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ABSTRACT 
 

The purpose of this study is to examine the parameters influencing the signal 
to noise ratio in surface electromyography as well as the signals usability as a 
means of control in mechatronical applications. Electromyography refers to 
the electrical signals detected in the muscles during activation. Receiving a 
reliable signal presents a number of challenges as the signals are to their 
nature very weak. There is also a large amount of ambient noise which will 
drown the signal if left unprocessed. Removal of the noise was performed by 
using a series of amplifiers and filters to gradually increase the signal to noise 
ratio. The processed signal was forwarded to a microcontroller for post-
treatment, calculation and presentation. A demonstrator was built in order to 
underline the validity of the theory presented in the report. 

The project resulted in a fully functional circuit for registering sEMG-signals 
and forwarding them to an Arduino microcontroller. The signal to noise ratio 
was satisfactory given the scope of the project. The motor-control using the 
signal as reference was also successfully performed. In sum, this points 
towards that sEMG is a strong option for a control signal in mechatronical 
applications already at a small-scale level of integration. 
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SAMMANFATTNING 
 
Syftet med denna studie är att undersöka de parametrar som påverkar 
signal-brusförhållandet i ytelektromyografi samt signalens användbarhet 
som styrsignal i mekatroniska system. Elektromyografi syftar på de 
elektriska signaler som uppstår i musklerna när dessa befinner sig i aktivt 
tillstånd. Att registrera en tillförlitlig signal är i sig en utmaning då signalerna 
till sin natur är mycket små. Därtill förekommer en stor mängd störningar i 
omgivningen som tenderar att dränka den önskade informationen i signalen 
om de lämnas obehandlade. Filtrering av störningarna utfördes genom att 
signalen skickades genom en serie av förstärkare och filter för att förbättra 
signal-brusförhållandet. Därefter vidarebefordrades den förbehandlade 
signalen till en mikrokontroller för efterbehandling, beräkningar och 
presentation. En prototyp byggdes för att styrka validiteten i den teori som 
presenteras i rapporten.  
 
Projektet resulterade i en fullt fungerande krets för insamling och analys av 
sEMG-signaler med fokus på den utvalda muskeln. Även motorkontroll 
genomfördes med lyckat resultat med EMG-signalen som styrsignal. Detta 
visar på att sEMG som metod för att generera styrsignal i mekatroniska 
applikationer är fullt genomförbart, även på mindre skala. 
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1 INTRODUCTION 

This chapter provides a background as to why the project was chosen, what parameters have 

influenced it and how it was conducted. 

1.1 Background 

The field of measuring electrical biosignals have a long history with one of the first 
writings on the subject of electricity’s effect on the muscles being written by A.Galvani in 
1792 (Kleissen et al. 1998). The theory of the field has seen great advances during the last 
half of a century as significant advances have been made in signal processing. During this 
period the world has seen numerous improvements and a wide range of implementations. 
Electromyography (EMG) is one of the three primary subfields along with 
Electrocardiography (ECG/EKG) and Electroencephalography (EEG), all used for medical 
applications and analysis. Among these EMG is the registering of the electrical signals 
emitted by the nerves at muscle contraction.  

What is EMG? 

Once a motor-related signal is sent from the brain the impulse wanders through the spinal 
cord until it reaches the intended alpha-motoneuron, See Figure 1. The neuron then 
forwards the signal through thin tendrils called axons which are used to propagate 
electrical signals in the body. Once the electrical signal reaches the muscle fibres it causes 
a depolarizing effect by shifting negative and positive ions across the cell-membrane, 
causing the muscle to contract (Konrad, 2005). This process is also what causes fatigue 
and lactic acid in the muscles. 

 

Figure 1. Schematic over the peripheral nervous systems connection with the muscle fibres.  
(Thomson Learning, 2015) 

Medicinal EMG is mainly performed by inserting needles into the muscle in order to 
register the shifts in voltage during contraction. This is also the case when accessing non-
surficial muscles which cannot be accessed directly through the conductivity of the skin 
(Kleissen et al. 1998).  A less invasive method is surface EMG (sEMG) where electrodes 
are placed on the skin. The sEMG is, due to its none-invasive nature, of great interest 
during therapeutic treatment and rehabilitation purposes. It would also be of greater use 
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in every-day recordings as the electrodes, if fastened properly, do not limit the subject’s 
movements in the same way as a needle insertion would. 

1.2 Purpose 

The purpose of this project is to research the muscle to machine interface using sEMG. 
Following the registration of a signal the goal is to refine it in such a way that interaction 
with the surroundings via a microcontroller interface becomes meaningful. This 
implicates that, to satisfy the necessary demands, the signal should consistently 
reproduce approximately the same response for the same workload applied to the arm. 
The system should remove most disturbances from its surroundings to make the signal 
practically usable. The research question for this project is therefore:  

How a system is designed in order to increase the signal to noise ratio (SNR) and is it suitable 
for applications as control signal in mechatronics? 

The requirement placed on the suitability for mechatronical applications is an SNR that 
enables a clear and reliable control signal to be forwarded based on the amplitude of the 
sEMG signal. It also implicates that the chosen application must not be accidentally 
triggered the background noise. 

1.3 Scope 

The project is limited by a number of factors, whereof the most prominent are time and 
resources. The project is limited to the spring semester of 2015 and has a budget of 
approximately 1000 SEK. There is however also a multitude of commonly used 
components and materials available that do not require payment as they are available 
through the university. 
 
Regarding the analysis, the muscle to be analysed was biceps brachii, see Figure 2, as it 
is relatively accessible and easy to analyse. It controls a rather non-complex motion, 
namely the bending and straightening of the arm around the elbow. Therefore, the 
motion itself is not subject to much variation if compared to, for example, the shoulders 
deltoid muscles. The recommended points for attaching the electrodes are, for the two 
lead electrodes, in the centre of the muscle preferably closely together and the ground 
electrode on the elbow. 
 
The muscles in the wrist could be used, but they are largely influenced by the movement 
of the fingers. This would provide a signal that is not necessarily more difficult to 
distinguish but significantly harder to draw concrete conclusions from while working 
within the scope of this project. 
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Figure 2. the human anatomy. (Konrad, 2005) 

1.4 Method 

The early stage of the project was predominantly consisting of background research. 
This was necessary in order to build a theoretical foundation regarding the parameters 
of the project which included for example sources of disturbances and the EMG 
frequency interval. Once the background research was finalised the following step was 
to examine which components would be suitable and have them ordered. The 
experimental phase included additional searching for information in parallel with 
design, construction and testing of the circuit. 

In order to register and analyse the signal a circuitry was designed and set up to process 
it as it would be too weak for the microprocessor to grasp otherwise. The signal was 
forwarded to a series of filters and amplifiers to make it readable to the microcontroller 
and rid it of unwanted noise and disturbances. An Arduino Uno microprocessor was 
then used to register the processed signal. With the input voltage as reference a digital 
output value was generated to control the speed of a small motor proportionally to the 
muscle’s activity. For a first prototype a breadboard was used for the filtering and 
amplification circuits. The registered data was also sent to MATLAB for analysis. 
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2   THEORY 

In this chapter the theoretical parts behind the core features of the project are presented.   

2.1 Surface Electromyography 

Surface EMG, or sEMG, is a method for collecting and presenting data reflecting the nerves 
activity in muscles. It is performed using electrodes of various sorts which are attached 
to the skin. In this particular project gel-based electrodes were used (Electrokit, 2015). 

The EMG signals are weak, usually in the scale of µVs up to around a few mVs. This makes 
them rather easy to miss and comes with the risk of the signal being drowned in ambient 
electrical noise or even disturbances inherent to the system. The noise include reactions 
occurring in the skin of the subject as well as movement artifact and electromagnetic 
fields from electrical devices such as computers and battery chargers which usually 
operate at 50Hz or 60Hz depending on the region (Konrad, 2005). 

The EMG-signals have a frequency-span of approximately 0-800Hz, varying slightly from 
person to person. The exact span may vary between different sources, regardless it is in 
the users best interest to limit it even further since the occurrence of high-frequency 
signals is less prominent and they may therefore safely be removed without having much 
loss in information. It is even more so when one limits the analysis to a specific muscle. 
For example, almost all of the electrical activity in the biceps brachii is within the 
frequency range of 0-200Hz (Basmajian and de Luca, 1985) see Figure 3. 

 

Figure 3. Power Density spectrum of the Biceps Brachii when working isometrically at 5%, 10% and 25% 
of maximal level. (N.J. Hogan,© 1976 M.I.T.,Cambridge,MA via) 
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A lower cut off frequency is recommended as well since a lot of the movement artifact and 
the EKG-disturbances reside within a span of around 0Hz-30Hz (Staudenmann et al. 
2010). To rid the circuit of vulnerability to the 50Hz/60Hz frequency noise one may 
consider rigid insulation or a notch filter ranging from 49Hz to 51Hz or 59Hz to 61Hz 
respectively. The notch filter could however remove significant information of the sEMG 
signal as seen in Figure 3 and should therefore be used carefully. 

The signal after the circuit should preferably, with the muscle in a relaxed state, be almost 
constant at around 2V and peak at 3V during full tension.  

2.2 Filters  

In this project, effective and reliable filters were of great importance. Filters are 
electrical circuits that decrease the amplification for a chosen range of frequencies. For 
this project the filters used will be Butterworth-filters with sallen-key configuration. The 
reason for choosing the Butterworth filter is because of its relative stability in 
comparison to, for example, the Chebyshev and Elliptic filters. It is desirable to avoid the 
rippling effect in the Chebyshev filters as it may distort the signal. The Chebyshev filter 
also causes some ripples outside of the passband (Circuits Today, 2015). Some of the 
noise may be rather prominent already from the beginning such as the movement 
artifact etc. and must not be unnecessarily amplified. For the layout of a 2nd order low-
pass Butterworth filter see Figure 4. The corresponding highpass configuration is 
presented in Figure 5.  

 

Figure 4. 2nd order Butterworth lowpass-filter in sallen-key configuration. (Karki, Texas Instruments, 
2002) 

 

Figure 5. 2nd order Butterworth highpass-filter in sallen-key configuration. (Kugelstadt, Texas 
Instruments, 2008) 
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Filters of higher orders are achieved by cascading 1st and 2nd order circuits of the same 
kind. The reason for doing so is to make the cut-off steeper, see Figure 6. 
 

 
Figure 6. Cut-off response of butterworth lowpass filters of different order (Electronics-tutorials, 2015) 

 

The 2nd order Butterworth filters in sallen-key configuration has a gain of 
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To make a fair assessment of the reliability of the filters one should test both during 
extended periods of time as well as with short intervals with rest in between. This is due 
to the EMG-signal being sensitive to fatigue (Hug, 2011) 
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2.3 SNR 

Signal to noise ratio (SNR), is the ratio measured between the signal strength and the 
background noise. It is a term commonly used in most applications utilising electrical 
signals such as radio communications and sound-systems. It is most commonly 
measured in dB is calculated from according to equation (1) where Psignal is the signal 
amplitude and Pnoise is the power of the noise. The parameter P is defined as the squared 
RMS voltage amplitude of the signaland noise respectively. 
 

 1010log
signal

db

noise

P
SNR

P

 
  

 
  (5) 

2.4 Arduino UNO 

The Arduino UNO is a microcontroller with the capability to read voltage levels from 0V 
to 5V at a scale of 0-1023, giving it a resolution of 4,9µV. This will provide a reasonably 
good resolution as the levels of motor output commonly range from 0-255 thus providing 
the user with four steps per interval of the motor. However, to avoid spontaneous 
activation of the motor a threshold should be set since one would not activate 
unpredictable during fluctuations in relaxed state. 
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3 DEMONSTRATOR 

This chapter presents the demonstrator built to examine the theory. It encompasses the 
problem to be solved as well as the solution given, including both software and electronics. 

3.1 Problem formulation 

The demonstrator should in a clear and easily understandable manner illustrate the 
usability of sEMG as a means of generating a control signal in mechatronical 
applications. In this project the signal was demonstrated by controlling the speed of a 6V 
motor so that it was proportional in relation to the sEMG-signal. 

3.2 Software 

Software was embedded in the microprocessor to handle the transfer from reading the 
input signal to generating an output for the motor control. It also included a limit to the 
input value at which the motor will start working.  The overall layout is presented in 
Figure 7.  
 

 
Figure 7. Flowchart depicting the layout over the software embedded in the Arduino UNO. 

 
The conversion rate from analog input to voltage draws from the fact that the Arduino 
work at a 10bit resolution for analog signals, meaning that the signal is received as a 
number between 0-1023 and must be converted to the range of a 0-5V interval.  The -2,1 
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in “Adapt to value” in Figure 7 was equivalent to the measured baseline voltage and was 
set as it would provide a simplified half-wave rectification for more reliable control of 
the PWM-signal.  
 
One factor regarding the quality of the signal is having a sufficiently high sampling rate 
to faithfully reproduce a digital representation of an analog signal (de Luca, G. 2003). 
The Nyquist-criterion states that in order to do so the sampling rate shall be at least 
twice as large as the highest desirable measured frequency. This determines that since 
the highest frequency is 500Hz, the sampling rate should be at least 1000Hz. This will 
ensure that only a minimal amount of information is lost due to the sampling. 
 
MATLAB and post-processing 
 
Utilizing the positive and negative parts of the sinusoid signal for the SNR calculations 
would have yielded an average signal strength of about the same magnitude as the noise. 
One possibility to avoid this would have been to eliminate either side completely, only 
measuring one side of the signal. However, to keep all of the registered information a 
full-wave rectification of the signal was done digitally in the microprocessor. The 
rectification was performed by subtracting the average baseline with the measured 
value and taking the absolute value of the resulting number. The rectification was done 
in order to take a strictly positive average with respect to the baseline. This process 
gives a strictly positive representation of the signal to facilitate the analysis. 
 
A MATLAB script, see Figure 8, was used to perform the analysis. This was done by 
having the script read a text file logged by the Arduino through the computers serial 
port. For the complete code, see Appendix B. 
 

 
Figure 8. Flowchart depicting the layout of MATLAB script. 
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Eagle 
 
Eagle was used to produce the schematic found in Appendix A. 
 
Fritzing 
 
Fritzing was used to produce the wiring sketch seen in Figure 13. 

3.3 Electronics 

The electronics in this project were used to filter and amplify the raw sEMG-signal, see 
electronics flowchart in Figure 9. The signals from two electrodes were first sent 
through an instrumentation amplifier to immediately increase the signal to noise ratio. 
This was done by taking the input from one electrode differentially with respect to the 
input of the other.  Since a large part of the disturbances are approximately equal for the 
two electrodes, taking the differential will make them cancel each other out to some 
degree. The amplifier also contributed to making the signal less prone to disturbances in 
the following stages of the circuits by amplifying it.  A third electrode was fastened to the 
point of the elbow to be used as ground. 

 
Figure 9. Simplified circuit schematic. 

It was of crucial importance to use an amplifier with a very high input impedance and a 
low input offset voltage due to the low amplitude of the raw sEMG signal. Otherwise the 
amplifier may not be able to distinguish any difference between the two signal inputs. It 
should also have a low inherent noise production so that it does not interfere with the 
quality of the signal. For this project the instrumentation amplifier INA128p (Texas 
Instruments, 2005), seen in Figure 10, was used. 
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Figure 10, The IC INA128p schematic (Texas Instruments, 2005). 

Where the gain was set to 11 in accordance with Figure 10. This was done in order to 
stabilise the signal without increasing the amplitude of the remaining disturbances 
more than necessary by setting 
 

 5GR k    (6) 

 
Thereafter the signal was forwarded to a bandpass-filter consisting of highpass 2nd 
order and lowpass 2nd order Butterworth-configuration filters, see chapter 2.2.  
 
The resistances of the filters were set to 
 

 1 2 10R R k     (7) 

 
By determining that C1=C2 calculate the required capacitance for the lowpass filter can 
be calculated. 
 

 1 2

1

1

2 c

C C
f R

    (8) 

 
The highpass filter was designed using the same model but with varying values for R1 
and R2. The same applied to C1 and C2. However, their quotas remained approximately 
the same such that. 

 1 1

2 2

R C

R C
   (9) 

 

 
The bandpass filter should limit the bandpass at a highpass cut off frequency of 20Hz to 
a lowpass cut off frequency at 500Hz as that is where most of the relevant signals occur. 
The bandpass could arguably be narrowed down by setting 250Hz as the upper cut-off 
frequency, this was not done as it may decrease the signal quality by weakening the 
amplitude of parts of the signal as well. 
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Using the bandpass filter reduces any disturbances residing outside the frequency 
interval significantly, thereby causing an increase in the signal to noise ratio as the 
signal itself is not influenced much. The filters were also designed to have a gain during 
each stage in order to immediately strengthen the signals within the interval further in 
relation to those outside it. 
 
At first, filters with no gain were used as the primary goal was to find the right cut-off 
frequencies, the gain was added later to improve the signal to noise ratio. The bode-
diagrams for the original no-gain filters can be seen in Figure 11 and Figure 12. 
 
The final amplification stage was performed so that the signal may be brought to a level 
that is readable by the microcontroller. An interval that for an Arduino Uno is set 
between 0V-5V. For this purpose an inverting amplifier was used as the original signal 
was negative. For the full circuit-diagram and the exact values of the components, see 
Appendix A.  
 

 
Figure 11. Low-pass filter response 

 

 
Figure 12. Low-pass filter response 

 
The final filters have parameters as shown in Table 1. The calculated values for the 
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lowpass filters capacitors was in fact slightly lower than presented in the table, this is 
because components with the calculated values were not available and the closest 
available values were used instead. Therefore, the lowpass filter has a cut off frequency 
of ~482Hz instead of the intended 500Hz.  
 

Table 1. Values for the components in the high- and lowpass filters. 

 Lowpass filter Highpass filter 

R1 10kΩ 825Ω 

R2 10kΩ 348Ω 

R3 1kΩ 100Ω 

R4 10kΩ 10kΩ 

C1 33nF 22µF 

C2 33nF 10µF 

fc 482Hz 20Hz 

 

3.4 Motor control 

Once the Arduino registers an input it will map the result to a PWM-output (on a scale 0-
255) to control a small 6V-motor using the EMG as a control-signal. For the purpose of 
activating the motor a 9V-battery connected to an H-bridge motor driver was used. The 
H-bridge used was L293D as shown in Figure 13. 
 

 
Figure 13. The Arduino to H-bridge to Motor wiring (Made with the Fritzing software). 

3.5 Results 

Using only the initial amplification and the no-gain filters produced the signal shown 
below in Figure 14. The image was taken after a series of contractions showing that the 
signal can swiftly differentiate between relaxed and tense state of the muscle. However 
it also contained a significant amount of baseline noise. For additional examples of 
variations of workload and duration from this stage of the project, see Appendix E. By 
examining the examples it is clear that the signals’ amplitude is heavily dependent on 
the workload. 
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Figure 14. The filtered EMG-signal registered through an oscilloscope. Signal before final and filter 
amplifications were added. 

 
When examined closer it showed that most of the noise baseline was in fact at 50Hz. 
This would imply disturbances from surrounding apparatus and devices such as power 
supply, computers etc.  
 
Once the middle-stage amplifications and final inverting amplifier were added a 
significant reduction in the noise became visible. Some calibration was required to make 
the signal readable to the Arduino UNO. The initial voltage readings were centered at 
around -3V meaning that the voltage had to be inverted in order to be readable by the 
Arduino.  Adding the final amplification stage gave a significant increase in amplitude 
addition to inverting the signal. Due to this, a resistance was added to the output of the 
circuit. The baseline of the final output was then reduced from ~9V to ~2,2V which is a 
level where the Arduino can operate safely and accurately. 
 
The voltage levels were successfully read by the analog input on the Arduino Appendix C 
and put into a text file which could then be read by a MATLAB-script Appendix B where 
a graph of the signal was generated, see for example the graph resulting from Test1 in 
Figure 15. 
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Figure 15. Filtered and amplified signal registered and plotted in MATLAB. 

The MATLAB-script also used a conversion to provide a full-wave rectification of the 
signal Figure 16 in order to make it easier to interpret the data. 

 

Figure 16. The rectified EMG-signal, plotted in MATLAB 

 
The rectified signal was used to calculate the signal to noise ratio (SNR) in MATLAB by 
utilizing MATLABs function snr(x,y) based on the theory presented in chapter 2.3. 
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The circuit was tested on two different subjects with similar results for each one. 
Thereby showing that the circuit was not only reliable for one individual case. The 
results of the tests are presented in Table 2. Column two and three in the table specifies 
the measured intervals of the signal and column four to seven present the 
corresponding SNR and baseline. All graphs related to the tests are presented in 
Appendix D. 
 

Table 2. Data collected from 8 different tests of the circuit. 

Testnr. Testinterval 

(by point of 

measurement): 

signal 

Testinterval 

(by point of 

measurement): 

noise 

SNR 

High 

strain 

(dB) 

SNR 

Low 

strain 

(dB) 

SNR 

Extended 

strain 

(dB) 

Baseline 

(V) 

Test1 

(Subject 1) 

High level: 

100-200 

1300-1400 18,0   2,2 

Test2 

(Subject 1) 

High level: 

200-300 

Extended: 

1200-1300 

1600-1700 26,6  20,3 2,18 

Test3 

(Subject 1) 

Extended: 

400-1600 

100-200   25,8 2,18 

Test4 

(Subject 1) 

High level: 

800-900 

1000-1100 29,0   2,18 

Test5 

(Subject 1) 

High level: 

1200-1300 

Low level: 

650-750 

1400-1500 26,3 21,3  2,18 

Test6 

(Subject 2) 

High level: 

125-225 

1-100 15,3   2,17 

Test7 

(Subject 2) 

High level: 

400-500 

Low level: 

660-760 

700-800 8,0 1,4  2,17 

Test8 

(Subject 2) 

Extended: 

650-700 

1-51   15,0 2,17 

 
 
Testing for movement artifact was also done as it had been an issue earlier in the 
project. In the final stage there was no visible sign of disturbance caused by movement. 
The motor was connected and tested successfully as it would continuously map its 
values proportionally to the rectified signal.  
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4 DISCUSSION AND CONCLUSIONS 

4.1 Discussion 

The research question posed in Chapter 1 was: 

How a system is designed in order to increase the signal to noise ratio (SNR) and whether it 
is suitable for applications in mechatronics? 

The signal to noise ratio were, as shown in Table 2, for subject 1 centered at around 2,18V 
and does with only one exception produce a SNR of at least 20dB. This can be deemed to 
be a good result given the scope of the project and the environment as the laboratory is a 
lot denser in electrical activity than most places due to the multitude of electrical 
equipment. As dB is measured on a logarithmic scale a high degree of resolution for the 
motor control is achievable when setting the PWM-signal linearly, even when setting a 
threshold such that the motor is entirely non-responsive to the baseline noise.  

Subject 2 had lower SNR overall and was more inconsistent in the levels. This may be due 
to a number of factors, but may differ if more care had been taken regarding prolonging 
the time of tension as well as the rest in between to get more clearly defined intervals for 
the analysis. It may also, as was observed during the measurements with the oscilloscope 
be influenced by external factors such as physical difference in distance to power supply. 

The gain of the filters was changed by adding feedback resistors to the negative pins. 
These stages of amplification accentuates the difference between signal and filtered noise 
and led to a noticeable difference in signal strength. It can be seen clearly as the 
differences between the signals seen in the oscilloscope in Appendix E and the MATLAB 
plots in Appendix D are mainly due to the addition of the in-between stages of 
amplification. The final circuitry including the microprocessor and motor is shown in 
Figure 17. 

 

 

Figure 17. Finalised circuitry, Arduino and motor 

The Arduino handled the data stream well, providing the resolution and accuracy that can 
be observed in Appendix D. 
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4.2 Conclusions 

The signal to noise ratio could be increased further by cascading filters to increase the 
order of the filters. In doing so, the cut-off between the passband and other frequencies 
would be more distinct leading to further reduction of disturbances outside of the 
passband.  

Adding a 50Hz notch filter would most likely have the most significant effect on the signal 
quality as that is where most of the noise occurs. It may very well reduce the noise to 
nearly nothing. The question then remains what impact this may have on the signal. If the 
effect proved to be significantly negative it would be better to instead set a slightly higher 
threshold for the baseline to remove the low-amplitude noise.  

Subject two had significantly lower SNR, this may be the result of a number of factor, 
ranging from different bodily conductivity to workload applied as the level of tension may 
vary between the subjects. Even though the SNR was relatively low the signal was still 
clear and would make for a fairly stable control signal. 

In order to remove the ripple noise at the peaks of the signal one suggestion is to add 
smoothing capacitors. Another suggestion is to use digital smoothing filters such as real-
time applied root mean squared. This may cause lag and is therefore not necessarily 
suitable for systems that require fast responses. It is however a very useful method in 
post-analysis and for medical applications. Some degree of smoothing would be desirable 
despite potential lag as sudden spikes during motor control could prove hazardous for 
both equipment and user. 

As shown in this project the quality of the EMG is dependent mainly on the cut-off 
frequencies and placement of amplification stage. It is also shown that sEMG can be 
effectively utilised as a form of control-signal in fields that require direct interaction 
between human and machine.  
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5 RECOMMENDATIONS AND FUTURE WORK 

5.1 Recommendations 

When working with biosignals it is of great importance to remember that they are highly 
volatile and therefore keep an eye on the peaks of the voltage during calibration to be 
able to properly set the desired level for reading. Otherwise one may be tempted to 
amplify the signal too much for the reading equipment to handle, at least when working 
with microprocessors. For example the 5V limit of the Arduino. It is also important to 
make sure that the output voltage is positive, if using Arduino (other equipment may 
have other requirements), as the signal will not be readable if set to a negative value. 
 
To avoid unnecessarily shifting load on a motor or other equipment using the Arduino 
as a control signal it is highly recommended to use the rectified signal. 

5.2 Future work 

The first and foremost recommendation for further development of the solution provided 
would be to try the suggestions regarding filter order and notch filters discussed in 
Chapter 4. The reason for this is the potential for significantly improved signal quality. If 
working with more demanding motors or sensitive equipment the use of smoothing 
cannot be stressed enough as sudden spikes in the voltage may cause damage directly or 
indirectly. It is most likely no issue in a controlled environment but for more practical 
applications measures for safety should always be a priority. A look into the usability of 
smoothing filters in dynamical applications and their impact regarding lag in response 
may prove valuable. Digital filtering of the 50Hz frequency would be of interest as well. 

When focusing on mechatronical applications fields of interest may include 
electromechanically controlled prosthesis’s and exo-skeletons. It should be noted though 
that it is not limited to such applications but could very well be used for everyday 
applications such as posture training and other forms of adaptive resistance training 
where for example a motor could apply resistance in accordance with the level of stress 
in the muscle. 
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APPENDIX A: CIRCUIT DIAGRAM, PROCESSING CIRCUIT 
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APPENDIX B: MATLAB CODE FOR DATA RETRIEVAL AND 

ANALYSIS 
clear all 
close all 
clc 

  
%% Defining variables and vectors 
scale=[]; 
rectvalues=[]; 
srms=[]; 
averagenoise=0; 
averagesignal=0; 
x=1; 

  
%% Open and read file 
test = 'sensorValues.txt'; 
noisestart = 1300; 
noiseend = 1400; 
signalstart = 100; 
signalend = 200; 
fid = fopen(test); 
values = fscanf(fid, '%f'); 
fclose(fid); 

  
%% Setup 
disp(length(values)) 
%Create vector with equal length as the array of measurement values 
for i=1:length(values) 
    scale=[scale,x]; 
    x=x+1; 
end 

  
%Establish the average-valuebaseline for the  
%EMG-signal to be centered around 
sum=sum(values); 
baseline=sum/length(values); 
disp(baseline) 
%Create a vector containing the rectified values 
for i=1:length(values) 
    rectvalues(i)=abs(values(i)-baseline); 
end     

  
%Calculate the average noise using an interval 
%where there was no tension in the muscle 

  
for i=noisestart:noiseend 
    averagenoise=averagenoise+rectvalues(i)^2; 
end 
averagenoise=sqrt(averagenoise/(noiseend-noisestart)); 

  
%Calculate the average signal amplitude during an 
%interval where the muscle is active 
for i=signalstart:signalend 
    averagesignal=averagesignal+rectvalues(i)^2; 
end 
averagesignal=sqrt(averagesignal/(signalend-signalstart)); 
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%Calculate the signal to noise ratio 
SNR=(averagesignal/averagenoise)^2 
x = rectvalues(signalstart:signalend) 
y = rectvalues(noisestart:noiseend) 
SNRdb = snr(x,y) 

  
%% Plot result 

  
%Plot the raw EMG-signal 
figure(1) 
plot(scale,values) 
legend('EMG-signal amplitude over time') 
title('EMG-signal') 
xlabel('Point of measurement') 
ylabel('Measured value [V]') 

  
%Plot the recitified EMG-signal 
figure(2) 
plot(scale,rectvalues,'-') 
legend('EMG-signal amplitude over time') 
title('Rectified EMG-signal') 
xlabel('Point of measurement') 
ylabel('Measured value [V]') 

  
disp(['The SNR-value is:', num2str(SNR)]); 
disp(['The baseline-value is:', num2str(baseline)]); 
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APPENDIX C: ARDUINO, CODE FOR READING SIGNAL AND 

CONTROLLING THE MOTOR 
 
/* Program for Arduino to take an input EMG-signal on analog port A0 
   and have a motor follow the signal*/ 
 
#define E1 10  // Enable Pin for motor 1 
#define I1 8  // Control pin 1 for motor 1 
#define I2 9  // Control pin 2 for motor 1 
 
int motorPin = 9; 
 
void setup() { 
  /* initialize serial communication at 9600 bits per second 
     and declare the pins for the H-bridge*/ 
  pinMode(E1, OUTPUT); 
  pinMode(I1, OUTPUT); 
  pinMode(I2, OUTPUT); 
  Serial.begin(9600); 
} 
 
void loop() { 
   
  //Read the input on analog pin 0: 
  int sensorValue = analogRead(A0); 
 
  /* Convert reading (which goes from 0 - 1023)  
     to a voltage-level (0 - 5V):*/ 
 
  float voltage = sensorValue * (5.0 / 1023.0); 
 
  //Print out the voltage: 
 
  Serial.println(voltage); 
 
  //Set the motorvalue 
  int motorValue = (voltage-2.1)*100; 
   
  digitalWrite(I1, HIGH); 
  digitalWrite(I2, LOW); 
  analogWrite(E1,motorValue); 
} 
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APPENDIX D: DIAGRAMS FOR EACH TEST 
 

Test 1: 
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Test 2: 
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Test 3: 
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Test 4: 
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Test 5: 
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Test 6: 
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Test 7: 
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Test 8: 
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APPENDIX E: OSCILLOSCOPE MEASUREMENTS 
 
Three bursts of different duration, same workload 

 
 
Long activation followed by a series of bursts 
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Altering high and low workload 
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