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This study will provide insights into how enough information related to multi DOFs of human moiton
can be extracted from HDEMG for motion intention estimation, considering the spatial variations of
the muscle activations. This will help to improve the quality of life of wearable robotic users.

In wearable robotic systems like exoskeletons and prostheses, capturing the
motion intention of their wearer is crucial for intuitive control to supplement or support the
intended motion. In this study, high-density electromyography (HDEMG) was utilized as a biological
signal to extract human motion intention, focusing on a prosthetic hand user. The human hand
possesses a higher number of degrees of freedom (DOFs). However, conventional muscle signal
measurement and analysis techniques are inadequate to provide sufficient information related to this

higher number of DOFs. This study demonstrated that variations in spatial activations of human
muscles, measured with HDEMG can offer adequate information to estimate motion intention for higher
DOFs with higher accuracy in real-time. Initially, the spatial information of the human muscles was
mapped into heatmaps. Later, corresponding information related to the spatial changes in the
heatmaps over time was used to estimate intended motion.
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Wearable assistive robotic systems require understanding users’ motion intentions to offer
intuitive assistance. Bio-signal modalities like EEG, fNIRS, or sEMG can capture signals
from the nervous system, accessing information related to intended motions. However,
technical challenges persist in interpreting the acquired data, particularly with a larger
number of motions. In such cases, High-Density Electromyography (HDEMG) can provide
measurements from a higher number of channels, offering comprehensive information
crucial for motion classification.
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Main objective of this study is to investigate how to successfully extract motion related
information from the HDEMG signals for multiple degrees of freedom, considering the spatial
variations of the electrical activity of the human muscles.
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Figure 1- Sessantaquattro Otbioelettronica Figure 2 — experimental setup
bio-signal amplifier, with 2 x 32 HDEMG electrodes

In the current study HDEMG signals were measured and recorded using the Sessntraquattro
— Otbioelettronica bio-signal amplifier and 64 channel electrode grids. The device is shown
in Fig. 1. The device can capture 64 channels of HDEMG signals at a 2000Hz sampling
frequency. In this study motion intention for hand and figure motion were carried out to test
the proposed method. An example of the experimental stup is shown in Fig. 2. Electrode grids
are placed on the interested muscles of the human forearm. Motions commands are displayed
on a screen in front of the subject to be followed. Initially, the study was carried out in an
offline mode, to understand how the motion related information can be extracted from
HDEMG signals.

Thus, this study proposed to use the spatial changes in the muscle activity to be used as
information for the motion intention estimation. We assumed, spatial changes during
motions play a pivotal role in understanding the intricate muscle activation patterns across

the muscles during various motions.
Accordingly, we investigated how to !
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changes in muscle activation during
various motions. We initially, pre
processed the recorded HDEMG
signals to remove artifacts and
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mapped by rearranging the electrode Figure 3 - Spatial variations of the muscle activity at its
numbers to be correspond to the peak variation for different motions

placement of the electrode grids.




With this heatmap images were generated to represent muscle activations based on the RMS
values of the EMG channels. Heatmaps generated for 12 different motions in one of the
experiments are shown in Fig. 3. As can be seen in the heatmaps, the muscle activations
show different activation pattern during different finger motions. In the next step of the study,
we introduced commonly available feature extraction techniques in image processing
techniques such as Gabor filters and histogram of gradient (HOG) features to process these
images and extract the information related to the color changes corresponding to the muscle

activation.
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Figure 4. Classification results for offline study with 8 subjects

Using such extracted features, we
employed machine learning
techniques such as support vector
machine (SVM), error correcting
output codes — SVM (ECOC-SVM) to
classify the motion. The lates offline
study showed an average accuracy
of 95.0% for the 12 hand motions for
all 8 subjects, in combination with
HOG features and SVM classifier
for 5 fold cross validation. The
detailed results are shown in the
table in Fig. 4. In the next stage we
extended the study to a real-time
approach with the same Dbasic
configuration as learned during the
offline study. An average accuracy
of accuracy of 78.4% for 8 subjects
for 12 hand motions were obtained
for the real-time approach. The
average prediction delay was 90ms,
proving the effectiveness of the
proposed approach in real-time

application for wearable
robotic applications. In
the next stage of this
study we expect to extend
the proposed studies to
estimate simultaneous,
proportional joint
movement, related to the
human motion intention.

In conclusion, this study
demonstrated that the
human muscles show
spatial variation in their
electrical activity for
different motions.
HDEMG signals could
successfully measure
these spatial variations
of electrical activity of
the muscle.
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Figure 5. Classification results for real-time study with 8 subjects
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Information extracted from these spatial variations demonstrated they can successfully
provide enough information to estimate human motion intentions, when employed with
suitable signal processing and machine learning algorithms. Next stage of this study will
investigate how to successfully use these information to estimate simultaneous motions,
continuously related to human motion intentions in real-time.
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