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This thesis describes the studying of efficient algorithms for real-time monitoring, shortest-path finding and Reverse
k nearest neighbor (R-ANN) query applying on road network distances for Location Based Services (LBS). In recent
time, the role of location-based services is rising as the increasing numbers of users are requesting the location-
based information. The main idea of LBS is to provide the service that depends on the positional information which
is associated with the user, most importantly, the user's current location. The service may also be dependent on other
information, such as personal preferences and interests of the user. For example, finding the cheapest hotel within 20
km, where the nearest gas station is how long it will take to go to Italian restaurant, are some specific user's queries
in location-based services. Also a service may inform its users about traffic jams, weather situation, the position of
emergency vehicles, hazardous materials or public transportation. Moreover, in other related services like delivery
management, trip planning, bus routes queries for Urban planning, checking movement of terrorists in emergency
situations for crime prevention, etc., require LBS services based on spatial information. For all these requirements,
studying on efficient algorithms for LBS services has been demanded. In this thesis, some background knowledge and

related works are described in chapter (1) and chapter (2).

Various route queries in road networks have gained significant research interests due to advances in GIS and mobile
computing such as car navigation system. The main challenge of processing such a query is how to efficiently monitor
the moving object and how to retrieve the route rapidly. In recent times, much work has been conducted on a real time
monitoring of moving objects (cars and humans). Some studies adopted to get high accuracy tracking of moving objects
with less communication between moving objects and server. However, these studies assumed the moving object is
moving in Euclidean space or in fixed routes. This thesis proposed a real time monitoring method aiming for both
thick client and thin client. The proposed algorithms are described in chapter (3). The main differences between thick

client and thin client are their own computational ability and data storage capacity. In thick client (e.g. car navigation



system), it still requires at least periodic connection to a server but it can perform many functions, such as predict and
compute the route without that connection. In thin client (e.g. mobile phone user), it depends on the server to fulfill its
requirements, however, it is convenient to use. Using the “frequently used routes” (FUR) information, we offer high
scalability monitoring system with empirical comparisons of the proposed method and the conventional dead-reckoning
on road network (DRRN) method for both thick client and thin client. Because conventional real-time monitoring
does not use knowledge about routes, scalability remains low and the accuracy of tracking is also low. On the other
hand, using FURs extracted from historical trajectories decreases the communication cost and achieves highly accurate
monitoring. According to the experiment results, our proposed method outperforms the conventional method DRRN by

factors from 2 to 4 in thick client and 4 to 6 in thin client.

Despite the importance of spatial networks in real applications, most of the spatial query methods focus on Euclidean
distance, where the distance between two objects is determined solely by their relative position in space. However,
in practice, objects can usually move only on a pre-defined set of routes as specified by the real road network (road,
railway, river etc.). Thus, the important measure is the road network distance i.e., the length of the shortest trajectory
connecting two objects rather than their Euclidean distance. Only using Euclidean distance on spatial network databases
(SNDB) is scarce and too restrictive for emerging applications such as mobile computing and location-based queries.
The main difference between using Euclidean distance and road-network distance is based on their calculation costs. As
considering, the Euclidean distance between two arbitrary points can be computed easily, however, in the road network
distance, it takes longer processing time. For example, if the river or mountain lies between two points, there is totally
difference between the Euclidean distance and the road-network distance, and the costs of the distance calculation as
well. In the conventional methods, to promptly acquire the distance between two terminal points for spatial queries
in LBS applications, we can use well-known shortest path finding algorithms, Dijkstra's algorithm and A* algorithm.
However, due to the complexity of some queries, for example, RNN (reverse nearest neighbor) queries, skyline queries,
k-NN queries and several kind of TPR (trip planning route) queries, these two algorithms take very long processing
time and will cause high calculation cost. These algorithms refer an adjacency list to find the neighboring nodes to a
currently noticed node. When two specified points (s and d) are located on a long distance, they need much repetitive

processing (node-expansions).

Several methods based on materialized path view (MPV) have also been proposed for the fast road network distance
computation. They retrieve the distance by looking up a pre-computed distance table. However, this MPV has the
following problems: (1) Usually, a road network contains a large amount of nodes, and the data size of the MPV is
proportional to the square of the number of nodes. Therefore, the data amount of the distance table becomes huge for a
large size of the road network. (2) Very long processing time is necessary to construct MPV table, because the distance
must be calculated over all combinations of node pairs. Therefore, the processing time increases rapidly in accordance
with the length of the shortest path. For all these reasons, we proposed efficient shortest path finding algorithm
presented in chapter (4), based on simple materialized-path-view (SMPV) structure constructed only on partitioned
subgraphs to compute this road network distance which is very useful for LBS application. Due to the sizes of the real
road network maps, apply this method to three variations SPFLM, SPFMM and SPFFM. A road network is partitioned
into subgraphs, and the distance materialization is performed only in the subgraphs. Therefore, the amount of pre-

computed data is greatly reduced. According to the experimental results, our proposed method can reduce the used data



amount comparing to the existing hierarchical network distance materialized methods; HEPV and HiTi, and it also can

also reduce the overall processing time drastically in all maps.

Using partitioned subgraphs, we studied an efficient algorithm for Reverse k-Nearest Neighbors (R-ANN) query in
road network distance, and it was described in chapter (5). A Reverse k-Nearest-Neighbor (RKNN) query finds the data
points that take the query point as one of their k nearest neighbors. This type of query is required in a wide variety of
applications, including decision support, facility management, taxi allocation, location-based services, advertisement
distribution, and games. For example, in a battle field, a backup army unit may issue a RNN query to monitor other units
for which is the closest army unit to seek help from the backup army unit. According to our knowledge, the existing
methods for R-ANN queries required to find ANN search on every visited node. This causes a large number of node
expansions and the processing time increases simultaneously. Therefore, we proposed a fast R-ANN search algorithm
based on a simple materialized path view (SMPV) structure and we adopted incremental Euclidean restriction strategy
for kNN queries which is the main function in R-ANN queries. Referring to the experimental results, the proposed
method outperforms the existing method (Eager algorithm) for finding RANNs on real road network especially when the
data points are sparsely distributed or k value is large. In addition, the proposed method shows stable characteristic and

low processing time even the Eager algorithm increases the processing time in low POI density.

The conclusions of our thesis and the future research are contributed in the last chapter (6).
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