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MOTIVATIONS/OBJECTIVES
Motivation

• Practical Implementations of Brain-Computer Interfaces:
Requiring rapidly-trained classifiers.

• Cost of Rapidly-training the classifier: Limited number of
available training data (epochs), less validation accuracy.

Objectives

• Propose a novel multi-rate EEG-based Motor Imagery
framework, consisting of two filters, Active and Progressive,
which is initialized by a limited number of training trials,
and adaptively improves itself over time.

FILTER DESCRIPTIONS
Progressive Filter
Takes several epochs for re-training. Once the computation of
the Progressive Filter is complete, the two filters are coupled
to improve the real-time performance of the overall system.

Active Filter
Simplified feature extraction approach running online based
on pre-trained classifiers. The Active Filter produces classifi-
cation results at the end of each epoch.
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EEG HEADSET EXPERIMENTS

Design I

1. MI during trials lasting 3-5 seconds with 1-3 seconds
break between trials.

2. Two MI classes.

3. 200 trials per subject.

4. The headset tilted back to approximately cover C3 and
C4 motor cortex area.

Feedbacks: Too long, and uncomfortable.

Design II
Some improvements to Design I:

1. Two sessions of 30 trials with an intermission.

2. Headset worn normally.

3. Improved test area with reduced sources of noise .

Design III
More improvements to previous designs:

1. More intuitive stimuli.

2. Stimuli changed to black and white images of hands.

MULTI-RATE ALGORITHMS
Pre-processing Algorithm
This algorithm is applied to every new trial and consists of the
following two tasks:

1. Epoch extraction.

2. Bandpass filtering.

Progressive Filter Algorithm
This algorithm, running in parallel to the Active Filter, cycles
for every span of a fixed number of trials.

1. Re-evaluate CSP filter

2. Re-evaluate LDA classifier.

3. Evaluate the last model produced by the progressive
filter algorithm.

4. Fusion: Compare the classification results of the two
filters and replace the active filter with the better of the
two models.

Active Filter Algorithm
This faster algorithm is applied following every trial giving
immediate feedback:

1. Feature extraction.

2. LDA classification.

FUSION OF FILTERS & IMPLEMENTATION

Table 1: Performance of different models based on real exper-
imental data sets.

Figure 1: Classification results obtained from implementation
of the proposed progressive and multi-rate framework based
on data collected via Emotiv headset.

Figure 2: Scatter plots obtained from two Progressive Filters
trained based on 90 and 110 epochs, respectively.

Figure 3: Training and testing scores vs. training set size for
BCI competition subjects "aa" (left) and "aw" (right).

Figure 4: Training and testing scores vs. training set size for
subject using EMOTIV headset.

Figure 5: Active and progressive filter scores vs. number of
trials for subject "aa".

Figure 6: Active and progressive filter scores vs. number of
trials for subject "aw".

CONCLUSION
• Active and Progressive filters are partially coupled at the consensus epochs based on the individual classification results, i.e.,

the Active Filter produces results at the end of each epoch while the Progressive Filter uses several epochs to re-train.
• The experimental implementations of the proposed framework indicate its potential for improving the performance of real-time

MI classification.
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