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Abstract

Soatial data lies at the heart of Gl Sresearch. The
great strength of the gpatial data is to query
about the location and direction of spatial
objects. This paper is to explore the possihilities
and advantages of geo-spatial data to improve
online apartment services. In order to support
spatial querying in nature, a simple fuzzy query
model is presented in the paper. An online spatial
information systemis developed by utiliziing PHP
technology with MySQL database. The system
will provide visitors and residents with more
accurate information about the apartment.
Querying examples are also provided.
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1. Introduction

The University Apartment at Ettrick (UAE) is an
apartment complex built to provide off campus
housing to students. Originally, the apartment
provides an official website for its properties, but
there is no any spatial information included, for
instance, distance or direction to a building in the
main campus. The motivation of this research is
to develop a spatial information system to
improve and increase the amount of information
for the users, residents or future residents.

The ability to perform queries on spatial data is
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essential in an information retrieval system. An
online spatial query requires technique support.
The development of new technologies such as
new remote sensing, diffusion and
miniaturization of GPS receivers has provide an
opportunity to improve decision-making based
on geospatial information. Recently, as a
powerful database server, MySQL has been used
to meet the web application requirements. It
performs well on the majority of queries, and has
a large support base for access from PHP, a
powerful script language [1-3]. In this paper, an
online information system is implemented by
using an open source database MySQL and PHP
script language.

Spatial querying is a more general term in the
geographic queries, which can be defined as
gueries about the spatial relationships such as
topology and direction. As a critical component

in the spatial retrieval, the directional relationship

is mainly concerned in the paper. A simple fuzzy
model for direction query is introduced. The

purpose is to improve the service quality and
accuracy for the apartment.

The paper is organized as follows. Section 2
presents implementation tools for the spatial
information system. A fuzzy model for handling

direction queries is introduced in section 3.

Section 4 briefly describes a spatial database
design. Section 5 shows an online spatial
information system. Querying samples and some



of source codes are provided in section 5. might look like:

21 mplementation Tools Math Department i§€ast of the Apartment

) _ _ However, these types of queries can only perform
In order to achieve a useful information system g |ow-level spatial query since they could not
and make the querying results more reliable, PHP distinguish the similar relationships. For

script language and MySQL are used in this example, there are three objects A (Apartment),
research. The process of how PHP interacts with R (Register Office) and M (Mathematical

the MySQL database to generate dynamic Department) shown in the Figure 2.
querying pages is shown in Figure 1.
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S e eeeooo_. . The basic queries for the direction will provide

) ) the same directional relationships, that is,
In the system, PHP scripts are mainly used to

connect to the database and generate dynamitic gpject A and Object R:
querying results. Spatial data of objects is stored Register Office i€ast of the Apartment.
in a MySQL database.

Object A and Object M:

Math Department Bast of the Apartment.

3. A Fuzzy Query M odel

Since the spatial relationships depend on human
The directional relationships are commonly interpretation, spatial queries should be related to
concerned in our daily life. Many efforts have fuzzy concepts in order to support queries of the
been made in our previous work [4,5]. In this nature. In order to provide high accurate
paper, we mainly deal with four cardinal information about direction, a fuzzy query model
directions and their refinements. The directional for the direction is presented in the paper. Some
relationships are defined as follows: rules for fuzzy spatial queries are briefly

described as follows.
D={E, S, W, N, NE, NW, SE, SW}

Consider two objects A(x1, y1) and B(x2, y2). A

E: East NE: North-East tuple (x, y) represents the coordinate in the
S: South NW: North-West longitude and latitude respectively. We define
N: North SE: South-East the directional qualifier DQ as:

W: West SW: South-West

DQ={directly, mostly, slightly}.
These relations can provide the basic directional
information. An example of the spatial queries



Four rule sets to provide fuzzy spatial querying
are defined according to the Figure 2. The rule
sets inl range andV range are summarized as

follows.

Rulel: x2=x1 andy2 2>yl

IF k ;=0 THEN* B isdirectly E of A”
IF O<k 1<0.2 THEN*“ Bismostly E of A”
IF0.2 <k;<0.6 THEN“ Bisdightly E of A”
IF0.6 <k;<0.8 THEN"“ B isdightly NE of A”
IF0.8 <k;<1.0 THEN"“ B ismostly NE of A”
IF Kk 1=1.0 THEN“ B isdirectly NE of A”
IF1.0<k ;<1.3 THEN"“ Bismostly NE of A”
IF1.3 <k;<2.0 THEN"“ B isdightly NE of A”
IF2.0 <k;<5.0 THEN*“ Bisdightly N of A”
IF5.0 <k;<100 THEN*“ B ismostly N of A”

IF(x2-x1)=0 THEN “ B isdirectly N of A”

wherek ;=(y2-y1)/(x2-x1)

RulelV: x22=x1 andyl>y2

IF k 4,=0 THEN* B isdirectly E of A”

IF O<k  4<0.2THEN*“ B ismostly E of A”
IF0.2 <k4<0.6 THEN*“ B isdightly E of A”

IF0.6 <k4<0.8 THEN*“ B isdightly SE of A”
IF0.8 <k4y<1.0 THEN®“ Bismogly SE of A"
IF k 4=1.0 THEN “ B isdirectly SE of A”
IF1.0<k 4<1.3THEN"“ Bismogly SE of A"
IF1.3 <k4<2.0 THEN“ B isdightly SE of A"
IF2.0 <k4<5.0 THEN*“ B isdightly Sof A"

IF5.0 <k4<100 THEN“ Bismostly Sof A"

IF(x2-x1)=0 THEN * B isdirectly Sof A”

wherek 4=|(y2-y1)/(x2-x1)|

In the same way, Rulfl, and Rulelll can be
defined.

The fuzzy spatial querying will provide the
directional relationships shown in Figure 2 as:

Math Department idirectly East of the Apartment
Register Office islightly East of the Apartment

4. A Spatial Database

The most important feature of Geographic
Information Systems is that spatial data are
stored in a structured format referred to as spatial
database [7]. The spatial queries imply querying

a spatial database based on relationships between
particular objects in that database within a
particular coordinate system. In order to support
spatial queries, a spatial database which includes
geospatial locations of the objects such as
apartment, buildings in the main campus is
designed in terms of the ER (Entity-Relationship)
model.

The rules can be described as:

» Each building may have many apartments.

» Each apartment may have different types of
rooms.

Some valid attribute values are listed as follows.

Tablel.
Apartment Type Number of Bedrooms
A 4
B 2
C 1
Table 2.
Closet Type
Slide
Door

Since most GPS receivers are set to use
latitude/longitude coordinates as their default
setting [8], in this research, we use the latitude
longitude coordinate system to describe a
position on the surface of the earth. An ER
diagram is shown in Figure 3.

Building Apartment Room
BID AType RType
Longitude Size Size
Latitude Beds Bath
Street RentCost Closet
Size
BuildYear
Build_Aparts Aparts Rooms
BID AType
AType RType
Quantity Quantity

Figure 3. ER Diagram
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Table 3. The keys in the tables
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Table Name PK EK Reference
Table
Building BID
Apartment AType
Room RType
; BID BID Building
Build_Aparts AType | AType | Apartment
AType | AType | Apartment
Aparts_Rooms| RType | RType Room

PK: Primary Key
FK: Foreign Key

e Figure4
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Figureb

Spatial queries require the geographic location of

each object. The geographic coordinates of each Given two objects A(x1, yl) and B(x2, y2),

building in the system is represented as (x, y), where x1 and yl represent the longitude and

where x and y are coordinates of the object. latitude coordinate of the object A, and x2 and y2
represent the longitude and latitude coordinate of
the object B.



The distance between A and B can be calculated Table4. Code for the distance querying
as:  rmoommm s os oo sosooooosoooooooosoooososooo-oo

distance(A, B) =/(xL- x2)? +(yL- y2)?
By using the fuzzy spatial query mode presentq'
in section 3, the system will provide dlrectlor‘
information.

An example of the spatial querying

The interface shown in Figure 6 provides a ma
of the main campus and the apartment. |
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The source is the apartment. The user can seln
the destination in the campus. For example, if th
Library is clicked, the distance from the:
apartment to the library is given in Figure 7. '
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The partial source code which uses PHP ]'
connect to MySQL database is listed in Table 4.,

$dest=%_REQUEST['dest];

$src=$_REQUEST['source;

$server="localhost’;

$user="xxxxxx'; $pass= "XXXXXX';

$mydb="xxxxx';

$tablel="Location";

$table2="Building';

$connect = mysqgl_connect($server,
$user, $pass);

if('$connect)
die("cannot connect to $server using");

else
{ mysql_select_db($mydb);
$queryl = "select Longitude, Latitude
from $tablel
where BuildName="'$dest’;
$result=mysql_query($query1, $connect);

if($result)

{ $row=mysql_fetch_row($result);
$x1=53.0*$row[0];
$y1=69.1*$row[1];

mysql_select_db($mydb);

$query2="select Longitude,Latitude
from $table2
where BID="$src";

$result2= mysql_query($query2);

if($result2)

$row2=mysqgl_fetch_row($result2);
$x2=53.0*$row?2[0];
$y2=69.1*$row2[1];

$Sdist=sqrt(($x1-$x2)*($x1-$x2)
+($y1-$y2)*($y1-$y2));
$dist=round($dist, 3);

print "The distance between
$src and $dest is
$dist miles<p>";
}
else
print "No result from
Building table. <p>";
}
else
print "No result form $tablel <p>";

mysql_close($connect);



If the destination is Football Field, the direction

information is shown in Figure 8.

Direction Query

The direction of Football Field iz mostly East of TTAE

University Aportments 7.
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Destination:
Football

Figure8

Table 5 shows partial PHP source code for fuzzy

direction querying.

Tableb5. Codefor thedirection querying

|/ (x1,yl)and (x2, y2) are known |
if($x2!1=$x1) $k=(y2-$y1)/($x2-$x1);

if($x2>$x1)&&($y2>$y1)) i
{ if(($y2-$y1)==0) !
print “The direction of $dest is !
directly E of $src <p>"; !
else if (($k==1) !
print "The direction of $dest is !
directly NE of $src <p>"; !
else if (($x2-$x1)==0) :
print “The di rection of $dest is |
directly N of $src <p>"; '
else if($k>0 && $k<0.2) :
print "The direction of $dest is |
mostly E of $src <p>"; |
else if ((0.2<=$k && $k<0.6) |
print "The direction of $dest is |
slightly E of $src <p>"; |
else if (0.6<=$k && $k<0.8) |
print "The direction of $dest is i
slightly NE of $src <p>"; !
else if (0.8<=%k && $k<1.0) !
print "The direction of $dest is !
mostly NE of $src <p>"; !
else if (1.0<$k && $k<1.3) !
print "The di rection of $dest is !
mostly NE of $src <p>"; !

else if (1.3<=$k && $k<2)
print "The direction of $dest is

else if (2<=$k && $k<5)
print "The direction of $dest is

else if (5<=$k && $k<100)
print "The direction of $dest is

slightly NE of $src <p>";

slightly N of $src <p>";

mostly N of $src <p>";

6. Conclusion

Based on an apartment web service application,
this paper investigates a method which uses
geospatial data to improve accuracy and quality
of online information. Querying examples have
shown the capabilities of a spatial database to
support fuzzy directional queries. In the future,
fuzzy queries may be improved by membership
functions.
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