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Abstract. New ‘realities’ are emerging. Novel concepts such as Mixed
Reality, Augmented Reality and Augmented Virtuality and their supporting technologies influence architecture, design and construction.
These realities replace or merge with the normal physical world and they
can be tailored to enhance comprehension for specific design and
construction activities. The various realms, their research and applications and their relevance to the field are presented and critically
reflected upon. Finally the Reality-Virtuality Continuum is analysed
regarding its engagement, abstraction and information overlay.
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1. Mixed Realities in Architecture, Design and Construction
Various new developments in computing, visualisation and modelling technologies allow Architecture, Engineering, and Construction (AEC) Industries
to make use of novel techniques that merge real life situations with computer
generated visual information to combine real and virtual spaces (Anders, 2003).
Currently, architects, designers and engineers use a variety of instruments to
bridge the gap between the idea of a design and its representation hence linking
an idea, its communication and realisation. Any tool demands different responses from of the designer, and each instrument introduces different reinterpretations of the design. Subsequently, inherent characteristics and affordances
impose a divergence between the idea and its expression.
In this introductory chapter, research findings in design and interaction
within realms reaching from reality to virtuality are presented and defined.
A variety of realms (Real Reality, Mixed Reality with Amplified Reality,
Augmented Reality, Mediated and Diminished Reality, Augmented Virtuality,
Virtualised Reality, and Virtual Reality) and their supporting technologies are
entering the AEC professions as novel environments for their interactions.
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These ‘realities’ merge with or replace parts of the physical world. All Mixed
Realities share a common philosophy. In a 1931 publication, Husserl and
Gibson already discussed how the artificial interacts with the physical world of
everyday human activities in order to enrich the experiences of perception,
affordance and engagement.
Due to the nature of reality, which is an inherent concept of existence,
social-cultural influences redefine technological advancements that alter the
understanding of reality. Mixed Reality (MR) is a novelty and often used in
highly specific settings; the differences between the definitions of these novel
concepts of reality are not clearly identified and their attributes are vaguely
defined. Subsequently, some definitions of reality overlap with one another in
both concept and implementation. This highlights the need for a structured
review addressing effective adoption and settings of these realms and technologies.
Nonetheless, different realities can be tailored to enhance design comprehension and collaboration for specific activities along a design life cycle
(Kvan, 2000). A description of the recent research in the field of MR can act as
a reference to allow for an effective adoption of MR and its technologies. Since
the field is still highly evolving and a variety of research in AEC as well as
other fields continues to emerge the following classification can only highlight
key aspects by discussing selective and exemplary research projects to define
the various realms. Yet it can showcase the benefits of these realms and their
used technologies for certain design activities to reveal their implications in
design and construction.
MR merges both realms, real and virtual, into a new environment. Virtual
Reality (VR) technologies create an intersection wherein real and virtual-world
objects are presented together in a single experience. According to Milgram
and Colquhoun (1999) the realms, Augmented Reality (AR) and Augmented
Virtuality (AV) are the two major subsets lying within the MR range of the
Reality-Virtuality (RV) Continuum (Figure 1). AR is an environment where the
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Figure 1. Order of reality concepts ranging from reality (left) to virtuality (right)
(adapted from Milgram and Colquhoun, 1999).
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additional information generated by a computer is inserted into the user’s view
of a real world scene. AV, in contrast, creates an environment where real
entities are inserted into a predominantly Virtual Environment (VE).
Research in computer-aided MR has been conducted since a couple of
decades, but not until the end of the twentieth century, did conferences specialising in MR start to give the field an official platform. These and other
related conferences have since established a solid body of international research
that is highly recognised in research and industry.
Although the idea to use an MR in AEC is not a novel idea per se, MR has –
as presented here in this book – now matured from a purely research field into
various practical industrial and consumer applications. Yet a simple straightforward implemented solution for the practice of architecture, design, and
construction has yet to be seen.
2. From Reality To Virtuality
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As the AEC industries integrate increasingly digitally managed information and
Building Information Systems (BIMs), more intuitive visualisation platforms
are necessary for efficient use of such information. Recent advances in computer interfaces and hardware instruments have fostered MR prototypes to
improve current architectural visualisation, design communication and processes, development of building construction, and engineering management and
maintenance systems. The combination of real with virtual entities creates
mixed environments that could enhance and aid these processes.
With today’s possibilities to influence the RV Continuum, a simple
classification such as that presented by Milgram and Colquhoun (1999) is no
longer sufficient. Subsequently, it is necessary to incorporate finer subdivisions
of the various MRs and to enlarge the scale whilst differentiating between
them. Schnabel et al. (2007, 2008) summarised their research in MR and VE
and established a classification of MR technologies. Figure 2 presents their

Virtual

Figure 2. Order of reality concepts ranging from reality (left) to virtuality (right)
(Schnabel et al., 2007).
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scale of various realities with their degree of reality, where reality is on the left
side of the spectrum and virtuality on the right.
In order to frame MR, real and virtual environments need to be defined as
well as the various subsets of MRs. The following sections describe these
realms within the RV Continuum and highlight research and their applications.
2.1. REALITY

Framing MRs would not be possible without a section about ‘Reality’ itself.
Commonly, reality defines the real and physical world, a realm of elements
within this world that actually exist. In the context of architecture and
construction, the term reality covers all, that is, whether or not it is created,
designed, observable or comprehensible. Reality in this sense may include
terms like void, space, solid, building, built, dynamic and stable. There are
many philosophical, phenomenological, historical and social categories and
definitions of reality that go beyond the framework of this section. It is however interesting to note that, with the emergence of MR, reality redefines itself
anew and stands as one realm among others.
2.2. MIXED ENVIRONMENTS

The intersection of real and virtual environments is defined as a Mixed
Environment (ME), within which physical and digital elements co-exist, and
interact and intermingle in a more expansive form. MR technologies offer
potential for interaction between design information and collaborators for
the entire life cycle of the engineered facility. Depending on the method of
augmentation, ME involves an entire spectrum of environments on the RV
Continuum, which are discussed in the following subsections.
An ME, applied in AEC, allows novel ways of collaborative work in shared
or remote locations. Examples of applications include collaborative web space
(Billinghurst and Kato, 1999) and scientific visualisation (Schmalstieg et al.,
2002).
Developing computer support for collaboration in design or construction
means creating systems that can amplify the effectiveness of the collaborating
team as a whole. By merging a range of digital and physical media, the design
and construction process can be enriched by different perceptions, comprehensions, and conceptions of spatial volumes within both physical and
virtual environments (Wang et al., 2003). The use of pure digital media predominantly confines the creative design process solely to the digital realm; yet
designers need more freedom to move smoothly back and forth between digital
and physical realms using digital and physical tools in both conventional and
unorthodox ways. The variety of different media transforms the design process
from a tangible to a virtual portrayal of architectural design, and vice versa.
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As a result of interchanging and crossing-over ranges of design environments
from reality to virtuality, the limits of each are dismantled. These realms are
subsequently linked together into an overall process leading to alternative formfindings and design-outcomes (Schnabel, 2005).
2.2.1. Amplified Reality
To amplify is to enhance properties. Therefore, Amplified Reality means to
enrich properties of physical objects with the help of computational means.
Falk et al. (1999) introduced the concept of Amplified Reality to complement
AR, whereby it increases the natural properties of real elements and accentuates
the experiences that the objects create within reality. AR is about how the user
perceives reality, while Amplified Reality influences how the perceived reality
is made available to the user.
Elements within an Amplified Realities embed their properties as parts of
themselves. ARs overlay virtual properties onto elements, which in fact do not
alter the tangible objects, but rather the perception or experience of it, while
elements within an Amplified Reality include their proprietary rights to them.
In other words, an amplified object controls the flow of information, and in an
AR system the user is in control of that information (Falk et al., 1999).
Projects such as the ‘Lovegety’ (Iwatani, 1998), ‘Hummingbird’ (Holmquist
et al., 1999) or ‘BubbleBadge’ (Falk and Björk, 1997) employed an amplified
environment. Amplified Reality can be employed in construction and
management, for example, to support maintenance systems.
2.2.2. Augmented Reality
As a sub-realm of MR based on the definitions by Milgram and Colquhoun
(1999), AR adds virtual elements to the perceived reality and allows an
interaction in a real world environment while a user receives additional visual
computer-generated or modelled information to support the task at hand. In the
past, AR environments have been applied primarily in scientific visualisation
and gaming entertainment. In recent years, it has been explored for educational
and visualisation purposes in AEC and for collaborative design interaction. The
virtual elements can be linked with tangible interfaces in order to manipulate
them akin to real objects. Though real elements in AR could potentially place
certain constraints on the shared imagination, major advantages of AR include
ease of collaboration, intuitive interaction, integration of digital information,
and mobile computing.
Seichter and Schnabel (2005) argue that this augmentation provides great
benefits in architecture and urban design. There is a large variety of research
projects that are based on AR in the AEC industries, most of which are based
on the ‘ARToolkit’ technology by Billinghurst and Kato (1999).
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In the early phases of a design is the act of sketching, which is a rapid and
fuzzy embodiment of the design. The ‘sketchand+’ system (Seichter, 2003b)
is an experimental prototype that makes use of AR in the early stages of
architectural design and was found to have a beneficial impact on the quality of
the design-process. Broll et al. (2004) developed a tabletop AR system for
urban planning called ‘ARTHUR.’ It employs optical see-through displays in
connection with a decision-support system. Dunston and Wang’s (2005)
‘Augmented Reality Computer Aided Drawing’ (AR CAD) allows design
detailing for mechanical systems, and Yabuki et al. (2006) applied AR technology in the erection of steel girder bridges. Often AR is used as collaborative
tool that allows multiple users to interact. ‘BUILD-IT’ by Rauterberg et al.
(1997) is exemplary as such a multi-user tool that allows planners to engage on
a tabletop AR.
2.2.3. Mediated and Diminished Reality
Mediated reality describes the general concept of artificial modification of
human perception by re-synthesising the light that reaches the eye of a user.
Information is added or removed from the scene before it is ‘seen’ (Starner
et al., 1997). Dynamic changes to the appearance and geometry of objects in
the real world are typically augmented employing computer graphics and Head
Mounted Displays (HMD). Mediated Reality deliberately reduces and alters
sensory input. Mediated Reality has been proved to be advantageous in
deliberately diminishing the perception of reality.
Lepetit and Berger (2001) describe how objects are deleted from a scene and
replaced with suitable backgrounds. For example, this method can aid urban
designers to envision a landscape where a building is proposed, removed, or
replaced. Bandyopadhyay et al. (2001) established Mediated Reality in architectural design in order to alter a building’s appearance or to modify sketches.
Other applications are found in product design and artwork.
2.2.4. Augmented Virtuality
Augmented Virtuality (AV) looks into reality from a virtual world perspective.
Milgram and Colquhoun (1999) define AV as the augmentation of a VE with
real objects. The AV provides an environment that merges a layered, multimodal, 3D experience into a VE. Despite its potential, Augmented Virtuality
has not received as much attention as VR and AR. AV has only been applied in
very limited domains such as: displays on unmanned air vehicles (Rackliffe,
2005), 3D video-conferencing systems (Regenbrecht et al., 2004), and a scientific centre (Clarke et al., 2003). According to Oxman (2000) only the commercial design and gaming industries is creating incentives for research in AV.
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2.2.5. Virtualised Reality
Virtualised Reality communicates reality or scenes of real events by capturing
scene descriptions from a number of transcription angles (Kanade et al., 1995).
The experience of this realm is a virtual one, whereby the user can adopt any
point of view or position within the environment. In other words, Virtualised
Reality technology points a set of cameras at a real life event, and allows the
viewer to virtually fly around, and to watch the event live or pre-recorded, from
completely new positions.
Recently, Virtualised Reality has been used in computer games and there are
some developments to employ it as a tool to study building proposals and their
usability, such as investigating sight-lines of seating arenas. Kanade (1991)
proposed the use of multi-camera stereo using supercomputers for creating 3D
models to enrich the virtual world. Rioux et al. (1992) outlined a procedure
to communicate complete 3D information about an object using depth and
reflectance. Fuchs and Neuman (1993) presented a proposal to achieve telepresence for medical applications.
2.3. VIRTUALITY

On the other side of the RV Continuum is a realm that presents an entirely
computer-simulated environment. Computer generated VEs were originally
embraced by architects for design concept presentations and visualisations. VR
is a constructive tool that aids the designer in the act of designing and communicating within a virtual realm (Davidson and Campbell, 1996). Designers
can explore a design without the need of a real artefact. Maze (2002) reports
that VEs are mostly used for visualisation of AEC projects and only seldom
used for designing itself, such as creation, development, form-finding and
collaboration. Likewise Immersive VE (IVE), which enables a certain exclusive
degree of immersion of one’s senses into a VE, allows active and real-time
interactions with virtual design. IVE present new opportunities and answers to
design problems through involvement in and with a three-dimensional medium.
Schnabel and Kvan (2002) claim that designers are challenged to manage
perceptions of solid and void, and navigation and function, without the need to
translate to and from physical, mostly two-dimensional media while working in
VEs. Subsequently, VEs allows designers to communicate, investigate and
express their imagination with greater effortlessness.
In a VE one can change viewpoints and escape gravity, while remaining
‘inside’ the design without having to convert scales or dimensionalities.
Despite the advantages, a translation of design and information from VEs into
other realities is potentially problematic. Yet, Yip (2001) found that a rerepresentation and translation of the design into other environments in fact
contributes to the quality of the overall design.
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3. Engagement in Architecture, Design and Construction
The definitions of the various realities in the Real-Virtual Continuum allow
framing and understanding of the various realms of MEs. The current research
of design and construction that employs MR technologies allows for classification of the various realms. They contribute to the understanding of the
effects these realities have on the AEC industries. A possible next step is to set
up a structure and taxonomy that defines a standard for further research and
application.
As MEs were originally embraced for design concept presentations, the
advancement of computing allowed designers to interact within the RV
Continuum at a more sophisticated level (Hendrickson and Rehak, 1993). In
this context it is interesting to study the level of engagement and abstraction
MEs offer to the designer and the design. While reality offers a high sensorial
engagement, because of the factual existence of the elements, only a low level
of abstraction can be experienced. MEs however, offer not only both of these
facets, but also additional layers of information, data and other virtual elements
that enrich the experience of the user (Figure 3).
Davidson and Campbell (1996) found that MEs and VEs are useful realms
to engage in design and communication processes. An ME establishes a copresence of a shared understanding and knowledge in spatial interactions.
Digital models for design or construction are generated with immediacy similar
to a physical reality, and constructed to improve the perception and communication of designs. Thus through their high level of interaction and layering
of information, MEs provide immediate feedback to its users, which is
otherwise impossible within a real or virtual environment. MR allows engaging
Design
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DataEngagement
Overlay
Sensorial
Engagement

Real
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Figure 3. Depth of realms.
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through movement and interaction with each and every object and the designers
can ‘converse’ with their designs in multiple realms that overlays additional
levels of data.
Yet it is not easy to place designers into an ME. MR technologies and
instruments will require further investigation. The presentation format of digital
information can be dictated by the features of workspaces. Assumptions about
what works and what does not work need to be constantly challenged. Issues
such as usability, interface, navigation, clumsiness of gesturing and limited
fields of vision constraints have to be further developed to reach the same ease
of use and familiarity as real world experiences. A large body of research in
MR is investigates questions of usability, however, mostly only in a constrained
laboratory environment. Problems with working environments and their tools
clearly limit what the designers can do.
This chapter discussed MR realms and their potential advantages over other
design environments. Opportunities exist in the early as well as in the final
stages of design. Designers can embrace the use of these realms as a medium to
converse with designs and each other in novel ways. The potentials for the
construction industries are similarly vast. The intersection between real and
virtual elements offers an ideal context for a design or construction team
to communicate and interact with spatial issues and the handling of complex
data and information before, during and after the design process. Clear-cut
boundaries between real and virtual are eliminated. It is however, necessary to
remind the users of MR that the equipment is only an aid and not a solution or
remedy. The role of designers is to be in control of their creativity and their
actions. The realities presented here allow a maximum of freedom and a
minimum of pre-programmed logic in order to engage rather than restrict
creativity. MRs have unlocked new frontiers of engagement in education,
collaboration and the profession in architecture and construction.

