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ABSTRACT 

As ubiquitous computing becomes more prevalent, greater 

consideration will have to be taken on how devices 

interrupt us and vie for our attention. This paper describes 

Auramirror, an interactive art piece that raises questions of 

how computers use our attention. By measuring attention 

and visualizing the results for the audience in real-time, 

Auramirror brings the subject matter to the forefront of the 

audience’s consideration. Finally, some ways of using the 

Auramirror system to help in the design of attention 

sensitive devices are discussed.
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INTRODUCTION

As the numbers of processors around us grow, and the 

application of computing solutions broaden, people find 

themselves at the limit of their ability to manage the myriad 

devices in their immediate control. As this trend of 

ubiquitous computing [1] continues, the problem will be 

exacerbated. People will find the proliferation of computing 

devices requires a greater timeshare of their awareness, and 

increasingly affects social interactions [2]. Already the 

interruption of a scintillating conversation by a mobile 

phone is a common scene – and a common irritant. 

To help alleviate the problem of constant interruption 

caused by a plethora of devices designed to work in 

isolation with a single user, it has been proposed that 

Attentive User Interfaces (AUIs) be used to direct 

interactions of users with groups of computers [3]. 

Similarly, attention can be used to direct interactions of 

devices with groups of humans. In the AUI model the 

user’s focus of attention is measured and used to indicate 

when, where, and how devices should attempt to interrupt a 

user. The goal is to orchestrate groups of ubiquitous devices 

so that they work in conjunction with each other. This 

method is modeled on the ways humans interact socially; 

using a variety of non-verbal cues to guide and share a 

group’s focus of attention. This process is known as turn-

taking [4]. 

It has been determined that there are at least 8 non-verbal 

cues used by people to take turns in group conversations 

[4]. Of these eye-gaze is among the easiest to measure, 

without encumbering the user. It has the unique ability to 

indicate the object of the user’s attention. Nonetheless, 

attention is ultimately subjective, so any attempt to evaluate 

the accuracy of a method of computing for user attention 

must include a subjective appraisal. 

Auramirror uses an artistic approach to visualize 

measurements of attention. In addition to aesthetic 

concerns, Auramirror attempts to naturally communicate 

the audience’s attention, so that uninformed viewers can 

quickly deduce the meaning of the visualization. 

Furthermore, by divulging its record of attention, 

Auramirror aims to expose, for scrutiny, the role of 

computers in group interactions. 

AURAMIRROR 

Auramirror is a art installation piece that precipitates the 

abstract notion of attention by reflecting the audience’s 

individual and shared attention on its video-mirror canvas. 

Auramirror visualizes individual and shared attention; its 

real-time feedback also illustrates the shifts in the group’s 

attention, and in people’s individual focus of attention. 

Description 

The Auramirror system overlays blue blobs, auras, atop 

each head in an otherwise unadulterated mirror image of its 

audience. Auramirror uses these attention auras to designate 

the attention of each audience member. These blobs 

undulate around each person’s head; the animation 

indicates their dynamic nature. They will also grow in the 

direction of the person’s attention, as estimated by the 

Auramirror system. Two auras will grow towards each 

other and eventually merge to form an attentive tunnel  
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when two audience members are paying attention to each 

other. When their attentive bond is interrupted, the tunnel 

will snap, and the blobs will bounce to their original rest 

positions around their respective heads. 

Scenario 

The following scenario describes a typical scene in front of 

Auramirror. Imagine that you walk into a room to face a 

mirror image of yourself and the people around you. You 

appear with a translucent, blue aura shimmering around 

your head. As you turn to your friend to discuss the 

meaning of the artwork, she sees your head turn and your 

aura grow towards her. When she faces you to reply, the 

other audience members see the two auras merge, forming a 

visualization of an attention tunnel. Perceiving movement 

in your peripheral vision, you turn your head back to 

Auramirror, in time to see the tunnel break and the attention 

auras spring back to their original shapes [5]. 

ROLES OF AURAMIRROR 

Art is important as an aesthetic object and as a provocateur 

of discussion. As an art piece pertaining to attention, 

Auramirror quietly reflects its view of the world, but also 

becomes an object capable of capturing the audience’s 

attention. 

Peripheral Display 

Auramirror does not actively seek attention; it is not 

designed to interrupt its audience. As a result, Auramirror 

can act in the fringe of its audience’s attention space; it can 

communicate attention information in the background of 

the audience’s current context. Its ability to remain in the 

periphery allows audience members to engage in regular 

interactions. At the same time, the negotiation of attention 

and the patterns of turn taking among the audience can be 

observed, at the viewer’s discretion, in Auramirror’s 

reflection. 

Using a metaphor of participants in group interaction, 

Auramirror could be described as personifying the role of 

an observer, a passive listener that the speaker is aware of 

but who isn’t actively participating in the conversation 

itself. As an observer, Auramirror’s awareness of the 

speaker, and every audience member, is conveyed explicitly 

by the reflection of the viewers in the mirror. The audience 

is literally included in the realm, perhaps consciousness, of 

Auramirror. 

Attentive Focus 

Although Auramirror does not pursue the attention of the 

audience, it may affect it. The movements on the display 

may attract attention from nearby participants. By gaining 

an audience members attention in this way, the mirror can 

interrupt the contact shared between two participants. The 

largest, and most exciting, movements in the mirror are the 

formation of attention tunnels. So it is at these moments 

that Auramirror is most likely to interrupt audience 

members’ communication. To a viewer who is susceptible 

to these interruptions, the art piece has the potential to 

instigate iterative looking behaviour, elucidating attention 

and interruption: mimicking turn-taking.  

In addition to provoking thoughts on the interruptions of 

technology, the active qualities of Auramirror will reinforce 

the perception of the system as an attentive entity – a 

presence capable of affecting and effecting attention. Its 

manipulative capabilities introduce Auramirror as a 

member of its own audience, able to affect its own display. 

So Auramirror even more closely embodies a role in the 

audience’s interactions: it takes the viewer into its 

awareness, and it imposes itself through quiet interruptions 

at precisely timed moments. 

IMPLEMENTATION 

Auramirror is a many-faceted system whose various parts 

communicate together. 

Camera Setup 

Two camera setups are presented for the Auramirror 

systems. The first uses a single front view camera for both 

obtaining the video mirror image and for processing the 

activities of the audience. Processing the single video 

stream gives us coarse data that can be used for a 2-person 

Auramirror. The advantage of this method is its simplicity 

and portability. The second method uses stereo imagery 

from an overhead stereo camera or two calibrated overhead 

cameras, in addition to the frontal mirror-camera. 

Ideally the mirror video image of the audience would be 

untainted by parallax and reflect as close to full scale as 

possible. The first criterion suggests positioning the mirror 

camera in the middle of the display; this would require a 

half-silvered mirror. To compromise, the camera is placed  

Figure 1. Sequence of potential images in the mirror showing the auras grow, join and then burst with the attention of the 
participants.
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above the mirror. This produces a less noticeable parallax 

than side or bottom cameras [6]. 

Aura Structure 

The aura is modeled as an elastic, spherical, triangular 

mesh. The mesh is created as an icosahedron-based 

geodesic sphere using class I subdivisions [7]. The 

frequency can be adjusted to achieve the desired balance 

between animation responsiveness and physical 

smoothness. The mesh is rendered in OpenGL.  

The aura mesh can be manipulated in two ways in excess of 

simple translation and scaling. The mesh can be perturbed 

or attracted. The ensuing mesh animation is either a static 

translation of individual vertices to a new position, or a 

simplified and contrived simulation of energy dispersion 

across the mesh. Note that although the purpose of these 

methods is to convey the fluid nature of the auras, these are 

not attempts at an exact mimicry of nature. In addition to 

run-time efficiency considerations, the auras must also be 

able to be manipulated in ways that are unnatural for most 

fluids. 

Perturbing 

The purpose of perturbing the mesh is to make the display 

dynamic and to communicate the liquid nature of the auras. 

This contributes aesthetically to Auramirror. Also the fluid 

and dynamic nature of the auras visually engages the 

audience and encourages them to deduce the meaning of the 

exhibit. 

Figure 3. A perturbed aura mesh 

Perturbation begins by finding two random vertices on the 

aura. Then every vertex is given some velocity, in the 

direction of its rest normal, according to its distance from 

the two chosen vertices. The exact relationship is, 
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Figure 2. Multi-camera setup of Auramirror 
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Figure 4. Aura in mid attraction 

Here Vi represents the velocity vector of the ith vertex, Pi

represents the position vector and Ni represents the unit 

normal vector of the vertex. a and b are the indices of the 

randomly chosen vertices, and  is a constant to vary the 

scale, chosen randomly for each perturbation. 

Figure 5. Sequence of frames showing attraction; the droplet 
sphere is moving to the right. 

Attracting 

When the system determines that two people are paying 

attention to each other it instigates an attraction sequence 

that stretches the auras in the direction of each other until 

they are close enough to merge. In this early version of 

Auramirror, object collision is not computed. 

As opposed to perturbation, which excites vertices by 

giving them velocity so they can fall back into their rest 

positions according to the dynamics of the mesh, the 

attraction method will alter the underlying rest positions of 

the vertices. This allows the aura to assume and retain 

configurations that would otherwise be unstable. 

The method used to deform the mesh to indicate attraction 

is based on a separating droplet model. There are two 

spheres: the main sphere, centered at the original mesh’s 

sphere center, and a smaller sphere some distance away. To 

animate the attraction the smaller sphere moves away and 

its radius alters over some fixed number of frames. 

New vertex positions are found by computing an offset for 

each vertex of a sphere superscribing both the aura and 

droplet spheres. For each of these vertices we find the 

vector to the corresponding position on both the aura and 

droplet spheres, points A and B in figure 6. 

SBSASSNEW 1 (2) 

where, 

cos1

1

e
(3) 

Mesh Dynamics 

Most of the animation of the auras is determined by the 

mesh dynamics. Vertices will always be drawn to their rest 

position, to such a degree that in some circumstances it 

appears unnatural, but this prevents people from having 

their blobs essentially boil away from too much excitement.  

The vertex calculation for one frame begins by measuring 

the potential energy of each vertex, PE, which is simply 

taken to be the vector of the current vertex position to its 

rest position. PE is then lost to neighbouring vertices as 

follows, 
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Here N(i) is the set of vertices that share an edge with 

vertex i. Equation 4 gives a new potential energy, PE',

along the vertex normal, N.

The new vertex velocity, V', is calculated based on the 

change in potential energy, the elasticity, EL, of the mesh 

and the previous velocity, V,

PEPEEPVV EL)( (5) 

Note that where potential energy is calculated for each 

frame, velocity persists from frame to frame. 
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Figure 6. A cross section of the spheres involved in computing 
the attracted mesh. CA is the aura center, CD is the droplet 
center, SSUP is the current iterated vertex on the superscribed 
sphere. A and B are points on the aura and droplet 
respectively. The vectors SA and SB are calculated and  is 
measured 
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Offsetting the vertex rest position, R, by the new potential 

energy and the new velocity, determines the new vertex 

position, P,

VEPRP (4) 

Finally the velocity, in preparation of the next frame, will 

loose some magnitude due to inefficiency and some due to 

compression, if the vertex is closer to the aura center than 

its rest position. 

Computer Vision Algorithms 

All the algorithms used are taken from, or based on, 

algorithms found in the Intel OpenCV library [8]. Due to 

the limited resolution of the captured camera images, 

tracking the head is easier than computing eye-gaze. 

Fortunately it has been shown that head orientation 

corresponds to visual attention [9]. Visual attention, in turn 

has been shown to play a crucial role in negotiating turn 

taking among participants in group conversations [10]. 

Single Camera Attention Estimation 

Auramirror uses a cascade of boosted classifiers using haar-

like features [11] implemented in OpenCV to find faces in 

the scene. Once a face is found, Auramirror spawns an aura 

at that location and initializes the OpenCV MeanShift 

tracking algorithm that will track the audience member’s 

head. With the original face finder and the known 

MeanShift tracking location Auramirror can assign a head 

orientation to each tracked head. Counting these states over 

a number of frames will smooth state switching and avoid 

noisy jumps due to inaccurate recognition. Finally when 

two heads are determined to be facing each other, the 

system begins the aura attraction animation. 

Multi-Camera Attention Estimation 

OpenCV functions are used to calibrate two overhead 

cameras for stereovision. From the overhead view, an 

adaptive threshold of the depth image and a size threshold 

are used to find heads in the scene. With heads found, the 

system can hypothesize that the head orientation is in the 

direction of the major axis of the head-blob ellipse. 

Auramirror can use skin colour detection from the mirror 

camera scene to disambiguate the two possible directions of 

attention provided by the major axis vector. Then this 

vector can be extended to test for intersection with other 

head-blobs; a positive result indicates attention towards the 

associated person. 

In this scenario the blob placement and animation will both 

be predominantly directed by analysis of the overhead 

camera images. The mirror camera will primarily reflect the 

scene and overlay the auras. 

REFLECTIONS ON ATTENTION 

Auramirror attempts to engage the audience on many 

different levels. It does this by displaying and manipulating 

the attention of its audience, both directly and indirectly. 

Art has employed techniques for controlling the viewer’s 

attention for centuries. Artists often use lines and lighting to 

direct the viewer through a work of art [12]. In some cases 

characters in paintings employ non-verbal cues, such as eye 

gaze to direct the audience (see figure 7). In this scenario, 

the looking behaviour of the characters in the painting 

induces a particular looking behaviour in the audience; 

Auramirror does the same. As an artwork, Auramirror plays 

with attention and tampers with the usual roles assigned to 

viewer and artwork. Auramirror gives the audience greater 

level of awareness of their attention. 

Displaying and Partaking 

Art has always manipulated the attention of the audience. 

Auramirror is no different, though here its subject and 

method are both also attention. Auramirror uses the theme 

of attention to open for discussion the relationship between 

humans and computers. 

As a purely computational system Auramirror visualizes 

attention for the benefit of its audience. However, it can 

also interrupt the attention two audience members are 

paying each other, through its movement and novelty. 

Typically the role of an artwork is to be attended to. In this 

case Auramirror also pays attention to the viewer, by 

reflecting her in its mirror and by meticulously calculating 

her focus of attention. When the viewer leaves the artwork 

the cessation of attending is mutual.  

Auramirror attempts to demonstrate the abilities of 

technology to function productively in our periphery. Also 

it brings up the incursion of technology into our day-to-day 

interactions. The confusion of the art piece’s role as an 

active audience member or passive wall hanging elicits the 

mixed modality of people communicating remotely through 

devices. 

Surveillance 

In addition to starting a discussion regarding attention, 

Auramirror is designed to provoke an awareness of what a 

computer might measure. The data gathered by Auramirror 

is displayed in a public manner. Furthermore it is 

information that is often quite personal. People might 

become self-conscious of what they pay attention to and the 

nature of the interactions they are involved in may be 

affected by the hyper-awareness of Auramirror’s watchful 

eye. A panoptic effect might be observed among the 

audience [13,14], although here they are the watchers as 

well as the watched. 

This illustrates the power of conveying attention. It also 

indicates the need for guidelines on how attention, and 

other private information, should be managed by ubiquitous 

computing. 

DISCUSSION

Auramirror demonstrates a way to visualize attention. It 

measures attention and displays it in a way that should be  
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Figure 7. Paolo Veronese, Christ addressing a kneeling woman. An example of how visual attention is guided through a painting. 
Shown here with brightness corresponding to a fixation frequency contour map [12]. Notice particularly that people’s gaze tends
to follow the gaze of the characters. 

Figure 8. Édouard Manet, A Bar at the Folies-Bergère. A painting that explicitly involves the viewer in the painting. 
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easy to understand. It shows how computers can interrupt 

quietly.  

Instructively, Auramirror’s usefulness is to visualize 

attention so that its audience can determine whether or not 

the measurements are accurate. This is important because 

attention is such a subjective thing. Once attention can be 

measured within reasonable limits of accuracy the data can 

be used by other applications. The peripheral role of 

Auramirror can be forced by removing the display 

altogether. This extends Auramirror to the realm of 

intelligent environments or context-aware computing. The 

system ceases to be a piece of art, but still collects attentive 

data; applications can then take this data of the group’s 

attention as a valuable piece of contextual information. 

Artistically Auramirror is supposed to promote discussion 

about attention. It demonstrates that this information can be 

measured, albeit with limitations. It should open the eyes of 

the audience to the roles that computers already play in our 

attention spaces, and the future roles they may play. 

FUTURE WORK 

The first step in pursuing future work with Auramirror will 

be a study on user reactions of the existing system, and the 

legibility of the data communicated by the system. This will 

provide the required justification for the usefulness of 

further work with the system. 

The furtherance of Auramirror can proceed in many ways. 

The Auramirror system as a whole can be extended, the 

data that Auramirror collects can be used and analyzed 

separately from the system, and the system can be modified 

to emphasize its more functional role as an evaluation tool. 

Extensions of Auramirror 

Maintaining the spirit of Auramirror, we can easily load the 

aura with more meaning. Colour is one obvious dimension 

that has not yet been exploited. Also, the constants that 

affect the motion dynamics of the auras can be easily 

altered in real-time; this is a more subtle change, but gives 

another possible dimension of expression.  

Colour could be used to communicate emotion, for example 

found by using speech volume fluctuations or pupillometry. 

Another possibility would be to indicate the duration of a 

relationship through the opacity or luminosity of the auras, 

or even through the apparent viscosity of the aura liquid. If 

the system is coupled with a method of identifying people, 

a cumulative duration can be used, and the relative 

importance of relationships could be estimated.  

These changes would enhance the Auramirror system by 

embedding more meanings. The underlying messages 

would not be altered; in fact, the increased density of the 

information communicated would enhance them. This may 

make the system more personable, or more invasive, 

perhaps more natural, and certainly more interesting. 

Derivatives of Auramirror 

A major source of future research can be found in ways to 

make use of the data collected by Auramirror. 

Understanding group dynamics of attention can contribute 

to greater awareness by ubiquitous devices of their own 

audience. 

Auramirror’s attention data can be collected live to be used 

by devices or the environment. This way performing a 

critical part of an “UbiGroup” application [2]; the 

information can guide an intelligent environment, or a 

system of ubiquitous devices, on how to act within a group-

of-humans context. 

The attention data could also be sent to a learning capable 

system, perhaps an AI endowed agent such as FRED [15], 

to train such a system on how attention is managed in 

groups of people. This way the agent can learn to partake 

naturally in group conversations. 

Experimental Uses of Auramirror 

Auramirror uses a powerful method to visualize attention. 

At the finest level, attention is subjective; no measurement 

of external quantities will entirely capture it. Auramirror’s 

natural and easy to understand visualization should make it 

a natural tool for user studies on attention. Auramirror will 

be used to perform experiments to verify the accuracy of 

our methods of estimating attention. This will require the 

development of experimental methods for using this 

infrastructure. For example, Auramirror’s ability to affect 

the audience may or may not be desirable in an 

experimental environment. Once methods for 

experimenting with Auramirror are described, they can be 

used to evaluate all manner of methods of measuring 

attention; the architecture of the system allows for easy 

modification of these algorithms. 

CONCLUSION

Processors are becoming a greater and greater part of our 

social and working lives. In order to escape the din of 

interrupting beeps, rings and whirrs that this growth brings 

with it, we must develop polite computers. To do this, 

computers will need some understanding of how social 

networks work, or some knowledge of what the current 

context is for the device’s user. These goals can be partially 

achieved by examining visual attention.  

Auramirror is a media art piece that brings these issues to 

light, and a system for estimating and visualizing the 

audience’s attention. Auramirror enlists fluid auras to 

convey the attention that it determines people are paying 

each other based on head orientation. As an art piece, 

Auramirror obscures the usual roles of viewer and art by 

becoming a part of the audience, and simultaneously tests 

the audience’s comfort by publicly presenting their 

attention. 
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