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Figure 1. Symbols called “fiducial markers” operating as a bar-code 
used to give a virtual identity to real objects.
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Abstract
The tool we present aims to facilitate the understanding of 
urban design projects and their implications to a wide public 
in order to support public participation. Towards this goal we 
developed the “Tavolo Luminoso”, an interactive tool that 
allows to combine different forms of representation together. 
Through millennia of human evolution, we have developed 
sophisticated skills for sensing and manipulating our physical 
environment, most of which are not used when interacting 
with the digital world, where interaction is largely confined 
to graphical user interfaces. Some studies are going in this 
direction. We have analyzed theories and prototypes that 
occurred over the years that originated tangible interfaces; 
in particular we focused on the Luminous Planning Table 
(LPT) and similar tools. Considering that the demand for 
interactivity to support public participation in decision-making 
processes is growing, we try to combine the themes of visual 
representation of places with innovative technologies that 
make a combined use of digital graphic displays and interac-
tion, aiming at designing a new interactive tool.
 The objective of this research is to combine representa-
tion and interaction between atoms and bits, making the 
digital data easy to be processed, transferable and flexible, 
guided by the vision of the “Tangible Bits” by Hiroshi Ishii 
from the MIT MediaLab. The aim of this research is to build 
a tangible user interface: a user interface which supports a 
more collaborative and comprehensible way of interaction 
making digital data tangible and using physical objects as 
controller of digital information. This new interface could train 
students and citizens, making them interacting in real-time 
through physical objects, such as a 3-D models, with the rich 
content that the computation is able to provide; it make pos-
sible to analyze in real-time some impacts of a design project 
supporting the communication between the different actors 
involved in the decision-making process.
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timing and techniques of learning how to use the interface 
and the complexity and speed of generation of feedback that 
are produced. It is anyway obvious that space of interfaces 
in which physical objects play a central role as both physical 
representations and controls for digital information are grow-
ing (Ishii and Ullmer, 2000).
 Aim of the research is to develop a new interactive tool 
designed to encourage communication, facilitating shared 
understanding, participation and the development of shared 
scenarios that consider how users interact with each other, 
which skill they use the most and how the tools can support 
them the best. (Ishii, H., 2008) Among its functions, plus the 
ability to view bi-dimensional images, interact with them and 
create new ones, it will also be able to relate real physical 
models with the projected digital images, and to use analysis 
tools such as: sun-shade, reflection, proximities, wind, and 
visual space computations, traffic simulation, soundscape 
simulation and so on. Furthermore, it has been decided to 
design a tool looking for the easiest and economic ways, to 
make it accessible and easy to spread in academic circles, in 
areas of research, but also between small organizations, that 
have to do with public participation processes, and govern-
ments with limited technical and economic resources. In this 
process, tangible interfaces are fundamental because people 
have the possibility to change the environment in which 
they are, thus helping them to visualize and face problems: 
with small physical objects (controllers) you can create a 
framework by placing and moving them in space, and adapt-
ing them to changes occurring during the decision making 
process. Therefore, tangible user interfaces are close to our 
behavioral habits, give an immediate feedback and are easily 
manipulable by several users at the same time. 

Research context
The context of the research refers to the theories developed 
around the themes of ubiquitous computing and tangible 
user interface (TUI), with some references to the theories 
that led to the definition of Natural User Interface (NUI).
 In 1988 Mark Weiser dreamed “to make a computer so 
imbedded, so fitting, so natural that we use it without even 
thinking about it” (Weiser, 1991). This sentence has become 
the definition of “ubiquitous computing” and somehow it also 
defines the trend in which the world of computing is moving 
towards.
 This theory has been adopted and shared in the theories 
introduced by George Fitzmaurice as “Graspable User Inter-
face” (Fitzamaurice, 1995) and then developed by Hiroshi 

Introduction
Urban designers shape the construction of cities in order to 
provide healthy, stimulating, and sustainable surroundings. In 
doing so, they are faced with the challenge of communicating 
their spatial concepts and ideas to the broader public: “We 
make dozens of decisions each week on projects and issues 
where the information presented to us is incomplete. We 
need ‘executive decision making’ tools that help us quantify 
and visualize, in real time, the true impacts of decisions.” 
(David Crockett, City Council of Chattanooga in Kwartler and 
Longo, 2008) Digital models allows to create future scenarios 
not otherwise representable so anyone can understand the 
impact of a project on its context (Piga, 2009). Over the last 
decades, different design environments have been devel-
oped to support stakeholders engaged in design processes 
by enhancing communication, facilitating shared understand-
ing, and creating better artifacts. Each graphical representa-
tion, although much closer to reality, is always an interpreta-
tion and therefore an attempt of explanation of reality itself, 
and moreover it is filtered by the cultural context. Therefore, 
it can influence the debate around the design project that 
can arise during a process of participatory planning. The best 
form of representation in a participatory process would be 
the use of multimedia products (like pictures, drawings, pho-
tomontages, videos, physical models) resulting from different 
types of analysis and tools. Only in this way it would be pos-
sible to give back the sense of complex environments such 
as the urban ones. This research was founded within the 
Laboratorio di Simulazione Urbana “Fausto Curti,” in the Po-
litecnico of Milan, where these issues are widely discussed. 
 Digital technology is playing an increasingly important 
role because it allows to store and share a wide range of 
information in an easy and rapid way. Fact that is sometimes 
overlooked is that digital technology also allows to work on 
different formats at the same time in a collaborative way, 
interacting in total freedom with the representation produced, 
without fear of damaging the original data and maps. Also 
the system behind the interface is designed to support the 
use by unskilled users. The aim is to enhance communica-
tion, facilitate shared understanding, create better artifacts 
and to give back the sense of complex environments such 
as the urban ones. To avoid planning mistakes, it is very 
desirable to involve the stakeholders from an early stage 
(Kwartler and Longo, 2008).
 Today there is an open debate about what are the best 
devices to support the human-machine relationship. Topics 
of discussion are the human-machine interaction modalities, 
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representations. The hypothesis was that by overlaying 
previously incompatible representations at the same place 
and scale, it could provide a hybrid but seamless information 
space that would enrich the urban design process. (Under-
koffler, 1988)
 Reactable (2003) is an electronic musical instrument with 
a tabletop Tangible User Interface that has been devel-
oped within the Music Technology Group at the Universitat 
Pompeu Fabra in Barcelona, Spain, by Sergi Jordà, Marcos 
Alonso, Martin Kaltenbrunner and Günter Geiger. At the end 
of 2010 a mobile version of the Reactable was released for 
iPad, giving many opportunities to musicians for multi-touch 
sequencing. It is very easy to use and to build (Jorda et al., 
2007).
 The Mixed Reality (MR) Tent (2006) encloses MR technol-
ogy (Urban Sketcher, Color Table and AR Scouting) build to 
support the urban planning and design process. It provides 
shelter for workshop participants which are professionals and 
citizens working on urban renewal. Furthermore, it creates a 
creative space for experiments in various fields on the site of 
urban reconstruction allowing to experience mixed realities 
(Wagner, 2009).
 Analyzing functions, technologies, advancements and 
limitations of these tools we tried to design a new one that 
would join all their peculiar characteristic.

Methodology
For ease of management and organizational needs, it was 
decided to divide the construction of the table into three main 
steps:
 To investigate the availability of software already on the 
market, preferably with user interfaces easy to use and with 
freeware licenses; (Kaltenbrunner et al, 2005)[2];
 To build a low budget interface that allows users to 
interact in real time through real objects with virtual objects 
(Bencina, Kaltenbrunner and Jorda, 2005);
 To create a touch screen with the size of a standard work 
table, which allows users to use the table, bypassing the 
direct use of the PC and standing around it as it happens in 
usual meetings.
 The first problem that has arisen during the implemen-
tation of the table was how to link real objects to digital 
ones. At the Media Lab of the MIT they used the I/O bulb, 
but now it is not available on the market and its realization 
requires not indifferent knowledge and financial resources. 
It was therefore decided to use a more common and simple 
system: by applying a bar code or symbol identifiable by the 

Ishii and Brygg Ullmer as “Tangible User Interface” (Ishii and 
Ullmer, 1997). Their aim was to make digital data tangible in 
order to control digital information through real-world object 
physically manipulated. Fitzmaurice describes the new pos-
sibilities allowed by Graspable User Interface, compared to 
those of the most common Graphical User Interface (GUI), 
as spaces for multiplicity, simultaneity, and for specialization. 
(Fitzmaurice, 1995). This list can be completed through the 
concepts sustainable and conscious. It is not said, however, 
that each of the TUI encompasses all of them: usually every 
instrument is specifically designed to meet certain require-
ments and then to be applied to a subset of these possible 
definition.
 The real objects used to control the digital ones have 
been named by Homquist has : containers, generic objects 
used to move information between different devices or plat-
forms; tokens, used to access stored information, the nature 
of which is physically reflected in the token in some way; 
and tools, used to manipulate digital information (Holmquist, 
1999).
 In 2006 a new term for some types of interfaces was 
coined: Natural User Interface. It is a user interface that is 
effectively invisible, or becomes invisible with later learned 
interactions to its users. In 2006 Christian Moore established 
an open research community with the goal to expand discus-
sion and development related to NUI technologies.[1]
 But gestures are neither natural nor easy to learn or 
remember. Few are innate or readily pre-disposed to rapid 
and easy learning. Even the simple headshake is puzzling 
when cultures intermix. More important, gestures lack critical 
clues deemed essentially for successful human-computer 
interaction. Because gestures are ephemeral, they do not 
leave behind any record of their path, which means that if 
one makes a gesture and either gets no response or the 
wrong response, there is little information available to help 
understanding why. But also during the early days of the GUI 
there where different and similar problems. Much rethinking 
is required now (Don, 2010).

Reference case studies
The “Tavolo Luminoso” was originated from these assump-
tions within the Laboratorio di Simulazione Urbana “Fausto 
Curti” at the Politecnico of Milan as a results of the analysis 
of existing similar tools and situations and two previous pro-
totypes. The existing tools worthy of more attention are:
 Luminous Planning Table (2000), designed at the MIT, is 
conceived as a platform for multi-layered physical and digital 
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or type in computer languages, such as: Processing, Pure 
Data, Max/MSO and Quartz Composer. (Kaltenbrunner et al., 
2005)
 The next step was to create the physical interface: the 
“Tavolo Luminoso” that allows to the software to reproject 
the processed images onto a work surface. It must be a work 
surface on which it is possible to place a greater number of 
symbols, allowing a greater number of actions. The interface 
must also support and simplify movement and interactions 
with the objects placed on the table, keeping memory of 
their previous position, of the lenght of the movements or the 
interactions between the different objects.
 The first prototype of the “Tavolo Luminoso” made within 
the Laboratorio di Simulazione Urbana “Fausto Curti” was 
created with scrap and commonly used material, like a card-
board box, a tracing paper, a scotch tape, a USB webcam.
 It was not back projected, but it has been useful to test 
the software, to study the relationship between the surface of 
the interface, the lens of the camera and interference of the 
ambient light.
 To create a back projected interface it has been decided 
to use plexiglas and tracing paper: the more common and 

computer to each object the software can read what objects 
are placed on the table and attach to each one of them an 
“identity”.
 So the problem has evolved into “which software can do 
this operation?”. The spread of digital devices and tangible 
interfaces has increased the production of software simples 
and for free created for passion and curiosity by people who 
are experimenting and sharing their experience on blogs and 
websites. With a wide range of software available it was not 
difficult to find a free one that would allow to make some of 
the features wanted. 
 The barcode system was used by the software Reactivi-
sion, developed for the Reactable (Jorda et al., 2007). It 
allows to connect the symbols, called “fiducial markers” (FIG. 
1) placed in front of the camera with virtual identities. It’s up 
to the user to decide what to associate with this identity in 
the digital world, as sounds, images or actions. ReacTIVi-
sion has no particular technical limitations: it can bind to any 
software which provides the possibility to be programmed 
and it is possible to choose between different computer lan-
guages as: Java, C++, C#, etc. There are also some easy to 
use graphical programs designed to translate what you draw 

Figure 2. The second prototype realized at the Laboratorio di Sim-
ulazione Urbana “Fausto Curti”: solar accessibility analysis of the 
Porta Nuova design project in Milan.

Figure 3. The third prototype realized at at the Laboratorio di Sim-
ulazione Urbana “Fausto Curti”.
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Interpretation of results
The “Tavolo Luminoso” is a tangible user interface open to 
a wide number of implementations both in terms of func-
tions and techniques for participatory planning. The tracking 
system recognizes different kind of objects without limits 
of content and the interface is composed by simple and 
low-budget items that can be easily found and implemented. 
These features make it a very flexible tool, open to different 
ideas and approaches in order to test, using the table, differ-
ent techniques and understand which are really interesting 
and which make sense. The tracking system of the “Tavolo 
Luminoso” is not yet stable, it has some technical troubles 
in accurately recognizing the symbols and the software and 
hardware, today on the market, have some limitations when 
dealing with particularly complex analysis, but the instrument 
could be suitable to be a tangible tool not only for public par-
ticipation, but also for training and research in cooperation 
with other users. When user needs will be clearer the table 
could be improved and the software developed using more 
elaborated and powerful tracking systems.

Conclusions and future work
Among applications and functions to be implemented to 
make this new tool even more effective, it should focus on 
four aspects.
 First, the representation of time: a physical model is lack-
ing of movement and therefore is lacking of the dimension of 
time. The landscapes are frozen indefinitely at a time and all 
possible flows and habits are difficult to be represented. Now 
with the “tavolo luminoso” it is possible to show shadows and 
their movements during the day; in the near future it would 
be interesting to implement the representation of urban 
rhythms, flows, and movements.
 Second, how to support users in the collaborative creation 
of mixed reality configuration: Now the “tavolo luminoso” 
allows to interact with both the physical and the digital model 
in the same time, but users can get images and models only 
from a pre-set catalog. To prepare this database of images 
and models will help to simplify the work and to shorten the 
processing time of the models. However, it could limit the 
creativity of actors in the participatory process. The system 
should include not only the ability to draw on a scene, but 
also to create “sketch objects “ at the time and to add them 
to a scene to allow users to represent in a simple and crea-
tive way their ideas and to see these ideas represented in 
the context they are working on. By resorting to the use of a 
3D scanner it would also allow to expand and improve the in-

cheap material on the market useful for this goal. The Plexi-
glas give solidity to the surface. Its transparency allows the 
projection to pass through it and the tracing paper, placed 
above the Plexiglas, blocks the light beam of the projector. 
Placing the projector below the surface, you get a new moni-
tor. Finally, by placing the camera under the table, so as to 
frame it, the computer “see” what happens over it and then it 
can interact with the fiducial markers placed on the surface. 
This was the second prototype (FIG. 2) made built using a 
cabinet, a layer of Plexiglas, a tracing paper, glue, a USB 
webcam and a projector.
 We decided to use a small surface, to test the capabilities 
of this new ideas without momentary excessive investment in 
technical equipment. The fiducial markers can be applied to 
physical objects, to make them more manageable.
 The last step of the construction of the “Tavolo Luminoso” 
has been to make it bigger and touch screen, to allow the 
users to interact with each other around it, and to allow to the 
camera to read presence and movement over the surface of 
the table, not only of the fiducial markers, but also of fingers. 
In this way it can be avoid to use keyboard and mouse and it 
is possible to  interact in real time with objects and software, 
as we are used to do with a personal computer, but in this 
case, tangible. To do this it has been used a new software, 
CCV, designed to read the movement of objects in space, 
according to their shape or size. It is not specific as Reac-
tivision and treats images as categories of objects, not as 
individual identities.
 When it has been tried to use a map or an orthophoto as 
a background, it has been encountered a technical problem 
of the software: different colors and shades disturb the im-
age captured by the webcam and not allow ReacTIVision to 
recognize the fiducial markers placed on the surface.
 We therefore decided to create a system for reading fin-
gerprints, which travels on a different spectrum: infrared. To 
do this it is necessary to create an electronic circuit for infra-
red LEDs, which project a beam of light inside the structure 
of the table. The surfaces of the acrylic does not allow this 
bundle to get out, making it bounce inside of it. The webcam, 
modified to be able to read also infrared, analyzes the state 
of the light beam. By placing the fingers on the surface the 
infrared beam is interrupted and the webcam is able to read 
their positions and movements. The third prototype (FIG.3) 
was built using the following items: a light metal structure, 
bolts, one layer of Plexiglas, a tracing paper, a USB camera, 
a projector and a glass. 
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teraction with the physical model, making it easier and more 
open to an unlimited number of design solutions.
Third, to give “voice” to the representation explaining the ur-
ban soundscape. From a perceptual point of view it would be 
interesting to recreate the soundscape: this can help users 
to perceive depth and distance, landscape levels, changes in 
time rhythms, as day and night, flows of people and vehicles, 
the distance from the railroad or a river, etc. This matter is 
very complex and requires technical insights to produce 
it. Another way to face the topic is to generate conceptual 
soundscape representations on the table screen. This kind 
of information would give a significant added value to the 
understanding, analysis and design of urban space, and 
therefore it would be preferable that the “Tavolo Luminoso” 
would be implemented in this way.
 Finally, another feature to implement is related to the 
modalities for storing and re-creating scenarios, as well as 
multi-views that can be followed, opening horizons and / or 
exploring the history of interventions. This application is pri-
marily concerned with the physical models: while for an im-
age, for a sketch or a digital model is easier to keep backup 
copies of the various steps that have led to the creation of 
the final model, when we have to deal with physical models it 
is more difficult to keep the history of the different steps. One 
can take pictures or make videos during work sessions, but it 
would be difficult to reconstruct the different design steps.
Our table is a tangible user interface open to a wide number 
of deployments in terms both of functions and of techniques 
of interaction design. The following questions are open: how 
to use materials and spatial properties in the design of both 
physical interfaces and interactions between users? How to 
manage the complexity of urban interactions trying to keep 
interfaces simple and transparent?


