
• Understanding whether robot-mediated therapy is 
effective requires characterizing whether performed 
motions are unhealthy and intervening accordingly.

• Standard synergy-based modeling methods are limited 
in two ways:
• They may fail to distinguish healthy and unhealthy 

behaviors for users with milder impairments [1].
• Their analysis does not admit clear prescriptions 

for how behavior should be modified to reach a 
healthier state.
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• A novel formulation of functional principal component analysis 
(FPCA) characterizing the temporal behavior of surface 
electromyography (sEMG) data collected during repeated 
therapy motions

• Proof-of-concept that this formulation exposes differences 
between healthy and pathological neuromotor behavior, even 
when synergy-based methods do not

• A theoretical framework for leveraging this formulation to 
prescribe therapy tasks

• We demonstrate that our FPCA/HMM modeling method 
is capable of detecting and measuring temporal and 
behavioral sEMG patterns that differ between 
healthy and post-stroke populations in a data set for 
which standard synergy methods failed to do so [1].

• We empirically show on a subset of our post-stroke trials 
that repetitions misclassified by HMMs exhibit flexion 
synergy. This synergy was previously not detected using 
standard synergy analysis techniques.
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Prior Work: HMM-Based sEMG Analysis

Hidden Markov Models (HMMs) were shown to expose 
temporal irregularities in post-stroke neuromotor 
behavior not detected via standard synergy analysis [2].

Data from 13 healthy and 2 post-stroke users were 
collected during isometric trajectory tracking tasks with 
repeated motions on the OpenRobotRehab [1] platform. 

We demonstrate that decomposing sEMG data from repeated 
robot-mediated therapy tasks using FPCA can expose interpretable 
differences in healthy and post-stroke neuromotor behavior.

• Design prescriptive models that 
optimize robot interventions to 
improve user transition dynamics 
and user muscle activation 
patterning

• Test this model's ability to 
perform on a larger variety of 
dynamic tasks

Eigenfunctions characterize the 
neuromotor behavior exhibited 

during repetitions of a trial

Users perform repeated 
therapy motion (e.g., x-

axis/left–right motion 7x)

Principal components measure 
how similar neuromotor 

behavior remains over the 
duration of repeated trials

Transition dynamics measure 
how well a user can alternate 
between different dynamic 
movements

Gaussian distributions 
parameterize the neuromotor 
behavior of different dynamic 
movements

FPCA decompositions of sEMG 
data (projected via UMAP) 
expose clear behavior 
differences between healthy 
and post-stroke usersleft, right
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All model components can be 
used to inform robot 
interventions (current work)
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