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Abstract—A new idea for the identification of Parkinson
tremor from essential tremor is presented in this paper.
Segments of data of accelerometer and surface EMG signals
are used with different wavelet bands for the idea of
discrimination of Parkinson tremor from essential tremor.
The data used are from the University of Kiel, Germany.
The data are 41 training subjects: 21 with Essential-tremor
(ET) and 19 with Parkinson-disease (PD). Another 40
subjects of test data have 20 PD and 20 ET subjects, are
used to test the technique. In this study three different data
segments, each with its best fit wavelet band for each signal
are selected. Then, a two-stages voting between the results is
obtained. The discrimination efficiency on test data resulted
100% sensitivity, 85% specificity and 92.5% accuracy.

Index Terms—Wavelet-band, Data-Segment, Voting,
Parkinson Tremor, Essential Tremor, EMG, Accelerometer
Signals, Discrimination

I.  INTRODUCTION

There are two very spread disorders that cause
involuntary movements: Parkinson tremor (PD), which is
considered the second most common form of all
pathological tremors [1] and Essential tremor (ET), which
is the top ranked neurological problem [2], [3].

Parkinson Disease (PD) is a neuro-degenerative
disease caused by the loss of dopamine receptors which
control and adjust the movement of the body [4]. The
tremor may be the most well-known sign of Parkinson's
disease [4].

Essential Tremor (ET) is a neurological movement
disorder that causes shaking of hands, head, voice and
sometimes the legs and trunk [5], [6].

Although PD and ET are considered distinct disorders,
there is an overlap in some clinical features [7], [8].
Therefore, an accurate diagnosis of both of the diseases is
difficult and it perhaps takes years to receive a diagnosis
[9]. Another diagnostic test is neuro-imaging techniques,
but these techniques are not routinely available [9].
Signal spectral analysis of tremor recorded by
accelerometer and surface EMG is a common approach
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since it is easier for the patients, much lower-priced and
takes shorter time than the usual clinical tests.

The wavelet-based soft-decision technique for
discriminating ET from PD using both accelerometer and
two surface EMG signals achieved 85% accuracy on this
data [10]. However, the efficiency can be improved with
this method. That technique was combined with the
statistical signal characterization method on both
accelerometer and EMG signals in frequency-domain and
in Hilbert-domain to discriminate the same data in [11].
Although, after a voting between the results of all the
methods, the accuracy also resulted in 88.75% on the
overall data, this technique needed at least three different
methodologies to achieve this efficiency.

In this study, different segments of the data are
selected and the wavelet-based soft-decision method is
applied to extract different wavelet bands. Each segment
with its best fit wavelet band for each signal is obtained.
Then, a two sequence of voting between the results is
performed.

TABLE|l. RESULTS BASED ON DIFFERENT SEGMENTS WITH
DIFFERENT BANDS ON ACC SIGNAL (TEST DATA)

Accelerometer (ACC) Signal

Based On Correct subjects Total
120
Segment 5 with Band 5 | PD 1,2,4,6,7,8,9,10,11,12, 14
15,16,17,20
ET | 35,6,7,8,9,10,12,13,15, 13
16,17,20
Segment 6 with Band 11 | PD | 1,3,4,5,6,7,8,11,14,15,16, 15
17,18,19,20
ET 5,6,8,9,11,13,14,16, 10
17,18
Segment 10 with Band 8 | PD 1,3,5,6,7,8,9,10,11,12, 15
14,15,16,18,19
ET 45,6,7,8,9,10,11, 10
14,18
Voting PD | 1,3,45,6,7,8,9,10,11,12, 18
14,15,16,17,18,19,20
ET 1,4,6,7,8,10,11,14, 12
15,16,17,18

The organization of this paper is as the following:
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In section 2, the data subjects are described. Section 3
explains the main idea of the wavelet-based soft-decision
method including the new technique of using it, the
segmentation of the data as well as the stages of voting
used. Section 4 contains the results of the implementation
and discussion of the results. Section 5 contains the
conclusion and comments for future work.

Subjects for this study were collected and recorded
from the Hospital of Kiel University in Germany. The
subjects are 39 patients with Parkinson Disease and 41
patients with Essential Tremor movement disorder. All
the patients are suffering from a moderate to a severe
tremor that cannot be differentiated easily using clinical
tests alone.

The data are divided into two groups: The one used for
training (trial data) and the one used for the testing (test
data). The trial data consist of 19 PD subjects and 21 ET
subjects. The test data consist of 20 PD subjects and 20
ET subjects. PD and ET data were recorded using both
accelerometer (ACC signal) and two surface EMG
signals EMG1 and EMG2 recording the extensor and
flexor carpi-ulnaris muscles, respectively.

DATA SUBJECTS

1.  IMPLEMENTATION TECHNIQUE

A. Wavelet-based Soft-decision (WSD) Method

The WSD [10], [11] is used to extract the wavelet
bands (the low-pass and high-pass filtering) which are
computed for all branches up to a certain stage m to
obtain 2" sub-bands. Then the probability of the signal to
be concentrated in the low-frequency band is the ratio of
the power of the low-pass signal to the total power of the
signal. The probability of the high-frequency band is (1-
the probability of the low-frequency band). Then the
power entropy is computed using the following equation:
Entropy = Probability * log, (1 / Probability).

TABLE Il. RESULTS BASED ON DIFFERENT SEGMENTS WITH
DIFFERENT BANDS ON EMGL1 SIGNAL (TEST DATA)
EMGL1 Signal
Based On Correct subjects Total
/20
Segment 2 with PD |(1,2,3,45,6,8,9,10,11,12,13, 18
Band 13 14,15,17,18,19,20
ET 1,2,3,5,9,13,14,16,17, 11
19,20
Segment 5 with PD 2,3,4,8,10,11,12,13, 13
Band 6 14,15,16,17,20
ET 1,25,6,7,8910,11,13,14,15, 16
16,17,19,20
Segment 11 PD | 1,2,345,6,7,9,11,12,14, 15
with Band 6 16,17,18,20
ET |1,2,6,7,8,9,10,11,13,14,15, 16
16,17,18,19,20
Voting PD |1,2,3,4,56,8,9,10,11,12,13, 18
14,15,16,17,18,20
ET |1,25,6,7,8,9,10,11,13,14, 16
15,16,17,19,20

WSD method is used to find the power entropy of the
first 20 bands (between 0 to 31.25 Hz) for each subject
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because most of the researchers found that the peak in the
EMG tremor spectrum is at a frequency of 5 to 6 Hz. It
may differ between both tremors. Researchers notice also
that at the double of those frequencies (first harmonic),
there is also a peak in the spectrum and so on, so it is
better to investigate the tremor spectrum up to 18-20 Hz
[11].

B. Wavelet Bands with Different Segments of the Data

The training subjects (19 PD and 21 ET subjects) are
used. For each subject (PD or ET), there are three
different data from ACC, EMG1 and EMG2 signals.

Each data (for each subject) of the three signals is
sliced into 11 segments. Each segment is a 1000 sample
length. Each segment was used on every wavelet band of
the 20 bands. For each segment, a decision is taken
whether the subject is PD or ET. A final decision is taken
on the subject to be PD if the subject is classified as PD
for 2 or more segments from the same signal, and the
same procedure is used to classify ET subject.

The idea of this study is to use three different segments,
each with its best fit band for the ACC signal. Afterwards,
a voting between the three results is obtained to be the
final result of the ACC signal. Then, the same procedure
is repeated for EMG1 and EMG2 signals. Finally, another
last voting is applied between the final results of the three
signals; and this will be the concluding result.

C. Discrimination Performance

Sensitivity, specificity and accuracy are used to
evaluate the classification [12]. Such that:

(Number of true positive assessment)

Sensitivity = —
(Number of all positive assessment)
Specificity — Number of true negat.ive assessment
Number of all negative assessment
Number of correct assessments
Accuracy =
Number of all assessments
TABLE Ill. RESULTS BASED ON DIFFERENT SEGMENTS WITH
DIFFERENT BANDS ON EMG2 SIGNAL (TEST DATA)
EMG2 Signal
Based On Correct subjects Total
/20
Segment 5 with Band 9 | PD 2,45,6,9,12,13,14, 11
16,18,19
ET | 1,2,3,5,6,8,9,11,13,14,15 16
,16,17,18,19,20
Segment 8 with Band 7 PD 1,2,3,45,7,8,9,10,11,13, 16
14,15,16,17,19
ET 1,3,5,6,8,9,10,11,13,14 16
,15,16,17,18,19,20
Segment 11 with Band 8 | PD 2,3,4,5,6,7,8,9,11,15, 15
16,17,18,19,20
ET 2,3,4,5,6,8,9,11,13,14, 14
16,18,19,20
Voting PD | 2,3,45,6,7,8,9,11,13,14, 16
15,16,17,18,19
ET | 1,2,3,5,6,8,9,11,13,14,15, 16
16,17,18,19,20

IV. RESULTS AND DISCUSSION
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A. Results from Accelerometer Signal (ACC)

For each training subject, the power entropy of the 20
bands from the ACC signal is computed. Also, the subject
data is segmented into 11 segments. Using each segment
to obtain the power entropy of the 20 bands, the decision
is taken whether the subject is PD or ET from the trial
data. Then, the data under test is also segmented and
classified as PD or ET by comparing it to the result from
the training.

Table | shows the result of discriminating the test data
using the voting between;

1. The results of using segment 5 with frequency
band 5 (See Appendix A, Fig. A.1).

2. The results of using segment 6 with frequency
band 11 (See Appendix A, Fig. A.2).

3. The results of using segment 10 with frequency

band 8 (See Appendix A, Fig. A.3).

The selection of the segments and the associated band
is not random. Actually, a blind search is used to have as
best classification results as possible. After the voting, 18
PD out of 20 are correctly identified and 12 ET out of 20
are correctly recognized. The evaluation results for this
stage are: Sensitivity = 90%, Specificity = 60% and
accuracy = 75%.

B. Results from EMGL1 Signal

The previous procedure used with ACC signal is
repeated with EMGL1 signal. Table Il shows the result of
discriminating the test data using the voting between:

1. The results of using segment 2 with frequency band
(See Appendix B, Fig. B.1).
2. The results of using segment 5 with frequency band
6 (See Appendix B, Fig. B.2).
3. The results of using segment 11 with frequency

band 6 (See Appendix B, Fig. B.3).
After the voting, 18 PD out of 20 are correctly
identified and 16 ET out of 20 are correctly identified.

TABLE IV. RESULTS OF THE FINAL VOTING ON THE DIFFERENT
SIGNALS FROM THE TEST DATA

Final Voting

Signal Correct subjects Total

20

ACC PD 1,3,4,5,6,7,8,9,10,11,12,14, 18
15,16,17,18,19,20

ET 1,4,6,7,8,10,11,14,15, 12

16,17,18

EMG1 PD 1,2,3,4,5,6,8,9,10,11,12,13, 18
14,15,16,17,18,20

ET 1,2,5,6,7,8,9,10,11,13,14, 16
15,16,17,19,20

EMG2 PD 2,3,4,5,6,7,8,9,11,13,14, 16
15,16,17,18,19

ET 1,2,3,5,6,8,9,11,13,14,15, 16
16,17,18,19,20

Final Voting | PD | 1,2,3,4,5,6,7,8,9,10,11,12,13, 20
14,15,16,17,18,19,20

ET 1,2,5,6,7,8,9,10,11,13,14, 17
15,16,17,18,19,20

The evaluation results for this stage are: Sensitivity =
90%, Specificity = 80% and accuracy = 85%.
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C. Results from EMG2 Signal

The same procedure used with ACC and EMG1
signals is repeated with EMG2 signal. Table I11 shows the
result of discriminating the test data using the voting
between:

1. The results of using segment 5 with frequency band
9 (See Appendix C, Fig. C.1).

2. The results of using segment 8 with frequency band
7 (See Appendix C, Fig. C.2).

3. The results of using segment 11 with frequency

band 8 (See Appendix C, Fig. C.3).

After the voting, 16 PD out of 20 are correctly
identified and 16 ET out of 20 are correctly classified.
The evaluation results for this stage are: Sensitivity =
80%, Specificity = 80% and accuracy = 80%.

D. Final Voting for Final Result

A last voting is applied on the results from the three
signals. Table IV shows the results of the last voting on
the test data. The sensitivity is raised to 100%, the
specificity is increased to 85% and the accuracy is
improved to 92.5% on the test data.

E. Comparison Between the Use of Segments of Data
vs. the Use on the Entire Data at Once

Sometimes the use of the data as a whole might be
misleading. In order to extract the wanted classification
information, the data is used fully. However, the
discrimination results were not that promising. Therefore,
in this paper, the use of some divisions of the data
(segments) resulted in higher evaluation results.

Fig. 1 shows a comparison of the use of WSD on the
same data [10], [11] and the work of this paper.

I N N

1
WSD Method on WSD with Other  WSD on the Segments
Entire Data Methods on Entire of the Data (this

Data paper)

120%
100%
80%

60%
40%
20%

0%

W Sensitivity

m Specificity

Accuracy

Figure 1. Comparison results of the use of WSD method on entire data

at once and on segments (Test Data).

The use of WSD method alone [10] and in association
with other methods [11] on the entire data are compared
with the use of WSD method on the segments of data in
this paper. The comparison is on the term of evaluation
results (Sensitivity, Specificity and Accuracy).

It is noticeable that with the work on segments, the
accuracy is improved from 85% to 92.5%. Although, the
specificity is decreased to 85%, the sensitivity increased
to be 100% (As seen in Fig. 1).

V. CONCLUSION AND DISCUSSION

A new technique for the classification of Parkinson
tremor from essential tremor is obtained. Segments of
data from three different signals, each on different
wavelet bands; based on two stages of voting is
investigated in this paper. Method of wavelet-based soft
decision is used to extract the different wavelet-
decomposed bands from accelerometer and EMG signals.
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The data is segmented into 11 segments. It is
noticeable that the data segment 5 was giving better
discriminating information. This segment has the range
(4001-5000) samples of the subject data. In addition,
wavelet bands number 6 and 8 were selected twice more
than other bands, which helped for better classification
between the two tremors.

The use of the segments of the data with different
bands increased the discrimination efficiency compared
to the use the whole data (not segmented). The
discrimination results of the test data after the voting
using this technique are 100% sensitivity, 85% specificity
and 92.5% accuracy.

Therefore, the use of segments extracted better
classification information than the use of the data as a
whole.

For future work, a larger-sized data is suggested as
well as the use of neural network instead of the voting
might bring better results.

APPENDIX A ACC SIGNAL RESULTS
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Figure A.3. Results of ACC signal using segment 10 with band 8 (Test
Data).
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APPENDIX B
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Figure B.1. Results of EMGL1 signal using segment 2 with band 13 (Test
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Figure B.2. Results of EMGL1 signal using segment 5 with band 6 (Test
Data).
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Figure B.3. Results of EMGL1 signal using segment 11 with band 6 (Test
Data).

APPENDIX C EMG2 SIGNAL RESULTS
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Figure C.1. Results of EMG2 signal using segment 5 with band 9 (Test

Data).
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Figure C.2. Results of EMG2 signal using segment 8 with band 7 (Test
Data).
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Figure C.3. Results of EMG2 signal using segment 11 with band 8 (Test
Data).
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