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Abstract 
A tangible 3D tabletop combines tangible tabletop 
interaction with 3D projection in such a way that any 
tangible objects can be augmented with visual content 
corresponding to its physical shape, position, and 
orientation on the tabletop. This means that the flat 
tabletop surface together with the tangible objects 
becomes a deformable interface.  
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Introduction 
Tabletop interfaces represent an area of interface 
technology that has recently seen a dramatic increase 
in the application of multi-touch interfaces, where 
several users can simultaneously interact directly with a 
flat surface, using their fingertips. But, like most 
physical tabletops, digitally tabletop interfaces are flat 
and 2-dimensional. 

 

This paper is based on an article published in interaction magazine [4].  
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In our research laboratory, CAVI [4], we have for the 
past four years examined the potential of extending the 
tabletop interface into the third dimension [1,2,3,5]. 
Whereas tangible interaction in the context of tabletop 
interfaces has predominantly employed physical objects 
as input devices, we have explored how tangible 
interface components can also become display through 
the use of 3D projection (also known as projection 
mapping. 

A tangible 3D tabletop thus combines tangible tabletop 
interaction with 3D projection in such a way that any 
tangible objects (which we will from hereon refer to as 
a tangible) can be augmented with visual content 
corresponding to its physical shape, position, and 
orientation on the tabletop. This means that any 
tangible can simultaneously serve as an input and 
output device. Multiple users can collaborate by both 
manipulating tangibles and using multitouch interaction 
with the tabletop, and the system can visualize the 
effects of individual and collaborative interactions on 
the tangibles and the tabletop. A tangible 3D tabletop 
can be characterized as a particular type of  

In this article we present two of the very first examples 
of this novel type of interface, namely Tangible Urban 
Planning, developed to support participatory urban 
planning, and Tangible Blueprint, a companion 
installation for exploring the interior of buildings. An 
addition case, Projected Play, has been accepted for 
ACE 2014 [5].  We then identify some issues for 
discussion when for designing and employing tangible 
3D tabletops as deformable interfaces. First, though, 
we introduce the technical 
platform.

Fig 1. Principles of 3D projection. 

3D Projection and Tangible 3D Table Tops  
3D projection on physical objects is a particular kind of 
augmented reality that augments a physical object by 
projecting digital content directly onto it [2]. 3D 
projection installations are based on having an accurate 
3D model of the physical part of the installation. In the 
digital 3D world, we can produce digital content 
corresponding to the shape of a physical object, and by 
positioning and calibrating the projection system so 
that the relationship of the projection to the physical 
object corresponds to the virtual camera’s relation to 
the 3D model, we can project the digital model onto the 
physical elements of the installation, thereby 
augmenting the physical object.  

As an example, if we start out with a physical object, 
for instance the white object in Figure 1, we can create 
a virtual 3D model of the object (the grey shape in 
Figure 1). In the digital world we can modify the digital 
object, for instance, by changing one or more of the 
surfaces, and subsequently project the modified digital 
object onto the physical object, thereby augmenting 
the physical object.  



 

 

Fig 2. The main components of the tangible 3D tabletop 

It is relatively straightforward to use standard visual 
effects (e.g. change of colour, texture, illumination and 
use of particle systems) that are part of existing 3D 
software for creating intriguing effects and illusions 
when used in 3D projection on physical objects [1].  

The tangible 3D tabletop installations developed by our 
research laboratory, CAVI [4], consists of a translucent 
table surface under which two projectors (2) and two 
cameras (2) are mounted, see Figure 2 and [2]. Above 
the table, two additional projectors (3) are mounted 
(additional projectors can be mounted in order to avoid 
blind angles and compensate for occlusion). The 
projector beneath the table displays the content on the 
table, while the projectors mounted around the table 
project content onto tangibles, which are fitted with 
visual markers beneath their bases. The visual markers 
and tracking software is similar to that found in the 

well-known Reactivision software, however our custom 
developed tracking systems, BullsEye, has been 
developed in order to provide increased precision and 
rapid feedback hereby reducing pixel bleeding and 
interaction lag [6].  

Tangible Urban Planning 
Tangible Urban Planning is a tangible 3D tabletop 
installation for collaborative urban planning: 

Video link: www.cavi.au.dk/TUP. 

The installation is an early exploration of how 3D 
tabletops can support collaborative activities in urban 
planning and development projects, including 
participatory activities. On the tabletop surface we 
project a road map representing the neighbourhood of 
concern for the urban planning process. Moreover we 
operate with two kinds of tangibles: cuboids (boxes) 
that represent buildings, and cylinders, which act as 
controls or interaction objects. The cuboids are white, 
but when placed on the table, colour and façade 
elements are projected onto them, (Figure 3). As part 
of the installation we have added an extra display to 
standard tangible 3d tabletop setup described above. 
This display visualises a camera view into the three-
dimensional world so that users can get a sense of 
what it would look like from a first person perspective. 
Cuboids can be placed on the table surface and moved 
around while the camera view is updated in real time 
on the separate display. In addition to the cuboids, 
which all represent buildings, we have three types of 
cylinders, which act as controls. The first cylinder is the 
camera controller, which controls the position and 
direction of the first person view shown on the extra 
display.  



 

 

Fig 3. Tangible object with projection mapping 

By moving the camera controller, users can see what a 
stroll through the fully rendered 3D world would look 
like. The second cylinder is the colour controller, which 
can change the colour of the facade of a building when 
it is placed next to a building cuboid.  Users can select 
and switch between colours by turning the colour 
controller as a dial. The third cylinder is the time 
controller, which controls the time of the day in the 
virtual world. The time controller also functions as a 
dial and when it is turned, the lighting conditions 
change as the sun or moon moves across the virtual 
sky and illuminates the buildings, which in turn cast 
shadows. All of the tangibles can be employed 
simultaneously, and this enables multiple users to 
collaborate on placing buildings, trying out different 
colour variations and seeing the first person view at 
different times of the day.  

 

Fig 4. Selecting colour by turning a cylindrical object 

Tangible Blueprint 
In the case of Tangible Urban Planning, 3D projection is 
employed to visualise and explore how buildings could 
be located in a suburban zone that is under 
development. In a supplementary study, we developed 
the Tangible Blueprint installation to further examine 
how this form of interface could support architectural 
planning. A blueprint of a planned building is displayed 
on the tabletop, while a recangular tangible positioned 
perpendicular to the tabletop offers a 3D view into a 
model of the building. This enables users to experience 
the 3D model of the building, complete with surface 
textures and lighting, in real time [see Figure 5]. In 
contrast to the camera view in Tangible Urban 
Planning, which was displayed on an external display, 
the view into the 3D world is here displayed directly 
onto the tangible. When the tangible is moved, the 
perspective changes correspondingly. In effect, the 
tangible thus acts as both an input device (controlling 
the camera view) and an output device (showing the 



 

viewpoint in the 3D world). This system also supports 
multi-user interaction. By placing multiple tangibles on 
the table, multiple users can explore different portions 
of the building at the same time. Also, different 
tangibles can represent different aspects, for example, 
one tangible can display the selected part of the in 
bright daylight, a second tangible can show a night-
time view, while a third tangible can show an x-ray 
view to reveal infrastructure such as wiring and tubes. 

Themes for Discussion 
At the workshop we would like to address and discuss  
the following themes and questions: 
 

§ What is difference between Tangible 3D Tabletop 
interfaces and other kinds of deformable interfaces? 

§ How do we design content for deformable 
interfaces?  

§ What is the interface language for deformable 
interfaces? 

§ Which kind of visual effects may be created using 
deformable interfaces? 

§ How may shape together with content 
communicate? 
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