
Abstract

Eavesdripping is a system that  displays computer-generated im-
ages by just using water and light. In between a matrix of mag-
netic nozzles and  a dynamically  lit surface it creates a form of 
artificial rain that  serves as a hybrid information display and 
ambient display. The use of a natural material allows to take 
advantage of its unique properties which distinguish  Eavesdrip-
ping  from both traditional displays as well as from many other 
physical displays and enable it to create pixels without the pixels.
Depending on the resolution which equals the number of drops, 
the system can reproduce anything from abstract  information to 
full motion video.

The use of water as both medium and display and the richness of 
its cultural connotations allow for a variety of usages especially in 
the artistic and architectural realm. We believe that  there is a great 
demand for display technologies that are more integrated with the 
surrounding space while still retaining some of the “magic”  that 
people are attracted and intrigued by and which many large-scale 
urban screens are missing by now. 

Accordingly, our first implementation of Eavesdripping (which 
the system was named after) was in an installation that  involved 
the live visualization of on-site network traffic as if being 
“washed”  out of the air.
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Figure 1: Simple typography displayed on the water surface

1 Introduction

Connected to what now is commonly referred to as Physical 
Computing [Sullivan and Igoe 2004], a range of different ap-
proaches have emerged about how to use other means of display 
than CRT- or LCD-technology to represent visual information. As 
pointed out by Ullmer and Ishii. [2001], there is a “growing space 
for interfaces in which physical  objects play a central  role in as 
both  physical representations and controls for digital informa-
tion”. 

Following  this research, current examples in physical displays try 
to  use other ways of “coupling” [Ullmer and Ishii 2001] objects 
on  a surface or in space with formerly intangible digital informa-
tion  in  order to  form a graphic representation. The outcome is in 
many cases a pixel-like flat representation, but always more in-
triguing than a traditional display’s window into the digital realm. 

In our view, the motivation for that must be the increased spatial 
presence that physical or ambient displays tend to  have, rendering 
them interesting for artistic and especially architectural uses. As 
the current discussion about urban screens shows, there is a big 
difference in terms of the amount of attention  and fascination that 
a great display of objects independently moving in  space will 
inspire in  comparison to a video projection, however big and 
bright it might  be. 
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2 The Eavesdripping system

For anchoring the design in the physical realm, many ambient and 
tangible technologies refer to everyday experience. For Eaves-
dripping, we decided to work with  water because we believe that 
referencing to a well-known natural phenomenon like rain greatly 
helps in attracting the attention of a user. Using the physical prop-
erties of objects like the casting of shadows [Underkoffler and 
Ishii  1999] and their actual presence in space adds powerful pos-
sibilities in terms of how the display of information can be both 
made more accessible and charged with metaphorical references. 
Especially water is strongly charged with the most diverse con-
notations in virtually all cultures, and a representation generated 
through water clearly profits from this fact. 

While many physical displays have strong advantages and intro-
duced significant developments to the subject, we recognize dif-
ferent shortcomings of certain related projects. With  Eavesdrip-
ping  we strived to build  upon the strong aspects of the preceding 
work to form a coherent design which works both as a traditional 
and physical  display. It can reproduce computer-generated visual 
information in  the way that  it displays pixels on a two-
dimensional plane but also takes advantage of the special proper-
ties that stem from its material. 

Figure 2: A prototype of the Eavesdripping-system

Since the actual images are created on a water surface in rapid 
succession, the representation has a very ephemeral character 
because the drops almost instantly disappear in the table of water. 
However, the image is much easier to follow since it is created on 
a plane and not rapidly falling through space as in Bitfall  [Popp 
2004]. The rapid possible succession of drops also allows for a 
high  “framerate”, making it  possible to display  various animated 
content. Another interesting property becomes clear when playing 
animated images: when running, Eavesdripping creates a column 
of falling water in the space between the nozzles and  the surface. 
While the Surface actually represents the “presence”, the drops 
still in the air above represent the “future” of the image. Like 
much of the so-called slit scan imaging [Levin  2005] this allows 
you to see a representation of the time as a three-dimensional 
shape which is, unlike in almost any other work, actually present 
in  physical space.
The third property we would like to point is related to the space 
which the system is installed. Depending on the height that  the 

nozzles are mounted at, the drops have to cross a certain amount 
of space until they hit the water and cause it  to light up. This leads 
to  the impression that the water has been “charged” on  its way 
down, which allows for interesting applications that, as pointed 
out later,  creating a tight connection to the installation architec-
tural context and other surroundings.

3 Application

In our view, the main  field of application for a system like Eaves-
dripping lies in forming a close relationship with the surrounding 
space and architecture. A display which actually becomes part of 
the space is very appropriate for displaying information which is 
related to the space as well. 

Like the notion of ambient  media [Weiser and Brown 1995] it has 
the advantage of strongly attracting peripheral attention but not 
demanding the forefront of one’s attention. Therefore, we see the 
system mostly used in the artistic  and  experimental architectural 
realm. In our initial  application of the system, which also named it 
in  a combination of “dripping” and “eavesdropping”, tried to 
emphasize on the motif of the drops being “charged”  on their way 
down. The setup included a software which was sniffing network-
packages from the wireless network on site and displayed the 
various conversations on the ground. Because the displayed 
information was taken from the very same environment that the 
installation was situated in, observers got the impression that  it 
was being “washed out of the air”.

Figure 3: Schematic of the Eavesdripping-setup

Other applications might take spatial properties different  from the 
electromagnetic spectrum into  account, working in various ways 
with  the environment and  audience to  create different visualiza-
tions. Our interviews with audiences show that there is a signifi-
cant interest  in more tangible display technologies. Especially the 
usage of water as the premier means of display was met by sig-
nificant resonance from the audience. As assumed above, it  seems 
to  trigger the various connotations of water which helps to add a 



kind  of “magic” [Lieberman 2005] to the setup that traditional 
displays are lacking after decades of quotidian use.  

4 Technical implementation

The initial small Eavesdripping system which was realized in 
2005  consists of three main parts:
Firstly there is a matrix of 16 magnetic nozzles mounted in  a grid 
at a variable height in  space. The number of nozzles equals the 
resulting resolution of the system. The nozzles used are standard-
issue valves by which can be found in a variety of everyday appli-
cations. 
Secondly, there is a basin at the surface that is made from clear 
acrylic. When running, it  is being illuminated from the side by an 
array of super-bright LEDs located below the water surface. Due 
to  the effect of total reflection, the light is trapped as long as the 
surface is undisturbed and the water will stay dark. In the instant 
of a drop hitting the water, the surface will flare up and gracefully 
fade to black again as the waves are subsiding. This way both 
visibility  and the display-character of the surface can be increased 
while at the same time providing a basin for the water on the 
ground. 
The third part consists of the control unit which is largely based 
on  a computer running a custom software written in Max-MSP/
Jitter. This software controls the flow of information, converts it 
into  “matrices”  which are translated into serial commands that 
operate two relay boards which control the individual nozzles.

Figure 4: Close-up of the magnetic nozzles

To create uninterrupted work, there is also a pump connected to 
the basin which generates a backflow of water to the nozzles and 
creates a closed system that can  operate independent from water 
connections.

5 Related Work

Following  the work of Ulmer and Ishii and the early  projects by 
Frazer [1994], there has been a diverse range of recent projects 
that employ different approaches and objects for physical repre-

sentation. We will briefly mention  three which we consider im-
portant in relation to our work:
The first is the Wooden Mirror [Rozin 2001]. This physical dis-
play utilizes a matrix of wooden chips behind which are motors 
controlling the tilt of every individual chip. Because there is a 
lamp mounted directly  above the installation, the tilt of a chip 
influences the amount of light that is cast on  it, making it possible 
to  use the entirety of elements like a wooden grey-scale computer 
display. 
Another example which less refers to the notion of a two-
dimensional representation but emphasizes more on a spatial  con-
figuration is The Source [Shoben et  al. 2004]. Commissioned by 
the London Stock Exchange, it is a three-dimensional grid of 
spheres that  can independently move up and down along wires. 
The setup is started up every morning and continuously displays 
different information related  to stocks being traded. The installa-
tion  is set in the atrium and eight floors high, thus is very present 
in  space and works along with the architecture. Considering that 
many screens in urban space arguably work against architecture 
rather than with  it, we regard this as a promising approach that has 
some followers [Bauder 2005] already. The third kind of physical 
displays that should be pointed  out here are the projects that 
manipulate liquids or other natural media to represent informa-
tion. These systems are not  to  be confused with those only creat-
ing a screen [Rakkolainen and  Palovuori  2005] to  project  on. An 
example of that approach is Bitfall [Popp 2004], that  produces a 
curtain of water to produce “falling” two-dimensional images 
which Eavesdripping built on in terms of the technology we used. 
The Bubble Screen [Kupfer and Burstein 2005] could be consid-
ered the inverted approach because it creates slowly rising bub-
bles that form a two-dimensional display with variable resolution. 
More exotic approaches also include the use of ferrofluids on a 
surface in combination with electromagnets as in Snoil [Frey 
2005]. 
What also must be mentioned in this context is the notion of 
ambient media. Projects like for example Natalie Jeremijenko’s 
Live Wire [Weiser and Brown 1995], or the Pinwheels and the 
Water Lamp [Wisneski et al. 1998]. These projects try to rather 
make quantitative then qualitative information visible or tangible, 
thus creating a sense for the virtual which attracts more the pe-
ripheral attention instead of fully occupying a user’s senses.

Although the directions in which a more present displays of 
computer-generated information are being researched about 
widely vary, all  approaches have in common that they take on 
certain aspects of the physical  realm and render them usable for 
the display of computer-generated information, “recontextualizing 
it  to take on roles within tangible interfaces” as Ulmer and Ishii 
[2001] pointed out.

6 Future work

In the future versions of the system, we plan to overcome certain 
shortcomings of its current iteration. The use of hoses is leading to 
some pressure-difference at individual  nozzles. That could be 
easily overcome through using a basin above the nozzles as well 
so  that  every nozzle is exposed to the same pressure. Some re-
search into the viscosity of the used liquid might as well be re-
quired since plain water occasionally  produced a lot  of bubbles 



which might be connected  to changes in  surface tension due to the 
room-temperature. 

In a continuing effort, we plan to build  a bigger version with more 
responsive nozzles which would allow for a very high speed of 
succession of drops. Another subject for further research  is the 
development of a greyscale-version of Eavesdripping. With a 
slight  change in the nozzle-control similar to pulse width modula-
tion  as found with  LEDs,  the brightness of the hits on the surface 
could be dynamically modified.

7 Conclusions

We believe that the approach we pursued with Eavesdripping is 
showing a lot of promise when it  comes to the tighter integration 
of architectural space and the display of digital information. The 
growing number of buildings equipped with large-scale screens 
demonstrates the intended goal of interweaving the physical with 
the virtual as much as the lack of display technologies that  are 
able to accomplish it. A physical display must use properties of 
the physical realm itself to be able to produce a successful repre-
sentation of digital information in  a spatial context. Eavesdripping 
achieves this by using to one of the most basic elements as its 
material, taking advantage of both the physical properties of water 
and its cultural connotation within people. 

Its hybrid nature between an ambient and an information display 
both  allows it to display a wide variety  of visual information 
while at the same time forming an intriguing installation. These 
properties combined put  the work in a unique spot between the 
visual representation of data, architecture and the integration of 
natural means into computer technology.

8 Acknowledgements

Thanks to Prof. Joachim Sauter and Jussi Ängeslevä of the Uni-
versity of the Arts Berlin and to Thomas Urban Gardner of RCA 
London. Thank you Amanda Parkes of the MIT Tangible Media 
Group for your valuable input.

9 References

BAUDER, C., 2005. Electric MoOns. NEXT Exhibition of Future 
     Technology. http://www.electricmoons.com/index.htm
FRAZER, J., 1994. An Evolutionary Architecture. Architectural As      
     sociation, London.
FREY, M., 2005. Snoil. Berlin University of the Arts,                          
     http://www.digital.udk-berlin.de/en/projects/winter0405/
     main/hauptprojekt/snoil.html
KUPFER, D., BURSTEIN, E., 2005. Bubble Screen. RCA London. 
     http://www.interaction.rca.ac.uk/alumni/04-06/DanielKupfer/
LEVIN, G., 2005. An Informal Catalogue of  Slit-Scan Video Art-        
     works. http://www.flong.com/writings/lists/list_slit_scan.html
LIEBERMAN, Z., 2005. “It’s  important to get the magic right”. Ars    
     Electronica 2005 Pixelspaces. 09/04/2005

O'SULLIVAN, D., IGOE, T., 2004. Physical computing: Sensing and     
    Controlling the Physical World with Computers. Course Tech-    
     nology PTR; 1 edition
POPP, J., 2004. Bitfall. http://www.sphericalrobots.com/
RAKKOLAINEN, I., PALOVUORI, K., 2005. FogScreen - An Immate-
     rial, Interactive Screen. SID Symposium Digest of Technical    
     Papers. Volume 36, Issue 1, 102-105
ROZIN, D., 2001. Wooden Mirror. IEEE Spectrum Volume 38,           
     Issue 3, 69
SHOBEN, A., 2004. The Source. Installed at  the London Stock Ex-     
     change. http://www.greyworld.org/artwork/source/index.html
ULLMER, B., ISHII, H., 2001. Emerging Frameworks for Tangible       
   User Interfaces. Human-Computer Interaction in the New Mil-   
    lenium, Addison-Wesley, 579
ULLMER, B., ISHII, H., 2001. Emerging Frameworks for Tangible       
   User Interfaces Human-Computer Interaction in the New Mil-    
    lenium, Addison-Wesley, 583
ULLMER, B., ISHII, H., 2001. Emerging Frameworks for Tangible       
   User Interfaces Human-Computer Interaction in the New Mil-    
    lenium, Addison-Wesley, 587
UNDERKOFFLER, J., ISHII, H., 1999. Urp: A Luminous-Tangible  
    Workbench for Urban Planning and De- 
    sign. Proceedings of CHI 1999. 386-393 
WEISER, M., BROWN, J.S., 1995. Designing Calm Technology. 
WISNESKI, C., ISHII, H., DAHLEY, A., GORBET, M., BRAVE, S.,  
 ULLMER, B., YARIN, P., 1998. Ambient Displays: Turning Archi-
 tectural Space into an Interface between People and Digital 
 Information. Proceedings of the First International Workshop on 
 Cooperative Buildings. 7-8

  


