










Translation only

f is square root firing rate of neuron

vx, vy, vz is translational velocity

Translation and orientation

Basic approach:  take many observations f and solve for b vector

Each neuron’s b-vector can be interpreted as a preferred direction

Population Vector Encoding



Population Vector Encoding

weighted damped pseudo 
inverse — it weights units 
that are more variable or 
carry less strong signals less

damped pseudoinverse

Basic approach:  take many observations f and solve for b vector

Each neuron’s b-vector can be interpreted as a preferred direction



Assistance

Monkey controls subset of degrees of freedom


Velocities that do not move towards the target are attenuated









Population Vector Encoding - 10 dimensions



Population Vector Encoding
Two rounds of decoding

   (1) Watch robot and think about imitating motions

   (2) Attempt motions while restricted to move forward and backwards 


along fixed path


10-15 minutes of data collection in each phase





7D 
Sequence 

Task



10D 
Sequence 

Task



7D 
Comparison 
Experiments



Early ARAT 
tests (prior 

to VR 
training)



7D VR 
Sequence 

Task



7D VR 
Object 
Task



10D VR 
Object 
Task



Later ARAT 
tests (after 
VR object 
training)



Some press









Alternative:   SEEG electrodes

considered to be minimally invasive



Alternative:   EEG (noninvasive)

https://www.youtube.com/watch?v=tUAZRp65Eqs




Alternative:   EEG (noninvasive)

https://www.youtube.com/watch?v=Ccor_RNHUAA

