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Imagine if you had a software application that could predict your future locations. At
the start of the day, it could remind you of where you would be and what you would need. If
your friends and colleagues also had this application, it could tell you that you might encounter
your friends at lunch or that you would most likely find your colleague in his office in the
afternoon. This vision is the basis for my research. | am creating algorithms that predict
people’s future locations and when they will be at those locations. While some algorithms exist
for predicting someone’s next location, none predict farther out into the future. My algorithms
hope to answer the questions, “Where will you be at a certain time?” and “When will you be at
a given location?”

Location is an excellent indication of context. Context-aware applications can
proactively provide needed information. One example is the Global Positioning System (GPS) in
your car. Because it knows your location, your context, it can immediately attempt to correct
you when you stray from the expected path.

In this research, | use IEEE 802.11 wireless access points as reference beacons to
determine location[1]. On campus, any wireless device can sense several wireless access points
at any given time. It associates, that is, connects to, the one with the strongest signal, which is
in most cases an access point that is close geographically. Therefore, if | know your device is
associated with a wireless access point that is located in a known location, | can assume that
you are located in the same area.

It can be difficult to obtain location data using mobile devices. Turning on the wireless
radio in a laptop or Personal Digital Assistant (PDA) uses energy. To increase the battery's life,
the wireless radio is left off until it is necessary to associate with an access point to
communicate. The location data obtained by access point associations can therefore be spotty
and intermittent. Any location prediction algorithm must be able to work with sparse data.

There are advantages of using 802.11 access points for determining location. On college
campuses and most populated areas, wireless access points are ubiquitous. Our landscape is
covered in location beacons. Unlike GPS, wireless access point location systems work both
indoors and outdoors. Because many mobile devices have IEEE 802.11 support built-in, no
special equipment needs to be purchased, making this location system inexpensive.

Recall that my first goal is to predict future locations. Many algorithms have been
proposed for predicting the next location when given a sequence of previous locations [2-7] .
These algorithms assume that only one type of information is encoded in the sequence -- in this
case, locations. My goal is to incorporate temporal information into these sequences so that
we can answer questions about future locations, not just the next location.

Begleiter[8] applied a family of variable order Markov models to predict the identity of a
musical selection, building a type of 'name that tune' algorithm. The musical notation that was
input into the model contained notes, their starting times and durations. Due to the success of
his musical predictor, | concluded that | could apply the same predictor to my sequences which
had a similar structure. Where the musical notation had notes, their starting times and their
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duration, my location sequences had locations, starting times at that location and the duration
of the stay at that location.

These variable-order Markov models are classified as supervised learning. They 'learn’
the correct answers by being given several examples with both the question and the correct
answer. Unsupervised learning models 'learn' as they go. Supervised learning models are
trained on a portion of the data and the remaining data are used to test the model to see how
well it learned.

My data came from the University of California, San Diego. Dr. McNett handed out
PDAs to 275 freshman in the fall of 2002 [9]. Each PDA ran a program in the background that,
every 20 seconds, recorded the wireless access points that were both sensed and associated. |
then pre-processed these logs to derive sequences of times and locations. Ten weeks of log
data were collected from the 275 students. Times on the data were rounded down to the
closest 10-minute value.

| trained the model on 5 weeks of data and then tested the predictions by asking about
the sixth week of data. For each (time, location) pair in the testing data, the time was given as
context, and the model was asked to predict the place. The results were very encouraging, with
the model able to predict the correct location 93% of the time [10]. If the context given to the
model included the preceding time and location as well as the time in question, the predictions
were correct 96% of the time.

The second part of my goal is to ask the converse question. Instead of asking questions
about where someone will be, like "Where is Bob at 1:00?” | want to ask questions such as,
"When will Bob be at the office next?" Initially, | thought that the same model would work just
as well at answering the when question as it did the where question. The same model was used
in the same manner and the results were dismal, with the model able to predict the time
correctly only 13% of the time.

In order to answer the when question, | am developing a different, simpler model that
yields better results. | have been able to correctly predict when 38% of the time. If a 20-minute
window is allowed for the correct prediction, the prediction rate rises to 66% correct.

The ultimate goal of this research is a simple but powerful algorithm that predicts
future locations and predicts when the user will be at those locations. This predictor can be
used as the foundation for useful applications such as reminder systems, systems that assist
people, and applications which enable people to meet with their friends and associates. Itis
my hope that this research contributes to the advance of useful context-aware, pervasive
computing applications.
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