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Artefact occurs when : 
- The wires are moving
- The magnetic field is changing

B

Gradient Related Artefact (GRA) :

Large artefact induced by the 
variation in the magnetic field
required for a fMRI acquisition.

Pulse Related Artefact (PRA):

Slight movement of the human
body and pulsatile movement of 
the scalp arteries at each heartbeat
are the causes of the PRA.

1) Compute a GRA 
template using the 
mean of the n last 
scan.

2) Subtract the GRA 
template from the 
current EEG.

Methods

Results
Rejects efficiently the 
GRA both on- and off-
line.

Need to have the PRECISE timing of scans !
⇒ Synchronize EEG & fMRI clocks.



Same idea than Allen’s AAS 
Rejection for GRA : for each
channel, the mean of the n last 
occurrence of the PRA is subtracted
from the EEG.

Limitation : Does not capture the beat to beat 
changes in the artefact.
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1) For each EEG channel, a matrix S is formed: each row is filled by 
an artefact occurrence.

2) A PCA is performed on S and the 3 first PC’s are retained.
3) These PC’s are fitted to the original signal and the fitted signal is

subtracted.
Sometimes suppresses some part of the true underlying EEG   
signal

Limitation : 

1) Each EEG channel is considered as a mixture of 
sources.

2) The algorithm looks for a demixing matrix allowing
to compute the independant sources from the 
channels.

3) The artefacted sources are identified and suppressed. 
The sources are projected back in the signal space.

Limitation : • Non robustness of the algorithm. (random initialisation)
• The choice of the sources to suppress is a problem.
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Limitation : 

1) ICA solutions are computed n times
2) The mean of the n corrected signals are computed.
• Computational cost.
• The choice of the sources to suppress is a problem.
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Schematic representation of the algorithm

p (< Nch) robust estimates 
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Reprojection of 
neural sources in 

signal space

Clean EEG 5

- 2 subjects recorded in 2 conditions
- Slow Wave Sleep
- No fMRI acquisition



- 9 subjects
- 3 states of consciousness : awake, stage 2 sleep and slow wave sleep



More than 30 
recording channels ?

Yes Constrained ICA (cICA)

Sleep study ?

No

Average Artefact Subtraction (AAS)

No

Principal Component Analysis (PCA)

Yes

First suppress the gradient artefact.

Then suppress the pulse (or BCG) artefact using the appropriate 
method.

EEG-fMRI integration

Kilner et al. NeuroImage, 2005.

Application example 1

Schabus et al., PNAS, 2007

Spontaneous 
neuronal events 
detected with EEG.
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Spontaneous 
neuronal events 
detected with EEG.




