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A pressure sensor pad makes a good candidate as a front-end
tool, replacing tedious and non-intuitive manual input. In the
robotics community, however, there has been some work us-
ing bed pressure for monitoring patient activity11. They tar-
get posture estimation while we aim at full body animation.

Although dynamic simulation and/or machine learning
techniques have been used to animate humans14, 10, reusing
motion capture data is still much more realistic. The idea
of motion synthesis based on pre-captured motion databases
has been extensively explored recently16, 2, 20, 18, 26. State-of-
the-art methods require a training or learning phase that typi-
cally lasts for several hours, after which, motions of a certain
kind (locomotion, disco dance, or climbing) can be synthe-
sized interactively, sometimes even in real time. In particu-
lar, 18 focused on interactive avatar control, and reported an
intuitive vision-based interface that can control an avatar to
step around a stool with a 3-second lag. Motion recognition
was done by comparing visual features extracted from on-
line images of the user and the pre-rendered images of the
motions in the database. Vision based interfaces have been
studied in the computer vision community for quite some
time for various tasks such as motion tracking and motion
recognition22, 6. Our work follows the same track of 18 but
uses a novel front end: a foot pressure sensor pad. The ad-
vantage of the foot pressure sensor pad is that it is viewpoint
free (i.e., always under your feet) and occlusion free. The de-
termination of foot-ground contacts, which has been proved
very important to full body animation in previous work, is
fully automatic. The pressure sensor pad does have its own
limitations, which we will elaborate on later.

3. System Overview
FootSee consists of an off-line data capture and database
construction stage (Section 4), an online motion recognition
stage (Section 5), and a motion editing stage (Section 6).
Figure 1 illustrates the main idea.

Figure 1: System illustration. The data in the foot pressure
database and the motion database are properly synchronized
during motion capture.

The motion database and the foot pressure database are
properly synchronized during motion capture, so that the
motion selection module just fetches the motion correspond-
ing to the matching footwork. However, we can also deliber-
ately change the association rules and map footwork to fake

motions. For example, we could map a marching-in-place
motion to walking. This would allow the user to explore a
virtual environment in a limited real environment.

4. Data Capture and Processing

4.1. Data Capture

The database consists of synchronized full body motion data
and foot pressure data. Full body motions are captured by a
Vicon 633 motion capture system at 60 Hz. Foot-ground pres-
sure data is captured by an XSensor35 pressure pad at 12 Hz.
This gives us 5 motion frames for every foot pressure frame.
Our motion capture volume is roughly 1.5m long, 2m wide,
and 2m tall. The pressure sensor pad is about 0.8m long and
2m wide. Given the constraints of the motion capture vol-
ume and the pressure pad dimension, we selected a number
of behaviors to capture: quiet standing (with natural sway),
and interesting motions (kicking, punching, stepping, weight
transfer and balancing). The users were requested to return
to quiet standing between interesting motions, and there was
no specification for the duration of quiet standing.

We use Filmbox15 to map the Vicon marker position data
onto the skeleton shown in Figure 3(b). This skeleton has
21 3-DOF (degrees of freedom) joints. The joint coordinates
are represented by three axes (X ,Y,Z) (coloured red, green,
and blue in the figure). The kinematic root (the black dot
in Figure 3(b)) is located at the intersection of the Lum-
bosacral angle of the spine (the base of the spine) and the
pelvic girdle. Mapping the animation onto the skeleton con-
verts the motion data from marker positions to root posi-
tions and joint angles. The root planar coordinates (the (x,z)
coordinates) are further converted from absolute positions
into relative positions (the difference between consecutive
frames), so transitions can be made easily to similar poses at
different planar locations during later processing.

Figure 2: Custom XSensor pressure sensor pad.

Figure 2 shows our XSensor pressure sensor pad. It is
made of a 160 by 64 grid of pressure sensors. It was origi-
nally designed for measuring the pressures of a person lying
on a bed, and was capable of sampling the whole pad at 6 Hz.
Our pad is specially constructed to measure the larger pres-
sures due to standing and running. Using custom software
developed to our specifications, we can sample a smaller re-
gion of interest at a higher rate.

c© The Eurographics Association 2003.

330


