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Abstract. In this paper, we discuss media technology that enables the co-
creation of bodily expressions between remote locations. To realize this, we de-
signed a common background media space through bodily expressions, and by 
sharing this media between separate locations, we attempted to share the stages 
between these locations. The background media we developed was a large 
number of particles that flow in association with bodily movements. From our 
experimental results, we discovered that it is indeed possible to integrate differ-
ent stages into a shared stage by enclosing the stage within background media. 
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1 Introduction 

A shadow is inseparable from its body. In previous studies, by focusing on the nature 
of this relationship, we developed a shadow media system that promotes the genera-
tion of awareness and images through the body, supporting the creation of bodily 
expressions by creating a gap between the body and the shadow through an artificially 
transformed shadow (i.e., shadow media) [1]. We also demonstrated that shadow 
media naturally co-creates connections between participants in group bodily  
expression [2]. 

Moreover, to continuously create and develop expressions, it is important to con-
nect performers on stage (as well as the stage itself) to the audience and the environ-
ment surrounding them; however, conventional media spaces neglect the relationship 
between the performers, their audience, and the environment [3-5]. Thus, to incorpo-
rate the effects of the audience and the environment into the media space, we devel-
oped a shadow media system using a slit screen, which opened the media space to the 
outside of the physical stage itself [6]. 

In this study, on the basis of the previous study, we aim to integrate media spaces 
open to audiences that are geographically separated; this supports the co-creation of 
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bodily expressions between remote locations. We developed a network to connect 
media spaces that are open to audiences and geographically separated. Furthermore, 
to integrate separate stages, we focused on the background of the shadow media 
space. By doing this, we created a common background media space through bodily 
expressions, and by sharing this media between the separate locations, we attempted 
to share the stages between remote locations. Specifically, we developed background 
media in which movement of the remote audience and performers are reflected as a 
flow of particles. We integrated this background media into the remote communica-
tion system described above; by doing so, we successfully support the co-creation of 
bodily expressions between remote locations. 

2 Remote Shadow Media System 

2.1 Design of the Shadow Media Space 

Co-creation of bodily expressions with a remote partner requires the integration of 
remote stages. To address this requirement, we focused on the background of the 
shadow media space; we tried to integrate the remote stage by sharing the background 
media, as shown in Fig. 1. This background media must be associated with the body; 
therefore, we selected one’s shadow as an interface to connect body and background, 
and we developed background media that has a strong connection with shadow. Fur-
thermore, shadow media systems using slit screens were installed in two locations, 
and a network was developed to share the shadow media and background media of 
the people on stage in separate locations. The details of this setup and our experiments 
are described in the subsections that follow. 

 

Fig. 1. Integration of remote stages using background media 

2.2 Design and Development of the Background Media 

To realize our design concept, we developed background media built on bodily sha-
dow motion. Thus, we considered the following problems: 
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1) How do we design media that depict a performer’s motions as background media? 
2) How do we integrate the motions of remote performers as one background? 

 
To address these problems, we designed a background media focused on flow. 

More specifically, by creating a flow based on each performer’s every movement in 
different locations, we integrated individual movements as a whole stream. Further-
more, to promote the integration of the stage through bodily interactions with the 
background media, we decided to display a large number of small particles as the 
background media. Thus, we created background particle media in which a large 
number of particles moved on a fluid vector field F that vary due to time changes in 
human body images obtained through thermal cameras; this approach is illustrated in 
Fig. 2.  

 

 

Fig. 2. Background media 

We implemented these concepts into the background particle generation algorithm 
shown in Fig. 3. 

 

Fig. 3. Generation algorithm of background media 
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Vector field F is generated based on optical flows of human body images. The opt-
ical flow is calculated from the human body image obtained by a thermal camera—by 
binarizing its thermal distribution image. As a way to reflect body movements (i.e., 
optical flow) in F, we produced F to be reflected as the external force term of the 
Navier–Stokes equation for optical flow. The operation processing sequence de-
scribed above was implemented using a fluid simulator [7]. More specifically, 5000 
particles that make up the background media are moved from fluid vector field F. 
Particles are moved, depending on the vector field, by calculating and updating their 
positions and velocities in 25 fps. 

With respect to projected particles, we developed a software that can change the 
number of particles, their colors, and their shapes via a graphical user interface. Fur-
thermore, we can change the background media according to the variety of the stage; 
in particular, we describe this as follows: 

 
(Fig. 4(a)) A particle’s color is changed in proportion to the force from the vector 

field to create a sense of depth. 
(Fig. 4(b)) A particle’s size is temporally changed in random order to generate ste-

reoscopic effects and naturalness. 
(Fig. 4(c))  A particle’s orbit is expressed as a residual image. 
(Fig. 4(d)) Particles are pulled to the body (shadow media) using the Boids  

algorithm. 

 

 
Fig. 4. Bodily expression using several different types of background media 

(a) A particle’s color is changed in proportion to the 
force.

(b) A particle’s size is temporally changed.

(c) A particle's orbit is expressed as a residual image. (d) Particles are pulled to the body using the Boids
algorithm.
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2.3 Development of Shadow Media Communication System 

To open the media space to the audience and the surrounding environment, we pre-
viously developed a slit screen composed of reed-shaped screens arranged in a line 
[6]. In this current study, we installed the media space using a slit screen across re-
mote locations, and attempted to integrate each stage to share both the background 
and shadow media. To accomplish this, we developed the following systems: 

 
(1) A communication system that enables the share of both the background and 

shadow media between remote locations 
(2) Calibration software that adjusts the shadow’s location, shape, and scale in ac-

cordance with the respective spaces 
 
Fig. 5 shows the communication system (1) we have developed. This system con-

sisted of a server (i.e., the information management PC) and a client (i.e., the  
media-processing PC). The server managed client information and exchanged such 
information with each server in the remote locations. This provided the ability to 
share the information of shadow media between remote PCs. We used UDP with 
Winsock for our communication system. Furthermore, we selected run-length encod-
ing as a compression method of the shadow media image sent to the remote PC,  
because the same data tended to align in the binarized shadow media image. 

 

 

Fig. 5. Shadow media communication system 

Next, the calibration software (2) was developed to change the angle, size, and po-
sition of the received shadow image (Fig. 6). For this process, a received image of the 
remote person’s shadow was combined with an image of the local person’s shadow. 
Then, the combined image was transformed and projected on the local location. To 
simplify calibration, we transmitted the remote stage information, including the 
screen size and acquisition range of the thermal camera, between remote servers. 
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Fig. 6. Calibration of remote person's shadow position 

3 Support for the Co-creation of Bodily Expressions between 
Remote Locations 

Using our proposed system, we conducted an experiment in which bodily expressions 
were improvisatorially created by performers in separate locations. We installed slit 
screens (2.3 m × 6.5 m) at geographically separate locations and conducted an expe-
riment of bodily expressions with two skilled adult female dancers for two minutes. 
After the experiment, we requested comments from them. The experiments were as 
follows: (1) only the shadow media was displayed; and (2) background media and 
shadow media were both displayed. Fig. 7 illustrates our experiments in which the 
background media and shadow media were both displayed. 

 

Fig. 7. Bodily expressions between remote locations with shadow and background media 
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Table 1. Comments about bodily expression by use of the shadow media and background media 

Experiment Condition Comments 

Only shadow media was 
displayed 

“I felt a warm connection.” 
“I created images with slow movements.” 
“I didn’t feel like my partner was in a remote loca-
tion.” 
“I felt like creating something with the remote part-
ner.” 

Background media and 
shadow media were both 

displayed 

“I felt as if my partner was in the same location that I 
was. The background expanded my image.” 
“Because of the background media, it felt easier to 
create expression. It felt like everything was coming 
together.” 
“I felt that we shared the same atmosphere, and that we 
could create a world with depth.” 
“As particles flowed with my actions, I felt my remote 
partner was on the same stage. I felt that we saw the 
same things, felt the same feelings, and were express-
ing in the same world.” 

 
Table 1 shows comments obtained from the experienced dancers. When both the 

background media and shadow media were displayed, compared with conditions that 
only the shadow media was displayed, we observed the performers making bodily 
expressions while passing through the slit screen and moving around the entirety of 
the stage, and using the background flow as a trigger to create expression. From the 
table, the performer commented that “The background expanded my image” and that 
with the background, “I felt that we shared the same atmosphere, and we could create 
a world with depth.” These comments indicate that background media successfully 
produced a shared stage between remote locations and supported the creation of im-
provised expressions.  

Miwa which is one of the authors has developed (WSCS) a system that sends sha-
dows between remote locations, enabling communication with an accompanying feel-
ing of co-existing between remote partners because of the shadow’s inseparable  
relationship with the body [8]. Although this system enabled performers in remote 
locations to share this space, it was difficult for the performers to share emotions and 
to improvise co-creative bodily expression with the remote partner. From our results 
here, we expect to solve that problem by sharing background media that is associated 
with shadow media. In other words, we feel that background media that reflects bodi-
ly movement through shadow media can help remote performers share emotions. 

Therefore, we conducted experimental discussions that investigate the effect of 
background media. In particular, a performer watched a remote performer’s move-
ments through only background media sent from a remote location. We received  
positive comments from the performer who was watching the background media, 
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including “I felt like the atmosphere changed,” “I felt a sign of the remote person, so I 
unconsciously avoided it,” and “I felt something on my skin, my heart was moved.” 
From these comments, we concluded that background media could convey images of 
a remote body’s overall movements. We further concluded that this enables the shar-
ing of emotion and an enhanced feeling of connection with the remote partner. 

We therefore attempted to integrate the stages of a performance of bodily expres-
sion between Tokyo and Sendai which are 200 kilometers away (Fig. 8). The au-
dience who watched the Sendai performance in Tokyo provided such comments as “I 
felt that the remote stage was close,” ”When the remote performer passed through the 
slit screen, it felt as though he was on the same stage,” and “I felt like I was able to 
share images with the performer.” These anecdotal results show that our system could 
support expressing conditions and the atmosphere of the stage to remote audiences, 
and could assist audience enter a remote stage and create bodily expressions with 
remote performers. 

 

 

Fig. 8. Performance using background media between Tokyo and Sendai 

4 Towards a Multipoint Communication System That Takes 
into Account the Audience 

To incorporate the effects of audiences that exist in various locations, we require a 
communication system to connect to multipoint remote locations and integrate the 
data from each location; such a configuration is shown in Fig. 9. 

The data sent from each location should be compressed; therefore, we have devised 
a communication system that uses a cloud server, as shown in Fig. 10. Instead of hu-
man body images, the differentiating characteristic of this system is the exchange of 
skeletal data from a Kinect device and shadow media information, such as types of 
shadow media and color, using the cloud. To achieve this, we decompressed skeletal 
data into a shadow image; more specifically, we have prepared a model of shadow 
image and skeletal data that associates the skeletal data with contour points of sha-
dow. This enables us to move the shadow image based on the movements of the ske-
letal data. Compared to our previous system, we succeeded in significantly reducing  
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Fig. 9. Multipoint communication System 

 

Fig. 10. Data flow diagram of system 

the amount of communication data and realized high-speed multipoint communica-
tions. Furthermore, we plan to research the design of the media space, including au-
diences in multiple points using this system. 

5 Conclusion 

In this study, we developed a telecommunications system for integrating open media 
spaces separated by distance through shadow media and background media.  
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More specifically, we developed background media in which movements of the re-
mote audience and performers reflect as a flow of particles; we also developed a me-
dia communication system to share the shadow media and background media between 
remote locations. From our results, we concluded that via our approach, we can share 
emotions between remote partners through shadow media and further provide a stage 
for co-creative bodily expression through the shadow media. These results indicated 
that the dual expression via background media and shadow media could share the 
context of stage. Furthermore, we introduced the concept of a new network that uses a 
cloud server for multipoint communication. In future work, we aim to work toward 
developing a shadow media system to integrate a multipoint stage and use our system 
to connect other countries to share stages through bodily expression. 
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