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Abstract

Location-based services are essential for emergency response as a person requesting
help needs to inform his/her location so that a rescue response can be delivered
successfully. The aim of this thesis is to develop a server-side GIS (Geographic
Information System) web application which provides location services for emergency
rescue.

The scope of this work is to develop map and location services to support a
client-side web application. These services were deployed on NGINX, a HTTP server,
which runs on Ubuntu. The location services are: location search, submission of a user’s
request, staff’s response to the request, and rescue delivery. The services were
developed using Django with extensions of GDAL and PROJ4 in order to support
working with geospatial data. For the Web Map Service (WMS), map image tiles are
sent to a web client using HTTP protocol. GeoServer, a map server, was used to render
map images, which can be in different formats, from spatial data in the databases. The
server-side application can communicate with a client application via the HTTP using
JSON.

In conclusion, GIS is a very useful technology to use for providing location and
mapping services. This thesis makes use of basic concepts of GIS which can be used to

develop a server-side application for emergency rescue.
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Chapter 1

Introduction

1.1 Motivation

An accident or a disaster always happens anywhere and anytime, therefore, emergency
rescue is also always needed in any location. When a disaster happens, a person
suffering that may make a call to a responsible organization to request for help. An
inaccurate or incomplete information about the location of disaster can prevent the help
to be delivered successfully. To cope with this problem, we can use a location-based
service technology.

Geographic Information System (GIS) is a technology which can be used
anywhere and anytime on a smartphone. GIS is used in various ways such as searching
a location, finding a route and navigation to a location, etc. We found that these
functions are useful for alleviating disaster caused by either human or nature. We can
use location services to specify exactly where the help is needed.

Therefore, we would like to apply the GIS technology with an emergency rescue
to make the rescue more effective, and to make the services available anywhere, we are
going to create services on a web site so that anyone can access the services from

anywhere in any computer device.

1.2 Objectives

1.2.1. To configure GeoServer in order to deliver map services

1.2.2. To develop a web service for helping rescue disaster victims

1.2.3. To provide a better way of requesting help directly to the Thai Red Cross
through location services on a web browser

1.2.4. To provide a manageable request tracking facility where the sender can
track requests status and Red Cross can update the requests status

1.2.5. To help make collaboration among Thai Red Cross Society’s staffs more

effectively



1.2.6. To provide Web Map Service (WMS), Web Feature Service (WES),
searching service, warning service, user service and request service for a
web client application to use

1.2.7. To improve efficiency and performance of map and location services

1.3 Contribution

The thesis aims to demonstrate how GIS technology can be used for disaster response.
Though, GIS technology is not new, many people still do not know much about it. They
only know Google Maps but not the technology behind that. Also, open source software
is not just a basic tool, but some are very powerful and many developers are contributing
to open source software development. We also, want to help the open source
community to expand further by using its software and show how powerful it is.
However, the most important thing is we want to help our society by developing
a system which can help other people suffering a disaster. This software can improve a

quality of people life.

1.4 Scope of work

In order to achieve the thesis purposes, we need to do:
For server:
e Setting up and installing an Ubuntu server to provide web services
e Setting up and installing NGINX HTTP server and Tomcat7 server
e Setting up and installing a GeoServer to provide map services
e Setting up and installing Django to use with the server
For databases:
e Setting up and installing PostgreSQL with a PostGIS extension for a database
to support geospatial data
e Importing geospatial data in shape file format to the database
For map services:
e Importing geospatial data to a database and display it using the GeoServer
e Sharing and managing geospatial data from the database which contains two
districts of Bangkok

e Configuring each map layer for easy recognition



Editing and adjusting each layer style

For location services:

1.5

Developing a searching service by attribute using name of location or house
number, and searching service by location, using a geometry location with a
specific distance on a layer

Developing a location search in a selected area

Developing a user management, registration and login

Developing a user request service that a user can make a request to the server
Developing a response to a request service for a staff

Developing a delivery service for a response to a request

For communication with a web client:

Design a communication between the server and the client in JSON format

Structure of the thesis

Chapter 1 of this thesis explains a motivation, objectives, contribution to
readers, and scopes of work to give an overview of why the thesis was
developed

Chapter 2 gives a simple explanation on a problem of the current system that
we would like to improve and a review of related work

Chapter 3 discusses basic knowledge about a Geographic Information System
technology relevant to this thesis

Chapter 4 explains problem description in more detail, functional and non-
functional requirements, overview of architecture and a use case diagram
Chapter 5 focuses on the system design and explains a design of each
component including a class diagram

Chapter 6 explains a development process, tools and techniques which are used
during development processes

Chapter 7 illustrates key functionalities of the system, and explains experiments
with results

Chapter 8 evaluates the system effectiveness

Chapter 9 summarizes a result of this thesis, problems and obstacles during

development, lessons learned and future work



Chapter 2

Problem and Related Work

2.1 Problem

People can tell other people where a disaster is, but it is not good enough because only
knowing a location name is insufficient. When they want to request a help, they need
to provide a precise position of the place location. Sometimes, they can only receive
helps from a certain place. Also, they cannot know the status of their requests. Current
emergency rescue is not organized because there is no good communication among the
rescue teams. This may cause problems such as the help was delivered to a wrong
location or the help was not the kind of help they expected.

GIS can be used to solve these problems. Firstly, GIS can specify an exact
location using a map in a way that the user can pin point a location of disaster on the
map to warn other users. Secondly, a web service can provide a support of request
tracking to provide information of what situation of the user is. Then, a staff knows the
situation and takes the right action for the emergency rescue. As a result the emergency

rescue will be delivered more effectively and well-organized.

2.2 Review of related works

This thesis makes use of an open-source map server and HTTP server. The most popular
open-source map server projects are MapServer and GeoServer. For the HTTP server,
Apache and NGINX are the most popular open source software. In this chapter, we will

make a survey on those popular map server projects and HTTP servers.

2.2.1 MapServer

MapServer is an open source platform for publishing spatial data and interactive
mapping applications to the web. Its main purpose is to display dynamic spatial maps
over the Internet. Here’s major features of the MapServer:

e [t supports display and querying various number of raster, vector, and database

formats



MapServer can be deployed on many operating systems include the most
popular ones Windows, Linux and Mac OS X

It supports popular scripting languages, PHP, Python, Perl, Ruby, Java, .NET
Map projections can be transformed on-the-fly

Its map rendering is in a good quality

Its map services is highly customizable

To summarize, MapServer is a CGI (Common Gateway Interface) program in a Web

server. When MapServer receives a request, it uses information passed in the request

URL and the Mapfile to create an image of the requested map. It may return images for

legends, scale bars, reference maps, and values passed as CGI variables as well. Here

is an anatomy of a MapServer Application.

Figure 2.1 Basic architecture of MapServer applications

A simple MapServer application consists of:

Map file — defines the area of a map, tells where the data is and where to output
images

Geographic Data — default format is the ESRI Shape format

HTML Pages — is the interface between the user and MapServer

MapServer CGI — is the executable file that receives and returns images



e Web/HTTP Server — provides the HTML pages in the user’s browser

2.2.2 GeoServer

GeoServer is a powerful map and feature server for sharing, analyzing and editing
geospatial data from spatial data sources using open standards. GeoServer supports
many data formats (ArcSDE, Oracle Spatial, DB2, Microsoft SQL Server, Shapefile,
GeoTIFF, and many more). It can output in multiple formats (ESRI Shapefiles, KML,
GML, GeoJSON, PNG, JPEG, TIFF, SVG, PDF, and GeoRSS).GeoServer comes with
a fully-featured web administration interface and REST API for easy configuration. It

is a Java J2EE application which works with Jetty, Tomcat, JBoss, and others.

Vector data

Vector files
~ - Shapetile, GML2,
Shapetie B WFS1Q - GML3, GooRSS,
VFS 1 GeoJSON, CSVIXLS
b # VIFS 20
DBMS .

Styled maps

PostGIS, Oracle,

g PNG, GIF, JPEG, TIFF,
GeoliFF, SVG, POF,

o “ KMLKMZ
y N
- \
Servers GeoServer N ;
- g Raster data
WFS, ArcSDE
GeoTIFF, ArcGrid,
’ % GTopo30,
Raster data s b ImgeWorld
GeoTIFF, AscGrid, ECW,
GTOPO30, ImageMossic, Google

JPEG2000, M:Sid, NITF,
Worldimage, and others

Figure 2.2 GeoServer Open Standard

2.2.3 A Comparison between MapServer and GeoServer
We chose MapServer and GeoServer for comparison because these two map servers
are well-known open-source software and very popular among GIS developers. Their
documentations are well written and they updates them regularly.
e GeoServer has a friendlier administrator interface than MapServer which all
comes to edit the Mapfile
e MapServer is written in C, C++, on the other hand GeoServer is written in Java
e MapServer and GeoServer are both platform independent
e GeoServer provides WMS out of the box, when layers are created, they are
automatically set to be provided through the service, whereas MapServer needs
manual configuration in the Mapfile

e Both are fast but GeoServer requires more resources because of Java



The reasons GeoServer was selected as our map server are:

e The server provides map image tiles to the client using WMS through HTTP.

e GeoServer is more user-friendly than MapServer.

e GeoServer does not need many configurations before it is ready-to-use. This
helps us concentrate on other functionalities.

e GeoServer has built-in core features such as importing spatial database and
geospatial data, editing layers with Styled Layer Descriptor (SLD) and
GeoWebCache.

HTTP server is the most important part of the server-side application. We looked at two

popular open source HTTP servers that are Apache and NGINX.

2.24 Apache HTTP Server

The Apache HTTP Server Project aims to develop and maintain an open-source HTTP
server for modern operating systems including UNIX and Windows NT. The goal of
this project is to provide a secure, efficient and extensible server. Apache http has been
the most popular HTTP server on the Internet since April 1996. It is a project of *The
Apache Software Foundation’. The characteristics of the Apache HTTP Server are:

e apowerful, flexible, HTTP/1.1 compliant web server

e latest protocols including HTTP/1.1 (RFC2616)

e highly configurable and extensible with third-party modules

e customizable modules using the Apache module API

e full source code and unrestrictive license

e runs on Windows 2000, Netware 5.x and above, OS/2, and most versions of

Unix

e actively being developed

225 NGINX HTTP Server

NGINX (pronounced ‘engine x”) is a lightweight HTTP server originating from Russia.
It is free and open source software running under various OS such as Linux-based, Mac
OS and Windows OS. NGINX has focused on high performance, high concurrency and
low memory usage. A high-level overview of NGINX architecture is presented in figure

2.3.
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Figure 2.3 Overview of NGINX architecture

2.2.6 Comparison between Apache HTTP Server and NGINX
HTTP Server

From studying Apache and NGINX in many tests and researches, we can conclude our

finding results into this table.
Table 2.1 Apache vs NGINX

Category Apache NGINX
Design Process-driven' Event-driven’
Memory Higher memory consumption | Lower memory
consumption for because Apache creates new | consumption

serving static pages | process for each request

Started development | 1995 2002

year

Configuration Comes with a lot of|Less of configuration
feature configuration features which | features

make it easier to use

1 ; . : : :
In process-driven architecture, a new process of thread is created for every connection which
requires a lot of overhead

2 ;
Web Server serves all connections on a few processes to save resources



Documents Excellent documentation Average documentation

Components Has tons of features and | Less components to add
provides more functionality more feature

Support OS More wider range Less OS supports

First installation Comes up with many features in | Only core features which
the package make it more lightweight

Performance Depends heavily on hardware | Does not completely
resources depend on  hardware

resources

The reasons we picked NGINX over Apache are:
o NGINX consumes less resources than Apache when serving multiply requests.
e NGINX is a new HTTP server that develops with a fast progress.

e Our server is not powerful, so that NGINX was the first choice for us to use.
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Chapter 3

Background Knowledge

3.1 Geographic Information System concepts

Geographic information system (GIS) is an information system which makes use of
spatial data and information. To develop a GIS, one needs to have background

knowledge of a basic of geography.

3.1.1 Coordinate systems

A coordinate system is a way to represent points in space. Almost everyone is
accustomed to two-dimensional (2D) space and three-dimensional (3D) space.
Generally, a position in 2D space is assigned by two numbers and a position in 3D space

is assigned by three numbers.

a) Cartesian coordinate systems

Yy

(3,2)
@

Figure 3.1 2-D Cartesian coordinate system
In 2D Cartesian coordinate system, two axes (lines) cross at right angles. The point at
which they cross is called the ‘origin’. Horizontal line is called ‘x-axis’ and the other

line is called ‘y-axis’ as showed in figure 3.1.
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Another one is 3D Cartesian coordinate system. By adding a line point toward the plane
from 2D Cartesian coordinate system and bend it a little upward. The line is called ‘z-
axis’. Now, point can be assigned on a 3D plane.

Y

Figure 3.2 3-D Cartesian coordinate system

b) Spherical coordinate systems

A spherical coordinate system is an alternative way to represent point in 3D space. Like
a 3D Cartesian coordinate system, it also required three numbers; two of them are
angles, and the left is a distance. This system looks like a ray emitting from the origin
toward surfaces of the sphere. The latitude-longitude graticule, a gridded reference

network of lines encompassing the globe, is based on spherical coordinate system.

z-axin

Figure 3.3 Spherical coordinate system
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Consider the earth as a hollow sphere consists of three axis passing through the middle

as shown in figure 3.4.

Figure 3.4 The earth with three axis

A line can be drawn from the center of the earth to connect to any point on the earth’s

surface as shown below in figure 3.5.

Figure 3.5 A line from the center to the surface
Latitude of the point is the angle that the line makes in the north-south direction. Same
as longitude of the point which is the angle that the line makes in the east-west direction.
Below is a figure 3-6 to show latitude and longitude of the earth.

North Pole
9

L8 4 "
== [

-9 S
South Pole Prime Meridian

Figure 3.6 Latitude and Longitude
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A latitude and longitude value represents a geodetic location. A geodetic location

specifies a point on the earth’s surface.

3.1.2 Projections
A projection is a mathematical transformation process that turns the three-dimensional
shape of the earth into a two-dimensional map. There are three main groups of

projections: cylindrical, conical, and azimuthal.

a) Cylindrical projection

Consider a source of light in the center of the earth, it projects the light to the earth’s
surface to create a shadow on a cylinder paper which is wrapping the earth. As shown

in figure 3.7.

Figure 3.7 The light create the shadow on the surface
Then, unwrapping the paper to get a two-dimensional image of the earth. This is a
simple explain. In reality, map projections use sophisticated mathematical

transformations to get the same result.

Figure 3.8 Unwrap the paper

Some examples of cylindrical projections are the ‘Mercator Projection’, the ‘Equal-
Area Cylindrical Projection’, and the ‘Universal Transverse Mercator Projection’.

Figure 3.9 is an example of a Mercator projection.
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Figure 3.9 Mercator projection
b) Conical projection

A conic projection is obtained by projecting the earth’s surface onto a cone. By
unwrapping the cone, a map is produced. Some examples are the Albers Equal-Area

Projection, the Lambert Conformal Conic Projection, and the Equidistant Projection.

Figure 3.10 Conic projection

¢) Azimuthal projection

An azimuthal projection is projecting the earth’s surface directly onto a flat surface.
Generally, azimuthal projections do not show the entire earth’s surface. However, they
do show the spherical nature of the earth. Some examples are the Gnomonic Projection,

the Lambert Equal-Area Azimuthal Projection, and the Orthographic Projection.
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S &= ="
e §

Gnomonic Stereographic Orthographic

Figure 3.11 Azimuthal projection

3.1.3 Projected Coordinates

Projected coordinates refer to a point on a two-dimensional map that represents the
surface of the earth. A projected coordinate system makes use of a map projection.
Firstly, converting the earth into a two-dimensional Cartesian coordinate system. Then,

placing points onto the plane.

A freon

Figure 3.12 Projected coordinate system

As mentioned earlier in coordinate systems. Here is a comparison table between
spherical coordinate system and projected coordinate system.

Table 3.1 Coordinate system comparison

Advantages Disadvantages
Spherical - Points on the earth’s surface | - Complex  calculation  is
coordinate are accurate needed to determine the
system - The system does mot| distance or the area
introduce errors - Latitude-longitude plotting is
considered distorted
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Projected - Distance and area | - Almost every point is in the

coordinate calculations are easy wrong place

system - Graphic representations are | - All projections introduce
realistic errors

Some example of projected coordinate systems: UTM and State Plane.

a) Universal Transverse Mercator (UTM)

UTM was developed based on a series of 60 projections into semi-cylinders that contact
the earth along meridians. However, UTM projections are further subdivided into

zones covering 6° of longitude and 8° of latitude for most zones.

b) State plane

State plane coordinate systems are designed to have a scale error maximum of about 1
unit in 10,000. The possible error with the UTM coordinate system may be larger: 1 in
2,500.

3.1.4 Datums

A datum is a mathematical model of the earth used to describe locations on the earth’s
surface. A datum consists of a set of reference points combined with a model of the
shape of the earth. The reference points are used to describe location and the model of
the earth’s shape is used to project the earth onto a two-dimensional plane. There are
three main reference datums:
e NAD 27 — is the North American Datum of 1927. NAD 27 is a local datum
covering North America.
e NAD 83 —is the North American Datum of 1983. It is considered a local datum
covering the United States, Canada, Mexico and Central America.
e WGS 84 — is the World Geodetic System of 1984. This is a global datum
covering the entire earth. It is a very popular datum. WGS 84 also has the

distinction of being used by Global Positioning System satellites.
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3.2 Data types
Geospatial data represents in many forms such as points, line, polygon and raster.

3.2.1 Points

A point is simply a coordinate on a plane. It can be described by two or more numbers

within a projected or spherical coordinate system.
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Figure 3.13 Point

3.2.2 Linestrings

A linestring represents a path defied by at least two distinct points. Linestrings are often

used in geospatial data to represent roads, rivers, contour lines and so on.

Figure 3.14 Linestrings
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3.2.3 Polygons

Polygons are commonly used to represent area. A polygon has an exterior ring which
is a linestring to represent its outline. Also, the polygon can have an interior ring to

represent a hole in it.

Figure 3.15 Polygons

3.2.4 Raster

Raster organizes information using pixels, sometimes called cells. Each pixel is a space
holder for data. Pixels are organized in rows and columns to form tiles. GIS makes
frequent use of georeferenced rasters. Pixels in a georeferenced raster corresponds to
actual geographical locations and the physical size of the pixels takes on a real unit of

measure.
Cell

i
b
b

Figure 3.16 Raster
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Chapter 4

Requirements and Analysis

4.1 Problem description

Geographic Information System (GIS) is an essential and powerful information system
which provides a support for users to access complexity of location data. GIS helps
make a decision and solve problems of the location. By applying GIS, we can enhance
an information system with location services, in this case, we apply GIS to develop an
information system to provide an emergency rescue service.

The problem of current emergency rescue service is that the information of a
location given by a person who requests help is not accurate. He/she can only tell rough
details of the location, therefore, the help may not be delivered at the correct location.
GIS can solve this problem by pin-pointing the exact location by people requesting
help. Another problem is the staff who offers a rescue does not know where the help
will be delivered, while the person who requested it does not know when the help will
arrive. We can also use of GIS to solve this problem.

Our GIS provides map service, location service and application service. For the
map service, we import geographic data to our map server, namely ‘GeoServer’, and
the GeoServer will provide a map server to a client GIS web application running on a
web browser. Another service, our GIS provides location services such as to search a
location by name or by an area of interest, and to provide request and response in order
to deliver emergency rescue. The last service of our GIS is to manage user accounts.

For example, it provides a registration service for a user to subscribe to the system.
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4.2 System Architecture

Server

Geographicdata
(Shape file (shp))

Map server -

Web framewaork
+

Python

Spatial

Database

Figure 4.1 System architecture overview

The architecture of our system can be illustrated in figure 4.1 which consists of a
database, a web framework, a map server and a client. A geospatial data is retrieved
from other resource. To use the geospatial data, the system needs a spatial database for
storing. A server provides a Web Map Service (WMS) using a GeoServer, a Java-based
map server. GeoServer can provide map images through HTTP for client to display on
a browser. Additional services are provided using Django, a python-based web

framework, in a JSON format.

4.3 Requirements

4.3.1 Functional requirements

e Map services
o An admin can import data sources into GeoServer.
o An admin can select which layer is available for sharing to a web client
application.
o An admin can add/edit layer in a spatial database

o An admin can add/edit data in database to share using GeoServer

e .
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o A web client can request Web Map Server, Web Feature Service and
Web Coverage Service though HTTP request form GeoServer.
o An admin can edit layer’s style to be displayed in a web client
application.
o An admin can group layers into one single layer.
o A user can search locations by name in a specific layer.
o A user can search locations by name in a specific area.
o A user can search locations by name and distance from another location
within a specific distance.
e User services
o A user can register to the system through a client browser
o A user can login/logout to the system
o A user can check his/her notification
e Request services
o A user can make a request to a danger on a specific location with a
various kinds of request type
o A user can track his/her request that has been sent to the system
o A staff can view incoming requests in their responsibility area
o A staff can response to a request with a resource and a delivery
o A user can track the response and the delivery of his/her request
o A staff can update current<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>