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Abstract — This paper presents the development of an innovat
measuring system devoted to the human movement agais
using smart textiles that are realized with electigally conductive
elastomer composites (CEs). CEs show piezoresistiveoperties
when a deformation is applied and in several applations CEs
can be integrated into fabric or other flexible sulstrate as a
strain sensor. Moreover, integrated CE sensors mayebused in
biomechanical analysis to realize wearable kinesttie interfaces
that are able to detect posture and movement of tHeuman body.
Clinical requirements such as comfort, good fit andinobtrusivity

are satisfied. Actually, CEs behavior presents somgeculiar non-
linear phenomena, requiring a complex treatment oignals.
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|. INTRODUCTION

The analysis of human movement is generally perorm
by measuring kinematic variables of anatomic segsnesing
tracking sysems devices, that are
electromagnetic sensors or stereophotogrammetriterss.
The main disadvantages of these devices in paatidakks,
such as in clinical ones, are their invasivity, pdewity and the
difficulty of bringing them in the user daily eneitment.

In the present application, our efforts have bemused to
achieve the following goals:

kinesthetic wearable sensors, realized by CEs

smeared on an elastic fabric that should not boun%e

natural body movements (Section Il);

the development of human

signals (Section IlI);

the integration of both acquisiton and signal

processing in a dedicated software package, which
supplies a representation of user movements in an

interactive tridimensional environment (Section.V)

The CE we use is a mixture, composed by silicorbeub
and graphite, that is previously diluted with ttaioethylene
and then it is smeared on an elastic fabric sulesttecording
to the shape and the desired dimensions for theoser{see
Fig. 1). The treated fabric is placed in an ovea smperature
of about 130°C to speed up the crosslinking ofsiiation and
in about 10 minutes the sensing fabric is readyetemployed.

KINESTHETICWEARABLE SENSORS

accelerometers,

In terms of quasi-static characterization, a sarpkained
of 5mm in width presents an unstretched electresistance of
about XQ percm, and the gauge factor is about 2.8

Figure 1: Realization process for a sensorizedgglayMask; b)
Application on fabric; ¢) Smearing process; d) Resu

(GF=I(R-Ry)/R(I-lg), whereR is the electrical resistance anid
the length of the specimen). The temperature wieft ratio
is 0.08<. Capacity effects are negligible up to M9z (other

the measurement of kinematic variables by usingaspects are reported in [1] and in [2]).

Dynamical behaviour of sensors is more complex leza
material shows non-linear peculiarities. Figirghows the
output of a sample stretched with trapezoidal ramps

limbs mathematicaldeformation. We can note that:
models whose input controls are the processed senso

both increasing and decreasing ramps produce always
overshooting peaks, whose amplitude is function of
the deformation velocitgl/dt (wherel is the sample
length);

overshoots are followed by a relaxing transienpseh
length is too long to suitably code human movements

In order to address those issues, many approaches w
used. In Section IV we present a method used taceedhe
transient time.

A. Realization of a Prototype for the Upper Limb

In order to monitorize kinematic variables of thgpar limb
by means of a sensorized shirt, the great deatavdstermine
the sensors position around articulations. A totcal
approach was investigated, by searching an optfioiza
criterion for the global content afformation collected by the
system. Unfortunately this technique resulted \amgrous in



terms of required computational resources. So,llfin@an SHOULDER ELBOW WRIST
euristic approach was adopted: a sample of seesbtigsue
was continously repositioned around articulationsirg) the Flexion/Ext. Flexion/Ext. Flexion/Ext.

execution of natural movements, searching theipasitvhich Abduction/Add. =~ Pronation/Sup. | Abduction/Add.
Intra/Extra rot.

« E » Table I: Upper limb degrees of freedom.

Length extension

Figure 3: From the top: the sensor track and thoppe for the upper limb.
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Figure 2: Response of a CE sample excited by toigezamps of
deformation.

produced the best output. Figure 3 shows both #ekrand the
prototype realized. All sensors are representethbysegment
series which compounds the bold track, whereathihdracks
represent the connection to the electronic acéuisitevice (so
that any kind of wire is needed onto the garment).

Figure 4 shows the model we considered. The daticu
complex of the shoulder has been parameterizedbad and

In many fields such as biomechanics, robotics andyyet joint, whereas elbow and wrist present a successio
computer graphics, hierarchical structures are usedticular two rotational joints

body modelling for robots, human representationfobother
creatures. An articulated body can be thought aerees of Since joints allow only rotational movements, three
rigid segments connected by joints. In the presemtk we ifferent parameterizations was considered to dtscr
used ideal joints. This allowed us to maintain @acpcal | qiations:  the Euler-Cardan angles, the axigangle
parameterization of movements without trivializithgg human parameterization (a.k.a.exponential map) é\nd finally theunit
articulation movement. : e : o
quaternion representation. There is not a general criterion to
prefer one parameterization with respect to theersthThe
choice depends on the particular application antheruse of
forward or inverse kinematics. The crucial pointhis presence
of singularities, a classic control problem. Euler angles provide
the orientation with the use of three parameteus,det two
singularities, known agimbal-lock [3]. The exponential map
SHOULDER ELBOW WRIST adds a parameter with respect to Euler anglesdiues only

I, KINEMATIC MODELS OFHUMAN ARTICULATIONS

A. The Human Upper Limb Model

From an external point of view, an upper limb mduzle
at least 7 DOFs, corresponding to rotational movesmé& hese
ones, described by kinesiology, are listed in Téble




one singularity. In order to address both singtiées, unitary
guaternions must be used.

IV. KINEMATIC SENSORSYSTEM (KSS)
KSS is the software package developed which integra

both acquisition and processing of signals with theexpressed by an combination of exponential funstion
KSS wagsiesews oo

visualization of articular segments motion.
developed rigourously using only Open Source Softwahe

Figure 4:
The uppe
limb
model.
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remote rehabilitation tasks for post-stroke pasent

A. Posture Recognition and Animations

The main problem in kinematic reconstruction witfe C
sensors was to define a map betwsansor space (namedS
and intended as acquired sensors outputs),canfiiguration

space (namedQ and intended as lagrangian coordinates tha

define links position in kinematic models).

To address this issue, we adopted a strategy layimgeand
relating discrete subspaces &andQ using a clusterization
procedure during a calibration phase. Then recmgnivas
performed acquiring the generic sensors outputssaatching
through the calibration positions the closest amehie least
square sense. When a posture was recognized rdlgeam
performed an animation, giving the sense of tramsitvithin
calibration positions. This step was done usingsiterical
linear interpolation algorithm (Slerp) provided by quaternions
algebra, that is explained in [4].

Using interpolation on quaternions realized fluishda
realistic animations, unlike simple interpolatiom dculer
angles. Moreover, the absence of singularities imt u
quaternions permitted the execution of each arnitra
trajectory in the configuration space. In other d&rthat
means the possibility of representing each kincho¥ement.

B. Transient time reduction

As explained in section I, the treatment of signa
essential for the reduction of the transient tim@/hen the
specimen is motionless, e.g. after a deformatie@e (Sig. 2
where dl/dt=0), the trend of the electrical resistance can be
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Figure 5: Snapshot of the KSS software.

Y(t) = co+ crexp(-awit) + ... + ¢, exp(-apt)
1)

It was proved experimentally that the polesof Eq. 1
depend neither on the amplitude of the strength, aro it
velocity. So they was calculated once for a cersgiacimen
during a calibration phase by evaluating an exptakeleast
square regression.

It is clear that if the pole values are known, dgria
ransient time, the only coefficients which have be
calculated are thes and in particulac,, which represents the
final value. For this step, we developed an alparibased on
iterate integrations of Eq. 1. By summing al Idasbpies of
Eq. 1 evaluated on contiguous samples (which cooreds to
a numerical integration) we obtained the vector;sfas the
least square solution of an over-dimensioned lisgatem.

V. RESULTS ANDCONCLUSIONS

The whole system developed was submitted to assefie
trials (see Fig. 6) in order to collect informatioabout the
suitability for wearable motion tracking analysippéed to
clinical remote rehabilitation tasks. Results & following:

e The use of elastic fabric is non-invasive, easyge
and does not constrain natural body movements;

e The designed sensor track with the criterion
presented in section M. has lead to a repeatable
recognition of the five main DOFs of the kinematic
chain that compounds the human upper limb, that is
flexion-extension and abduction-adduction
movements. Regarding rotational movements, we're
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Figure 6: Posture recognition trials.

However, the main result of this work has been the
demonstration that kinesthetic wearable sensorssaitable
for application of kinematic reconstruction and oot
tracking. Obtained data are preliminary but strgngl
encouraging, sign of the great potential of thisolgh
technique.
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