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Abstract
Popularization of historical data implies going beyond the
language and knowledge specific to this scientific field in order to make it understood. This applies to people’s perception of the world since many changes have been applied to
our surrounding environment. Communicating the way people used to hear, see and smell allows for a better retranscription of what once was, and a more effective connection
between the teller and his audience. After the sensory data
is gathered through heterography, comes the issue of assembling and presenting them. For the Bretez project, a
reconstruction of eighteenth century Paris neighbourhood,
the process is done manually. This paper describes a new
approach to this aspect of historian’s work. Using an immersive editing platform controlled through virtual reality
devices, we built a pipeline dedicated to facilitating the creation process for historians, and transparently allowing for
exporting the result to multiple video formats (immersive or
not). The specific case of prototyping this pipeline with the
Bretez project for future user experiments is described and
discussed.

CCS Concepts
•Human-centered computing → Information visualization; •Applied computing → Document preparation;
Digital libraries and archives;
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Introduction
Immersive content allows people to experience what it feels
to be part of a three-dimensional environment, making an
exceptionally new way of communicating results from historical research. In fact, many existing historical studies
make it possible to read and interpret history from a sensory perspective [3] that enables plausible retranscription
of past realities through immersive content. In recent years,
scholars have published stunningly original studies placing emotions and senses in historical perspective. Still, no
matter how well written they might be, textual accounts can
only provide a partial experience of the past. They remain
incapable of capturing and developing the most mundane
realities, namely those based on the senses. And yet these
senses – which represent experiences – remain historical.
One of the challenges of historical popularization is to let
today’s people see and hear the same way they did in the
past, in spite of living in a radically different sensory perspective. That which is seen and heard has also changed,
just as the expectations, fears and pleasures felt by the
inhabitants of the eighteenth century were not the same
as those of their present-day counterparts. To understand
these fears, expectations and pleasures – and to recreate
them – our team is working to reproduce the landscapes
and soundscapes of the past, which can serve as tools for
researchers and educational experiences for the general
public.
Toward a formal evaluation of our work with user study, we
build a prototype enabling user-involved experiment, based
on the following hypothesizes:

• popularization and learning is improved using immersive audiovisual content
• In situ editing of immersive environment reduces the
time and complexity of producing immersive content
Challenges of historical popularization
Some of the challenges we are facing relate to the social
sciences and humanities, while others are best dealt with
by engineers. How can historians effectively connect their
audience to a long-lost past? How can they recreate the
sensory perceptions that have always been fundamental
to how human beings experience the world around them?
One of the first challenges is the extraction of sensations
from the historical corpus. Historians have long attempted
to recreate the sensations of the past through writing. We
see immersive content as an opportunity to overcome the
limitation of solely textual communication. This seems more
particularly critical for works related to periods that predate
photography or the first sound recordings. The history of
emotions and the history of the senses are truly fascinating fields of research, but ones that present very daunting challenges. Researchers know that senses like sight,
hearing and smell all have a history. They know that pleasure and disgust are feelings that vary over time and across
space [13, 12], and that sight has not always been the primary sense: until the nineteenth century, the inhabitants of
the western world were most attentive to hearing [5].
The range of sensations-related facts that can be extracted
from historical documents is extraordinarily wide. It covers
pronunciation, tissues, musical interpretation, level of tolerance to smell and noise, and many other more or less
abstract sensations. For instance, since the baroque music revival of the 1990s, musicologists and musicians have
struggled to rediscover lost sounds by playing pieces from

(a) A historian recording a navigation path in the Bretez 3D mockup.

(b) Validation step of the popularization video in SAT’s 18 meters wide
dome.

Figure 1: Editing immersive
content

the sixteenth, seventeenth and eighteenth centuries on period instruments. At the turn of the millennium, French playwright Benjamin Lazar staged a candlelit production of a
Molière play that emphasized seventeenth-century pronunciation1 . Beyond mere exoticism, appropriating the past in
these ways provides a better understanding of the sensibilities of earlier times. Researchers who work with written sources can document and describe the lost outlines
of a city, while cataloging the buildings and monuments of
past centuries. They can discover the residents of a neighbourhood and the trades that were practiced there, while
tallying the products sold or purchased at the local market.
But whether these scholars rely on archival documents, old
maps or engravings that provide a window on the past, a
fundamental problem remains.

done to improve technically the quality of a film is described
in the article by Callieri et al. [2].

Popularization through immersive content promotes an approach to history capable of balancing academic rigour with
accessibility to a wider audience, but could also inspire new
lines of research and fresh epistemological considerations.
It would also provide a way of showcasing the importance
of archival research to a much wider audience. We can ensure the success of these two goals only by adopting a rigorous methodology when reproducing historical situations:
the sensory experiences we seek to create must be based
on facts, clues and properly verified elements that reflect a
plausible reality in the history of everyday life.

Interactivity is also a good means to improve the experience
of virtual reality. A good example of how this can lead to
tools usable by scientists and by the public is the work of
Ynnerman et al. [16]. They developed an interactive virtual
dissection table, used in this work to study and present an
ancient mummy which has been scanned using tomography. The user can then rotate, peel off, and visualize crosssections of the virtual model.

Virtual reality and popularization
Virtual reality in a broad sense has been used for bringing
scientific facts to the public for a long time now. The first
and still most common media is non-immersive film, mostly
available through television networks. An example of a work
1
As illustrated in the 2004 DVD of Le Bourgeois Gentilhomme,
directed by Vincent Dumestre, written by Moliére and composed by
Jean-Baptiste Lully. https://operabaroque.fr/DVD_BOURGEOIS_

Dumestre.htm

More immersive media have also become more widely used
in this field. A precursory example of using augmented reality in the context of cultural heritage is the work by Vassilios
et al. [15] who used transportable devices prior to smartphones to embed virtual models of now destroyed antique
buildings into the live video feed of a camera, while the user
wanders around the area. More recently, Girbacia et al. [11]
who displayed virtually restored artifacts overlaid on real
historical buildings through smartphones. Durand et al. [8]
who reproduced live lighting conditions onto a virtual model
of a destroyed church, the result being shown through onsite mobile displays.

Our approach
The context of our work is the Bretez project 2 , which aims
at reconstructing a sensory perspective of an eighteenth
century Parisian neighbourhood. The initial result of this
project was the production of a video 3 illustrating this neigh2

Bretez project: https://sites.google.com/site/louisbretez/home
Bretez project, video: https://www.youtube.com/watch?v=YP_
_1eHeyo4. Note, that the veracity of the represented historical facts prevails over the visual realism for historians: the experience must not display
hypotheses, but only verified and documented facts. The immersive environment must represent a plausible reality based on the current knowledge
and literature.
3

bourhood recorded from a 3D mockup, augmented with
sensible information: sound. However, this first version was
produced manually
(a) HD video for single screen.

(b) Stereo 360 for VR headset.

(c) Fulldome targeting projection for
large dome-shaped spaces.

Figure 2: Movies format rendered
using the prototyped navigation
built and saved in situ.

The methodology used initially in this project for generating
the audiovisual content involves recording the video output from a navigation inside a 3D mockup, then editing the
soundtrack to match the video. This second step is about
organizing the sounds in a sequencer, incorporating newly
recorded sounds (based on recent evidences), and adding
audio filters to simulate the acoustics of the place. This process can take tens of hours, depending on the complexity of
the task.
Laboratoire Paris XVIII (UQAM, Canada) and Projet Bretez
(CNRS, France) have begun to discuss combining the
archival research undertaken by the former with the latter’s
visual and sound reconstructions. The aim, made possible
through a collaboration with the Society for Arts and Technology (Canada), is to provide a scientific foundation for an
immersive experience of eighteenth-century Paris. Its full
achievement will represent nothing less than a true cultural
history.
During our collaboration, the 3D model will be projected
within a dome to offer a fully immersive experience that includes motion. In other words, people will be able to directly
compare their mental representations of the past to a virtual reconstruction. After all, even the most rigorous historical study can leave gaps between what a person imagines
(whatever their field of expertise) and the potential realities
on the ground (even in a virtual setting). Researchers and
the general public alike will therefore find that their perception of the physical space is shaped not only by the process
of immersion, but also by the sensations it produces — both
the stimuli provided and your physical position within the
model. Ultimately, this is precisely what makes it possible

to orient people within both time and space. By physically
entering the model, you become one with it. By welcoming
you (by “housing” you) the model embraces you as much as
you embrace it, a phenomenon that takes hold well before
you actually perceive the model.
To allow for creating virtual reality content targeting the public, two constraints arise. The first is driven by the need for
vulgarizing the historical data: the content has to be made
accessible to most people. The second constraint is driven
by the fact that not all users are necessarily well versed in
the field of virtual reality: the creation process must be kept
as simple as possible.

Prototyping with EiS, our creation platform
The experimentation described in this paper is based on an
immersive creation platform (named Édition in Situ [4], see
the demonstration video4 ) designed to facilitate the drafting
of immersive experiences, following the assumption that
such a prototyping is better done while working directly with
the final rendering display.
This creation platform, at the time of this rapid prototyping,
was built on top of Blender [10], a free and open-source
3D computer graphics software toolset used for creating
animated films, visual effects, art, 3D printed models, interactive 3D applications and video games. Its scripting ability
allowed us to add immersive rendering to its 3D viewport, a
VRPN client [14] to receive inputs from compatible servers,
and support for the SATIE sound spatialization engine [1].
While using the platform, the user has access to his assets
(3D models, images, sounds) which he can load to build
the scene. The architecture of the current version, a rewrite
started after the work described here, is based on a clientserver model, where several clients are able to connect
4

Édition in situ video: https://vimeo.com/226298383
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Figure 3: Our rapid prototyping approach.

simultaneously to the same session. This is motivated by
the opportunity offered by distribution of users across the
network, where both edition and runtime is supported by
EiS. EiS, as a tool facilitating simultaneous and collective
edition and experimentation by remote users is expected in
a near future to allow for rapid prototyping of experiments
like P OSTURE and DRAWING SPACE [6], both based on remote group telepresence using real-time and photorealistic
full body capture with 3D camera. In these experiments, we
observed the difficulty of creating content from within the
virtual environment. On top of this new addition, the current implementation of EiS includes most of the features
already present in previous version: navigate, translate, animate. Moreover, the current EiS version is entirely written in
Python 3 for easier integration of new features.
From its architecture, and regardless of its version, this platform allows for seamless back and forth between the immersive space and the user’s workstation. It also does not
make any assumption on how the built 3D scene will be
exported, be it as a standard film, an immersive one, an
interactive experience, etc.

The use of the EiS platform for the creation of a short immersive popularization video was anticipating the rapid
production of immersive content. This is illustrated by the
pipeline presented in figure 3. From historical research of a
specific location and time from historical documents5 , historians are able to produce content such as sound recordings, 3D virtual mockups and narrations that describe the
audiovisual experience. These media are the historical content which are manipulated in the editing phase.
The narrative and the 3D mockup are loaded inside the creation platform after a preproduction step, during which data
are converted to a compatible format. The content editor,
an historians producing a popularization video, is recording a path inside the virtual location in situ (while inside
the immersive space). This is done in line with the narrative played simultaneously, and synchronized with the time
clock of the audio sequencer Ardour [7]. To support him
in this task, he is given controls over the virtual camera
position with simplified controls through a set of VR controllers (namely, the HTC Vive controllers). The controls
5
Such documents include for instance the Turgot plan [9] created by
Louis Bretez between 1734 and 1739.

are i) choose the moving direction by pointing with the right
controller, ii) go forward by pressing the trigger of the right
controller and iii) go backward by pressing the trigger of the
left controller.
From the perspective of the editor, the navigation is free in
the virtual space without being hindered by the technicalities (see figure 1(a)). This simplicity handles the second
goal.
Then the post-production step involves first cleaning up
the recorded path, by equalizing the distance to the floor
and smoothing the movements. Then the sound track is
created to match the path inside the 3D mockup, from the
previous sound recordings. The final project, comprising
the 3D mockup, camera navigation and sound track, is
then exported (or more specifically, rendered) to multiple
video formats: standard HD, immersive stereo6 , spherical
for fulldomes7 (see figure 2). This diversity of possible outputs handles the first of the goals, as it allows for showing
the film in various contexts. For instance, we evaluated the
quality of the initial rendering in our 18 meter wide immersive dome (figure 1(b)).

Conclusion
We prototyped the production of popularization video, where
the time to produce content is critical for ensuring that popularization objects can be updated, produced as series of
objects, presented for different formats. Using our in situ
immersive content editing platform, we did a prototype of a
short immersive video (less than 2 minutes) with historical
data, including the Bretez 3D model of 18th century Paris
and rendered it for various formats.
6

immersive popularization video is available here https://www.

youtube.com/watch?v=UL0UmcHmrj4
7

fulldome popularization video is available here https://www.

youtube.com/watch?v=PvhGyJ9AyIw

The successful execution of the entire pipeline presented in
figure 3 was done in various points and durations in time.
All the historical content has been developed for years,
from research by the historian community. The working time
scale is large, but provides the content to be possibly included in an object for outreach. This historical content is
permanently evolving, resulting in an increase of the quantity of audio files, 3D model or other contents that can be
included into the Bretez mockup. The only specific content
is the narration used for the video.
This prototyped pipeline allows us to design a user experiment involving historians for producing content dedicated to
popularization, but also user experiments involving students
subjected to teaching with or without the use of immersive
content.
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