover ratio. Their algorithm, however, has several degenerate
cases for connecting the bricks. Zhang et al. [19] presented a construction scheme for planar
LEGO model using pattern tiling. An input image is pixelized and the neighboring pixels of
similar colors are merged to form various LEGO bricks. Kim et al. [20] surveyed the existing
LEGO representation schemes and their construction algorithms. Lee et al. [21] combined a
greedy algorithm and a genetic algorithm to improve the layout of LEGO bricks. Zhang et al.
[22] proposed a random merge scheme considering stability, symmetry and color separation.
This scheme may take a lot of computation time due to their randomized merging strategy.
Stephenson [23] proposed a four-phase search algorithm to build a LEGO model. The phases
include arrangement according to the direction, edge reduction, brick recombination and
building single component. Since each merging step takes four-phase search, this scheme
suffers from a long computation time. Zhang et al. [24] improved their previous
layer-by-layered assembly approach, which is not appropriate for over-hanging blocks.
Instead of legorizing a polygonal model, they proposed an alternative approach that assembles
the pre-built components. Hong et al. [25] improved Testuz et al.’s greedy approach [17] by
adjusting the centroid of the bricks
These works commonly employed a merging approach that merges 1×1-sized bricks into
bricks of various sizes. These merging approaches, however, leave 1×1 bricks very
frequently and the final layout fails to present balanced and aesthetic visualization. Therefore,
we employ a tiling approach that tiles various sized bricks at their appropriate locations, which
prevents small-sized bricks and global visualization considerations.
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2.2.3 Recent techniques with physical stability
Luo et al. [26] presented a LEGO model generation framework that considers physical
stability using force-based analysis, where the vertical and horizontal friction force of a brick
are considered with maximum friction load of the brick. They aim to build a singly connected
component of the graph representation of the LEGO model. In the merging process, the force
loaded on each brick is computed and the stability is checked. This approach sometimes
cannot find a physically stable LEGO model from input 3D mesh models. Kozaki et al. [27]
presented a LEGO model generation scheme using photographs taken from a physical object
in various angles. They also proposed an energy minimization scheme for LEGO model
generation. Their energy function includes momentum, which provides physical stability of
the model. To build a light-weighted model for portability, they devised a hollowing process to
empty the inside of the model.
We do not consider the physical computation in our approach, since most of the 3D models
such as characters and buildings we test are balanced. Some unbalanced characters are the
target of our future work.

3. Voxelization
3.1 Initial voxelization
We start our voxelization process from a user-specified 3D mesh by rendering the mesh
using the rendering pipeline of OpenGL library [4]. By controlling a clipping plane of the
rendering pipeline, we extract a series of slice images, which are mapped into a layer
information of our voxel model. This layer information is stacked to form our initial voxel
model.
Since the resolution of the voxelization is limited, the shape of the initial voxel model can be
far from the shape of the 3D mesh. To fit the initial voxel model as accurate as possible, we
propose a silhouette fitting process, which carves the silhouette of the initial voxel model to fit
that of the input 3D mesh.
We extract the silhouettes of the initial voxel model and the input 3D mesh by rendering
them using a color distinguishable from their background. The rendered image stored in a
framebuffer is bi-colored, which distinguishes the inside and outside of a silhouette. We visit
the boundary of the model using a chain code algorithm to build a silhouette curve [28].
We build a signed distance map on the silhouette voxels from the silhouette curve. The
distance is estimated as the closest distance between the center of the silhouette voxel and the
closest point on the curve. We illustrate the distance estimation process in Fig. 2. Furthermore,
we accelerate the distance estimation using jump flooding algorithm [29]. The distance value
d(v) stored at a voxel v is estimated as follows:

 d , if C (v)  0

d (v)   d , if C (v)  0 , where C is a silhouette curve
 0, if C(v)  0


(1)
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Fig. 2. The distance estimation process: At each silhouette voxel, the signed distance to the silhouette
curve is estimated.

3.2 Silhouette fitting
3.2.1 Approximation of differentiation
To fit the initial voxel model to the input 3D mesh, we match the silhouette voxels of the
initial voxel model to its closest silhouette pixel of the 3D mesh. After matching, we estimate
the first-order differentiations (t(vi)) and the second-order differentiations (g(vi)) at the
matching voxels. We use a central difference approximation for the differentiation. Since the v
is an approximation estimated on a silhouette curve, unwanted anomaly may appear. To
remedy this, we sample three candidates for the differentiation: one-ring neighborhood
difference (vi−1 and vi+1), two-ring neighborhood difference (vi−2 and vi+2) and three-ring
neighborhood difference (vi−3 and vi+3). t(vi) and g(vi) are determined by averaging three
candidate values.
3.2.2 Energy function
The energy function that defines the shape difference between the silhouettes of the voxel
model and the input 3D mesh is defined as follows:

E (V , S )   (d (v, S )  (1 t (v) t ( S v ))  (1 g (v)  g ( S v ))),

(2)

vV

where V is the voxel model, S is the 3D mesh model, and Sv is a pixel on a chain code from the
3D mesh silhouette, which is closest to v ∈ V . ∙ is an inner product operator. The distance of v
from the 3D mesh silhouette, denoted as d(v, Sv), is defined as follows:

d (v, Sv )  (d (v)  0) ? d (v) : 0

(3)

The first term of Eqn (2), d(v, S), becomes zero, if the voxel is not outside of the silhouette.
This term may lead to a shrunk voxel model. To avoid this, we add the second term, 1 – t(v) ∙
t(Sv), and the third term, 1 – g(v) ∙ g(Sv). These terms estimate the difference of the tangents and
gradients of the models, respectively. The second term becomes zero, if the tangents from both
models are identical, and the third term becomes zero, if the gradients are identical. We
illustrate this in Fig. 3.
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Fig. 3. The tangent vectors of the energy function

3.2.3 Minimization
We fit the initial voxel model to the 3D mesh model by carving the voxels in the silhouette
of the initial voxel model by minimizing E(V, S). For an efficient minimization, we sort the
voxels v’s on the silhouette according to the descending order of d(v) and store them in a
priority queue. We select the voxel w in the top of the priority queue, and compare E(V − {w},
S) and E(V, S). If E(V − {w}, S) < E(V, S), then we remove w from V and the priority queue and
update V by inserting new silhouette voxels. Otherwise, we remove w only from the priority
queue. We repeat this process until the priority queue is empty. We illustrate two cases in Fig.
4.

Fig. 4. Two cases of energy minization: In Case 1, the target voxel (rendered in yellow) is removed from
the voxel model and a new silhouette voxel is added instead. In Case 2, the target voxel (rendered in
green) is preserved.
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The pseudo code for the energy minimization is presented below:

We present our voxelization results in Fig. 5.

Fig. 5. Voxelization results.

4. Legorization
4.1 Model representation
4.1.1 Model definition
Since Testuz et al. [17] employed a graph structure to represent a LEGO model, some
researchers followed this approach [27, 21, 26]. In these approaches, a brick is mapped to a
vertex and the combined bricks are to an edge. Therefore, two bricks in the same layer are not
connected by an edge. By employing a graph structure, evaluating physical feasibility and
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stability of a LEGO model becomes the well-studied graph problems such as checking
connected component or finding an articulation point. A graph for a LEGO model separated
by several parts is disconnected, and a brick where too heavy weight is loaded is an
articulation point. Therefore, they merge 1×1 bricks repeatedly to avoid these problems.
Since their approaches use a merging strategy, the adjacent bricks in a layer can be identified
by a simple index-based scheme. Since we employ a tiling approach, we cannot employ the
graph structure used by the existing research
We propose a two-colored graph to represent our graph model. The key principle of our
approach is to represent the adjacent bricks in the same layer as well as the combined bricks in
the incident layer. Our two-colored graph is defined as follows:
1. Vertex: A brick is represented as a vertex.
2. Red edge: If two bricks are combined together in a LEGO model, then their
corresponding vertices are connected by a red edge. A multi-height brick is
represented as bricks of single height connected by a red edge.
3. Blue edge: If two bricks in a layer are adjacent, then their corresponding vertices are
connected by a blue edge
Fig. 6 illustrates and compares our two-colored graph with the conventional graph proposed
by Testuz et al. [17].

Fig. 6. Our two-colored graph and Testuz et al. [17]’s graph.

4.1.2 Model construction
Our legorization process is executed by constructing our two-colored graph for a voxel
model. We design a layer-by-layer approach where our graph is constructed from the bottom
layer of the voxel model. For each layer, we execute a tiling process that fills the layer with
appropriate bricks. For each brick that covers the brick in the lower layer, a red edge that
connects the two bricks is added to the graph. For the adjacent bricks, a blue edge that connects
the two adjacent bricks is added to the graph. The tiling process is described in Section 4.2.
4.2 Tiling
We have three objectives in designing our tiling process for legorization: stability,
aesthetics and efficiency.
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1. Stability is the most fundamental objective, which has been pursued from Gower et al.

[13]. It means the constructed LEGO model is physically feasible and all the bricks in
the model are combined
2. Aesthetics is the objective we pursue distinctively. A layer tiled by a LEGO artist is
distinguished from automatically tiled layer by its balance, symmetry and accuracy.
The bricks arranged aesthetically present greater interest than the bricks arbitrarily
tiled
3. Efficiency is the time and cost requested to complete the target LEGO model. We
pursue users to save their time and budget
4.2.1 Stability
We pursue the stability during the construction process of our two-colored graph using
layer-by-layer approach. Gower et al. [13] proposed an edge cover heuristic to cover the edges
in the lower layer with a brick to combine them tight and Testuz et al. [17] and other
researchers [21, 26, 18] proposed a connected component test and an articulation point search
to check whether their LEGO model is stable or not. These schemes, however, restrict the
freedom of choosing various tilings.
We propose a red-edge distance estimation on the two-colored graph for the stability. We
estimate the distance of the adjacent bricks which are connected by a blue-edge only along
red-edges (See Fig. 7). The red-edge distance, which is denoted as γ, reveals the minimum
distance between the adjacent bricks and their combined point in a lower layer. According to
the red-edge distance, we determine the priority for covering the adjacent bricks as follows:
1. Red-edge distance (γ) ≤ T : The combined point of the adjacent bricks is not far,
which means that the priority for covering is low.
2. Red-edge distance (γ) > T: The combined point of the adjacent brick is far, which
means that the priority for covering is high.
3. Red-edge distance (γ) = ∞: The adjacent bricks are not connected, which means
that the priority for covering is highest.

Fig. 7. Three cases of red edge distance(γ) and their g s values.

Therefore, the stability term in our tiling equation becomes:
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 c(i )  p1, if   T
 c(i )  p , if   T
1 m

2
g s   p (i ), where p (i )  
m i1
c(i )  p3 , if   
 c(i ), otherwise

(4)

,where m denotes the number of blue-edges in the previous layer. c(i) is 1, if the i-th blue edge
is not covered, and 0, otherwise. In our implementation, we set T as the height of our
multi-height brick. p1 is set as 0.1, p2 as 0.5, p3 as 1.0, T as 2 in this paper. Each priority is
stored at blue-edges in our two-colored graph. Fig. 7 illustrates three cases of red edge
distances and their gs values.
We compare the LEGO models produced by Gower et al. [13], by Testuz et al. [17] and ours
in Fig. 8. The model presented in Fig. 8 (a) satisfies the heuristics proposed by Gower et al.
[13] and (b) satisfies the heuristics from Testuz et al. [17] . From edge cover in [13], each edge
is covered by the bricks in the above layer. Also the LEGO graph from [17] is a biconnected
graph. Fig. 8 (c) presents our result. In tiling 4th layer, we estimate the red-edge distance and
determine that the edges in the 3rd layer do not have a high priority to be covered. In tiling 5th
layer, the red-edge distance increases, and the edges in the 4th layer have a higher priority to
be covered. Therefore, we tile bricks in 5th layer to cover the edges in 4th layer. We can
replace the consecutive bricks in 3rd and 4th layers to a multi-height brick.

Fig. 8. The comparison of tiling strategies for stability.

4.2.2 Aesthetics
Tiling LEGO bricks in a layer in a well-organized layout is a rarely pursued objective by the
existing works. Zhang et al. [22] considered a symmetric layout of bricks, which constrains the
bricks to be arranged along the axis of the model.
We propose a balanced tiling for aesthetics. As a preprocessing, we extract a central axis of
the layer. Since our model is aligned with standard xyz-axis, we assume that each layer is
aligned with the standard xyz-axis. Since z-axis is orthogonal to the layer, our axis is either
x-axis or y-axis or both. Therefore, we estimate the balance for the three cases. A brick is
balanced, if the axis passes through the center of the brick or there is a partner brick in the
reflected coordinate for the axis. The term for the aesthetics is defined as follows:
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bi , where bi  

1, otherwise
n i1
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(5)

Fig. 9 illustrates the tiling that balances bricks according to the axis and estimates ga.
4.2.3 Efficiency
Our LEGO model for a desired 3D model in the minimum cost and time is our third
objective. We pursue this objective by saving the number of bricks in building the LEGO
model. Many conventional researchers proposed big brick for their tiling principle that
replaces several small bricks with a big brick as long as the tiling is stable. Our big brick is
either horizontal or vertical.

Fig. 9. The comparison of balanced tiling.

For horizontal big brick, we estimate the area of the brick and build our term as follows:

gh 

1 n AMAX  Ai
,

n i1 AMAX  AMIN

(6)

where AMAX is the area of maximum-sized brick and AMIN is the area of minimum-sized brick.
In our paper, AMAX is 16 for a 8×2 brick and AMIN is 1 for a 1×1 brick. Ai is the area of the i-th
brick and n is the number of bricks in a layer.
For a vertical big brick, we search two bricks that satisfy (i) same horizontal size, (ii) lying
in the incident layers, and (iii) overlapped. These two bricks are merged into a multi-height
brick. Therefore, the term for vertical big brick is defined as follows:

gv 

1 k
 v(i),
k i 1

(7)

where v(i) is 0, if the i-th brick is covered with a brick, which can be merged into a
multi-height brick, and 1, otherwise. Note that before estimating this term, we set k as the
number of the bricks in a layer that can be merged into a multi-height brick. Fig. 10 illustrates
both horizontal and vertical big bricks for efficiency.
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4.2.4 Tiling equation
Our tiling equation for a k-th layer is the weighted sum of the terms defined in Eqn. (4) ~ (7)
we have defined:

G( Lk )  ws g s  wa g a  wh g h  wv gv ,

(8)

where Lk is the set of bricks covering k-th layer.

Fig. 10. Big bricks for efficiency.

Our layer tiling is executed from the bottom layer (1st layer) of the voxel model. In tiling
k-th layer, we consider the (k − 1)-th layer for the stability objective. The tiling equation in Eqn.
(8) is minimized through A* algorithm, one of the most widely used heuristic search algorithm.
A* algorithm starts at an empty layout where no brick is located. By considering the terms in
the equation, the layer is filled with bricks. At every state of A* algorithm, an OPEN list and a
CLOSED list are maintained and updated. OPEN list stores candidate configurations for
minimization and CLOSED list stores configurations that cannot be minimized. Therefore, we
choose one configuration from OPEN list and continue tiling process.
In Fig. 11, we illustrate the process of tiling a layer by adding bricks one by one using the
A* algorithm. This process is implemented as building an A* search tree, where each node
corresponds to a tiling status. During the search process, the value of the tiling equation for a
node increases. This process terminates when a leaf node whose value is minimum is reached.
By assigning different weights for the tiling equation in Eqn. (8), we achieve different layouts
for the same layer. We discuss this problem further in Sec. 6.
Our problem of the A* algorithm is that it may converge to a local minimum instead of
global minimum. This problem can be avoided by searching the OPEN list in deeper levels.
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However, this strategy requires heavy computational time for tiling. Fortunately, the tiling
executed in our samples did not show a problem of converting to a local minimum.
Another problem of the A* algorithm is that the layout of global minimum may not be
unique. Therefore, different layouts can be reached using the A* algorithm. In this case, we
choose one of the layout as our solution (See Fig. 12).

Fig. 11. An example of A* search tree. We reach a leaf node whose value from Eqn. (8) is 7.25 as
minimum. The sample is from Ryan model.
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Fig. 12. The non-unique leaf nodes of A* search tree with same minimum values.
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4.2.5 Comparison with different objectives
We pursue four different objectives and compare their resulting layouts: (i) balancing three
objectives, (ii) stability-oriented, (iii) aesthetics-oriented, and (iv) efficiency-oriented. The
weights of the tiling equation in Eqn. (8) are suggested in Fig. 13. The resulting objective
values in Eqn. (8) and the number of bricks used in the layout are also suggested in the same
figure.

Fig. 13. The parameters for the tiling equation and the result values.

As suggested in Fig. 13, the g term of highest w term has lowest value among the other w
terms. gs, for example, is lowest in the second row among the four different cases, since ws is
highest in the second row. This proves that our minimization process of the tiling equation is
valid.
Pursuing different objectives results in different layouts. We present the different layouts in
Fig. 14. The processes of developing the layouts are compared in Fig. 15. The leaf nodes of the
tree in Fig. 15 correspond to the layouts in Fig. 14.

Fig. 14. Different layouts are produced from different weights on the objectives in Eqn. (8).
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Fig. 15. Comparison of tiling processes according to different weights in Eqn. (8). The layouts in the
leaf nodes correspond to those in Fig. 17.

KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 12, NO. 6, June 2018

2799

5. Implementation and results
We have implemented our legorization algorithm on a PC with Pentium i7 CPU and 16
GByte main memory. We test our algorithm on five models and produce their assembly maps.
The information about our legorization is suggested in Fig. 16. The input models are
illustrated in Fig. 17 and their results are illustrated in Fig. 18.
In building the LEGO models, we sometimes needed a supporter bricks for the empty inside
area of the castle model.

Fig. 16. Results on legorization.

Fig. 17. Input models of our legorization.

2800

Kyungha Min et al.: Legorization from silhouette-fitted voxelization

Fig. 18. Outputs of our legorization.

KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 12, NO. 6, June 2018

2801

6. Comparison and discussion
We compare our legorization objectives with the legorization heuristics presented by Gower
et al. [13] and Petrovic [14]. For the comparison, we quantify the stability, aesthetics and
efficiency of the layouts from ours and other two heuristics for the 99 layers of five models.
We summarize the results of comparison in Fig. 19 and illustrate the results in Fig. 20.
According to the comparison, our approach shows better stability, aesthetics and efficiency
than the widely-used two legorization heuristics.

Fig. 19. Summary of the comparison for each model. Our approach shows better results for 88.2% ∼
94.4%.

7. Conclusion and future work
We have presented a legorization framework that converts a 3D mesh into a LEGO model
by producing its assembly diagram. Our framework preserves the shape of input model by
proposing a silhouette-fitting scheme and presents a legorization scheme satisfying stability,
aesthetics and efficiency. Our framework allows multi-height bricks which improve the
efficiency of the model. We have tested our scheme for five models including characters and
buildings.
As a future work, we plan to build a legorization framework that uses special bricks as well
as various multi-height bricks. Furthermore, we are going to include estimating loads on a
brick using our two-colored graph model.
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Fig. 20. Comparison of our heuristic with Gower’s [13] and Petrovic’s [14]. The white row shows our
approach is better and the red row shows our approach is worse. The pink row shows they are tied.
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Appendix
The list of heuristics proposed by Gower et al. [13] is as follows:
1. Cover ratio: The ratio of the cells covered by the bricks in the incident layer to all
cells in a layer.
2. Big brick: The bigger brick is favored to the smaller bricks. It can be estimated as the
number of bricks per the area covered by the bricks.
3. Perpendicularity: The number of bricks perpendicular to the bricks in the incident
layer.
4. Vertical boundary: The edge covered by the bricks in the incident layer.
5. T-shaped joining: The distance between an edge and the center of its adjacent brick
in the same layer.
6. Covered edge by center: The distance between an edge and the center of its covering
brick in the incident layer.

Fig. 21. Six classical heuristic proposed by Gower et al. [13].

KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 12, NO. 6, June 2018

2805

Kyungha Min received his MS in Computer Science from KAIST in 1992. He received
his BS and Ph.D in Computer Science and Engineering from POSTECH in 1994 and 2000,
respectively. His main research interests are computer graphics and image processing.

Cheolseong Park received his B.S. degree from Sangmyung University, Seoul, Korea, in
2016. He is currently a graduate student in the same college. His research interests are
computer graphics. He is also interested in image processing, 3D-mesh processing and deep
learning.

Heekyung Yang received her B.S. degree and M.S. degree from Sangmyung University,
Seoul, Korea, in 2010 and 2012, respectively. She is currently a Ph.D. student in the same
college. Her research interests are computer graphics, especially NPR (non-photorealistic
rendering). She is also interested in image processing, 3D-mesh processing, and deep
learning.

Grim Yun received her B.S. degree and M.S. degree from Sangmyung University, Seoul,
Korea, in 2017. Her research interests are computer graphics. She is also interested in image
processing, 3D-mesh processing and deep learning.

