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Abstract— An EEG headset with candle-like microneedle
electrodes was developed, which takes less than one minute to be
set and start measuring EEG without any skin treatment. In this
paper, in order to further explore the characteristics of the
headset, EEG measurement during walking and running was
experimentally investigated. It was found that EEG
measurement was successful with a sufficiently small noise while
walking, or less than 4 km/h, whereas the measurement in
running was not due to the large acceleration of the head.

Clinical Relevance— This shows the performance of our EEG
headsets for daily applications and has a positive impact on EEG
applications.

1. INTRODUCTION

EEG measurement of untethered users outside laboratories
is demanded for promising applications of EEG, such as BMI
and neuromarketing. Such measurement mandates EEG
measurement systems that can be setup in a short period of
time and used for a long period of time without harming the
users. Our group successfully developed a candle-like micro-
needle electrodes (CME)[1] with pillar structures that
automatically avoid hairs and micro-needles that penetrate the
stratum corneum to reduce the skin-to-electrode impedance. In
addition, we developed an EEG headset with CMEs, which
can be setup in less than 1 min and be continuously used for
longer than 60 min without providing discomfort to the users
(Fig. 1(a)) [2]. However, in these experiments, the users were
sitting still in chairs in the lab, which did not represent the
scenes of the applications.

In this study, we attempted to measure EEG while the user
was walking and running. The acceptable measurement
conditions and the dominant factors to prevent the successful
measurement were experimentally deduced.

II. EXPERIMENTS

The experiments were conducted with three subjects using
the EEG headset with CMEs and the commercially available
OpenBCI headset as a reference. The user wore the headset
and walked/ran on a treadmill while EEGs were measured
from Cz, T4, T3, and Oz in the international 10-20 system (Fig.
1(b)). First, EEG was measured for 1 min while the user was
standing still and then, the treadmill speed increased from 3 to
8 km/h with a lkm/h gap per a minute. Then, EEG was again
measured for 1 min while the user was again at rest. The noise
rate was defined as the proportion of the signals with the
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Fig. 1 (a) EEG headset with CMEs, (b) A scene of experiments and
(c) Head acceleration vs. noise rate.

absolute amplitudes greater than 100 pV. If the noise rate was
less than 50%, the EEG measurement was considered to be
successful. When the headset with CMEs were used, EMG
was also measured from the neck to specify noise factors.

III. RESULTS & DISCUSSION

EEG measurement was successful at the speed smaller
than 4 km/h, when the users were walking. However, when the
treadmill speed reached 5~6 km/h, the noise ratio suddenly
increased to more than 50%. We investigated the correlation
of wvarious factors to the noise, among which the
walking/running frequency (or speed) and the acceleration of
the head showed particularly high correlations with noise
ratio(Fig. 1(c)). In our experiments, the thresholds for the
frequency, the speed and the head acceleration were found to
be 2.34 Hz, 5.3 km/h, and 6.1 cm/s2. The headset with CMEs
involved one-fifth at the noise level at rest and one-tenth while
walking.

IV. CONCLUSION

In this study, we experimentally verified that EEG can be
successfully measured with the EEG headset with CMEs
while the users are walking. This can readily expand the
applicability of the EEGs.
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