
Berlin, Germany
July 8, 2009

Theory and Application of Electrocorticographic (ECoG) 
Signals in Humans

Gerwin Schalk, Ph.D.
Research Scientist V, Wadsworth Center, New York State Dept of Health, Albany, New York

Associate Professor of Neurology, Albany Medical College, Albany, New York
Associate Professor of Biomedical Sciences, State University of New York, Albany, New York

Adj. Assistant Professor of Neurosurgery, Washington University in St. Louis, St. Louis, Missouri
Adj. Associate Professor of Biomedical Engineering, Rensselaer Polytechnic Institute, Troy, New York

Donnerstag, 16. Juli 2009



ECoG

Electrocorticographic Signals (ECoG) in Humans

Characteristics

Relationship

BCI Control

Diagnosis

Open Questions

Future Directions

Donnerstag, 16. Juli 2009



SIGNAL
ACQUISITION

AND 
PROCESSING

SIGNAL  FEATURES
TRANSLATION
ALGORITHM

DEVICE
COMMANDS

Donnerstag, 16. Juli 2009



Different BCI Signal Modalities

Leuthardt, Schalk et al., Neurosurgery, 2006
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Electrocorticographic Signals (ECoG) in Humans

Brunner, Ritaccio, Schalk et al., Epilepsy and Behavior, 2009
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mu/beta rhythms
gamma activity
local motor potential
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e.g., Crone et al., 1998, 2000, 2001;  Graimann et al., 2002;  Fetz, Ojemann et al., 1999, 2001;  Sinai et al., 2005;  
Miller, Schalk et al., 2007;  Leuthardt, Schalk, et al., 2007;  Brunner, Schalk et al., 2009

Mu/Beta and Gamma
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Schalk et al., J Neural Eng, 2007
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Relationship with General Movement Parameters: 
Motor Homunculus
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Relationship of ECoG with 
Hand/Tongue Movements

Donnerstag, 16. Juli 2009



Relationship of ECoG with 
Hand/Tongue Movements

Miller, Schalk et al., J Neurosci, 2007
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Crone et al., Brain, 1998;  Sinai et al., Brain, 2005;  Miller, Schalk et al., J Neurosci, 2007;  
Leuthardt, Schalk et al., Neurosurgery, 2007;  Towle et al., Brain, 2008;  Brunner, Schalk et al., Epilepsy and Behav, 2009

Relationship of Gamma
With Electrical Stimulation
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Kasanetz et al., J Physiol, 2006

Relationship of ECoG with Multi-Unit Activity
(in rats)
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Relationship of Gamma with fMRI
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Relationship of ECoG with Details of Movements: 
Decoding of Function
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Decoding Direction of Hand Movements
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Tuning to Direction of Hand Movements

Schalk et al., J Neural Eng, 2007
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Spatio-Temporal Gamma Activity Related to 
Hand Movements

Schalk et al., J Neural Eng, 2007
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Spatio-Temporal Gamma Activity Related to 
Hand Movements

Schalk et al., J Neural Eng, 2007
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Decoding Hand Position

Schalk et al., J Neural Eng, 2007
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Decoding Hand Movements

Schalk et al., J Neural Eng, 2007
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Response to Thumb Movement
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Response to Index Finger Movement
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Classification of Individual Fingers 
in 5 Subjects

Kubanek, Schalk et al., J Neural Eng, in revision
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Decoding Thumb Flexion
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Decoding Thumb Flexion
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Decoding Vowels and Consonants

Pei, Schalk et al., in preparation
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Associating Brain Activity with
Cursor Movement  
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One-Dimensional BCI Control

Leuthardt, Schalk et al., J Neural Eng, 2004
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Leuthardt, Schalk et al., J Neural Eng, 2004
Leuthardt, Schalk et al, IEEE T Biomed Eng, 2006
Wilson, Schalk et al., IEEE T Biomed Eng, 2006

Felton et al., J Neurosurg, 2007
US Patent #7,120,486

International patent pending
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Leuthardt,  Anderson, Blakely, Moran, and Schalk, 9/2006Movie courtesy of Eric Leuthardt, WashU
2000
BCI powered by

BCI2000
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Leuthardt,  Anderson, Blakely, Moran, and Schalk, 9/2006
2000
BCI powered by

BCI2000
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Schalk et al., J Neural Eng, 2008

Subj D (actual movement) Subj E (imagined movement)
vertical control horizontal control
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Two-Dimensional BCI Control
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Triggering Action with the Brain:
Clint Eastwood, 1982
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Brunner, Ritaccio, Schalk, 2009
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Triggering Action with the Brain:
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Using Imagined Vowels for 
Silent Communication

2000
BCI powered by

BCI2000

In collaboration with Eric Leuthardt, WashU
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Using Imagined Vowels for 
Silent Communication

2000
BCI powered by

BCI2000
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One more thing ...
Brain-Computer Interface

World Record
G. Schalk, P. Brunner, Wadsworth/AMC

150 bits/min, 29 characters/min
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Brunner, Ritaccio, Schalk, Wadsworth/AMC, 2009
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Brunner, Ritaccio, Schalk, Wadsworth/AMC, 2009
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Invasive brain surgery (e.g., for epilepsy or tumors) requires 
mapping of function

Several techniques for functional mapping exist 
(e.g., fMRI, PET, electrical stimulation)

All have substantial problems

We use ECoG and our BCI techniques (BCI2000, SIGFRIED 
algorithm) for real-time mapping

Functional Mapping

Schalk et al., J Neurosci Meth, 2008;  Schalk et al., NeuroImage, 2008
Brunner, Ritaccio, Schalk et al., Epilepsy and Behavior, 2009

Donnerstag, 16. Juli 2009



Lateral X-Ray
and ECoG Grids

Language Localization
Using ECS Mapping

(5 hours)

Language Localization
Using SIGFRIED Mapping

(several minutes)

RECEPTIVE
LANGUAGE

RECEPTIVE APHASIA
ANOMIA

60 sec 120 sec

NAMING

Real-Time Mapping Example #1
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Real-Time Mapping Example #2
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Motor Localization
Using ECS Mapping (5 hours)

Motor Localization Using SIGFRIED Mapping
(several minutes)

Example applications to date include motor, expressive/receptive language, and naming.
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Real-Time Mapping Example #3
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Real-Time Mapping Example #3

Hand Tongue

Results from ECS after 2.5 hours
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Real-Time Mapping Example #3

Hand Tongue

after 60 sec after 180 secResults from ECS after 2.5 hours
Results from SIGFRIED

* *

**

Donnerstag, 16. Juli 2009



Real-Time Mapping Example #3
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2000
BCI

powered by BCI2000 and SIGFRIED technologies
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2000
BCI

Brunner, Ritaccio, Schalk et al., Epilepsy and Behav, 2009
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Candidate 1:
One oscillation (such as the mu rhythm)

Candidate 2:
“Brain Noise” with power-law characteristics

Candidate 3:
Many local oscillations

Question 1: What is Gamma?
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Question 2: What is the LMP?
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Question 2: What is the LMP?

?
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Location?

Scale?
(subdural, epidural, scull screws)

Inter-electrode distance?

Task?
(decoding kinematic parameters vs. feedback)

Question (Set) 3: What is the best ...
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0.5 mm

Current µECoG

Justin Williams, University of Wisconsin
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Next Generation µECoG

Justin Williams, University of Wisconsin

Electronics integrated 
into platform
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Different Design ...

Pascal Fries, Nijmegen Thomas Stieglitz, Freiburg
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What does all this mean?
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The Communication Problem
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The Communication Problem Solved
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Schalk, G.
Brain-Computer Symbiosis
J. Neural Eng. 5:1-15, 2008
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ECoG presents an exciting opportunity for: 
Brain-computer interfaces

Neuroscience research

Clinical diagnosis

Conclusions
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