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Abstract 

The accessibility of a new medium by artists and content creators leads to an 

exploration of sensorial and aesthetic aspects, which remediates the current cultural 

status quo, eventually resulting in new forms of expression. On the other side, the 

naive absorption of new technologies contributes for a society surrounded by high-

technological devices which are only superficially operated by users. These so-

called black boxes are often closed mass-produced objects accessible only by 

restrictive interfaces which limits usability. The growing accessibility of new 

manufacturing methods such as digital fabrication, assisted by online distribution, 

allowed more people to share expertise and technological information on digital 

platforms such as Do-It-Yourself (DIY) related forums and online repositories, thus 

fostering innovation. However, because of the way technology is embedded on 

these devices, programming is a key feature to master in order to access those inner 

components and customizing its functionalities. Many efforts have been done by 

open source community to offer more users ways to enter in contact with electronics 

and coding by maintaining online interfaces and services which can guide 

newcomers on their first steps toward developing outputs by themselves. Favored 

by this scenario, this research work proposes the design of novel tools aimed to 

support experimentations on projection mapping interfaces, while making use of 

digital fabrication and creative coding. These tools are built from very few and 

accessible components, aimed to be implemented by users at any skill levels, 

allowing for future customization. This study will go through a research framework 

on describing, prototyping and evaluating such tools, namely an interactive 

volumetric display based on multi-layered projection coordinate systems, which 

allows users to manipulate physical objects to control digital game contents, and an 

original projection system designed from scratch, made by modular laser pointer 

devices. Also, as part of evaluation, a source code written for these tools to facilitate 

projection mapping calculations was adapted, in collaboration with a performer 

artist, resulting in a selected work on digital content creator contest, and also, new 

methods and tools which supports the goals of this study. 
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Chapter 1! 

Introduction 

Often artists, as well as scientists, are also the creators of their own tools. In the 

case of the new media arts, they are the designers of creativity support tools for 

others to engage in an interactive experience of be originally creative in the 

production of a “co-authored” work [1].  

The present work addresses the designing of projection mapping tools to support 

contents creators on exploring new forms of expression. The scope of this research 

is limited to the study of designing these tools, while future evaluation regarding 

the creations designed by users making use of these tools are part of future work. 

Because the proposed tools seek for eventually resulting in a new medium where 

users could explore their creations, it is necessary to define what a medium is. 

The study of media theory by Marshall McLuhan contributed with ideas which 

consider media as extensions of man, which he constructed in order to understand 

how oral, written and electric technologies conveys as means of expressiveness.  

McLuhan’s has proposed a technique for analyzing media including the idea of the 

flip or the reversal, which forms the fourth law of his Laws of Media (LOM) [2] . 

Every medium, tool or human artifact enhances some human function (Law 1); 

obsolesces a former way of achieving that function (Law 2); retrieves something 

previously put to disuse (Law 3); and, Law 4 states that any technology when 

culturally absorbed (pushed to its limits) flips or reverses into its opposite or 

complementary form. Digital new media enhance interactivity, access to 

information, and two-way communication. They obsolesce mass media, like 

television and newspapers. They retrieve community. And pushed far enough they 

flip or reverse into hyperreality or the loss of contact with nature and our bodies. 

Thus, those tools (or interfaces) proposed on this work aims to enhance the access 

for projection mapping techniques. These tools or interfaces explores projection 

aesthetics, and its protagonist function creating mixed reality in combination with 
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tangible user interface concepts. McLuhan’s tetrad of media, as it is known, was 

used for evaluating the perception of users regarding these proposed interfaces and 

their applicability. The aesthetics of projected light source was explored by building 

a custom projection system which uses laser modules beamed at 405nm (near 

Ultraviolet) and phosphorescent (glow in the dark) supports and its graphical 

(visual) results. Secondly, an interface which makes use of dynamic projection 

mapping techniques to create mixed reality was proposed as means to explore user’s 

creativity on game by letting players making use of physical customized shape to 

display and affect the game play. These projects are discussed on following chapters 

in detail.  

 

1.1 ENABLING COLLABORATION 

Although creative individuals are often thought of as working in isolation, much of 

our intelligence and creativity results from interaction with tools and artifacts and 

from collaborating with other individuals [3]. In common, the present projection 

tools were designed and prototyped making use of fast prototyping methods – 

digital fabrication – and open source electronic components which could facilitate 

its eventual distribution, evaluation, collaborative improvement on online 

repositories. Online distribution might contribute to code mutation and yet resulting 

on more interesting mediums than the original. Technical limitation of an 

industrialized apparatus - and thus a tool acquired by the artist as any other goods - 

influences in the artist's creation. Following this way of thinking, the photographer 

plays only with what the camera can reproduce. Although the photographer has the 

know-how regarding the use of the camera, at some point, the awareness of the 

limitations of the camera conditioned and incepted the photographer’s thinking – 

even if unconsciously – to the desires of industry. These high-technological objects 

which operators make use by inputting something in return of expected output, but 

don’t know how input and output are connected are often called black boxes [4, p. 

40].  
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The experimentation process is as important as the final results the artist can get 

from a technique. The creative process that deals with the doubtful inclusion of new 

media must be heuristic at a certain level for the artist to synthetize its use but yet 

keep his sensitiveness in a good shape. Many artists are now turning to new media, 

however just few are willing to go scientifically and produce research into the 

sublevels of elements, or thinking it strategically before composing, or transforming 

it into expressive material. Yet this is exactly the kind of research which was 

undertaken by Russian and German avant-garde artists of the 1920’s in places like 

Vkhutemas and Bauhaus in relation to the new media of their time [5, p. 40]. 

 

1.2 OVERCOMING HARDWARE LIMITATIONS BY USING SOFTWARE 

The investigation of a definition of new forms of expression results in subjective 

forms of evaluation. However, it is clear to admit a new medium, reflects in new 

possibilities of expression, as it happened with cameras, with the cinema, tv, and 

the internet. Alan Kay, one of the pioneers on the field of computing science: 

The computer is a medium that can dynamically simulate the details of any other 

medium, including media that cannot exist physically. It is not a tool, although it can 

act like many tools. The computer is the first metamedium, and as such it has degrees 

of freedom for representation and expression never before encountered and as yet 

barely investigated. The protean nature of the computer is such that it can act like a 

machine or like a language to be shaped and exploited.  

Many of the pioneers who contributed to the development of the Graphical User 

Interface (GUI) during the mid 60’s knew about the potential of this machine, the 

computer. They also expected this new medium could be extended by others, thus, 

to achieve this goal, the computer should provide to the end-user a much smoother 

and intuitive set of tools to encourage its accessibility by ordinary people. The 

design of the GUI borrows Alberti’s window concept from the Renaissance by 

encouraging the user to consider the screen as a frame to a virtual world, yet wisely 
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fill this new digital universe with buttons and icons people can easily co-relate in 

their daily life.  

An industrial mass-produced media technology fuses the hardware and software 

into one single element, such that it becomes impossible to manipulate its contents. 

As example, a book, can’t have the order of its pages changed by the reader. The 

film projector combined hardware and a “media player” software into a single 

machine. In the same way, the controls built into a twentieth-century mass- 

produced camera could not be modified at user’s will. He concludes: “And although 

today the user of a digital camera similarly cannot easily modify the hardware of 

her camera, as soon as transfers the pictures into a computer she has access to 

endless number of controls and options for modifying her pictures via software” [5, 

p. 60].   

Creative coding - A term used to specify a code (programing language) developed 

to be expressive, instead of functional. Processing is an enormously popular, very-

high-level programming language that began at MIT in 2001. Processing was 

intended to be a learning language, a tool to get non-programmers, particularly 

artists, hooked on code via the promise and delivery of immediate visual feedback.  

In this work, Processing was used as much as possible to create an environment 

compatible with the roots of the supporting tool it represents. 

 

1.3 PROJECTION MAPPING CURRENT SCENARIO 

Also named Video Mapping or Spatial Augmented Reality, is a technique which 

makes use of projection devices to typically display contents on the surfaces of a 3-

dimensional object. First use of this technique is attributed to Disney’s Haunted 

Mansion, in 1979, where recorded actors’ faces were projected onto statues shaped 

roughly on same proportions to their faces, creating the illusion these statues were 

singing. Nowadays projection mapping is mostly known from general public as a 

festival or illumination attraction on theme parks, concerts, buildings, etc. 
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Many companies and startups are targeting projection mapping related products and 

services since trend forecasts announces the overall market is estimated at USD 

1.37 billion in 2018 1and is expected to reach USD 3.56 billion by 2023, at a CAGR 

of 21.10% between 2018 and 2023. Growing investment in product advertising and 

increasing need for greater audience engagement are boosting the projection 

mapping market. Among other things, this includes hardware suppliers, software 

developers and content creators2.  

 

1.4 COVERED CONCEPTS FROM ART FIELD 

As we see occurring in other interactive media, such as in digital games and virtual 

reality, the way these interfaces mediate the participation of users conceals the 

hardware and the graphical interface from them, transforming the tool into a mere 

extension of the user’s body. This transparency which leads to immersion has object 

of search of many artists since long time ago. However, such transparency of the 

medium could constrain the viewers’ reality to a continuum in which they will not 

be able to sense the artist’s work as novel reality, but accept it as extension of their 

own reality. The “amazement” or “wonder” requires viewers the awareness of the 

medium. If the medium really disappeared, as is the apparent goal of the logic of 

transparency, the viewer would not be amazed because she would not know of the 

medium's presence. She would have the experience of trompe I'oeil before realizing 

that is a trompe I'oeil. The amazement comes only the moment after, when the 

viewer understands that she has been fooled. This amazement requires 

hypermediacy, and so the double logic of remediation is complete [6, p. 158]. 

Hypermediacy confers the necessary distance between the experience itself, and the 

one participating the experience, in order one can contemplate his or her interaction. 

Immediacy and Subversion are concepts connected to the specific design principles 

explained on following chapters. Immediacy is the subtraction of medium to 

produce convincing illusionism -  an inevitable consequence of mixed reality 

environments. The use of the UV radiation as projection element evokes the 
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silhouettes of the subversion concepts while dealing with a non-traditional element 

in computer vision field. This medium is going to be exploit in experimental ways 

in search of new forms of expressions on chapter 4 and 5. 

 

1.4 RESEARCH GOAL AND LIMITATIONS 

This research focusses its efforts on designing tools and/or projection interfaces 

capable of supporting content creators. Ultimately, these tools could incentivize the 

emerging of new forms of expression. These tools are limited to the scope of 

projection mapping and alternative projection techniques. It is worth to mention 

that the use of digital fabrication is presented on this work not as a means to achieve 

subversion, but as a tool to extend and democratize a base original design and 

related technology used on the manufacturing of such interface. 

The present work is limited to design a new medium according to McLuhan’s tetrad 

of media principles, taking in account new art movements are results from the 

evolution of technology thus giving artists new tools for expressing their works. 

These tools refer to different kind of media, such as the invention of glass, tempera, 

oil painting, cameras, carbon fiber, computers, etc., but also different kind of 

techniques or styling, such as pottery kilns, linear perspective, collage, cartoon 

animation, manga, cinematic spatiotemporal montage, advertising banners, music 

clips, etc. 

To evaluate the designing process described on this research work, three prototyped 

projects were elaborated and two of these have chapters dedicated to their design 

process, and results. First of these two projects, chapter 3, introduces a novel game 

console target for dynamic projection mapping and tangible user interface and 

methods to reproduce that interface. Second project, chapter 4, is a multi-laser-

module projection system users can built from scratch, users can build by following 

available instructions on GitHub (online repository). Both proposed interfaces on 

chapter 3 and 4 includes on their respective chapter a subchapter dedicate to 

demonstrate what kind of possible novel forms of expression that interface can 
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eventually achieve. These demonstration is part of user evaluation, also detailed on 

each subchapter. The last prototype is briefly introduced on chapter 2, as empirical 

attempt to prototype a novel projection interface using laser cut acrylic parts to 

assembly small controllable modules able to project a laser bean onto movable 

arched objects reproducing a wave effect. Chapter 5 is dedicated to the exploration 

of new forms of expression by evaluating the projection proposed in chapter 4, in 

collaboration with a performer artist, also a chance of evaluating support to a 

performer regarding projection mapping techniques with accessible technology. 

In this research work, the term “new forms of expressions” is limited to the realm 

of visual representations. Collaboration on materializing this new form of 

expressions are expected to take place on the field of Arts, but also, including all 

the visual and audiovisual industry responsible for producing imagery we have 

available nowadays. During the period of time dedicated to this research, the 

improvement for each project was continuously evolving until the last moment. It 

is affirmative to say that many of the original goals of this projects requires a 

broader period of evaluation and evolvement of collaborators able to produce and 

evaluate new forms of expression in the future. 

 

Figure 1.1 - Thesis structure 
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Chapter 2! 

Design Framework 

The present research work on developing a new form of expression is biased on 
some concepts already well founded on the field of arts, in special, discussing topics 
related to new media. These are, mainly, the concept of immediacy and subversion. 
In this chapter, these concepts are organized in relation to other sub concepts which 
shares similarities and principles. Some examples based on the historical and 
heuristic approach to the study of History of Art and artistic proposition will touch 
the points elaborated on this work and the basic concepts for prototyping the 
projects presented on next chapters. Specific principles were formulated as 
guidelines based on these basic concepts, and oriented the designing process. 

A new design paradigm is emerging. With the development of open-source 
prototyping technologies, individuals typically considerer the end user are now 
capable of design and fabrication of complex devices [7], blurring the lines between 
a design target for mass-production and parallel network of collaborators, from 
designers, suppliers and consumers. Online incubation platforms, such Kickstarter, 
have given the opportunity to people to test their ideas among enthusiastic users, 
fond to novel products. Many platforms destined to individuals to share their DIY 
(Do-It-Yourself) solutions and projects have become very popular on the internet 
on websites such as Instructables.com, now under domain of Autodesk. These 
custom-made designs are under constant refinement by users who might adopt part 
of a solution and adapt it to attend some specific requirement on their own particular 
project. In these communities, experts can bring contribution with specific technical 
knowledge later implement by interested members. This democratization of 
technology fosters the possibility of novelty to come from the combination of 
principles often reject or not tested design by a group of individuals. Genuine 
technological advancements are within the scope of non-experts [8]. From 3D 
printed cellphones to state-of-the-art flying suits, it is a great opportunity for a 
whole generation to share creativity.  



 

 

 

16 

 

2.1. GUIDELINE FOR DESIGN PRINCIPLES  

As minimal requirement, let us assume the possibility users can have access to the 
technology necessary to materialize digital contents distributed over the internet 
and the user is allowed to making use of open source commercialized parts or 
electrical components required, such as microcontrollers or motor driver boards. 
This research work proposes the fabrication of tools used to incentivize new forms 
of expressions. The scope of these designed tools is constrained by two main 
outlines (specific principles): a) “Alternative Projection interface” - the output 
design must be a projector device or must work intrinsically in association with a 
projector. This invoke aesthetical elements found majority on projection mapping 
installations or augmented reality projects regarding the use of projection as source 
of digital contents. This is direct connected to the concept of immediacy, applied to 
creating the illusion necessary to deceive the human senses in order to conceal the 
interface between individual and contents, typically a common place for VR and 
AR experiences to occur; b) “Shared development of technology” – including all 
software written exclusively for these projects - set to be open source, and the 
projects’ reproducibility and iterative improvement though the use of digital 
fabrication processes: mainly with focus on 3D printing and laser cutting 
dependencies. Here, this principle guideline is related to DIY and all the creative 
aspects users can bring to reinterpret, and/or hack, a subject/device once its 
operation is demystified along with the makers’ community. An educational and 
beneficial aspect of DIY activities. Frauenfelder [9] illustrates further reasons for 
the empowerment through DIY activities. He reaches the conclusion that 
participation in DIY leads to more comprehensive understanding of the 
environment and consequently the sense of control over that. This is precisely the 
topic being discussed under the concept of subversion, understanding how input 
relates to output inside a word of high-technological black-boxes that surrounds us 
and not quite the constant need of reinterpretation the functions of mass-produced 
designs. The results of empowerment associated to a challenge task of building 
something expected to be complex will be partially described on chapter 4. These 
two aspects will expand to related concepts discussed on the rest of the chapter.  
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2.2.1. CONCEPTS OVERVIEW  

Figure 2.1 and 2.2 show diagrams illustrating how this research work is structured 
in terms of co-relating the present concepts with the design specific principles 
adopted along with the solutions proposed as interfaces for incentivizing future 
forms of expressions. In Figure 2.1, a user is defined as a content creator or game 
player. A content creator can be expanded to artists, designers, developers or any 
operator decided to use an interface for expressing or communicating an idea. On 
chapter 3, an interface designed to enhance mixed reality (MR) on games is 
proposed, thus targeting game players; a new projection mapping supporting tool 
is constrained by design principles mentioned earlier. The tool is the medium or 
interrace a user interacts to create or to be impacted by eventually new forms of 
expression, in the future. On the next page, Figure 2.2 defines the function and a 
more detailed structure of the tool and relates to concepts shown in Figure 2.1.  

 

Figure 2.1 - Overall view of concepts and design framework. Access to the tool is 
facilitated by the tool replicability itself through digital fabrication and online 

distribution. The tool aims to support and incentivize the creation of new forms of 
expression by users related to projection mapping. 
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Figure 2.2 - Specific principles. The development of this work relies on two basic 
requirements which associates “projection interface” and “shared development” as 

intrinsic elements combined to the output shown on Figure 2.1.  

 

2.2.2. SUPPORTING TOOLS FOR CONTENT CREATORS 

When creativity and cognition are to be evaluated, Candy [10] suggests  that 

although we are currently living a demand for advanced IT tools that provide 

support for creativity, academy still lacks of effective forms of evaluating such tools 

or methods since analysis are often taken in a discreet way while it remains difficult 

to categorize what is “new” and what is “valuable” along the creative process. In 

an effort to investigate what are the components, Herring and colleagues [11] have 

in deepen analyzed various creativity models ( [12],  [13], [14], [15], [16] ) and also 

cognitive processes models. These latter, due to its complexity have said to find not 

good applications among idea generating sessions, but for all these models, it is also 

fact that few studies have been done [17]. Herring have also provided their own 

idea generator model based on a study with designers and their creative process.  
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Schneiderman [15] states that while telescopes and microscopes extended an 

individual’s perceptual abilities to make discoveries, these are only tools. Users are 

the ones to create something by using them. Modern creativity support tools also 

enable new forms of expression for individuals, and they are especially potent in 

supporting group collaboration and social creativity. According to him, Creativity 

includes discovery or invention of a significant idea, pattern, method, or device that 

gains recognition from accepted leaders in a field. 

 

Figure 2.3 – Schneiderman’s samples of classes of creativity support tools and examples 
of products. 
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2.2.3. PROJECTION MAPPING COMMON TOOLS 

Content for projection mapping is still mostly created via a tedious manual process 

by warping a 2D video file onto a 3D physical object representation. With existing 

tools, content must be created for each specific display object, and cannot be re-

used across experiences. This means each time projectors and objects are moved or 

changed, new setup must be arranged warping objects to their correspondent 3D 

position. These tools and setup limit projection mapped experiences to controlled 

environments and static scenes. This manual content creation process is time 

consuming, expensive and doesn’t scale. Common commercial and opensource 

applications used for projection mapping (such as MadMapper, Isadora and VPT) 

focus their user interface – the primary action is to “warp” a video on a 3D object 

and “mask” its borders. Some of these applications allows expansion of its 

functions so it become possible to implement motion capture devices as inputs to 

interact on projection results.  

Other techniques based their setup strategies on using 3D data representing the 

physical object and determining projection pose though manual picking 

correspondent points or automatic projector pose estimation algorithms (Gray code, 

point cloud raw data interpretation, etc.). This technique seems to be less intuitive 

for most users since some are not familiar with 3D environment applications 

however it is the current technique which allows dynamic projection mapping 

projects to be experimented and the reuse of settings on different installations. This 

research work makes use of an authorial library created for Processing IDE, 

designed for this research work. This library simplifies the coding of projection 

related calculations and have built-in methods dedicated to projection mapping 

usage. Library is not yet finished, but runs satisfactory and its available at GitHub3. 

 

2.2. IMMEDIACY  

It is noticeable that technology becomes every day closer and closer to what could 
be called the last frontier of an ultimate-level cognitive experience. In such scenario, 
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there would be neither needs for concreteness nor spatial representation. By making 
use of neurotransmitters, it would be possible to deliver any artificial message 
directly to our somatosensory system, substituting all previous media, introducing 
us to a complete immaterial world.  

Perception (this is, visual perception) is the keyword for immediacy. According to 
the words of the German art historian Erwin Panofsky, “Perception does not know 
the concept of infinity; from the very outset, it is confined within certain spatial 
limits imposed by our faculty of perception” [18, p. 24] This means the perception 
of perspective and our capacity of detecting correspondence points between a two-
dimensional plane and extract the tree-dimensional element out of it is what makes 
perspective a so efficient technique to represent reality.  

Because we have evolved as species in a tree-dimensional spatial world, our eyes 

find great affinity to where they could spot for a few vanishing points even if it 

comes from a two-dimensional source of visual information such as a canvas or a 

monitor screen. Synthetic realism is any form of recreating an artificial world our 

brain can validate as possibly real. Since the development of linear perspective 

during the Renaissance, passing through the photography, cinema, and recently, 

after the improvement of hardware and software which made possible the 

interactive virtual reality, artist and technicians have always been in pursuit of new 

media to establish a deeper communication with the observer.   

 

2.2.1. THE REMEDIATION OF LIGHT  

As the development of technology progresses, and new kind of materials and 

devices become culturally assimilated - thus, available for experimentation in some 

artistic model - the amount of choice of a means to express a concept becomes 

proportionally wider. The electronic art followed the principles of its antecessor 

non-electronic performance and installation art movement from the 60’s, by 

including video installations and electronic music to it. Electronic artists can now, 

with the assistance of a computer, create much more immersive experiences where 

the viewer can walk through a virtual space and wear special suits plugged to any 
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device which capture her movement and transform it into a new kind of visible 

experimentation [6, p. 68] 

It is a commonplace idea that new media remediates old media before finding itself 

its own identity. Bolter and Grusin define remediation as “the representation of one 

medium in another” [6, p. 45]. Photography was initially ruled under the painting 

ideas. The early films were narrated under the concepts of theater. In order to 

develop a new medium, artists and technicians always have been creating apparatus, 

which referenced previous media. Lev Manovich [19, p. 55] points that when Alan 

Kay, Ted Nelson, Ivan Sutherland – among other researchers at Xerox PARC – 

have expanded the computer interface during the 70’s, they expected the computer 

could be able to remediate previous media like writing, drawing, painting, and so 

on. But also, computer would be able to add new immaterial properties to this 

physical media. Common nowadays, the possibility of “hyperlinks”, “copy and 

paste”, “save as”, “add layers”, “change colors”, “mouse click and drag”, are some 

of the concepts theses pioneers have launched more than 40 years ago.  

It is also possible for a formerly medium to absorb elements from new medium, and 

then establish a new language paradigm to expand its realm. This is a clear case in 

film industry, which gradually absorbed computer generated elements from 

supporting props until the production of totally computer-generated scenes.  

 

Figure 2.4 – Projector archeology. Advertise of Apparatus used for Magic Lantern shows 
and set of slides for adding transitions and effect to an image. 
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Although medium has evolved, it seems to be still actual what Hegel states in 
Phenomenology of Spirit (1807), where Art express the spirit of particular cultures. 
The whole aesthetic can be affect by the acceptance or popularity of a certain 
medium. The digital cutout animation, which became popular after the 
democratization of computer graphic and video editing applications, in special, 
because of the internet. In early 2000s, an application destined for animation and 
interactive content on the web, Adobe Flash, (formerly Macromedia Flash), was 
ubiquitous on desktop computers and was increasingly used not only as a way to 
display interactive web pages and games, but as a way to playback music and video4. 
The cutout animation might bring back some traces of language from the magic 
lantern shows in the Victorian era. Equally to the fact computer terms we are now 
familiar were invented decades ago, video effects and transitions used on many 
video editing applications today are remediated from similar effects used in magic 
lanterns shows on the early 1800’s. The apparatus used during the magic lantern 
shows are predecessor of modern projectors, which by its turn have influenced the 
developing of moving pictures, and many years later, contributed to the projection 
mapping technique.  

 

Figure 2.5 – Techniques from Utsushi-e and Magic Lantern shows. 
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According to professor Machiko Kusahara, magic lantern was used as a projection 
medium during the 19th century even after Lumière brothers’ advent of the 
cinematography. In Kusahara’s article “Utsushi-e and the magic lantern – An 
archaeology of the moving image” [20] - she traces a parallel to the Japanese 
Utsushi-e technique to its western counterpart, establishing an example of how 
cultural and social aspects can lead to a plurality of interpretation over a certain 
technology.  

Differently from what happened in the west, the Japanese approach to the use of 

projection medium as in Utsushi-e performances incorporated technics from 

Japanese puppetry, bunraku, to create a moving shadow element. This example 

introduces a new concept of art entitled Mixed Media, which consists on the 

assemblage of elements from more than one medium visibly present or seamless 

intergraded to form a new material or medium. Projection mapping is a mixed-

media technic which adds new property to a three-dimensional medium, bringing 

to this spatial object a new augmented-reality layer of information to perform 

virtual messages such as film, animations or any interactive contents.   

 

2.2.2. THE USE OF PROJECTION IN AUGMENTED REALITY 

The field of virtual reality have been explored by technicians and artists for more 

than five decades, as we are going to see in more detail on next subchapters. The 

first head-mounted displays (HMD) experiments have been initiated in the late 60s 

by the computer scientist Ivan Sutherland. After many years of discontinued 

products proposed by the game industry, recent HMD design have been improved 

enough to producing suitable virtual reality (VR)5 and also AR goggles6  which 

users can smoothly operate.  

Hand-held AR displays have become popular after the advent of camera phones - 

now smartphones – and the distribution of open-source software development kits 

(SDK), such as ARToolKit [21]. New technology embedded on current 

smartphones associated with other sensors allow the device to become much more 

aware of its surrounds producing much more realistic AR. Pokémon GO, a game 
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which relies on these new aspects of technology to reproduce hand-held AR is one 

of the most emblematic case, being download more than 800 million times around 

the world since its debut in 2016 according to the game developer company, Niantic. 

These steps fostered conditions for the development of AR applications by the 

interested public. For technologies such as HMD and hand-held displays, the user 

must wear or hold a device that produces the virtual or augmented experience. 

Although much of these techniques have been improving in the last few years, some 

issues are still related to these approaches such as helmet/goggles ergonomic 

problems, nausea, lack of mobility, reduced field of view, etc. [22]. In the other 

direction, spatial augmented reality proposes methods and devices capable of 

producing virtual or augmented reality detached from user’s body (see Figure 2.6). 

This allows multi-user interaction, user independent scalability, external power 

source and computer processing, among other advantages.  

Figure 2.6 - Augmented Reality methods for displaying image. 

 

Projection mapping is a technique that makes use of one or more projectors to 

extend visual properties on prepared or arbitrary objects by overlapping their 

physical surfaces with a virtual layer of information. Projection mapping is widely 

used on static environments (i.e., fixed projectors beaming static objects such as 

architectural structures, buildings, etc.). When projection mapping is performing on 
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moving objects (dynamic), the addition of sensors or cameras capable of keep track 

of the environment changes comes to a need for system to be aware of its 

surroundings. A common technique is the adoption of markers on objects to 

facilitate their identification and avoid computational overload. In any case, a 

marker can also become part of a problem if the correct system setup is not observed 

[23]. 

 

2.2.3 TRANSPARENCY AND OPTICAL ILLUSION 

Immediacy is a word often used to describe the transparency of a certain medium. 

This is when the viewer’s attention is more concentrated on the contents a medium 

can deliver, than the medium itself. It is possible to achieve immediacy from a wide 

variety of media by making use of some techniques designed to call the attention 

of the viewer in a certain level this task becomes more important than the 

boundaries of the medium.  

Bolter and Grusin [6, p. 24] argument that many enthusiasts of technology will 

assure virtual reality surpasses the level of immediacy from earlier media since 

computer have come to a level of sophistication in digital graphics render process 

that made the interface to be completely transparent. Yet, it is important to 

understand how previous media have been able to deliver transparency by making 

use of techniques of linear perspective, obliteration and automaticity, which have 

evolved to the present digital technology. Among other basic tasks entrusted to our 

visual perception, such as logical reasoning and detection of signals, we have the 

recovery of three-dimensional information. This is where linear perspective acts as 

a very efficient symbol, manipulating our brain and validating correspondent lines 

found in a two- dimensional image as a representation of a three-dimensional space. 

Linear perspective is still a key feature while dealing with computer graphics in 

three-dimensional environments such as digital game development tools or digital 

animation software. Next, some examples of artwork based on projection theory. 

After the introduction and improvement of linear perspective during the 

Renaissance, many artists as Leonardo da Vinci and Albrecht Dürer, leaned to 
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mastering Euclidean geometry and the optical effects of the light, in order to 

accurately measure the world to be represented on the canvas. Leon Batista Alberti 

writes in his treatise “On Painting”: “I inscribe a quadrangle...which is considered 

to be an open window through which I see what I want to paint.” The Alberti’s 

window, as it is known, is what Alan Kay, at Xerox PARC, used to develop his 

graphical user interface concept of overlapping windows, present on every 

computer nowadays [19]. 

The use of perspective accepted as new world beyond the limits of the canvas has 

been broadly utilized in trompe l’oeil art. Observing some examples from artists 

who have worked over this language, which results in an optical illusion based on 

linear perspective and shadowing techniques, but also, there is a spatial continuum, 

which is also responsible by the effect of, in fact, deceiving the eyes of the viewer. 

As long as the viewer moves her body in the space and the perspective illusion of 

the painting is lost, the artwork can become over distorted, or even unintelligible. 

 

Figure 2.7 - Jay van Eyck, “Annunciation”, 1433-1435. Oil on panel. Left wing (The 
Archangel Gabriel) 38.8 x 23.2 cm. Right wing (The Virgin Mary). 39 x 24 cm.  

In “Annunciation”, circa 1433 (Figure 2.7), Jay van Eyck remediates physical 
characteristics of the marble, such as translucence and reflection to propagate the 
illusion of a different medium inward the frame limits. Creating a reflection effect 
that project through the painted marble frame, van Eyck plays with our perception 
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Before the advent of photography – which automatically recreates the linear 

perspective – the artists’ efforts relied in concealing their brush strokes, in the name 

of getting a much smoother surface and, thus, increase the continuum between the 

real world and the depicted world. Although the effacement of the construction 

techniques can be a means for achieving transparency, this can also conceal the 

artist himself. However, for trained eyes this could also represent the artist’s 

signature [6]. Bringing it to a more recent example, Stan Winston (1946-2008), one 

of the most famous visual effects artists in the history of cinema. Winston was 

specialist in creating animatronics and make up for the film industry. Among many 

of his most notable works, we can cite Alien (1979), Terminator (1984) and Jurassic 

Park (1993). He used to say: “I like to create things that you are not aware of the 

technique”7.  

 

Figure 2.10 - Shigeo Fukuda, “Lunch With a Helmet On”, 1987, mixed media. 
186 x 79 x 108 cm. 

Some artists would yet find new languages and embrace different aspects of culture 

such as social criticism and urban interventions. This is also a strategy to mark their 
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presence even if the immediacy caused by the characteristic optical illusion present 

on the trompe l’oeil art supposed to act as a continuum element between real world 

and depicted world. During the 80’s, the Japanese artist Shigeo Fukuda have 

exhibited art-objects using mixed media, which differs from the idea of planarity, 

intrinsic of the painting. His work with optical illusion often makes use of 

fragmented objects, as forks, screws, sculpted in an anamorphic shape, which 

projects a perfect shadow on the ground, or on the wall, making it possible to 

recognize the hidden presence of the object.  

In a brief introduction about some artists using projectors to create such illusion on 

projection mapping related works. “Speed of Light” (2012) is a short movie by Tom 

Jenkins and Simon Sharp where the action is narrated by the use of pico-projectors 

conducted by the directors through their studio. The actors and vehicles were filmed 

and then projected on objects found by chance on the background. It is interesting 

to note that the role of the camera was transferred to the projection inverting the 

logics of film production.  

 

Figure 2.11 - Tom Jenkins and Simon Sharp, "Speed of Light", 2012. 

Gel City (2010) by the Chinese Malaysian contemporary artist TANJC, is an 

interactive projection mapping experience which lets the participant to 

symbolically touch the architectural shape of the buildings by offering both visual 

and tactile feedback. Using soft materials, TANJC have built a miniature model of 

the building destined to be illuminated by the projectors lights. Participants stands 

in front of the illuminated building while they touch the miniature model of the 

building which is disposed inside a black box, in such a way they can’t see their 
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The Reality-Virtually continuum is a concept introduced by Paul Milgram while 

dealing researching about user interfaces in exclusively for Augmented Reality. 

This concept is represented by a scale which goes from completely reality to the 

completely virtuality, while also indicating the properties related to what brings or 

leads the viewer from an edge to another. Because we are talking about the visual 

perception of the observer in relation to the mixed environment, Milgram have 

defined values that influences the level of immersion experience. These properties 

are represented according to a multidimensional framework, which includes three 

main elements: 1) how deep is the viewer aware of the real environment (Extent of 

World Knowledge, or EWK); 2) how accurately can the technology reproduce what 

the observer understands as real so far based on his previous visual stimuli 

(Reproduction Fidelity, or RF); 3) the last parameter is based on how much of the 

virtual world can be perceived by the viewer. In other words, it usually regards how 

much the display can cover the observer’s field of view (Extent of Presence 

Metaphor, or EPM).  

 

Figure 2.14 - Athanasius Kircher, Large portable camera obscura, 1646. 

A rudimentary mixed reality experience could be related to the camera obscura, 

where the artist used the project light (in comparison with the virtual) as an 

augmented reality tool to assist the depicting on the canvas. Mathematical models 
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for camera perspective, such as the pin hole camera model shares the same 

principles as camera obscura. A contrast in comparison with nowadays technology. 

 

Figure 2.15 – Ikea Place (2017). An application for smartphones which allows clients to 
visualize Ikea products at their own rooms (Hand-held augmented reality). 

Back to the early times, yet thanks to the technological development, and with the 

collaboration of technicians and engineers, pioneer artist in the use of VR concepts 

have been idealizing and design poetically immersive experiences that we are so 

familiar nowadays almost five decades ago. This is the case for artworks such as 

Sensorama (1962) by Morton Heilig and TV-Helm (1967), by Walter Pincher 

(figure 2.16). In the first case, a booth where the viewers can sit and experience a 

stereoscopic ten-minute-long motorcycle ride through New York City. 

Simultaneously, viewers would also experience the corresponding vibrations, head 

movements, sounds, aromas, and rushes of wind. In the second case, Pincher 

presents what he named a Portable Living Room, which isolates the viewer from 

exterior interferences forcing the viewers’ attention to the TV centered in front of 

their eyes.  

Although these examples might have created the sense of immersion for the users 

from that generation, there is not an easy way to compare their achievement to the 

complexity of VR devices we can have accesses today. It is, however, interesting 

to note that the novelty embedded on some technologies can also change our sense 

of perception.  
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Figure 2.16 – Early VR devices. Left: Motor Heilig “Sensorama”, 1962. Right: Walter 
Pichler, “TV-Helm”, 1967. 

When early movies began to be exhibited in the ending of the nineteenth century, 

the visual illusion caused by that novel technology was capable of mediate some 

sense of presence on naive viewers. One very famous example in the film industry 

of such immersive effect can be verified in L’Arrivée d’un train en gare de La 

Ciotat, presented by the Lumière brothers in 1896. The film theorist Tom Gunning 

argues that, although the audience was aware of the fact the train was not real, the 

discrepancy between what they knew and what their eyes was telling caused some 

viewers to react to the danger of the proximity of a train displayed on the that sort 

of screen on the theater, providing the train next to its real size [24].  

The first apparatus designed to immerse the viewer in this sense is known as Head 

Mounted Display (HMD). A helmet shaped device that substitute the viewer’s real 

field of vision with a digital interface capable of reproducing a convincing model 

of reality. The first step toward the development of such device took place by Ivan 

Sutherland in 1968. A few years earlier, Ivan Sutherland, have wrote “The Ultimate 

Display”, where he attributes the potential of computers to transform the 

mathematical substance into convincing constructions our eyes would yield as 
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reality. He also compares this sort of virtual experience to Lewis Carrol’s Alice in 

Wonderland due to the elasticity the virtual worlds can offer to the viewer8.  

Different of what happened with other media, HMD technology has evolved its own 

way. Despite the industry and academic eager for a decent virtual reality immersive 

technology, its paradigm has been too overestimated, compared to the practical 

results that medium could have brought so far. From Sutherland’s first HMD and 

formerly aerospace simulators to the game industry (i.e. Sega VR headset, 

Nintendo’s Virtual Boy), VR have been doomed to be a brain poison, causing 

headache and nausea on its users, compromising the development of new VR 

technology until the introduction of Oculus Rift solution was announced on 

Kickstart, raising 2.5 million dollars on its crowdfunding campaign in 2012. 

Oculus Rift seems to have achieved a good balance between causing our brain to 

fire the right neurons to provide a “presence” experience, instead of confusing the 

other sensorial systems so it can cause sickness to the viewer. John Carmack, at 

Oculus’s chief technology officer, introduces the term “Presence” (The Path to the 

MetaVerse, 2014) as another word that blurs in between Milgram’s definition about 

EPM and RF. According to Carmack, the technology in Oculus Rift convinces 

viewers that they exist in a virtual world even if this world looks different from 

verisimilitude. Yet, a more sophisticate approach designed to devise the human 

eyes embeds eye tracking cameras inside the goggles so the algorithm can simulate 

depth of field effects – focusing and blurring virtual elements fixed at different 

distances -  based on the direction users’ eyes are aiming at9. And yet, another 

proposed solution which dispenses eye tracking, but depends on a pair of displays 

running for each eye. That means four different output, one for each screen. 

Unfortunately, both solutions require relative high computation to display a more 

convincing virtuality to users [25] at current. 

 

2.2.5. ENDO-AESTHETICS AND MIXED-REALITY ENVIRONMENTS 

The theory of endo-physics was first addressed by the German scientist Otto E. 

Rössler, who is also an important contributor to the “Chaos Theory” 10 with the 
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equation known as Rössler attractor in 1976. Endo-physics refers to physics from 

within. This theory considers the following aspects: the distinction between systems 

and models, the principles of observer-objective endo-reality, and those of 

inaccessible exo-reality. This is to say, the concepts analyses the perspective of the 

human being as part of a universe, as an observer from within that universe. And 

also, it defines that such universe constructs the interface for the observer to be seen 

only from inside, with no access to outside. An easy way to look at it, would be to 

accept our life is simply a very well-constructed game simulation where we are 

merely game avatars. However, we don’t have means to do other things, pause, 

escape, except to keep playing this simulation.  

According to Rössler, in order to enable an external observation, the endo-physics 

proposes the construction of model worlds that simulates exo-models of endo-

systems, for instance in a computer-generated model universe11. Once again, falling 

in the same example of the game avatars I have mentioned above. The work by 

Hedwig Heinsman, Niki Smit and Simon van der Linden, titled “3RD”, offers the 

participants similar experience where, by using specially designed helmets 

containing a display inside. Participants can see themselves moving around a maze-

like room from the perspective of a camera installed on the roof. 

 

Figure 2.17 – “3RD”,  2013. Hedwig Heinsman, Niki Smit and Simon van der Linden. 
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field of arts. It is attributed to any kind of DIY solution not available on the 

marketing. It also has been addressed to interventions on digital applications, either 

meaning the customization of improvement of its code. This kind of digital 

subversion is, in a common sense, related to the role of the “hacker”. This term has 

been seen as a negative word until the idea of sharing code begin to become popular 

on the internet after 2000’s. According to the founder of the GNU license and free 

software manifesto, Richard Sallman, the term “hacker” originally meant someone 

who like programming very much [26, p. 7]. In the ubiquitous software era, 

understanding and manipulating the code is now a matter of necessity in order to 

subvert new technologies. According to Giannetti, the using of computer is so 

important for a contemporary artist as it was to master the perspective techniques 

in Renaissance [27].  The use of ultraviolet (on this research work, for example) 

can be seen as non-conventional medium for remediating contents now available 

on other media. In special, in computing vision, where infrared plays a leading role 

due to its characteristics and currently available CCD (camera sensor) technology 

standards. Yet, the addition of this element and technique derived from the use of 

such technology handled into poetical and aesthetic purposes 

 

2.3.1. JAPANESE CULTURE AND RE-INTERPRETATION OF TECHNOLOGY 

Japan influence in western art concepts can be dated back from the earlier ukiyo-e, 

which have arrived in Europe around 1860. The lack of perspective and planarity 

of colors unconventionally depicted on ukiyo-e-e has played important role 

formatting movements such as the Impressionism, Art Nouveau and Cubism, also 

preceding the abstract art in modernism. This influence upon the West aesthetic 

dogmas came to be known as Japonism12. 

Later in the end of 1950’s, the performance art as we know today was being shaped 

by the Japanese Gutai Group (Gutai Bijutsu Kyokai), which influenced movements 

such as the Fluxus and the action painting – mixing performance and painting, 

present in the work of Jackson Pollock and Yves Klein, to cite a few – and 
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anticipating later Happenings, and Conceptual Art. Gutai Group has also created 

the concept of what is now called Installation Art.  

The other side of this aesthetics exchange is also true. Inspired by the American 

movie King Kong (1933), the special-effects artist Eiji Tsubuyara have come to a 

special effect technic that would affect later generations of moviemakers in Japan, 

heralding him as the guru of tokusatsu (special effects). Instead of adopting stop 

motion animation, as it was preferable by American filmmakers, Tsubayara decided 

to dress an actor with a rubber monster suit, and set it to trample miniature city plots 

as playing the role of Godzilla (1954). The “Suitmation” was a Japanese solution 

found at that post-war period, dealing with time and money limitations. But despite 

of American concerns about the aesthetic aspects of this technique, Suitmation has 

become synonym of a new Japanese film language [28, pp. 47-8]. 

As mentioned before, Utsushi-e is the result of a Japanese adaptation of the Magic 

Lantern live shows at theaters around Europe during the early 1800’. Yet reviving 

archeological aspects of Japanese re-interpretation, Higashi Tanaka was a 

craftsmen master during the Edo period, who have invented amusing automata such 

as the tea-serving doll (karakuri) and the bow-shooting boy (yumiiri douri) [29, p. 

31]. According to professor Kusahara, the karakuri can be seen as an adaptation of 

the western automata, which became popular after industrial revolution in Europe. 

Kusahara also establishes a connection between Tanaka’s piece of work to a 

concept she attributes to Device Art. The Device Art is seen as a Japanese 

perspective toward the use of new media into developing artworks where such new 

technologies compose the main structural part of the work itself. It is also a Japanese 

approach to technology in a positive way in contrast with the Western interpretation, 

where machines are responsible for social and political unbalance and where you 

have the popular belief one day machines will rule over humans.  

As McLuhan13 has suggested, and, as Kusahara states, Japanese sees technology as 

extension of their bodies. According to her interpretation, the term "device" 

describes an apparatus or tool used to achieve an effect as part of a process such as 

the oil paint or brushes are used to produce an image on a canvas to be later 

appreciated. This is the case for traditional art, where the technology of the medium 
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is dissolved in the process of creation, playing just an instrumental role during the 

production of an artwork.  

However, with the expansion of electronic art and interactive installations, new 

conceptual questions eager for new approaches to answer those questions. The 

appropriation of a technology used to transmit a concept of art has evolved to some 

implications. The choice of specific technology by the artists, used to express their 

thoughts on the social, or political, or cultural level of impact those technology 

produces or will produce at certain moment. Or, in a more tautological way, the 

choice of a certain technology to act as an interface in the case of interactive art can 

also have its symbolic aspects either the artist has opted for a press of a physical 

button or a touch screen. In both cases, devices communicate a concept differently 

of a static painting on the wall.  

The concept of Device Art is aimed on understanding the importance of devices 

used in certain types of art where hardware is designed to realize an artistic concept. 

Thus, making it possible for the device itself to become the content of the artwork. 

Kusahara says that a well-designed interface made of the right materials facilitate 

interaction for users, often in a playful manner:  

A device could be the "body" of an artwork that offers an artistic experience to its users 

/ participants. In other words, the "resulting" experience cannot be separated from the 

device specifically designed or chosen to enable this experience. Producing multiple 

copies of such work and distributing it as a commercial product makes it accessible to 

a wider audience, provided the piece is designed in such a manner that anyone could 

use and enjoy it. An artist's concept could become a part of people's lives, rather than 

being kept in museums and galleries [30].  

This last statement also aligns with a general concept present in open source and 

free software communities, where collaborative code is shared among users, and is 

available for modification and implementation usages. It is also coherent with many 

artistic movements principles after the modernism, including the already mentioned 

Fluxus and Gutai Group. Device Art is a concept that pushes the boundaries of 

media art and inherits the legacy of the experiments artists have been conducting 

with media technologies. By raising questions regarding possible relationships 
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between art and technology, the role of hardware-based devices, and the borders 

between art and its related fields, and creating a common ground for artists and 

engineers to work together as equals, we might find some answers with regard to 

future directions rather than the past.  

 

2.3.2. SUBVERTING MATERIAL OBJECTS - HARDWARE  

Since the early attempts for capturing light, and preserving it in a medium, through 

the digital cameras made popular during the 90’s, the camera is the first apparatus 

that automatically creates a technical picture and truly depicts the world as we see. 

In one perspective, the camera is seen as a “tool”, thus it extends the human’s 

capacities of depicting the world around him. In another perspective, the camera is 

just a hermetical “seeing machine” inherited from the Industrial Revolution, 

accumulating among the various technological devices that doomed humanity to 

the dependency of machines. According to philosopher and professor Vilém Flusser, 

photographers, writers, painters, composers, book-keepers, have produced what he 

calls as a work: books, paintings, scores, balance-sheets, objects that have not been 

consumed but existed as a source of information.  

However, in Flusser’s opinion, the user of an apparatus for such kind of informative 

work limits one’s possibilities to only what the apparatus can produce. As within 

an enclosure universe of a game, the photographer is only a player looking for new 

opportunities to look at. Nevertheless, Flusser also claims attention to the transition 

of power between hardware and software. He states that in this “information society” 

we live, day after day, the price of the hardware is becoming cheaper due to 

manufacture operations and mass production demands, in opposition to the 

immateriality of the software and the design value. He says: “look at Japan; it owns 

neither raw materials nor energy – its power lies in programming, ‘data processing’ 

information, symbols”. About the programming language, Flusser seems to be 

extremely conservative when he states with hindsight the software is a language of 

interpreting numbers (referring to binaries), which is a different logical way of 
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thinking then humans, and even the inventors of such complex systems were not 

able to account for this issue. Apparatus are specialized in one task and they can 

solve this task better than humans, even if the apparatus depends on a human 

operator [4, pp. 21-32]. 

It is important to introduce these critical ideas to discuss about the subversion theme 

since it deeply establishes an inviolable status quo of dependence upon machines. 

Furthermore, this research deals with creating mixed realities produced by 

apparatus designed by humans. It’s important to understand how artists have re-

designed, re-adapted or merely inspired the appearance of new apparatus. In one 

example out from the group of artists who have worked with prepared objects 

during the 60’s, an art participatory movement founded by George Maciunas, which 

became known as Fluxus. Inspired by the Group Gutai art movement – earlier 

mentioned -, Fluxus is also an anti-art and anti-commercial movement that 

established many of the new media art concepts we found nowadays evolving the 

performance, electronic and installations arts.  

John Cage was an American musician who has worked in collaboration with the 

Merce Cunningham producing extraordinary material during since their association 

in 1945. Cage was influenced by Edgard Varèse, who is addressed as father of the 

electronic music. Varèse’s central idea stating that anything new in music is called 

noise, was broadly put to the test by Cage in some of his prepared piano 

compositions (1940). In 1965, with the collaboration of Billy Klüver - electronic 

engineer and guru of acoustics – Cage and Cunningham have developed on of the 

first multimedia stage performances, Variations V. In this performance, a complex 

electronic system containing microphones and photoelectric cells were used to 

interact with the dancers, producing new sounds and visually changing the 

environment around them [31, p. 31]. 
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Figure 2.18 - New forms of expressions before digital media. Left: John Cage, inside a 
prepared piano (1940); right: Nam June Paik "Magnet TV" (1965). 

The anti-commercialism ideas present in the Fluxus movement also have inspired 

the Korean-born American artist Nam June Paik. From the contact with other active 

artists within the Fluxus art movement, Paik discovered various methodologies 

involving the interpretation and creation of collage, sound art, sculpture, concrete 

poetry, and video. During the 60’s, Paik has started to produce several works on the 

mass production theme, incorporating monitors in his sculptures relocating the use 

of that, which was (is) a strong iconic object of the present culture. To name some 

works where this is clear: Magnet TV (1965); Buddha TV (1974); Family of Robot 

(1986). He also has participated of live performances such as TV Cello (1971) in 

collaboration with the musician Charlotte Moorman.  

Nam June Paik was considered one of the first pioneers in video art. He addressed 

the increasing amount of new electronic media technologies throughout the late 

20th century. Before the development of applications used in image processing such 

as Photoshop or After Effects, Paik was successful using magnetic fields to analog-

electronically manipulate the pixels on the television screen, discovering 

uniqueness aesthetics by subverting the machine limitations. Paik's understanding 

of the power of the moving image began as an intuitive perception of an emerging 
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technology, which he seized upon and transformed. In addition to collaborating 

with a number of technicians to make new tools to rework the electronic image, 

Paik also incorporated sophisticated computer and digital technologies into his art 

to continue to refashion its content, visual vocabulary, and plastic forms. His 

philosophies, such as open distribution and free use of technology, inspired future 

“New Media” and digital artists around the world. He also explored the roles the 

human element played in our evolving technologies.   

 

2.3.3. SUBVERTING IMMATERIAL OBJECTS - SOFTWARE  

According to Lev Manovich, different from the history of art, architecture, cinema, 

literature, medicine, etc., we still lack of a well-studied theory for accepting cultural 

software as subject of its own [19, p. 21]. However, the influence of the use of 

software in those previous cited fields are noticeable, as for example when students 

of architecture make use of CAD applications, or when a film producer makes use 

of non-linear edition techniques provided by Final Cut, Premiere, etc. This is the 

same from the telemetry analysis on modern vehicles to the telepresence surgery 

recent developments. Not considering the importance of the software in our present 

culture is something one can’t eschew.  

Computer was initially developed as a tool capable of creating new tools by the use 

of software. The word “tool”, here, according to the perspective of Flusser14. This 

is to say, when Alan Kay have introduced the term “metamedium”, he insisted on 

distinguish the potentialities of the computer because of the possibility of 

manipulation of the software, leading to new user-customized solutions for a 

specific problem. A good example of this fact is present in Kay’s Smalltalk 

development, which for the first time systematically established a paradigm of 

object-oriented programming. Kay’s rationale to develop this new programming 

language was to give a unified appearance to all applications and the interface of 

PARC system and, even more importantly, to enable its users to quickly program 

their own media tools [19, p. 65] .CAD applications, as other applications often 
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used in film industry such as Maya, After Effects, offers to the end-user the 

possibility of writing their own scripts or plug-ins to extend the original code, 

producing new custom effects or performing laborious tasks such as selecting or 

replacing multiple objects.  

But still, dealing software requires the learning of a new language, which can take 

time. For many artists, programming can be seen as magic words one summons to 

overcome (digital) reality. This is true even among artists working with digital tools 

and dealing with image processing techniques every day. Many are not aware how 

the technology they use works, and prefer to leave things as is, due to how complex 

learning and using the contemporary terms and languages available today. 

Programming language is the source of the software. And when we accept software 

as part of the culture, we must understand that as any living language, the 

programming language evolves, incorporates terms from other programming 

languages, and when surpassed, the language dies.  

Just like Flusser have stated, computer languages follow the logic of numbers. If 

computers were to process things as an advanced calculating machine, it wouldn’t 

become what it is today. Researchers at Xerox PARC knew about the interface 

operability when they developed the early GUIs. It was the important step to bring 

the computer as a machine, into a cultural object.  

Casey Reas and Benjamin Fry formerly from the MIT Media Lab, had 

acknowledged about how difficult for a newcomer it is to start dealing with 

programming something beautiful. So, they proposed a simplified language 

centered on the creative process.  In 2001 they have started the development of a 

tool which could be used as a new interface between artists and the programming 

activity. This tool was released in 2008 as open source programming language and 

IDE known as Processing. As Fry said in his blog at that time, “it only took 162 

attempts, but Processing 1.9 is here!”.  Because of the nature of the Java language 

making use of Virtual Machine which allows an application to run in any computer 

regardless of its operational system architectural limitations, and concealing 

dependency files, core libraries and other troublesome workflow from beginners, 
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Processing is probably the best tool to assist artists on entering the programming 

(typing code) universe. On the Processing webpage, it is possible to visualize a 

myriad of well-succeeded projects, installation art, performance, and more. Based 

on other language, similar IDEs have been similarly fostering engagement on 

newcomers. As reference, P5 (a JavaScript variation of Processing Language), 

openFrameWorks, and Cinder (C++). 

 

2.4. PROTOTYPING FIRST INTERFACE: ARC BOTS  

The objective of this research present in this subchapter is to gather empirical 
knowledge about the processes of fabricating a functional prototype which attends 
the principles explicated on the framework guidelines regarding the use of digital 
fabrication with the objective to produce a tool or device capable of reproduce in 
any form the concepts of projection in a new medium or in a new possible form of 
expression.  

As that would have become a constant in the next projects explained on the 
following chapters, other than the already mentioned principles, it is a constant the 
idea of modularity, extending to connectivity and scalability. These last two 
components of the design principles are expressed in this prototype in the way 
modules transmit information from one to the other, and that a new module can be 
added to the system. Operational limitation refers to the electrical maximum current 
available for a certain number of units to use while performing their internal 
function (turn a motor and lit up a laser emitter). Modularity is also advantageous 
while prototyping a device with the present characteristics, which allows each part, 
or grouped parts to have a specific function. Each part can have its own evolutional 
pace within the evaluation of its efficiency. Replacing or rebuilding only small 
portion of a prototype is less costly than having to update versions. 

During this practice, many limitations become visible while digging into the 
diagnostics of design failures. The machine (laser cutter) limitations added to an 
intuitive approach to solving mechanical issues while dealing with the material 
properties, and also on the need of review (study) related techniques and to absorb 
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enough information regarding the electrical and programming side which could be 
later applied to next concepts. As I was not familiar with digital fabrication and the 
properties of the material I selected for designing, the learning curve took more 
time than expected forcing me to reserve the conclusion of the finished project for 
a future moment. After a certain level of feedback from the experience was acquired 
I moved to next project also because of time limitation. It means to say, exploring 
the properties of the material I was elaborating on helped to use this knowhow as 
background for redesigning the next projects, but could not eventually complete 
and exhibit this tool. See Appendix A for more pictures and information regarding 
this project. 

 

 

Figure 2.19 – Arcbots, a first attempt prototyping accordingly to the established specific 
principles of this work. 
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Chapter 3! 

Spatial Actions and Volumetric Screen Controller for Games 

3.1. PROJECT INTRODUCTION AND GOAL 

The term Augmented Reality (AR) refers to the possibility of extending our 

perceived reality (real world) by adding computer-generated imagery to complete 

or replace physical objects we see. This mixed reality can be achieved in many 

ways, whether by making use of head-mounted or hand-held devices provided the 

case they are capable of interact in both realities, resulting in individual AR 

experiences, or by overlaying, displaying, or projecting virtual contents on the 

surface of physical objects, resulting in a collective AR experience [32]. Spatial 

Augmented Reality (SAR, also known as projection mapping) is a current trend on 

developing all sorts of mixed reality interfaces from artwork installations, 

experimental movies or games [ 15 , 16 , 17 ].  As already mentioned, the use of 

projectors makes it possible for digital content creators to add a new layer of virtual 

information displayed on physical objects. Because of this characteristic, SAR can 

be easily associated with tangible user interface as a method to translate between 

shared virtuality and reality - a characteristic to be exploited as an intuitive 

programmable interface in this project, which will be demonstrated along with the 

chapter. Interaction with spatially augmented objects is however, in many cases, 

limited to a setup where objects and projectors remain static in relation to each other 

or present some lack of mobility. This research is motivated by exploiting 

projection interfaces in conjunction with the gamification trend by employing 

techniques capable of reproducing adhesive virtual contents to be laid on top of 

movable objects enhancing tangibility. Ultimately, the goal of this project is to 

create a new interface capable of remediating conventional medium used for 

playing digital games, such as TVs, 3D TVs and recently, Virtual Reality (VR) 

goggles, giving the users a new interface or tool where they could creatively extend 

creating customized experiences in association with a game universe. User 

feedback regarding these possibilities are later discussed. This chapter presents and 
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discusses the challenges and partial results achieved during the period this research 

work was conducted. As form of demonstrating capabilities of this new interface, a 

novel language of expressing a game character’s movement (Spatial Actions) in 

mixed reality territories was proposed and evaluated. Spatial refers to a 

characteristic of the physical world space. Thus, spatial actions cannot be 

reproduced on a traditional flat screen due to its bi-dimensional characteristics 

toward human tri-dimensional perception of the world, nor in a complete virtual 

environment since the lack of the real object would not satisfy the purpose of 

integrating actions from digital world to take place in real world and vice-versa. A 

new multi-layered texture coordinate (UV) method, running inside an authoring 

tool, also developed for this project, is proposed to address projection distortions. 

This project proposes the contents of a game are to be projected on a user-

customized volumetric polygonal object, allowing new possibilities of interaction.  

Part of the goal of this project is proposing some novel reshapable modular design 

or method to be freely assembled or modified by users in order to make possible to 

attribute to the “screen” the function of a controller. This would allow a game player 

to interact with the game universe in novel ways, just by reshaping the screen object 

game as desired. At the current moment, a very primitive sense of awareness about 

the physical object a game character is being projected onto was built, although it 

lacks automation. This rudimentary algorithm, allows the character to perform 

spatial actions only in places that are physically possible, according to the shape of 

the target object users decides to project the game. The elaboration of a modular 

design equipped with built-in sensors as a base object for game projection has also 

been tested. This modular base design is important because it allows robust 

automatization for the system to become aware of externally attached tangible 

interface and the later interaction between objects in mixed words. As this is still 

being evaluated, preliminary results will be presented under discussion and future 

work subchapters. For the present, we discuss about the piece of hardware 

developed in order to run our first experiments with spatial scenes (Figure 3.1) and 

we point out these actions characteristics and many of the technical aspects 

involved on the designing processes, including a game engine created for projecting 
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contents in specific ways while integrating physics holistically from the real-world 

object surface and the implementation of projection calibration tool for facilitating 

projection setup.  

 

Figure 3.1 - Spatial Actions during game play. These actions are performed on physical 
creases mixing support object movement synchronized with animation designed to 

enhance the sense of depth in the projected scene  
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3.2. BACKGROUND AND RELATED WORKS  

The game industry has been always innovating the way players interact with the 

digital games spatially via the game controllers [33] and socially by the distribution 

of online content and the increasing sharing possibilities along with internet. 

Equally important as controllers, a screen / display is also responsible for providing 

immersion and engagement to players. Other than the display resolution, the screen 

size and viewing distance are the two significant factors affecting game 

performance and subjective rating, during which the screen size is most significant 

factor [34]. Despite the current availability of improved head mounted display 

devices which can manage to avoid common problems mentioned on previous 

chapter, or at least, allow for some sensitive users a longer time to exposition, there 

is still a noticeable number of gamers playing on flat screens, possibly due to 

intuitive need for hypermediacy. According to online magazine Thinkinum, it is 

noticeable a decrease of interest on VR goggles according to the sales rank trends 

of most successful companies on this business18. Aware of this, television and 

monitor industry have adapted their products to attend gamers, as this is frequently 

announced on gamers target contents on the internet19 . In general, the 4K resolution 

new models come with lower input lag and faster response time and accept various 

input signals. Games based or designed to be played within a projection mapping 

setup is probably still un accessible option for frequent gamers due to its setup. Still 

under investigation, but the use of projectors might still be associated more to art 

installation than to a real approach for a game console to invest.  From the game 

developer point of view, only a few plugins which allow the work with a projection-

based game environment are available online at code repositories, such as Github, 

and Unity 3D Asset store. These plugins are limited to offer to the game developer 

only some sort of screen correction tools in order to map the game contents to a 

region of an object, or a dome20  A new approach to AR interactive games should 

take in account the distribution channels in a way related games could flourish on 

the hand of developers but also innovative tools connected to the possibility of 

tangible interfaces in mixed realities. The digitalization of everything is leading to 
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a dystopic dematerialization of media. But, on the opposite direction, Tangible User 

Interfaces (TUIs) and Tangible Interaction are terms increasingly gaining currency 

within HCI. These interfaces bring back embodied form of interaction and a sense 

of physical presence of hybrid objects on real space. This extends to tangible 

programming – an intuitive way to manipulate digital data by making use of 

physical object interactivity. A Tangible interaction framework was introduced by 

Eva Hornecker and Jacob Buur in order to formulate some concepts which defines 

these kind of interfaces [35]. These concepts are arranged on four themes: a) 

tangible manipulation; b) spatial interaction; c) embodied facilitation; d) expressive 

representation. This framework is being utilized as method of evaluating users’ 

feedback regarding tangible aspects on the project proposed on chapter 3. 

The work presented on this chapter aims to establish new means of expression by 

using projection mapping as an extension of the AR game development initiation, 

adding the tangible component provided by accessibility to digital fabrication tools, 

resulting in a potentially novel set of tools which could, if successfully implemented, 

attract new developers to exploit SAR environments on their creations. 

 

3.2.1 DYNAMIC PROJECTION AND RELATED INTERACTIVE WORKS  

As previously mentioned, the use of projectors integrating physical objects with 

video, and more recently, with any other digital and interactive content is being 

used as a technique to add the illusion of a new dimension to a plane. Among many 

interactive works associated to projection mapping, or dynamics projection 

mapping, this work focuses on some projects which corresponds to the gamification 

of this tool design and game field. To limit our scope, only works related to games 

or showing potential of integration with games were selected. Let’s define game as 

a playing activity which is contained by rules and objectives. Most of the digital 

game experiences designed to have tangible interfaces using SAR are currently 

based on tabletop game plays, in such way players can manipulate physical props 

like mini-figures or cards displaced on a flat desk [21, 22], having the projectors fixed 
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above this desk or table. As example, researches and commercial products such as 

Microsoft PlayAnywhere [36], and Lampix23 , an interactive table lamp, seems to 

be aligned with this setup. Other setups that allow projection to be expressed on 3-

dimensional objects or surfaces with or without any degree of freedom are (see 

Figure 3.2): 

• ARmy [37] is a tabletop military strategy game where players can use primitive-

shaped blocks to build up their own board before the game starts. A camera 

positioned above the board detects the blocks distribution to calculate the game 

dynamics. During the game play the board remains static while mini-figures are 

manipulated directly by players, thus updating the game instructions.  

• RoomAlive [38] is a concept of immersive gameplay in which the player's room 

is 3-dimensionally scanned, allowing the system to make use of each physical 

surface to be part of a SAR experience game. During the game play the previously 

scanned surfaces remains static while the players’ bodies movements update the 

game framework.  

• SideBySide [39] proposes a portable device, which embeds an IR camera in a 

portable projector. Working similarly as a flashlight, which projects virtual 

information directly on planar objects. The player can freely move this hand-held 

device and project contents on apparently any dull surface. The contents are updated 

accordingly to the device orientation and readings from the IR camera (when using 

IR markers).  

 

Figure 3.2 - Dynamic SAR. Interactions is designed for moving supports depend on 
image sensors to detect target object movements before updating contents to be projected. 

(a) Side by Side hand-held camera-projector device. (b) Reflective IR markers detected 
by cameras, used on Project Omote, (c) Scanning the environment with Microsoft Kinect 

sensor in RoomAlive project. 

 



 

 

 

54 

 

3.2.2 DYNAMIC PROJECTION SETUP 

Projecting virtual contents onto moving objects requires the system to be aware of 
what content and how this content must be projected. The basic framework for this 
kind of applications relies on how the player’s interaction over the target objected 
is detected by image sensors, and how fast and efficient the system reads data from 
these sensors to extract relevant information necessary to update the contents to be 
projected. Other than limiting the target objects to be moved in a slow manner, 
running sophisticated computing vision subroutines in real time can overload 
graphic processors. This affects the application main routine, reducing interaction 
performance. Consequently, this compromises the projection alignment with the 
target support, vanishing the illusion necessary to create convincing mixed reality. 
An alternative would require an extremely high-rate frame rate camera-projector 
module (above the average 60 fps) [40] connected to a system capable of running 
both computing vision subroutine and game play. In equivalent way, a high-rate 
frame rate projector is needed. However out of shelf projectors are often limited to 
30 fps. A solution for that would be develop a new projection system using as a 
base a digital micro-mirror device (DMD) module which allows greater cycles of 
evaluation. If possible to design a system capable to [41] perform games in mixed 
reality environments yet preserving the minimal requirements concerning the 
number of plugged devices, the better. At the present, this work does not include 
external camera to detect the environment nor to aid on projection calibration 
routines. The tracking of the object, in this case, depends on the awareness of an 
initial pose of the object to be used as target for projection added to the number of 
transformations (for this project, only a rotation around up axis). The 
transformation amount is controlled during game play by the device itself, 
following commands which players send via available interface (e.g.: a joystick, a 
keyboard, a mouse). The device (console) in its turn sends information to a micro 
controller to mechanically control the physical object game is being projected to 
(Figure 3.3).  
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Figure 3.3 – Projection setup. An (a) projection supports variations (paper and 3D 
printed); (b) a controllable platform-hardware placed in front of a (c) focus-free laser 
projector; (d) support attached to turntable. Projector and hardware connected to PC. 

Composition proposed as game console for this experiment. 

This technique has the advantage of eliminating computing vision subroutines, 

cables, and an extra device (camera), thus having the processors dedicated to the 

generation of virtual imagery to be projected. Also, because the motor spins 

accordingly to known constants, it is possible to rotate it at any speed supported by 

the hardware (±10 to 100 RPM) without having the virtual projection to be 

misaligned with the physical object support, even if the projector refresh rate is low. 

This is because software can predict the transformation of object and for project 

accordingly. 

 

Figure 3.4 – Material test used for projection. Left: a paper craft model (a) and 3D printed 
model (b) made in PLA were used on this experiment. Right: a 50-cm distant focus-free 

laser projector illuminates both models. 
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3.2.3 EXPANDING GAME CONTROLLERS  

Remediating a digital game to a new medium is part of the work in this project. 

Video projectors will play a major role for future home entertainment and 

edutainment applications, ranging from movies and television, to computer games, 

and multimedia presentations. Smart video projectors have the potential to sense 

the environment and adapt to it. This promotes a seamless embedding of display 

technology into our everyday life [22, p. 316]. As projection technology evolves, 

as in any medium able to reproduce digital contents, spatial augmented reality 

applications are to be exploited in other fields. Fostering conditions for more people 

to become able for remediating games to mixed reality environments will 

eventually result in new forms of expressions. 

Game industry itself have been collaborating with great technologies. One example 

is the Nintendo controller for Wii consoles: wiimote. And the marker-less motion 

capture sensor Kinect, rereleased by Microsoft. Microsoft Kinect is a well-known 

full body controller device launched in 2010 as part of XBOX 360 console. This 

depth camera sensor device was designed to be originally used as interface for 

players to interact with XBOX 360 only. However, over the following years many 

researchers saw the potentialities of such device as a new feasible and economic 

way to capture simultaneously two-dimensional color information and depth 

information of the human movement [42, p. 13] expanding the device functionality. 

An open source NPO which were founded by PrimeSense – the company which 

developed Kinect’s technology – started to distribute open source software 

(libraries) integrating Kinect to PCs. Soon artists and general public were already 

making use of the controller as 3D scanners or depth sensors, incorporating the 

medium to a more broaden scope. Microsoft seems to have acknowledged this fact, 

and few months later the company was releasing a Beta version of Kinect adapted 

for Windows OS. 

Three years earlier, when such accessible motion capture device was not available 

for end-users, a PhD student at the Human-Computer Interaction Institute of the 
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Carnegie Mellon University, Johnny Chung Lee, had developed an ingenious way 

to reuse a Nintendo Wiimote to improve gamers’ depth experience on a 

conventional flat TV screen. A Wiimote is a controller equipped with an infra-red 

camera and 3-axis accelerometers capable of detecting the orientation the controller 

is being hold. The camera reads the position of a bar sensor so it’s possible to 

estimate the position of the controller in space. Lee suggest a method for leaving 

the controller stationary while having a sensor bar attached on the user’s head in 

such way this framework creates a head tracker device which can be used for 

augmented the sense of depth of the TV flat screen. By tilting the head, the game 

camera responds to the user head pose, affecting the sensorial experience. A similar 

product under the name of “Tilted”, designed to create a user interface based on 

head-tilt movements is being currently challenged on Kickstarter, almost eleven 

years later a solution was shared. 

It is almost contradictory to hack a game industry mass production item to the 

benefit of this same game industry, except that he has shared his program and 

instructions on a video so everyone interested on testing his project would have 

access to it. This DIY essence when combined with the power of propagation of the 

information on the internet is now being exploited by the same game company, 

Nintendo, which has recently unveiled a new product under the name of “Labo”. 

The idea behind this product is that users can construct their only controller to 

interact with the Nintendo Switch console, released on 2017. Nintendo Switch is 

constituted of separated parts which can change the function of the platform 

according to how these parts are assemble. One of these parts is a tablet-like multi-

touch 6.2” screen unit (console), and two wireless controllers (joy-con) equipped 

with multi-sensors capable of interacting with users in many ways. These pair of 

controllers can be assembled on the side edges of the screen unit and console can 

be played when all parts are integrated or separated, depending on the game tasks.  
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Figure 3.5 – Nintendo Labo: expanding controllers). Console (screen), on Left, inserted 
on a cardboard structure, same as controllers blue and red are being extended by another 

fishing-rod like structure. 

Nintendo Labo is a product which consists on many different sets of pre-cut 

cardboard sheets users can assembly following interactive building instructions. 

Finally, users can use the console touch screen to interact with the cardboard 

structures making it possible for the players to create their own controller interface 

by attaching one more joy-cons to slots on the custom-made structures. The 

company even offers a repository for users to share their creations and fosters the 

expansion of the capabilities of their product by promoting competitions within 

different categories with winning prizes. 

These examples demonstrate how fruitful it is the field of games and human-

computer interfaces. The present work, makes use of the guideline principles 

proposed aiming to collaborate with this such creative community. 

 

3.3. DESIGNING HARDWARE AND SOFTWARE 

3.3.1. HARDWARE  

Ideally, the physical object used as game stage can have as many degrees of 
freedom as the number of motors or actuators connected to the system. Hardware 
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and software under development, are designed in order to facilitate its online 
distribution via digital fabrication as part of main design principle guidelines. 

 

 

Figure 3.6 – Hardware main components scheme. Current design depends on an external 
PC where authoring application runs and interfaces microcontroller commands.  

 

The current hardware can manipulate a physical object used for support in 1- degree 
of freedom (rotation on up axis). A turntable platform connected to a 200 
steps/revolution stepper motor (typically used for 3D printer) which is driven by a 
microcontroller subjected to PC commands (see figure above). The system can 
recognize the angle of this turntable to project onto the support object accordingly 
using a gradient disc (see figure below) reflecting light on a photosensor attached 
to the microcontroller. When hardware is turned on it will run a self-alignment 
procedure so the its rotor will start at origin. The choice of a printed gradient disc 
to work as angle detector over a common rotary sensor is due to necessity of adding 
extra mechanical parts (gears, or motor shaft adaptor) at the design process. Future 
versions will address this problem. 

The turntable platform is stabilized by three bearing balls located bellow its disc 
contact points. In addition, the platform disc is perforated in a pattern, which allows 
the posterior fixation of projection support objects (Figure 3.7). These can be fixed 
by means of “cross-like pins” which can be placed all over the disc according to the 
desired shape. 
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Figure 3.7 – Hardware overview:  Hardware is connected via microcontroller to a PC by 
USB cable. A power cable supplies 12V to a bipolar Nema17 stepping motor which 
rotates a perforated disc – used for fixing objects - mounted on top of the hardware.   

As shown before, physical objects used as support for projection can be made of 
paper, or 3D printed, having its surface made dull and white for better illumination. 
Pico-projectors are portable devices designed to project contents during more 
casual situations. Their lenses field of view are not so wide and the brightness and 
contrast they offer are limited, since they use different source of light in comparison 
to desktop projectors, such as LED or Laser. The choice of using a laser projector 
(MP-CL1A mobile projector from Sony) is due to its focus free characteristic, 
which works well for the case where the distance between projector lens and 
projected surface isn't a constant. Also, the lenses characteristics of these projectors 
allows small details to be observed with satisfactory resolution on the nearly 
projected surfaces (within 40 ~ 60 cm).  
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3.3.2 SOFTWARE (AUTHORING APPLICATION) 

Developed in Processing IDE due to its accessibility and fast-prototyping 
programming language characteristics, the demonstration software designed for 
this experiment consists of a multi-editor authoring application which includes a 
primitive game engine capable to preview and evaluate a simple game running in 
mixed media environment. Main functions overview is shown in Table below. 

 

 

Table 3.1 – Designed software table of modes and related functions. 

 

Initialization: when microcontroller is powered up, motor will spin to origin (using 
photosensor and reflected gradient to detect angle 0º). Serial communication is 
established with a PC which is also connected to a projection device. Previous setup 
from calibration is loaded but if projection or game console (hardware) have 
physically moved in relation to each other, new calibration is need to be performed. 
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Environment edit: This setup allows used to select which points of the 3D object 
will be used for correspondence on projection calibration mode. User needs to select 
a file (.obj) representing the physical object and load on the authoring tool. 

Projector calibration: Allows the system to become aware of the projection 
intrinsic and extrinsic parameters. Next pages will present in detail the methods 
used on this application. 

Game level design edit: User (developer) is free to create a simple 2D game using 
collision objects (floor, walls) and tunnels (passages which teleport character from 
a plane to another). One must bear in mind to create a game designed to fit the 
physical object. This mode allows user to visualize a transparent background 
indicating the unfolded UV faces from the 3D file to be used as reference while 
creating the game elements. Since this is a prototype tool, edit level is limited to the 
same game world including one avatar which can interact with other game objects. 
Future versions will provide organized API to be implemented on common 
authoring applications for games (e.g. Unity3D).  

 

Figure 3.8 - Game 3D warp edit mode. Left: Red arrows indicates face vertices which are 
not connected to 3D object representation. Green arrows indicate connected vertices. 

Blue arrow shows a connecting line going being made. Right: three faces with all their 
four vertices connected to 3D object correspondent face. 

Game 3D wrapper edit: Allow a game created on Game level design edit mode to 
be mapped on the 3D object selected on Environment edit mode.  Before doing so, 
user must limit each chunk of the created game to follow the unfolded UV data 
from the 3D object. Each of these game fragments will be mapped to a 3D face by 
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establishing correspondence between these faces vertices (See Figure  3.8). Player 
character global position (as for other animated objects) on the game is converted 
to a UV point inside each of these fragments before being rendered. Back to game 
design edit mode after wrapping allows settings for camera follow. This means 
affecting how motor will spin the physical object according to character position 
within the game.  

Game Evaluation: This mode allows communication with micro controller and 
projection mapping to happen simultaneously so users can play the game seen 
projected on the physical object. 

For this demonstration game, hardware motor is controlled in two situations: a) a 
camera follow setup - allowing the motor to keep the game avatar displayed 
relatively on the center of the projection; b) a spatial action dispositive - the motor 
will stop moving until game avatar cross the plane from one side to the other. This 
adds some thrill to the game since the player cannot observe the contents of the next 
plane the character is about to enter. This dispositive creates conditions for the 
player to invoke one of the spatial actions proposed on this project named “sneak 
peek”. By performing this action, the player can have a temporary view of the next 
plane. This action causes the motor to rotate a little, partially revealing the contents 
of the next plane, while also forcing an intuitive human behavior to tilt the head 
slightly to the side attempting to change the perspective of the camera inside the 
game. See figure 3.1 for reference. 

 

3.4. PROJECTION AND TECHNICAL ASPECTS  

3.4.1. PROJECTOR CALIBRATION  

The projector calibration is a procedure used for solving the projector projection 

matrix. Specially for dynamic projection mapping, that is to say, when the spatial 

relationship between projector and illuminated object are constantly changing, this 

matrix is a key element for ensuring the precise alignment between projected virtual 

content and physical surfaces. The matrix contains information about the projector 

intrinsic and extrinsic parameters, such as the projector field of view, the projector 
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screen size, the projector center position and orientation, among others. These 

parameters are stored in the form of a 4 x 3 matrix which are used to convert a 3D 

point in the virtual world to its correspondent 2D position on the projector 

projection plane. Thus, every fragment existing in our game application has its 3D 

coordinates multiplied by the projector projection matrix in order to display 

correctly on top of their correspondent planes in the physical support object. Two 

methods were used in order to develop a tool able to offer a projection calibration 

interface for initial environment setup. The calibration process basically compares 

a physical object to its equivalent 3D virtual model (Figure 3.11.a and 3.11.b). 

 

 

Figure 3.9 – Projector calibration. a) 3D model representation of the physical object (b) 
used as base for projection; c) Crossed cursor projected on object; 

d) Virtual contents projected onto the physical object after calibration. 
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In order to produce dynamic projection mapping, it is necessary for the system to 

keep track of the physical object transformation in space (position and orientation) 

after calibration process is performed so the system can automatically recalibrate 

the projector in real time as a subroutine, if needed. As mentioned before, the 

current system developed for our game application does not rely on any sensor, 

such as cameras, in order to track and retrieve information of the physical object 

being used as support for the projection. However, since the object is manipulated 

by user via system instructions, the system relies on an accurate measurement of 

the target object’s initial position and orientation. A similar experiment25  was 

conducted by the artist Cyril Diagne, having a physical object spinning at a 

controlled speed, which allowed the system to be aware of how to perform the 

projection mapping as expected.  

 

3.4.3. PROJECTION AND GAME OBJECTS LAYERS’ STRUCTURE  

Some attention has been taken when projecting 2D contents to a 3D element so that 

the sense of depth in the game could be enhanced. This refers to defining the best 

way to set texture to background and moving sprites. These techniques will be 

explained on the next pages in detail: 

  

3.4.3.1 UV PROJECTION  

3D applications, the process where users load bitmaps imagery to be used as texture 

on the top of 3D models and set up how these planar images should match the 

geometry of the model is known as UV mapping (Figure 3.13). In such applications, 

U and V are the standard coordinates representing the normalized values of axes X 

and Y within a face. A polygon face is typically a Euclidean plane constituted by at 

least 3 points, usually shared with adjacent faces. Since 3D models can have very 

complex geometry, mapping each face individually to a portion of the bitmap 

texture can be very laborious. 3D modeling applications provide a set tools (UV 
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editors) to make the texturing process less complicated. These techniques allow the 

modeler to choose within a variation of projection models the texture (planar) can 

be holistically transferred to the surface of the 3D geometry. Users can associate 

many polygons to match the texture as desired. By choosing the right UV projection 

method, the 3D modeler can have a good starting point to continue refining the 

texture on the model. As with the UV mapping processes available on 3D 

applications, physically projecting 2D graphics on the surface of physical objects 

results in a certain level of distortions that should be handled somehow. 

 

Figure 3.11 – UV mapping. a) texture with a triangle representation of the 3D model (b) 
faces. b) 3D model having its faces textured by the selected portion of bitmap in (a) 

 

The most well-known distortion related to projectors occurs when the projection 

surface is tilted in relation the projector itself, causing a rectangular image to 

display as a trapezoid. This scenario is almost inevitable for projection mapping 

setups where artists wants to project multiple images on complex objects having 

different angles and distances between their faces, requiring an equally complex 

technique to overcome this condition.  

 

3.4.3.2 PROJECTION ARTIFACTS  

In the case of the present application, bitmap texture used on the background, which 

are intended to be flat, can be projected within a certain amount of distortions using 
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a basic setup where each face projects its correspondent portion of the bitmap 

multiplied by the projection matrix. However, the same cannot be applied to 

moving or interactive objects within the game. As seen in figure below, projecting 

objects which are manipulated by player (e.g. characters) or perform some 

animation inside the game, will flatten with the background if using the same UV 

coordinates. This issue becomes more visible when projection takes place while the 

character or animated objects stands next to the edge between two adjacent planes, 

thus being projected on both planes at the same time (Figure 3.15 (b) and (d)). 

 

Figure 3.12 – Projection artifact caused by wrongly mapping elements. Left: a) Game 
character contained inside game map layer is moving to the edge its current plane. Seeing 
from the perspective of the player, character seems to be flattened against the plane, and 

its appearance becomes strangely distorted when the character is being projected on 
between two adjacent planes at the same time (b). The same problem is aggrieved when 
adjacent planes share edges non- perpendicular to the plane base (floor) (c and d). Right: 

proposed solution of render objects in different UV projection coordinates. 

 

The solution used to address this projection artifact is to display these 
interactive/animated objects in a foreground layer, using a different UV projection 
method, so these objects can have their volume and lively characteristics preserved. 
In addition, the objects displayed in the foreground feels like detached from the 
background.  This method has limitations for multi player’s applications. For 
correct visualization of graphics, it assumes players are behind the projector device.  
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Figure 3.13 - UV projection separated by layers. Left: faces seen perpendicularly to view. 
Right: character displayed correctly to player perspective. 

 

In order to make it possible to combine different projection methods to support 
mapping game objects, including collision surfaces such as floors, walls, and 
interactive characters or items, with the physical object geometry, a layered 
structure containing different sort of elements was implemented on the authoring 
application (See Figure 3.14, right). Within this layer set, some information is 
hidden from players but necessary for evaluation of the system and game design. 
Rendered (projected) layers can be seen in Figure 3.17. For simplicity, in this 
illustration, the polygonal object is reduced to a 3D cube model, used as a physical 
support object.  This way it becomes easier to explain the structure of the layers and 
how they are setup individually.  

Important to mention, one of the main concepts of this project is to provide some 
sort of tangible game design interface, allowing a game to exist in multiple ways, 
slightly changing its complexity in accordance with the geometrical characteristics 
of the physical object the player decides to project the game onto. However, many 
of the processes discussed in the following subtopics, related to the game layer 
configuration, are setup manually, representing a limitation for using or designing 
complex geometry to be used in our project during this early development stage.  
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Figure 3.15 - Game layers’ structure overview. Top: Flatten visualization; a) 3D model 
unfolded, b) Game map (stage design) based on model unfolded layout, c) background 

texture bitmap, d) characters displaying on foreground after retrieving their position from 
game map. Bottom: Projected visualization; e) 3D model, representation of the physical 

object, f) Game map split and positioned according to 3D model planes, g) background 
texture applied/ projected on the 3D model, h) sprites display according to plane 

orientation in relation to the projector center. (a, b, e and f are invisible at projection). 

 

3.4.4. PHYSICAL OBJECT AND PLANE CONVERSION (GEOMETRY NET) 

A geometry net is a 2-dimensional shape that can be folded to form a 3-dimensional 

shape or a solid. Or a net is a pattern made when the surface of a three-dimensional 

figure is laid out flat showing each face of the figure on the same plane. A solid 

may have different nets depending on how edges on faces are detached from 

adjacent faces. There are several studies and algorithms addressed for 

mathematically solving paper folding or building net from 3D geometries [46], [47], 

[48]. Pepakura (after Japanese for “paper craft”) is probably the most popular 

application available online, which allows users to unfold a desired 3D model.  

As explained earlier, 3D applications offer some set of tools used to facilitate the 

process of unfolding 3D geometry into a plane for mapping purposes. Figure 3.15.a 

shows one among various possible ways (Cylinder UV projection) of unfolding the 

3D model used on this experiment. Projection unfolding methods don’t take into 

account relation between angles and proportion between faces of a model after 
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unfolded. As an analogy, this algorithm considers the object is a cylinder, cutting 

one side and opening to set it flat. All the faces visible from this plane are flatten, 

losing on dimension, resulting in distortions that might need some attention.  

 

Figure 3.16 – UV projections. a) Cylinder UV projection and b) the paper sheet unfolding 
method, used for building paper craft folding models. 

A cylinder projection includes UV projection planes around the object and sew the 

view of each plane into one single plane that can be displayed on some UV editor 

window. A paper sheet unfolding method is indicated since, preserving their 

corners angles and their relationship is important for tangibility used by the game 

engine AI. The edges are kept in proportion to each other (Figure 3.15 - b). From 

the application (i.e. Pepakura) function’s point of view, the main purpose of using 

this unfolding method is to create a printable version of the 3D model which can be 
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later physically built by users. In this project, however, this function was subverted 

to generate a UV map layout to be used on converting the game map layer to the 

correspondent faces on the physical object because proportions remain undistorted. 

This way it becomes possible to ensure that if a character on the game (virtual) 

moves 10 units to the left, the same applies to the physical model.  

 

3.4.5. GAME MAP LAYER  

This layer is used to design the game (level or scene) map, including collision 

surfaces which aids to define routes and goals on the game play. In addition, 

collectable items, tunnels and challenges areas for the game play can be decided 

and allocated on this layer. The game level designing tool developed for our 

experiment allows the creation of these game elements having the physical object 

unfolded map texture (defined in the previous step) used as a base layout for game 

design level (See Figure 3.16) to keep tangibility. At this moment, this process is 

manual, but automation will be discussed on future works as one of the issues to 

address. By simply drawing lines and dragging them with the cursor, the user can 

setup the basic collision surfaces like floors and walls to interact with a character 

avatar. After the game map is decided, each fragment relative to a model plane is 

subsequently connected to its 3D respective faces at Game 3D wrapper edit mode. 

Because of this relationship stablish between game elements and physical objects 

happens during the game level design phase, it is possible to seamless integrate both 

elements from real and virtual realities. Furthermore, living game objects, such as 

game characters (also manipulated by players) can behave according to the physical 

surface it stands on to.  

 

3.4.6. BACKGROUND LAYER  

The background layer is nothing but a bitmap texture designed to be mapped to the 

3D object. Since the game map layer is not visible during the projection, the 

background texture is aimed to reinforce the game layout, including visual 
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indications of floors, walls, holes and obstacles on their respective positions. 

Because of this dependency existing between the background and the game map 

layer, the latter is used as a reference to draw textures and other elements, on an 

external graphics editor application, and exported a bitmap image, used in this 

experiment. 

 

Figure 3.17 - Game Level design editor.  Game objects such as collision objects are being 
designed inside the limits of the plane (white lines). 

This bitmap image is intended to be projected on the physical object the same way 

as it displays on the 3D model. Thus, after the 3D model is mapped using traditional 

techniques for 3D texturing (on an external application), the game algorithm is able 

to retrieve the UV coordinates contained in each vertex of the 3D model and finally 

convert these coordinates to be used on the projector plane. As a result, the system 

can project each 3D face to its correspondent surface on the physical model.  
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Figure 3.17. This sprite sheet contains all frames used for the animation 

correspondent to each action of the main character.  

During the game play, the character is controlled by the player and its position is 

updated inside the game map layer, where character’s collisions against the game 

objects is evaluated. In order to extract the character position from the game map 

some transform operations are necessary. After identifying which plane is holding 

the character, we transform the 2D position of the character inside the game map to 

its 3D position on that specific plane - on the 3D model. We offset this point 

position to the 3D model center and finally multiply the result to the projector 

projection matrix in order to have the character correctly projected on the physical 

model.  One limitation is, we still need to be aware the projection is being performed 

at an angle, incurring in the so-called keystone effect, which might cause the 

character to display more or less tilted. But because the orientation of each face of 

the 3D model is known, the system is able to correct this distortion by multiplying 

the character texture corners to the projector matrix, thus interpolate the result for 

each pixel within that area, ending up with a trompe l’oiel art effect. 

Finally, due to a design choice, the character is rendered as a bi-dimensional figure. 

A sense of volume is added to the character so it can contrast with background. A 

sense of distance from the background is also achieved by rendering the character 

according to the difference of the plane normal where character stands and the 

projector center direction, as observed in Figure 3.18. The red arrow represents a 

vector from the center of the plane to the projector/player direction, while the green 

arrow represents the face normal direction. Since game sprites are currently bi-

dimensional, frame animation in Figure 3.17 were previously rendered for 13 

different views: -45° to 45°, within intervals of 7.5°, corresponded to the motor 

minimum interval a game command will allow the motor to spin. The system will 

display the character’s action from one of these sets, by considering the motor 

current angle, the projector center and the character position.  
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Figure 3.19 – Depth sense on bi-dimensional sprite. Same sprite frame from main 
character displayed according to a different sprite sheet set. 

The projection method described in this subtopic intentionally distorts the object 

being projected to satisfy the player’s unique point of view. Because of this 

arbitrariness, it is possible that some of the projected objects, including characters, 

might result in visual limitations (e.g. perspective distortions) for viewers situated 

somehow distant from the projector center.  

 

3.5. SPATIAL ACTIONS 

 

Figure 3.20 - Spatial actions designed for the turntable platform hardware. Animation 
plays aligned with the rotation of object support enhancing the illusion of depth. 

As initial base for this experiment, the concept of “spatial actions” for a mixed 

reality game was presented and two of these special actions were developed for 

demonstration: Sneak peek and Sidestep. These actions can be performed by the 
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game main character in order to enhance the perception of 3D space or depth in 

SAR interactions. Spatial actions are designed to combine digital animation and 

physical object movement in such way players have the illusion of volume coming 

from the projected surfaces. These actions are provided by making use of the 

physical creases found on the support object and giving to it an opportunity to serve 

as attributes in the game such as places the game character specifically can use to 

perform spatial actions, as seen in Figure 3.19. 

Sneak peek actions: these actions take places on vertically oriented creases 

representing a wall corner from where the avatar can “spy” contents on its adjacent 

polygons in stealth mode. The crease angle between polygons must be physically 

constructed to make possible such kind of action inside the game. As a default value, 

if the crease angle between adjacent polygons are greater than 60°, the system will 

accept sneak peek action on this location. By performing this command, players 

can anticipate what is coming on next game scenes and get ready for a duel or 

reward, or even finding another path to go in order to avoid that area of the game.  

Sidestep actions: allows players to perform maneuvers in order to dodge enemy 

fire or seek temporary refuge. In a traditional 2D platform game, player would block 

or try to escape from enemy’s fire while being trapped on a 2D coordinate system. 

In a first-person shooter game, players can also dodge left or right from enemy’s 

fire by hiding behind walls or door frames. In our game, a hybrid dimensional action 

was experimented, allowing a 2D character to make use of the physical geometry 

of the object onto where it is being projected. The sidestep action can be performed 

in spots where crease angle found on support object allows this kind of interaction 

between animation and support object. That is, when adjacent faces are not flat. 

Sidestep action is designed for vertical or horizontal creases but subjected to the 

game design basic rules.  
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3.6. SCREEN AS CONTROLLER 

The motivation of this research is to bring users the possibility of easily creating 

and reshaping their own physical object onto a game could be projected and 

resulting in a new game play. As seen before, the shape of an object used for 

projecting is arbitrary, but currently the authoring tool can only manage transferring 

a 2D game fraction to a polygonal structure where each plane (n-coplanar faces) 

can be associated. The process is manual and laborious. However, it is possible to 

partially generate game correspondence to simple features found on a support 

object such as the number of faces and faces properties, such as orientation toward 

the base (face attached to the turntable) and relation with adjacent faces. 

 

Figure 3.21 – Changing shape of the screen to modify game properties. 

Tangibles (tangible user interfaces) are systems that couple physical objects with 

digital data for more natural, embodied interaction [49]. Founded in 2009 by MIT 

Media Lab graduates David Merrill and Jeevan Kalanithi, Sifteo Cubes is a game 

interface designed to be a bit like dominos with video displays. The cubes were 

meant to form unique interactions when moved, tilted, rotated, or placed together 

as an attempt of adding physical points to digital games. This interface is however 

very limited in terms of software and expressiveness [50].  
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Figure 3.22 – Sifteo Cubes attempt. This interface allows physical elements to be 
arranged by users in order to influence the game play. 

3.6.1. RESHAPABLE SCREEN  

Previously demonstrated, the current experiment so far had as goal to test the 

concept of spatial actions. In order to advance, the core objected user as base for 

projection must integrate a system allowing for robust interaction. For this purpose 

and also to get start with the study of algorithms used to interpret the physical object, 

a modular system would constitute a controlled environment yet with a great 

number of combinations between modules. The present work briefly demonstrates 

the results with polygon elements which combines in limited ways, and the 

technique used for connecting them without creating visual clusters on the surface 

of each block which could affect the projection mapping experience. 

This project originally allows users to freely build up a game to be played on any 
surface. A game designer could project a game to be played on specific range of 
objects, or objects with certain physical characteristics, such limited number of 
faces or angle between faces, minimum coherence between faces, and so on. 
However, in order to automate some steps, and give game designers some sort of 
predictability, a standardized set of configurable blocks is proposed to give the 
development environment some variables to start with. 
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Figure 3.23 – Reshapable screen’s building blocks. a) regular tetrahedral; b) a quarter part 
of a regular octahedral; c) both parts combined. 

It seems to be true that not any polygon object shape used for the purpose of this 
experiment will create a valid surface indicate for projection. Some faces might be 
too small for interactivity with game elements, some angles might be too sharp for 
the projection to fill with contents. In 1525, Albrecht Dürer represented polytopes 
by cutting them open along edges and then flattening the surface onto the plane, 
without overlaps and without distorting the individual faces. Self-intersections are 
allowed during the unfolding process, but the final flattened surface must be free of 
overlaps. Whether a non-overlapping edge unfolding, as defined above, is possible 
for any convex polytopes was formulated by Shephard as a conjecture in 1975. 
Eventually not every polygon can be unfolded in a satisfactory way a game level 
can be generated and yet become enjoyable or playable to fit every game 
developer’s designing decisions. The choice of a modular shape which could also 
be a building block for the base object is based on the tetrahedral-octahedral 
honeycomb pattern and variations. These geometrical honeycombs are space-filling 
tessellation structures made up by two different polyhedral (octahedral and 
tetrahedral). Mentioned variations includes experiments with truncated elements 
and also a fusion between both in one single new polyhedral (Figure 3.22).  The 
design of the connection between each building block relies on a set of two or six 
cylindrical neodymium magnets. These magnets are 2 x 5 and 2 x 6 millimeters, 
and they are installed on each face of the polyhedral block taking in account their 
polarization would allow all possible combinations with other polyhedral blocks. 
For equilateral triangular faces, a composition of 6 magnets helps the feeling of 
snapping two modules together on the right orientation. On isosceles triangular 
faces, only 2 combinations are possible. 
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Figure 3.24 - Connection scheme using magnets. 

Due to the angular structure of these polyhedral, they can be easily combined 

forming regular shapes like cubes or pyramids and also irregular polygons.  

 

Figure 3.25 – Combinations. Possible shapes assembling parts to build a reshapable 
structure for tangible game level programmability. All these structures are 3D printed. 

From simple surfaces to complex structures, all the different combinations these 

blocks can build would lead to a different game level (according to developer’s 

decision), defining these blocks as tangibles, capable of reprograming the software 

from outside. In future, these modules could embed sensors to auto detect changes 
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in the shape of the whole object and inform the game engine to update contents to 

be projected. The design of the circuitry and conductive techniques used to transmit 

data between each module is briefly explained in future works. Next, some pictures 

describing the reshapable property these modules can offer for this research.  

 

3.7. DISCUSSION 

3.7.1. RESULTS 

 

Figure 3.26 – User feedback. Subject marveling at new forms of controllers for the 
interface after being in contact with a prototype demonstration. 

A brief example of how a new interface could lead someone to extend novelty: On 

the early state of the development for this prototype, a subject who works on game 

industry as mixed media game developer for Microsoft HoloLens was interviewed 

in order to get feedback about the use of projection mapping for games and the 

reshapable screen control. Getting in contact for the first time with this proposed 

interface allowed the subject to marvel for new forms of controllers which could 

express the spatiality of the interface.  
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A broader online questionnaire (Appendix B) was used in order to get user feedback 

regarding the presented projection interface and test how subjects evaluate it as a 

possible contribution to game development possibilities. Some subjects have had 

direct contact with the hardware and projection interfaces but most participants got 

information about this project by watching a promotional material explaining the 

characteristics of this project’s interface.  

 

Table 3.2 – Interface’s tangible concepts and user feedback.   

 

Questions were divided in two main groups: a) interface’s tangibility; and b) novel 

aspects as emerging medium. The first group of questions were extracted from 

Hornecker and Buur’s Tangible Interaction Framework [35] themes to evaluate 

how users consider the physical aspects relevance in comparison with digital 

contents. Within these themes, questions were based on tangible manipulation, 
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spatial interaction and expressive representation. As observed on Table 3.2, most 

users agreed this project is to be considered a tangible interface.  

The second groups of questions rely on McLuhan’s LOM - explained on chapter 1, 

aiming to discover how users could attribute values of emerging media to this 

project and use its interface as support for new forms of expression. According to 

participants, this project enhances in many aspects the characteristics of available 

media capable of producing mixed reality as seen in Table3.3.  

Table 3.3 – Interface as new medium arguments and user feedback. 

 

Although, McLuhan’s method considers a new medium will eventually replace 

former medium at a certain level, most users’ answers pointed this would rather 

happen on educational field instead of game field. As they suggested the use of the 
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proposed interface could be better exploited on learning activities, assuming to 

replace current methods of teaching. This represent the “flip” aspect on McLuhan’s 

LOW, when a medium is pushed to its limits it comes to a moment its purposes are 

reversed.  

In addition, participants were asked about their involvement with mixed reality 

whereas by playing AR games or visiting/developing contents. Among all 

interfaces available (excluding smartphones) for experimenting mixed reality, most 

participants reported projection mapping is still the most accessible one. 

 

3.7.2. LIMITATIONS 

This work has presented a preliminary solution based on the research about 

gamification in spatial augmented reality environment. Software and hardware are 

still under development although the proposed concept can be understood. 

Some software limitations are addressed by coding few automation routines, 

especially those mentioned on subchapter “projection and game objects layers’ 

structure”. As example, the game setup and level design mode designed for this 

experiment works currently only manually. A 3D model representing the physical 

object (shape) must be loaded to the system. This means the user needs to 3D scan 

the object he or she wants to use as a base object for projection, or the user originally 

have a 3D model data and, secondly, he or she will 3D print or materialize it 

somehow for projection. These limitations frustrate the reshaping feature proposed 

for the system.  

A user test must be performed after the system achieves a certain level of maturity 

or robust result including all the workflow (from developing a game to releasing 

and testing with gamers). The focus of this research was to produce a design concept 

yet to be implemented with the minimal requirements including the tangible 

programmability aspects and a certain level of AI capable of orient game elements 
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(i.e.: characters) like they are aware of the physical world they are projected onto. 

Potentialities were identified, but more work needs to be done. 

 

3.8. CONCLUSION AND FUTURE WORK  

We have introduced spatial actions to be performed in digital games projected onto 
3-dimensional moving support object with the goal of mixing this sort of interaction 
with tangible interface for games. Spatial actions take place on specific areas of a 
physical model where the game is projected. These areas must correspond to some 
physical characteristics such as the edge crease formed between faces which 
composes its area. This feature needs to advance to a level where characters become 
fully aware of the terrain they are walking though.  

Spatial actions are an empirical achievement yet under development, but results 
lead to possibility of creating specific AI for game characters to become aware of 
fragments in the real world. This specially tailored AI must be implemented to the 
game engine for demonstrating these potentialities so further tests should be 
eventually conducted with users in order to investigate the effectiveness of illusion, 
and what kind of immersive scenario could emerge from this proposed game 
platform. 

The console design must implement an autonomous display to state hardware issues 
when projector is not active – also a space on the console must exist as a constant 
area used to dialog with user, remediating a known interface for message exchange 
(ex: flat text, bi-dimensional GUI, etc.).  

Traditionally, game consoles embed a CPU able to load data from external 
removable media (e.g.: cartridges, CDs, Blue Rays, etc.) and process it in real time 
according to the player's commands. The same game can be played, “as is”, in any 
compatible console. That means, for each different console the game is played, its 
contents will not change. Instead, we proposed a concept where the same game can 
vary infinitely according to the physical environment where it is projected to. This 
concept of game can be developed bearing in mind to run a set of constant rules, 
such as the game objectives, challenges, story, characters, all previously defined by 
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the game developer. At the same time, all these rules can be distorted by the 
physical surface onto where game is decided to be played. Algorithms capable of 
dealing with these questions must be studied and incorporated to the system. 

A redesign of the console back bones communicating with PC and a microcontroller 
must be considered. A server-client model having the game running on a client 
which communicates with the server would allow much more interoperability 
between different programming formats. A server would be responsible only to 
physically control the position and rotation of objects and sense the environment 
while in constant communication with the game engine. 

Currently the experiment is running all applications in Java based language and 
very limited IDE. The use of other languages or IDE (Unity, Unreal) is important 
to communicate directly on platforms game developer members are familiar with 

A dedicated research should be address on the building blocks modules used as base 
object for projection. Environment self-awareness and connectivity are key features 
these blocks must provide in a future version. 
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Chapter 4! 

 Multi-laser projection system for phosphorescent materials 

4.1. PROJECT INTRODUCTIONAND GOAL 

This research goal aims in the direction of exploring non-traditional methods and 

means of expression regarding digital projection systems and graphical aesthetics 

for displaying digital contents, hence developing a tool to be appropriated as 

medium for artists or people interest on experimenting it. Here, the point of interest 

is to remediate digital contents to the aesthetic results obtained by the exposition of 

phosphorescent prepared surfaces to near-ultraviolet laser radiation. Eventually 

making use of this projection system for projecting dynamically created contents 

on alternative surfaces a common projector is not an efficient medium. The 

proposed tool is a modular system made by a server unit controlled by a remote 

client able to send instruction data wireless in order to update the laser devices 

modules defined as projectors. The tool is made by parts users can print and 

assemble by themselves. Thus, an evaluation of this process is also a means to 

obtain feedback of the possibility a non-skilled user can deal with it. 

 

4.2. BACKGROUND AND RELATED WORKS 

An English natural scientist from 17th century, Robert Hooke suggested a 

connection between how phosphorescent materials absorb light in a similar way our 

minds can absorb memories [51, pp. 112-114] . Conceptually, a photography is a 

moment in time written by light. Eadweard Muybridge’s photography sequences 

was one of the first experiments on capturing movement followed by the invention 

of the Cinématographe, by Louis and August Lumière. Yet another familiar relation 

with archeology, just like in early photographic experiments, this project explores 

phosphorescence combined with ultraviolet light as medium to expresses the idea 

of capturing time and representing it visually on an instable medium, raising the 
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4.3. REMEDIATING A PROJECTOR INTERFACE 

A modern projector is a device capable of propagate in space the color arrangement 

of an array of pixels, displaying them at a certain distance away from the projector 

center and through a complex and intricate set of lenses. Light formation at 

projectors vary on technology. At the present moment, several kinds of lights or 

projection technologies are available, including laser projectors and ultraviolet 

(UV) projectors, among others. For similar comparison with our proposed 

projection system, we will refer to the later mentioned. UV projectors are mostly 

designed and used for photolithography, consisting in, for example, the 

manufacture of PCB boards or in UV resin based 3D printer27. UV projection can 

be also used for enhancing 3D scans based on structured light methods of acquiring 

an object surface information28  . It is also possible to subvert the use of UV 

projectors, extending its usage to project any digital information similar to any 

commonly used projector, as it is the case for artistic installations29. In any of these 

cases, a projector directs light reflected on an array of microscopic reflexive 

surfaces know as Digital Micromirror Devices (DMM). Each mirror corresponds to 

a pixel position. These mirrors movements are stimulated by electric field at their 

terminals. Although these microscopic mirrors can only reflect or not reflect light 

in a binary analogy, they can move to the frequency of 400MHz, allowing 

grayscale. Texas Instruments, a global leading manufacturer of electronic and 

metric components provides development kits aimed for researches to work directly 

with DMM devices. But its operation requires some technical skills that goes 

beyond the scope of this project. Similarly, other than using a typical projector 

system, another used option to drive laser projection is to user a very reflexive 

mirror to control the laser direction. It is possible to verify on the internet some DIY 

projects using galvo mirrors system (or similar dielectric mirrors) glued to old HHD 

actuators controlling the laser direction. These actuators are quite big for the goal 

of this application and also this strategy requires one more item to a buying list, 

which is the mirror itself. The system we propose, on the other hand, is much closer 

to an analog-mechanical principle when it comes to control the direction of light, 
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by driving it as a turret, or CNC machine, relying on two motors (micro servos) 

operating 180 degrees in axes perpendicular to each other. Servo motors are noisy 

and less precise than stepping motors but easier to control and expand. Each module 

can work individually to draw part of a picture, or they can work together to produce 

a progressive draw projected from the top to the bottom similarly the way screen 

refreshes on common projectors. A color projector is more likely to project on clear 

white matte surfaces to obtain contrast and non-interference with additive colors. 

Phosphorescent paints are available in different colors. Furthermore, this project 

explores alternative surfaces which can be extended by phosphorescent accessories 

capable to create an interface standardized to the source of UV being projected by 

the laser modules in such way these new extended surfaces could become charged 

and reflect visible light. An example demonstrated on next pages, this allows to 

project on the crown of trees or vegetation, opening to new possibilities of 

interacting with projection techniques and objects. 

 

Figure 4.2 – Environment elements overview. A server (a) commands a laser projector 
device (in this picture, 2 modules are shown) (b) to draw a line on a prepared 

phosphorescent object (c). 
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4.4. HARDWARE 

Conceptually, the projection system proposed as a tool in this chapter is formed by 

an array of controllable laser modules (“pointers”) controlled by a server. A server 

is constituted of 16 outputs capable of connecting to 16 points. Inside the server, a 

Raspberry Pi Zero W is connected to a micro controller. The latter piece of 

hardware drives all the projector devices and allows a primitive user interface via a 

mini oled-display and directional buttons. Through this simple interface, user can 

be informed about server status and connection with a client. User can also get 

status of plugged projector devices. Each new plugged device is displayed on a list 

and can be controlled for testing and corner alignment. Pointers are connected to 

server using 6 pin flat ribbon cables. 

 

Figure 4.3 - Projection system overview. Including a client sending wireless information 
to a server, able to control up to 16 laser pointer devices 

A client is current a computer running a basic processing application and allows the 

user to send data to be projected to the server. The application on server will be 

detailed later. A client could, in theory, can be any device running an application 

which includes a library capable of communication with the server and generate 

data the latter can convert to instructions for driving the pointers. The server case 

was 3D printed and designed to hold three 16-channel PWM (Pulse-Width 

Modulation) boards to control motors and laser brightness. These boards are driven 

by the firmware programmed in C# for a Teensy 3.5 microcontroller. 
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4.4.1 SERVER 

Server is a cylindrical structure (15cm height x 8cm diameter) interfacing each 

pointer projector and a library on client’s computer. This piece of hardware has a 

basic user interface including a directional disc and a small oled display (128 x 64) 

capable of providing users some information about the environment which can later 

be instantiated on the software via client.  Server can provide output up to 16 pointer 

devices by means of a custom design circuit which groups the PWM driver boards, 

a socket output custom board and two multiplexers (74HC4051).  Device outputs 

are 3x2 (2.54mm) pin sockets providing 5v power, ground, 1-wire line for serial 

number and three PWM pulse channels (servo 1, servo 2 and laser). Two PWM 

boards provides 32 different channels to control servos (x and y) for each pointer 

projector while 1 PWM board is dedicated to address laser intensity for projectors 

lasers. Server runs on a Raspberry PI 3 Zero W directed connected via UART pins 

to a Teensy 3.5 microcontroller. Teensy can work autonomously when Raspberry 

Pi is powered off, for testing purposes. Teensy connects to the all three PWM driver 

boards via I2C protocol. All other functions regarding directional and displays, and 

other IO are driven by the microcontroller native digital or analog pins. 

 

Figure 4.4 - Server controller. 
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4.4.2 LASER POINTER PROJECTOR DEVICES  

Each pointer (Figure 4.5, left) is a ~5cm3 modular device equipped with a 3~5V 

laser module moving in four directions within an aperture angle of ~22º. This allows 

a pointer to cover 2m2 at 5m from the subject. All parts except electronic 

components are 3D printed. A custom board was manufactured for attaching all 

components together and placed internally. All components and respective 

functions used are listed on Table 4.1. The picture above shows the version 1.6 of 

the device. Most of the effort to get the device functioning properly is relate 

building the axis on which a CNC-like head slides to control the laser direction 

which orbits inside two coupled axes. For a laser projecting at a distance, any 

unnecessary vibration will cause a peak as result on the phosphorescent material. 

 

Figure 4.5 – Left: laser pointer projector device. Right: Four devices stacked to each 
other. Each module is about 5cm3. Projection center configurable in 9 positions. 

 

All 25 parts used were designed exclusively for this project. A link to a version of 

the building manual is included on Appendix B. This manual is part of a 

questionnaire which preliminary results will be discussed. Pointers are built to 
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connect to each other expanding the projection plane. Alternatively, it’s possible to 

operate 4 different projection planes made up of 4 pointers each. The front of each 

module can slide left and right and top to bottom to change the center of the 

projection independently. When user moves the front cover (containing the orbital 

part which encapsulates the laser emitter) to any direction, it will snap to the 

position. All border positions plus center sum 9 different projection possibilities. 

 

Table 4.1 List of electronic components assembled on a custom PCB board. These boards 
are placed internally the Laser pointer projector device. 

 

4.5. SOFTWARE AND TECHNICAL ASPECTS 

In this project, at least four pieces of programing code were written, each having a 

distinct function: a server, a firmware, library and an end-user application were 

designed to put all the information together seamlessly. Client-end application is 

developed to be compatible with Processing language in order to support users who 

might not be very familiar with the programming environment, thus facilitating 

access via simple commands is a way to communicate on a first level. Experienced 

users can make use of more complex commands as for example defining how laser 

intensity will be mapped to a position based on a texture grayscale intensity. 

According to Csikszentmihalyi [53], this approach based on levels of user’s 

experiences follows the concept of flow – a state of mind in which an individual is 

performing skilled work at an appropriate level pf challenge between anxiety and 

boredom. 
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Server is written in Java and currently it is designed to communicate with a library 

designed for processing. This library – when instantiated on a processing sketch -  

tries to establish a connection with server and passes arguments relative to the 

environment configuration according to user setup. This is to say, how many 

devices are going to be in use, and where these devices are going to project onto, 

and how contents are going to be divided between each device.  The server also 

establishes a communication with microcontroller via serial and are constantly 

exchanging information. Eventually, users can interact with the server program 

directly via hardware or via client. 

Client is a Processing application running on a PC capable of connecting to the 

server via wireless network. The process application instantiates a custom library 

created for this project. The library exists to facilitate the interface with the user by 

interpreting simple line of codes and performing complex functionalities. This 

library does most of hard coded-side of communication with server and converting 

drawings to device-addressed trajectories, and all this contents to JSON for 

executing at projectors connected to the server. The only work challenge tasks left 

at client-side is to correctly create a projection environment and calibrate all devices 

individually, since the current system is not designed for calibrating devices 

automatically.  

 

4.5.1 SERVOS VS STEPPING MOTORS  

Micro servo motors are a specific kind of small DC motor whose rotor is attached 

to a gearbox designed to increase torque. These motors can be easily operated by a 

microcontroller without the need of additional boards or motor drivers. Yet, a servo 

motor has only one input, in contrast with stepping motors, which are far more 

accurate than servos, but more complicated to operate and scale. The hardware of 

servo motors includes a driver board capable of converting pulse modulation to 

degrees, orienting the servo rotor to a position requested by a microcontroller. Also 

in contrast with stepper motors which provides controllable revolution speed (as 



 

 

 

98 

 

seen in the chapter 3), servo motors attempt to reach the target position as fast as it 

can.  

 

4.5.2 SMOOTHING TRAJECTORIES 

Combining two motors in a Cartesian plane so they could represent respectively 

axes x and y, and running these motors at same amount of degrees will result in a 

perfect diagonal line if both start moving at same initial time. However, if the 

amount of degrees both motor have to go through is different, when starting at same 

initial time, they will draw artifacts. This is because the motor which needs to run 

the shortest distance will achieve its goal first while the second motor is still 

running. This hardware limitation needs to be fixed via software.  

 

Figure 4.6 - Controlling two servos for graphical application 

The solution to address this problem is basically to split the trajectory in small 

sections which motors will accomplish one by one at the same time. The example 

described is shown on Figure 4.6. Controlling speed of a pair of servo motors for 

drawing lines at any angle: a) a 45º angle line: traveling time from origin to target 
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position for both axis is equal; b) a 60º angle line: different completion time in both 

x and y axis leads to problems illustrated in c) where on axis movement is already 

completed while the other is still moving; d) a subdivided trajectory for the faster 

axis is proposed. 

 

4.5.3. DRAWING ALGORITHMS  

We developed two procedures for converting digital contents into instructions for 

projection: vector based and bitmap based. These are CAD (Computer-Aid design) 

functions available on the library designed for the client-side to use for creating 

contents for projecting on this system. The first method works in a similar way as 

CNC machines, moving their head along a predefined path driven by vertices 

positions. We have incorporated Hershey vector font 30  instructions for roman 

characters and digits in our application to perform some writing tests. Hershey fonts 

are a set of characters originally designed to be rendered using vectors on early 

cathode ray tube displays. We retrieve a vector path containing vertex positions 

which are segmented according to the pointer device drawing speed. Instructions 

drives the laser position to draw the correspondent vector image automatically 

converting the screen coordination system to the projection plane coordinates 

(Figure 4.7). 

 

Figure 4.7 – Simultaneously drawing algorithms tested with vector fonts. 

 A second CAD function implemented on the library refers to reading a grayscale 

bitmap image, storing the position of pixels in different levels of brightness and 

divide the work for drawing points on the projection plane though the available 
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pointers. This process stats shinning laser related to darkest brightness pixels found 

in the image. Gradually shinning from darker to brighter pixels, while the 

phosphorescent material releases energy previously stored, forming a gradient 

pattern correspondent to the grayscale (Figure 4.8). 

 

Figure 4.8 – Rastering bitmaps for projection. From left to right, image viewed by a 
camera sensor and simulation process of rasterizing a bitmap picture and drawing on 

phosphorescent material by projecting dots at darker areas found on the sample image 
and gradually projecting brighter pixels. As time passes, previously projected areas fade 

while recently drawn areas are still bright, revealing the different tones of the picture.  

 

4.5.4 LASER PROJECTION PLANE CALIBRATION  

When the system is initialized, each projector device has its position unknown to 
the system. Designing a way which could automate the calibration process is a key 
feature which allows feasibility to the design to expand. This is still an issue to be 
addressed in future works, since until now, the temporary solution uses a manual 
setup to inform the projection plane for each projection device and then, the system 
is able to stich between projection planes to generate a greater canvas for projection. 
Currently, each projector device needs to be taught about the four corners which 
delimits its projection area, hence, its projection plane. The contents projected on 
this delimited area by a projection device is transformed from the screen coordinate 
system to the projector coordinate system via planar homograph by the method of 
algebraic distances between correspondence points. We want to solve h so that a 
2D point x’ can be transformed to x (Equation 4.1). In order to find the homograph 
matrix (h) a system of linear equation containing at least four corners of the 
projection canvas (Equation 4.2) is built. Let the left-hand matrix A to be multiplied 
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by the right-hand matrix b using the Moore-Penrose inverse matrix method in order 
to find h (Equation 4.3). 

 
 

 

Equation 4.1 – Planar homograph equation (using algebraic distance between 
correspondent points). 

 

Equation 4.2 – Linear system of equations filled with n correspondent points 

 

Equation 4.3 – Moore-Penrose inverse method to find homograph matrix 

 

 

4.6. ADDITIONAL INTERFACE (BEADS DISPLAY) 

In order to experiment the potentialities of projecting in alternative surfaces which 

a traditional projector can’t obtain success creating contents, a simple experiment 

was performed using transparent elastic silicone net built as a grid. On each cross-

intersection between vertical and horizontal lines a phosphorescent bead was fixed. 

This elastic net was later used as a prototyped interface to allow the laser projector 

devices to interact with surfaces like vegetation or trees covered by the net.  
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Figure 4.9 – Manufacturing elastic silicone net with phosphorescent beads. 

 

4.7. CAMERA FEEDBACK 

A camera tracking system is being used to avoid projecting out of exactly regions 

where beads are located. This would provide more efficient drawing algorithms. 

 

Figure 4.10 – Camera feedback. (a) snapshot taken as initial state of scanning procedure. 
Yellow circles show light reflection artifacts ignored in the frame subtraction process 

shown in (b); (c) laser reflects on a phosphorescent material and is detect in on (d)  
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A previously calibrated camera is used for tracking changes on the target object 

caused by projection, and/or providing feedback for the system to avoid shinning 

laser on the void, also for safety reasons. Below is an example of how a circle could 

be projected on gridded screen (such as the beads display), depending on the 

number of beads (resolution). 

 

Figure 4.11 – Retargeting trajectories. Left: original projection trajectory. Right: 
trajectory snaps to grid. 

 

For each pointer device, a scanning callback function forces the current selected 

projector device to use all its aperture range swiping thought all possible directions 

like a scanner procedure. The system observes the difference of pixels from 

snapshots taken by the camera at each servo position on the background, comparing 

to an initial state snapshot taken when all lasers were off. The difference generates 

a value for each servo position, used as hint too overwriting its movement pattern 

to projected only on valid locations. This same procedure can be used to detect 

anomalies on the projector device due to the limitations caused by 3D printed 

imperfections on parts. These distortions are attributed to the projector device ID 

chip and saved on a list of devices which have been ever plugged on the system, to 

correct laser trajectory by software.   
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4.8 DISCUSSION 

4.8.1 RESULTS 

Along with the previous sub chapters, results for each of the implemented method 

or design were already partially discussed. Apart of how efficient the design of the 

tool present, the goal of proposing such tool capable of creating an alternative 

projection system which can be re-created using digital fabrication and open source 

software was achieved. Also, the use of alternative surfaces (in this project, 

vegetation, leaves, trees were used) is shown in Figure 4.11 -  using a sampled area 

of plants layered by the silicone net prepared with phosphorescent beads interface 

previously demonstrated. The exploration of the phosphorescent media by this tool 

is yet an issue addressed to future works where it could be possible to evaluate how 

users could eventually collaborate with creative contents.  

 

Figure 4.12 – Projection on plants. Sampled area of vegetation interfaced with a 
presented design being evaluated as new media for projection making use of proposed 

tool.  

Figure 4.12 shows some tests made using a drawing program (top sequence) made 

to generate trajectories for the projection in order to test their performance while 

iteration of parts is being done in order to optimize drawing results. All pictures on 
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the bottom are made in phosphorescent tape at around 50 cm distant from laser focal 

point. These pictures are approximately 20cm2 and they were made by a single 

projector. 

 

Figure 4.13 – Projection test. Top: custom drawing tool used to generate trajectory for 
testing the projector accuracy. Bottom: trajectories are executed within a 20x20cm area 

(projector focal point is approximately 50 cm distant from projected surface). 

An online questionnaire (Appendix E) was conducted with design students in order 

to get feedback regarding the possible use of the interface proposed on this chapter, 

and also its most expressive aspect as new medium. Most relevant aspects of the 

questionnaire are expressed on Table 4.2 (multi options were allowed within 

groups). All participants recognize this interface can contribute to expand the types 

of surfaces a projection can be mediated. Among all subjects (7), more than half 

agrees this interface can also contribute as new form of aesthetic. In this aspect, the 

most relevant formal representation is attributed by participants to the monochrome 

visual effect the interface can produce. Secondly, when used with Beads Display 

and placed on the top of trees, the effect produced by the interface can resemble 

falling stars or fireflies.  Other than the poetic use for art installations and stage 
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performance, subjects also recognized the use of this application on user navigation 

at night as dynamic displays on the floor of parks or stations, followed by sign road 

signage. 

 

Table 4.2 – Interface aspects and user feedback. 

 

4.8.2. BUILDING INSTRUCTION USABILITY AND USER FEEDBACK 

A very brief user test experiment was conducted with four subjects aged between 

19 to 23-year-old. They all are exchange students at the Department of Design in 

Kyushu University. The experiment aims to evaluate usability of a building 

instruction booklet prepare for aiding users on assembling 3D printed parts which 

they might occasionally print by themselves. The interest is also to notice the 

opinion of users who are not necessarily skilled on engineering or at least not 

familiar with DIY activities. All 3D parts used for assembling a projection device 

was printed and test along with other additional components (e.g. screws, nuts, etc.) 

and electric parts. Users would then try to follow the instructions while building 

one unit. All subjects completed the task of building the device but some asked for 

external assistance indicating the manual was not clear enough at all steps. A video 
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recorded the building section and will be used as source of information to address 

which parts of the building manual would cause more confusion to users. Questions 

related to the clarity of information, about the user background regarding building 

activities, and personal impressions about the finished object they had built was 

made through an online poll (Appendix D). 

 

Figure 4.14 - 3D printed parts and building section with users. 

 

4.8.3 LIMITATIONS  

For this project, a Ultimaker 2+ 3D printer was used to print all the parts used on 

the prototype. One characteristic about 3D printed objects is that their surface is not 

so accurately flat, depending on the resolution of the printer and the orientation an 

object has been printed. This was decisive when designing small parts because of 
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their functioning, and because of giving user tactile and audible feedback (click) 

when assembling. A resin based approach might be tried as a future work but the 

design of the parts must be generic so it can be printed on machines which are yet 

accessible for end-users. 

 

4.8.3.1 LASER SAFETIES  

The present laser modules project a focused visible light at 405 nanometers, above 

the range of ultraviolet A (400 ~ 315nm). Any source of constant and intense 

focused light can cause harm to skin or (specially) eyes if incorrectly used. In this 

current research, laser module labeled as Class 3B were used. These require caution 

on its application and would demand future regulatory certification if used for 

entertainment purposes. The design of this projection system is never intended to 

aim the laser pointer toward the audience. Still, flash blindness or glare can occur 

from the effect laser produces when stimulating the phosphorescent material, if 

laser intensity is not properly controlled. To avoid this effect, we are able to control 

the laser power in accordance with ambient light to dim the undesired brightness 

caused by any laser reflection.  

 

4.9. CONCLUSION AND FUTURE WORK  

The projection system we have proposed is an experimental piece of hardware still 

in development. We were able to design a digital fabricated modular projection 

interface, which allows for scalability in accordance with the application it is 

designed for. Each small module is proposed to be equivalent to an array of pixel if 

compared to a traditional digital projector, with the additional effect related to 

phosphorescence and light memory – yet to be graphically explored in a broader 

context. We have faced some initial limitations due to the complexity of plane 

calibration procedures - which lacks some automation - and imprecision of laser 

targeting in small areas, caused by the quality of the mechanic transmission between 
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gears and motor. Because of the sensibility of motion propagated by the laser 

projection radius from origin to projection plane, any vibration cased on the 

hardware results in drawing inaccuracy, which needs to be fixed in the future 

hardware versions. We aim to optimize the movement stability and precision, as 

testing projection latency in wirelessly connected pointers, also reducing the 

dependency of each pointer from the system and allowing it to perform some basic 

autonomous procedures, such as auto regulating laser maximum intensity based on 

ambient illumination sensing. Extending the range of implementation possibilities 

for portable applications. For the later purpose, we encounter some controversy in 

regulatory standards regarding the use of lower wavelengths light emission sources 

and further research needs to be done toward the technology application and its 

clinically confirmed side-effects.  
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Chapter 5! 

Exploring new forms of expressions in collaboration with artists 

5.1. PROJECT INTRODUCTION AND GOAL 

This project aims to evaluate the laser projection interface project proposed in 

chapter 4, in search of new forms of expressions, in collaboration with a performer 

artist based in Tokyo, Ekotumi31 and also support the artist with easy access to 

projection techniques and, if, in combination with digital fabrication possibilities. 

Since 2010, she has been developing ‘New translation KOJIKI Series’, a Japanese-

style opera based on Japan’s myths and folklore. In addition, the use of digital 

fabrication to produce an artefact used for dynamic projection mapping is briefly 

described. It is valid to say that the collaboration work being produced goes beyond 

the scope of this chapter and includes a study about the interest artists might have 

to remediate themselves to new contemporary formats addressed to future works.  

Ekotumi has collaborated with an early experiment we have built to get experience 

before deepening on the current project we are producing. We have submitted this 

concept as artwork to Kitakyushu Digital Creator Contest 2018 (“Airy Colors”) 

being one of the selected works by jury. This artwork uses Microsoft Kinect depth 

sensor to capture the movements of the performer in real-time, using the 

distribution of collected points (point cloud) of information on the sensor as basic 

unit where we create digital content to be projected back on the body of the 

performer. The advantage of this method is to let the performer free to move. 

 

Figure 5.1 – “Airy Colors”. Performer seems to fly from the one side of the stage to the 
other while the projection effect makes her silhouette to change to an amorphous shape 
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5.2. BACKGROUND AND RELATED WORKS 

Previously mentioned, the term Device Art is a concept derived from the Japanese 

approach to media art, as written by Machiko Kusahara. in the "Device Art: In the 

new approach correct understanding contemporary Japanese media art" [54, pp. 

277-307] a tool is not considered a mere means to a result. In Japanese tradition, 

the processes and manner of using the tools are as important as the result itself. The 

pioneers of computer art started to make use of plotting functions to draw 

abstractions and exhibit their results as artwork during early 1960’s. The following 

decade promoted the collaboration between artists and engineers, such as Billy 

Klüver, an engineer from Bell Laboratories and the choreographer and artist Merce 

Cunninghan. One of their collaborations resulted in “Variations V” (1965), a filmed 

performance where a very primitive motion capture system was built to interact 

with the movement of the dancers to produce sounds. Klaus Obermaier, a 

multimedia artist established in Germany, refers to the term intermedia, as a way of 

exploiting various available media as experiment to end up with an evener new 

media32. He often makes use of projection mapping and live performance. The 

artwork titled “Apparition”, exhibited in ARS Electronica Futurelab (2004), makes 

use of captured video to feedback projected contents on the body of the performers. 

In a similar way, the system we have built for this artwork returns projected virtual 

content to a single point in space, part of a larger body or surface.  

Team Lab, founded in 2001, is a collaborative, interdisciplinary creative group that 

brings together professionals from various fields of practice in the digital society. 

The company has attracted attention of general public due to immersive projection 

installations and other projection mapping events the group perform in many cities 

and historical places in Japan and over the world33
.  

Kabuki Spectacle at the Fountains of Bellagio (2015) is a spectacular sponsored by 

Panasonic, which took place in America and that show that brings together dynamic 

video projections over the water and live Kabuki actors, based on the famous 

Kabuki story, “Koi-Tsukami”, ‘Fight with a Carp’. 
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Ebizo Ichikawa is a famous Japanese kabuki has recently updated his online 

account profile with the following invitation to his fans: 

!"#$%"&'$%()%*$+,-.%/#(0+%1#-/%2(3-+4%56'7%-/%8&96:-;%961%-1%-/%3-<$=%0-1#%>(#;%
87(4$+;%)'(0$?%&??&+4$3$+1;%&+=%@?(,$21-(+%3&@@-+4%1#-/%1-3$A%B/@$2-&''7;%1#$%
1$2#+('(47%6/$=%)(?%@?(,$21-(+%3&@@-+4%-/%2&''$=%CD33$?/-E$%F?(,$21-(+G;%&+=%-1%4-E$/%
1#$%&6=-$+2$%3(?$%-33$?/-E$%/$+/$%1(%1#$%@$?)(?3&+2$A%H-1#%2(39-+$=%5&@&+$/$%
26'16?$%&+=%(@$?&%@'&7$?/;%D%0(6'=%'-:$%1(%3&:$%&%4?$&1%@$?)(?3&+2$A%F'$&/$%2(3$%1(%
/$$%6/I%

 

These examples reflect a current trend which allows the researches on this field to 

be broadly explored. 

 

5.3. RESULTS 

As mentioned on the introduction, one of the goals is to provide artists support and 
easy access to projection technologies so they can expand their expressiveness 
within this media. The selection of our prototype project by the jury selection at 
Kitakyushu Digital Creator Contents (2018) indicates the goal of support the artist 
with projection technique was successful. In addition, according to the artist herself, 
this is being an opportunity for her to get more involved with the technology used 
on projection events and a chance to observe the artist’s needs in order to better 
support them next time. As a working in progress project, we have addressed the 
final production about the KOJIKI Series to future works. 

This chapter also brings a brief demonstration of preliminary results we were able 
to achieve using the previously laser projection system designed as part of 
evaluation tool for concepts of this research work. The evaluation is described as 
the use of a 3D printed mask used for dynamic projection mapping, and the use of 
lasers to project (write) on phosphorescent costume dynamically. In this latter, we 
tested a technique where the lasers will move to write on the static performer and 
one technique where the lasers are stationary while the performer moves in ways to 
write on the costume with the own movement of body. This is to be addressed as 
future works since a choreographically designed pattern of movements must be 
employed for best use of the techniques. Results are seen in Figure 5.2. and Figure 
5.3. 
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Figure 5.2 – Laser test 1. Left: Artist dresses a costume prepared with different colors of 
phosphorescent material. Right: Artists is still while laser projectors move. 

 

Figure 5.3 – Laser test 2. Left: Artist moves from right to left (a1) while lasers (b) are 
still. Right: Artist's movements are fixed by the lasers on the phosphorescent medium. 

The use of a mask is already a signature of Ekotumi in her live performances, 
making reference to the Noh mask, or “Omote”. In a specific scene of her Kojiki 
series, the female god character, Izanami, removes her face and gives it to the god 
of the death, as part of a negotiation so she could come back to the world of living.  

The use of projection mapping with a 3D printed mask was proposed to the artist 
as solution for the special effects for this scene on her performance. This effect is 
achieved with a prepared mask being tracked by an infrared (IR) camera. The mask 
contains IR makers which helps the system to perform a pose estimation of the 
object thus use this information for projecting contents on the desired position. The 
mask 3D data was scanned from the face of the artist using Microsoft Kinect One 
and software available for Kinect SDK (software development kit). The artist’s face 
scanned 3D data was than modified (smoothed) to become more proper for 
projection and printed on Ultimaker 2+ 3D printer. 
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Figure 5.4 – Omote. Left: a handmade mask using masking tape. Right: A 3D printed 
mask based on scanned data of the face of the artist. 

 

Figure 5.5 – Omote and projection. Performance’s face was previously recorded while 
she sings and re-projected to a mask she holds next to her face creating the illusion her 

face is removed. 

5.4. LIMITATIONS 

The scope of this chapter is limited to the use of a designed projection system and, 

additionally, experimenting digital fabrication as support for dynamic projection 

mapping. Limitations are addressed to the use of high-end hardware which can 

handle overloading sub-routines to grant dynamic projection. Developing a cheaper 

system is not necessarily a limitation but could be addressed to future works in 

order to bring this solution to a level where more people could get benefit from 

using it. The software used for achieving pose estimation and other technical 

aspects are not part of the scope of this chapter.  
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5.5. CONCLUSION AND FUTURE WORKS 

Artists are sensitive to become pioneers in making use of new technologies in new 

forms, developing cultural progress which reflects on improvements on the 

technology used as artists’ medium itself. Some uses it such as a mechanism to 

criticize the technology itself, but some uses it as tools to achieve different 

processes, or as a media, to deliver a new interface to observers.  

Most important aspects of limitations encountered in this project postponed to 

future works would be target to the amount of processing data used for creating 

simulations and motion capture calculations in real time. Current algorithms need 

optimization in order to run faster on machines with low processing capabilities. 

Not mentioned earlier but an indirect part of the objective of this experiment is to 

keep this framework under accessible conditions for users who don’t dispose of all 

expensive high-end hardware big companies use. Instead, a reasonable solution 

closer to DIY is being explored and preliminary results are promising. 

Ekotumi’s feedback exposes why she is interested on incorporating Dynamic 

Projection Mapping on her performance and the interest for the alternative 

projection interface using ultraviolet over phosphorescent supports. Although a bit 

incredulous before we could perform the tests – (how to interface), the artist 

believes this effect could add an immersive way to tell the audience the nuances 

about her narrative. She wanted to try a medium where people could understand the 

history intuitively, without the need of depending on words. The artist has tried 

similar collaboration with technicians on the past however since the work was just 

video projected, she describes that she needed to stay still, in specific places of the 

stage without moving. And because the format, shape and size of the stage changes 

depending on the place, it was not possible to keep the performance ongoing due to 

costs limitations. In opposite, she believes the solution I am proposing, which 

includes motion capture, allows here to move freely, making the difference. 
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Chapter 6! 

Discussion 

 

6.1. RESULTS   

  

Table 6.1 - Table of goals and achieved results along this research work. 

 

In this research work, two projects (chapter 3 and chapter 4) where designed from 

scratch having as guidelines specific design principles previously determined. 
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These principles are responsible for connecting the output design solutions to 

interact with mixed media or augmented-reality-based models. And simultaneously, 

the output design should be provided in such way it could be possible for people to 

replicated its blue print by means of digital fabrication - using external components 

the least as possible, including electric components or hardware such as ready-made 

projectors. 

Along with each proposed solution, a project-targeted discussion was held locally 

in sub chapters respective to the project itself as seen in table 6.1.  

The goals for each project was achieved and a global solution for proposing tools 

with potentialities to be exploited by enthusiastic users fond of experimentation too. 

How much of these experimentations would lead to actually create new forms of 

expressions however is still addressed to future works, since until the present 

moment the systems which were detailed on this research work are still under 

development.  

 

6.2. LIMITATIONS   

Many of the solutions provided on this research work are empirical and based on 

observation of models which are present in our culturally developed society. These 

are, more recently, digital interfaces such as web-based repositories and forums 

where members from various background can share ideas to improve each other’s 

projects collectively. The limitations of this work, however, are mostly addressed 

to the fact that despite of the amount of work done for achieving the goal of creating 

a tool to be used for incentivizing users to experiment or create new forms of 

expressions, it was not possible until the present to perform a broaden user-test 

activity, thus, lacking important user-oriented feedback. These tests should be 

performed on workshops or designing activities where users could be leaning for 

experimenting new medium to develop or express their ideas.  
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Chapter 7! 

Conclusion and future works 

7.1. CONCLUSION   

Along with this research work, I have discussed about concepts usually applied to 

the field of Art History and New Media studies. These concepts are akin to the 

design principles which I have been adopting as part of my academic research 

dealing with projection and mixed reality. Together with these concepts as 

guidelines, I have presented two ongoing projects which attend the specific design 

principles previously determined – a projection mapping tool built though digital 

fabrication which facilitates access and user customization - such that the final 

concept project would integrate a projection system capable of supporting content 

creators on express in new manners.  

During the evaluation of the projects it was possible to identify from the feedback 

of subjects the possibilities for implementing these supporting tools on some of 

their applications. 

Coming from the art field but quickly absorbing frameworks used on designing 

processes not only in academy but as a work, I believe my contribution is up to date 

to the actual moment artists are living after the revolution of the digital media. 

Along with the chapters discussed on this work, I have demonstrated the point of 

views from Art Historians, Philosophers, Artists and Technicians, pioneers on the 

development of some of the concepts we have been experimenting until now, such 

as the main functions and formally aspects of the graphic user interface, and 

peripheries such as the mouse, tablets, and keyboards. These researches have 

foreseen the use of the computer on the creation of new variety of digital media 

freed from their physical aspects, becoming flexible enough to surpass any 

substantial barrier. Artists, designers and engineers have been collaborating to 

evolve the digital experience and more and more people are gaining control over 
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the user of the software, opening a new space for creativity and expansion of the 

social, cultural, and artistic frontiers.  

It is true that after the democratization of the computer, the access to the internet, 

and with the popularization of crowd-funding websites and digital fabrication 

machinery, more users are becoming engaged on creating new tools, devices, and 

applications, decentralizing the mass-production industry’s exclusive control over 

end-users consumption habits, or at least forcing this industry to reconsider their 

current model of interaction with their creative designers, suppliers, distributors, 

end-users. 

IR radiation has been standardized as ways of interacting with computer vision 

motion-capture techniques. The nature of producing visor sensors used in modern 

cameras is one of the reasons for that. Remaining IR to be broadly exploited by 

computer vision research or end-user employment on tasks such surveillance 

systems and motion capture analysis. IR cameras are accessible and foster an 

environment for development of novel technologies and studies. UV cameras have 

a variety of uses such as in fraud detection, forensic analysis, UV photolithography, 

and dermatology and dentistry exams. Both technologies have different 

applications and limitations. 

 

7.2. FUTURE WORKS   

The proposed solutions for the goal of this research were overestimated due to 

complexity versus time, hence leading to limitations which are now being addressed 

to future works. These are detailed explained on each chapter relative to a project. 

But the limitation shared by all projects is the lack of controlled user-test evaluation 

(workshops, exploring creativity on interfacing the present tools) to endorse the 

empirical assumptions demonstrated along with the results for each project. In 

general, working for stabilizing the systems until that it would be possible for users 

to experiment its functions and obtain practical results on the design principles is 

one of the main next goals to pursuit in order to conclude the original objectives. 
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7 Movie Magic (1994-97)) Discovery Channel interview�� 

8 Ivan Sutherland, Head-Mounted-Display (1965) 

9 Fove, a Virtual Reality google released in 2015. 

10 An equation for continuous chaos by O.E. Ršssler, 1976. 

11 Das Flammenchwert. Talk at Creative Think seminar, Bern. O. E. Ršssler  1996. 

12 The influence of Japanese Art during Meiji period had upon the West came to be known as 

Japonism. 

13 In McLuhanÕs perspective, any invention or technic is an extension of our bodies. The wheel is 

an extension of our feet, the house extends our skin, the telescope extends our eyes and so on. 

14 Flusser defines two kinds of cultural objects: consumer goods Ð are the ones that are good for 

consumption; tools Ð are the ones that are good for producing consumer goods. 

15 Nobumichi, Asai - Omote / Real-time Face Tracking & Projection Mapping - 

(https://vimeo.com/101225231), 2014 

16 Sharp,Simon ; Jenkins, Tom - Speed of Light / aka / The WorldÕs Tiniest Police Chase 

(https://vimeo.com/43239312), 2012. 

17 B-Reel - EELS 3D projection mapping multiplayer game - (https://vimeo.com/31952864), 

2011.�� 

                                                



 

 

 

130 

 

                                                                                                                                 

18 Consumer interest in VR is declining according to sales data trends 

https://media.thinknum.com/articles/sales-data-shows-that-consumer-interest-in-vr-is-waning/ 

19 ÒThe best 4K TV for gamingÓ https://www.pcgamer.com/best-4k-tv-for-gaming/ 

20 Omnity Projection Mapping for Immersive Environments. Available at 

https://assetstore.unity.com 

21 Do-It-Yourself: A Portable Digital Map for Tabletop Role Playing - 

(http://www.gamergroup.com/page.roleplaying- game-articles.b.2827.r.1.html), 2010. 

22 Vanguard-gia (http://vanguard-gia.blog.jp/archives/ 1025942102.html), 2015.�� 

23 Lampix - http://lampix.co/�� 

24 Geometric Distortions of the Image (http://wtlab.iis.u- 

tokyo.ac.jp/~wataru/lecture/rsgis/rsnote/cp9/cp9-3.htm).�� 

25 Mapamok with Arduino walkthrough (https://github.com/ 

YCAMInterlab/ProCamToolkit/wiki/mapamok-with-Arduino- walkthrough). 

26 Exhibition Paperback: Ratcliff C., The Magic of Light, The Hudson River Museum, pp.16, 

2002. 

27 405NM UV DLP Projector for 3D printing is a projector specifically designed for 3D printer 

through its 405nm UV LED light engine for curing most available SLA resins. 

28 LC3000-PRO DLP Pico Projector with UV LED DLP is an evaluation module produced by 

Texas Instrument. 

29 Artwork: Manabe, D. and Ishibashi, M., UV laser fade out test - available in: 

http://www.daito.ws/work/uvlaserfadeout.html, 2010. 

30 About Hershey Vector Fonts Ð available in: http://northstar- 

www.dartmouth.edu/doc/idl/html_6.2/About_Hershey_Vector _Fonts.html, 2011. 

31 ArtistÕs website: https://www.ekotumi.jp 

32 Interview with Klaus Obermaier (http://www.academia.edu/8005391/Klaus_Obermaier_My_w 

ork_is_not_simply_visualization._It_s_a_totally_different_thing_Part_1_-_interview_) 

33 About teamLab, Tokyo-based digital artist collaborative 

http://www.digitalmeetsculture.net/article/teamlab-tokyo-based-digital-artist-collaborative/ 
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