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Brain-Computer Interfaces (BCIs)

voluntary muscle control

Our goal: Improving cause-and-effect relationship between BCIs and their users’ behaviors

brain-computer interfaces (BCIs) 



Cause and effect

Complex Communication Disorder
(CCD)

Children with no 
control experience

Adults with long lost 
control

Non-responsive users

A simple BCI to show the connection 
between their behavior and that of BCI



MusicBox

Steady-state visual evoked 
potential (SSVEP)

Attend Rest

Canonical correlation analysis 
(CCA)
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Classification

𝑯𝟎: Data Distribution before change
𝑯𝟏: Data Distribution after change     
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CCACUSUM

Λ = log
p 𝑟|𝐻0

𝑝 𝑟|𝐻1
= log 𝑝 𝑟|ℳ, 𝜃0 − log 𝑝 𝑟|ℳ, 𝜃1

Normal distribution
IID samples

Λ = log 𝑝 𝑟|𝜇0, 𝜎 − log 𝑝 𝑟| 𝜇1, 𝜎
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changes
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Parameter Estimation
𝑔𝑖
+ = max 𝑔𝑖−1
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Q: How about 𝝁𝟎 and 𝝊?
A: Learn online

Two consecutive negative 
changes

Two consecutive positive 
changes

decrease 𝝁𝟎 increase 𝝁𝟏



Online Learning
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Performance Metric

EPOj = 𝐸 𝑚 อ
𝑟𝑘
𝑗
correctly classified as positive

∀𝑘 ∈ 𝑖 + 1,… , 𝑖 + 𝑚

ENOj = 𝐸 𝑚 อ
𝑟𝑘
𝑗
correctly classified as negative

∀𝑘 ∈ 𝑖 + 1,… , 𝑖 + 𝑚

EPOR𝑗 =
EPO𝑗

𝑙on
, ENOR𝑗 =

ENO𝑗

𝑙off

𝑀 =
2 × EPOR × ENOR

EPOR + ENOR



Performance Metric
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Results

Participant 3Participant 2Participant 1 Participant 4



Future Work

➢ Participants with CCDs
➢ Collaborating with Shirley Ryan AbilityLab
➢ A participant with ALS
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