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Abstract A novel sEMG (surface electromyography) sensor using polypyrrole-
coated nonwoven fabric sheet as electrodes (PPy-electrode) is proposed for the dis-
abled to control prosthetic limbs in daily life. The PPy-electrodes are sewed on an
elastic band to guarantee closely contact to the skin thus to enable stable sEMG
measurement with high signal-to-noise ratio. Furthermore, the sensor is highly cus-
tomizable to fit for the size and the shape of the stump so that the disabled canwear the
sensor by themselves. The performance of the proposed sensor is investigated by
comparing with Ag/AgCl electrodes with electrolytic gel in an experiment to measure
the sEMG from the same muscle fibers. The high correlation coefficient (0.87)
between the sEMGmeasured by the two types of sensors suggests the effectiveness of
the proposed sensor. The experiment to control myoelectric prosthetic hands showed
that the disabled can use it with one hand to obtain sEMG signals for myoelectric
control.
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1 Introduction

Benefitting from the advance of robotics and biomedical engineering, the research
on EMG prosthetic hands has developed quickly in recent years to meet the
demands of those who have lost their hands. Many dexterous prosthetic hands, such
as the iLimb hand and the iLimb Pulse by Touch Bionics, the Bebionic hand by
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RSL Steeper, and the Bebionic hand v2 by RSL Steeper (Belter et al. 2013), have
been developed and commercially available. Surface electromyography (sEMG)
has been widely studied for the control of prosthetic limbs since motion intentions
can be identified based on the sEMG associated with the residual muscle
contraction. Although many advanced algorithms are proposed to analyze sEMG
signals, few of them are practical since they are based on the high-quality signals
measured in labs which are not available for a disabled person in his/her daily life.

We have developed prosthetic hands with interactive wire-driven mechanism
(Seki et al. 2013). An fMRI study with amputees has shown the adaptation process
in the brain for control of the prosthetic hand (Kato et al. 2009). The prosthetic hand
is controlled by sEMG signals with an online learning algorithm (Kato et al. 2006).
However, for daily use of the prosthetic hand by a disabled person, the number of
recognizable sEMG patterns is limited by the usability and stability of the sEMG
electrodes. This study, therefore, introduces a sEMG sensor that can be worn
one-handed for stable measurement of sEMG signals.

2 Methods

The sEMG sensor is an electrochemical transducer that detects biopotentials by
using electrodes placed on the skin. Ag/AgCl electrodes, so-called wet electrodes
utilizing an electrolytic gel to form a conductive path between skin and electrode,
are currently most widely used in hospitals or laboratories. Despite the low
electrode–skin impedance of Ag/Agcl electrodes contributes to a high S/N ratio, dry
electrodes made from metals are always adopted in human robot interface since
Ag/AgCl electrodes are disposable and not suited for long-term measurement. An
important factor when using dry electrodes is their ability to maintain electrical
contact with the skin since the electrical contact affects the electrode–skin
impedance. Additionally, the end shape of the residual arm is different individually;
it is hard for the existing metallic electrodes to maintain good electrical contact.

We therefore attempted to develop novel dry electrodes with soft conductive
materials.

3 Results

The PPy-electrode sensor band and two disabled sEMG (surface electromyography)
Engineering Surface electromyography sensor using polypyrrole-coated nonwoven
fabric sheet (Japan Vilene Company, Ltd) as electrodes (PPy-electrode) is proposed
for the disabled to control prosthetic limbs in daily life. Compared with other
conductive polymer which has been studied as bioelectrical sensors (Tsukada et al.
2012), polypyrrole is more stable in the environment of daily life.
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As shown in Fig. 1, the PPy-electrodes are sewed on an elastic band to guarantee
closely contact to the skin thus to enable stable sEMG measurement with high
signal-to-noise ratio. Furthermore, the sensor is highly customizable to fit for the
size and the shape of the stump so that the disabled can wear the sensor by
themselves.

4 Results and Discussions

Figure 2 shows a 3-channel sEMG sensor band with six recording electrodes for
differential amplification and a common ground electrode. The sensor band was
manufactured for a 14-year-old girl with congenital right upper limb deficiency. The
subject wearing the bands customized for her is shown in the right of Fig. 2. She was
able to wear the sensor band one-handed by herself to get sEMG signals to control a
two degree of freedom prosthetic hands developed by a previous study (Jiang, et al.
2014). With the myoelectric prosthetic hand, she tried to do some daily task, for
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Fig. 1 Polypyrrole-coated nonwoven fabric sheet (left) and the PPy-electrodes sewed on the
elastic webbing band (right)
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Fig. 2 PPy-electrode sEMG sensor band (left) and two subjects wearing sensor bands customized
for them (middle and right)
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example, moving a cup by holding the handle (Fig. 2). The experimental protocol
was approved by the ethics board of The University of Electro-Communications.

To investigate the quality of the signals measured by the proposed sensor,
simultaneous measurement of sEMG from the same muscle fibers with the
PPy-electrodes that we developed and the conventional wet electrodes (Ag/AgCl
electrodes with electrolytic gel), which are widely used in hospitals and laborato-
ries, was carried out. The measurement settings and the results are shown in Fig. 3.
The raw sEMG signals measured by the two types of electrodes and the root mean
square (RMS) of the signals were nearly the same. The high correlation coefficient
(mean = 0.87, SD = 0.065, n = 12) between the RMS values of them suggest the
effectiveness of the proposed PPy-electrode sEMG sensor.

Surveys (Vasluian et al. 2013; Biddiss and Chau 2007) have suggested that
appearance, function, comfort, control, and durability are the main factors affecting
prosthesis acceptance and rejection. In order to provide the technology and
opportunities necessary for the disabled to maximize their quality of life using
prosthetic hands, the whole system, including the prosthetic robotic hand, the
mount parts, and the sEMG measurement and analysis units, should be convenient
to be used by the persons most of whom have only one hand.

In this study, a novel PPy-electrode is developed to enable highly usable and
effective sEMG measurement in real-life settings. It is wearable with one hand, and
the size and shape of the electrodes can be easily tailored to fit with the residual
arms, guaranteeing the electrical contact with the skin. Multiple channel mea-
surement of sEMG can be accomplished more conveniently by arranging the
electrodes on a base cloth, which provides more options of sEMG measurement.
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Fig. 3 Simultaneous measurement with wet electrodes and PPy-electrodes. Electrodes were
placed along the same muscle fibers (left) and the sEMG signals measured were nearly the same
(right)
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