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Abstract. In an improvised bodily expression, it is important to create the 
image inside the self. We developed a body expression generator called 
“shadow media” that generates an image by causing a gap between the body 
and its shadow. In this study, we focused on the dual residual shadow, a type of 
the shadow media, which generates a dual gap. Using this aspect of the shadow 
media, we develop new body expression media by introducing fluctuation and 
cellar automation to the boundary of the dual residual shadow. Experimental 
results indicate that these shadow media outputs can effectively support the 
generation of bodily expressions. 

Keywords: bodily expression, image, awareness, co-creation, shadow media. 

1 Introduction 

In modern societies, the development of non-face-to-face communication 
technologies such as e-mail allows us to communicate, regardless of time and 
location. On the other hand, the opportunities to meet and empathize with someone in 
person are decreasing and existential connections among people are diminishing. 
However, improvisational bodily expression, by sharing a little bit of the future, 
allows each individual expression to sometimes become co-creative. In such uniting 
through bodily expression, it is necessary to respect and accept other people’s 
expressions as having equivalent value for one’s own; its irradiation should be 
accepted within oneself. Opening one’s body to gain new awareness of their and 
others’ existence will be facilitated by the reflection of that expression [1]. 

To explore this concept, we focused on shadows, which are always connected to 
our bodies but rarely noticed. We conceived of expanding shadows by visualizing the 
reflected expressions, which are normally sensed inside an individual as an expression 
of their shadow. To realize this concept, we developed the “shadow media” system 
with which shadows are artificially deformed into diverse forms; the gaps created 
between artificial shadows and bodies emphasize bodily awareness. We found that the 
dual residual shadow, which is a type of shadow media whose outer and inner residual 
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images are doubly superimposed through subtractive synthesis, effectively supports 
an improvised creation of the images  [2] [3](Fig. 1). It is anticipated that this 
shadow media supports an opening of the body image by affecting both the implicit 
and explicit domains of the self [4]. 

Thus, in this study, we focused on the boundary generated between the outer and 
inner residual shadows. We attempted to introduce fluctuation or Cellular Automation 
(CA), which is known to be simple dynamical systems [5], to the boundary and, by 
doing so, developed new shadow media, which destabilizes and dynamically changes 
the boundary and diversifies the gaps generated between the shadow and the body. 
With the use of new shadow media, we wanted to make it possible for people to co-
create bodily expressions with their shadows using the shadow media system.  

Inner Residual Shadow Outer Residual Shadow

 

Fig. 1. Dual Residual Shadow 

2 Dual Domain Design of Shadow Media 

To design the new bodily expression media, we focused on the dual residual shadow, 
which is a type of shadow media whose outer and inner residual images are doubly 
superimposed through subtractive synthesis to effectively support an improvised 
creation of images (Fig. 2). The boundary that is generated between the outer and 
inner residual shadows of the dual residual shadow are designed with different image 
processing methods and parameters, such that they reflect bodily motions with time 
lag, and thus, create gaps between the body and its outer and inner residual shadows. 
The two gaps in these movements with the shadows change temporally and spatially.  
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Fig. 2. Generated Algorithm of Dual Residual Shadow 

However, we had a problem: embodied movements unambiguously determined 
how the gaps were generated by the dual residual shadow. This was because the 
response to the embodied movements did not vary, although the relationship of the 



 Bodily Expression Media by Dual Domain Design of Shadow 197 

double gaps changed both temporally and spatially, depending on the differences in 
responses to the two residual shadows. Thus, in this study, we focused on the 
boundary generated between the outer and inner residual shadows and developed a 
new bodily expression media by trying to dynamically change the boundary as well  
as destabilize and diversify the gaps generated between the shadows and the body 
(Fig. 3). 

 

Fig. 3. Design Concept of New Shadow Media 

2.1 Fluctuation Shadow 

To realize the design concept, we introduced fluctuation to the luminance distribution 
of both the boundary generated between the outer and inner residual shadows and that 
generated between inner residual shadows and the background. By doing so, we 
attempted to diversify the boundaries and focused on dilation and erosion processing, 
types of morphological operations, which are used for image processing of the  
dual residual shadow. The processing results are dependent on the shape of the kernel 
(Fig. 4).   
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Fig. 4. Relationship between the Shape of the Kernel and Boundary 

We changed the shape of the kernel by using fluctuation. More specifically, for 
each cell 8 that touches the central cell, we generated a random number between 0 
and 1. If the number was larger than 0.5, we included the cell in the kernel. We 
implemented this processing into the generation algorithm for the dual residual 
Shadow (Fig. 5).  
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Fig. 5. Generated Algorithm for the Fluctuation Shadow 

2.2 Cellular Automation Shadow 

We generated the CA Shadow as shown in the flowchart in Fig. 7. By introducing 
CA, it was expected that the system would dynamically change the boundaries. We 
manipulated an input image in the same way as we generated the dual residual 
shadow. Then, we extracted the boundary of the image by the luminance value of the 
image. To make the image of the boundary affects keep the time evolution of the CA, 
for each white pixel of input image, the condition of the corresponding cell of CA 
becomes alive with a fixed probability (Fig. 6). 
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Fig. 6. Method to Affect CA by Input Image 

Then we converted the CA to an image using these steps:  

1. A dead condition cell is converted into a black pixel and an alive condition cell is 
converted into a white pixel. 

2. The outline of an image is extracted. 
3. The output image is a composite of the processed boundary image and the original 

image, from which the boundary is extracted. 
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Fig. 7. Generated Algorithm for Fluctuation Shadow 

3 System Configuration 

The system which is shown in the flowchart in Fig. 8 projects an artificial shadow 
generated by a PC onto the media space (3600[mm] × 2000[mm] × 2200[mm]). An 
input image is acquired from Kinect (a motion sensing input device by Microsoft 
Corporation) and a projective transformation is done so that an artificial shadow can 
be projected from one’s foot similar to a real shadow. The software of this system was 
developed using “openFrameworks,” which is an open source toolkit, and it was 
coded in C++ programming language. 
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Fig. 8. System Configuration 
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4 Experiments 

4.1 Comparison Experiment of Shadow Media 

We performed a comparison experiment to investigate the types of bodily expressions 
generated from each Shadow medium. Subjects consisted of 10 university students 
between 21 and 24 years old and one experienced dancer. They were required to stand 
in a fixed position and wave their hands vertically for one minute in the location 
where the shadow media was projected. At the time, we measured the 3D coordinates 
of a subject’s hands, elbows, and back by using OptiTrack (NaturalPoint, Inc.). The 
shadow media that were projected are listed below. These shadow media were 
projected in random order to eradicate the influence of order effect. 

1. Dual Residual Shadow 
2. Fluctuation Shadow 
3. CA Shadow ( Dual ) 
4. CA Shadow ( Boundary ) 

Fig. 9 illustrates the period distribution of a subject’s vertical motion of their right 
hand. This figure indicates that the period distribution of the shadow media of this 
study is wider than that of the dual residual shadow. Therefore, it is suggested that the 
shadow media of this study bring out diversified bodily expressions. 
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Fig. 9. Period Distribution of Motion of Right Hand 

4.2 Bodily Expression Demonstration Using the Shadow Media 

We conducted a bodily expression demonstration. Subjects were three experienced 
dancers. They were required to perform bodily expressions for two minutes in the 
space where the shadow media was projected. The types of projected shadow media 
were the same as those in the prior section. Subsequently, we got some comments 
from the subjects. 

Table 1 records the comments from the experienced dancers. The Fluctuation 
Shadow experience elicited comments about a feeling of vitality. In the CA Shadow 
experience, subjects reported experiencing feelings similar to those felt in the shadow 
media. 



 Bodily Expression Media by Dual Domain Design of Shadow 201 

Table 1. Comments about Bodily Expression Using Shadow Media 

Shadow Media Comments 

Dual Residual Shadow 

“I felt as if I was a life about to be 
born.” 
“I felt like I had wings. I felt like 
flying at the beginning of the 
performance. Gradually, I began to 
have an image that made me feel as 
if I was repainting my own world 
with a large brush. I painted it in 
various colors.” 

Fluctuation Shadow 

“I felt a feeling of vitality from the 
shadow” 
“I felt warmth because the shadow 
beat like a heartbeat.  
“Even if I stopped moving, I could 
continue to form images” 

CA Shadow 

“I felt as if my own shadow was not 
mine but that of another person.”  
“It felt as if I began to be able to see 
outside of the space. “ 
 “I felt as if I was in the room with 
various other stuff: water, wind, or 
grass.” 

5 Summary 

In this study, we sought to cultivate sensitivity to the body and support the creation of 
diverse bodily expressions by raising an awareness of the body acting as a co-creator 
with its own shadow. We focused on the dual residual shadow which proved to be 
effective for supporting an improvised bodily expression. We developed new shadow 
media with diverse boundaries by introducing fluctuation and cellular automation to 
the boundary between the outer and inner residual shadow. From the results of these 
bodily expression experiments and the comments of subjects who participated in 
creating images, we can state with confidence that shadow media brings out 
diversified bodily expressions and effectively supports continuous image creation. 
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