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Emg Signal Classification Using Fuzzy Logic

0. Ulkir, G. Gokmen and E. Kaplanoglu

Abstract— Electromyography (EMG) signals are an important
technique in the control applications of prostatic hand. These
signals, which are measured from the skin surface, are used to
perform movements such as wrist flexion / extension, forearm
supination / pronation and hand opening / closing of prosthetic
devices. In this study, root mean square, waveform length and
kurtosis methods were applied to extracted EMG signals from
flexor carpi radialis and extensor carpi radialis muscles by using
two channel surface electrodes. A fuzzy logic based classification
method has been applied to classify the extracted signal features.
With this method, classification for different gripping movements
has been successfully accomplished.

Index Terms—Surface EMG, fuzzy logic, feature extraction,
EMG classification.

I. INTRODUCTION

LECTROMYOGRAM (EMG) is defined as muscle

contraction resulting because of bioelectric signals. The
source of those bioelectric signals is various electrochemical
processes occurring in the body. Data logging of electrical
signals in the muscles, provides important information in the
diagnosis of abnormalities in both motor system and muscles
[1].

EMG signals can be obtained by placing surface electrodes
on the muscles or needle electrodes into the muscle tissue.
Although differences between the needle and surface electrodes
are not of a significant degree, the surface electrodes are
preferred over the needle electrode. The most important reason
for this is to be a safe and non-invasive measurement method
[2].

EMG signals are used in medicine for the diagnosis of
muscle and nerve disorders, besides that they are also used in
engineering as an input for modelling of mechanical systems
such as artificial limbs and also in prosthesis control
engineering are used [3].

0. ULKIR, Department of Mechatronics Engineering, Technology Faculty,
University of Marmara, Istanbul, Turkey, (e-mail:
osman.ulkir@marmara.edu.tr).

G. GOKMEN, Department of Mechatronics Engineering, Technology Faculty,
University of Marmara, Istanbul, Turkey, (e-mail: gokhang@marmara.edu.tr).

E. KAPLANOGLU, Department of Mechatronics Engineering, Technology
Faculty,  University —of Marmara, Istanbul, Turkey, (e-mail:
ekaplanoglu@marmara.edu.tr).

Manuscript received May 16, 2017; accepted August 11, 2017.
DOI: 10.17694/bajece.337941

Copyright © BAJECE

ISSN: 2147-284X

Because the first EMG controlled prosthetics had only one
grasping ability, they were only able to do open-close functions
or simple proportional control techniques [4]. The multi-grasp
prosthetics used today require more complex control methods,
and therefore, the need for classification of EMG signals used
for control arises.

An EMG signal from a muscle which performs different
functions has only one pattern for a specific function. This
pattern contains information about the direction of motion and
the action’s speed. To successfully control the prosthetic, this
patterns must be classified correctly. A pattern recognition
system is made up of a few steps: data acquisition, feature
extraction selection, determination of the classification
algorithm, and designing the classifier [5].

For classification it is necessary to determine what type of
EMG signal from the muscles is recorded as the result of the
movement. For this, the EMG signal must be classified after
filtering and the appropriate signal must be matched to the
appropriate movement. There are many methods for classifier
design such as heuristic approach, explicit approach, statistical
approach, artificial neural networks, support vector machines
and fuzzy approach. [6-9]. Fuzzy logic method is a more
preferred technique for classifier because biological markers
don’t repeat and sometimes show features beyond expectations
[6]. In the literature, fuzzy logic classification method is
frequently used in prosthetic hand applications [9-11]. In such
studies, it is aimed to improve the results by applying different
self-extracting methods. In this study, three different qualitative
inference methods were applied at the same time in order to
successfully perform the classification process.

The aim of this study is to distinguish different gripping
movements for prosthetic hand applications. To distinguish
these movements, it is necessary to classify signals received
with surface EMG electrodes. In this study, fuzzy logic
classification method is used. In order for the fuzzy logic
classification method to be successful, the attributes used as
input signals must be well chosen.

I. METHODOLOGY

The analysis of EMG signal consist of several steps, such as
data acquisition, pre-processing, feature extraction and
classification algorithm [12]. Figure 1 shows the block diagram
of classification method. The EMG signals, received from the
data collection card from the two different muscle groups, were
passed through the preprocessing process for their feature
extraction. In this study, three feature extraction methods were
used. Then the fuzzy logic based classification method was
applied.
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Be aware of the different meanings of the homophones
“affect” (usually a verb) and “effect” (usually a noun),
“complement” and “compliment,” “discreet” and “discrete,”
“principal” (e.g., “principal investigator”) and “principle” (e.g.,
“principle of measurement”). Do not confuse “imply” and
“infer.”

Prefixes such as “non,” “sub,” “micro,” “multi,” and “ultra”
are not independent words; they should be joined to the words
they modify, usually without a hyphen [2-4]. There is no period
after the “et” in the Latin abbreviation “et al.” (it is also
italicized). The abbreviation “i.e.,” means “that is,” and the
abbreviation “e.g.,” means “for example” (these abbreviations
are not italicized).
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Fig.1. The block diagram of fuzzy logic classification method

A. sEMG Data Acquisition

EMG signals were obtained using surface electrodes by
Bitalino EMG sensor. Four Ag-AgCl surface electrodes and
one reference electrode is used, including two for each muscle.
In this study, we focus on the wrist muscles which are the flexor
carpi radialis (FCR) and extensor carpi radialis (ECR). These
signals were given in Figure 3. Figure 2 shows the surface
electrodes placed on the muscle surface.

Fig.2. The position of the surface electrodes

The sampling frequency was set at 2 kHz using Arduino Uno
programming card. EMG signals were recorded for 10 seconds,
5 seconds of flexion and 5 seconds of extension.
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B. Features Extraction

EMG signals, which are a time series with a random number
of elements, are not practical for classification. For this reason,
the signal sequences must be matched to the vectors called the
feature. In order to successfully classify EMG signals, the
feature vectors must be well chosen. There are many feature
extraction methods, such as mean absolute value, root mean
square, variance etc. The advantages and disadvantages of each
method are available.

To classify the EMG signal, it is necessary to extract the
features from the signal. Since the recorded signal is measured
by different time-dependent movements, it is necessary to
analyze it at different intervals of time. For this, the EMG signal
is divided into 256 data windows, and different feature
extraction of each window is performed by three different
methods. In this study, root mean square (RMS), waveform
length (WL) and kurtosis (Kurt) methods were used for feature
extraction. The analysis using these methods have shown
repeatable and discrete model at different states of muscle
contraction.

1) Root Mean Square (RMS)

It is a statistical method used to measure the magnitude of
variable quantities. It is particularly useful in waves where the
change is positive and negative. A continuously changing
function can be calculated for the continuous value series. The
root mean square method is calculated as in Equation 1.

1
RMS = /ﬁzﬁ_lx% @
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2) Wavelet Length (WL)

Waveform length represents wave cumulative length during
time. WL is associated with pulse width, frequency and time.
Waveform length method is calculated as shown in Equation 2.

WL = 332141 — Xnl )
3) Kurtosis (Kurt)

Kurtosis is a measure of data that provides information about
the status of the peak. A near-zero kurtosis forms a near normal
distribution. A positive value for the kurtosis is a sign of a more
normal distribution. Kurtosis method is calculated as shown in
Equation 3.

N
kurtosis = Zi(:%li);?‘l 3)

I1l. FUZZY LOGIC CLASSIFIER DESIGN

The fuzzy logic classifier is designed according to the
connection between the start and end times of wrist flexion and
extension movements. There are a total of 6 entry membership
functions, 3 for each muscle in the system. These membership
functions are obtained as a result of the feature extractions from
the SEMG signals. The signals were analyzed using root mean
square as the main method. Other features were applied
waveform length and kurtosis. For the classifier design, the
state of the contraction information is namely Start (S), Middle
(M) and End (E) in determining the final output.

The fuzzy logic classifier has 6 inputs generated from feature
extraction of the EMG signals and 1 input which is the states.
The block diagram of the fuzzy logic classifier is shown in
Figure 4 and Mamdani type fuzzy logic system was used.
Triangular shapes are used for the membership function of the
inputs and output. The centroid method is used for the
defuzzification. The fuzzy logic classifier is developed using
Matlab&Fuzzy Logic Toolbox. The system is tested using
Simulink.
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Fig.4. The block diagram of fuzzy logic classification system

{

The feature extraction of the SEMG signals gives 6 features.
The features that are obtained in case of flexion of the wrist can
be describes as Rmsl, WL1, Kurtl. The features that are
obtained in case of extension of the wrist can be describes as
Rms2, WL2, Kurt2. For the input MF, the states of a contraction
is used as the fuzzy set which are Start (S), Middle (M), End
(E) and Relax (R). The output membership functions are
expressed as Statel (S1), State2 (S2) and State3 (S3). Figure 5
shows input and output membership functions.
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Fig.5. The membership functions of fuzzy logic classifier

Fuzzy logic classifier output states can be described as
follows:

1) Wrist flexion of the Start — S3

2) Wrist flexion of the Middle — S2

3) Wrist flexion of the End — S1

4) Wrist extension of the Start — S1

5) Wrist extension of the Middle — S2

6) Wrist extension of the End — S3

The rules are given in Table 1. The first and second rule is
only applied to wrist flexion, rule 5 and 6 apply to wrist
extension and rule 3 and 4 apply to wrist flexion/extension.
Expert guidance was used while plotting the rule table. The
features was expressed Rmsl (Al), WL1 (B1), Kurtl (C1),
Rms2 (A2), WL2 (B2) and Kurt2 (C2) in Table 1.

TABLE |
FUZZY LOGIC CLASSIFIER RULE TABLE

Rule | Al Bl Cl A2 B2 C2 State
1 S S S R R R THEN S3
2 S S S E E E THEN S3
3 M M M R R R THEN S2
4 R R R M M M THEN S2
5 E E E S S S THEN S1
6 R R R S S S THEN S1

IV. RESULTS AND ANALYSIS

Feature extraction signals which used as input membership
functions in fuzzy logic classification and classification results
are shown in Figure 6. EMG signals obtained from flexor carpi
radialis muscle were obtained as follows: Rmsl, WL1 and
Kurtl. EMG signals obtained from extensor carpi radialis
muscle were obtained as follows: Rms2, WL2 and Kurt2.
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According to the output graph obtained, the fuzzy logic
classifier classifies the EMG signals for three different states
(S1, S2, S3).
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Fig.6. The result of fuzzy logic classifier
The classifier outputs are presented in detail in Figure 7 for
initial contraction. The wrist was selected as S3 (0.6-0.9) for the
beginning of contraction, S2 (0.3-0.6) for contraction center and
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Fig.7. The result of classification

The accuracy (in%) of the data obtained as a result of the data

obtained as a result of the classification are shown in Table 2.
TABLE II
THE ACCURACY (IN %) OF FUZZY LOGIC CLASSIFIER
Wrist Flexion/Extension % Classification

success
Start 88.84
Middle 99.85
End 90.67
Average success 93.12

V. CONCLUSION

In order to understand contraction state movement by using
gripping movements, state-based fuzzy logic classification
method is used. Conditions are expressed as the beginning,
middle and end of the contraction. In this study, the feature
extraction and classification of EMG signals received with two
channel surface electrodes has been successfully accomplished.
As a result of the classification, the wrist flexion / extension
times of the user have been determined.

The most important reason of preferring the fuzzy logic
classification method is that it does not require any training and
its application is simple. A prosthesis developed with the fuzzy
logic classification method can easily be transferred from one
person to another.
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