Analysis of EM G signals during posture maintenance
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Abstract. In this paper, the possibility to improve the
poor signal to noise ratio (SNR) of shoulder muscle
activity signalsisinvestigated. Thisactivity ismeasured
with Electromyography (EMG). An improved ratio
makes these EMG signals suitable to validate the pre-
sent neuromuscul oskel etonmodel . In previousresearch,
forcedisturbances (consisting of asummation of many
sinewaves) were used to perturb thearmwhichresulted
in reflex activity. However, poor SNR in the EMG
signalswerefound. Inthisstudy, it isshown that either
areduced number of sine waves or a decrease in
bandwidth of the force disturbancesintensifiesthe re-
flex activity and thereforeimprovesthe signal to noise
ratiointhe EMG signals. Now it appearsto be possible
to qualitatively validate the present neuromuscul o-
skeleton model. Further quantitative research is
recommended to yield moreinsights.

Introduction

Humans have two mechanisms to suppress external
forcedisturbances: theintrinsic musclesvisco-elasticity
and reflexive feedback, both directed by the Central
Nervous System (CNS). In sequel to previousresearch
of the ‘ Delft Shoulder Group’ this study will focus on
thereflexive feedback system only, but now by making
use of the Electromyography (EMG) signals.
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Figure 1. Simplified model of muscle system

Sensors in the muscle, i.e. muscle spindles,
measure position and velocity that are fed back to the
muscleviathe spinal system, generating reflex activity
(Fig. 1). In previous experiments (Van der Helmet al.,
2002) the neuromusculoskeleton (NMS) model,
including reflexive feedback, was quantified by
measuring hand reaction force and hand position.
Analysis of reflexive feedback can also be done with
an EMG model based on the rel ationship between hand
positionand EMG signals. Itisthen possibletovalidate
theNM Smodel and create moreinsights. However, the
high level of noisein EMG signals makes them
unsuitable for identification.

Thisstudyinvestigatesthepossibilitytoimprove
the poor SNR, to proceed on using EMG signalsto
validatethe neuromuscul oskel eton model.

Methodsand experimental set up
Inthisexperiment, force disturbance are applied to the
arm to excite the muscle spindles. In the experimental

T - setup(Fig. 2) thesubject

! sitsin achair and firmly
A holds a handle with the
1 Sk right hand. Unpredict-
' . able (to prevent antici-
: pation by the subject)
force disturbances in
horizontal direction are
applied to the handle
whilethesubject’ staskis
to minimize the position
deviations. To assist the
subject a monitor displays the position of the handle.
During the experiment, the position of the handle and
thereaction force of thearm are measured. In addition,
theactivity of four shoul der musclestismeasured using
EMG.

In previous experiments, the disturbances
consisted of asummation of al possible sinewavesin
awide band (WB) frequency range of 0.2Hz to 20Hz.
Thisresulted in apoor SNRin EMG signals.

To distinguish the muscle activation (as a result
of spindles activity) from the noisy EMG, the former
isintensified. Thisisdone by two modifications:

1. decreasethe number of sinewaves(N)inaWB
signal to increase the power per sinewave, resultingin
higher spindle activity.

2. decrease the frequency range to anarrow band
(NB) disturbancetoincreasethe spindlegainand muscle
activity. This effect has been shown in previous
experiments (Van der Helm et al., 2002).

In conformity with the modifications, two types
of disturbanceshavebeen created (five of eachtype, see
Tablel).

During the experiment each disturbance is
repeated four times, giving 40 trial slasting 30 seconds
each. Thetrialsareappliedinrandom order to 4 subjects
(twomen), all right handed. To counter fatigue, subjects
are allowed at least 10 seconds rest between thetrials
and 15 minutesrest after 20trials.

Toremoveany initial transient response only the
last 26 seconds of each trial are used for further
processing. The four EMG signals are normalized,
rectified and lumped taking in account the principal
action of the muscles. The four repetitions of one
disturbanceareaveragedintime-domaintoimprovethe
data. All time signals are Fourier transformed to the
Table 1LApplied force disturbances

Figure 2. Experimental set up.
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1. Four muscles enable motion in horizontal direction: m.deltoideus anterior, m. deltoideus posterior, latissimus dorsi,

m. pectoralis major



frequency domain. Coherence, thedegreeof correlation
between two signals, is estimated using spectral
densities and taken as a measure of SNR (see Appen-
dix). Thesystem’ sFrequency Response Function (FRF)
of the arm is estimated using spectral densities of the
input, output and disturbance (see Appendix).

Resultsand Discussion

Coherences between the WB disturbance and position
(G?,,) areshowninFigs. 3A - 3Cfor N=5, 20 and 128.
All thefiguresshow ahighlevel of coherence, although
it is seen that lower N resultsin aslightly better
coherence. Figures 3D - 3F show that the coherences
between disturbance and EMG (G?_, ) decrease
substantially for increasing N. Especially Figure 3F
shows a deteriorated and unsteady coherence. These
characteristics conform to the principle of reducing
power per sinewave. For al NB frequency rangesG?_,
and G2, are high (not shown). This result was
expected as spindle gain increases with decreasing
frequency range (Van der Helm et al., 2002).
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Figure 3. Coherences of WB disturbances
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A Bode plot of the FRF (N = 20) relating the
position to the reaction force (H_,) is pictured in Fig.
4A and 4B (solid lines). Other N behave equally, but
they arelessreliable: ontheonehand higher N resulted
inunsteady H_ duetolesscoherence, ontheother lower
N improved coherencebut resultedin lessmeasurement
pointsinthefrequency spectrum. Thesesolidlineshave
adopeof —2 and aphaselag of approximately 180° can
be recognized, suggesting an integrating second order
system. Overshoot in the gain occurs at the
eigenfrequency of 3Hz. The phase change of 150°
instead of 180° isdueto damping of the hand (Van der
Helm et al., 2002). The dotted lines represent H_,
calculated using the NM S model and with its parame-
tersadjusted on cursory inspection to fit the measured
data(solid lines). It isseen that both lines coincide.

InFigs4C - 4D, the solid lines show the gain and
phase rel ationship of the measured EMG signals and

positions (H,.,, ), these figures approximate a second
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Figure 4. Bode plots of measured dataof H . - andH_ at WB

disturbances (solid lines) compared to modeled data of H
and H_, (dotted lines)

order differentiating system. The phase for higher
frequenciesisdescending, duetoatime-delay inH, _, -
(caused by the spinal system) sothat theexpected phase
lead for adifferentiation system does not occur.

The dotted lines represent theH, - calculated
using anew EMG model . For thesecal cul ationsthe same
parameter valuesare used asabove. It isseen that these
linesalso coincidewiththemeasured data(solidlines).
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Figure5. Gainsof H,_ .and H_ at NB disturbances: end
frequencies at 1.6 Hz (30E||3 lines), 2.6 Hz (dotted lines) and 3.7
Hz (dashed lines) compared to the WB disturbance for N=40
(gray lines).
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The gain decreases in Fig. 5A for narrower
bandwidths, due to the above mentioned higher activity
of spindles, which stiffens the system (i.e. lower gain
in Bode plot). The gain increasesin Fig. 5B, also due
tothehigher activity of spindles. Inbothfiguresthegray
line represents the gain of a WB disturbance (N=40).
It is shown that the WB disturbance has less spindle
activity.

Conclusionsand recommendations
Concluding the above, it is readily demonstrated that:
1.itispossibleto substantialy improvethe SNR
in EMG signals by either reducing the number of sine
waves or by narrowing the frequency range.
2.bothH,_ - andH_ show higherlevel of spindle
activity for NB disturbancesthan for WB disturbances.
3. measured dataof H, - and H_, coincide with
modeled dataof H,_, . andH_ . Therefore the EMG
model qualitatively validates the NMS model.

Werecommend further research toquantitatively
validatethe NM Smaodel withthe EMG model, yielding
more results and insights.



Appendix

Coherence

The coherence between two signalsis a frequency
domain measure of the degree of correlation between
the signals. If the two signals are independent, at a
given frequency, the coherency between them is zero
at this frequency. If one signal can be related to the
other by considering them asinput an output of alinear
time invariant system, then the coherence is one.
Coherenceistaken as ameasure of the signal to noise
ratio.

Defined coherences:
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Frequency response function (FRF)

Thefrequency response function isarepresentation of
the system’ s response to sinusoidal inputs at varying
frequencies. The output of alinear system to a
sinusoidal inputisasinusoid of the samefrequency but
with a different magnitude and phase. The frequency
response is defined as the magnitude and phase
differences between the input and output sinusoids.
Usually, behaviour of FRFsis pictured in Bode plots,
showing magnitude and the phase.

Defined FRFs:
B
Hy=- S‘_:_
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