
1 Supplementary 

EMG signal pattern recognition is employed to identify movement patterns over time. 

1.1 Root Mean Square 

Reflects muscle activation level, strongly correlated with torque output. 

𝑅𝑀𝑆 = ඩ1𝑁෍𝑥௜ଶே
௜ୀଵ  

1.2 Modified Mean Absolute Value Type 1 

Enhance amplitude detection by weighting signal segments differently. 

𝑀𝐴𝑉1 = 1𝑁෍𝑤௜|𝑥௜|ே
௜ୀଵ 𝑤௜ = ቄ1 0.25𝑁 ≤ 𝑖 ≤ 0.75𝑁0.5 𝑒𝑙𝑠𝑒  

1.3 Modified Mean Absolute Value Type 2 

Enhance amplitude detection by weighting signal segments differently. 

𝑀𝐴𝑉1 = 1𝑁෍𝑤௜|𝑥௜|ே
௜ୀଵ 𝑤௜ = ൝ 1 0.25𝑁 ≤ 𝑖 ≤ 0.75𝑁4𝑖/𝑁 0.25 ≥ 𝑖4(𝑖 − 𝑁)/𝑁 0.75 ≤ 𝑖  

1.4 Waveform Length 

Quantifies signal complexity and duration of muscle activity. 

𝑊 = ෍|𝑥(𝑘) − 𝑥(𝑘 − 1)|ே
௜ୀଶ  

1.5 Mean Absolute Value 

Measures signal amplitude, useful for detecting muscle contraction intensity. 

𝑀𝐴𝑉 = 1𝑁෍|𝑥௜|ே
௜ୀଵ  

1.6 Zero Crossing 

Indicates frequency changes, useful for detecting muscle fatigue. 

𝑍𝐶 = ෍(𝑠𝑔𝑛(𝑥௜ ∗ 𝑥௜ାଵ) ∩ |𝑥௜ − 𝑥௜ାଵ|) ≥ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑ேିଵ
௜ୀଵ  



1.7 Difference in Absolute Standard Deviation Value 

Tracks signal variability. 

𝐷𝐴𝑆𝐷𝑉 = ඩ 1𝑁 − 1 ෍(𝑥௜ାଵ − 𝑥௜)ଶேିଵ
௜ୀଵ  

1.8 Slope Sign Change 

Tracks signal variability, related to rapid force fluctuations. 

𝑆𝑆𝐶 = ෍ൣ𝑠𝑔𝑛ሾ(𝑥௜ − 𝑥௜ିଵ) ∗ (𝑥௜ − 𝑥௜ାଵ)ሿ൧ேିଵ
௜ୀଶ  

1.9 Simple Square Integral 

Represents energy content, linked to force production. 

𝑆𝑆𝐼 = ෍|𝑥௜|ଶே
௜ୀଵ  

1.10 Willison Amplitude 

Counts signal spikes, indicating motor unit recruitment. 

𝑊𝐴𝑀𝑃 = 1𝑁෍ 𝑓(|𝑥௜ − 𝑥௜ାଵ|)ேିଵ
௜ 𝑓(𝑥) = ቄ1 𝑥 >  𝑥௧௛0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

1.11 V-Order 

Nonlinear amplitude estimator, robust to noise. 

𝑣 − 𝑜𝑟𝑑𝑒𝑟 = ൭1𝑁෍𝑥௜௩ே
௜ୀଵ ൱ଵ௩ 

1.12 Myo pulse Percentage Rate 

Estimates muscle activation duration. 

𝑀𝑌𝑂𝑃 = ෍𝑓(𝑥௜)ே
௜ୀଵ 𝑓(𝑥) = ൜1 𝑖𝑓 𝑥 > 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑0 𝑖𝑓 𝑥 < 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 

1.13 Average Amplitude Change 

Measures signal dynamics over time. 



𝐴𝐴𝐶 = 1𝑁෍|𝑥௜ାଵ − 𝑥௜|ேିଵ
௜ୀଵ  

1.14 Standard Deviation  

Reflects signal dispersion, related to force steadiness. 

𝑆𝑇𝐷ேିଵ = ඩ 1𝑁 − 1෍(𝑥௜ − 𝑥̅)ଶே
௜ୀଵ  

 
 
Notes: 
N: Window Size 𝑥௜: 𝑖 the sampled EMG signal in the current window 𝑠𝑔𝑛(𝑥) = ൜1,     𝑖𝑓 𝑥 ≥ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

Threshold: Noise level of the EMG signal 
 


