
B A C K G R O U N D  A N D  O B J E C T I V E S S E T U P

HAMBI
Hybrid Adaptive Muscle-Brain computer Interface

Stroke is the third leading cause of long-term disability

worldwide, leaving millions of survivors with severe motor

impairments that conventional rehabilitation cannot address [1,2].

Motor imagery neurofeedback (MI-NFB) via brain-computer

interfaces (BCIs) promotes neuroplasticity without requiring

overt movement [2,3]. Hybrid EEG-EMG systems offer a more

reliable and robust solution [4], yet current approaches rely on

fixed signal fusion with no adaptation to the individual user.

HAMBI addresses this gap by dynamically selecting and

weighting EEG and EMG features in real time based on each

user's residual abilities.

Preliminary offline results: n=2 healthy subjects, 30 repetitions/task

EEG → CSP + LBP features extracted over the sensorimotor ROI.

MI decoding remains challenging, requiring parameters

optimization.

EMG → Ensemble classifier successfully decoded ME Hand

Opening vs. Grasping. Preliminary accuracies: 97.2% (P1), 98.2%

(P2).

Parameter tuning in progress: CSP regularization and ensemble

weighting strategy.
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The online phase will deploy the EEG-EMG pipeline in closed-

loop, with calibration operating per session and per trial.

▪ User-specific. The adaptive module tracks each user's

evolving neuromotor profile in real time.

▪ Evolving. EEG and EMG contributions are dynamically re-

weighted based on calibration and offline performance, with

calibration adapting per session and per trial.

▪ Soft voting classifier. Classification based on confidence

probability from multiple classifiers.

▪ Portable. A lightweight, personalized system designed to grow

beyond the lab.
C O N C L U S I O N  &  N E X T  S T E P S

[1] World Health Organization. (2008). https://www.who.int/publications-detail-redirect/9789241563598

[2] Coscia, M., & Nicolo, P. (2019). Training muscle synergies to relearn movement: Current perspectives

and future trends. In ICNR 2018: Biosystems & Biorobotics (Vol. 21, pp. XX–XX). Springer.

[3] Coscia, M., Nicolo, P., Neurofeedback : une intervention innovante pour la rééducation des membres 

supérieurs après un accident vasculaire cérébral, Mains Libres, 2024/424 (Vol.41), p. 259-264.

[4] Ma, Y., Huang, Y., Li, C., et al. (2024). A hybrid brain-computer interface based wearable exoskeleton

system for fine-grained hand rehabilitation. 2024 IEEE Biomedical Circuits and Systems Conference, 1-6.

EEG: ANT Neuro waveguard net,

64-ch semi-dry.

EMG: 8 muscles to capture

proximal and distal upper-limb

control.

Tasks: Right hand opening and

grasping (ME and MI).

Feedback: Unity environment.

Synchronization: LSL + Arduino.
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