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Abstract
In recent years, Global Positioning System (GPS) has been greatly utilized in
collecting real-time geographic data for a mobile unit. With the latest developments
in the technologies of Geographic Information System (GIS) and wireless
communications, the location data collected by a GPS unit could be easily
displayed in a real-time fashion. However, for large scale applications such as a
taxi fleet, the task to store and query the database with continuous GPS location
data collected over time still remains a challenge. In this paper, a spatial- temporal
model that is designed specifically for managing extensive amounts of GPS position
data is described. The model consists of two major components, i.e., cube cell and
trajectory. A cube cell is a three-dimensional space determined by a pre-defined
time interval as well as the x and y axles for spatial coordinates. A trajectory, on
the other hand, has a time attribute and may be stored as a line object in software
applications such as Oracle Spatial. In the model, the position data that form a
moving trajectory is stored in each cube cell to record a given object's locations
over the specified time interval and a trajectory is defined as the basic visiting
unit. The data structure allows extensive GPS data to be efficiently stored and
queried. The model is also capable of eliminating redundant data for objects
remaining at the same locations, which may further reduce the storage requirement.
For evaluation purpose, the model was implemented in a Microsoft Windows
environment using the GPS data collected from the taxi monitoring system in
Guangzhou, China. Oracle 9i and Oracle Spatial were used in the model to create
and query the database. The model was shown to significantly reduce storage
requirement and greatly enhance the query speed.
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1. Introduction
Now, more and more vehicles are equipped with Global Positioning System (GPS),
especially in taxis, ambulances, fire engines, etc. As a result, tracking the changing positions of
continuous moving objects is becoming increasingly feasible and possible. A monitor system is
set up to manage its monitored vehicle. GPS in every vehicle will update its position data
every several seconds or minutes depending on its demand, so we can easily know where the

monitored vehicle is and can also accept a signal from vehicle such as an alarm, accident
information, etc. This will be benefit for accident handling and vehicle schedules, and also it
will make driving more effective and safety. The historical trajectories data of a vehicle can be
used for operational decision support and improving the quality of service of and
transportation planning. The scale of the monitor centre depends on its number of monitored
vehicle s. For example, the newly built taxi monitor centre in Guangzhou, China, now it has
8,000 taxis and accepts GPS position data every several seconds or minutes, differently with
varied taxis. If we keep records for 30 days, it will be more than 800 million records in all.
Usually, it all historical records need to be kept for three months. The problem is that how we
can handle such huge amounts of data, in addition, its storage and its trajectory display and
varied queries from these data, etc. In this paper, a spatial-temporal model for managing these
data is presented, which are used in the Guangzhou taxi monitor system. First, we will analyze
three storage methods for GPS position data: direct position data storage, motion function
description method and spatial-temporal model method. After analysis and comparison, we
will point out that the spatial-temporal model method is an effective way to solve this problem.
In the discussion of model designing, we present an space-time model and introduce two
concepts: cube cell and trajectory. The main ideas of space-time cube and software module
architecture are discussed. The project is implemented in Microsoft Windows environment
with Oracle 9i as the database management system and Oracle Spatial for implementing the
model. This model reduces storage volume and improves query efficiency. Finally, model
validation and comparison between the space-time cube model and the improved model under
different conditions are presented.

2. Three Storage Methods for GPS Position data
The vehicle attributes can be divided into two categories: static attributes and dynamic
attributes. So called static attributes refer to some features unrelated to its location, such as
vehicle ID, vehicle type, capacity, load, manufacture’s date, etc. These data can be managed
by an ordinary relational database. As for dynamic attributes, it mainly refers to its real time
position information. Because the position of vehicle is dynamic continuous changing over time
when moving, it will produce a lot of data need to store and query. We usually want retrieve
vehicle ’s historical trajectory in some time interval or time point.
To satisfy the demand of varied queries to vehicle GPS position data, three storage
methods are usually adopted. The methods are discussed as follows:

2.1

Direct Position Data Storage

This method uses relational database to store every position data in turn when vehicle is
moving, which includes x, y coordinate, moving direction, speed, time, etc. Its feature is that
all GPS positions data will be stored in a database in original form, so its advantage is flexible
and can be satisfied varied retrieve demand. However, it will make storage volume very big
and query efficient lower. This method can mainly be used in historical trajectory display.

2.2

Motion Functions Description Method

This method represents a vehicle ’s trajectory by constructing a motion function, which
can be used to calculate vehicle’s location and its moving direction in some time interval. This
greatly reduces the volume of data and can satisfy query demand by using some movement

parameters. In addition, it also can help us to forecast vehicle’s next motion location.
However, this method has its condition restriction, especially in urban areas, it is hard to get a
properly motion function description.

2.3 Spatial-Temporal Database Method
This method has been widely used in the field of spatial-temporal GIS. It uses spatial
database to store GPS position data and regard historical position data as a spatial object
with the time stamp. The main difference with method 2.1 is that this method use spatial
database. Space-time cube is presented and used as the spatial- temporal model in the
research. Spatial database can manage spatial data effectively. It can also satisfy spatial query
by means of spatial index. An effective way needed to be found to manage data and reduce its
volume and improve its query performance. The detail is discussed in the sections below.

3. Spatial-Temporal Model Design
We use the space-time cube as the spatial-temporal model. A three-dimensional cube
represents one time and two space dimensions, as shown in Figure 1. The cube has three
axes: x, y, t and the curve in the cube represents a movement trajectory of a vehicle. Given a
certain time value, the corresponding time slice may be obtained, which represents a vehicle
trajectory status. If the moving object stops for a long time, much data redundancy will result.
Some redundant dots in the trajectory are omitted when it is stored. In addition, a trajectory
is used to represent dynamic attributes of moving object and stored as a line object
implemented by Oracle Spatial. Trajectory is the minimum visiting unit in the application
software system.
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Figure 1: Space-time Cube

The model is shown in Figure 2. The essence of the model is as follows:
1) The space–time cube is divided into many regular parts along the time-axis in certain
time interval and different parts in the x-y plan. It will produce many sub space-time cubes,
called cube cells. The time interval is represented by the height of a cube cell and the x-y area
is measured by its length and width. The volume of the spatial-temporal model is determined
by the time interval, the area range of monitoring, and the distribution of roads.
2) In every cube cell, position data will form a moving trajectory.
3) A time interval may be adjusted to improve query performance.
4) The size of a cube cell is different according to its location. For example, roads in an

urban area may have a relatively high density. Therefore, more position data will be needed to
describe a moving trajectory. On the other hand, roads outside an urban area may have a
relatively lower density, thus less position data are needed to describe a moving trajectory.
According to different time and area, different size of a cube cell is presented.
This data model greatly reduces the search scope and makes query operation simple and
efficient. A trajectory, with its time attribute, may be stored as a line object in software
applications such as Oracle Spatial. In the model, ht e position data that form a moving
trajectory is stored in each cube cell to record a given object's locations over the specified
time interval and a trajectory is defined as the basic visiting unit. Because a trajectory stored
as a line object, not dot object, information redundancy is reduced and storage efficiency is
increased.
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Figure 2 Time-Space Cube Model

4. Data Model Implementation
The model is implemented in Microsoft Windows environment. The database is built
using oracle 9i. Spatial information and non-spatial information are stored separately. Oracle
object type is used to represent the trajectory and Oracle self-defined type to represent the
corresponding position data of the Trajectory. At the same time, a time interval is set to
produce a specific trajectory. The time definition of a trajectory is in year-month-day format.
Self-defined data types are presented below.

4.1 Vehicle Location Object
This object describes a vehicle ’s location, speed, direction, and its status.
CREATE TYPE “CAR” “VEH_OBJ” AS OBJECT
(“GPS_TIME” DATE,
“GPS_SPEED” CHAR(3),
“GPS_DIRECTION” CHAR (3),
“GPS_STATE1” CHAR (1))

4.2 Vehicle Location Set Object
This object describes multi-location’s information.

CREATE TYPE “CAR”. “ VEH_ARR” AS VARRAY (1048576) OF “CAR”.“VEH_OBJ”

4.3 Vehicle GPS Trajectory Object
This object describes the status information of GPS trajectory.
CREATE TYPE “CAR”. “ VEH_TRACK” AS OBJECT
(“GPS_TRACK” “CAR”. “VEH_ARR”)

4.4 Historical trajectory Table
GEOLOC store trajectory as a line object and TRACK stores its corresponding status in
the following table:
CREATE TABLE “CAR”. “GPS_TRACK”
(“MI_PRINX” NUMBER (11) NOT NULL,
“CARNO” VARCHAR2 (20) NOT NULL,
“TVERSION” NUMBER ( 10) NOT NULL,
“GEOLOC” “MDSYS”. “SDO_GEOMETRY”,
“TRACK” “CAR”. “VEH_TRACK”,
CONSTRAINT “GPS_TRACK_INX”
PRIMARY KEY(“CARNO”, “INDATE”) )

4.5 Spatial Index
One of the features of the spatial database is its support to spatial query. Oracle Spatial
supports two kinds of spatial indexing methods: R-tree and Quartic -tree. The R-tree, one of
the most popular access methods for rectangles, is based in the heuristic optimization of the
area of the enclosing rectangle in each inner node. The tree needs adjustment when a new
node is inserted. The Quartic-tree is a grid based indexing mechanism and is easy to
implement. Insertion of new data will not affect its performance. As GPS position data
updates frequently in the monitor system, a quartic-tree index to GEOLOC is used in the
model to reduce burden to system.

5. Model Validation
The spatial query module architecture of the vehicle monitor system is shown in Figure
3. The software module may be divided into four parts: spatial database, Spatial-Temporal
Data Engine (STDE), Data Server, and User Interface (UI). STDE realizes uniform visit to
spatial data. We validate the module and its performance in practical operation.
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Figure 3: Spatial query module Architecture

The application server has a P4 2.66GHz CPU, one Gigabits of memory, and running
database Oracle 9i version 9.2. The number of taxis is 4,131. Tables 1 through 3 present
volume comparison, historical query comparison in different time, and historical query
comparison between Space-time Model and Direct Position Date Storage method in different
area, respectively. Table 1 gives record and volume reduced 90% and 50% respectively
compared between space-time model and improved model. Table 2 provides historical
query comparison in 2, 8, 12, 16, 20, 24 hours intervals, it appears the performance
improved obviously. Historical Query Comparison in 0.2*0.2, 0.5*0.5, 0.8*0.8, 1.0*1.0,
1.2*1.2, 1.5*1.5 km2 is given in Table 3.
Table 1 Volume Comparison

Direct
Position
Date
Storage

Space-time

Performance
improved

Records

6,347,763

552,400

Reduced 90%

Volume

582.5M

293.6M

Reduced 50%

Model

Table 2 Historical Query Comparison in different time

Direct Position
Date
Storage(seconds)

Space-time

4

0.219

0.047

8

0.328

0.049

12

0.407

0.051

16

0.457

0.054

20

0.547

0.058

24

0.786

0.062

Time(hours)

Model (Seconds )

Table 3 Historical Query Comparison in different area

2

Area(km )

Direct Position Date
Storage (minutes)

Space-time Model(seconds )

0.2*0.2

10.72

0.5*0.5

11.61

0.8*0.8

17.921
More than 5 minutes

1.0*1.0

18.001

1.2*1.2

14.687

1.5*1.5

23.609

6. Conclusions
Currently, spatial-temporal database applications are being developed in an ad-hoc
fashion. We presented a space-time cube model and introduced two concepts, cube cell and
trajectory, for monitoring the GPS equipped taxis. This model reduces storage volume and
improves query efficiency. It needs to be much more examined in practice with the number of
increased taxies and so on.
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