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Figure 1.1: A snapshot of John Snow’s 1854 cholera map, showing the cholera incidents
and highlighting the famous Broad Street Well (Gleick, 2013).

Advances in GIS technology have made mapping and analyzing data much more
effective with the combination of statistical methodologies and accurate geographically
referenced databases, presenting new opportunities to study the environmental, social-
economical, infrastructural, and behavioral factors contributing to public health problems
(Mayunga, 2002). Glass et al. (1995) demonstrated the use of a GIS in the assessment of
environmental risk factors for Lyme disease. The study focused on characterising
samples in relation to each other, then provided an approach to study the disease
distribution and the associated environmental causes. In Tanzania, a GIS was used for the
creation of a Demographic Surveillance System (DSS) to analyze the mortality among
children under five years due to malaria. The DSS provided health authorities with the
information which enabled effective intervention (Kamara, 2008). Similarly in the
United Kingdom, Beale et al. (2007) utilized a GIS to develop and link a Rapid Inquiry
Facility (RIF) with an environmental health database, creating an effective tool that
enabled researchers and public health professionals to easily and rapidly determine
environmental health hazards and diseases.

The future trends in health policy, research, planning, and management point to GIS
being an important role in the automation and integration of data on patients, facilities,
programs, and events that include incidents of disease, medical diagnostics, and
treatments at an optimal level of details (Kurland & Gorr, 2012).



2.2 The Internet and Web GIS Development

The Internet and information technology revolution continues to expand the volume and
accessibility of data. Since its popularization, the Internet is a worldwide
telecommunication network where the demand and transfer of data necessitate the
integration of technologies (Peng & Tsou, 2003). Before the 1990s, the use of such
technologies was very limited by an average person due to its cost and complexity. The
Internet in particular was mainly used by research professionals and government agencies
and its services consisted mainly of e-mail, Usenet news, file transfer, and remote access
to computers (Fu & Sun, 2011).

Fu and Sun (2011) defined Web GIS as a distributive information system that
possesses an advantage over the traditional GIS with its far reaching capabilities across
the Internet without the need for locally installed software. The development and
expansion of Web GIS providing a visual interaction with data allowed users to produce
and publish maps via the Internet and to access them from many location. This
combination of easy access and visual representation of data addressed some of the
difficulties geoscientists faced in the past (Alesheikh, Helali, & Behroz, 2002).
Additional functionalities of a Web GIS include query attributes, data collection, data
dissemination, and geospatial analysis such as measuring distance, finding locations,
proximity analysis, and route optimization. It also reduces the costs of training, licenses,
and the required criteria of a user’s machine (Fu & Sun, 2011).

Web GIS is based on a HyperText Transfer Protocol (HTTP) request sent to a web
server via a browser. The web server processes this request and returns a HyperText
Markup Language (HTML) response or binary images such as JavaScript Object
Notation (JSON) or an Extensible Markup Language (XML) (Fu & Sun, 2011). GIS
applications over the Internet were faced with performance issues. As Alesheikh et al.
(2002) explained, these issues are mainly due to the exchange of large quantities of data
between clients and servers. This problem can be solved by using appropriate Web GIS
architecture. The architectural choice depends on the application requirements and the
available resources. The first architecture is called “Thin Client/ Thick Server.” In this
design the processing is completed on the server side and the results are displayed on the
client side. However, it involves a longer response time. The second architecture is
“Thick Client/ Thin Server.” In this architecture, processing is done on the client side,
hence extending its functionality while the server sends the required data. Network speed
significantly influences this architecture, since a large amount of data needs to be
transferred in this type of architecture. Also, this architecture requires a powerful client
machine to handle all processes. “Medium Client and Server” is the third type of system
architecture, where the processing is done on both sides. This architecture becomes
favorable when the processing loads are balanced between the client side and server side.
The final architecture is known as “Distributive.” This framework supports the
concurrent use of many applications and servers, and uses a scalable distributive GIS
model to improve the traditional client/server GIS model.

Web GIS applications have become essential for the planning, management, and
monitoring of health situations for many international organizations. The Health Mapper
is a surveillance and mapping application developed by the World Health Organization
(WHO) to provide public health officials with information in the form of charts, tables,



and maps of health variables at national and global levels (WHO, 2013). Similar systems
exist in organizations such as the Center for Disease Control and Prevention (CDC) and
the Pan-American Health Organization (PAHO). Epi INFO is a system developed by the
CDC to provide health workers with a rapid assessment tool for disease outbreaks in
order to develop small to mid-size disease surveillance system (CDC, 2013). PAHO
developed a system called Geographic Information System in Epidemiology and Public
Health (SIG-EPI) using GIS as a tool to strengthen health worker’s capability for
epidemiological analysis and to facilitate the dissemination of data relating to
epidemiology and public health in the Americas (PAHO, 2013).

Another example of Web GIS is the Advanced Emergency Geographic Information
System (AEGIS) used by the Loma Linda University Medical Center (LLUMC) to share
real-time information to relevant Emergency Medical Services (EMS). AEGIS monitors
and maps the locations and statuses of emergency resources such as hospitals,
ambulances, and rescue helicopters by incorporating information from different sources.
Such an infrastructure has assisted emergency personnel to get patients to hospitals that
specialize in their needs in a timely manner (Esri, 2007).

2.3 Adobe Flex and Esri API for Flex

The profound technology of Web GIS today is due to great advancements in web service
technology. These technologies facilitated the dramatic evolution in Web GIS products
such as servers, browsers, and web portals that correspond to different roles in Web GIS
architectures (Fu & Sun, 2011). Rich Internet Applications (RIA) are the next step in this
ongoing evolution, providing an efficient and high performance way to execute code,
content, and communication (Labriola, Tapper, & Boles, 2012). Adobe Flex is a
developer friendly RIA tool whose application, when compiled, runs inside web browsers
with an Adobe Flash Player plug-in installed. Applications developed in Adobe Flex are
capable of dynamic updates and background data loading, and provide a rich set of
controls and data visualization components leveraging the use of MXML, an XML-base
language and ActionScript (Fu & Sun, 2011).

Esri’s web mapping APIs such as ArcGIS API for JavaScript, Flex, and Silverlight
provide a straightforward environment for the developing RIAs. The ArcGIS API for
Flex is built on the Adobe Flex framework, allowing the use of Flex components such as
data grids, trees, panels, and charts. It enables the displaying of interactive maps,
execution of models, address location, editing, and the combination of data from multiple
sources (Esri, 2013).

2.4 Summary

The goal of this project was to create an easy-to-use Web GIS application to facilitate the
dissemination and visualization of health indicators, behaviors, and disparities in
Coachella Valley. Section 2.1 of this chapter explained the use of GIS in studying the
environmental, socio-economical, infrastructural, and behavioral factors contributing to
environmental health problems. Section 2.2 discussed the evolution of the Internet and
Web GIS development, including their advantages, capabilities, and the types of
architectures it could support, along with examples of applications in facilitating better



decision making. Finally, Section 2.3 talked about the capabilities of the Adobe Flex
framework and Esri API for Flex in the development of Web GIS applications.
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Chapter 3 — Systems Analysis and Design

Understanding the design and specification of the application makes the difference
between a successful and an unsuccessful project. To provide the best solution to the
client’s problem, survey methods such as questionnaires and interviews were applied to
gain an understanding of the organization’s mission, user requirements, data, and current
processes being applied. The project began with a general design methodology,
recognizing the users, application technology, and the selected data sources. As the
project progressed, detailed designs were created for individual components of the
application.

This chapter consists of five sections. Section 3.1 restates the problem to be
addressed. Section 3.2 describes the functional and non-functional requirements of the
project; Section 3.3 discusses the system design; and Section 3.4 explains the overall
project plan; and Section 3.5 summarizes of this chapter.

3.1 Problem Statement

Although HARC collected a wealth of data and information, it lacked an effective or
efficient approach to communicate the information with its clients. The data were
contained in a 700-page report on health indicators, behaviors, and disparities in
Coachella Valley. HARC needed an application that would enable data visualization in a
user-friendly format, making it easier for people to produce clear and easy-to-understand
maps with just a few clicks. HARC would then be able to increase awareness of the
health problems faced by communities in Coachella Valley. These maps would
encourage funding and services towards the community.

3.2 Requirements Analysis

The project requirements were classified into two categories: functional and non-
functional. Functional requirements of the application include the functions that satisfy
users’ needs, and are part of the system that users interact with directly. These were
derived after several meetings with the client and the end users in an effort to understand
the specific needs to be addressed in the final product.

The non-functional requirements were those that the users do not interact with
directly but ensured the system perform successfully. These requirements can be viewed
as technical, operational, and transitional. The technical requirements describe both the
technology the client needed to maintain the system and the technology end users needed
to use the application. The operational requirements included the periodic maintenance
requirements that the client is responsible for to keep the system up and running. Finally,
the transitional requirements were those needed for handing the system over to the client
and end-users, such as training and usage documentation. The functional and non-
functional requirements are listed in Table 3.1.
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Table 3.1: Overview of functional and non-functional requirements

Category Requirement Description
A geodatabase to facilitate the storing, updating,
and retrieval of spatial and non-spatial data for the
Manage Data .
project.
Use mapping services to communicate data stored
Data Publishing on the GIS server to users via the map display
within the web-based application.
Display health Charts and maps to communicate health data
param_eters raphically to users
graphically grap y '
_ Communicate Include_ layers such as, City bour_lq(sl_ries, location
Functional | . . of public schools, healthcare facilities, Emergency
information on o . :
health facilities and food dIStrIbutIC?n centers, city parks, community
orograms centers, farmer's market, Grocery stores, shelters,
libraries and youth programs.
Reference to Link the mapping application to the harcdata.org
HARC website.
Generate reports for each layer showing the Name,
Report generation Location and in case of cities, the population,
median age and the median household income.
Customize and print maps from drawn graphics in
Interactive graphics | pdf, jpeg, emf and png formats or send maps to a
designated printer for a hard copy.
Browser Adobe Flash Player plugin versionll or
higher.
Technical Esri's ArcGIS server 10.1
Non- echnica Esri's ArcGIS API for Flex 3.0
Functional Internet Information Services (11S) Web Server.
Domain Name.
Operational Maintenance of the application.
Transitional Training and user documentation.

3.2.1 Functional Requirements

There were several functional requirements of the application as outlined in Table 3.1.
Essentially the system was required to store the datasets for easy manipulation and
retrieval for sharing health information. The datasets included the adult and child health
indicators and the locations of the different health programs, resources, and facilities in
the Coachella Valley. These datasets were accessed via the published web services that
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were hosted on a GIS server and available to the public via a web application, enabling
the display of queried data by city in the form of graphs, maps, and charts. The datasets
were divided into adult and child categories for easy manipulation and also included tool
tips to give users a good understanding of each tool’s functionality and the data being
queried. In addition users would be able to navigate around the application interface and
have the capability to add graphical features such as points, lines, and polygons showing
locations of interest.

The system has incorporated print and screen capture functionality which allows
users to create and print graphically designed maps in different formats. It could also
communicate city information such as name, location, population, median age, and
median income. For users who would be interested in using HARC data, the application
also included a link to the HARC data website.

3.2.2 Non-Functional Requirements

The technical requirements are the backbone of the non-functional requirements, focused
on the technology required to build the system. Web services were created from a
geodatabase and published using ArcGIS Desktop 10.1 to ArcGIS 10.1 for Server. They
were made available to the users through the web application.

The application comprises a Graphical User Interface (GUI) and navigation
components. It is hosted using Internet Information Services (11S) web server and
requires a Universal Resource Locator (URL) for access. It could be accessed via a
browser with Adobe Flash Player plugin version 11 or higher. The web application was
developed using Adobe Flash Builder 4.6 and Flex SDK, incorporating Esri’s
Application Programming Interface (API) for Flex 3.0.

The operational requirements of the application include the processes to keep the
application up and running. The client is responsible for the cost of operating and
maintaining the application. The transitional requirement involved creating detailed user
documentation of the application and training the organization’s staff in the use of the
application.

3.3 System Design

The system design was dependent on the results of the requirements analysis. This
analysis provided the design and implementation of the geodatabase, development and
customization of the web based GIS application, and the creation of a web mapping
service accessed through a GIS server.

Figure 3.1 shows the system architecture which consists of two tiers; the web server
tier which comprises of an ArcGIS 10.1 for Server and the 1S web server connected to
the system geodatabase, and the client tier by which the client can access the application
using a web browser with Flash Player version 11 or higher.
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Figure 3.1: System architecture

3.3.1 Application Interface Design

The application interface design required several components which were laid out during

the design phase and refined during the implementation phase. The layout of the
application included two views, the start-up view and the operational view.

Figure 3.2 shows the application start-up, which includes the main toolbar that
comprises of the navigation tools, draw tools, city selection menu and legend, print, and
health dataset components. The main application interface includes the base map

selection menu, the public health layer menu, the legend menu, and the navigation menu.

The bottom control bar includes the scale bar, toggle layer visibility, and map
coordinates.
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Figure 3.2: Application graphic interface layout

The system layout with all the components loaded is shown in Figure 3.3. In addition
to the start-up components, health dataset components are shown along with a chart
window, a print window, and the selected facilities layer widow.
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Figure 3.3: Additional graphic user interface

3.3.2 Geodatabase

The geodatabase is a data storage and management framework within ArcGIS that
enables the robustness and extendibility of data. Within the ArcGIS suite of software,
there are three types of geodatabases: File, Personal, and Enterprise. Considering the
requirements of the project, the File geodatabase was selected to store the collected
datasets for easy manipulation in ArcGIS Desktop 10.1 and later to create and publish the
services to ArcGIS 10.1 for Server. The File geodatabase has larger size capacity as
compared to the Personal geodatabase, therefore enabling the clients to update and
expand the tables within the database in the future. Since the application users are not
required to update or edit the feature classes, the enterprise system was not necessary.

3.3.3 Map Services

Map services are the means by which maps are used over the Internet using ArcGIS. The
services were published to ArcGIS 10.1 for Server through ArcGIS Desktop 10.1; they
are then consumed by a web application on a user’s side. The server supports different
types of operations including map, query, feature, network, geodata, geoprocessing,
image, locator, and print services. The application design included a File geodatabase to
manage the data from which map documents (.mxd) were created and published to the
server using the Representational State Transfer (REST) service.
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3.3.4 Web Application

The ArcGIS API for Flex 3.0, along with Adobe Flash Builder SDK 4.6, were used to
develop a rich Internet application. This application consumed the services published to
the ArcGIS 10.1 for Server and the base maps service provided by ArcGIS Online.

A prerequisite for applications developed using the Flex SDK is that its users are
required to have the Adobe Flash Player plugin version 11 or higher installed in their web
browsers. With the application deployed, users would be able to view different thematic
layers, to generate queries on health data by the different cities and to generate maps, in a
rich internet application environment.

3.4 Project Plan

The project plan included five major tasks that were accomplished using the waterfall
approach:
e Project requirement analysis
Database development
Application development
Documentation
Delivery

3.4.1 Project Requirement Analysis

A series of interviews and phone conversations were held with the staff and users of
HARC data to determine the client’s needs and requirements. The system requirements
and scope of the project were addressed to establish a detailed description of the
deliverables. Datasets were collected from HARC and the Riverside County GIS office.
They were then reviewed and a selection of the datasets and related fields were included
into the database. Figure 3.4 illustrates the project requirement analysis workflow.

Requirement
Analysis

Approved
Requirements

Consultations Approved

Client & MIP
Needs 31 Requirement
Assessment

Figure 3.4: Requirements analysis workflow

Importantly, when performing this task the responses from the client were very
punctual; this was significant because it kept the project on track.
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3.4.2 Database development

The second phase of the project was the database development as illustrated in Figure
3.5. A conceptual data model was created to identify and understand the general picture
of the data organization and work structure. The logical database model included a
detailed design of the database schema to present the relationships, attributes, and
behavior of the data.

Database
Implementation

Schema

Data Database
—>1 Approve

Collection Development

i

Y

No

Database
Documentation

J—

Figure 3.5: Database development workflow

The database development took longer than was originally planned, due to the fact
that the data provided by the client were not in a logical, clear, or comprehendible format.
These resulted in additional time being spent to sort and recode the data; this however did
not cause a delay in the project.

3.4.3 Application Development

The application development included a group of tasks. First, the necessary software was
selected, including the suite of software from the Esri and Adobe. As previously
indicated, ArcGIS 10.1 for Server was used as a platform for hosting the web services.
The successful configuration of the server led to a comprehensive testing of the features
for data visualization, query, printing, and visual experience of the published services.
The inconsistencies identified were addressed; the services were retested, and then
published for consumption. Figure 3.6 illustrates the application development workflow.
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Figure 3.6: Application development workflow

The application development phase was completed within the time allocated. The
improvements in the publishing and consuming of services with ArcGIS 10.1 for Server,
along with the Flex samples provided by Esri, aided in completing the application on
time.

3.4.4 Documentation and Delivery

The documentation process was done after each task was completed. Metadata and a
report of each task were completed in order to provide a detailed breakdown of each
aspect of the project. The final product was delivered to the client with all documentation.
This task was completed within the allotted timeline.

During the project development lifecycle, there were some minor changes to the
project plan. The timeline was extended for some components, such as database
development. However, the project scope remained the same and the project completed
on schedule. Figure 3.7 shows the overall breakdown of the project timeline.
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Figure 3.7: Project timeline

3.5 Summary

The system requirement analysis and design resulted in a blueprint of a system design to
meet the client’s needs. This avoided potential problems that could have influenced the
project development and kept the project within the allotted timeframe. This chapter
revisited the problem statement, presented an overview of the functional and non-
functional requirements, the system design and the application interface design. The
chapter concluded with the discussion of the project plan. The plan covered the five
phases of the project implementation with the understanding of the required functionality
and system design.
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Chapter 4 — Database Design

Databases are the foundation of a GIS, as the organizing, structuring, and storage of data
for the implementation of GIS related projects are extremely important. The database
designed for this project facilitated the effective management, maintenance, and retrieval
of data.

This chapter discusses the steps followed in the database design and implementation
of this project. Section 4.1 describes the conceptual data model which determined the
structure and relationships of the data in the system. Section 4.2 discusses how the
conceptual model was achieved within the project. Section 4.3 identifies the sources of
the data; and Section 4.5 discusses how the data were prepared for loading into the
geodatabase. This chapter concludes with a summary in section 4.6.

4.1 Conceptual Data Model

The conceptual data model was the main component behind the logical database model; it
was determined by interviews with the client and end users of the project. These activities
identified the datasets required to provide a solution to the client’s problem and the
relationship of each entity.

Figure 4.1 shows the elements of the conceptual data model for this project. The
classes included are Surveyed_Person, City, Facility, Program, Resource_Center, and
Activity Center. The Surveyed_Person class has a one-to-many relationship with the City
class with the association of “Lives in”, signifying that one or more surveyed person may
live in one city. It has attributes of age, residence, and income. The Program class has a
one-to-many association with the Facility class highlighting that many health programs
could be held at one facility. The Facility class contains two sub-classes,
Resource_Center and Activity Center, and has a one-to-many relationship with the City
class.
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Figure 4.1: Conceptual data model

4.2 Logical Data Model

The logical data model structures the physical design and implementation of the database.

-Location : String

1

Resource_Center

-HRC_ID : int

Activity_Center

-HAC_ID :int

It contains the representation of the entities, the attributes, the relationships, and the

unique identifiers of each feature class represented in the database. The project comprised
of 13 feature classes stored in an ArcGIS File Geodatabase; using a flat-file model by not
establishing any explicit relationships between the datasets enables faster data retrieval.
Table 4.1 and Figure 4.2 illustrate the logical data model and the datasets that comprise

each class identified in the conceptual data model.
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Table 4.1: Datasets comprised each class identified in the conceptual data model

Conceptual Entity

Feature Class

Description

Contains boundaries of the cities within
the Coachella Valley obtained from the

City City Riverside county GIS Office with the
attributes of Name, Population, Median
Age, and Median Household Income.
Health indicators, behaviors, and
Adult disparities of surveyed person above the
Surveyed_Person age of 18 years.
Child Surveyed Person below 18 years.
The outdoor locations for the hosting of
City parks health related activities such as wellness
o walks and health fairs.
Activity_Center -
: Locations where members of the
Community ; .
community gather for indoor group
centers . .
activities and social support.
Emergency food | Location of centers that provides food to
distribution help improve the nutritional status of
programs children and needy adults.
Public school Locatlt_)n of programs tha’_( expands
education options in public elementary
Program programs

and secondary schools.

Youth programs

Location of programs that train youths
with the skills they need to successfully
make the transition to adulthood and
careers.

Resource_Center

Healthcare
Facilities

Location of medical facilities such as
clinics, doctor's offices, urgent
care centers, and hospitals.

Farmers market

Locations where the farmers sell the
locally grown produces directly to the
residents of the Coachella Valley.

Locations of retail stores that sells food

Grocery stores and non-food items.
Location of homeless shelters and
Shelters shelters for women suffering from

domestic abuse.
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