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ABSTRACT

Geofencing  technology enables various location-based
applications by detecting entrance to a predefined region and
utilizes the event as a trigger to automatic communication or
control of smart devices. In this paper, we implement the
proposed geofencing system on Android based smartphone and
evaluate performance through field trials. The system is composed
of movement detection, variable interval positioning, and
positioning method switching. We implement both of a system
based on the proposed method, and a system based on Android
Geofence function. Evaluation results show that the proposed
algorithm reduces number of position fix by 79% compared to
Android Geofence function, while maintaining entrance detection
delay within acceptable range of 3 minutes.
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1. INTRODUCTION

Geofencing technology enables location based services by
detecting user’s entrance to a predefined region, which is called a
target spot, without user’s intervention[1][2][3]. For instance,
reminder applications can utilize geofencing function to notify the
user of arriving at specified station on the way to office or college.
As another example, stores which friends with close preference
rate high are recommended when these stores are nearby.

By combining various sensors on a smartphone, realtimeness of
entrance detection and improvement of power consumption can
be supported at the same time. To this end, a geofencing
algorithm controls activation and deactivation of an acceleration
sensor or positioning sensors.
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Based on this approach, we developed an energy-efficient
geofencing system and evaluated its performance through
computer simulation [4]. In this paper, we implement the system
on Android based smartphone and evaluate the performance
through field trials.

We classify evaluation scenario into three categories in which
system behaves differently according to geofencing algorithms.
Even though the user doesn’t enter into the target spots, it is
required to reduce power consumption. In case the user enters into
the target spots, it is still needed to detect the entrance without
delay. The scenarios for evaluation covers all those situations.

2. SENSOR-FUSED GEOFENCING

Overview of our proposed method is shown in Figure 1. The
proposed method is composed of movement detection[5], variable
interval positioning[2], and positioning method switching[6].

Movement detection[5] utilizes acceleration sensor to judge if
the user is moving, and suppresses power-consuming positioning
when the user is stationary. Variable interval positioning[2]
adjusts positioning interval in accordance with the distance to
target spots. In the proposed method, positioning interval T is
defined as follows:

T =max { min (d/Vmax, Tmax), Tmin}

)]

where d is the distance to the nearest target spot, Vmax is an
assumed maximum velocity, and Tmax and Tmin are the
maximum and minimum values of T in order to avoid too long or
too short positioning interval.

Positioning method switching[6] activates and deactivates GPS,
cell-id based positioning, and WiFi based positioning so that
power consumption is reduced when the user is far away from
target spots. System parameters for each function are defined by
computer simulation (Table. 1).

On the other hand, though detailed algorithm is unknown,
Android geofencing function includes variable interval
positioning function and positioning method switching. Among
the parameters that define the balance between positioning
accuracy and power consumption, we chose
PRIORITY NO_POWER, which minimizes power consumption.
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Figure.1. Sensor-fused energy-efficient geofencing system

PROPOSED Movement detection | 10 min
Assumed max 100 km/h
velocity
Positioning method | 10km
switching distance

Android Geofence function | setFastestInterval() 60 sec

(PRIORITY_NO_POWER) | setlnterval() 3,600 sec

Table.1. Parameters for each method

Parameters utilized in the evaluation of Android Geofence
function is shown in Table 1. In order to ensure detection delay
to be less than 1 minute, fastest interval is set to 60 sec, which is
the same condition as the proposed method. The parameter of
setInterval (), which means desired interval, is set to 3,600
sec so that positioning interval is dynamically defined by variable
interval positioning algorithm of Android Geofencing function.

3. EVALUATION

In order to initially evaluate the performance of the system, we
utilized the following three scenarios that cover various situations
of daily life: a stationary scenario, a moving scenario without
entrance to the target spot, and a moving scenario with entrance.
In the stationary scenario, the user stays at the starting point for
five hours. In the moving scenario without entrance, the user
keeps moving at the starting point for five hours without coming
close to the target spot. In the last scenario, the user moves toward
and enters into the target spot in two hours. The target spot is set
to a station 50km away from starting point in every scenario. Both
of the proposed algorithm and Android Geofence function are
implemented on Galaxy S III(Android 4.1.2).

From evaluation results of the stationary scenario and moving
scenario without entrance, it is confirmed that the proposed
method requires much less number of position fix compared to
Android Geofence function. The number of position fix is shown
as evaluation result, because it is an important factor to indicate
battery consumption, and the battery consumption differs
depending on the kind of devices. The result of the stationary
scenario shows that even when the terminal is not moving, the
Android Geofence (ST _NO_POWER) conducts position fix every
five minutes, which is the same frequency as the moving scenario
without entrance. On the contrary, the proposed method requires
no position fix in the stationary scenario. In the moving scenario
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Figure 2. Cumulative frequency distribution of positioning

without entrance, the proposed method (MV_PROPOSED)
decreases number of position fix by 83% compared to Android
Geofence function (MV_NO_POWER). In the last scenario, it is
confirmed that detection accuracy of the proposed algorithm is not
degraded compared to Android Geofence function. Number of
position fix is reduced by 79% in the proposed method
(ENT _PROPOSED), while detection delay of both of the algo-
rithms are 3 minutes. Though the degree of positioning count
reduction will vary depending on evaluation scenario, This result
shows that there is distinctive difference in variable interval
positioning algorithms of each method.

4. CONCLUSION

In this paper we proposed sensor-fused energy-efficient
geofencing system. Evaluation results with implemented system
on Android-based smartphone shows that the proposed method
decreases number of position fix by 79% compared to Android
Geofence function, without any detection delay. In addition, it is
clarified that the number of position fix is highly reduced in daily
life especially when the terminal is staying away from the target
spot. As a future work, we plan to analyze the effect of energy
efficiency caused by each component of the geofencing system.
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