
JOURNAL OF INFORMATION SCIENCE AND ENGINEERING XX, 1-xxx (xxxx) 

1 

Cubist Style Rendering for 3D Polygonal Models 

 
YU-SHUEN WANG1, MIN-WEN CHAO1, CHIN-CHUENG YI1, AND CHAO-HUNG LIN2 

1Department of Computer Science and Information Engineering 
2Department of Geomatics 

National Cheng Kung University 
Tainan, 701 Taiwan 

 
In this paper, we present a non-photorealistic rendering framework to emulate cub-

ist style paintings for 3D polygonal models. This research is inspired from the Picasso's 

paintings, i.e., the paintings in the early stage of cubism, which compose the object's 

elements captured from different viewpoints in a painting. To achieve this aim, our sys-

tem strives to render all the interesting features of the given model on a 2D image plane 

without affecting the model's appearance. Specifically, in the preprocessing we emphas-

ize the characteristic features of the model using the proposed global shape enhancement 

approach. Then, we determine a set of good views by analyzing the enhanced model, and 

duplicate a copy for each view. The duplicated models are composed and rendered to-

gether to expose the geometric features from different viewpoints. Since several models 

are rendered on one image, we occlude the repeated regions by finding the intersection of 

models. The models are enforced to intersect at the compatible and low-salient regions by 

an optimization process, making the composition visually pleasing. Finally, the com-

posed model is rendered by a non-photorealistic rendering technique to generate a cub-

ist-like painting.  

 

Keywords: non-photorealistic rendering, cubism, feature enhancement, saliency distribu-
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1. INTRODUCTION 
 

In the early 20th century, a painting style called cubism had been created by artists 

in balancing the geometric characteristics and realistic objectives. They denied the tradi-

tional methods that observe an object in a single viewpoint, and instead strived to paint 

the entire 3D object on a 2D plane. To achieve this aim, they painted the object in mul-

tiple views and as well pursued the beauty of composition. This style of painting shows 

the rationality, concept, and thought of an artist instead of just the visual experience. 

Paul Cézanne, one of the great artists of Post-Impressionism, believes that everything is 

composed of simple geometric shapes such as a sphere, cone, cylinder, and regular hex-
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ahedron. His paintings express a solid feeling of geometry and are sometimes inconside-

rate to the shape of object. He emphasized the art comprehension instead of capturing the 

sight that goes into the human eyes. This concept leads the painting from Impressionism 

to the early stage of cubism. Many paintings in this period, such as “Girl in front of Mir-

ror”, ”Seated Woman with Wrist Watch”, and “Portrait de Jacqueline de Face”, reveal 

object's features in multiple aspects (see Fig. 1). In the literature, the common approach 

to achieve the emulation of cubist style painting is to compose photographs, which are 

taken from multiple views, into an image [1]. The objects and their characteristic features 

in the photographs are detected individually and then registered together. This potentially 

makes the composed results inconsistent or even meaningless. In this paper, we generate 

a cubist-like painting from a 3D model instead of a set of photographs. The unstable 

processes of object detection and registration are avoided. Therefore, our approach can 

potentially lead to a more consonant result. 

 

Fig. 1. Pablo Picasso's paintings. From left to right are “Girl in front of Mirror”, “Seated Woman 
with Wrist Watch”, and “Portrait de Jacqueline de Face”. 

In this paper, we emulate the paintings that appear in the early stage of cubism. In 

the preprocessing we enhance the characteristic features of the input model. We propose 

a feature enhancement approach to exaggerate the global shape instead of only the local 

details. The cubist style drawing pays more attention to object features, and thus the 

process of feature exaggeration will be employed in our proposed cubist rendering me-

thod. Next, we analyze the saliency of the enhanced model and duplicate this model to 

several copies based on the saliency distribution. The features locate at the high-saliency 

regions. We then determine the position and orientation of each duplicated model to ex-

hibit a part of model features. After that, the duplicated models are joined together to 

achieve a cubist-like composition. Since several models are rendered to an image, the 

redundant areas are skillfully occluded by the determined orientations and model inter-

sections. To prevent the feature destruction from bad composition and take the aesthetics 
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into account, we balance the visible projected areas of each duplicated model and en-

force these models to intersect at low saliency and compatible regions. These require-

ments are formulated as an objective function and then solved by an optimization process. 

We finally render the composed model using pen-and-ink style drawing to achieve cub-

ist-like rendering. The proposed approach is only applicable to triangular meshes. 

2. RELATED WARK 

Non-photorealistic rendering (NPR) is an important topic in computer graphics. In 

the past decade, many approaches have been proposed to create artistic media by trans-

forming realistic 2D images or rendering 3D scenes. They attempted to emulate a wide 

variety of traditional painting styles such as pen-and-ink [2, 3], charcoal [4], watercolor 

[5], oil painting [6], stippling [7, 8], halftone [9, 10] and so on. In addition, Lee et al. [11, 

12] proposed a hierarchy structure of point model and applied some patterns to paint the 

models in various styles. For a thorough survey, please refer to [13, 14]. 

Cubism is very different from the traditional paintings. The cubists usually decon-

struct the object into several pieces, and then construct cubist style paintings under some 

individual viewpoints. Therefore, the shapes of the painted objects usually deviate from 

the reality. Collomosse and Hall [1] achieved the emulation of cubist-style rendering 

from photographs. These photographs are taken by users from multiple views. They ap-

plied a high-level feature detection system to extract the salient features of photographs, 

such as an eye and a nose, and then arranged them into a 2D image. Glassner [15, 16] 

proposed a putty camera system to accomplish digital cubism. Instead of perspective 

projection onto a flat plane, he considered the projected plane as a flexible sheet with a 

mathematical description (such as Bezier, NURBS, or subdivision surfaces), and col-

lected the lights that perpendicularly strike the surface. The rendered scene is therefore 

stretched to appear as a wide and parameterized visualization. 

Non-photorealistic rendering may require the process of feature enhancement to 

improve the perception of an object's shape. Feature enhancement methods such as [17] 

and [18] apply the opposite operation of mesh smoothing to emphasize the shape fea-

tures. Specifically, they first smoothed the original model, denoted by M , to SM , and 

computed the enhanced model )( SMMMM   , where 0 is the input parameter 



Y.-S. WANG, M.-W. CHAO, C.-C. YI, AND C.-H. LIN 

 

4

 

controlling the enhancement. In contrast Eigensatz et al. [19] directly enhanced the ob-

ject features by increasing the larger absolute curvature values. Cignoni et al. [20] ad-

justed the shading instead of altering the shape features to emphasize the geometry per-

ception. Generally, all previous methods place their focus on the enhancement of local 

details, while our method changes the object's global shape to achieve feature enhance-

ment. Figs. 2, 5, and 9 demonstrate this effect. 

Many visualization researchers work on multiple viewing system to render more 

object features on the projection plane. The previous approaches achieved this aim by 

either geometrical deformation [21, 22] or non-linear perspective projection [23, 24, 25]. 

The former transforms the object features to have the same orientations and propagates 

the distortion to neighboring regions. The latter changes the light directions, so as to 

non-linearly project 3D objects to a 2D image plane. Unfortunately, both methods suffer 

from the distortion of important features and destroy the 3D concept of objects. In this 

paper, we introduced a whole new idea to achieve multiple-viewpoint rendering of po-

lygonal models, which does not distort the model features. 

 
Fig. 2. The workflow of our cubist style rendering. 

3. ALGORITHM 

The goal of this paper is to render a 3D polygonal model in cubist style. The 

workflow of our system is schematically illustrated in Fig. 2. Our system consists of four 

main steps: feature enhancement, view selection, model composition, and pen-and-ink 

style rendering. First, an iterative approach is adopted to deform the given model for 

feature exaggeration (Section 3.1, Fig. 2 (a)). Then, we select and arrange a set of good 

views by analyzing the saliency of enhanced model (Section 3.2, Fig. 2 (b) and (c)). Fi-
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nally, the pen-and-ink drawing is adopted to generate a cubist-like painting (Section 3.3, 

Fig. 2 (d)).  

3.1 Feature enhancement 

We denote the given model by },{ EVM  , with vertex set V  and edge set E , 

where ],,,[ 10 nvvvV  (i.e., n  is the vertex number and 3],,[  iiii zyxv represents 

the position of vertex i ). The basic idea of feature enhancement is to enhance model 

features by strengthening the surface curvature. To achieve this, we introduce a model 

deformation framework to magnify the shape of the interesting regions. Through the 

provided user interface, the user can specify a region using sketch, and our system mag-

nifies the features of shape automatically. Our system magnifies the curvature flows 

while allowing the flow rotating to better orientations. Fig. 3 illustrates this idea. To 

prevent the model from uniform expansion, we retain the edge lengths to maintain both 

deformed and original models have the similar volume sizes. The above requirements are 

formulated into the following energy terms:   

cl DDD  ,  (1) 

where
lD is the term of curvature enhancement, 

cD is the term of edge length preserva-

tion, and is the weighting factor of these two terms. These two energy terms are de-

scribed in the following. 

 

Fig. 3. Left: the original bump. Right: the enhanced bump (note that the directions of curvature 
flows (blue arrows) are changed after enhancement). 

 
Fig. 4. An illustration of edge },{ ji , and its opposite angles

ij and
ij . 

Curvature enhancement. Based on the definition presented in [26], the curvature flow 

of a vertex can be obtained by computing its Laplacian coordinate, 
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Where },{ ji is the edge connecting to vertex i, 
ijijijw  cotcot  is the cotangent 

weight, and
ij and

ij are the opposite angles corresponding to the edge },{ ji (see Fig. 4). 

The goal here is to magnify the curvature flow to emphasize the model features. Specifi-

cally, we expect the deformed Laplacian coordinate of a vertex to be T
iiis R , where

is is a 

user-specified scaling factor that controls the enhancement ratio, and
iR is a rotation ma-

trix that transforms the curvature flow to the best orientation. To solve for the deformed 

vertex positions, we introduce the following energy term: 

2
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Edge length preservation. The system would uniformly expand the one-ring cell if the 

curvature flow increases without any constraint, as shown in Fig. 5. In this scenario, the 

model would become bigger but the shapes are still the same. Thus, we need to retain the 

model volume while magnifying the curvature flows. Specifically, we retain the edge 

lengths to implement this idea. Let },{ qpek  be the thk edge in E , 
pv be the position of 

the deformed vertex p , and   )( qpqpqpk vvvvvv  , we add the following 

term to the system: 

2
HCV cD  (4) 

where 
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m ],,,[ 10   H and m  is the 

number of edges. 

 
Fig. 5. Left: original one ring cell. Middle: the cell will uniformly expand if the edge lengths are 
not retained while magnifying the curvature flow. Right: the enhanced cell with the constraint of 
edge length preservation. 

By combining the above two energy terms, we minimize the objective function shown in 
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Eq. (1) to deform the model. The weighting factor is to control the enhancement style 

(i.e., 1.0  is set in all of our experimental results except in Fig. 10 and the effect of 

this parameter will be explained later). Note that both
iR in Eq. (3) and

k  in Eq. (4) are 

initially unknown because they are dependent on the deformed vertex positions. There-

fore, this non-linear problem cannot be solved directly but instead, the unknown va-

riables are iteratively updated using the Gauss-Newton method. We fixed
iR and

i to 

solve for the vertex positions V in one step, and fix the vertex positions V to deter-

mine
iR and i in another. Specifically, the optimization process starts from set-

ting
iiiii ss  R  (i.e., IR i

) and
qpk vv  . The deformed vertex set V is then 

computed by solving the simplified linear problem. After this, the 

new   iiiii  R and
k  is obtained to update the matrix b . We repeat the iterative 

process until the system converges.  

 

Fig. 6. The features of David model are enhanced using the proposed deformation framework. 
From left to right are the original model, deformed models after 1, 2, 5, and 15 iterations. Note that 
the last two enhanced models look similar because the deformation process converges. In this ex-
ample, 1.0  and the enhancement ratio 5.1is are set to every curvature flow. 

We show the deformed models solved with different iterations in Fig. 6 to illustrate 

the enhancement process. Since the objective function 0D , this system guarantees that 

the minimization eventually converges by verifying the value tt DD 1 , where t  is the 

iteration number. In other words, each time the new vertex set 1tV  is computed, it is 

examined if tt DD 1 and ttt VVV   )1(11  is repeatedly set until the corres-

ponding tt DD 1 or all the vertex movements 001.01  t
i

t
i vv ( 7.0 in all experi-

ments). Although solving the non-linear problem needs to iteratively update the vertex 

positions, the solver is still efficient because the system matrix A  remains unchanged 

through the minimization process. Hence, the factorization of the linear system can be 

determined in the pre-computation step, and the update of vertex positions only needs 

back-substitutions. 
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3.2 View selection and model composition 

The main idea of cubism is that people can observe several aspects of the features in 

one shot rather than a sequence of images. In the meanwhile, the rendering should be 

aesthetic and elegant to be like an artwork. To render the features in multiple views, this 

system analyzes the saliency distribution of the enhanced model and tries to select some 

good views in which the features can be easily observed. Namely, the model is dupli-

cated each time a good view is picked and is transformed to the determined orientation. 

We then put these duplicated models together in proper positions to achieve a visually 

pleasing perception since our goal is to produce an aesthetic rendering. We show how 

this system achieves this aim with the help of mathematic formulations in the following 

discussion.  

3.2.1 Duplication 

We duplicate the model when a good view is picked and its orientation in this sce-

nario has been determined. To select a good view point, we first determine the vertex 

saliency by computing the Gaussian-weighted average of neighboring curvatures [27]. 

These vertex saliencies are the curvature magnitudes and they are normalized to ]1 ,0[ . 

The regions with larger saliency values are important and our goal is to search for the 

views that can expose as much as vertex saliencies. Specifically, it is assumed that the 

model is properly placed in an upright direction1, and we place a camera one unit length 

in front of it (i.e., position ]1 0, ,0[ ). The system rotates the model by the inclination and 

the azimuth angle ) ,(  under the spherical coordinate and then accumulate the visible 

saliency based on the projected 2D image. We duplicate the oriented models where as 

many as salient features are visible. 

We select a set of good views in a greedy manner (see Fig. 7). Denoting the itera-

tion number by k , the oriented model kM is duplicated as an element of the composition. 

Obviously, the first oriented model 0M is the one that can reveal the most saliencies. To 

select another best view in the next iteration, we reduce the vertex saliencies that appear 

in the current view. Specifically, the new saliency of the visible vertex
iv is set by 

iiii eyenor  )),cos(1(  , where
i denotes the original vertex saliency, 

inor is the 

                                                 
1
In this paper, we manually place the model in an upright direction. However, this manual operation can be 

replaced by an automatic method proposed by Fu et al. [28] 
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normal of
iv , and

ieye is the normalized vector from
iv to the camera. Saliency reduction 

is based on the angle between the vertex normal and eye direction because the vertex 

whose normal is closely perpendicular to the eye direction can be considered as invisible. 

In addition, we expect the selected views to appear some compatible regions such 

that the duplicated models can be composed there. Specifically, the projected areas of the 

newly selected view that are visible and invisible in the previous views are denoted by 

A  and A , respectively. We constrain A and A to be close by discarding the view if 

05.0AAAA  , even though the view appears high saliency features. We also 

prevent the path of the view sequence having a large turn. Specifically, let k and k be 

the radian angles of inclination and azimuth representing the orientation of kM , we 

avoid the selection of the viewpoint if 0),(),( 212111   kkkkkkkk  , 

2k . We choose the views with smaller visible saliencies if the above constraints are 

not satisfied. This view selection process is repeated until the reduction amount of sa-

liency is 10 times smaller than that of the original saliency because this selected view 

appears with only little information. 

 

Fig. 7. We show the greedy process of searching good views for the Venus model. The first best 
view at the top left and the subsequent results directed by the arrows are shown. Gray arrows head 
to a saliency reduction, and blue arrows head to another best model based on the edited saliency 
distribution. In this example, the last view shown at bottom right appears only a little saliency 
information and therefore, the view is discarded, and the searching process stops. 

3.2.2 Composition 

We compose the duplicated models and render them to achieve cubist-like render-

ing. Our system computes the relative position of each iM and 1iM and then determines 

the final composed model based on their relative positions. When merging the models, 

the model closer to the camera is called front model and the farther one back model. De-
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termining the relative position of models is a significant problem because the front sur-

faces inevitably occlude the back surfaces. Since each duplicated model contains differ-

ent features, it is expected that the models are of the same importance, and they can ap-

pear with similar amounts of saliency. That is, the back model cannot be totally occluded. 

Since the bad placement of models would easily destroy the features, for example, part 

of the eye may be occluded by the cheek on another model, we also require the two 

models to intersect at the compatible and low saliency regions to make the composition 

visually pleasing. The followings describe the energy terms used in our system. 

Balance of saliency. Suppose every selected view is equally important, our goal is to 

prevent the front model from occluding too much area of the back model. Therefore, we 

expect the visible saliency of the front surface which occludes the back model should be 

similar to that of the back surface. Let be the face saliency which is the average of its 

three vertex saliencies, 
if be the projected area of face i , 

fZ be the front faces that 

occlude the back model and
bZ be the visible back faces. We accumulate the saliency 

information on the two models and minimize their variations. To implement this idea, the 

following energy term is introduced.  

   


f b

bf
i j

jjii

i i
b ff

f
G

Z ZZZ

1  (5) 

Intersections on low saliency regions. The measured saliency values of features are 

generally large. To prevent the destruction of features such as the nose, the intersection 

paths should pass through the low saliency regions. Specifically, denoting the intersected 

faces on two models by
aX and

bX , respectively, we attempt to search for a path that mi-

nimizes the following energy term:  





ba j

j
bi

i
a

sG
XX XX
 11  (6) 

Intersections on compatible regions. Let   be the face number, 

],,,[ 10
ffff
 uuuU   and ],,,[ 10

bbbb
 uuuU  be the set of face centroids on the front 

and back models, respectively. There is a one-to-one correspondence 

tween f
iu and b

iu because the duplicated models have the same structure. To build the rela-

tions between the composed models, we expect the two models to intersect at the same 
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region. Specifically, the face centroids of corresponding intersected faces are enforced to 

be as close as possible to each other. By denoting the intersected faces in the front and 

back models by fT and bT , respectively, we minimize the following energy term: 





bf i

f
i

b
ib

i

b
i

f
ifdG

TT

uu
T

uu
T

11  (7) 

To determine the relative position p  between the front and back models, we first place 

them at ]0,0,0[  and search for a vector p  that can minimize the objective function:  

dsb GGGG 10  (8) 

Specifically, the two models are placed at 2/p and 2/p . Due to the highly 

non-linear and discrete nature of G , searching for this unknown vector p  is very dif-

ficult and the minimum position highly depends on the initial guess. To avoid the 

searching point from quickly falling into a local minimum, the objective function is mi-

nimized in a cascading manner. That is, the solver starts from minimizing
bGG  and 

then 
sG  and 

dG10  are added sequentially. In the beginning, the vector p  is moved in 

the descent direction repeatedly to minimize 
bG . Each time the iterative solver con-

verges, we add a new term to the objective function and update the vector p  in the 

same manner. This iterative process stops when all the energy terms are added and the 

movement of p  converges. We show the composition with and without the minimiza-

tion of G  in Fig. 8 to demonstrate this technique.  

 

Fig. 8. Left: a bad composition where the lizard's eyes are hidden. Right: the result generated by 
our algorithm. 

Choosing a good initial guess to compute the optimum solution is very important 

because the starting point would influence the iteration number and as well the final po-

sition p . We assume that the relative position between the front and back models de-

pends on their relative orientations because the characteristic of cubist style painting is to 

reveal more features. That is, the two models should be far away if their orientations are 

very different and should be close to each other (so that the duplicated features are oc-
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cluded) if they appear large common areas. Let and be the radian angles of inclination 

and azimuth (i.e., spherical coordinate) that can rotate the front model to the back model. 

We set the initial guess ]0,,[ p to minimize the objective function G .  

3.3 Pen-and-Ink Style Rendering 

We render the composed model with pen-and-ink style to give a painting appear-

ance. To make the painting more interesting, we set the background image and place the 

composed models in the front. The image is first rendered with Phong shading and is 

then transformed to the pen-and-ink style by considering the brightness of each pixel. 

Specifically, the system2 contains a set of crosshatching bitmaps which vary in lines and 

density in order to represent different degrees of luminosity. To transform the image, the 

gray value of each pixel is determined and then the corresponded crosshatching is chose 

according to this value. Finally, the pixel colors are replaced by the crosshatching tex-

tures. 

4. EXPERIMENTAL RESULTS AND DISCUSSION 

We show several results of cubist style rendering in Fig. 9. The experimental results 

are evaluated on a PC with a 2.33 GHz CPU and 2.0 GB memory. The statistic of per-

formance is shown in Table 1. All the optimization processes in our system are efficient. 

The time performance is acceptable. In the minimization of Eq. (1), we solve a large but 

sparse linear system. The factorization of system matrix can be pre-computed and each 

update of vertex positions requires only a back substitution. Although the minimization 

of Eq. (8) is highly nonlinear, the relative position p  is the only unknown variable, thus 

the system converges quickly. We exhaustively search for good views for the model 

duplication. The system rotates the model by 0.5 degree azimuth and 1 degree inclination. 

We sample more viewpoints on azimuth due to that the models are put on the xy-plane. 

Totally, it takes 3672  times in accumulating the visible saliencies to determine a 

viewpoint. Although this process somewhat lacks of efficiency, it can still be finished in 

                                                 
2

We apply a free software called ``FotoSketcher'' to accomplish this painting style transformation [29]. 
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a few seconds because the searching scope is small. Note that the search processes can 

be done in parallel, and we can further reduce the computation cost using the GPU 

speedup. We solve the highly non-linear objective function G  (Eq. (8)) in a cascading 

manner to compose the duplicated models. This strategy can also avoid the searching 

from quickly falling into an undesirable local minimum. This process takes some time 

because the face-face intersection detection is expensive and depends on the face number. 

Overall, in most of the experiments, the whole process to create a cubist-like painting 

takes more or less one minute. The most computationally expansive cases are the Venus 

and David models, which take about five minutes. It is because their face numbers are 

large. The computation cost mainly depends on the number of faces.  

Table 1. Model information and timing statistic of the performed functions (measured in 
seconds). 

Model #Face Factorization Substitution View Selection Composition 
David 101144 8.725 0.239 53.04 272.2 
Moai 20000 0.687 0.031 15.55 16.4 
Venus 100000 8.284 0.225 48.90 223.9 

OldMan 15400 0.500 0.031 15.24 35.6 
Neptune 28235 1.062 0.047 23.49 57.6 
Planck 43626 2.374 0.094 34.88 87.7 
Atenea 18122 0.797 0.015 14.97 22.9 

ShavenMan 60000 4.384 0.155 41.50 143.8 

In this paper, we handle the spherical-like models for cubist style rendering. This is 

because the selected views for long-narrow models may have only a little common areas 

for composition, resulting in lots of compatible regions repeatedly exposed. Intuitively, 

increasing the common areas for composition can solve this problem. For example, sup-

pose the long narrow model is oriented in vertical direction, a method that is selecting 

views by setting the azimuth angle to zero and rotating only inclination angle can solve 

this problem. However, this method requires more views to expose all the salient features. 

Thus, we let the user select the interesting regions and achieve the view selection and 

model composition for the region only. We show the results in Fig. 9. The heads of Moai, 

Neptune, and David are segmented out, rotated to the best views and then composed to 

the original models.  
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Fig. 9. The cubist-style paintings of David, Moai, Venus, OldMan, Neptune, Plank, Ateneal, and 
ShavenMan models. Top: pen-and-ink style rendering; Bottom: pencil style rendering. 

Our system allows the user to tune the parameter in Eq. (1) to adjust the style of 

the model enhancement, since the two energies
lD and

cD conflict with each other. The 
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larger means a larger force in preserving the edge lengths, and results in the deformed 

model more similar to its original shape. That is, the feature would be locally enhanced 

if is large. On the other hand, a small allows the edge lengths becoming longer and 

thus achieves the global enhancement of features. An example in Fig. 10 illustrates this 

situation. In general, 1 enhances the model features, and 10   smoothens the dis-

tributed noises. However, we do not encourage the de-noising application using our al-

gorithm since this deformation framework would change the global shapes of models. 

We do not take this problem into consideration since our goal is to enhance the model 

features. 

 

Fig. 10. (left) Original model. We applied 0.2 (middle) and 1.0 (right) to deform the li-
zard's head and achieve different styles of enhancement. In this example, we set the enhancement 
ratio 0.2is  for every curvature flow of both models. Note that the smaller gives the system 
higher flexibility and thus can change the global shape of lizard's head.  

5. CONCLUSIONS AND FUTURE WORK 

A cubist style rendering for 3D polygonal models is presented. We propose a model 

enhancement approach. The model features are enhanced by magnifying the curvature 

flows and preserving the edge lengths. In addition, we also propose a view selection and 

model composition approach. The approach automatically exposes the salient features 

without introducing the distortions. We consider the saliency distribution of the given 

model to select good view points and duplicate the oriented models. We then compose 

the models while preserving the destruction of features from bad compositions. All these 

requirements are formulated into energy terms and we strive to minimize the objective 

function to determine the model positions. Finally, the composed model is rendered us-

ing pen-and-ink style rendering. Due to the lack of color information on 3D models, it 

would be interesting to synthesize the color material from existing paintings, render the 

models with another NPR styles, and take textures and render styles into account. Al-

though the proposed approach can generate an elegant cubist-like rendering for 3D mod-

els and it is a contribution in the field of NPR rendering, the computer-generated results 
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are scarcely comparable to the artists’ paintings. 
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