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Classification of Spatiotempo-
ral Queries in LBS applications

Yong WANG! Hiroyuki KAWANOQO?

The server functions of Location-Based Services
(LBS) are realized by integration of GPS and ad-
vanced database systems. In this paper, we focus
on two characteristics of queries in spatiotempo-
ral database systems based on the requirements of
LBS, namely, coordinate-based queries and trajectory-
based queries. We propose a general framework of
LBS applications and apply it to a simulator of a mod-
ern navigation system, using the real navigation data
collected from Internet Taxi in Nagoya.

1. Introduction

Location-Based Services (LBS) are growing up re-
markably in the mobile service field. A common frame-
work of a LBS application can be divided into four
parts: advanced database server, LBS server, commu-
nication networks, and LBS clients [6]. A framework
of a modern navigation system is proposed based on a
spatial database and a LBS server called as GeoMobil-
ity Server (GMS) (Fig. 1)[6]. But the application inter-
face of spatial database is insufficient to manage data
of moving objects such as trajectories that almost all of
data processing is performed in GMS.

In this paper, we propose an advanced framework
for LBS using spatiotemporal database. In our frame-
work, we do not only change the database type, but
also categorize two sets of advanced queries in the
spatiotemporal database such as k shortest-path query
with constrained ranges, time-parameterized range
query, time-parameterized join query, and others. Us-
ing such advanced queries, we can derive simpler re-
sult data from database server to GMS. We also eval-
uate the efficiency of our framework by applying it to
a simulator of a modern navigation system, using the
real navigation data collected from Internet Taxi in
Nagoyal3].
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2. Spatiotemporal Data in LBS

Navigation system, a simple but typical application
in LBS, guides and tracks moving objects from one
place to another using positioning, communication,
spatial data storage and data processing technologies.
A framework of a modern navigation system is pro-
posed as a general framework of LBS applications[6].
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Fig. 1: A framework of a modern navigation system

In this framework, GMS is a core component which
works as following. The gateway receives service re-
quirements through the communication systems sent
by the location-aware clients. The location utility an-
alyzes the location information from each service re-
quirement. The directory service completes spatial
query functions using the map data fetched from the
spatial database server. And the route determination
service generates routes for the clients. At last a result
formatted by the presentation component will be sent
to the clients through the communication systems via
the gateway.

On the other hand, the data used in LBS could be
divided into two types: the map information and the
data of moving objects. The map information is spa-
tial data, including not only the spatial attributes but
also some non-spatial attributes such as POI (Point of
Interest). The data of moving objects, including both
spatial information and temporal information, could
be stored into spatiotemporal database. So that the
spatiotemporal database is more appropriate for han-
dling moving objects in LBS. Many valuable researches
[1]1 [2] [4] [5] have been carried out on the issues
of spatiotemporal databases, such as spatiotemporal
database scheme, data representation and queries,
which are the fundamentals of our research.
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3. Advanced Queries in LBS

The framework proposed in [6] has several problems
that may limit the functions of a modern navigation
system or other LBS applications.

1. The interface of the framework is not appropriate
because that almost all of the LBS processing is
concentrated in GMS.

2. The spatial database server handles only the static
data, not including dynamic data of moving objects
which could be used widely in many fields.

3. The framework only operates the relationships
among moving objects and static map locations.
Spatiotemporal relationships among moving ob-
jects or trajectories are rarely considered, which
are important for the expansion of service content
in LBS.

In order to resolve above problems, we propose an
improved LBS framework shown in Fig. 2. In our
framework, the functions of some LBS services in GMS
are shifted to the spatiotemporal database, realized by
coordinate-based query processing and same kind of
queries. On the other hand, we make different type
queries, trajectory-based queries which deal with the
spatial relationships among moving objects.
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Fig. 2: An improved LBS framework

We propose our framework using three spatial data
types: point, line, and polygon. A point object repre-
sents a 2-dimensional point in a map space. A line ob-
ject, representing a segment of a directed road or a tra-
jectory, is composed by start point, end point and sev-
eral points at which the direction of the line is changed
obviously or it is connected to other lines. A polygon
object represents a spatial area closed by several lines.

In Table 1, we define several variables and functions
to implement the advanced query processing used in

LBS applications.

Table 1: Variables and functions

Variables Functions
P point #; - distance function
L line # 7 spatial relationship function
flrange #: moving trajectory function
¢ trajectory #* moving time function
Oy moving ohject (n object Id) - moving ohject positioning function

s start time
Tw’ time-window
1 distance

Or spatial relationship constraint

e Coordinate-Based Queries:
1. Line Query
LQ(Lh {LQ(H)}7 CT)

From a line set {Ly(,)}, line query retrieves
lines which satisfy some spatial relationship
C, with a specified line L.

2. Range Query

RQ(RD {RQ(n)}v CT)

From a range set {Ry)}, range query re-
trieves ranges which satisfy some spatial re-
lationship C, with a specified range R;.

3. k Shortest-Path Query with Constrained
Ranges

kSPQ_CR(Py, Py, {Rin)}, k)

k shortest-path query with Constrained
Ranges retrieves the first k shortest paths
from point P; to point P, which must touch or
cross those constrained ranges { R, }.

4. k Nearest-Neighbor Query

kNNQ(Plv {PQ(n)}7 k)

k nearest-neighbor query is used to find out the
first k nearest points around a specified point
Py from a point set { Py(,,)}.

e Trajectory-Based Queries:
1. Time-Parameterized Line Query
TPLQ(Lv {O(n)}a Ts, Ty, Crsv Crw)
Time-parameterized line query is used to
search for objects from an object set {O,}
which has some spatial relationships C,, and
C,, with a specified line L in a time interval
[Tea Te + T’wL
2. Time-Parameterized Range Query
TPRQ(R7 {O(n)}7 Ts, Tw, CTS7 C’rw)
Time-parameterized range query is used to
search for objects from an object set {O(,}
which has some spatial relationships C,; and
C,, with a specified range R in a time interval
[Ty, Ty + Tl
3. Time-Parameterized Join Query
Time-parameterized join query fetches result
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by operating spatial relationships among tra-
jectories of moving objects.
(a) Intercept Query
TPJQ*IQ(OM 027 TS7 Tw)
Intercept query is to discover the smallest
distance of two specified moving objects O
and O, between a time interval [Ts, Ts+ T,]
and the time when the smallest distance oc-
curs.
(b) e-Distance Join Query
TP‘]Q*DJQ({Ol(m)}a {OZ(n)}a TS) vae)
e-distance join query fetches all pairs of mov-
ing objects from two object sets {O;(,,)} and
{O2(n)} whose distance will not over ¢ after
a time interval T,, from start time 7.

4. k Fastest-Path Query with Constrained

Ranges

kFPQ_CR(Py, Py, {Ren)}, k)
k Fastest-Path Query with Constrained Ranges
retrieves the first k fastest paths from point
P to point P, which must touch or cross those
constrained ranges {R,)}.

5. Continuous Nearest-Neighbor Query
Continuous nearest-neighbor query 1is to
search for a set of different points from some
point sets {Pi()}, ..., {Pu)n)} which have
the smallest distance from a specified a trajec-
tory T;.

According to the interdependency of above queries
and the distance functions, we can make hierarchy of
these queries presented in Fig. 3. The left branch is
based on Range Query using Euclidean distance func-
tion, while the right branch begins with 2 Shortest-
Path Query with Constrained Ranges using path dis-
tance function. And Continuous Nearest-Neighbor
Query utilizes both of the two distance functions.
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Fig. 3: Relationship among advanced queries in LBS

By implementing SQL functions to realize these
queries, we can execute queries smoothly in LBS. Here
are two examples in a modern navigation system.

Q1: For a beforehand reservation service of taxi, searching an
optimal path from P to P, and take up several persons
on its way at place Ry, ..., R,).

Answer: SELECT kESPQ_CR(Py, P, {R(n)},1)

Q2: For a temporary reservation service of taxi, dispatch a
taxi to a passenger at P as quickly as possible.

Answer:

1) P = SELECT kNNQ(P,{P)},1); {Pn)} is a set of
taxi stops)

2) 01 = SELECT k]\/Y]VQ(P7 {O(n>}7 1); ({O(n)} is a set
of taxies which are out of service)

3) SELECT kSPQ_CR(O, P, $,1); (O is taxi Oy or a taxi
dispatched from taxi stop P, which has the nearest dis-
tance to P)

The detailed discussion of other examples is de-
scribed in [7].

4. Experimental Evaluation

We evaluate the effectiveness of our LBS framework
combined with spatiotemporal queries. The test ma-
chine has a Pentium IV 3.00GHz CPU, 1024M mem-
ory, 250GB hard disk, FreeBSD 5.2.1 and PostgreSQL
7.4.5. (PostgreSQL is equipped with a powerful spa-
tial extension: PostGIS.) The road map is Digital Road
Map (DRM) version 3.1 provided by Japan Digital
Road Map Association [3]. And the real navigation
data are collected from Internet Taxi in Nagoya.

We design a car navigation system simulator, which
can use real navigation data to evaluate the efficiency
of our framework and advanced queries. The road data
covers a rectangular area with corner points longitude
and latitude (136.00, 34.67) and (138.00, 35.33), con-
taining 227105 nodes and 374150 road segments. The
average number of taxies is over 1500 drifting around
1000 in one day.

Our simulator has following two modes.

e Monitor: This mode only shows how the taxies
moved at the specified date. This is the simplest
mode that the simulator only fetches history data,
and then shows it on the screen.

e Selected taxi in LBS: In this mode, the selected
taxi receives LBS messages, while other taxies
move according to the history data. A service re-
quest can occur in two ways. Firstly, if there is
any request in the real history data, it will be re-
quested at the same time and the same place auto-
matically. Secondly, a service request can be added
at the place selected by the mouse device. For each
service request, the database server searches for
the closest taxi from the taxies which are in LBS
setting in startup parameters (Nearest-Neighbor
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Query), and calculates the shortest path to its des-
tination (k Shortest-Path Query).

Our experimental results show that it is very easy to
develop LBS applications with these advanced queries
implemented in spatiotemporal database server be-
cause the application interface is powerful that a ser-
vice method could be constructed easily. Our frame-
work also decreases the maintenance cost when service
contents need to be modified frequently.
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Fig. 4. Average time for executing “Nearest-Neighbor
Query + k Shortest-Path Query”

But under our test environment listed above, the
performance is still not good enough. As shown in
Fig. 4, even in the pattern of “Nearest- Neighbor Query
+ Shortest-Path Query” (k = 1), the maximum number
of the taxies to be computed simultaneously in LBS of
our simulator is about 150. If more taxies are put into
LBS, the process speed cannot satisfy the taxi requests
gotten from the real navigation data. We consider
the performance is greatly influenced by many factors,
such as architecture of hardware, indexing, computing
algorithms (exhausting or approximate) and others.

5. Conclusion and Future Work

With the expansion of LBS contents, spatiotemporal
database has many advantages than spatial database
especially in dealing with spatial relationships among
moving objects. We proposed two categories of ad-
vanced spatiotemporal queries for LBS based on their
spatial and spatiotemporal characteristics. We also
proposed an improved framework for LBS applications.
We presented that more complex LBS processing could
be realized by combining different query categories.

In this paper, we only evaluate the performance of
spatiotemporal queries. More accurate evaluation and
performance analysis should be done firstly in our fu-
ture work. We will try to propose other techniques such
as new indexing methods and approximate algorithms
to improve the performance of computing. We will also
expand our framework to perform data mining on mov-
ing objects for possible service contents of LBS in the
near future such as optimum positioning problems.
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