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Intramuscular EMG

Intramuscular EMG: - high-fidelity image, with
many details visible
- high selectivity
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Surface EMG

- low selectivity
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Redundancy of information
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Images blurred (low-pass filter)

Arrays of surface electrodes

Gastrocnemius
Subject D,
40 % MVC
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Decomposition of surface EMG:
possible approaches

Space of MUAPs / MUAP trains Space of MU discharge patterns /

trains of delta pulses

morphological differences of statistical properties of MU

MUAPs discharge patterns
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+ single or multichannel EMG - multichannel EMG (large
arrays of electrodes)
+ not sensitive to MUAP

superimpositions

- sensitive to MUAP
superimpositions

Template matching Blind Source Separation

Convolution Kernel Compensation’
x[n]:HE[n]

« Inverse of correlation matrix of measurements:

C;l - (H” )—1C§1H—1
* reconstruction of MU discharges:
$[n]= x[no]T Cx_lx[n]
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1 A. Holobar, D. Zazula: Multichannel Blind Source Separation Using

Convolution Kernel Compensation, IEEE Trans. on Signal Processing,
2007, vol. 55, no. 9, pp. 4487-4496.

SEMG decomposition
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ion pulse trains

MUAPs reflect MU
properties, i.e.,
conduction velocity,
location of
innervation zone,
fiber length, etc.

MU firing rate,
recruitment
threshold and
degree of synchroni-
zation reflect central
control strategies.

Surface EMG mixing process in a matrix form

x[n]=H§[n]

* mixing matrix (MUAPs, L samples long):
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+ extended vector of sources (trains of delta pulses):

S[n MU 1 n+L MU2 ]

} Channel 1
} Channel 2
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Reconstruction of MU discharge patterns
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CKC: iterative reconstruction of MU discharges

) Iteration = 1, Signal to Interference Ratio (SIR) = 6.9 dB
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CKC: reconstruction of MU discharges
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CKC: reconstruction of MU discharges
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CKC: reconstruction of MU discharges
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Identified MU discharge patterns
abductor pollicis brevis, isometric contraction at 10 % MVC
exerted muscle force\ 10 % MVC
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Reconstructed MUAP trains
Identified MUs account for 31 % - 57 % of signal energy

channel
=
g

Residual after subtraction
Identified MUs account for 31 % - 57 % of signal energy

1 AR O p vtk o A s Myl
2 MWy "\)‘A‘W R e YA it L b V v

3 IS A A AN e A T e A AN s A M A A

channel

L N e Y e L s

. .
6.3 6.35 6.4 6.45 6.5 6.55 6.6 6.65 6.7 6.75
time (s)

Spatial distribution of identified MUs
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Conclusions

» Decomposition of HD-EMG calls for different approaches
than decomposition of intramuscular EMG:
— via template matching
« small number of channels

« problems with superimpositions and similar MUAPs of
different MUs

— via blind source separation
« large number of channels: 2D arrays of surface electrodes

» Assessing accuracy:

— mutual comparison of different decomposition
techniques (intramuscular & surface)

— How can we be sure?

The sEMG decomposition team
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