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Talk Overview 

Neural Prosthetics 
for Communication and Control

1. Sensory Feedback via Intracortical Microstimulati on
– Issues: biophysical constraints

– Example case: active sensing of virtual objects

2. Chronic Neural Ensemble Recordings
– Issues: cell yield, stability, and reliability 
– Example case: consolidation of prosthetic motor skill
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Sensory Feedback via ICMS
• Motor BMIs have used vision to provide feedback 

• Somatosensory feedback is essential
– Wine glass problem

• Goal: To ‘encode’ information in the somatosensory cortex 

• ICMS is known to evoke motor and sensory effects that mimic the 
functional contribution of the stimulated area 
– [Graziano et al., 2002; Cohen and Newsome, 2004; DeAngelis and 

Newsome, 2004; Tehovnik et al., 2006]. 

• In the somatosensory system, it has been shown that animals can 
– detect microstimulation 
– discriminate between stimulation in different cortical regions 

• [Talwar et al, 2002] 
– discriminate different spatiotemporal patterns of stimulation 

• [Fitzsimmons et al, 2007]



Use of the data in this presentation without the express written consent of the author is prohibited.

• Two encoding schemas

1.Biomimetic
- e.g. somatic percepts of touch

[Romo et al, Nature 392, 1998; de Lafuente and Romo, 2005]

Romo and colleagues showed that 
microstimulation of quickly adapting 
cells can mimic the perception of 
flutter stimulus on fingers and can be 
memorized and compared to other 
stimuli.

ICMS for Sensory Feedback
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• Two encoding schemas

ICMS for Sensory Feedback

1. Biomimetic
- e.g. somatic percepts of touch

2. Arbitrary
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e.g. polar representation of target 
or end-effector
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• Towards safe, long-term chronic microstimulation as will 
be required in neuroprosthetic applications. 
– Goal: to provide an improved interface for neural stimulation and 

recording. 

• Ongoing collaboration with David Martin (U. Michigan) 
and Plexon Inc exploring PEDOT coated 
microelectrodes
– The porous nature and large surface area of PEDOT coatings 

lowers the impedance of metal electrodes
• [Kipke et al. J.  Neural Eng., 2006]

– To do: in-vivo testing of PDOT 
electrodes during ICMS 

ICMS Technology

(D)

1µmpoly(3,4-ethylenedioxythiophene) 
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[Schwarz et al., J Neurophys, 2003]

Safety Margins for ICMS
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~0.5ms

Average of 80 biphasic pulses of 
0.25ms duration and 10uA (2.5nC)

• Very apt quote from somebody at Plexon Inc…
– “Some people do microstimulation 

using ~1s of V… others do arc-welding!!”
– e.g. 200k� * 160� A = 32V !!

• Biphasic, charge balanced pulses
• Ensure that driving voltage stays < 0.6V

– water window (-0.6V to 0.8V) 
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Effects of Microstimulation

Tungsten microwires with 5V peak-peak 1kHz square wave for a second

Saline

Tungsten 
microwires

Bubbles 
of gas
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Neural response to ICMS

[Venkatraman et al. (in press)]

Artifact Reduction Circuit

Subbu Venkatraman
EE graduate student
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System for Simultaneous 
Recording and Microstimulation
of neuronal and behavioral events
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[Venkatraman et al. (in press)]
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Q. Can rats incorporate microstimulation delivered cues into an active 
sensing system to infer the spatial location of targets? 

Active Sensing of Virtual Objects 
created by ICMS

Task
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Utah array  (Norman et al.)

Duke array  (Nicolelis et al.)

CHRONIC SINGLE UNIT RECORDINGS
MULTIELECTRODE ARRAY 

CONFIGURATIONS

Michigan probe 
(Kipke et al.)
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How does anatomical complexity 
(sulci, gyri) affect recording quality 

(yield, stability)?Rat

Owl monkey

Macaque monkey

Human monkey

Hard to draw conclusions
- Small sample size 
- Different neural probes
- Almost no histology
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Chronic Recordings 50 Months
Post-Implantation

Owl monkey
(Aotus sp.)

Nicolelis Lab
Duke University
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M1 (L)M1(R)     PMd (L)

1.2mVpp

0.5mVpp

800 � sec

90 days post-surgery

1 cm

PMdM1

• Materials : Tungsten, polymide insulation,
• Separation : 500� m
• Diameter : 35� m
• Impedance : 0.2-1 MegOhm @ 1kHz, 5nA

Chronic Multielectrode Recordings

Rhesus Macaque
Bilateral implants
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0.8ms

1.3mVpp

0.3mVpp

Recorded neural activity

Spikes150Hz-9kHz

LFPLFP

0.7Hz-170Hz

Nicolelis et al. PNAS 100(19), 2003.

Raw signal
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Recorded neural activity

Selection criteria: Single units with Vpp>100� V
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Stability of M1 neuronal recordings 
in 15 channels across 20 days
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a Manual Control Brain Control

[Ganguly & Carmena (in preparation)]

Karunesh Ganguly, MD, PhD
Postdoctoral Fellow
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Consolidation of 
Prosthetic Motor Skill

Q. Does brain-control practice result in skill consolidation across 
days?

Session
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Shared control : What is 
the optimal compromise?

[Hugh Herr’s example at Smart Prosthetics meeting, 11/2006]

Planning + Execution
Kinematics, Impedance, Posture…

“Prosthetic 
house”

Neural
control

Robot
control

Key factor ��� � strong cooperation 
between academia & industry

Conclusion
Nanotechnology as an Enabler for Neural Prostheses
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Conclusion
Nanotechnology as an Enabler for:

Beyond Health Care 
- New trends on information technology
- Connecting large number of sensors to large 

number of actuators

Neural EngineeringSystems Neuroscience

Tools for Elucidating Brain Function 
- Integration of different techniques
- Progress in observing/controlling 

neural activity
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Current Electrode Design

Electrode grid pattern: two 4x8 grids of electrodes with 2 reference wires per grid.
500um between rows and 750um between center rows

5 mm

[CD Neural Technologies, Durham NC]
• Materials : Tungsten, polymide insulation,
• Separation : 500� m
• Diameter : 35� m
• Impedance : 0.2-1 MegOhm @ 1kHz, 5nA
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SPIKE SORTING & CLUSTER ISOLATION PROCESS

CELL STABILITY ACROSS DAYS

Depth = 1500 � mDepth = 1200 � mBase = 600 � m

2 turns 3 turns

MOVABLE ARRAYS

[Nicolelis et al. PNAS 100(19), 2003.]
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[Nicolelis et al. PNAS 100(19), 2003.]

Monkey 1 Monkey 2

SIMULTANEOUSLY RECORDED SINGLE NEURONS

• 58 single neurons 
• 4 cortical areas
• 18 months after surgery

• 247 single neurons 
• 5 cortical areas
• 30 days after surgery


