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Fig. 22. We constrain certain parts of the geometry lying on certain planes

to create a 3D printed table clinger (right). ©Morena Protti under CC BY.

Fig. 23. We can define the ℓ1-norm on different coordinate systems for

different parts of the shape, instead of using the world coordinates. In the

figure the hands and the body use different coordinate systems (left). By

changing them, we can vary the cube orientations for different parts. ©David

Hagemann under CC BY.

Fig. 24. We apply a coordinate transformation inside the ℓ1-norm to gen-

eralize cubic stylization to polyhedrons. ©Proto Paradigm (middle), Ola

Sundberg (right) under CC BY.

constrain some parts of the geometry lying on certain planes. For

instance, setting (Ṽi )x = 0 can force vertex i lying on the yz-plane.

In Fig. 22 we use this plane constraint to create a table clinger.

In addition, one can utilize the property of the ℓ1-norm to have

different artistic effects. Because the cubeness term is orientation

dependent, in Fig. 13 we can apply different rotations to the mesh

before the stylization to control the results. Rather than rotating

the mesh, another way is to encode the normal vector in a different

coordinate system λai ∥Ri n̂
local

i ∥1, where we use n̂
local

i to denote

the user-desired coordinate system for vertex i . This perspective
allows us to define the ℓ1-norm on different coordinate systems for

different parts of the shape to obtain different cube orientations

(Fig. 23). Beyond the cubic stylization, in Fig. 24, 25 we apply a

coordinate transformation B inside the ℓ1-norm λai ∥BRi n̂i ∥1 to

achieve polyhedral stylization, for which we provide the details in

App. A. Once we obtain the stylized shapes, they are ready to be

used by standard deformation techniques in animations (Fig. 26).

Fig. 25. We apply non-symmetric coordinate transformations inside the

ℓ1-norm to create irregular polyhedral stylization. ©Johannes under CC BY.

Fig. 26. Once we have the cubic geometry (blue), standard deformation

techniques (e.g., [Sorkine and Alexa 2007]) can be used to manipulate the

cubified shape (yellow).

input mesh |F|: 12,812 |F|: 35,924 |F|: 64,650

Fig. 27. Although exhibiting similar cubenesses, our stylization is still not

invariant to different resolutions.

5 LIMITATIONS & FUTURE WORK

Accelerating the stylization to real-time would enable faster iter-

ations between designs. Developing a more robust stylization to

for bad quality triangles, non-manifold meshes, or even point cloud

could be useful for stylizing real-world geometric data. Guaran-

teeing results to be self-intersection free would be desirable for

downstream tasks. Extending our energy to be invariant to dis-

cretizations could achieve more consistent results across different

resolutions (see Fig. 27). Extending to quadrilateral meshes and

NURBS surfaces could benefit existing modeling or engineering de-

sign softwares. Generalizing to volumetric meshes could have a bet-

ter volume preservation. Exploring different deformation energies

and ℓp -norm could lead to novel stylization tools for non-realistic

modeling. Beyond generating stylized shapes, the mathematical

expression of the cubic geometry could offer insights toward un-

derstanding more intricate styles. For instance, Cubism has been
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considered as a revolutionized artistic style for paintings and sculp-

tures. Cubism has appeared since the early 20th century. Since then,

several attempts have tried to describe [Henderson 1983] and gen-

erate Cubist art [Corker-Marin et al. 2018; Wang et al. 2011], but

more efforts still required to offer scientific explanations to a wide

variety of Cubist art. Our cubic stylization only focuses on a specific

style. We hope this could inspire future attempts to capture different

sculpting styles such as those presented in African art, or even a

generic approach to create different styles in an unified framework.
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A POLYHEDRAL GENERALIZATION

Fig. 28. By specifying different coordinate transformations B inside the

ℓ1-norm, we can encourage polyhedral style.

Simply applying a coordinate transformation B : Rn → Rm

inside the ℓ1-norm can encourage polyhedral results, instead of

cubic results (see Fig. 28). The ℓ1-norm of a vector is defined as the

summation of its magnitudes along each basis vector. Thus applying

a coordinate transformation inside the ℓ1-norm changes its bahavior

because the basis vectors are different. Following the notation in

Eq. 1, polyhedron energy can be written as

minimize

Ṽ, {Ri }

∑
i ∈V

∑
j ∈N(i)

wi j

2

∥RiDi j − D̃i j ∥
2

F + λai ∥BRi n̂i ∥1.

In our case, B is a m-by-3 coordinate transformation matrix for

shapes embedded in R3. Again by setting z = Ri n̂i we can reach

almost the same optimization procedures, except the Eq. 5 now

becomes (we ignore the iteration superscript for clarity)

z
k+1 ← argmin

z

λai ∥Bz∥1 +
ρ

2

∥Ri n̂i − z + u∥
2

2
. (10)

Similar to common techniques for solving the Basis Pursuit problem,

we introduce a variable t ⪰ ∥Bz∥1 to transform Eq. 10 into a small

quadratic program subject to equality constraints

minimize

z,t

[
z
⊤
t
⊤
] [ρ/2 · I3 0

0 0

] [
z

t

]
+
[
−ρ(Ri n̂i + u)

⊤ λai1
⊤
m
] [z

t

]
subject to

[
B −Im
−B −Im

] [
z

t

]
⪯ 0,

where Ix and 1x denote the identity matrix with size x and a column

vector of 1 with size x respectively. We then solve this efficiently

using cvxgen [Mattingley and Boyd 2012]. Note that the results in

Fig. 24 and Fig. 25 usem = 4.

ACM Trans. Graph., Vol. 38, No. 6, Article 197. Publication date: November 2019.

https://doi.org/10.1145/3186564
https://doi.org/10.2312/conf/EG2013/short/081-084
https://doi.org/10.2312/SCA/SCA07/271-280
https://doi.org/10.2312/SCA/SCA07/271-280
https://doi.org/10.1007/s41095-017-0100-x

