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Abstract This paper presents a novel approach for

creating self-moving objects using hollow-face illusion.

Given a clip of character animation, our approach gen-

erates a static object. Looking at the object at differ-

ent views, the similar deformation can be observed. To

accomplish this challenging mission, we give qualita-

tive and quantitative analysis of hollow-face illusion.

Methodology in computer vision and human perception

are utilized to design the algorithm. A static object is

firstly generated to satisfy the relative motion illusion

constraints. The illusion is then strengthened by back

projecting the object to the 3D face space. Considering

both ’bottom-up’ visual signal and ’top-down’ knowl-

edge, the intended illusion can be generated. Exper-

iments have shown the effectiveness of our algorithm.

For example, expression varying illusion on an oil paint-
ing can be created by our method. The self-moving ob-

jects can be used in applications such as design, enter-

tainment, advertisement and public safety.

Keywords Hollow-face illusion · Non-realistic model-

ing · Geometric modeling · Human perception
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1 Introduction

Mona Lisa, by Leonardo da Vinci, is possibly the most

well-known piece of art in the world. One of the rea-

sons why people are fascinated about this painting is

the woman’s mysterious smile, which may occur or dis-

appear for different observers. This fascinating expres-

sion has launched lots of studies and interpretations [19,

9,16]. In this paper, we present a method to generate

static objects with self-moving illusion, which can cre-

ate similar mysterious smile as shown in Figure 1 and

the accompanying video.

Generally speaking, people are always interested in

pieces of arts that we perceive distort reality–illusion. It

is fun and attractive, so it is very useful for art, adver-

tisement and entertainment. In the community of com-
puter graphics, researchers have developed methods to

help create different forms of illusion. For example, [22]

created static hybrid images with two interpretations.

[32] introduced an approach for modeling and render-

ing impossible figures. [11] created illusory motion in

a still image using repeated asymmetric patterns. This

paper presents a method to generate static objects that

seem to move under different views using the principle

of hollow-face illusion.

The hollow-face illusion (also known as hollow-mask

illusion) is an optical illusion in which the perception

of a concave mask of a face appears as a normal con-

vex one, as shown in Figure 2. What’s more interest-

ing, when a viewer is moving around, the hollow face

appears to move in the opposite direction compared

with a convex face. Convex and concave objects can be

presented together, so that relative rigid motion among

different objects can be observed by the moving viewer.

This is so attractive that ”rolling eyes on a hollow mask”
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Fig. 1 Mona Lisa’s mysterious smile created by using our method. The generated static painting looks similar to the original
one when looking perpendicularly (a). However, when looking at the painting at different viewpoints, the expression of Mona
Lisa’s face may seem sadder or happier as shown in (b) and (c), and Mona Lisa’s eyes may look around as shown in (d) and
(e).

Fig. 2 Illustration of the hollow-face illusion. Up row: convex
face. Down row: concave face. Columns from left to right:
viewing in different angles, rotating along the Y-axis in 0, 15,
30 and 45 degrees.

designed with this principle had won the best illusion

of the year contest in 2008 [24].

Moreover, in the research of brain and human per-

ception, illusion is often used to reveal the principle of

how brains perceive and understand the world. For ex-

ample, with the help of hollow-face illusion, the roles

of knowledge in perception are emphasized [14]. Dis-

sociation between perception and fast action can be

demonstrated [17]. The hypothesis that processing of

faces differs from other scenes can also be testified with

hollow-face illusion experiments [25].

In spite of the interest in art design and human per-

ception on hollow-face illusion, most work simply uses

the concave side of a face mask. Qualitative investiga-

tion has been given to explain the reason of the illusion

[24,23]. However, to the best of our knowledge, none of

existing work has given quantitative analysis and guide-

line to design complex illusion such as the paper dragon

from Grand illusions (see the video link of [1]). Differ-

ent parts of the dragon are designed to be concave or

convex. Viewing from different angles, the dragon looks

as if turning its head realistically with gradual deforma-

tion in the neck area. Although so attractive, it is hard
to design and only a few art works with such illusion

can be found.

In this paper, we try to push the limit of the power

of hollow-face illusion. Given a clip of character ani-

mation, a static object can be automatically created.

Looking at the object at different angles, the similar

deformation can be observed (see the accompanying

video). To fulfil this goal, we first give the qualitative

and quantitative analysis of hollow-face illusion. Uti-

lizing the methodology in computer vision and human

perception, an energy function is designed to generate

the static object. Both ’bottom-up’ visual signal and

’top-down’ knowledge are considered to create the in-

tended illusion. Experiments have shown the effective-

ness of our algorithm. The method can be used in some

applications, such as art, entertainment, advertisement

and public safety.

The contributions of this paper are summarized as

follows:
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– Quantitative analysis and guidance are introduced

to design complex hollow-face illusion;

– An optimization framework is proposed to consider

both ’bottom-up’ visual signal and ’top-down’ knowl-

edge.

2 Related Work

Computer graphics researchers have developed methods

to generate art works with multiple interpretations. It

has been done in the forms of shadows, images, reliefs

and 3D geometric models. For example, [20] created a

3D shadow art sculpture that simultaneously casts mul-

tiple distinct shadows. [5] extended the method to cast

different color shadow images. [7] designed diffuse white

surfaces whose self-shadowing pattern appears in the

form of multiple prescribed images. By superimposing

two images at two different spatial scales, interpreta-

tions of a static image can change at different viewing

distance [22]. [3] created relief surfaces whose diffuse

reflection approximates the given images under known

directional illumination. Given two 3D geometric mod-

els, [28] generated a new model in resemblance with

each input model from orthogonal viewing directions.

[13] created a 3D model embedded in a cube, where the

input images can be observed from different faces of the

cube. The work of this paper can also be considered as

non-realistic modeling, to create visually interesting 3D

models for mostly artistic purpose [28].

Relief is an important media between full 3D sculp-

ture and 2D painting. The automatic generation of bas-

reliefs from 3D shapes have been studied [31,30]. The

general idea is to compress the height while preserving

the appearance, which can be considered as a geometry

counterpart of the high dynamic range (HDR) image

compression problem. Borrowing these ideas, a general

polygon is transformed into a height field to simplify

the design of our algorithm. The surface is also opti-

mized by manipulating the gradients in our method.

However, the goal of our work is not to preserve the ap-

pearance, but to create self-moving illusion in a static

object. None of existing methods can achieve this goal.

Explanations on the hollow-face illusion can be found

in the research of computer vision. For example, our

method takes advantage of ambiguity and perceptual

biases in the interpretation of 3D shape from shading

[27,18]. [6] proved that an object is indistinguishable

from a so-called generalized bas-relief (GBR) transfor-

mation. The relative motion perception under GBR

transformation can also be predicted. However, it fails

to explain the hollow-face illusion where the deforma-

tion of the surface is not a GBR transformation. Hollow-

face illusion experiments are often used in the research

Fig. 3 The images of hollow apple (a) and hollow face (b).
(a) There is ambiguity to determine whether the shape is
convex or concave. (b) It is much harder for human beings to
perceive the face as concave.

of brain and human perception [14,17,25]. Utilizing their

conclusions, visual signal and knowledge are both con-

sidered to generate the desired illusion.

The purpose of our work is similar to the work

of [11], which created illusory motion in a still image.

However, the principles and methods of these two ’self-

moving objects’ are very different. [11] used repeated

asymmetric patterns to allow the viewer perceive mo-

tion in a still image, while hollow-face illusion is utilized

to create a 3D self-moving object under different views

in our work.

3 Analysis

3.1 Why We Can Perceive the Hollow-Face Illusion

Explanations on the hollow-face illusion can be found in

computer vision and human perception. In the theory

of shape from shading, there is ambiguity to determine

3D shape from a single image [27]. For an object with

Lambertian reflectance, the image intensity equals to

surface normal multiplied by lighting brightness. There-

fore, a set of shapes exist that produce the identical ap-

pearance. For example, two shapes with normal N̂ ,N∗

and different lightings can produce the same images as:

I = N̂L̂ = (N̂A)(A−1L̂) = N∗L∗.

Among all the possibilities, the shapes people per-

ceive are in a small set, and often a relative determined

3D shape is perceived. Perceptual biases exist in the

interpretation of 3D shape from shading [18]. The ob-

servers are biased to interpret objects based on their

prior knowledge. For example, because convex objects

are more common in nature, people prefer to interpret

the images as convex rather than concave. Other biases

such as illumination from above, observing from above

can influence the perception simultaneously.

Another fact about the illusion is that 3D perception

of convex shapes for hollow face is much stronger than
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Fig. 4 Knowledge in perception and illusion. The visual per-
ception can be considered as unconscious inferences influ-
enced by sensory signal, object knowledge and general rules.

’hollow potato’ [15]. Our faces clearly have a special

status in social communication and are processed in a

special way. Studies on brain imaging have shown that

there is a region of the cortex dedicated to processing

faces [25]. Our visual systems have certain expectations

to perceive face, even when the appearance is far from

real face. As shown in Figure 3, for a hollow mask, the

more similar to a face, the stronger of the illusion to

perceive it as a convex object [25,15].

As described in [14], the visual perception can be

considered as unconscious hypothesis generated by ’bottom-

up’ signals and ’top-down’ knowledge, as shown in Fig-

ure 4. The perceived shape is not only dependent on

the visual signal, but also affected by the knowledge

and rules, for instance, the object is convex or the ob-

ject is a normal face. In fact, knowledge is so impor-

tant for perception that schizophrenic patients cannot

perceive the hollow-face illusion, because they are less

able to employ top-down strategies during perception

[12]. Both these two factors should be considered when

designing a method to automatically generate the in-

tended illusion.

3.2 Preliminary Quantitative Analysis of Hollow-Face

Illusion

Suppose an unknown object M has a surface with Lam-

bertian reflectance. Let M̄ = fBR(M), where fBR stands

for the bas-relief transformation: for any point (x, y, z)

of M , the corresponding point of M̄ is (x, y, λz), with

0 < λ < 1 being a unified scalar for all points of M .

Under orthographic projection, [6] has proven that M ’s

visible surface is indistinguishable from M̄ , with cor-

responding transformation for the albedo and lighting.

Furthermore, for any small rigid transformation fRigid :

(rx, ry, rz, tx, ty, tz), there exists a corresponding trans-

formation f̄Rigid : (rx/λ, ry/λ, rz, tx, ty, tz). fRigid(M)

and f̄Rigid(M̄) have the same shading viewing ortho-

graphically.

Using the proofs of [6], it seems that quantitative

analysis of hollow-face illusion has been given. Suppose

M is a convex object and M̄ = fBR|λ=−1(M) is the

corresponding concave object. Because the appearance

of M̄ is the same as M viewing perpendicularly, the

observer tends to recognize concave object M̄ as the

normal convex object M . When the viewpoint is chang-

ing, for instance, rotating around the Y -axis for ry de-

grees, the corresponding observed objects are fry (M)

and fry (M̄). Because we tend to interpret M̄ as M and

fry (M̄) has the same appearance as f−ry (M), the ob-

server will recognize fry (M̄) as f−ry (M). For a moving

viewer, static convex object M and concave object M̄

seem to rotate relatively in the opposite direction, as

shown in Figure 2.

3.3 Problems in Explaining Hollow-Face Illusion

However, there are some problems to use this theory to

explain hollow-face illusion.

First, the analysis in [6] only works for bas-relief

transformation, i.e., 0 < λ < 1. For the hollow-face il-

lusion, we have λ < 0. The illuminated regions of the

original and transformed object will be the same, but

the shadow casted by the two surfaces may differ dra-

matically.

Second, the analysis only works for small motion
since it can be linearly approximated. When viewing

angle changes greatly, the formulation is no longer cor-

rect.

Third, the theory only works for the whole object

performed by a unified transformation. It only works

for rigid motion illusion between different objects. It

cannot generate the complex illusion of non-rigid de-

formation on an object, such as the mysterious smile of

Mona Lisa.

In this paper, we extend the method of bas-relief

transformation to the local area of an object. For ev-

ery vertex (xi, yi, zi) of a mesh M , different coefficients

λi (λi can be less than zero) are applied to the local

Z coordinates. When the viewing angle changes, dif-

ferent parts of the new object seem to move relatively,

and complex non-rigid deformation can be observed.

Moreover, the object will be further improved by ’top-

down’ knowledge, which can be used to strengthen the

intended illusion.
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Fig. 5 The main pipeline of our algorithm. For a source mesh (a) and a clip of character animation, some example poses (b)
can be selected. (c) Relative motion weights are extracted for every vertex of the source mesh. (d) A static mesh is generated
by deforming the source mesh locally using motion constraint (section 4.2). (e) This static mesh is further improved by back
projecting to the 3D face space (section 4.3). (f) The side view of the resulting mesh. The mesh can also be compressed to
satisfy the thickness allowance of an oil painting (section 4.4). Looking at the generated static mesh in different views, similar
deformation can be observed between (g) and (b).

4 Our Method

4.1 Algorithm Overview

The overview of our algorithm is illustrated in Figure 5.

Given a source mesh S (Figure 5(a)) and a clip of char-

acter animation (Figure 5(b)), the goal of our method

is to generate a static object S′ (Figure 5(e)). View-

ing S′ at different angles, the similar deformation (Fig-

ure 5(g)) can be observed. The output is generated by

minimizing the following energy:

E(S′) = Emotion(S′) + α · Ebe−face(S′) (1)

Where S′ has the same topology as S and the coordi-

nates of S′ are optimized; Emotion control the relative

motion illusion of different parts of S′ and mimic the

deformation of S; Ebe−face preserves S′ to be a shape of

human face and is used to strengthen the hollow-face

illusion. In the language of Perception, Emotion is re-

lated to the influence of ’bottom-up’ visual signal and

Ebe−face is related to ’top-down’ knowledge. When the

model is not a human face, Ebe−face is not considered

by setting α to 0.

Fig. 6 The height field of 3D bunny and the head-turn mo-
tion weights.

4.2 Self-Moving Illusion Created with ’Bottom-Up’

Signal

Similar to the work of generating relief from 3D object

[31,30], we only consider orthographic projection, and

transform a general polygon into a regularly sampled

height field, as shown in Figure 6(a). Let (x, y) denotes

the coordinates in an image plane, and z = h(x, y) de-

notes the distance from the object to the image plane.

Extending the analysis in section 3.2, different co-

efficients λi can be used to multiply the local Z co-

ordinates in different parts of S. For two neighboring

surfaces si, sj of vertices vi, vj , coefficients λi, λj are ap-

plied to the local Z coordinates, and the resulting new

local surfaces are s′i, s
′
j . Looking at the new mesh S′
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orthographically, the corresponding local surfaces will

have the same shading as S.

When the viewpoint is changing, for example, rotat-

ing around the Y -axis for ry degrees, the correspond-

ing observed local surfaces of S′ are fry (s′i) and fry (s′j).

Using the inference in section 3.2, the observer tends

to recognize them as fry/λi
(si) and fry/λj

(sj), i.e., two

local parts si, sj of source mesh S rotate around the Y -

axis for ry/λi and ry/λj degrees. For λi 6= λj , it seems

that different parts of the mesh are moving relatively.

To create self-moving illusion similar to the input

animation, let’s check the source mesh S and example

poses {Sk}. The goal of our method is to generate a

static object S′. Viewing S′ at different rotation angles,

the moving illusion similar to {Sk} can be observed. To

simplify this challenging problem, the deformation from

S to {Sk} is firstly approximated. For vertex vi of S,

its deformation is approximated by the formulation:

∆vki = wi ·Rk · vi, i = 1..N, k = 1..K, 0 ≤ wi ≤ 1 (2)

Where N is the vertex number of S; K is the number of

selected example poses; ∆vki is the corresponding mov-

ing vector of vi from S to Sk, which can be directly cal-

culated; wi is the motion weight of vi; Rk is the rotation

transformation for pose Sk. In our experiment, 3 exam-

ple poses are selected and this is an over determined

system. Rk, k = 1..K and wi, i = 1..N can be solved by

the method described in [21]. Supposing the bunny in

Figure 6(a) turns its head in the input animation, the

motion weights can be calculated by formulation (2),

as shown in Figure 6(b).

Next, we estimate λi from wi. When the viewpoint

is changing for r degrees, looking at the local part s′i of

S′, the observer tends to recognize it as the local part

si of source mesh S rotating for r/λi degrees. Because

when ‖λi‖ is getting larger, it is easier to detect self-

occlusion of S′, which will reveal the real geometry of

the surface. For convenience, we set −1 ≤ λi ≤ 1.

For local area with λi = 1, the local surface s′i will be

the same as si. Set these unchanged areas as reference.

For local surface with λi 6= 1, the smaller λi is, the

larger relative moving illusion of the local area is.

For simplicity, let λi be a linear function of wi, which

can be solved by two conditions. For local surface with

wi = 0, we have ∆vki = 0. λi should be 1, so that

the local surface s′i will be the same as si. For local

surface with wi = 1, we have the largest deformation

in S. λi should be -1, so that the local surface s′i will

have the largest relative moving illusion. Finally, λi is

a monotone decreasing function of wi:

λi = 1− 2 ∗ wi (3)

Fig. 7 The generated static bunny using our algorithm,
which seems to turn its head when the viewpoint changes.

Let λ(x, y) denote the coefficient function over the im-

age plane. The calculated λ(x, y) is then applied to the

local surface of the source mesh S. This is done by ma-

nipulating the gradients of the height field of S. First

we get the gradient field g(x, y) of S. The gradient field

g′(x, y) of the generated mesh S′ should satisfy:

g′(x, y) = λ(x, y) · g(x, y) (4)

After the modification, the vector field g′(x, y) is not

guaranteed integrable. However, the integration can be

treated as an optimization process. The height field of

S′ can be calculated by minimizing the following en-

ergy:

Emotion(S′) =

∫ ∫
‖∇S′(x, y)− g′(x, y)‖dxdy (5)

Using the vertices in the image plane with zi = 0 as

boundary conditions, (5) can be solved using Poisson

equations [26]. Figure 7 shows the generated bunny at

different views, which seems to turn its head realisti-

cally.

4.3 Illusion Reinforced with ’Top-Down’ Knowledge

According to the analysis in section 3.3, the appear-

ance of S′ under different views does not exactly follow

the input deformation of S. For example, the shadows

casted by two surfaces may differ dramatically. Large

distortion and self-occlusion also happen when viewing

angle changes greatly. Due to these reasons, the illusion

can be uncovered by careful observers.

Luckily, the perception is generated by the influence

of both ’bottom-up’ signal and ’top-down’ knowledge.

Interpreting the shape as human face is a very impor-

tant bias in hollow-face illusion [25]. For the generated

mesh S′, the more similar to a human face it is, the

stronger the illusion is [15]. As shown in Figure 2(g),

with high-range rotation and self-occlusion, the concave

facial mask can still be recognized as convex. Thus, S′

in Figure 8(a) can be further improved by minimizing:

Ebe−face(S
′) = |S′ − F(S′)| (6)
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Fig. 8 (a) The mesh generated using local motion constraint.
(b) The mesh improved by back projecting to the 3D face
space. Notice the proportion of the mesh is more like a real
human face from both front and side views, such as the chin
and forehead area. The local geometric features are still pre-
served.

Where F(S′) =
∑
l

kl · FaceBasel is the closest face

shape to S′ in the 3D face space [8]; FaceBasel is the

orthogonal basis of 3D face space; kl is the linear weight;

|·| defines the sum square closest point distances be-

tween two meshes. Specifically, A two-step method is

utilized: Fix S′, optimize {kl} to find the closest face

F(S′) in 3D face space by solving a linear system; Fix

{kl}, deform S′ to match the closest face F(S′).

To match S′ to F(S′), we resort to the following

energy function to be minimized:

Edeform(S′) = Efeature(S
′) + α · Edistant(S

′,F(S′)) (7)

Where Efeature preserves the local geometric details of

S′; Edistant reduces the distance of corresponding areas

of S′ and F(S′). In the optimization of (7), geometric

details of S′ got from (5) are preserved by using Lapla-

cian coordinates [29], which also preserve the intended

self-moving illusion. The parameter α is the same as

in (1) and can be used to control the importance of

Emotion and Ebe−face. The models before and after op-

timization are shown in Figure 8. The proportion and

3D overall shape of Figure 8(b) become closer to a real

human face. The geometric details are still preserved,

which keep the local motion illusion created in the last

section.

4.4 Create Mysterious Smile on an Oil Painting

With the help of our method, the expression changing

illusion can also be stacked into a static mesh. To com-

press the thickness, gradient compression can be imple-

mented to the gradient field calculated in (4). Using the

method described in [31], the gradient magnitude d is

compressed in the form of:

Compress(d) =
1

β
log(1 + β · d), β > 0 (8)

Fig. 9 Create mysterious smile on a static thin mesh. (a)
The source facial mesh. (b) The motion weights for smile
expression and eye-move deformation. (c) A static thin mesh
is generated by optimizing with thickness compression. (d)
The thin mesh without texture. (e) Looking at the thin mesh
in different views, expression change and eye movement can
be observed.

Where β controls the degree of compression: higher val-

ues corresponding to a stronger compression. The mod-

ified gradient field can then be used to generate a thin

mesh using (5). Another benefit of thickness compres-

sion is the problem of self-occlusion can be improved to

some extent.

For the generated mesh shown in Figure 9(d), the

thickness in the Z direction is only 1/40 of the head’s

height. However, expression changing illusion can still

be observed as in Figure 9(e). The size of the original

Mona Lisa painting is 77cm× 53cm, and the height of

her face is about 20cm. To create the hollow-face illu-

sion of Mona Lisa, the thickness should be about 0.5cm,

which is easy to accomplish for oil painting.

5 Results

Figure 10 shows 3D printing of three generated static

meshes using our algorithm. Multiple pictures show the

same static object captured from different views. Fig-

ure 10(a) is printed based on photosensitive resin, and

some pencil sketch is drawn on the feature curves. Fig-

ure 10(b, c) are color printed using plaster. The plas-

ter is less accuracy in geometry, but with extra texture

to strengthen the illusion. Realistic self-moving illusion

can be observed by a moving viewer. Please also see the

accompanying video.

Because of the gradual changing weights as shown

in Figure 6, the bunny in Figure 10(c) seems to turn

its head realistically with non-rigid deformation in the

neck and body area. This cannot be achieved by sim-

ply using the concave side of a mask. Moreover, we can
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Fig. 10 3D printing of some experiment results (see live cap-
tured video in the accompanying video).

achieve realistic body motion illusion, even the facial

expression changing illusion as shown in Figure 10(b).

From left to right, the expression changes obviously

from happiness to anger. Owing to the limited accuracy

of 3D printing, the model in Figure 10(b) is thicker than

that of Figure 9. With mesh simplification and paper

craft design software [2], a self-moving paper bunny can

be created by the unfolded pattern on the accompany-

ing image.

In the situations where 3D models are unavailable,

2D pictures can be used instead. 3D face and 3D body

shape can be approximated [8,4]. The 3D mesh can

then be deformed by the proposed method. Another

thought in practice is the cost of making real world

models. Though being more popular, the price of 3D

printing is still much higher than traditional 2D print.

To solve this problem, we modify formulation (3). For

non-moving areas with wi = 0, we set λi = 0, which

means these local surfaces will be plane. For largest

moving areas with wi = 1, we set λi = −1. Finally, λi
is calculated from wi as:

λi = −wi (9)

To generate the eye movement illusion in Figure 11(c),

most of the surface will keep plane, and only the Z co-

ordinates of the eye area are adjusted. The plane area

can be printed using traditional 2D printer, and the

cost is much lower.

With attractive self-moving illusion, the generated

model can be used in some applications, such as pub-

lic safety, advertisement and edutainment, as shown in

Figure 11. For example, life-sized cardboard policeman

Fig. 12 Different models are created for 5 sets: (a) created
by an artist; (b) generated by using our method with mo-
tion constraint; (c) generated by using our method with mo-
tion and be-face constraints. 20 observers are asked to choose
which model in each set gives the strongest illusion and best
resembles the input animation. The total number for each
model is shown in the table.

has been widely used to help cut crime. With the help

of our method, the still policeman can appear to look

around by moving viewers, as shown in Figure 11(a),

which makes it more effective.

In the minimization of (1), α is set to be in [0.1,

0.3] for our experiment. Another trick is about the be-

face constraint. For the expression changing experiment

shown in Figure 9, different parts of the face become

concave or convex. In this situation, an intermediate

surface Ŝ is generated by the follow gradient field:

ĝ(x, y) = |λ(x, y)| · g(x, y) (10)

Ŝ has the similar shading with S′ and the same con-

cavity with the source mesh S. Ŝ can be regarded as

the perceived shape of S′ and is further improved by

back projecting to the face space. Finally, gradient filed

g′(x, y) is calculated as:

g′(x, y) =
λ(x, y)

|λ(x, y)|
· ∇Ŝ(x, y) (11)

The resulting mesh S′ can then be generated using (5).

To verify the effectiveness of our algorithm, we use

5 sets of digital models. For the three human sets, 3

different models are created by a professional modeler,

using motion constraint only, using both motion and be-

face constraints. Only two types of models are created

for the bunny sets. We tell the artist basic principle

of hollow-face illusion, and ask him to create a static

object that mimic the deformation of a clip of charac-

ter animation. The digital models are all polygons and

are able to be observed from different views. 20 peo-

ple are asked to select which model in each set gives

the strongest illusion and best resembles the input an-

imation. The total number of best selections is shown

in Figure 12. Our method can generate better results

since it is hard for an artist to intuitively control the
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Fig. 11 The models created using our method can be used in some applications, such as public safety (a), advertisement (b)
and edutainment (c).

Fig. 13 Average critical distances (in centimeters) for
monocular and binocular experiments.

local deformation of the source mesh for the desired il-

lusion. With the help of be-face constraint, the illusion

can be further strengthened.

This paper is originally inspired by the attractive

illusion of paper dragon [1]. To compare the results of
our method with this manual design, critical distances

are used. It measures the distance at which a percept

switch occurs, which is often used in perception research

[25]. For the hollow-face illusion, as the observer getting

closer to the object, the depth cue will become domi-

nant and reveal the real geometry of the surface. The

smaller the critical distance is, the stronger the illusion

is.

The sizes of the paper dragon, bunny (created by

an artist and by our method) and girl (created by an

artist and by our method) are all about 15cm×15cm.

Standing at 3 meters away and approaching, 15 ob-

servers were asked to stop walking when the percept

switched, at which point we recorded the critical dis-

tances. Observers were instructed to move their head

to the left and right as they walked. The average crit-

ical distances for monocular and binocular are shown

in Figure 13, which has clearly shown the advantage of

our method.

6 Conclusion

Hollow-face illusion has attracted much attention in art

design and the study of human perception. In this pa-

per, we take the first attempt to give quantitative anal-

ysis and guideline for designing complex hollow-face il-

lusion. Based on existing findings on computer vision

and human perception, we propose a computational

method to generate self-moving 3D object from input

character animation. The influence of ’bottom-up’ vi-

sual signal and ’top-down’ knowledge are both consid-

ered: The surface’s gradient is manipulated to generate

the desired relative motion illusion; Be-face constraint

then proceeds to strengthen the illusion. The resulted

self-moving objects can be used in some applications,

for instance, giving guidance to artists creating works

of arts with their own mysterious smile.

There are still some aspects to be improved. For ex-

ample, textures have important impacts on the illusion.

In this paper, the original albedo is used directly in the

output surface, which can be further optimized to cre-

ate better illusion. ’Top-down’ knowledge is not used

to deal with non human face object. However, prior

knowledge still exists for these objects, and some forms

of constraints can be considered to strengthen their il-

lusion. The input of our method should be transformed

to a single height field and watertight surface is not

supported. The types of deformation illusion are lim-

ited due to the principle of hollow-face illusion. Finally

but not seriously, this paper does not intend to explain

what makes Mona Lisa’s mysteries smile. However, it

will not be harmful to see whether the 3D scanning

surface of the painting [10] agreed with the patterns

generated by our method.
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