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Decomposing motor units through elimination for
real-time intention driven assistive neurotechnology
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Motivation for motor units as a control signal

EMG decomposition as a BSS problem
Goal: Find unmixing matrix B to recover motor unit sources

X(t) = HS(t) + N(t)
S(t) = BX(t)
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C: number of EMG channels
N: number of samples in time
- M: number of motor unit sources
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MUelim algorithm

Input EMG data X is first divided into non-overlapping windows followed by an
extend-lag procedure to incorporate temporal information
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Approximate joint diagonalization
1 n
L(B) = %Z llogdet diag (BC;B™) ~log det(BC;B")]
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Improvement iteration and elimination
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Source refinement and elimination
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Algorithm evaluation

Simulation Experiments
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A 99.99 +0.01 0.99 + 0.14 0.03+0.02
SCD 99.99 + 0.01 0.93+0.13 0.03 £ 0.02
T 98.98+0.07 0.00 £ 0.00 3.06 + 0.20
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HD-EMG Grid Experiments
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12.8 +2.7 1.3+£0.1 091+0.01 7.8+1.8 0.3%0.0 0.91 £0.01
18.8 +4.2 3.1%0.2 092+0.01 11.2%+22 0.7+0.0 0.91 £ 0.01
24+05 55+0.6 0.89+0.01 5614 9.2+3.0 0.90 £ 0.02
3.2+0.8 146+36 090+0.01 56+1.7 57+11 0.90 £ 0.01
3.2+2.0 723+45 0.88+0.01 243+96 109+22 0.89+0.00
182+57 1123+285 0.89+0.03 125+3.2 30.9+55 0.93+0.01
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Closed-loop FES for spinal cord injury Y CDMRP

CONGRESSIONALLY DIRECTED
MEDICAL RESEARCH PROGRAMS
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