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Are 24 bits too high of aresolution for wearable sEMG devices? What open datasets say
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ABSTRACT

The surface electromyography (sEMG) signal is used in the medical field for treating various diseases
related to muscular conditions, as well as in other applications such as video games, gesture detection for
smart devices, motion pattern recognition, and monitoring muscle activity in athletes[1]. The proper
acquisition, processing, and handling of this signal are important for data reliability. There are specialized
devices that digitize the sEMG signal, but since there is no established standard resolution, the resolution
varies from one device to another. Currently, semiconductor companies are marketing remarkable 24-bit
data acquisition chips. This article delves into the real resolution used to develop sSEMG-based applications
by first investigating the open access sEMG database accuracy and comparing it with the claimed
resolution. A methodology is proposed for resolution evaluation. Additionally, hand gesture evaluation
was conducted using classification algorithms attempting to ascertain the suitability of using 24-bit versus
a lower resolution performance. Preliminary results of hand gesture evaluation demonstrated a better
classification when using 24-bit resolution but only for an average accuracy improvement of 1.35% using
the 24-bit data resolution. Some of the conditions under which this high resolution may be relevant are

identified.
ADC N BIT
| - | CEVAWTE

e DECLARED BY RESOLUTION

DATASETS sEMG
L

e DATABASES
SEMG
ADQUISITION

FULL VS LESS
( RESOLUTION

* IMPACT
RESOLUTION
ON GESTURE
RECOGNITION y

Amplification
Filtering
(Non standard)

To evaluate the resolution, a data vector (DV) is taken from the database, then the difference ADV
between the future sample minus the present sample is calculated by going through the entire vector.
The resulting minimum value is the floating-point resolution and the formula in point 5 is then
applied.

To compare the impact of resolution on gesture recognition, a methodology was implemented to reduce
the number of bits from the original 24 to 16. Since the 24 bits database units was on mV, the floating-
point resolution was calculated, obtaining 0.3uV or 7 digits, therefore for 16 bits the result was 0.1mV or
only 4 floating point digits. Taking this into consideration, two groups of data were obtained, which were
named full resolution for the database with full 24-bit resolution, and less resolution for the database in
which the resolution was reduced to 16 bits. To verify the impact of resolution on gesture recognition,
different pre-processing applied to full, and less resolution were evaluated. For this analysis, the 4
channels, 9 gestures of patient 1 were used. The following figure summarize the steps performed on the
original database signal files. A windowing of 150 samples was performed. Then a feature (see Fig.1) was
applied to each preprocessing. In addition to the above, The classifier algorithm used was Naive Bayes due

to its relevance and constant use in gesture classifiers [2].
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RESULTS & DISCUSSION
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avoid a saturated signal.

Table 1. Table of SEMG databases for resolution estimations.
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Graphic 1. a) Shows accuracy of Full resolution Raw sEMG signal. b) Shows accuracy of __111¢y
Full resolution Raw sEMG signals c) Shows accuracy of Full resolution Filtered sSEMG — 4 .8 4%:)

signals. d) Shows accuracy of Less resolution Filtered sEMG signals :
Average improvement 1.35%

The gesture recognition accuracy for full and less resolution raw sEMG signals results in
values above 90% with the exception of the WL feature. The gesture recognition accuracy for
full and less resolution filtered sEMG signals, results in values above 60% with the exception
when null preprocessing was applied, where the accuracy is just above 30%. The impact of full
resolution is 1.11% for the raw signal and 1.84% for the filtered signal. And the overall average
improvement was 1.35%. The Maximum peak classification accuracy is 96.36% accuracy for
MAV. Notice a drop in accuracy for WL in raw sEMG signal and a drop in filtered sEMG signals,
when no feature is applied.

CONCLUSION

Analysis of the resolution of SEMG databases can be applied to understand the
signal quality of these and to validate the reliability of the data when using
classification algorithms.

Using a 24-bit resolution, although it improves classification, does not represent a
significant improvement with respect to a 16-bit resolution.

The applied features where an improvement in classification was obtained, were
MAYV and RMS for the Raw sEMG signal and WL for the filtered sEMG signal.

FUTURE WORK

* Inquire of the wireless transmission confirmed for eight high-resolution sEMG channels.
* Model gesture classifier for the 40 patients in database.
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