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Abstract— This paper describes a feasibility study for a self-
contained, wearable full-body motion capture system based
on time-of-flight measurements that provide absolute distances
between points on the body. Our motivation for the system is to
allow an e-textile garment to sense its own shape using only
body-worn sensors, thereby enabling it to dynamically adapt
its sensing and processing elements to the user’s current pose.
Furthermore, a garment that can sense its own shape would
enable an untethered and self-contained motion capture system.
We explore the potential accuracy of the system via simulation
driven by motion data from several users performing various
activities, including effects such as the number and placement
of sensors on the torso, shadowing of signal transmission by the
body, and sensor directionality. We conclude that the system is
feasible, albeit with an accuracy that is at least an order of
magnitude less than state-of-the-art laboratory systems, and that
its accuracy will depend heavily upon the transmission properties
of the sensors.

I. INTRODUCTION

Through our previous work on electronic textiles, we have
realized that there is a difficult set of related problems that
must be addressed if e-textiles are to reach their full potential
for wearable computing: an e-textile garment must be able to
sense the shape of the garment, the location of sensors on
the garment, and the user’s motions [1]. These closely related
capabilities are important for e-textiles for several reasons:
They allow the e-textile to manage the physical locality of
computation and sensing, thereby balancing computational
load and power consumption across the hardware elements.
The e-textile can provide necessary information to applications
about the locations of sensors and their spacing, which can be
used to dynamically select sensors that are in the best position.
More broadly, having a garment that can sense its own
shape will enable the development of self-contained untethered
motion capture systems, new human computer interfaces, and
more adaptable context-awareness devices.

This paper studies the feasibility of capturing the dynamic
shape of a garment with only body-worn, time-of-flight sen-
sors, i.e., without assistance from the nearby environment.
We focus on time-of-flight sensors (e.g., ultrasonic pulses)
because they provide absolute distances, in contrast to rate-
of-change sensors such as accelerometers and gyroscopes.
The difficulty with rate-of-change sensors is that their output
must be integrated to find distance, and any noise in the
sensor output quickly adds up to create a large error in the
integrated value. Furthermore, even if noise were not an issue,

integration requires a boundary condition to find the value
of the integration constant. For some motions, this boundary
condition exists, e.g., when walking, the velocity of the heel
is zero immediately following the heel strike, but for most
motions there are no apparent boundary conditions. Thus rate-
of-change sensors would be difficult to use for this application.

The method we employ for this preliminary investigation is
simulation driven by motion capture data [2]. The benefit of
simulation is that it permits quick exploration of the design
space, particularly with respect to number and placement of
sensors body size, and activity. While our initial motivation
is sensing the shape of e-textile garments, the results we
present are not limited to e-textile implementations; they are
generalizable to other forms of implementation, e.g., body-
worn nodes that communicate wirelessly.

The remainder of the paper is organized as follows. Sec-
tion II presents related work in e-textiles and motion capture
systems. Section III discusses design issues for a wearable e-
textile motion capture system. Section IV describes how the
system was modeled while Section V presents the simulation
results. Section VI outlines our conclusions and future work.

II. BACKGROUND

The two areas of research that are most closely related to
this paper are electronic textiles and motion capture systems.

A. E-Textiles

Electronic textiles are fabrics that have interconnections,
electronics, sensors, and processors as an intrinsic part of the
cloth. An overview of many of the research issues for e-textiles
is available in [3]. Space does not permit a full overview
of existing research and prototypes here, but there are many
examples that we are aware of both in academia [4] [5] [6]
[7] and in industry [8] [9].

We believe the efficient development of e-textile applica-
tions will require significant software services support, ser-
vices for fault tolerance, physical configuration, and processor
selection [1]. The physical configuration service will depend
heavily upon the shape-sensing capability that we are ex-
ploring in this paper. Many applications of e-textiles will
intrinsically need to know the spacing between sensors, for
example, acoustic beamforming for locating the direction of a
sound source [10]. Other applications will benefit by knowing
the shape of the garment so that they can adapt to improve their
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