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Abstract - The current document is intending to bring some elements on the application of piezoelectricity to a technology 
treating of muscular contraction analysis. Piezoelectric materials are chosen as sensors because of their attractive properties 
to produce electricity when they are folded. The topic of this article will be a discussion on the adjustment of patches using 
such materials to the skin and on the relevance of their results as muscular sensors for prosthetic members or others 
controlling systems. The system focuses on the skin surface modifications due to muscular contraction, for the study of 
which an electronic circuit has been developed using a low pass filter and a peak revelator to get an appropriate signal from 
the piezoelectric patch. Its output being around the millivolt, a non-inverting amplifier intensifies the signal at the end of the 
circuit. To visualize the output of the patch folded by a patient’s muscle, a display shows the curvature angle of the patch 
computed by an Arduino Uno. The first experiences have been made on the hand of ten subjects and the results show that 
after few trials, all the voluntaries could control the output of the system by the curvature angle. 
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I. INTRODUCTION 
 
About one billion human people representing over 
15% of global demography is concerned withphysical 
and mental disabilities [1], causing a hard-dailylife in 
terms of social, economic and work experiences. The 
effort is here focused onthe reduction of difficulties 
for people affected by mobility handicap, such as 
those in wheelchairs or suffering of paralysis. In this 
work,a robust, reliable and low-costelectronic system 
steerable by limb movements or muscular 
contractions is discussed. This technologyhas been 
chosen because it could adapt to a large range of 
mobility handicaps. 
 
The most common technology used for contraction 
studying in the medical domain is electromyography 
(EMG). EMG performs an electrical analysis of the 
muscle differentiating rest and contraction phases. It 
also studies nerve activity, since it is directly 
connected to the muscle fibers. Two types of EMG 
exist: intramuscular EMG, that works with two 
needles implanted in the skin of the patient [2] and 
the non-invasive EMG able to follow the curved 
surface of a muscle [3]. 
 
Herean alternative to this common technology is 
proposed, which follows the fundamental guideline to 
restore as much as possible the behavior of a sane 
organism. As such system satisfies important 
properties of Transparency, Passivity and Robustness 
in order to meet the basic conditions of correct 
functioning, here one will be offering a ‘’natural’’ 
rehabilitation of human organisms degraded by 
disability by satisfying these constraints. Robustness 
and Transparency are discussed in Part II of the paper 
[4]. Passivity is here satisfied asin present medical 
application the device is non-invasive and non-active 

so that it cannot cause any damage. Another 
important point is to think about how to make a 
device efficient but still accessible for everyone.  
To meet these requirements piezoelectricity 
technology has been selected. It is a promising field 
that has been undertaken already, but not for present 
application. This material generates electrical flow 
under distortion, and conversely, its shape is distorted 
when a potential difference is applied. Thus, a 
potential difference can be screened while the 
piezoelectric matter is distorted. 
 
Several types of piezoelectric material are currently 
available on market: natural piezoelectric materials, 
piezoelectric ceramics and piezoelectric polymer [5]. 
Polymers are flexible, light and sturdy, but its lower 
rigidity reduces its mechanical performances 
compared to ceramic materials. The piezoelectric 
effect is currently used in many fields and is in 
particular developed for future innovative devices 
such as tactile sensors and electronic skins [6-9]. But 
sensors on the human body have not been developed 
so far as pressure/movement detectors. Because they 
are reliable, fast and cheap, they exhibit good features 
for the present practical application. Moreover, since 
piezoelectric polymers are flexible, their shape can 
easily adapt to the shape of the human body. An 
appropriate piezoelectric patch could then be used as 
a “muscular contraction sensor” and would trigger an 
embedded system when a signal is detected. 
 
The topic of this article is concerning how such 
system could be established and the relevance of its 
results as muscular sensors for prosthetic members or 
others controlling systems. It will first be seen how to 
get a proper signal that can be processed and that 
avoids background noises. Then, a description of the 
process incrementing the output voltage in a range of 
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steps will be given, with the aim of getting several 
applications for one limb. This article concludes with 
the different obtained results and on their pertinence. 
Some possibilities of development will also be stated, 
for further perspectives. 

 
II. MATERIALS & METHODS 
 
2.1 Electrical noise and factors affecting the 
output signal 
The piezoelectric signal is influenced by background 
noise reducing its performances and the ability to 
analyze it. Thus, it is essential to filter high-frequency 
perturbations. To that end, the best way to work with 
piezoelectric components is to proceed with an 
analog filter circuit. It is composed of one gain buffer 
amplifier following by one voltage peak revelator and 
by one non-inverting amplifier.  

 
2.2 Signal “level classification” 
As previously explained, the present project is to 
translate a muscular contraction into a numeric signal 
sent to an external application that will receive and 
transform this signal.  
 
The sent from the patch to the Arduino board will be 
classified by its rank. Theranks, previously defined 
by an algorithm, will each correspond to a specific 
command on an embedded system. Thus, depending 
on signal amplitude corresponding to the intensity of 
a muscular contraction, the user will be allowed to act 
on a specific embedded-system command. To make it 
easier to understand for the user, a seven-segment set-
up displaying numbers, equivalent to sets of ranks of 
the signal amplitude, has been build up.  
 
The Arduino board raises the voltage value of the A2 
pin which corresponds to the output of the electrical 
circuit processing the piezoelectric signal [10].Then 
the calculation of the force gradient is carried out. For 
that an adaptive scale is created: when contracting his 
limb at the maximum he could the user defines the 
maximum voltage value Vmax.   
 
Then the numberN (0,1,2,3) is displayed according 
to the following normalized measured voltage 
percentage rule:if normalized measured voltage v = 
Vmes/Vmax  [0,10%] N=0, if v  [10%,40%] N= 1, if 
v  [40%,70%] N= 2, if v  [70%,100%] N= 3. 

 
III. EXPERIMENTAL PROTOCOL 
 
The experiments are described with their 
corresponding evaluation criteria. Depending on the 
results, the project will be considered as acceptable or 
not.  
Theexperiments estimate two parameters:  

 First, the “fitting of the muscle” is estimated for 
each patch. Comparing the results,it will be 
concluded which ones are the more adapted for 
the current application. 
 

 The second one consists in comparing the 
different used piezoelectric polymers and 
estimating their efficiency in terms of output 
voltages. This step consists in evaluating each 
“muscle capability” for suchapplication. The 
present study is restricted tothe fingers. The idea 
would be to make an armband or glove that 
would lock onto any contractions or movements 
as a command interpretation (discretization)for 
the downstream user.  

 
During the study, many difficulties have been faced 
concerning the place to apply the piezoelectric patch. 
For instance, even if the PMC 45703 patch is more 
sensitive to pressure (hence, to flexions), its rigidity 
prevents from satisfying results on large surfaces. On 
the contrary, the performances of the long 
piezoelectric sensors such as 2’’2 and 4’’2 are 
reduced; indeed, their flexibility is a key factor: these 
are already curved before a contraction.  
 
Therefore, their sensibility to contractions is lowered. 
However further researches and experiences on this 
limb could lead to more exploitable results and thus 
complete the results. Here the forefinger is used for 
the application because the movement of the patch 
inside the glove seems more appropriate and the 
results are more relevant, as shown below. Even if the 
PMC 45703 piezoelectric patch is used for the study, 
it has not been characterized because of its small size 
and its rigidity that makes its flexing much more 
resistant than the others.  
 
Therefore, the characterization of the project has been 
focused on Flex Sensor 2.2” and Flex Sensor 4.5” 
piezoelectric patches. Two main factors should be 
considered for this experimentation: the angle of 
flexion and its speed. Each component has been 
evaluated 7 times on the forefinger of six different 
persons with the following protocol: first, the 
volunteer’s forefinger has been put on a glove in 
which was inserted the piezoelectric patch on the 
index finger. The volunteers have been asked to put 
the ring finger side of his/her hand on a line of 
reference.  
 
The aim was to fold all the fingers without moving 
the palm at a particular angle. Angles of 60°, 90° and 
120° degree were chosen and marked on a paper. 
Also, each of those movements has been timed and 
had to be of the same duration, which in the present 
case is1 second. A total of 30 measurements per 
person (10 per angle) have been done for each patch. 
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Figure 1: Results of the experiments on 6 persons, 10 acquisitions per folding angle, on Flex Sensor 2'2'' and 4'2''. (1) Measures with 
the Flex Sensor 2’2’’ (2) Measures with the Flex Sensor 4’2’’ (3) 

 

IV. RESULTS 
 
The results were produced by six participants and 
each one had to produce 10 results for each folding 
angle and for two patches, amounting to a total of 60 
trials for each participant.It is important to notice that 
the calibration values that occurred at the beginning 
of each experiment were removed and thus provide 
more precise results because the values were always 
near the maximum of voltage. All these results were 
merged together,and four graphics resulted from 
collected data analysis, see Figure 3. For Flex Sensor 
2,2”,”, as shown on Graph (1) in Figure 3 below, the 
slope is almost linear and furthermore, there is a 
direct correlation between the value of the folding 
angle and the measured voltage following the linear 
model V α ∗ anglewith α 0.027which 
stay constant for the three angles.However, for Flex 
Sensor 4,2” plotted in Graph (2), the slope is 
lesslinear, and the linear model presents a large 
spread of values from α=0,013 to α=0,018. As shown 
in Graph (3), the mean of an output display of Flex 
sensor 2,2” was slightly different from the expected 
result for a folding angle equal at 60° but this 
difference decreased with the increase of theangle 
until it reached the reference curve at 120°. 
Concerning the curve of Flex sensor 4,2”, the two 
curves came closer for a folding angle equal to 90° 
but moved away from each other for other 
angles.Graph (4) plots the standard deviation of each 
patch for each folding angle. Two interesting 
statements can be made about those results: the 

decrease of the standard deviation for the Flex sensor 
2,2” and an increase of the standard deviation for the 
Flex sensor 4,2”. 

 
V. DISCUSSION  

 

The data from this experiment demonstrate the 
important differences of the results that could occur 
between two patches used for the same experiment.  
 
Differences in the results depending on the folding 
angle 
The linearity of the relation between the measures 
and the angle as well as the constant value of the 
linear model recommends a use of the patch 2,2”. But 
a further analysis of the results shows that each patch 
could have its own application domain. Indeed, even 
if the patch 2,2” presents a better linearity of the 
results, it also shows an important standard deviation 
for a low angle that may result in the display of a 
wrong number on the scale. The 4,2” patch presents 
better results for a small angle. Regarding the 
medium angle, the results show a preference for the 
patch 4,2” due to its proximity to the reference result 
curve. But its important standard deviation could 
have a significant impact on the results of a more 
extended study. At the opposite for larger angles, all 
the results indicate that 2,2” patch is better with the 
lowest standard deviation encountered and its 
correlation with the reference curve.These results 
suggest that no ideal patch may exist but, instead, that 
its use should adapt to the user. For example, the 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-7, Issue-1, Jan.-2019, http://iraj.in 

Characterization of Muscle Contraction Force Gradient using Piezoelectricity – Part I 
 

52 

patch 2,2’ seemed more suitable for a use involving a 
larger movement of the finger whereas the patch 4,2” 
seemed more suitable for a use with the smallest 
amplitude. The idea of adapting patch use to a 
specific situation was not initially considered but 
gives some idea for a larger use of this application. 
 
Interpretation of the results and the impact of the 
external factors 
It is important to keep in mind that the human factor 
could have influencedexperimental results. The 
exhaust of the exercise, the errors of movement, a 
sharp movement or even a lack of concentration 
could lead to some aberrant values hence some 
standard deviation results. The number of datashould 
prevent these errors and that is why another 
experiment with a larger number of participants 
should be performed for confirmation.Also, it is 
important to take in consideration the physical 
property of the patches, such as the patch 4,2”,the 
flexible features of which are impacted by its length 
making it less resistive, hence less sensitive to muscle 
contraction. Its length also impacts the distance 
between the electrical charges in the materials, as the 
patch has to adapt to the curve of the muscle/finger’s 
shape, the charges would already be separated before 
a contraction distorted the patch. Thisis why the use 
of short patches is preferable in the majority of cases. 
 
Solution proposed to improve the project and the 
results 
A viable way of improving the accuracy of muscle 
contraction analysis would be to drop off on the 
studied muscle a series of short flexible patches (as 
the PMC 45703) each connected in series. Then, a 
specific program would process the sets of output 
voltages and modelized it as a 2D matrix. The choice 
of other piezoelectric materials should be considered. 
The quality and the precision ofthe patchmight be 
improved. Also, researches on piezoelectric 
efficiency improvements are feasible. To close this 
discussion, work development for this project should 
be thought of. Since the piezoelectric market is on the 
rise because of its enticing properties, piezoelectric 
polymers seem to be great technologies in a long-
term perspective. 
 
CONCLUSION 
 
The piezoelectricity technology is already used in 
many fields but did not find a full place yet in the 
medical sector. An innovative application of 
piezoelectricity technology is proposed, which 
constitutes aninteresting alternative to usual 
technologies such as electrodes. Present work has 
been split into two parts: developing a system 
(electronic and programming) capable of exploiting 
the piezoelectric technology for muscular 

contractions andrealizing experiments that 
demonstrate the usefulness of such an innovation. It 
has the advantages to be an easily reproducibleand 
low-costsystem. Another advantage, this application 
is a non-invasive system, we have thought this system 
in order to allow the patient to recover his capacity 
and non-be dependent on one system. A large-scale 
clinical study is required to further confirm its 
accuracy and clinical utility. As a whole, this proof-
of-concept study has designed a structure of PVDF-
based sensor patch system whichis capable of 
interpreting the movement of a limb into an electrical 
command.In terms of real application to patient home 
care, the relevant electric circuit (e.g., an amplifier 
circuit), electric components (e.g., an Arduino Uno 
board and a seven segments display), are easy to 
provide and to use. For further improvements, 
through a wireless signal transmission mechanism, 
the signals generated can be transmitted to a 
smartphone or other lightweight hand-held devices, in 
which a built-in software for signal processing can be 
used to analyze the relevant signals. 
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