Informative Brain Regions During Motor Imagery:
Evidence from Four Normal and One ALS Subject
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Introduction Experimental Results

Background: SubjectlD| Status | Classification Accuracy | Informative Brain Regions

o Motor imagery is the most frequently used paradigm in non-invasive Online Offline PM M1 SMC
Brain-Computer Interfaces (BCls) [1], even though amyotrophic lateral 1 ALS 50.6% 72 2% left hem. X X
sclerosis (ALS) is a disease of the motor system. 2 Normal | 92.2% 91.1% |right hem. bilateral bilateral

o While brain regions involved in motor imagery are well known in 3 Normal | 71.7% 00.0% bilateral bilateral left hem.
normal subjects, very little is known on brain activation patterns during 4 Normal | 68.4% 90.0% bilateral bilateral bilateral
motor imagery of subjects diagnosed with ALS. 5 Normal | 50.0% 68.9% X X X

Goal:
To identify brain regions providing information on the intention of a sub-

ject diagnosed with ALS in a non-invasive BCl based on motor imagery.

Main Result:
In one subject in an advanced state of ALS only left premotor cortex provi-
ded information on the subject’s intention.

Experimental Setup
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e 128-channel EEG @ 500 Hz, CAV
e One subject (51) with ALS, artificially ven-

tilated, residual control of the right hand.

e Four normal subjects with previous (52 & S3)
and no prior BCl experience (54 & S5)

@ 90 trials without feedback (offline)

@ 90 (S1) / 180 (52-S5) trials with feedback
(online)
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Data Evaluation

Offline Analysis:

1. Perform source localization in a four-shell spherical head model using
linearly constrained minimum variance spatial filtering (LCMV) [2].

2. For each source and trial, extract bandpower in frequency bands of 2 Hz
width from 1 to 41 Hz using 6th-order Butterworth filters.

4. Compute classification accuracy for each single source using I1-regulari-
zed logistic regression [3] with 9-fold cross validation and heuristically
chosen regularization parameter.

5. Plot spatial distribution of classification accuracy.

Online Analysis:

1. Use beamforming as described in [4] to estimate current density in left/
right primary motor cortex (M1).

2. Extract bandpower of estimated current density in left/right M1 in
frequency bands of 2 Hz width from 1 to 41 Hz using 6th-order Butter-
worth filters.

3. Train a I1-reqularized logistic regression classifier on data recorded for
offline analysis.

4. Provide feedback (falling ball) on classifier output during online perfor-
mance.

Discussion

Summary:

e |n normal subjects premotor cortex (PM), primary motor cortex (M1), and
sensorimotor cortex (SMC) bilaterally provided information.

e In the ALS-subject only left premotor cortex provided information.

Conclusions:

e Primary motor as well as sensorimotor cortex might not provide informa-
tion suitable for motor imagery based BCls in late stages of ALS.

o Informative activity in left premotor cortex of the ALS-subject could be
related to residual motor control of the right hand, and hence might not
persist throughout disease progression.

o Motor imagery might not be a suitable paradigm for subjects in late sta-
ges of ALS, but more evidence is required.

Informative Brain Regions in Offline Analysis:

Subject 1: Amyotrophic lateral sclerosis
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