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Summary

Using Wi-Fi signals is an attractive and reasonably affordable option to deal with the currently unsolved problem of widespread tracking in an indoor environment.  These systems however suffer due to the underlying characteristics of radio waves (i.e. multipath effects) and due to infrastructural requirements. HABITS (History Aware Based Indoor Tracking System) overcomes these by modeling the historical movement habits of people in a workplace environment and then learns from these and intelligently predicts next location using a discrete Bayesian filter.  This knowledge not only improves on currently available systems in terms of accuracy, yield and latency but also can be used as an input to building automation (heating, lighting) systems as an energy saving feature.
1     Introduction

The location of tracked people between currently available estimates is unknown as are their future locations.  HABITS (History Aware Based Indoor Tracking System) works in an indoor environment to fill in these blanks by using a number of artificial intelligence techniques. Prior work in this field has attempted to improve on the wifi fingerprinting process or has considered user context.  We instead borrow an idea used extensively in Robotics – multi sensor data fusion using Bayesian filters.  We use a discrete Bayesian filter in conjunction with a learnt topological map/graph of the indoor environment.  In this way a users movement patterns may be monitored and learnt and probability density functions can be calculated to show the chances of going to one location to another in the future.

2     Evaluation

The Intelligent Systems Research Lab on the University of Ulster’s Magee campus is a modern four story building with each floor approx 960 sq metres and containing approx 6 wireless access points per floor. This building was mapped as the test area using the best available COTS wifi tracking product, the Ekahau Real Time Locating System.  The performance of the system was analysed [1] and from these weaknesses in terms of accuracy, yield and latency were identified. Signal black spots were also highlighted during this process. During our experiments 3 volunteers had their movements within the building tracked by the system over a period of one month.  From these movement habits the probability of moving to a particular location at a particular time can be calculated, also calculated are sensor models and motion models which are combined in the discrete Bayesian filter to give a prediction of next location.  This prediction was then further refined by the application of a set of learnt fuzzy rules which represented other movement habits as described in [2]. This idea is represented in Fig 1 showing how a person may still be located when line of sight to 3 access points is unavailable.

A number of promising results have been discovered from this application of the HABITS framework. In terms of accuracy, yield and latency (in the test area), Ekahau alone gives much poorer results than when Ekahau is combined with HABITS. The addition of HABITS gave comparable results to the addition of extra wireless access points in the test area. Other potential applications of HABITS could consider the medium and long range movement predictions which can be used as the input to building automation control systems in a large work environment. 
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