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ABSTRACT
MixPerceptions proposes an approach towards the augmentation of paintings, enhancing the underlying experience and
understanding of pictures with music, sound and animations. This approach enables audiences to interact with
artworks at a completely new level. The installation features two complementary dimensions. First, a physical set
of paintings on canvas perceivable by the naked eye. Second,
a multimodal layer of augmented visual and auditory realities that is only revealed while interacting with the artwork
through a mobile device. MixPerceptions brings paintings
“alive”, provoking in the viewers feelings and reflections, and
ultimately facilitating the engagement of the audience.

Categories and Subject Descriptors
H.5.1 [Information Interfaces and Presentation]: Multimedia Information System

General Terms
Design, Human Factors
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1.

INTRODUCTION

The MixPerceptions project [3] is conceptually centered
around the notion of curiosity, one of the major drivers of
human behavior. The artwork is formed by several layers
of reality, which are hidden and presented to the spectators
as response to their interaction with the installation. Such
interaction happens on the spectators’ smartphones, which
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Figure 1: First painting of the “Hiding Realities”
collection. The artist, Aurelio San Pedro, plays with
the occlusion of prevalent portions of the painting
to encourage the interaction of spectators with the
artwork.

act as windows into the multiple dimensions of the artwork.
In this interaction, spectators unveil their own perception of
the artwork, leading to a unique and personalized multisensorial experience.

Figure 2: Users can interact with the installation using their smartphones. An augmented reality combining enriched visual and auditory elements is revealed in this process, creating an engaging multisensorial
experience.
The installation consists of three main elements: paintings, augmented elements, and interaction. Each painting
of the exhibition depicts a scene of human action involving
interaction with material objects. The most salient parts
of the painting action-wise are intentionally occluded with
clearly noticeable artifacts in the form of colored rectangles,
as illustrated by Figure 1. This occlusion awakens the spectators’ inquisitiveness nature and engages them into an interactive dialogue with the painting. The paintings embed
two types of augmented elements: animations and soundscapes. Animations provide a dynamic visual dimension
that gets activated at specific positions of the painting and
reveals hidden visual aspects of the artwork. Soundscapes
accompany each painting, reproducing the organic sounds
of the depicted ecosystem in a harmonic and musical auditory experience. Soundscapes facilitate the immersion of the
spectators in the depicted reality and further engage them in
the exploration of the installation. Finally, the interaction
between artwork and spectator by means of their smartphone devices serves to close the feedback loop. Spectators
explore the painting to discover the augmented multimodal
reality hidden behind the physical canvas, invisible and inaudible to the naked human senses.
Augmented reality (AR) [8] has seen a significant adoption
by artists in the recent years. Thanks to the accessibility
of visual recognition development toolkits (e.g. Layar [2]),
we have been able to experience interactive and augmented
artworks, including museum exhibitions such as WeARinMoMA1 at Moma or ARART 2 at the ATTIC Sapporo 2012
fair, as well as interactive demonstrators such as the Repentir project that allows exploring the successive stages of
drawing beneath oil paintings [6]. MixPerceptions considers
the creation of cross-sensorial experiences by artificially in1
2
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ducing a synesthetic process in the viewers of paintings. We
use AR not only for enriching the visual modality, but also
for engaging the auditory sense in the perception of paintings. In the MixPerceptions installation, viewers become
perceivers of a mixture of perceptions that they can control,
creating a more immersive and engaging experience.

2.

ARTISTIC CONCEPT

Art analyzes and interprets reality using all the available
resources within reach. The development of technology in
the past years has greatly eased the dialogue between art
and science, creating a new dimension that lies between the
material and the virtual worlds. Taking advantage of these
tools, we aim at expanding the representation of reality.
MixPerceptions considers the augmentation of paintings
by adding several elements to the physical reality. The goal
is to create an immersive experience by engaging multiple
senses from the spectator. Each painting of the installation
features a dual embodiment: the real dimension, materialized on the canvas, and the augmented dimension. The
latter is only perceivable by means of the direct interaction with the painting using a smartphone. The augmented
dimension enriches the painting by further stimulating the
visual and auditory senses, transforming the static painting
into a dynamic multimodal surface. The spectators can, by
moving their device over this surface, discover the hidden
layers of sound and animations embedded in the work.
There are two main elements in the dynamic augmented
reality experience proposed. First, a visual layer that is overlaid over the direct camera view on the spectators’ smartphone. This visual layer reacts to several hotspots of the
painting showing animated sequences. These animations unveil hidden aspects of the painting and, at the same time,
serve to bring life and dynamism to the work, as illustrated
in Figure 2. Second, an auditory layer played through the

device headphones. The auditory element is a musical composition that evolves following the spectator interaction with
the painting, i.e. reacting to the fraction of the work being
framed.
MixPerceptions plays with the idea of human curiosity at
two levels. The set of paintings composed for this exhibition
exploit this idea at its very core. All of them present depictions of human actions revolving around the interaction with
material elements. The main object of this interaction is deliberately covered. The spectators are driven to create their
own reality of what actually lies behind these veils of color.
Having set this first level of inquisitiveness in the spectators
mind, we put in their hands a window into a second reality embedded in the painting. This metaphorical window is,
in fact, the spectator’s smartphone device. Spectators can
then explore the painting to satisfy their curiosity.
In this dialogue with the painting the spectator is engaged
in a second curiosity-driven process. While navigating the
painting, a dynamic multimodal experience that reacts to
viewers actions is unveiled. Different trajectories lead to
different experiences, auditory and visual. While initially
driven to explore the work to satisfy the curiosity regarding
the occluded portions of the paintings, the spectator is now
tempted to discover the multiple elements hidden in the augmented dimension. Ultimately, the spectator discovers that
the second layer of reality does not necessarily reveal any
information about the actions depicted in the paintings, but
provides an enriched experience that is equally rewarding.
An important contribution of the MixPerceptions artwork
is the unique experience given to different individuals. Both
the visual and auditory senses of the spectators perceive a
dynamic mixed reality that evolves in time controlled by
their own actions. Specifically, we give the auditory dimension a further range of dynamism. We generate sounds that
react not just to the framed portion of the painting, but that
also depend on the previous actions carried out by the spectator and include a random component, which helps to emphasize the uniqueness of each interaction with the artwork.
In order to maximize the unique and immersive qualities of
the experience, spectators are required to wear headphones.

3.

TECHNICAL DETAILS

The MixPerceptions project faces two main technical challenges, both directly related to the interaction of the spectators with the installation through their smartphones. First,
the device needs to react to users’ actions and, in particular,
to identify accurately the portion of the paintings framed at
any given time. Second, users’ actions have a direct impact
on the visual and auditory realities that get revealed. Hence,
we also need a framework for the adaptive composition of
video and audio streams that will be played back on the
smartphone screen and headphones.
The problem of identifying the parts of the painting framed
can be posed as a feature matching problem, which has been
widely studied in the computer vision literature [7, 5, 10]. In
our implementation we make use of the Vuforia library, an
augmented reality high level development toolkit distributed
under a free license by Qualcomm [9]. VuForia provides a
highly optimized library for building AR applications and
is tuned for the two major mobile platforms: iOS and Android. This package provides functionality for several of the
requirements of our mobile app, including:

• support for detection and marker-less tracking of image targets, which we use for identifying the region of
the painting framed by users
• video playback on image targets, which we use for animating the hot regions of the painting
As an additional advantage, it makes the portability of the
application to different platforms much easier by providing
a common API for both Android and iOS. Note that at
the present time, MixPerceptions is still under development
and our mobile application prototype is currently only iOS
compatible.
The second of the challenges deals with the composition
of soundscapes. We consider an ecological approach, where
each of the elements of the painting constitutes a foundational block of a sonic ecosystem. The ecosystem can then
be explored at different view ranges. The long range view
considers the overall ecosystem (Figure 1), where all the individual blocks are mixed in an averaged audio signal, where
none prevails over the rest. In the middle and short range
views, the user is focusing attention in a fraction of the
painting (Figure 2); therefore, the audio mix produced emphasizes the framed elements over those out of frame. Note
that some of these sonic blocks are prevalent at every range
and framing; they provide a common theme or context that
helps in creating a coherent auditive experience.
For example, the painting shown in Figure 1 depicts a
commuting scene within a train, a cramped space that far
from encouraging social interaction leads to self-isolating
behaviors. This painting defines a number of physical elements, each associated to particular organic sounds. From a
long range view, we perceive an overall soundscape where
the traveler’s conversations get mixed with intercom announcements. In the short range view, individual blocks
being framed get emphasized. For instance, we can perceive
electrical noises coming from the lightbulbs. At both range
levels, the mechanical sounds organic to trains are part of
the soundscape, providing a background sonic reference to
the spectators.
The soundscape includes further musical attributes that
help in creating a harmony line in this ecosystem of sounds.
Each painting features a unique musical base, which we composed specifically for it. This musical base is used as a pattern that we modulate to provide slight but noticeable variations in order to avoid a repetition and boredom in the
spectator. To this end, we take into account the specific
regions framed, as well as a set of low level color and shape
features extracted from the images captured by the smartphone camera in realtime. We also use musical segments to
represent the blocks from the ecosystem that do not have an
actual materialization, e.g. thoughts or emotions.
We have produced a concept demonstration video that
shows all the technical elements described in this section. In
particular, the video illustrates the interaction of a user with
one of the paintings of the installation. The video shows the
presence of reactive regions in the painting. Some regions
react providing only an auditory response, others provide
both visual and auditory responses. The video is accessible
from the project website [3].

4.

INSTALLATION CHARACTERISTICS

The proposed installation is, in essence, an exhibition of
paintings. The augmented dimension is completely experi-

lation currently uses 2 of the paintings from this collection,
depicted in Figures 1 and 3. We plan to extend the installation with a third painting of the same collection, which we
expect to have completed well in advance of the exhibition
date.
While the MixPerceptions project is platform agnostic,
our mobile application prototype is currently only iOS compatible. Versions for iPhone/iPod Touch and iPad will be
freely released on the App Store, so the interested spectators will be able to enjoy the experience on their own iOS
devices. While we plan to extend compatibility to Android
devices, our priority is to first finalize all the functionality
on the iOS version. Nevertheless, we will have a pool of iOS
devices to lend the audience so the experience is fully accessible to everyone. We will also provide headphones, required
by the app to enjoy the augmented audio modality of the
installation.

5.

EXPECTED OUTCOMES

MixPerceptions proposes an original interactive, multisensorial, and immersive painting exhibition. Influenced by the
notion of synesthesia, MixPerceptions generates a unique
artistic experience for the spectator. We aim at displaying
the exhibition for the first time, and conduct user studies to
assess its public reception, to learn how users interact with
the installation, and how the overall experience is valued.

6.

Figure 3: Second painting of the “Hiding Realities”
collection included in MixPerceptions.

7.
enced within the bounds of the smartphones of the spectators. In this regard, the requirements for the transportation
and actual exhibition of the work are minimum. The installation will be mounted preferably in an independent room,
but could also co-exist with other works in a shared space.
The paintings will be hanged either on a single wall of around
9m wide, or three walls of an independent room with a minimum width of 3m each. The room should provide lighting
facilities to allow for properly exposing the paintings, using
either natural or artificial light. Given the multimodal nature of the work, a silent environment is recommended for
enabling the spectators to fully enjoy the experience. Note
that spectators are required to wear headphones while observing the work, which effectively provides a layer of sound
isolation.
The paintings used in the installation belong to the collection Escondiendo la realidad (Hiding Reality) of local Barcelona
painter Aurelio San Pedro, with clear influence from the Pop
Art movement and in particular from the works of Spanish
artist Eduardo Arroyo [4] and Equipo Crónica [1]. This series has a total of 10 paintings. The common theme of the
collection is the occlusion of salient parts of the depicted
scenes, aiming at giving spectators the ability to complete
the artwork imprinting their feelings and sentiment into the
painting. This series is executed using acrylic paint on fixed
size canvasses of 162cm × 97cm. The MixPerceptions instal-

ACKNOWLEDGMENTS

The MixPerceptions project has been possible thanks to
the generous effort of a large group of individuals. We would
like to specially thank all the participants that took part in
the concept understanding study as well as our actress for
the presentation video, Boryana Stamenova.

[1]
[2]
[3]
[4]
[5]

[6]

[7]

[8]

[9]
[10]

REFERENCES
Equipo crónica. http://www.equipocronica.com.
Layar. http://www.layar.com.
Mixperceptions. http://www.mixperceptions.com.
E. Arroyo. Retratos y retratos. La Fabrica, 2013.
H. Bay, A. Ess, T. Tuytelaars, and L. Van Gool.
Speeded-up robust features (surf). Comput. Vis.
Image Underst., 110(3):346–359, June 2008.
J. Hook, J. Briggs, M. Blythe, N. Walsh, and
P. Olivier. Repentir: digital exploration beneath the
surface of an oil painting. CHI EA ’13, pages
2947–2950, New York, NY, USA, 2013. ACM.
D. G. Lowe. Object recognition from local
scale-invariant features. In Proceedings of the
International Conference on Computer Vision-Volume
2 - Volume 2, ICCV ’99, pages 1150–, Washington,
DC, USA, 1999. IEEE Computer Society.
P. Milgram, H. Takemura, A. Utsumi, and F. Kishino.
Augmented reality: a class of displays on the
reality-virtuality continuum. volume 2351 of Society of
Photo-Optical Instrumentation Engineers (SPIE)
Conference Series, pages 282–292, Dec. 1995.
Qualcomm. Vuforia. http://www.vuforia.com.
E. Rosten and T. Drummond. Machine learning for
high-speed corner detection. In European Conference
on Computer Vision, volume 1, pages 430–443, May
2006.

