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            Abstract
The instability of neural recordings can render clinical brain–computer interfaces (BCIs) uncontrollable. Here, we show that the alignment of low-dimensional neural manifolds (low-dimensional spaces that describe specific correlation patterns between neurons) can be used to stabilize neural activity, thereby maintaining BCI performance in the presence of recording instabilities. We evaluated the stabilizer with non-human primates during online cursor control via intracortical BCIs in the presence of severe and abrupt recording instabilities. The stabilized BCIs recovered proficient control under different instability conditions and across multiple days. The stabilizer does not require knowledge of user intent and can outperform supervised recalibration. It stabilized BCIs even when neural activity contained little information about the direction of cursor movement. The stabilizer may be applicable to other neural interfaces and may improve the clinical viability of BCIs.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more



Subscribe to this journal
Receive 12 digital issues and online access to articles
$99.00 per year
only $8.25 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Stabilized BCI framework.


Fig. 2: Manifold-based stabilization intuition and design.


Fig. 3: Examples of neural recording instabilities.


Fig. 4: Representative experimental session.


Fig. 5: Summary of the single-day experimental sessions.


Fig. 6: Manifold-based stabilization restores performance in the presence of instabilities.


Fig. 7: Manifold-based stabilization maintains performance across multiple days.


Fig. 8: Manifold-based stabilization can outperform supervised recalibration.
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                Data availability

              
              The main data supporting the results in this study are available within the paper and its Supplementary Information. Experimental data for the stabilization of brain–computer interfaces are available at https://github.com/alandegenhart/stabilizedbci.

            

Code availability

              
              The MATLAB code for the stabilization of brain–computer interfaces is available at https://github.com/alandegenhart/stabilizedbci.
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