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Time—of-Arrival Based Acoustic Localization Technique
Using Visible Light Communication for Smartphones
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Summary (Abstract) of doctoral thesis contents

We describe a precise and autonomous indoor localization technique for smartphones.
Almost everyone owns a smartphone nowadays. As a person always carries it with
him/her, it can be a good tool for locating the position, or localization. Localization is
a key technology for location-aware systems, which provide us information according
to the location.

We can use a Global Navigation Satellite System (GNSS) for outdoor
localization. However, GNSS’s radio frequency signals hardly penetrate into rooms.
Therefore, another means are required for indoor localization. Smartphones have
many kinds of sensors, such as accelerometers, gyroscopes, and geomagnetic sensors.
A Wi-Fi transceiver, a Bluetooth transceiver, video cameras, and microphones are also
sensors. We can use these sensors to achieve indoor localization.

In general, indoor localization requires more precise information than that of
outdoors. GNSS localization has an accuracy of few meters. It is enough for outdoor
localization applications, such as car navigation systems. However, it is coarse for
indoor localization even if GNSS could be available indoors. For example, it 1is
difficult to distinguish adjacent doors in a room with this accuracy.

Our goal is to attain accuracy and precision of centimeters. Then, we can realize
precise indoor navigation that can alert users to steps or stairs. We can guide users
to the targeted shelves of goods in a large warehouse. Tracking the smartphone in
one’s hand, we are also able to make a machine interface such as motion control.

To accomplish this goal, we developed an acoustic localization system using
smartphones. A transmitter consists of loudspeakers emits short acoustic waves, and
the smartphone’s microphone catches them. As rooms usually have audio equipment,
we can make use of it for the sender node. The frequencies of the acoustic waves are
in a higher range that is almost inaudible for human ear. However, they can be
handled by commercial off-the-shelf loudspeakers and smartphones. The localization
system is based on the time of flight of each acoustic wave. We conducted experiments
in a 2D arrangement and confirmed the feasibility of this method.

Although the feasibility of the acoustic localization was established, the
precision was not satisfied for our requirements. Especially in the sender-receiver
direction, the precision was about 150mm to 200mm, although the precision in its
perpendicular direction was around 10mm. This uneven distribution was caused by
the localization scheme of time difference of arrival (TDoA), which is deployed when
the sender and the receiver are not synchronized. Employing time synchronization,
we can improve the localization precision with using time of arrival (ToA) scheme.

To realize ToA localization, we devised a time synchronization method using LED

light. Almost every room has lighting facility. These days, LED light is commonly
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used because of its low energy consumption and long-term performance. Now, we
modulate LED light. With using a switching circuit, LED is easily modulated at even
high frequency that we cannot detect. Smartphone’s video camera captures modulated
LED light that is a part of the sender node, then the smartphone extracts time
information from the captured video images of the modulated LED light. In this
situation, we can assume that the time synchronization with the transmitter is
established for the smartphone. 3D localization experiments were conducted for both
ToA and TDoA. ToA showed better performance than TDoA, and the precision was not
more than 10mm.

Finally, to realize the autonomous localization, we deploy visible light
communication (VLC) for time synchronization. VLC conveys information on
modulated light. VLC’s demodulation process includes clock detection, which 1is
inherently equivalent to time synchronization. Therefore, modulation for only time
synchronization is wasteful. We can use modulation for also data transmission.

We are able to transmit the data needed for localization, such as coordinates of
the sender beacons and the frequencies of acoustic waves using VLC. In this case, we
do not have to preset or renew those data in a localization application. In addition,
we need not inquire them to external databases that are generally implemented as
cloud services.

Experimental results of a 3D localization application using VLC time
synchronization showed the precision of around 100mm to 200mm, which could be
reduced to 10mm to 20mm by compensating the frequency difference between the
transmitter and the smartphone. It was rather worse than the case of time
synchronization using dedicated LED modulation pattern. However, the precision is
good enough for practical applications, and the localization process could be
performed autonomously. Consequently, we have attained a precise and autonomous

indoor localization technique.
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