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Supplementary Video 1. Real-time control of a neuroprosthetic hand by paralysed 

patient. Video shows the real-time control of the prosthetic hand by subject 1 using 

attempts to grasp with or open his completely paralysed right hand. 

  



 

Supplementary Figure S1. Online decoding process. MEG signals of 500-ms time 

windows were converted to SMF for every 200 ms. Using the acquired SMFs, an onset 

detection algorithm estimated the times of movement intentions. In the algorithm, 

confidence values of movement intention were calculated by a support vector machine 

(SVM) and a Gaussian process regression (GPR). When both of these values exceeded 

their respective, manually set thresholds, onset was detected (indicated by green 

arrowhead). To avoid multiple detections of onset in a single intention, onsets within a 

refractory period were ignored. At the time of the detected onset, movement type was 

classified by another decoder trained by the SVM. 

  



 
Supplementary Figure S2. Classification analysis using nested cross-validation. To 

assess the classification accuracy without overestimation, nested cross-validation was 

adopted. For each round of outer cross-validation, training datasets were evaluated for 

classification accuracy using cross-validation (inner cross-validation). The inner 

cross-validation was performed repeatedly at each time window of the decoding feature 

and with all combinations of gamma and cost, the hyperparameters of the RBF kernel 

SVM. The time window and hyperparameters that maximised the classification 

accuracies were selected as optimal parameters. Finally, the test dataset of the outer 

cross-validation was tested by a decoder trained with the optimal hyperparameters using 

decoding features at the optimal time window. 

  



 

Supplementary Figure S3. Evaluation method of closed-loop sessions. Posture of hand 

denotes the state of the prosthetic hand. Grey and white areas between arrows denote 

“same-state” and “different-state” sections, respectively. These sections were defined by 

the movement instructions relative to the state of the prosthetic hand. Arrowheads with 

“grasp” or “open” indicate the timing of onset detections and inferred movement at the 

detection. The onsets indicated by red arrowheads were evaluated for their movement 

type classification accuracy in the closed-loop session, whereas the onset shown with 

the blue arrowhead was not used. At the blue arrowhead, we expected that the patient 

had no intention of moving their hands. Or, at that time, we did not expect a neural 

signal corresponding to a movement intension. Therefore, we excluded the data of this 

onset from the evaluation of the movement type classification accuracy, because we 

could not evaluate p(movement type | neural signal for movement intention). It should 

be noted that the duration between onset detection and change in the state of the 

prosthetic hand corresponds to the system delay. 


