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Abstract: The goal of this work was to create the measurement circuit that would be able to
measure and classify signal of myopotentials to classify specific gestures of hand.Realization of
the system for classification of hand’s gestures is described in this paper. Hardware prototype of
four measuring channels was created by combination of 2nd order filters and right amount
amplification. For digitizing the data, the Arduino Nano microcontroller was selected and
programmed using defined communication protocol. The computer software is programmed
in C# programming language. Signal processing and drawing to user interface is in real time.
The one of five possible gestures that user made is chosen using fuzzy logic and designed system
of scaling.
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1. INTRODUCTION

Nowadays the wearable technologies are trying to simplify
everyday activities of their users are trying to collect data
during the day and night. Under the continuous collection
of data, you can imagine a smart watch, that measure
your heart rate, count your steps and based on that data
evaluates your daily activity. But what you could control
applications in your computer or mobile phone just by
making a gesture of your hand? This is exactly the subject
matter of this paper (Merletti and Parker, 2004).

First of all, the genesis of myopotentials must be under-
stood. It is a complex system that includes both neural and
muscular system. The theoretical schematic for measuring
myopotentials was designed based on this knowledge. The
design was then used for creating PCB to measure myopo-
tentials (Svecova et al., 2017). Also the galvanic isolation
between users and the power source must be created be-
cause of usage of active reference electrode (Merletti and
Farina, 2016).

Fig. 1. Muscles of the forearm. For one movement are
used two and more muscles. With right position of
electrodes for measuring EMC is possible to recognize
what kind of muscles are used for each movement.

With fully functional prototype for measuring myopoten-
tials, it could now be possible to create algorithm for

gesture classification. The communication protocol was
created between Arduino Nano, that used for digitizing
the signal and octet stuffing, and computer. That the algo-
rithm for adaptive segmentation was designed. Adaptive
segmentation allows to detect differences in both ampli-
tude and frequency in real time for multiple channels. Af-
ter the right gesture segmentation, the two phase gesture
classification is used to determine the correct gesture (Be-
natti et al., 2015).

2. HARDWARE PROTOTYPE

The first major goal was to create prototypes with which it
could be possible to measure myopotentials without noise
and with right amplification (Chen et al., 2007).

Fig. 2. Block scheme of measuring circuit. Myopotencial
signals are measured and preprocessed by developed
four channel analog hardware. There used one active
electrode so galvanic isolation is needed. It was devel-
oped measuring software where was used fuzzy classi-
fication for recognition of gesture of hand’s movement.

The myopotentials are measured from four channels. Each
channel consists of two electrodes in differential mode,
one instrumental amplifier, one high-pass filter, one low-
pass filter, one notch filter with adjustable quality and one
operational amplifier for final amplification (Slanina et al.,
2017).

2.1 Galvanic Isolation

The whole prototype’s board is powered by the Arduino
Nano. Therefore the supply voltage is USB 5 V. The
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evaluates your daily activity. But what you could control
applications in your computer or mobile phone just by
making a gesture of your hand? This is exactly the subject
matter of this paper (Merletti and Parker, 2004).

First of all, the genesis of myopotentials must be under-
stood. It is a complex system that includes both neural and
muscular system. The theoretical schematic for measuring
myopotentials was designed based on this knowledge. The
design was then used for creating PCB to measure myopo-
tentials (Svecova et al., 2017). Also the galvanic isolation
between users and the power source must be created be-
cause of usage of active reference electrode (Merletti and
Farina, 2016).

Fig. 1. Muscles of the forearm. For one movement are
used two and more muscles. With right position of
electrodes for measuring EMC is possible to recognize
what kind of muscles are used for each movement.

With fully functional prototype for measuring myopoten-
tials, it could now be possible to create algorithm for

gesture classification. The communication protocol was
created between Arduino Nano, that used for digitizing
the signal and octet stuffing, and computer. That the algo-
rithm for adaptive segmentation was designed. Adaptive
segmentation allows to detect differences in both ampli-
tude and frequency in real time for multiple channels. Af-
ter the right gesture segmentation, the two phase gesture
classification is used to determine the correct gesture (Be-
natti et al., 2015).

2. HARDWARE PROTOTYPE

The first major goal was to create prototypes with which it
could be possible to measure myopotentials without noise
and with right amplification (Chen et al., 2007).

Fig. 2. Block scheme of measuring circuit. Myopotencial
signals are measured and preprocessed by developed
four channel analog hardware. There used one active
electrode so galvanic isolation is needed. It was devel-
oped measuring software where was used fuzzy classi-
fication for recognition of gesture of hand’s movement.

The myopotentials are measured from four channels. Each
channel consists of two electrodes in differential mode,
one instrumental amplifier, one high-pass filter, one low-
pass filter, one notch filter with adjustable quality and one
operational amplifier for final amplification (Slanina et al.,
2017).

2.1 Galvanic Isolation

The whole prototype’s board is powered by the Arduino
Nano. Therefore the supply voltage is USB 5 V. The
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pass filter, one notch filter with adjustable quality and one
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analogue part was necessary to be powered symmetrically,
for this purpose was added a simple circuit to create ±2,5
V and virtual ground.

The reference electrode is connected to the virtual ground,
therefore the galvanic isolation must be present while using
the device. It is for safety of the user and also to meet
the requirements of IEC 60601-1 (Boyali et al., 2015). The
most convenient way is to isolate the whole USB on its way
from computer (power source) to Arduino. The isolator
ADuM4160 was used for data lines D+ and D-. Because
the ADuM4160 did not provide enough power to supply
the rest of the board, the DC-DC converter was used to
isolate the power lines. The DC-DC converter provides an
isolated power source to supply the prototype board and
Arduino while the ADuM4160 provides galvanic isolation
of the data lines.

Fig. 3. Galvanic isolation.

2.2 The Instrumental Amplifier

The INA126 from Texas Instruments was used as instru-
mentation amplifier. It acts as a differential amplifier and
has easily adjustable amplification.

The amplification was set on 9. Effect of polarization of
electrodes was appearing with higher value of amplifica-
tion.

2.3 Filtration

The myopotentials have a frequency spectrum between
20 Hz and 500 Hz so filtering the unneeded frequencies
is in place. The topology of second order Sallen-Key was
used for high-pass filter as well as for the low-pass filter.

Fig. 4. Active high pass filter with cut-off frequency 20 Hz

The cut-off frequency was calculated thanks to equation 1.

fc =
1

2π
√
C1C2R3R6

(1)

2.4 Low Pass Filter

As mentioned before, the second order Sallen-Key topol-
ogy was used for low-pass filter as well. The cut-off fre-
quency was set close to 500 Hz (495 Hz). The difference
is caused because of values of electric components (Phiny-
omark et al., 2012).

Fig. 5. Active low pass filter with cut-off frequency 500 Hz

The notch filter for 50 Hz must be used to reduce noise
from electrical network and surroundings. Notch filter
with very narrow frequency characteristic was used to
preserve the most of the precious biological signal. It is
a combination of two operational amplifier and twin T
connection. It has also adjustable quality (Q) with the
trimmer.

Fig. 6. Notch filter with cut-off frequency 50 Hz

2.5 Final Amplification

The final amplification was used to amplify to signal to
get most of the resolution from A/D converter. It was
used a classic non-inverting wiring. The amplification was
set to A = 341. So the total amplification is 350 with a
combination with instrumental amplifier.

The amplified biological signal goes to the Arduino Nano
where is converted to a digital signal and sent to the
computer via galvanic isolation (Tomczyński et al., 2015).

3. SOFTWARE

The software part consists of communication protocol
between Arduino Nano and the computer, plotting the
measured signal, adaptive segmentation of the gestures,
calculating the features and finally two phase classification
of the gestures.
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Fig. 7. Diagram of the data receiving.

Table 1. Octet stuffing

Unique values Octet stuffing Meaning
0xFC 0xFE 0xDC start of packet
0xFD 0xFE 0xDD end of packet
0xFE 0xFE 0xDE octet stuffing mark

3.1 Communication Protocol

The signal is digitized by 10-bit A/D converter which is
included in Arduino Nano. The values are continually read
from analogue pins, checked for unique values and then put
into packets. Three forbidden values are used in packet to
determine where packet starts, where packet ends and to
mark the octet stuffing.

The unique values can be situated in specified positions
in the packed only. Based on this knowledge, it is possible
to determine the start of the packet and the end of the
packet when processed in the computer.

When the COM port is successfully opened, the incoming
measured data starts streaming into the PC. The octet
stuffing is removed in the first place. Then the values

are divided into four channels as per connection on the
prototype board. The measured signal is plotted in real
time as shown in Fig. 10.

Fig. 8. Plotted signal from four channels of EMG mea-
surement. Myopotencials were measured from four
muscles. It can be seen that each movement of the
hand activates different muscles.

3.2 Adaptive Segmentation

One of the most crucial part was to know when and where
did the gesture occurred in the signal. This was what
adaptive segmentation was used for.

Method of adaptive segmentation was dividing the sig-
nal into quasi-stationarity segments of variable length,
depending on the occurrence of non-stationarities in the
signal (diagram of the segmentation of signal can be seen
on the figure 10). The key factors for choosing the right
method of adaptive segmentation were:

• Fast algorithm
• High precision
• Multiple channel segmentation

Based on the key factors, the algorithm using two con-
nected windows and detecting differences of amplitude and
frequency was used. Two windows are moving along the
signal in each channel. In each window the differences are
computed. Amplitude and frequency difference computing
was based on equation 2 for Amplitude difference and on
equation 3.

ADIF =

WL∑
i=1

|xi| (2)

FDIF =
WL∑
i=1

|xi − xi−1| (3)

WhereWL is window length and it was set to 400 samples.
Combining equation 2 and equation 3 the total difference
was calculated:

DIF = 1 · |ADIF1 −ADIF2|+ 7 · |FDIF1 − FDIF2| (4)

If the difference is higher than the calculated threshold, the
segment border is marked on the place of local maximum
of the difference.

THR =
1

BL
·DIF (5)

Where BL is size of incoming data or the number of values
in current sample.
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adaptive segmentation was used for.

Method of adaptive segmentation was dividing the sig-
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depending on the occurrence of non-stationarities in the
signal (diagram of the segmentation of signal can be seen
on the figure 10). The key factors for choosing the right
method of adaptive segmentation were:

• Fast algorithm
• High precision
• Multiple channel segmentation

Based on the key factors, the algorithm using two con-
nected windows and detecting differences of amplitude and
frequency was used. Two windows are moving along the
signal in each channel. In each window the differences are
computed. Amplitude and frequency difference computing
was based on equation 2 for Amplitude difference and on
equation 3.

ADIF =

WL∑
i=1

|xi| (2)

FDIF =
WL∑
i=1

|xi − xi−1| (3)

WhereWL is window length and it was set to 400 samples.
Combining equation 2 and equation 3 the total difference
was calculated:

DIF = 1 · |ADIF1 −ADIF2|+ 7 · |FDIF1 − FDIF2| (4)

If the difference is higher than the calculated threshold, the
segment border is marked on the place of local maximum
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1

BL
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Where BL is size of incoming data or the number of values
in current sample.
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Fig. 9. Diagram of the segmentation of the measured signal
signal.

3.3 Feature Extraction

Three features were chosen to be extracted from each seg-
ment window and they are Root Mean Square (RMS), Log-
arithmic Band Power (LBP) and first derivation (DIFF).
The RMS is calculated by:

xRMS =

√√√√ 1

N

N∑
i=1

x2
i (6)

The LBP is calculated by:

xLBP = log(1 +
1

N

N∑
i=1

x2
i ) (7)

And first derivation is calculated by:

xDIFF =
1

N

N∑
i=1

|xi−1 − xi| (8)

These three features ale calculated for each channel. So
there are twelve feature values for each detected segment.

If there is not find segments based on described algorithm
in some channel it is automatically compute as:

• Compare segments from all of rest channels for one
gesture

• Evaluate the beginnings of the segments
• Evaluate the ends of the segments

Fig. 10. Plotted segmented signal. For the third gesture
there is missing one of evaluated segment in third
channel. In this case it is used algorithm based on
comparison all of rest segments in same time to eval-
uate the beginning and the end of missing segment.

• Line up values of the beginnings
• Line up values of the ends
• Choose the first value from the beginnings (the earli-
est beginning)

• Choose the last value from the ends (the latest end)
• Use these values as segment values for the missing
segment for one gesture

3.4 Gestures and Electrode Placement

The algorithm is programmed to classify five gestures
(Fig. 11).

Fig. 11. Gesture demonstration. 1 - Fist; 2 - Right; 3 -
Left; 4 - Up; 5 - Down
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Each gesture has different values as well as features in a
different channel. Based on that, the algorithm using fuzzy
logic was designed for gesture classification.

3.5 Fuzzy Set Design

Because the first phase of classification is based on fuzzy
logic, the fuzzy sets must be designed in the first place.

For each gesture 102 instances were measured. All three
features were calculated for each instance and from these
features, the standard deviation and expected value is cal-
culated. Using these two parameters for each gesture and
feature in each channel, twelve fuzzy sets were designed (4
channel x 3 features).

Each fuzzy set contains the member function of all five
gestures. These member functions are based on expected
value standard deviation.

After the member functions are cast into the fuzzy set,
the fuzzy set is adjusted so everywhere in the fuzzy set
the sum of the member function at certain point equals 1.

Fig. 12. Adjusted fuzzy set.

3.6 Results

The adaptive segmentation and plotting the graph runs
smoothly as well as the classification when it comes to
computing memory. It uses only a small amount of pro-
cessor and RAM.

The gesture classification can be described in diagram of
gesture classification (Fig. 13).

Segment borders are plotted in real time directly on the
measures signal. The classification is also done and shown
in real time, right after the gesture is done. There is an
option to save the raw values in.Csv format for further
analysis. There is also an option to save just two features
from finding segments (Fig. 14).
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systémy XII’.

4. CONCLUSION

The goal of this work was the creation of the fuzzy logic
algorithm to classify gesture of hand movements. This was
a completely experimental creation of a new classification
algorithm. The basis for gesture recognition is segmenta-
tion, that is, the recognition that there was a gesture in
the signal. For this purpose, the adaptive segmentation
method was used using two connected windows. These
two linked windows float after the signal and look for

Fig. 13. Diagram of the gesture classification.

Fig. 14. Record of real time segmentation and gesture
classification.

changes in the difference that is higher than the threshold.
This algorithm works perfectly and uses only a very small
percentage of the operating performance. The adaptive
segmentation and plotting the graph runs smoothly as well
as the classification when it comes to computing memory.
It uses only a small amount of processor and RAM.
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Segment borders are plotted in real time directly on the
measures signal. The classification is also done and shown
in real time, right after the gesture is done. There is an
option to save the raw values in.Csv format for further
analysis. There is also an option to save just two features
from finding segments.

The algorithm was tested by counting the successful clas-
sification for each gesture. Each gesture was performed 40
times.

The results shown, that the Fist has 100% successful rate
of classification. Next most successful gesture is Left with
85% rate. Other gestures are around 60%. This can be
caused by too much overlap in fuzzy sets. Overall success
rate 73% is sufficient at this first experimental stage.

There are some considerable options that can improve
further success rate of classification.

By using more electrodes, we get more values that can
define the gesture. More values mean more data to work
with but it also means higher demands on computing
power.

By classifying less gestures, the fuzzy set is going to overlap
less, so it will definitely increase accuracy but in the cost
of less gestures.

This project was done only for one individual. The input
data for fuzzy sets as well as the testing. If would be
more data from more individuals collected, the accuracy
of classification could improve.

By using a different algorithm such as artificial neural
network, fuzzy k-NN classification or Bayes theorem.

The accuracy of the classification is depending more on
the software part than the hardware part. So the future of
this work should focus more improving the classification
algorithm than the hardware prototype.
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