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1 Introduction 

Following advances in display and interactive technologies, over the last two decades 
projectors combined with different sensors or camera equipment have been widely 
used as an interface technology in multi-media exhibits. Research shows that 
interactive materials such as these projectors can play a critical role in the success of 
the design of a museum exhibition or exposition [1]. For design practitioners— 
especially in the fields of interaction, interior, or architectural design—the use of 
projectors with sensor technology is often applied as a type of design material [2].  

Though interactive projections systems are commonly found in museums and 
expositions where they are used as design material, a more detailed look into such 
systems has so far been lacking. In order to better help define what is meant by 
interactive projection systems this paper summarizes their various characteristics into 
nine categories: Physical and Digital Duality, Tangibility, Size Flexibility, Form 
Variety, Distance, Reflection, Environmental Effect, Shadow Intervention, and Lamp 
Expiration. Definitions are based on an empirical study of the authors’ previous multi-
media exhibits and are given in hopes that they will help future practitioners better 
form design strategies and also aid further studies and applications in the field. 

2 Relevant Work 

The history of the projector can be traced back to the 17th century when magic 
lanterns were first being popularized in Europe [8]. But it was not until the 1980s as 



 An Empirical Study of the Characteristics of Interactive Projection Systems 247 

 

the projector begun to be widely used in both schools and businesses that its potential 
to facilitate human communication and interaction became apparent [9]. 

Working in the field of Human-Computer Interaction, Hiroshi Isshi at the MIT 
Media Lab proposed the concept of Tangible Bits [3] that employs digital projection 
combined with physical material to achieve tangible and intuitive human-computer 
interactive experiences. Such a mixed reality method embodies digital information 
into physical materials through a projector-camera system framework, thus offering 
visitors a novel type of interface material. This method has become a common 
approach for interaction design researchers when implementing interactive 
technologies in their pursuit of the vision of Ubiquitous Computing [4]. Technically 
similar, IBM's Everywhere Display Project uses an omni-directional motor that 
rotates a projector to project interactive screens everywhere inside a room as an 
approach to turn any surface into interactive material [5]. Although it's arguable that 
the interactive projector was not specifically created for design purposes, it has 
nevertheless found a home as a design material in interior and architectural design, 
interactive installations design, new media art, and exhibit design to name just a few 
fields. Many interaction design practices applying projection techniques have been 
carried out in the design of interactive exhibits, resulting in various interactive exhibit 
technologies, which are commercially affordable [6].  

3 An Empirical Study Based on Design Practices 

The goal of this paper is not to define the technical specifications of interactive 
projection systems, but to clarify why and how it is seen as a design material. It must 
also be noted that the framework proposed in this paper is limited to present-day 
projector technology and practices and, thus, should be modified in later research 
stages.  

As a practice-based research, this paper uses the constructive design method [7]. It 
carries out an empirical study of the projects undertaken between 2007 to 2012 by the 
authors, during which digital projection systems in combination with different sensing 
methods and sensor technology were used to create various types of interactive design 
installations. In the authors’ nearly six years of practice, digital projection as an 
interactive material, has been used to create interactional and communicational spaces 
in the context of museum exhibitions, commercial spaces, and public art settings. 
Based on these experiences and perspectives derived from related works, the 
characteristics of an interactive projection system are summarized below. 

4 Characteristics of Interactive Projection System 

We define an interactive projection system as a creating a projection image that 
overlays onto a physical object to create a new ‘sensation’ for that object, while  
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enabling visitors to interact with said object via touch, movement, or mechanical 
controls. The interactive projection system encompasses several characteristics. 

4.1 Digital and Physical Duality 

Interactive projection systems encompass both digitality and physicality. Digital 
projection (digitality) can be projected onto any physical surface (physicality) to 
become tangible, while physical surfaces can be turned into dynamic digital material 
when projected on by digital images. 

4.2 Tangibility  

A projection is visible, but not tangible. It, however, creates a sense of tangibility 
when projected onto differently textured surfaces, collocating with physical materials 
in a cohesive framework. By projecting onto different physical materials such as 
acrylics, wood, water, paper, etc, different sensory effects are created. A projection 
also creates different tactile responses when combined with different textures.   

4.3 Size Flexibility  

The size of an interactive projection system can be varied by adjusting projection 
distance, or by merging different projections into a single, large one. It can be as large 
as a building facade, or as small as a hand-held device. It can also be made to fit the 
different shapes and forms of physical materials through the overlay of black masks in 
front of the projector lens, or through corresponding virtual masks in the software.   

4.4 Form Variety 

A projection can be projected onto any 2D or 3D physical object, wrapping it with a 
luminous projection material. Projection distortions occur when projecting onto 
uneven surfaces, or with projection angles that are not 90 degrees to the projected 
surface. This can be fixed by reversing the projection image using software or 
different projection lenses. This will enable the projection to be correctly overlaid on 
an uneven surface. 

4.5 Distance 

State-of-the-art projectors require a certain distance to project a certain size of 
projection. The distance between the projector and the projection image will decide 
the size and the quality of the projection. The longer the distance and the larger the 
projection size, the lower the resolution and the lighter the image. Conversely, the 
shorter the distance and the smaller the projection size, the higher the resolution and 
the more vivid the image.  
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4.6 Reflection 

A projection can be redirected towards different directions and imaged onto different 
places via mirror reflection with different angles. This method is often used to 
overcome physical space constraints by shortening the projection distance using 
multiple mirror reflections. 

4.7 Environmental Effects 

The brightness, contrast, and clarity of the projection image will differ under different 
ambient lighting conditions. In general, the darker the environment, the clearer the 
projection image, and vice versa. 

4.8 Shadow Intervention 

Any visible object that appears inside the scope of projection will cause a shadow on 
the projection image. The location of the shadow is based on the position and 
projection angle of the projector. 

4.9 Lamp Expiration 

The life of a projector lamp will come to an end after a certain time (in most cases, 
1.5 to 2 years). Performance in the form of color, contrast, and brightness may also 
decline with time. Nevertheless, with regard to the time span for an average 
exhibition, the current working life of a projector lamp is seen as being acceptable. 

5 Application Examples 

The various characteristics of interactive projection systems discussed above have 
been in implemented in different forms among the authors’ many multi-media exhibit 
designs. When used as a visual communication tool, or as material for interaction, 
projection systems are excellent at creating engaging experiences and enticing visitors 
to learn more about the exhibit content. This section will provide some examples of 
the application of projector systems. 

5.1 A Ballad Grinding Project 

This project was one of the several installations designed for Hakka Expo 2010. It 
aimed at bringing fun via a traditional grinding action in Hakka, a category of 
Taiwanese traditional culture. The installation plays Hakka ballad and projects virtual 
flowers on the bowl while the user grinds the projection of moving lyrics inside the 
bowl via a pestle (Figure 1). 
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Fig. 1. Ballad Grinding project. Visitors interact with the virtual flower projection in the bowl 
via a physical pestle. 

This project attempted to enhance the impressions received by the audience by 
enabling them to play with a virtual projection via a physical pestle. The main 
characteristics of the interactive projection system for this project are summarized 
below in Table 1. 

Table 1. Projection system characteristics as seen in Ballad Grinding project 

Characteristics Design strategy
Digital & Physical Duality The virtual flowers and lyrics as digitality; the physical bowl 

and pestle as physicality. 
Tangibility Visitors grind virtual flowers via a physical pestle as a 

method of tangible interaction. 
Size Flexibility The projection is cropped to fit the size and shape of the 

bowl. 
Form Variety The projection is projected onto the bowl’s concave surface. 
Distance The projector is hung 2 meter above the bowl.
Reflection The projection is projected directly without reflection. 
Environmental Effect The installation is set up in a dark room for best image 

performance. 
Shadow Intervention The projector angle is adjusted to decrease shadow 

intervention.  
Lamp Expiration The lamp is checked regularly upon starting up the system. 

5.2 A Multi-touch Wall Project 

This multi-touch wall was part of the Zhonggang Ditch Pavilion. It was a 14-meter 
wide glass interactive projection that enabled multiple users to interact with the digital 
information presented through touch (Figure 2). Traditionally, descriptive information 
in exhibits is given as text and graphics on standard 2D boards. Interactive projection 
interfaces alter this method of communication by making text and graphics dynamic 
and interactive.  
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By altering the traditional communicative forms of an exhibition board, this multi-
touch wall was an attempt to entice visitors to learn more about content of the 
exhibition by virtue of the interactive process. The characteristics of this interactive 
projection system are shown in Table 2. 

Table 2. Projection system characteristics as seen in the Multi-touch Wall project 

Characteristics Design strategy 
Digital & Physical Duality The digital text and graphics are the digital, and the physical 

glass-made multi-touch wall is the physical. 
Tangibility Visitors can directly interact with the digital information 

projected on the wall through touch. 
Size Flexibility The projection is the result of the merging of 6 projectors 

onto a 14-meter wide surface. 
Form Variety The 14-meter wide projection surface is composed of 6 large 

pieces of glass; each piece shifts 5 degrees to form an overall 
curve. 

Distance The projector is set 1 meter behind the glass wall projecting 
an image onto a mirror that is then reflected back to the glass 
wall. This lengthens the projection distance to 3 meters. 

Reflection In order to fit the projectors in the space behind the glass 
wall, they are set to project towards the opposite direction to a 
mirror, with the images then reflected back to the glass wall.  

Environmental Effect Interior lighting containing infrared is used to avoid 
interference with multi-touch image tracking. The ambient 
light conditions are also controlled to maximize image clarity 
and vividness. 

Shadow Intervention To maximize the performance and quality of the multi-touch 
image tracking, the system uses rear projection to avoid any 
possible shadows in front of the glass wall.  

Lamp Expiration A blending machine is used to synchronize the quality of the 
image performance for the 6 projectors used, and the lamp is 
checked regularly upon starting the system. 

 

Fig. 2. A glass 14-meter wide interactive projection multi-touch wall 
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5.3 An Interactive Entrance Project 

This project was located at the entrance of the Zhonggang Ditch Pavilion. It was 
designed as a multi-projection environment that used interactive walls and floors to 
immerse visitors in an engaging spatial experience (Figure 3). Projected creatures and 
fauna (e.g. fishes, fireflies, flowers, and grass) react to the position and movement of 
visitors by detecting shadow changes.  

 

Fig. 3. An interactive walls and floor projection that react to visitors’ movements and positions 
by detecting shadow changes 

Table 3. Projection system characteristics as seen in the Interactive Entrance project 

Characteristics Design strategy
Digital & Physical Duality The digital creatures as digitality, and the physical 

environment (e.g. the surrounding walls and the floor) as 
physicality. 

Tangibility The users can interact with the projected creatures on the 
surrounding walls and the floor by physical movements such 
as waving their hands or moving to different areas of the 
space. 

Size Flexibility The projection merges 2 wall projections and 1 floor 
projection using a blended boundary. The blended boundary 
blurs the edges of the projection and makes the size of the 
floor projection frameless. 

Form Variety Strips of cloth hang on the wall to create a curve with a sense 
of layers. This, along with the frameless floor projection, 
creates a sensual space into which visitors can immerse 
themselves. 

Distance The wall projectors are set 3 meters away from the wall and 
the floor projector is set 3 meters above the floor.  

Reflection The projector is set on the middle of ceiling and directly 
projects images toward the walls and the floor without 
reflection. 

Environmental Effect Ambient light conditions are controlled to allow best image 
clarity and vividness. 

Shadow Intervention Visitors can use their shadow caused by the projection to 
interact with digital creatures on the surrounding walls and 
floor. 

Lamp Expiration The lamp is checked regularly upon starting up the system. 
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This project attempted to create engaging experiences by immersing visitors in an 
interactive environment. The main characteristics of this interactive projection system 
are shown in Table 3. 

6 Discussion 

For designers, the above characteristics of an interactive projection system can be 
used as a checklist to check the feasibility of an interactive projection design in its 
early design stages. It can also be used to inspire novel interactive projection 
applications.  

The examples shown in the previous sections are different applications of these 
characteristics aimed at creating vivid impressions and engaging experiences for 
visitors, as well as enticing them to learn more about exhibit content. The authors 
believe that interactive projection systems can also be applied in various contexts to 
achieve different interfacial or communicative purposes, such as fostering social 
interactions, as noted in [6].  

Compared to other display systems such as OLED, LED, or HDTV, projection 
systems are flexible in size and alterable in their tactile texture. They can be used 
either outdoors or indoors, and can communicate different sensations or create 
different interactive experiences when paired with other physical materials and sensor 
components. Although the authors can't say for certain whether the projection system 
will remain their main approach for interactive exhibit design; however, this approach 
has empowered the authors, as both curators and designers, to think of alternative and 
unique ways to design interfaces for the display of exhibit contents. 

Today, with the advancements in projection technology, using interactive 
projection systems can be a technically and economically affordable way to create 
multi-media exhibits, especially since integrating interactive media into exhibits has 
become a standard in the design of exhibitions today. Therefore the question is not 
whether projections are a suitable system of design, but how we can develop 
appropriate designs and effective applications that employ the characteristics of such 
interactive systems, instead of using projections solely as a screen interface. 

7 Conclusion and Future Work 

It is arguable that projections as a material for interactive exhibits have some 
technical limitations, such as projector lamp life and a higher threshold for 
implementation and maintenance. And though projectors still have technical and 
usability issues that need to be resolved, and interactive projection systems are still 
not seen as the standard in design mediums, designers, researchers, and new media 
artists have been using projection systems in exhibits for decades. The application 
examples discussed in this paper have shown different ways in which these systems 
can be achieved through proper design. 

This paper summarizes the characteristics of an interactive projection system based 
on the empirical studies of the authors’ own interactive exhibit design practice. These 
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characteristics can be seen as the operational parameters when designing different 
human-computer interactive surfaces, spaces, and visual or environmental narratives 
within multi-media exhibits. With such parameters in hand, the authors hope that 
others will find it easier to uncover new application methods and development 
strategies in the future. Another possible future direction perhaps can be to investigate 
qualitatively the sensory experience of different materials when combined with 
projection systems and observe how this match affects the emotive and cognitive 
understanding of the information being presented.   
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