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Abstract: In order to solve the unclear correlation between muscle synergy patterns of simple and
complex movements, the method of combining non-negative least square and cosine similarity was
utilized to study the correlation between the two types of movements from the perspective of mus-
cle synergy analysis. Firstly, simple and complex upper limb movement paradigms were designed
separately and 8-channel surface electromyography (sEMG) signals were recorded from 20
healthy subjects during movement execution. Secondly, muscle synergy patterns for simple and
complex upper limb movements were extracted respectively by decoding of 8-channel sEMG sig-

nals using non-negative matrix factorization. Then, the non-negative linear coefficients of the lin-
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ear combination model were calculated using the non-negative least square and the reconstructed
motions were constructed based on these coefficients and the synergy patterns of simple move-
ments. Finally, the similarities between the reconstructed motions and complex movements were
evaluated by cosine similarity, and the correlation between simple and complex movements was
explored. The results show that synergy patterns of complex movements are the preservation and
merging of synergy patterns of simple movements. The preservation of synergy patterns indicates
that there are shared basic muscle synergy patterns between simple and complex movements, and
the merging of synergy patterns indicates that the synergy patterns of complex movements are a linear
combination of synergy patterns of simple movements. The research provides a theoretical basis for the
study of neuromuscular motor control and a reference for the study of muscle-computer interface
technology.
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Fig. 1 The simple movements of upper limbs
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Fig. 2 The complex movements of upper limbs
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Fig. 4 The maximal voluntary contraction action
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synergy patterns of hand movements
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synergy patterns of shoulder movements
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