Augmenting immersion:
The implementation of the real world in virtual reality
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Abstract: The last few decades have seen the rise of a new archaeology characterized by a propensity for
high realism in the representation of the past under the form of virtual reconstructions, which allow the viewer
to have an immersive experience. Our project proposes the insertion of experiments performed in real reconstructed contexts inside complex 3D virtual reconstructions, thus augmenting the degree of “reality” and of
immersion. The result is a creative mix of virtual reality and reality (mixed reality) under the form of “windows
of immersion”, which can stimulate the archaeological imagination.
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Introduction
Following the modern tradition of 'visual science‘(ARNOLD 2000, 71), the archaeological imagination
(SELLEN 2012) used and uses ‘intermediaries’ (BONDE and HOUSTON 2013, 1) such as photographic (see
SHANKS 2012, 102;1997) images (see SMILES and MOSER 2005) due to their ‘absolutely analogical’
(MITCHELL 1986, 61) character.
Continuing this visual trend of mimetic representation (see BERGER 1984), supported by the new digital
technologies, and due to a sort of ‘technophilia’ (SHANKS and WEBMOOR 2013, 88) or ‘technological
fetishism’ (HUGGETT 2004), the last decades have seen the rise of a trend in archaeology characterized by a
propensity for high realism in the representations of the Past (SHANKS and WEBMOOR 2013, 89), under the
form of virtual reconstructions (BARCELÓ 2001; ABBOTT 2012). Bucking the trend there are however voices
that warn us of the impossibility of a perfect replication (BRYSON 1983, 6; LEIBHAMMER 2000, 131).
The high realism promoted by ‘Virtual Archaeology’ (FORTE and SILIOTTI 1997; BARCELÓ et al. 2000;
NICCOLUCCI 2002) transformed it into an emergent popular subject, because of its capacity to create
photorealistic products, i.e. images with a high content of similitude with the real.
This tendency in archaeology can also be discerned in contemporary culture which also gravitates towards
photorealism (see HYATT 1946; MILLS 1998; EARL 2009), or to a physically-based rendering (BRÖCKER
2010, 3) due, in great measure, to the notable progress of digital imaging techniques. But this tendency to
reproduce nature in all its minutest details has a long tradition in European culture. As early as the
Renaissance, when the difference between artists and scientists was not so clear cut, the new ‘machines for
seeing’ (ARNOLD 2000, 71), i.e. the microscopes, telescopes, and camera obscura (MILLS 1998) permitted
an accurate perception of detail and generated a tendency to a sort of photographic realism, a phenomenon
observed in the scientific illustration and in the paintings of different art schools.
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In archaeology as well one can observe this gradually increasing tendency towards photorealism (in scientific
illustrations), as the last two centuries have seen the transition from bi-dimensional images of objects and
architecture (see BRUSIUS 2012) to the three dimensional reconstructions in Virtual Reality (VR).
Today, when applied to the reconstruction of ancient objects and architecture, the hyperrealism (see
PAPADOPOULOS and EARL 2009) created with the help of digital technologies has proven remarkably
efficient since it induces in the viewer a strong sense of ‘authenticity’ (CHALMERS et al. 2006) and a ‘high
fidelity’ (MCNAMARA et al. 1998; ROUSSOS and CHALMERS 2003) in a ’realistic’ reconstruction of the past
(DEVLIN and CHALMERS 2001; HAPPA et. al. 2009a; HAPPA et al. 2009b).
In the present paper the authors address the “reality” issue of the virtual reconstructions from the point of view
of the visitors’ immersion in the virtual reconstructed medium (KATEROS et al. 2014) presenting the Time
Maps Project. A website (TIMEMAPS 2016a) was designed to support the research and the proposed
solutions for the immersion employing other methods along with the hyper-realistic design and rendering.

Current research
From this perspective of “improvement” of the reality, VAN BOXTEL (2013) asserts that cultural and historical
conventions affect the users’ understanding of virtual reconstructions and pleads for developing a visual
literacy on the example of the “Rome Reborn” project. The visual literacy is defined by PAUWELS (2008) as
“learning to look more consciously at visual manifestations of reality, being able to place images and visual
representations in a broader context of production and consumption, and becoming aware of the personal and
cultural coloring in visual reflection and action”.
To enhance the sense of physically being present according to the definitions of SANCHEZ-VIVES, &
SLATER (2005), KATEROS et al. (2014) employed a gamification paradigm and the newly available VR
equipment Oculus Rift HMD in two different 3D simulation frameworks, Unity3D and an own-developed
gaming framework. In their research the authors concluded that a low-realism but coherent 3D world, “can
lead to higher presence []. If you’re targeting a visually realistic environment, it is more likely to generate
breaks in presence [] because the human brain will expect many things that we are not yet able to achieve
technically: perfect physics, sound, force feedback“ (KATEROS et al. 2014:10).

Unity3D as a research tool
Unity3D is a free gaming engine with 5 million registered developers and 600 million gamers (UNITY3D
2016b). Even though it is a proprietary framework Unity3D is very popular among game developers and
researchers due to its ease of use, high-quality rendering and rapid deployment to web, standalone, mobile
target platforms and recently to WebGL supported browsers. It is also well documented, with a wealth of
examples as well as with an asset store. The programming model employs modern software paradigms and is
flexible, being supported mainly by C# language and JavaScript for Unity (UNITY3D, 2016d).
At its basic level Unity3D can be employed by less experienced programmers, i.e. for creating a 3D scene with
different 3D assets, light and camera settings. For more experienced users, Unity3D offers physical
simulations, real-time lighting, graphical editing, animations, Artificial Intelligence (UNITY3D 2016a). Moreover,
Unity3D is an augmented/virtual reality (AR/VR)-ready platform, by allowing the integration with AR libraries,
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e.g. Vuforia (VUFORIA 2016), and with Oculus Rift or Samsung Gear VR devices (UNITY3D 2016c). Unity3D
web applications require a web plugin, downloadable as an ActiveX component.
A competitive authoring tool is the Unreal gaming engine (UNREAL 2016), which also supports the
development of VR applications with Oculus Rift HMDs. Unreal requires C++ programming which is not so
popular but which provide better web performance and compatibility with the web standards.

Time Maps’ technical solution
The Time Maps project intends to recover the ancient technologies and to study the spatial experience of the
contexts in which these have been utilized (GHEORGHIU and ȘTEFAN 2012). A case study of the project was
the experimental reproduction of the technologies of a Roman villa rustica. One corner of the villa has been
reconstructed in reality (Fig. 1) and several archaeological experiments with glass, ceramics and textiles have
been filmed. Afterwards, the whole villa was modelled in 3dMax and a Unity3D-based VR application was
implemented and integrated in the TimeMaps website. The rendering is performed by the Unity3D web plugin.
The architectural form and the context were rendered with textures and colors taken from the archaeological
record. The illumination (GHEORGHIU in press) took account of a specific moment of the day, thus trying to
provide a more accurate (realistic) image of the site. In other experiments, e.g. Mangalia and Albești, the
forms and textures of the ancient objects were scanned for a hyper-realistic representation.
Another solution for improving the “reality” in the 3D reconstructions was the scanning of objects and of
historical characters, (i.e. actors dressed in epoch costumes), and their transfer in the virtual reconstructions.
In the “Mangalia” (TIMEMAPS 2016b) and “Albeşti” (TIMEMAPS 2016c) pages of the TimeMaps website, the
scanned objects and ”live persons” were integrated in the VR applications, beside the video hotspots with the
same characters performing in re-enactments, their highly definition details augmenting the degree of
immersion of the visitor in the 3D simulation (Figs. 2, 3)
In the VR application several video hotspots linking to the video films already mentioned have been inserted in
the exact place where the technologies have been utilized. The insertion have been made possible by means
of sensitive images that when clicked open a video player (Fig. 4).
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Fig. 1 – Experimental reproduction of a Roman villa rustica (Gheorghiu and Ștefan 2012)

Fig. 2 – A Hellenistic villa from Kallatis-Mangalia
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Fig. 3 – A Hellenistic villa in Albeşti village

Fig. 4 – The insertion of video hotspot in the 3D reconstruction
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Results
In the case of the virtual reconstruction of the Roman villa rustica the viewer has the possibility to perceive the
whole reconstructed space (rendered in a highly realistic manner) and to have a spatial experience of the
original context. Several hotspots (Fig. 5) lead to videos (Fig. 6) depicting technologies existent at that time
(metal, glass, ceramics, textiles) and augmented with historical and contextual information
By accessing the hotspots, the user navigating through the VR application exits the virtual medium through a
“window” and enters the “real” world. Thus, the “reality” of the hotspot offers more credibility (reality) to the
highly-rendered virtual reconstruction, and improves the immersion.
The educational value of the project due to its high immersive potential was proved in various schools in urban
and rural areas in Romania (ȘTEFAN and GHEORGHIU 2014) and Portugal. Students have used the virtual
reconstructions as a game, and explored both the 3D space and the immersive “windows”.

Fig. 5 – Hotspots leading to videos depicting technologies existent in Roman villa rustica

Fig. 6 – A video film showing the use of a kiln.
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Lessons learned
Experiments
The experience of mixing the virtual with the real underlined the importance of the presentation of the
experiment in a high-realistic context. Even if the context was virtual, this has situated the human action in a
larger frame of forms, materials and illuminations, and permitted a spatial experience of the environment,
difficult to implement in reality.

Experientiality
A second lesson is that of the experientiality (i.e. subjective experience) (see CUNNINGHAM et al. 2008, VI)
which is generated by the recuperation of the “reality” of the past accomplished by combining the scanned
objects and humans with the video films. The experientiality of the virtual space (the first phase of the
immersion) is continued by the experientiality from the real hotspot along with the scanned objects.
The double experientiality, which implies the body agency, also permits a greater perception of “presence”
(LOMBARD and DITTON 1997; HERRERA et al. 2006; JI and WAKEFIELD 2016:17).
Altogether the methods enhanced the reality of the reconstruction and provided an improved educational
value.

Imagination
Last but not least, the advanced state of immersion has stimulated the archaeological (SHANKS 2012) and
creative imagination (see MCCAULEY 2009, 62ff) both of the youngsters and of the specialist users who
participated in the project.

Future work
In spite of the positive results among history teachers, primary school students and scientists, our Mixed
Reality (MR)-based solutions can be improved for a tighter mixture of the virtual and real, to produce a
continuum virtual-real-virtual. In the current solution, the users are exiting the virtual context to be able to
immerse in the video re-enactments. This limitation of our design is caused by the Unity3D web plugin, which
acts as a “weak link”: the requirements to install this plugin provide delays in the loading of the web VR
applications and incompatibilities with mobile access of the VR applications. Furthermore, the future browsers,
such as WebGL, will no longer support the plugins (CHROME 2016), including the Unity3D web plugin, as a
method to promote the use of standard web technologies and provide a more natural web experience.
Running the present TimeMaps MR application on the web will not be possible, provided that older Internet
Explorer or Mozilla browsers will be employed.
As a future work we plan to create a continuum comprising the scanned objects and the video films. For these
purposes we shall experiment the new Unity3D 5.0 deployment for WebGL (WEBGL 2016), a JavaScript
library for rendering interactive 3D and 2D graphics within any compatible web browser and without the use of
plugins. We also will attempt a solution based on X3DOM, a cross-platform JavaScript open-source
framework. X3DOM (X3DOM 2016) supports native implementations (iOS8, Chrome and Firefox for Android),
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so this solution could solve the compatibility with the mobile devices. X3DOM supports more immersive MR
applications (X3DOM 2016), by a natural integration of the videos within the 3D content, which could better
serve the objectives of our project.
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