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Background

Task

Monkey seated with joystick

1. Vibration of joystick handle

2. Cortical microstimulation

Visual stimuli projected on screen

Somatosensory stimuli presented
via:

Task completion requires
synthesis of vision and
somatic sensation

1 2

3 4

Monkey holds cursor in the center

Somatosensory cue delivered in 
center target

Two peripheral targets appear after
a delay: typically 2 seconds.

Move cursor to the correct target
for reward

Learning curve for the vibrational
cue. The cue consisted of constant
vibration of the joystick handle at
approximately 30 hz for 1-2
seconds. Filled circles represent
sessions that were statistically 
significant (p < 0.001)

Behavior
with vibration

Electrodes

Implants

Neuronal tuning
&

receptive fields

63 um40 um

300 um

1000 um

Top SideStainles Steel microwire electrodes

Sharp tips for penetrating pia

1 mm spacing between bundles

32 electrodes per array in
bundles of two

40 um diameter wires
for recording and 63 um
diameter wires for stimulation

300 micron offset between tips
(larger diameter are deeper)
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BMI Predictions

Behavior with
microstimulation

Microstimulation
protocol

50 uA biphasic pulse pairs

Pulse-width of 150 microseconds

30 Hz for one to two seconds

Stimulation in hand S1 on electrode
pairs with hand or finger receptive
fields

Stimulation of M1 with 60 uA is
sufficient to evoke muscle contractions
of the arm and hand

Online predictions are made
with the monkey in-the-loop

Movements can be
reconstructed from neuronal
data using a linear model
(Wiener filter) of the instan-
taneous firing rate

Firing rate is binned at
100 msec and 10 tap-
weights are used per neuron

Blue trace is actual movements
Red trace is estimated from
neuronal data

Future directions
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Time-course of movements
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Electrode pairs chosen for
microstimulation had receptive
fields on the ventral aspect of
the manus: tips of the digits
of D2, D3 and D4 and the palm
pad for D1.
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Stimulus
Reversal
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Visiually identical but
microstimulation feedback is

delivered on contact .
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