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Abstract

Pervasive Healthcare,

In this paper we present how face tracking can be
implemented on mobile devices. Our main contribution
is to present how face tracking on mobile systems can
be used as a multi-dimensional input technique and to
demonstrate how this can be used in different mobile
applications. We present at set of different applications
based on the tracking, and discuss current and future
advantages, challenges and problems with face tracking
as input device for mobile systems.
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Introduction
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Today, many of the applications that previously
belonged to the traditional computer are now able to
run on a mobile device. As the number of possible tasks
to perform increases along with an increased
complexity of the task, the limited interaction on mobile
devices becomes problematic. Because the devices
have to be mobile, the sizes of the screens, the
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keyboards, and the keypads are limited. The most
common interaction today is through buttons,
thumbwheels or pens - through something that can be
characterized as a downscaling of the classic WIMP
interface.
However, instead of seeing mobility as a problem it
opens up for novel interaction techniques that actually
use the fact that the device is mobile. One new
approach is to equip the mobile devices with
accelerometers and use these sensors to register the
movement of the device in different applications [8].
Samsung has e.g. introduced one mobile phone (SCHS310) with accelerometers, but so far the use of
accelerometers in mobile devices has been limited.
With Mixed Interaction Spaces (MIXIS) we have taken
another approach, where the cameras on mobile
devices track the location of the device in relation to a
tracked feature. In our first system using MIXIS [3, 4]
we determine the location of the mobile device by
tracking a printed or hand drawn circle.
Other researchers have worked with cameras as
interaction techniques for mobile devices [9, 7].
However, these techniques all use some version of
barcode as their feature point. The strength of these
approaches are that a unique ID can be encoded in the
tags, but the limitation is that these interaction
techniques only can be used in front of a computer
generated 2D barcode.
In the new face tracking version of MIXIS, presented in
this paper, we use a mobile device with a camera
pointing towards the user to track the location and
rotation of the device by using the user’s face as a

feature point. Face tracking has traditionally been used
to interact with PCs and web-cameras, where the user
moves the head to interact. The fundamental
difference with face-tracking on mobile devices is that it
is not the face that is moved in front of a mobile device,
but it is the device that is moved or tilted instead. This
greatly minimizes the exhaustion that follows by having
to move the head.

Face Tracking and Mixed Interaction Spaces
The main idea of “Mixed Interaction Space” (MIXIS) is
to use the space around the mobile device as input,
instead of limiting the interaction with mobile devices to
the device. With this approach, we are able to create
mixed reality applications where the physical space is
used to interact with programs running on the mobile
device or on nearby computers.
The MIXIS interaction technique uses the mobile
device’s camera to track feature points and use the
distance and rotation of the device from this or these
feature points as input vectors to a set of different
applications. Depending on how the different
movements of the device are mapped to the
applications the device can be a 1-4 dimensional input
device (x, y, z and rotation).
The tracking works only when the feature point is
within view of the camera, resulting in a spanned
pyramid-shaped space in which the device can be
tracked. The space is narrower close to the feature
point and wider further away and ends when the
camera loses track of the feature point (see Figure 1).
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5], but it has been modified to run on mobile phones.
The basic steps in the algorithm are:
1. Calculate a histogram for the tracked face (object).
2. Repeatedly track the location of the face (or object)
a. Find the position of the center of the tracked object.
b. Move the search window to this position, enlarge it
c. Repeat step a and b until the algorithm reaches
convergence or reaches a threshold and determine the
location and rotation of the face from the convergent
search window.

Figure 1: The Mixed Interaction Space with face tracking

The MIXIS concept and some applications are further
described in [3, 4], but basically, with the first version
of MIXIS a circle was needed for tracking. Even though
this assumption was acceptable in a number of different
applications it still limited the number of different
applications that can use the technique.
With the face tracking version we use the front camera
of a 3G mobile device (for testing we used the Nokia
6680) to track the position in 3D and rotation of a
person face. The clear advantage of this approach is
that there is no need for external symbols e.g. circles
or barcodes for the tracking. The face will always be
available, ready to be tracked, but even though the
face is “just” another type of feature point several new
issues arise with the switch to this tracking type.

Tracking Algorithm
The tracking algorithm used for face tracking is strongly
inspired by the tracking algorithm described in [1, 2,

The first step of the algorithm is to find a probabilistic
color histogram of the object to track. In our
implementation, the user can choose the face to track
by placing the face in the center of the camera view
and press a key. The color histogram of a default face
can also be hard coded, but the first approach is more
flexible and is able to track any object that has a color
distribution that is different from the background (From
the software it is possible to determine if we want to
use the front or the rear camera of the phone).
To create a good probabilistic color histogram we use
some of the techniques from [1] e.g. focus only on the
hue component of a color, and ignore too bright and
too dark pixels. The histogram is used to calculate the
moment within a search window as described in [5, 2,
1] and the search window is moved to the center of the
mass and expanded. This is repeated until the
algorithm converges or reaches a threshold and
information from the final search window is used to
extract the location and rotation of the tracked object .
The outcome returned from the algorithm is the
position of the tracked object, its size, its rotation and a
parameter describing the uncertainty in the result.
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By applying fixed point arithmetic and other speed
performance optimizations we have been able to speed
the algorithm significantly and it runs fluently on both
Nokia 6680 and Nokia 7610. It takes 75-90 ms to
calculate the position based on the current version of
the algorithm running on the Nokia 6680 and we are
able to run simple graphic applications using face
tracking with a frame rate between 11-13 pr. second.
The application runs in many different light condition,
but the current algorithm has a problem with low
lightning due to the quality of the camera and skin
colored backgrounds. However, because the algorithm
“stick” to the last found feature it is pretty robust to
people walking by or partly occluded faces. Details on
how the algorithm reacts to noise can be found in [1].

Applications
To prove the concept we have currently developed four
applications using face tracking as input on mobile
phones, and several more running on a PC controlled
through face tracking on the mobile phone.
Face tracking application
This is a proof-of-concept application, where the face
tracking algorithm visualizes the face tracking concept
by placing a circle around a persons face. The purpose
is mainly for testing, even though it is fun to see if you
are able to get away from the pretty sticky tracking.
PongApp
This application is a pong game running on the mobile
phone that is controlled by face tracking (see Figure 2,
left). The pad can be controlled by moving the phone
along the x-axis inside the space or tilting the phone.

Figure 2: The Pong and the ImageZoomViewer application
using face tracking as the only input

ImageZoomViewer
This application was first implemented with the
previous version of MIXIS [3, 4]. The idea is that the
user is able to simultaneously pan and zoom a map or
an image by moving the mobile device in the Mixed
Interaction Space (see Figure 2, right). Moving the
mobile device up or down, left or right pan the map in
the direction the phone is moved. Moving the phone
further away or closer to the face results in a zoom out
or zoom in action. To overcome the problem about the
precision on the depth axis when the face is not fully
visible, the user is only allowed zooming when the
mobile device is centered on the user’s face.
BlueMix
BlueMix is an application on the phone that forwards
the input vector to a Bluetooth connection. A Bluetooth
server application on a nearby PC receive the input
from up to seven mobile devices running BlueMix and
forwards the input to a socket. Programs written in C#,
Java or Flash can then connect to this socket and use
the input from up to seven devices in their applications.
We have currently explored different multi-user
applications with the use of the BlueMix program [6].
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Preliminary findings with face tracking
By working with face tracking as input we have
encountered several characteristics and challenges with
this type of input mechanism.
Tilting versus moving
A new way of using MIXIS has been observed with face
tracking. Instead of moving the mobile device within
the interaction space; it can sometimes be easier to tilt
the phone, and thereby move the entire space.
Sometimes it is difficult to read the display if it is
moved far away from the face in the interaction space
and it is therefore easier to tilt the phone. In other
circumstances it is more natural to actually move the
phone, but we still need to explore this issue further.
Uncertainty when tracking several dimensions
Another relevant issue with face tracking is that the
face has the shape of an ellipse. Normally the camera
captures in a 4 to 3-format, meaning that there is a
much higher tracking resolution along the x-axis than
along the y-axis – especially since the face has an oval
shape (see Figure 3a). There is a similar issue with the
z-axis and rotation. The algorithm is relatively good to
determine the x, y location of the face with a large
amount of noise, and also if the face is only partly
visible. This is however, not true for the z-axis and
rotation (see Figure 3b). To calculate the rotation and
depth, the entire face has to be within sight, meaning
that the depth and rotation information is much more
accurate when the face is in the center of the image.

Figure 3: a) The limited resolution on the y-axis, b) the
problem of determine the depth and rotation of only partly
visible faces

Visualizing the Mixed Interaction Space
The mixed interaction space demonstrated in Figure 1
is not a physical bounded space, but bounded by the
vision of the camera. Visualizing what the camera sees
and how well it sees is a big challenge. Showing what
the camera sees on the screen is one solution, but it
becomes more challenging when the limited screen
space is being used for other purposes e.g. displaying
game graphics or a map. Also, finding a good cursor
that works for MIXIS is important for fluent interaction.
Supporting mobility
One of the clear advantages and differences between
MIXIS with face tracking and previous and related work
is that there is no external feature point. In the
previous version of Mixis [3, 4] a circle is needed and in
most related projects [9, 7] a 2D barcode is needed for
tracking. With face tracking the feature point, the face,
is always with the user and if the camera is able to
produce a good enough image the tracking system
works anywhere.
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We have just begun exploring how we can take
advantage of a highly mobile interaction system and its
consequences. Initial experience with e.g.
ImageZoomViewer suggests that it is much more
natural to move or tilt the phone in the direction you
want the map to move instead of having to press a
button several times. Another interesting aspect is the
difference between tilting the interaction space and
moving the phone. Tilting the phone can be done with
really small movements whereas moving the phone in
the interaction space require larger movement that can
be seen as strange in social settings.

Future work
The main contribution of this paper is both to
demonstrate that face tracking is feasible on mobile
phones and that it clearly differ from face tracking on
PCs using web cams.
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Currently we are working on improving the tracking
algorithms by looking at both features and color
histograms to overcome some of the limitations with
the tracking technology. The next step is to develop
new applications taking advantage of this type of
interaction mechanism and also the usability issues of
switching between buttons and face tracking.
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