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Motivation

To Improve EEG technology for “less controlled” use
• Increased Portability
• Mobile Use (in both senses)
• Reduction of artifacts
• Ease of use for subjects
• Lower cost



Goals
Hardware Tools

• High fidelity signal capture
• Low power
• Low weight
• Audio input

Signal Processing: Compressed Sensing with high CR

• Real-time processing
• Motion artifact suppression

Neuroscience Applications
• Kinesiology
• Dance
• Auditory



• Biopotential Measurement Chip
• TI ADS1299, 8-channel, 24-bit, sigma-delta ADC
•12x gain

• High performance microcontroller
• Atmel SAM G55

• Bluetooth wireless transceiver
• 230 kBaud

• Current draw: 70 mA max
• 7 EEG channels (expand to 16)
• 1 Audio channel
• 500 samples/s
• Cost ~$200

Mobile EEG System
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same two signal segments. It confirms an increase of power in 
the 10-12 Hz band by 8 dB. 

 

The effects of extended durations on the quality of recorded 
EEG signals were also studied. The bottom three panels of Fig 
3 show the PSD plots of recordings taken from a single 
subject over the course of five hours. Panels (b), (c), and (d) 
show data recorded 30 min, 1.5 hours, and 5 hours after set-up 
of electrodes, respectively. It can be seen that there is no 
degradation of signal quality over this time period. In fact 
results for the first recording at t = 30 min appear to have the 
least alpha activity. This implies that the subject’s state at the 
time of recording is more influential in signal quality than 
degradation of electrodes. Indeed, it was noted that electrode-
scalp interfacial impedance stabilized at roughly 1–1.5 hours 
after the wet electrodes were applied. However, further study 
is necessary to check the quality over longer (8+ hours) 
periods of time, and it is expected that the electrode paste 
eventually dries out [11]. Additionally, differences in the rate 
of change of electrode impedance can cause mismatches in the 
resulting signal attenuation between scalp and electrode. This 
means that comparative differences in signal amplitude 
between different channels may be the result of electrode 
mismatch rather than actual auditory evoked responses. 

 

B. Click train activity 

The presentation of an auditory stimulus to subjects can 
induce a corresponding response in normal EEG channels, 

called auditory evoked potentials (AEPs) [12]. AEPs are a 
normal human response to sensory stimulation. Two click 
trains of 2 Hz and 40 Hz clicking frequency were played for 
subjects. The 2 Hz click train consists of a series of 240 
audible clicks played over a period of 2 minutes. The data was 
divided into epochs corresponding to each audible click, with 
a duration of 480 ms. Responses were aligned according to the 
onset time of the stimuli, with correction for the delay 
introduced by the audio processing circuit and the 
microcontroller's ADC conversion time. The estimated 
response was obtained by averaging over repetitions in order 
to improve signal-to-noise (SNR) ratio [12]. Fig 4 shows the 
resulting AEP waveform on the CZ channel, for different 
number of repetitions (N) used in averaging. 

 
One can observe a characteristic late-latency AEP that 

ranges from the positive peak P1 around 50 ms, to the negative 
trough N2 around 225 ms. This AEP is a normal response to 
the auditory stimulus and originates from the auditory cortex 
[13]. Averaging over 200 repetitions produces a clear AEP, 
with similar results obtained by averaging over 100 and 150 
windows. However as expected, averaging over smaller 
numbers of repetitions yields less improvement in the SNR, as 
is evident for the 50 window average. 

  

The top panel of Fig 5 shows the PSD of the evoked 
auditory response to a 40 Hz click train at the CZ and O2 
electrode positions. Recordings from this experiment were 
bandpass filtered from 3 – 55 Hz. A strong response at 40 Hz 
can be seen in the PSD at the CZ position, whereas most of the 

 
Fig 2.  Top: A sample 20 second EEG signal with transition from 
open to close eyes at t = 8 seconds, resulting in the onset of alpha 
wave generation, Bottom: Spectrogram of signal highlighting 12 Hz 
(color scale in units of dB/Hz) 

 
Fig 3.  PSD recordings with (solid) and without (dashed) eyes closed. 
Panel (a) corresponds to the recording shown in Fig 2. Panels (b)-(d) 
show extended duration recordings, with time t corresponding to 
time of recording, after initial electrode placement.  

 
Fig 4.  Example auditory response to 2 Hz click train on channel CZ. 
Improvement of SNR can be accomplished by increasing number of 
epochs used in averaging. 

 

 
Fig 5.  Top: Power Spectral Density of auditory response to 40 Hz 
click train on channels CZ (solid) and O2 (dashed). Bottom: 
Spectrogram of the CZ signal 
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Fig 4.  Example auditory response to 2 Hz click train on channel CZ. 
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Fig 5.  Top: Power Spectral Density of auditory response to 40 Hz 
click train on channels CZ (solid) and O2 (dashed). Bottom: 
Spectrogram of the CZ signal 
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Auditory Steady State Response



During Dance



Summary
• High fidelity EEG signal capture
• Low power
• Low weight
• Audio input

• Compressed sensing
• Compression Ratio ~8x even before multi-channel 

• Motion artifact suppression
• Real-time processing
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