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Abstract: Geofencing that detects that users have entered a specific area of interest is widely used for
location-based services. Geofencing in mobile devices generally has a limitation on the number of fences that
can be registered due to the specification of the mobile device OSs. Therefore, server-assisted geofencing
has been proposed that can monitor the movement to any number of geofences while dynamically updating
the geofences that registered. The quadtree approach and the naive empty circle approach in conventional
server-assisted geofencing have an issue regarding the number of geofence updates that affect the power con-
sumption of mobile devices. In this paper, we propose a k-nearest-neighbors-aware empty circle approach
that reduces the number of geofence updates. With a large-scale simulation using OpenPFLOW, we demon-
strate that the proposed approach can reduce about 42 to 76% of geofence updates compared to the quadtree
approach, and reduce about 54 to 75% compared to the naive empty circle approach.
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Fig. 1 Examples of geofence settings with quadtree approach and empty circle ap-
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Fig. 2 K-nearest-neighbors-aware empty circle approach.
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Algorithm 1 V4 7 = Y A7V T1) X L

Input: V: voronoi diagram, 7" index tree, ¢q: query point, k:
number of of nearest neighbors, r,: arriving geofences radius
Output: C,: list of arriving geofences, C;: leaving geofence
: neighbors = kNearestNeighborSearch(7T, g, k)
f = getVoronoiCellWithUpdatedDiagram(V', neighbors, q)
: p = getSite(f)
: vertices = getVertices(f)
max = -1
: for all v in vertices do
r = getDistance(v, p)
d = getDistance(v, q)
if d <=r && r > max then
center = v

— =
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max = r
end if
: end for

e
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: C; = makeLeavingGeofence(center, max - r4))

—
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: for all n in neighbors do
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C,.append(makeArriveGeofence(n, 74))
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: end for
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Table 1 Statistical information for each scenario.
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Fig. 3 Comparison of number of updates for each scenario.
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Fig. 4 False positive rate and false negative rate in quadtree approach.
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Fig. 5 Effects of parameter k in number of updates.
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Fig. 7 Geofence calculation time (varying parameter k).
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