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Abstract: In today’s era of telemedicine, data and graphical
records are required to be transmitted over noisy, power limited
and band limited channels. The effective compression is the best
alternate to save time and bandwidth. For Electromyogram
(EMG) signal, that are huge in data size, must be compressed in
such a way so that can be recovered with minimum alterations.
This work focused on the tuneable method to compress EMG
signals, with linear and non linear transforms. The analysis is
based upon compression factor (CF) and percentage root mean
square difference (PRD). The results helps to conclude that non
linear transform method have precedence over the linear
transforms for almost entire range of user defined PRD (UPRD).

Keywords : Compression, EMG signals, Linear transform, Non
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I. INTRODUCTION

Electromyogram (EMG) signals are due to the

neuromuscular activities which makes the muscles
contraction. This causes the generation of electrical currents
which rely on the anatomical and physiological properties of
muscles. EMG studies are used to help the diagnosis and
management of disorders such as the muscular dystrophies
and neuropathies. With the available EMG recorders, the
collected data is huge in size as it is required to be measured
for large period of time at multiple frequencies. If this data is
used for storage or/and transmission needs without any signal
processing, then it will require large space and bandwidth.
Signal acquisition methods provide the solution to said hassle
by representing the same graph with fewer bits (i.e.
compression of signal). The compressed graphs used for any
purpose can be recovered (i.e. decompression of signal) as
original without any loss of signal quality. This will leads to
efficient use of memory device as well as the channel
bandwidth.

The compression of steady state and dynamic EMG signals
with embedded zero tree wavelet and standard wavelet
transform has been done by Norris et al. to access the
difference between PRD and compression factor [20].
Researchers proposed different algorithms using linear
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transform for compression of EMG signals. Discrete wavelet
transform (DWT) outperformed Discrete cosine transform
(DCT) for EMG compression [6]. A new algorithm for
compression of EMG signal using DWT was proposed, which
was normalized and quantized using dynamic bit allocation
scheme based on Kohonen neural network and then quantized
coefficients were encoded by arithmetic encoder [5], [7]. The
EMG signal when passed through the noisy channel may
damage but can be recovered at receiving end with acceptable
quality when processed during compression at transmitting
side with DCT and DWT method [22]. Ntsama et al. use the
JPEG 2000 to compress the EMG signal [23]. Later on,
Ntsama et al. do the comparison of EMG signal compression
by DCT and DWT using vector quantization, Set partitioning
in hierarchical trees (SPIHT) and arithmetic coding [21].
Colince et al. find the trade-off between quality and CF when
use the combination of Differential pulse-code modulation
(DPCM) along with DCT and DWT [12].

Researchers also proposed different algorithms using
non-linear transform for compression of EMG signals. Ele et
al. presented modified lifting scheme for EMG signal
compression to enhance the CF and to optimize the channel
bandwidth [16].

EMG signal compression method was also proposed by
using Autoregressive modelling theory [8]. If the shape of the
signal waveform has to be preserved after compression, it will
results in high compression factor (CF). Further, Carotti et al.
[9], [10] preserved the shape of EMG signal waveform,
results in reduction of CF by almost 9%. Afterwards, Carotti
et al. improve the quality of reconstruction of signal by
exploiting both intra- and inter channel redundancy to achieve
high CF without significant increase in signal-channel coding
complexity [11].

EMG signals are segmented in two dimensional signals and
managed to exploit the correlation property [13]-[15]. That
signals are then encoded with JPEG2000 algorithm.

Form the literary support signal representation can be done
by using appropriate transform method which are categorised
as: linear transforms and nonlinear transforms. The linear
transform segmented the signal in various parts based on its
features by multiplication with transfer functions for example
Discrete Cosine Transform (DCT), Discrete Wavelet
Transform (DWT), Fractional Fourier Transform (FRFT) etc.
Linear transforms has various features like progressive image
transmission, ease of compressed signal manipulation, region
of interest coding etc.
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Linear transforms are non-adaptive methods so causes huge
number of coefficients appears at discontinuities (Gibbs
phenomenon). Whereas non linear methods (i,e
Morphological Haar wavelet transform (MHAAR),
Essentially non-oscillatory cell average transform (ENOCA),
Lifting wavelet transform (LWT) are adaptive in nature so
lessen the coefficients that occurs because of discontinuity in
signal, resulting high compression ratio.

From the previous work, the quality controlled
compression method with EMG signal is till date the
untouched area and even most of the work was carried out
with linear transform methods like DCT and DWT. Very few
work has been reported by using non linear technique.
However, there is no information available to compare the
linear and non linear transforms for compression of EMG
signals. This work introduced the linear FRFT and other non
linear methods to compress the EMG signals. In this study, we
also tried to justify the use of linear and non linear transform
approach for EMG signals.

Il. METHODOLOGY

For the proposed work, the data set was taken from
Physionet database [19] to compare the three signal samples
of 1-minute duration that belongs to a young healthy person of
age 44 years, a middle age 57 year old person who is suffering
from myopathy and old person of 62 year age and suffering
from neuropathy.

In this research work, linear as well as non linear transform
techniques are used to obtain the zero mean. To match the
predefined user-specified percentage root mean square
difference (UPRD), threshold values of coefficients (i.e
maximum and minimum values) are obtained by using
Bisection algorithm. Positioning mapping is done from the
threshold values that are in the lookup tables. Huffman coding
is used to encode the lookup table entries. Non-zero
coefficient values are quantized using MaxLloyd quantizer,
which is required to improve the signal to noise ratio.
Arithmetic encoder is used to encode the quantized values
[1]-[4].

The used transformation techniques operate at different
level of decompositions. In ENOCA it is with one stage and
two-degree interpolation. For DWT, EMG signal is
decomposed to six levels using biorthogonal 4.4 filter,
whereas for MHAAR and FRFT the level of decomposition is
one and two respectively. LWT use the filter cdf 97.

Signal quality is percentage of root mean square difference
(PRD) dependent, with the increase in PRD the quality of
signal sullied, but it will also increase the compression factor
(CF). Increased CF leads to optimize the memory and
bandwidth which is the mandatory condition for valuable
compression. With this proposed tunable algorithm user can
achieve improved quality at cost of bandwidth and memory
and on contrary side user can save bandwidth.

The CF and PRD are calculated as equation 1 and 2
respectively [21].

EMG,,;, — EMG.,,,
F= X 1008
EMG,,;, )

Where EMG_,.;, and EMG_,,, are the original and
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compressed file lengths respectively.

JE:: 1[EMGorg [ﬂ’] - EMG?"EG [ﬂ’])z

PRD = :
vx_,(EMG,, [n])’
"ql n=1 org (2)
Where EMG,, [n] is the original signal and
EMG,.[n] is the reconstructed signal and k is the length of
EMG signal.

Pictorial version of linear transform methods (DCT, DWT
and FRFT) and non linear transforms (MHAAR, LWT and
ENOCA) and for EMG signal and the comparison between
original, reconstructed and error signal was done by selecting
emg_healthym at UPRD=3.

I1l. RESULT AND DISCUSSION

This work computes the CF and PRD of compressed EMG
signal that are obtained from three different age group persons
with different medical history. The observations from
simulated results inferred that non linear transform techniques
provide high PRD and CF than linear transform methods.

From the table 1, it can be observed that for emg_healthym
and emg_neuropathym signals, with non linear transform
techniques, the achieved CF is higher for most of the PRD
values. For emg_healthym UPRD 1,2,3,4 and 5, MHAAR CF
is 89.7, DWT 91.27, DWT 92.81, ENOCA 94.90 and LWT
94.63 respectively. For emg_neuropathym UPRD 1,2,3,4 and
5 DWT CF is 89.17, ENOCA 91.49, LWT 91.78, ENOCA
92.12 and ENOCA 92.45 respectively. For emg_myopathym
UPRD 1,2,3,4 and 5, LWT CF is 87.40, LWT 87.40, LWT
89.81, DWT 90.11 and DWT 90.82 respectively. For
emg_myopathym signal the CF is higher with linear DWT
technique but if compared with non linear LWT results, the
difference in CF value is non-significant. Hence it can be
concluded that non linear has the precedence over the linear
transform technique.

Table 2 support the improvement of proposed technique on
the bases of CF and PRD. A lot of work has been done in past
but when compared with present proposed techniques then it
can be inferred that from Norris et. al [20] to Ntsama et. al
[21] the PRD was calculated for fixed CF that ranges from 70
to 85. In this work, CF is calculated for fixed PRD. It is
because PRD reflects the quality of the signal and user can
tune the PRD as per particular requirements. To the best of
our knowledge till date, the researchers achieved PRD from
0.20to 15.76, that is why the range for PRD taken in this work
confined to 1 to 5 which is adequate range for acceptable
quality of signal. Most of the researchers use the wavelet
transform in their work and same transform when used in
presented work show the supremacy in results. The work
when extended for other liner and non linear transforms, then
obtained results are further optimized.

Pictorially the original, reconstructed and error signals are
shown in Figures 1-6. These figures show that the
reconstructed signal is matching with the original signal.
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IV' CO N CLUS I O N . Original : emg, ealthym
The tuneable EMG signal compression is the grey area for °MWWWWMWWWWWWWWW
researchers and this work focused on the untouched liner and e 1 15 s 25 s 35 4 a5 s
non linear transforms. The results were compared with the Reconstucted signal wsing ENOCA: CRe 91.3.6: D= 208 .

previous work in which the obtained CF was 85 with
PRD=1.45. In this work at UPRD=1, the achieved CF is 89.72
by using MHAAR transform and when UPRD increased to 5,

it boost the CF to 94.84 with ENOCA transform. The 002 Erorone

presented work, when compared among various proposed 0

transforms and with literature work concludes that non linear oo

transforms have better CF for various UPRD. This work can -

be further extended with other techniques to optimize the said

parameters for particular environment. Fig. 4.Compression waveform of record emg_ healthy

using ENOCA at UPRD=3.
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Fig. 1.Compression waveform of record emg_ healthy " x 10°
using DCT at UPRD=3.
Fig. 5.Compression waveform of record emg_ healthy
ornalemgeattym using FRFT at UPRD=3.

Original : emg, ealthym

Fig. 2.Compression waveform of record emg_ healthy " x 10°
using DWT at UPRD=3.
Fig. 6.Compression waveform of record emg_ healthy
Oriinal : emgealthym using LWT at UPRD=3.
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Reconstructed signal using MHAAR: CR= 90.5 %; PRD= 2.91

Fig. 3.Compression waveform of record emg_ healthy
using MHAAR at UPRD=3.
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Table- I: Performance of Linear and Non Linear Transforms For EMG Signal

Duration of the signal 1 minute, Quantization bits=12 bits

emg_ myopathym

Transform UPRD’=1 UPRD’=2 UPRD’=3 UPRD’=4 UPRD'=5
BPRD" | QPRD® cF* BPRD" QPRD® cF* BPRD” | QPRD® cF* BPRD" QPRD® cF’ BPRD® | QPRD® cF
DCT 0.99 1.00 | 87.11 1.99 1.98 87.11 3.02 3.03 87.12 3.96 396 | 87.12 | 4.98 498 | 86.12
DWT 1.00 1.03 | 86.98 1.99 2.02 86.98 2.98 2.99 89.42 4.01 403 | 90.12 | 5.02 5.03 | 90.82
MHAAR 0.99 0.99 | 87.16 2.09 2.08 87.16 3.13 2.96 89.72 3.97 396 | 89.76 | 4.81 481 | 89.84
ENOCA 1.00 1.19 | 87.40 1.97 2.11 87.40 2.98 2.99 89.80 3.97 3.99 | 89.77 | 4.95 497 | 89.77
FRFT 1.00 1.01 | 87.10 1.99 1.99 87.11 2.98 2.99 87.11 4.00 402 | 8711 | 4.96 496 | 87.11
LWT 0.99 0.99 | 87.40 1.98 2.00 87.40 2.99 2.98 89.81 4.00 3.98 | 89.70 | 5.00 5.01 | 89.65
emg_ neuropathym
DCT 0.99 1.01 | 79.68 2.01 2.01 79.75 3.00 3.01 | 79.83 4.03 403 | 79.89 | 5.02 5.02 | 79.95
DWT 1.00 1.07 | 89.17 1.99 2.02 89.75 2.98 299 | 90.14 3.97 3.98 | 90.33 | 5.00 5.01 | 90.54
MHAAR 1.00 1.02 | 86.80 2.01 2.04 90.48 3.03 3.04 | 90.92 4.02 401 | 91.28 | 5.04 5.04 | 91.61
ENOCA 0.99 1.00 | 88.17 1.99 2.01 91.49 3.01 3.04 | 9171 4.00 3.97 | 9212 | 4.95 495 | 92.45
FRFT 0.99 1.01 | 82.96 1.98 1.99 84.74 3.00 3.01 | 86.93 4.04 4.04 | 90.72 | 5.02 5.01 | 91.04
LWT 2.00 2.01 91.41 3.02 3.02 | 91.78 4.00 400 | 92.08 | 5.01 5.02 | 92.31

b

2 User-defined PRD

" PRD before quantization

% PRD after quantization
" Compression Factor

Table- 11: Comparison of The results (CF, PRD) For EMG Signal with Literature work

Author
Norris et. al [20] Wavelet PRD 3.90 412 5.20 3.02
Transform CF 70 75 80 85
Berger et. al [5] Wavelet PRD 257 263 385 7.01
Transform CF 70 75 80 85
Berger et. al [7] DWT PRD 179 1.80 2.24 313
CF 70 75 80 85
Filho et. al [17] DWT PRD 121 175 2.64 418
CF 70 75 80 85
Costa et. al [14] C.S.+JPEG PRD 4.39 5.77 9.39
2000 CF 80 85 90
Trabuco et. al [24] DSR PRD 441 470 5.41 6.40 8.22 15.76
CF 70 75 80 85 90 95
Ntsama et. al [21] DWT PRD 0.20 0.38 071 145
CF 70 75 80 85
Hosny et. al [18] Tchebichef PRD 2.3 3.7 5.7
moments CF 60 75 875
Proposed Technique (emg_ PRD 1.01 2.00 3.04 3.97 5.01
healthym) bCT CF 87.15 87.16 87.16 87.16 87.16
PRD 1.06 1.99 3.04 3.98 5.03
DWT CF 87.01 9127 92.81 93.17 93.29
PRD 111 187 291 3.96 5.14
MHAAR CF 89.72 89.90 90.48 90.79 94.36
PRD 113 2.00 2.99 3.98 5.02
ENOCA CF 88.66 90.41 91.30 94.91 94.84
PRD 0.99 2.00 3.00 4.00 5.07
FRET CF 87.34 87.34 87.34 87.34 87.34
PRD 102 201 297 3.98 5.01
LWT CF 87.42 90.50 9132 94.75 94.64
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