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ABSTRACT

Being engaged with real-world tasks – when hands are
busy – also means not being able to use mobile devices.
Trying to overcome this problem we present NeuroPad, an
iPad-application that connects a commercially available
low-cost neuro headset with an iPad. The read
physiological signals are used for controlling different
functionalities in a touchless manner. The implemented usecases include simple interactions with a virtual toy, a
browser "boss button" activated by eye winks, and head
movements to control a music player. The prototype intends
to exemplify the usage of such interfaces as an additional
input modality in the context of mobility beyond a mere
gaming purpose, while pointing out limitations of the
current device like the limited data quality.
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INTRODUCTION

Emotiv (www.emotiv.com) manufactures a headset for
recording physio-logical data called EPOC. The signals,
recorded with sponge-metal electrodes - attached to the
head, are a mixture of brain waves (electro-encephalogram,
EEG) and, facial muscle activity (electro-myogram, EMG)
and
eye
movements
(electro-oculogram,
EOG).
Additionally it in-cludes a gyroscope for measuring head
movements. Compared to professional physiology
recording systems with sampling rates above 1000 Hz for
EEG, the data quality of the Emotiv EPOC is limited due to
the sampling rate of 128 Hz and the construction of the
sensors. Particularly in mobile situations head and body
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movements might also interfere. On the other hand it is
comparably inexpensive and offers wireless data
transmission, which makes it attractive for mobile HCI
research. Originally intended as a gaming gadget, this
headset has been used to conduct research on potential
implementations such as wheelchair control [2], driving a
car [1], or dialing contacts with an iPhone [3]. As the signal
quality is limited, most applications require extensive
machine learning or calibration prior to use.
NEUROPAD

Our intention was to provide a simple setup that is
integrated within the normal iPad usage and furthermore to
offer additional interaction possibilities without requiring
too much previous data processing.
General Setup

The physiological and gyroscope sensor data from the
neuro headset are transmitted via Bluetooth to a USB
receiver that plugs into the server. The server forwards the
data in a wireless network using TCP / IP for further
processing on the iPad. The aim was to accomplish all
signal processing on the mobile device without using the
Emotiv API.
The headset consists of 14 electrodes with felt pads, which
are attached to skull of the user. To increase conductivity,
they are moistened with an electrolyte fluid, e.g. contact
lenses solution – there is no further gel or medical strip
required. The sensors can be moved slightly until the signal
acquisition is optimal.

Figure 1. The NeuroPad calibration user interface.

Physiological Parameters

To avoid a lengthy calibration procedure, we focused on a
distinct event - voluntary eye winks - which can be detected
quite reliably in the raw signal. The user interface offers a
simple way to adjust an individual sensitivity threshold with
a slider and gives instant feedback: A successful event
detection makes the depicted eye blink as well.
Gyroscope

The head movement detection was accomplished by a
simple threshold analysis. A head shake or nod can start
with the left or right, and ends with a weaker follow-up
movement in the opposite direction. There is no prior
calibration required here.
Applications

The following application scenarios were implemented to
exemplify the use of the NeuroPad in combination with an
iPad:
Music player

Music Player is a touchless control of the iOS iPod through
head gestures and facial muscle activity. Eye winks play or
pause songs, shaking head skips the current song and a nod
repeats it. Figure 2 shows the graphical user interface.

The exercise of winking excessively relaxes the eye
muscles, improves blood circulation in the head and thus
the oxygen supply to the brain.
CONCLUSION

The technical challenge was to combine two different
technologies: a mobile physiology recording system
(Emotiv EPOC) and a mobile device (Apple iPad). After
identifying capabilities and limitations of the system under
custom test conditions, namely easy setup and mobility vs.
limited data quality, we developed interaction concepts
suitable for mobile contexts. Instead of relying solely on the
physiological data for controlling the iPad, the biosignals
are used as an auxiliary input to increase the available
interaction modalities. We think that this approach shows
an appropriate deployment of such low-cost devices, as it
does not impose too high demands on the quality of the
available signals and thus might help to decrease one of the
main drawbacks of physiological interfaces so far – the
limited wearing comfort of professional recording
equipment. Current developments show how EMG sensors
appropriate for HCI might look like [4]. Besides extending
our concept to other scenarios, we also intend to conduct
user tests to evaluate the reliability of the NeuroPad during
longer sessions.
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