Using Smart Eyeglasses as a
Wearable Game Controller
Figure 1: Demo setup: WISEglass,
our smart eyeglasses, are used as
a wearable controller for Pac-Man.
Moreover, WISEglass captures the
heart rate of the player. The pulse
data is displayed besides the main
game screen together with
gyroscope data.
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Abstract
We investigated how regular eyeglasses fitted with sensing and processing capabilities can be used as a wearable
game controller. For this purpose we built a demo based
on our smart eyeglasses prototype. WISEglass allows the
wearer to control the game Pac-Man through head motions. The control signals are extracted from a gyroscope
mounted in the temple of WISEglass. Furthermore we integrated heart rate information into the game.
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Increasing popularity of wearable devices has opened a
wide spectrum of novel applications that use sensor data
to detect wearer activity, user environment, or physiological parameters. Recent trends in miniaturisation allowed
researchers to integrate sensors in devices worn at the
wrist [4], leg, chest, or the ear [2].
While there is a lot of context information available around
the head [1], only few head-attached devices have been
widely adopted, e.g. hearing aids and Bluetooth headsets.

Regular eyeglasses are worn by millions of people and offer
the unique opportunity to place sensing and processing
capabilities at the head of their wearer. Substantial work
has been carried out around smart eyewear often focussed
at displaying information to the wearer, e.g. for augmented
reality applications [3].

Figure 2: Screen capture of the
Pac-Man game. Enemies have to
be avoided, while navigating
through a maze eating pac-dots.
When no pac-dots are left, the level
is completed. The user’s heart rate
estimation is shown in the lower
right corner.

Figure 3: Screen capture of the
data window. The top plot shows
raw gyroscope data. In the middle
the integrated gyroscope and
decay signals are plotted. Raw
pulse sensor data as obtained by
the PPG sensor is plotted in the
bottom.

With WISEglass, we demonstrate that smart eyeglasses
could be built for sensing and processing functions in contextaware applications. WISEglass provides many sensors for
activity, environment, and physiological measurements and
thus can serve in various context-aware applications. In this
demo, we focus on showcasing new forms of interaction in
smart eyeglasses. Although we use a computer game to
illustrate the real-time streaming and processing, other interaction tasks could benefit from the capabilities of smart
eyeglasses that can be regularly worn, just as usual sunglasses, sports glasses, etc.
Sensing user context using smart eyewear has been investigated previously. Hernandez et al. [5] attempted to detect
the wearers emotions using Google Glass in combination
with a wrist-worn device. Ishimaru et al. [6] used smart eyeglasses equipped with inertial and Electrooculogram sensors to detect four different activities in an experiment with
two participants. Wahl et. al [7] conducted a study with nine
participants, where smart eyeglasses were used to detect
20 activities clustered into nine groups.
In this paper we describe an application using WISEglass,
our smart eyeglasses prototype, to control a game of PacMan with simple head gestures. In addition we want to
show the effect of gaming on the heart rate that is simultaneously recorded by WISEglass and displayed.

Demo description
In our demo setup, as shown in Figure 1, the wearer controls the Pac-Man game by carrying out left, right, up, and
down gestures with his head. Pac-Man is a popular arcade
game, which was first released in May 1980. The player
has to navigate Pac-Man through a maze filled with pacdots while avoiding enemies. To successfully complete a
level, Pac-Man needs to eat all the pac-dots on the maze.
There are four special pac-dots called power pellets, which
allow Pac-Man to eat his enemies for a limited amount of
time. After being eaten, the enemies eyes will return to the
center of the map where the enemy will then re-spawn.
Our work builds on an existing implementation of Pac-Man1 .
Figure 2 shows a screen capture of the game. We modified the game such that it listens for control commands on a
UDP socket. Pac-Man is steered by translating the received
commands into virtual left, right, up, and down arrow keys.
To increase usability, the virtual keys remain pressed until a
new command is received. In addition, the UDP socket receives heart rate status updates and displays the numerical
value below a blinking heart on the lower right corner of the
game screen.
In addition to the game window, we also display raw data.
Figure 3 shows a screen capture of the data window. The
upper plot displays the raw gyroscope data. In the middle
plot, the integrated signal and decay data are shown. The
bottom plot shows the raw pulse signal as obtained by the
pulse sensor.

System description
WISEglass, our approach to smart eyeglasses, is depicted
in Figure 4. In contrast to previous attempts at smart eyewear, e.g. Google Glass, our aim was to retrofit regular
1

https://github.com/greyblue9/pacman-python

WISEglass

Baseboard, battery,
accelerometer,
gyroscope, magnetometer
Pulse sensor

Gyroscope data
Light sensor

PPG sensor data

Gesture
recognition

Heart rate
detection

Figure 4: WISEglass prototype. Baseboard, battery,
accelerometer, gyroscope, and magnetometer are mounted on the
outside of the eyeglasses’ temple. The pulse sensor is mounted
on the inside of a temple. The light sensor is integrated into the
bridge. The light sensor is not used in the demo.

eyeglasses with sensing and processing capabilities. The
form factor of regular eyeglasses is maintained and makes
WISEglass feasible to be worn as an everyday accessory.

Pac-Man game

Figure 5: System architecture:
Gyroscope and PPG sensor data
are extracted from WISEglass and
sent via Bluetooth to a computer.
Subsequently peak detection is
performed. Gestures recognised
from the gyroscope data are used
to control the game. To show the
effect of gaming on heart rate, it is
extracted from PPG sensor data
and displayed.

We integrated the processor, flash memory, wireless interface, power controller, and inertial measurement unit onto
the baseboard. An RGB light sensor was embedded into
the bridge of the glasses to measure the intensity and spectral distribution of light shining into the users eyes. Pulse
signals can be obtained by a pulse sensor mounted on the
glass temples, which touches the wearer’s temple. The sensor uses reflexive photoplethysmography (PPG) technology
and can be used to compute heart rate.
Figure 5 shows the system architecture. WISEglass is worn
by the user sensing head movements and heart rate. The
data are sent to a computer via Bluetooth.
Head movements are extracted from the gyroscope signals
on each axis. The gyroscope is set to a range of ± 250 dps

with a resolution of 16 bits and sampled at 50 Hz. Each axis
is numerically integrated to determine head rotations. To
compensate for gyroscope drift, the integral is superimposed by a constant decay. The decay re-aligns the integral with the baseline in static state. Gestures are detected
by comparing the integral value of the pitch and yaw axes
against thresholds, extracting left, right, up, and down gestures. After detecting a gesture, it is translated into a control
command, which is repeatedly sent at 60 Hz until the next
gesture is detected. Commands are passed from the detector to the game through a UDP socket. Detected gestures
are used to control the Pac-Man game.
The pulse sensor is connected to an analogue to digital
converter sampled at 50 Hz with a resolution of 16 bits per
sample. After bandpass filtering the raw PPG signal, peak
detection is performed. The distance between peaks is
used to compute the heart rate based on the time between
subsequent heart beats. All processing was implemented in
Python.

Conclusion and further work
In this work we demonstrate that smart eyeglasses can be
used as a wearable game controller. We use our WISEglass
prototype to recognise the head gestures left, right, up, and
down in order to control an implementation of Pac-Man.
In addition we provide the user with a visualisation of their
pulse signal and heart rate.
In the future we want to improve WISEglass by further integrating the sensing and processing hardware. The goal is
to establish smart eyeglasses as an unobtrusive everyday
accessory, which can be used as a multi-purpose contextaware device. Specifically, we plan to use WISEglass for
circadian phase estimation, thus providing circadian guidance to wearers in their everyday life.
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