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Abstract—In this paper, we are conducting an evaluation the compression of electromyographic signals
(EMG) through of standard modified JPEG 2000 called 1D. We illustrate that; this method can also be
used to compress EM G signals. The technique consists of cutting the signal into small segments or micro
vectors. The EM G signal compression through this method aims at solving the problems of transmission
and optimizes storage. A comparison of the results obtained with those of the literature shows a net
improvement. The results obtained on real signals are presented in terms of the objective criteria of
evaluating performance.
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I. INTRODUCTION

Electromyography is very important for the diagnostic of pathologies in patients suffering from
neuromuscular disorders [1]. Its registration is called electromyography [1], [2]. When this record takes enough
time, then storage problem comes out and mostly transmission primarily through telecommunications networks
in case of remote operations or diagnostic aid. The rea-time transmission requiring a significant speed
transmission, compression is the most appropriate approach to solve this problem. Therefore solving the
problems of storing or transmission a large amount of data; returns to the question of data compression is
important. To achieve such a result, literature offers two types of compression: lossy compression that usually
include a quantification phase and lossless compression. Lossless compression is likely to achieve high
compression ratio with difficulties.

Much work has been done to address this need, especialy in the case of ElectroCardioGram signal (ECG).
Most of these studies have resulted in compression methods related to specific characteristics of the waveform
of the processed signal, thus inapplicable to the EMG signals. However, in the case of EMG, the work is
negligible in number [3]-[5].

Compression methods for transformation have been applied successfully in electrophysiological signals [6]-
[8]. But, the compression method by wavelet transform, the JPEG 2000 standard applied especially to image
processing has shown its superiority (high compression ratio equal quality and important resolution) [9], [10]
and justifies the long time taken in it. We apply on the EMG signals, the compression method of JPEG 2000
standard called 1D modified compared to the work compression of surface electromyographic signals using
two-dimensional techniques [11], where the EMG signal is converted into a 2D signal, in order to increase the
correlation between pixels and to alow better handling of the parameters in image mode. Thus, an evaluation
model of lossy compression based on JPEG 2000 algorithm modified for 1D signa is applied to our different
EMG signals measured during isometric contraction. The performances of this method under study are
determined by the compression ratio, signal to noise ratio, the PRD and the subjective criteria.

The plan of this paper consists of three joints. the presentation of JPEG 2000 standard, procedure coding
algorithm called modified JPEG 2000 1D, analysis and interpretation of the results.

1. JPEG 2000

This section aims to present the JPEG encoder 2000. The compression of digital images has been the subject
of research in recent decades. Many image compression standards have been developed. The JPEG 2000 [9],
[10], [12] is the substitute of the international standard JPEG. It has been used for many years and provided
satisfactory quality to users. JPEG 2000 out performs JPEG in many aspects, its major features outlining as
lossless and lossy compression. It provides a higher compression ratio. This standard provides a compression
scheme to five modules:

« Theorigina imageis divided into 8x8 block, called tiles, with the purpose of overcoming the difficulty of
encoding the entire image in a single round,;
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« The color transformation;

o The decorrelator JPEG 2000 uses wavel et transform. The wavelet transform is away to represent a signal
in time-frequency form. Wavelet transform is based on small waves, called wavelets, of varying
frequencies and limited duration. Wavel et transform uses multiple resolutions where different frequencies
are analyzed with different resolutions. A Discrete Wavelet Transform (DWT) is applied on the source
image data. After component transform, the tile components are decomposed into different decomposition
levels using a discrete wavelet transform. These decomposition levels contain a number of subbands
populated with coefficients that describe the horizontal and vertical spatia frequency characteristics of the
original tile component planes. The DWT is dyadic and be performed with the non-reversible Daubechies
9/7 bi-orthogonal filter, which provides for higher lossy compression;

« According to [10], quantification is the process by which the resulted transform coefficients are reduced
in precision. This operation is lossy. Each of the transform coefficients y of the subband b is quantized to
the value g according to the formula:

1y

i 1
b oy

q=sign(y)

Quantization operation is defined by the step size Ab, the selection of the step sizeis quite flexible, but there
are afew restrictions imposed by the JPEG 2000 standard.

g isthe quantified value of subband b, y is the value to be quantified.

One quantization step per subband is allowed. The transform coefficients are quantized with a uniform scalar
guantization with dead-zone.

For dequantification, the following formulais used:

z=[q+r]sign(g)Ab @)
Wherer isavalue set by the codec devel oper.

For the entropy coding, the coding of each sub-band is performed by the bit-plane [10], where the bits encode
strengths before the least significant bits.

The JPEG 2000 standard has done some compression biomedical signals work, including ECG signals[13].

[11. THE MODIFICATION JPEG 2000 CALLED 1D
The general scheme of JPEG 2000 can be modified so as to compress the EMG signal. It consists in this case
of four modules. Namely: the division into segments, the decorrelation transforms into lifting scheme 1D, the
uniform scalar quantification and arithmetic coding. The compression chain implementation is illustrated by
Fig. 1. In order to obtain best results, cutting of EMG signal into segments of 16384 points was chosen.

A. Wavelets and Lifting Scheme (LS

Dyadic processing of a signal F(t)is its projection on the basis of wavelet functions (l//kv”)k N e such
that:
1 t—n
t) = ()
l//k,n() (zk l//( 2k j

w(t) isthe function of wavelet mother with expansion giving riseto ¥, | (t) . The function F(t) can then
be written:

F(t) = ch,an,n(t) (4)

C, . arethe coefficients.

When one wants to preserve the linearity in phase or left right symmetry treatment while ensuring perfect
reconstruction, wavelet bases used must be biorthogonal. A bank of filters with finite impulse response at two
channels can realize wavelet transformation.

The decomposition by generalized lifting scheme was summarized in the diagram in Fig. 2.[14].
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Fig. 1. Chain of compression

According to thisfigure, the lifting scheme basically consists of two steps: the prediction P and update U. The
lifting scheme was introduced in 1994 by Win Swleden [15]. It is a method that is overcome from the notion of
dilation and trandlation. Lifting based filtering consists of a sequence of very simple filtering operations for
which aternately odd samples values of the signal are updated with a weighted sum of even sample values, and
even sample values are updated with aweighted sum of odd sample value.

x[n] > 0 X[ ot ! x[nl
o] [ A mca=
g > g yin|

yinl y'[n]
Fig. 2. Theforward (analysis and synthesis) wavelet transform using P and U stand for prediction and update, respectively

This decomposition has the advantage of generalizing the notion of wavelets for the design of second
generation wavelets. They are more flexible and efficient than the first generation wavelets because, they are
designed for spaces where the notion of frequency is no longer defined.

B. Decomposition Algorithm

The algorithm for calculating the coefficients of the transformed, which is done by lifting scheme differs
according to wavelet used [16]. As for our work, we have considered wavelet biorthogonal corresponding to the
pair of filters 9/7 JPEG 2000. The wavel et coefficients are expressed as [16] asfollows:

o Update data odd index:

Xoni1 = Xonyg T AX ( Xont X2n+2)

Where a is a constant that correspond to -1.586
» Updated index data pairs:

X2n = X2n + bX(XZn—l + X2n+l)
Where b is a constant that correspond to -0.052
« Caculation of the coefficients from the high-pass filtering by the formula:

Hn = X2n+1+CX<X2n + X2n+2)
Where c is a constant which is 0.883
« Cdculation of the coefficients from the low-pass filtering by the formula:

L, =%, +dx(H, ,+H,)

Where d is a constant which is 0.444.

At the end of this step, we obtain two types of coefficients: the detail coefficients (Ln) and approximation
coefficients (Hn), depending on decomposition level.

For compression algorithm, the EMG signal is comprised of N samples. To facilitate the algorithm, the
composed vector of the approximation and detail coefficients, from the decorrelation and classified as details are
following approximations will be called "decorrelation vector." Compression is done in the following manner:

1 Cutting of EMG intiles or windows, 16384 samples each for better compression;

2 Choosethefirst window;

3 Apply the wavelet transform by lifting scheme on this window;

4 Apply JPEG 2000 quantification to the decorrelation vector obtained in step 3;
5 Keep elements of quantified decorrelation vector as avector called storage;
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6 Take the next window and apply steps 3 to 5 (the new elements of storage vector are placed after the
old);

7 Repeat step 6 to cover the origina signal;

8 Coding the final storage vector by arithmetic coding.

Unlike Huffman algorithm which at associates symbols, binary patterns whose size depends on the
distribution, the arithmetic coder processes the file in whole, by associating a single decimal number. This
number is between 0 and 1.

IV.RESULTS AND DISCUSSION

The compression quality was evaluated by comparing the reconstructed signal with the original signal. The
performance of the compression algorithm was measured by three quantitative criteria. These are:

« The Signal to Noise Ratio (SNR). According to [5], it's given by the following formula:

0_2

SNRleIog{—ij (5)
e

Where 6,2 is the power of the original signal; ¢’ is the error between original and reconstructed signal.

o The PRD (Percent Roots Square Difference), which quantifies energy of the error after compression.
According to [8], [17, [18], the PRD is given by the following formula:

PRD =100x (6)

N 2
2 (%)
Where N is the number of samples contained in the signal. X represents the original EMG signal, while X

represents the reconstructed signal.

« The Compression Ratio (CR) can be calculated by the following formula:
compressed size

original size

The proposed approach has been evaluated on real EMG data, baptized kheirl, kheir2 and Jouve. The signals
were amplified with atotal gain of 2000, and sampled at 2024 Hz using a 12 bits data acquisition. Signals were
measured on the biceps muscle. The signals were collected during 40%MV C contraction, with an angle of 90°
between the arm and the forearm. The biorthogonal wavelet 9/7 has been used for the wavelet transform (lifting
scheme) to level 21, in order to have better results, following the cutting window size 16384 samples each.
Figures 3 and 4 show variations of compression ratio as a function of SNR and PRD for EMG signals; figure 4
shows the mean PRD measured on the 3 isometric EMG signals. The quality decreases. The behavior of the
compression method in terms of SNR and PRD as a function of compression ratio is quite similar for the three
EMG signals considered. The SNR decreases as the compression ratio increases is explained mathematically by
a rational fraction which numerator is the power of the origina signal and denominator, the error between
original signal and reconstructed signal. Given this result, if the SNR may be used as criteria for evaluating the
method, it should be used by requiring only a minimum of around 20 dB. A minimum level of reconstruction of
20 dB correspondsto alevel of error between original signal and reconstructed signal very acceptable. Similarly,
when compression ratio is believed; the PRD increases. Thus, the relative error in energy is high at high
compression ratio. However, a high compression ratio does not necessarily mean a good compression when the
SNR and the PRD are taken into account. This compromise is sought by a good compression ratio with an
acceptable signal to noise ratio. To achieve this, the subjective criteria should be used.

Table 1 shows a comparison between the results obtained using the proposed agorithm with the isometric

contraction signals, compared to the results obtained by Norriset al. [17], Berger et al. [1], [4] and Marcus et al.
[11], [19]. We notice a decrease in the PRD for the proposed method.

(7)

CR=100x (l—
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TABLEI
Comparison between the results obtained by the proposed algorithm and results from literature, for the compression of emg signals called
kheirl measured during isometric contractions

Method CR (%) | PRD (%)
Berger et al. [4] 72,96 2,01
Berger et al. [1] 72,96 2,50
Norriset al. [17] | 72,96 3,51
Filhoetal. [3] 72,96 2,10
Marcuset al. [11] | 72,96 4,75
Marcuset al. [19] | 73,02 3,50
Proposed method | 72,96 1,26

The proposed method provides a higher SNR at equal compression ratio compared to the methods using B-
splines [7] and transform called “odd”, proposed by PN Eloundou et al. [5]. Compression ratios obtained are

significantly higher.

Our results compared to those obtained by Berger et al. [1], [4], Marcus et al. [11], [19] showed a significant
improvement in terms of PDR in compression ratio. Thus, for a compression ratio of 72.96%, we have a PRD of

1.26% with modified method JPEG 2000 called 1D.

The same improvements are observed when we consider the results obtained by Filho et al. [3] at equa
compression ratio. Generaly, at equal compression ratio, we notice a low PRD compared to other quoted
methods above, which causes minimal loss of reconstruction of EMG signals for the subjective criteria
Examples of original and reconstructed signals are shown through figures 5, 6 and 7.

60
4 —+— EMG called Kheil
551 —— EMG called Kheir2
EMG called Jouve
50+ b
45+ 4
g 40r .
g
z 35+ b
30+ .
25+ b
20+ b
15 L L L L L L L
0 10 20 30 40 50 60 70 80
Compression ratio (%)
Fig. 3. Variation of SNR as a function of compression ratio
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Fig. 4. Variation of PRD as a function of compression ratio
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Fig. 5. Reconstruction of EMG signal called kheirl for a pitch of 45
()ngmal S|gna|
§ 2500 -
% 2000 WWM/\WMMWM/\W w
< 1500
5 100 150 200 250 300 350 400 450 500
number of samples
Reconstructed signal
% 2500 L T T T T T T T T T T ]
2
'E_ 2000 ~ 8
< 1500 \ \ \ \ \ \ ! ! ! L
0 50 100 150 200 250 300 350 400 450 500
SNR=21.95dB CR=64.84% PRD=0.86% number of samples
Error between original and reconstructed signal
100 T T T T T T T T T T

Amplitude
o
L 1

-100 ‘
50 100 150 200 250 300 350 400 450 500
number of samples

Fig. 6. Reconstruction of EMG signal called kheir2 for a pitch of 45
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Fig. 7. Reconstruction of EMG signal called Jouve for a pitch of 24

V. CONCLUSION

In this paper, the proposed scheme was evaluated on surface EMG signals measured during isometric
contraction. We had showed that, it is possible to compress EMG signals with a modified compression standard
using the coding of still images JPEG 2000. The results are encouraging, if we take into account the objective
and subjective criteria. The compression ratio and the PRD obtained are dightly lower in term of quality to the
various methods mentioned above. It is possible to compress the EMG signals to a compression ratio of
approximately 66.40% to 0.83% of a PRD and 22.15 dB for SNR. The signal can be reconstructed without
noticeable degradation. The method used allows us to evaluate in the first instance the possibilities of the
technique that can be used to compress EMG signals. Its extension to the EMG signals collected under dynamic
conditions to better experience and generally to other electrophysiological signals could be further investigated.
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