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Data acquisition

!

Wavelet Transformation

Feature Extraction
I Classification Method I

I EMG signal recognition I
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True Classification

Finger
movement | Hand Tripod | Pinch PO\?’el‘ Hand |Hand Mouse Key-

open grip | close | force board
e < 0 0 0 0 0 0 0
open
Tripod 0 5 0 0 0 0 0 0
Pinch 0 0 4 0 0 0 1 0
il 0 0 0 4 4 0 0 2
grip
— 0 0 0 0 1 0 0 0
close
g 0 0 1 0 0 5 0 0
force
Mouse 0 0 0 0 0 0 4 0
Keyboard 0 0 0 1 0 0 0 3
Accuracy | 100 | 100 | 80 | 80 | 20 | 100 | 80 | 60
(%)
Overall
accuracy 77.5
(%)

! Kurtosis
2 Skewness

® Total Power
4 Mean Power
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// EMG signals /
I
v ,, v
/ Training /’/ Testing

| | |

Feature extraction Feature extraction
Feature reduction Feature reduction

ANFIS training = ANFIS model |

e —

Classification result
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" Integrated Electromoyogram
* Hjorth activity

? Hjorth mobility

* Hjorth complexity

> Principal component analysis
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! Linear Discriminant Analysis
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Featrue RMS WL
Method
. KNN SVM LDA KNN SVM LDA
Sampling
1000Hz 0.9969 | 0.9955 | 0.9172 | 0.9987 | 0.9945 | 0.9521
800Hz 0.9932 | 0.9943 | 0.9107 | 0.9981 | 0.9938 | 0.9425
600Hz 0.9961 | 0.9906 | 0.8964 | 0.9960 | 0.9886 | 0.9254
500Hz 0.9960 | 0.9937 | 0.9047 | 0.9965 | 0.9915 | 0.9285
400Hz 0.9955 | 0.9920 | 0.8967 | 0.9942 | 0.9863 | 0.9168
300Hz 0.9921 | 0.9859 | 0.8677 | 0.9899 | 0.9759 | 0.8843
200Hz 0.9827 | 0.9621 | 0.8374 | 0.9831 | 0.9659 | 0.8638
100Hz 0.9468 | 09175 | 0.7736 | 0.9555 | 0.9240 | 0.8047
60Hz 0.8961 | 0.8514 | 0.7214 | 0.9013 | 0.8545 | 0.7391
40Hz 0.8593 | 0.8014 | 0.6737 | 0.8432 | 0.7974 | 0.6885
20Hz 0.7793 | 0.7050 | 0.5574 | 0.7680 | 0.6735 | 0.5492
Featrue MAV AR4
Method
N KNN SVM LDA KNN SVM LDA
Sampling
1000Hz 0.9963 | 0.9930 | 0.9045 | 0.9977 | 0.9910 | 0.9813
800Hz 0.9960 | 0.9920 | 0.8965 | 0.9970 | 0.9742 | 0.9687
600Hz 0.9951 | 0.9865 | 0.8811 | 0.9973 | 0.9479 | 0.9473
500Hz 0.9952 | 0.9883 | 0.8899 | 0.9982 | 0.9386 | 0.9601
400Hz 0.9946 | 0.9895 | 0.8785 | 0.9969 | 0.8909 | 0.9523
300Hz 0.9916 | 0.9816 | 0.8586 | 0.9964 | 0.8661 | 0.9279
200Hz 0.9785 | 0.9398 | 0.8162 | 0.9854 | 0.7830 | 0.8526
100Hz 0.9409 | 0.8849 | 0.7574 | 0.9649 | 0.6458 | 0.7059
60Hz 0.8882 | 0.8203 | 0.6986 | 0.9141 | 0.5388 | 0.5563
40Hz 0.8414 | 0.7590 | 0.6478 | 0.8300 | 0.5778 | 0.4977
20Hz 0.7545 | 0.6752 | 0.5374 | 0.6031 | 0.5577 | 0.3950
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Surface Signal Feature Signal
Electrodes Acquisition Extraction Classification
(Sensor's) using Blopac using HHT using ANN

100c¢ System

Movement-1
Movement-2
Moy carenut-d
AMovement-4
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! Hilbert Huang Transform
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Intrinsic Mode Classification Accuracy (%)
function
(Decomposition level)
IMF level 1 91.1
IMF level 2 90.0
IMF level 3 75.0
IMF level 4 58.3
IMF level 5 53.3
IMF level 6 48.3
IMF level 7 36.7
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' High Order Elimination
* Emperical Mode Decomposition
* IMF1-Level
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Setting Value
Channels Used 2
Lower Cut Off Frequency 10hz
Higher Cut Off Frequency 500hz
Amplifier Gain 2000
Sampling Frequency 1000hz
Recording Time 5 Sec
Mode For Data Acquisition Differential
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Voltage (mv)
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' Mean

* Energy

? Entropy

4 Maximum Value
5 Minimum Value
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No of Hidden Layers Classification Accuracy (%)
1 31.7
2 48.3
3 53.3
4 60
5 66.7
6 70
7 1.7
8 73.3
9 75
10 78.3
20 70
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[V’] (s

Type Of Average Type of Average

Movement Left (%) Movement Right (%)
Hand Hand

HAND CLOSE 87.03 HAND CLOSE 93.17
FLEXION 85.99 FLEXION 87.69
PRONATION 92.24 PRONATION 91.17
HAND OPEN 82.42 HAND OPEN 83.17
EXTENSION 79.29 EXTENSION 82.29
SUPINATION 88.21 SUPINATION 80.08
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' Dynamic Time Warping
* Singular Value Decomposition
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Percentage Accuracy

Subject Proposed method Proposed method 9

h. c. L c. 1
Female 1 79.33 82.78 68.56
Female 2 80.33 87.67 83.33
Female 3 78.22 83.11 69.22
Male 1 89.89 90 88.78
Male 2 90.22 90 80.67
S 83.60 86.71 77.51
accuracy
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! Augmented Probabilistic Neural Network
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Model Accuracy (%) Average time (ms)
(with x11&?1)6022:2\1'?((;'(15;&tion) 89.5 193.1
Model without n}usdd activity 86.0 2455
detection
Proprietary system of the Myo 8.1 | e
General model 53.7 1803.5
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! Rectification
* Machine Learning
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! Finite Impulse Response

* Length Of The Signal

? Average Amplitude Change

* Maximum Fractal Length

> Willison Amplitude Histogram
® Cepstral Coefficients

" Power Spectrum
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! Frequency Histogram
* Logistic Regression

’ Deciduous Tree
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* Hidden Markov Model
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Parameters Features Used for
Classification
AR + ZC + MAV + ZC+MAV +
RMS +SSC + WL AR | RMS + SSC +
(Proposed) WL
Accuracy
(%) 83.33 80 64.17
Error (%) 16.67 20 35.83
Sensitivity
(%) 83.33 66.67 50
Specificity
(%) 91.67 93.75 90.63
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Parameters Features Used for
Classification
AR +ZC + MAV + ZC+MAV +
RMS + SSC +WL AR | RMS +SSC +
(Proposed) WL
Accuracy
(%) 80 76.67 72.5
Error (%) 20 23.33 27.5
Sensitivity
s
(%) 41.67 37 54.17
Specificity
S
(%) 96.88 93.7¢ 92.71
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Parameters

Features Used for

Classification
AR+ ZC +MAV + ZC+MAV +
RMS +SSC + WL AR | RMS + SSC +
(Proposed) WL
Accuracy
. . 5
(%) 79.17 80.83 6
Error (%) 20.83 19.17 35
Sensitivity 70.83 625 50
(%) I i =
Specificity "
(%) 92.71 92.71 90.63

Parameters

Features Used for

Classification
AR+ ZC + MAV + ZC+MAV +
RMS +S SC + WL AR | RMS + SSC +
(Proposed) WL
Accuracy
(%) 80 80 65.83
Error (%) 20 20 34.17
Sensitivity N
(%) 70.83 54.17 50
Specificity
(%) 93.75 94.79 90.63
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! Motor Unit Action Potential
% Neuro Muscular Junction
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B. Flexor pollicis longus
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! Average Rectified Value

* Average Absolute Value

? Integral of Absolute Value
* Segment

> Root Mean Square

% Motor Unit
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' Waveform Length
* Wavelength
? Slope Sign Change
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> Minimum Value

* Median Frequency
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! Principal Component Analysis
* Artificial neural network

? Support Vector Machine

* K nearest neighbors
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' Multilayer Perceptron

* Feed Forward

? Levenberg Marquardt Backpropagation
* Epoch

> Mean Squared error

° Euclidean

7 Mahalanobis

*Minkowski

’ Hamming
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! Chebychev
* Cityblock

3 correlation
* Cosine

3 Jaccard

® Seuclidean
7 Spearman

¥ Kernel

? Radial basis function
' Polynomial
" Linear
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Gestures of Control
% Accuracy Level
Index Gesture
T Thumb 99.1667
I Index 97.5
M Middle 96.6667
R Ring 94.1667
L Little 93.3333
TI Thumb-Index 96.6667
™ Thumb-Middld 91.6667
TR Thumb-Ring 90.8333
TL Thumb-Little 93.3333
HC Hand-close 100
Average All Fingers 95.3333
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Gestures of Control
% Accuracy Level
Index Gesture
T Thumb 99.1667
I Index 97.5
M Middle 96.6667
R Ring 94.1667
L Little 03.3333
TI Thumb-Index 96.6667
™ Thumb-Middle 91.6667
TR Thumb-Ring 90.8333
TL Thumb-Little 93.3333
HC Hand-close 100
Average All Fingers 25,3533
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Abstract

Many previously lost opportunities for individuals who have suffered from different
forms of amputation or were, in fact, born with a congenital physical impairment, such as the
ability to work or pursue a chosen way of life, can be somewhat restored using artificial
prostheses. In addition, the electromyo control system can be considered as the major
component in a wide range of modern prostheses, this system utilizes Electromyogram (EMG)
signals, stemmed from the individual’s muscles in order to control and also change the position
of the prosthesis. Although numerous research has been conducted in this field involving the
detection and the restoration of functional hand movement, few studies have indeed

investigated this concept in the detection of single and combined movements of fingers.

As a result, the purpose of the study in this dissertation was to develop an optimal
approach for Electromyo signals classification of various single and combined movements of
fingers. A considerable part of this thesis therefore meticulously examines the detection of
single and combined movements of fingers using surface EMG signals, such that the positions

of robotic hand’s fingers can be fully controlled in response to these signals.

In addition, the number of electrodes play a crucial role in the signal accumulation and
also the classification accuracy. In other words, the more electrodes used, the higher the
movement classification accuracy, while on the other hand, operating costs can evidently
increase. Thus, we made a conscious effort to achieve the highest possible accuracy while
utilizing the minimum number of electrodes. Therefore, two EMG electrodes, located on the
forearm, were employed to collect EMG data from ten participants. In order to ensure
maximum detection capability with respect to the different finger movements, a collection of
various features in two domains of time and time-frequency was extracted. It should be noted
that Stockwell transform was incorporated so as to analyze the time-frequency domain. In order
to diminish the computational costs and unnecessary dimensions in the analysis, Principal
Component Analysis (PCA) algorithm was utilized to reduce the number of features such that
the classification accuracy level remains rather constant. Finally, three algorithms of Artificial
Neural Network (ANN), Support Vector Machines (SVM) and k-Nearest Neighbors (KNN)
were implemented to classify the obtained data and also determine the movement
classifications. Practical results and statistical tests revealed that the suggested method, with an
average accuracy of %92/28+0/55, was, in fact, able to adequately classify various finger
movements. Moreover, compared to other studies, more than satisfactory results were achieved

which essentially show the significance of our proposed method.
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