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ABSTRACT

AN EMBEDDED SPATIAL STATISTICS TOOLBOX (R TECHNIQUES) IN
OPEN SOURCE GIS SOFTWARE (uDig)

¢avur, Mahmut
Ph.D., Department of Geodetic and Geographic Infoonakiechnologies,

Supervisor: PDegktm¢Dr. H. kebnem

February 2016236 pages

It is widely considered that geographic information systems (GIS) should include more
spatial data analysis (SDA) techniques. The issues of which techniques should be
included and how statistical analysis can be integrated with GIS are still widely
debated. However, the typical software does not include all geospatial techniques. In
this respect, this thesis focuses on the means to develop a framework which
implements R spatiatatistical techniques in the uDig GIS so that GIS and spatial
statistical analysis can mutually benefit from such an integration. In this respect, this
thesis introduces a framework that implements R spatial statistical techniques in the
uDig GIS-. Forthis purpose, a simple interface is designed between twesmpeoe
software applications, uDig and the R statistical software package. The platform used
here is Windows since the uDig and R compiles and installs smoothly, and they run in
Linux and Mac perating system as well. The R technigues, tight integration strategy

and RCaller are redesigned with respect to methodology requirements. In conclusion,



the integration is successfully implemented and tested by users and developers. There
are 14 spatiastatistical and four negeospatial techniques that have been integrated

into uDig GIS softwareDevelopers can use proposed the framework to embed any
required geospatial technique into uDig easily.

Keywords: A Framework to Embed Geospatial Techniques i1@&dS;
Integration of Geospatial Techniques into GIS; A Tightly Coupled GIS with
Geospatial Techniques; R Geospatial Techniques into GIS
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CHAPTER 1

INTROD UCTION

Geographic Information System (GIS) and Spatial Data Analysis (SDA) are two
complementary software packages used to meet the requirements of the GIS and SDA
community. Both communities require different features of these two packages for
differert purposes. In this chapter, first the motivation is explained in order to integrate
these two packages. Then the aim of the study is clearly defined and explained. After
that, the main contribution of this study to GIS and SDA community is explained.

Findly, the organization of the thesis is explained in the last section of this chapter.

1.1 Motivation of the Thesis

There are increasing numbers of GIS software containing several SDA techniques in
the market for the usage of GIS community. However, the nuofb@iS including

SDA techniques and the number of SDA techniques integrated into GIS are not enough
for users.Since more advanced tools for spatial analysis are preferred nowadays, it
will be needed to have such integrations as sooner as pas&iplegu, 2011). This
expectation increases the desire to develop new SDA techniques integrated into GIS
software by applying the Free/Libre and Open Source Software (FLOSS) development
methodology. In addition, the developers need a straightforward framework and
methodology to develop a new integration for the users. Currently, there is no
straightforward strategy for developers to integrate any required SDA technique into
GIS software. It means that one should start to develop a new methodology before the

appliation of a new technique into a GIS software. This prevents developers and
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researchers from making a new integration and taking initiatives. Because of those two
main reasons, the GIS and SDA should be integrated with a framework that handles
the integratbn in an easy, applicable and straightforwardway. SDA requires the
components and power of GIS in visualizing, exploring, analyzing and estimating the
behavior of the spatial processes, whereas GIS requires the capabilities of SDA to
analyze the geospatialata. The success of any GIS system can be achieved by
providing effective interaction between these components, enabling knowledge to be
gained. Even if one component of GIS does not function completely or meet the
requirements of the user, it will causertain undesirable problems. Therefore, an
inadequate component of GIS should be complemented in different ways by the
developers. Most of the SDA software are not powerful to visualize the data and the
result of analysis. The visualization of geospabidbrmation is a key issue for
effective decisiormaking (Kemec and Duzgun, 2006). In addition to visualization,
SDA and GIS are very important for each other to complement their weak features
(Goodchild, Haining & Wise, 1992 ontrary to the requiremeat SDA for GIS, the

GIS also requires several features of SDA like the analysis power. Analysis techniques
in SDA increase the power of GIS in order to gain more information from the data
(Palmer, Bailey& Gatrell, 1996).

The most of the tools which caih advanced SDA techniques require script
development or code development. Therefore, it is really difficult for users and
developers to develop code or scripts every time for every process. Kepoglu (2011)
stated that GIS users become accustomed to use diren SDA and GIS software
recently. These types of works provide a visual interactive interface and make it easier
for the user, yet there is no straightforward strategy for the developers to integrate any
required SDA technique easily. Besides, tteeenot enough GIS software including
SDA techniques for users. As a result, these factors strengthen the motivation to take
the initiative for such a study.

The currently available GIS software should be more flexible and interactive for the
users to uderstand and use it easily. Moreover, the visualization of GIS software adds
valuable features and manipulation flexibility for the users. Finally, and most

importantly, GIS users require more advanced geospatial data analysis tools to analyze
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and understad complex spatial phenomena clearly. To understand and manipulate the
result, the output view is critical and important for the users which needs more
interaction. To achieve such an integrated and complementary solution for SDA and
GIS, a framework shodlbe provided to meet the requirements of the users (Cremers
et al., 1995). GIS is actually tlmutcome of integrating various technologies to the
specific needs of spatial data. In this respect, the development about this field will be
continuous due tde absence of required technologies. Therefore, every effort about
this fiels will be likely to provide new technologies related with GIS. Then, it will
stimulate new analytic methods and hypotheses about GIS. Although, the development
that started in th&960s, it has not been completed yet so as to meet the requirement
of GIS and SDA community.

The process of stimulus and convergence that began in the 1960s with GIS and SDA
is far from complete, and the interaction between them is likely to remain timgres

and productive for many years to come.

However, the currently available software, independent of type, strategy and methods,
has an insufficient SDA toolbox to meet the requirements of users in regard to
visualization, manipulation, flexibility and ¢h number of SDA techniques.
Furthermore, developers experience certain problems in integrating any SDA
technique into GIS due to lack of a standard strategy. This situation presents several
problems such as costly conversion, time consuming usage antfindgon of user

needs. The users try to utilize different type of software for different type of analyses.
Moreover, developers really have difficulties in finding the right SDA techniques and
GIS software and related development environments and progray language(s).
Selecting those components and their integration still remains as an unsolved problem
for the developers. Anselin (1992) claims that a better integration methodology would
be beneficial for the entire field of GIS. As noted by the agthone of the key
functions of GIS is the analysis portion, which in turn encompasses the spatial
statistical analysis. They correctly identify this function as vital for more complex and

in-depth case studies in the future.

Therefore, to overcome thes®plems, there is a need for integrating spatial statistical

toolboxes with GIS softwarein order to reach all users in cost effective way. In order
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to meet this requirement, a unique, etsgpply and sustainable framework and
methodology for developers iessential in order to embed any spatial statistical

toolbox into a GIS software.

1.2Aim and Scope

The main objective of this thesis is to provide a framework for developers to integrate
any required spatial statistical toolbox into a GIS software. Theefnsork has five
steps. Each step is clarified and explained with case studies. Two different types of
stakeholders have been targeted: the first one is the users, and the second one is the
developers. For the users, an etisyse, mentdriven, and usefriendly GIS software
program is provided including several SDA techniques. In this way, the users can use
the integration without the knowledge of codes with a simple andfusedly
graphical user interface (GUI). For the second group, the develoenseavork and

a related methodology are provided in order to integrate spatial statistical and non
spatial techniques into the GIS software. The framework and the related methodology
decrease the workload of developers to integrate any required techmmtieei GIS
software without spending much effort.

The framework involves the integration of R (ogsurce tool library for spatial and
nonspatial analyses) with uDig (UsEriendly Desktop Internet GIS) by using the
RCaller bridge technique, which ails a basic interface between the two
environments. Although the framework developed for the Windows operating
systems, it also runs on Linux and Mac OS successfully. The proposed framework is
implemented for 14 different SDA functiohdJniform Intensity, Kernel Density
Estimation, Adaptive Density Estimation, G Function, L Function, F Function, K
Function, KolmogorosdSmirnov Test, Simulation Envelope of CSR, Fit Poisson
Model, Kriging, Geographical Weighted Regression, Spatial Regression and Density
Estimaiond and four norspatial functiond8 Histogram Graph, Column Graph, Pie
Chart and Statistical Summary tools.



A case study is explained through its source codes so as to prove the application of
each step of the framework. Then, three case studies arecapitih sample data to

indicate the success of the framework and the study.

In addition to integrating the spatial statistical toolbox into GIS, several tests are
applied with different sample data sets and different tasks. For this purposes, the alpha
ard beta tests are applied. The alpha test is applied by the developers of the study and
thebeta tests are applied to the users. If the alpha test is successful, then the beta test
is applied with different tasks and sample data. In addition to the testsyey is
conducted on the users after carrying out the defined tasks to get feedback from them
and to understand their satisfaction levels. Finally, the hypotheses which are defined
and explained to test the success of the study are analyzed. Thefrésalanalysis

is reported in order to prove the success of the study and for further research in the

future.

1.3Main Contributions

This study provides several contributions towards the SDA and GIS community. The
most significant originality of the study Isehind the proposed framework and the
related methodology. The application of this framework not only integrates a specific
spatial statistical technique/software into a GIS software but is also applicable and
suitable for any spatial statistical techreggoftware in any GIS software. In addition

to the framework and the methodology, there are several other reasons why this study
is unique and valuable.

The first one is that the integration 1is
and Mac). In tis way, all the GIS users, whether they are accustomed to using Linux,
Window or Mac, can set up this integrated software application and use it. Most of the
SDA software types have certain limitations to be set up on different operating systems
( OS 6 gs)decredséds the usage of SDA software and after a while it causes the SDA
software to be outdated. The proposed framework and the methodology can be used
for 32 and 64b i t OSo6s. The wvariations in the

dissemination of ta study as well.



Secondly, the proposed solution runs independently with regards to GIS versions.
There are many studies in the past which are outdated due to version dependency (e.qg.
Kepoglu 2011). Therefore, the developed methodology adopts all theg&d®ns
currently available.

Third, the integration of the Java language and the R Scripts is a new case for
researches. There are some examples of SDA being integrated into GIS in the past.
The sdadpp was integrated as an extension to the Quantum GIS)(@he Phyton

and C languages were used for this integration. Since there is no such integration in
the literature, it will meet the requirements of specifically the developers and
researchers who are accustomed to using these programming language(s).

Fourth, one of the unique features of the study is that it allows to redesign the currently
available software for the suitability to accept Excel, Access and ASCII type of input.
The input/output type of the data and the results are taken into accouet whil
developing the framework and methodology. Importing/exporting Excel, Access and
American Standard Code for Information Interchange (ASCII) types of data into the
GIS environment is required for many users. The shapefile format introduced with the
ArcView GIS version 2 in the early 1990s was saving a geometric location and an
attribute as a vector, but could not store topological information. However, recently it
has become possible to read and write geographical datasets using the shapefile format
with a wide variety of software. Shapefile is accepted as a standard for the GIS
software throughout the world but some of the users have different type of data in
hand. Designing GIS software with respect to user requirements increase the usage
and disseminatioof the developed software by the GIS community. Therefore,

Fifth, there is no readio-use RScript for any type of SDA techniques discussed
above. Each R Package and its script is unique and examined and tested with respect
to the requirements. For thmirpose, the RScript of each SDA technique, which is
used in this study, is first created and tested on the R environment and then is integrated
into the uDig using the RCaller methodology. Therefore, the RScript developed in the
content of this studyisecl | ed t he AStructured RScripto, as
Sixth contribution is that GIS and SDA are two main parts that should be integrated
with a methodology but there should be a linkage between these two software systems

to be created for a completedatmoublefree communication. For this purpose, a free,
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opensource and designable bridge technique is selected and applied successfully.
Therefore, the selected bridge technique
Seventh is that there are fotypes of coupling applied mostly to integrate different
software (Karimi& Houston, 1996)However, the selected coupling strategy also is
redesigned and restructured wi t h respe
requirements. Therefore, itiscalleds t he fAStructured Coupli
RScript and interpreter.

Lastbut not the least, the source code of the integration is-sperte.The source

code of opersource application should be distributed and executable binaries should
comprise thesoftware itself(Heron, Hanson & Ricketts, 2013)he source code is
opensource and distributed through a web siewvyv.sdadudig.com which is

designed and created specifically for this study. In this wag, éxpected that the
distribution and dissemination process be more practical. The development is more
sustainable and it is designed with respect to feedback coming from the users who
download the integrated software. All these contributions acceleralessenination

and sustainability of the system.

1.40rganization of The Thesis

The thesis includes six chapters that cover the corresponding subjects in an organized
manner. A brief description of each chapter is as follows:

A flintroductiond i s ¢ h a pdefiaes the mogivat@m aim and scope.
In addition, it explains thproblem statement andain contribution of this

study.

A fLiterature Reviewb i s chapter two and emphasi
SDA and GIS integration. It explains the overview of GI3A &nd the
integration of SDA with GIS.

A flntegration of SibdéapteitirdeandexplairSthd t wa r
Coupling Strategies and Overview of Existing GIS and SDA Software.

A AThe Pr opos e & chipteafoueandthisisithe most technical
chapter to define and explains the framework and the methodology.
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Finally, the methodol ogy is applied with
Life Cycle (SDLC)O engineering rule is €

AApplication of t higchdpterdve and explainsthea me wor k 0
implementation of framework and the usage of three implemented

techniques with their results. In addition, the Proposed Methodology is

explained with a case study for developers. Finally, dbeeloper and

user s o6 tressltis explaided in thishapter

AConcl usion and Fur summarizeRteisstudyrwighn d at i on s (

discussion, further research and conclusion.



CHAPTER 2

LITERATURE REVIEW

The integration and development of Spatial Data ys1al(SDA) with GIS started just

after the development of GIS began. Although there are various types of development
strategies and requirements, both the strategies and requirements have evolved with
respect to the requirements of users and developgnsanAlso the strategies depend

on whether the initiative part is a governmental organization or from the private sector.
In fact, the demand for SDA technique increases the research about the integration of
SDA and GIS software. For those reasons, thegmtion has been achieved in
different ways such as developing scripts, extension,-iplugackage, toolbar,
module, adebn and development libraries. SDA techniques and tools have spread
independent of the developmental strategies, because each desigprategy has
advantages and disadvantages. Some of them have been continuously developed in an
opensource environment and some of them as a Hbaskstrategy. This affects the
continuity, sustainability, usage and diffusion of the study as well.dékelopment
process mostly depends on the software adequacy and the initiative of the developers.
Therefore, there are various research and development studies in the literature

explained in this chapter in greater detail.

2.1.Development of GIS and SDA

GISis awidelyused computerized system to take, store, manipulate, analyze, manage,
and present all types of spatial, spatiotemporal and geographical data. The major
processes of a GIS system can be defined as data acquisition/input, management,

manipulatia, analysis and displayigure J.
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Figurel. Components of Gl§dapted from Murray, 2009)

Before explaining the SDA techniques, the GIS components should be clarified to
understanaach component and their functions in order to define appropiate GIS and

SDA integration.

Data acquisition/input makes geographic information readable and editable in a

digital environment for further analysis. There are various types of data used by the
GIS community. The shapefile format is one of the standards for GIS as an input.
However, today the users who do not volunteer to convert data want to use different

kinds of data formats, such as .mdb, .xIs, .csv and ASCII file.

Data managementprovides dficient storage for and quick access to spatial
information and its corresponding attributes. This task is achieved through several
databases such as Oracle, MySQL, DB2 and PostGreSQL-eXp@nt users can
handle this task by using classical external termal hard drives.
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Displayis the generation of mapased graphics from GIS data for further evaluation
and inspection by the users. For a successful display, GIS added the wow factor to this
method. The mapview of GIS should be as flexible as possilpl@tide any kind of

manipulation for users.

Analysisconsists of complicated, tedious subsets of actions, depending on the user.
Basic analysis features of GIS are query (spatial and spatial), map algebra,
buffering, and computational geometry funosolike creating a voronoi diagram,

point interpolation, histogram, and summary statistics. However, in recent years the
users have required to use more advanced analysis techniques in order to increase the

the interpretation of spatial processes for decisnaking and other related activities.

On the other hand, SDA is explained as mathematical techniques using attribute and
spatial features of geographical and topological data to increase the understanding of
them and make some predictions for the futurior unknown data. Goodchi(d987,

cited in GoodchildHaining & Wise, 1992) refers to SDA as a set of techniques devised

to support the spatial perspective on d&aodchild, Haining and Wise(1992)

emphasize the distinction of this field that SDAteni ques fiare depen
|l ocations of the objects or events being
require accessing to fAboth the | ocati ons
Gatrell (1995) explain that the objective of SDA isrtorease the basic understanding

of the spatial process, to assess the hypotheses and to predict unknown values.

Recent developments in GIS and SDA software have made it possible to integrate
spatial techniques to obtain a wide range of GIS operationsnddx for advanced

GIS and SDA techniques provide an opportunity for the evolution of both GIS and
SDA tools and techniques. Therefore, the traditional SDA techniques have been
insufficient to address the challenges faced in GIS and SDA software. SDAesequi
the components of GI&igurel), which are input, display, analysis, manipulation and
output, in order to overcome the challenges caused by the deficiencies of its tools. On
the other hand, SDA has variouségmf SDA techniques for different types of needs.
These requirements cannot be completely met by currently available GIS tools all the

time. Therefore, both GIS and SDA complete the deficiencies of each other in different
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ways. Before talking about theqwirements of SDA software, the definition of SDA
should also be explained clearly.

SDA manages the circumstance where observational information is accessible on a
few methodologies working in space and techniques that are tried to portray or clarify
theconduct of this procedure and its probable relationship to other spatial phenomena.

The main reasons behind the analysis are,

A Enhancing understanding of the spatial processes
A Explaining the spatial processes through various hypotheses
A Predictingval es i n areas where there arenodot ot

(Bailey & Gatrell 1995)

SDA is an element of spatial analysis, consisting of a set of techr@igdeslesvhose

results are dependent on the locationdaibeing analyzed. Therefore, a successive

SDA shouldaccess both the locations and attributedaté It should contain simple
statistical techniques and more advance spatial data analysis tech8muesf them

can be achieved by SDA techniques while some are achieved by GIS components.
Goodchild (1992¥lefines SDA as the collection of methods created to provide a spatial
background for the data. SDA represents the techniques and models where spatial
referencing is used explicitly in different data cases. SDA is supposed to make
assumptions on data and this manner it should explain spatial relationships or
interactions among cases. Furthermore, although it started to be regarded as a separate
concept, SDA has a significant place in to
developed further with a closeaxination of SDA and GIS applications (Goodchild,
Haining& Wise, 1992). SDA originated separately from GIS, yet the former has been
converted into the latter over the past 40 years. As science moves into a new era of
technologybased collaboration and agtbinfrastructure, it is clear that GIS and SDA
should be complementary for each other. In analogy, their relationship could be
resembled to the one between statistical packages and statistics, or word processors
and writing. Clearly, these two perspectiwan stimulate each other's process. In other
words, GIS satisfies the demands of SDA, and SDA contributes to the focus which

GIS brings for issues of representation and ontology. Moreover, GIS can become a
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medium of communication with SDA, where the datts one of several ways for

enhancing the message.

Typically, map definition and manipulation process are defined as spatial analysis by
private sectofAnselin, 1992). Fischer and Nijkamp (1992) point out the importance

of spatial modeling and statisail analysis in the review. In addition to GIS functions,

the analysis function is also divided into four components (AngelBetis, 1992).

These include selection (sampling of data), manipulation (partitioning, aggregation,
overlay, buffering, and intpolation), exploration and confirmation (Anselin, 1992).

It is clear that the selection and manipulation of data has been achieved by the currently
available GIS software but the exploration and confirmation is the missing part of GIS
and recently it hasden tried to be solved in various ways Alnselin, Dodson and
Hudak (1993, it is claimed that the selection and manipulation functions are among
the features of GIS but exploration and confirmation are defined as data analysis
module. Therefore, the limige between GIS and SDA is taken in much of the
literature, which is often approached in terms of a linkage between two different
software systems. To do that, numerous research studies have proposed various
methodologies to integrate SDA and GIS featusesh as a classification into close

or loose coupling Goodchild, Haining & Wise1992), or into encompassing and
modular (Anselin and Getis, 1992). This integration has been for the advantage of both
GIS and SDA over the past decades in order to incri@s@roductivity of them
(Fotheringham& Rogerson, 1994; Goodchild, 1988podchild, Haining & Wisge

1992). Since there are two different sides to be integrated, GIS is used as the key point
for SDA, making it more accessible for GIS and spatial datauaed hopefully it is

more widely used to make effective decisions and to support scientific research
(Goodchild & Longley, 1999).

Developing and applying manipulation, analysis and models to understand the real
world is the main field of geographical danalysis. In this way, one can create new
data and new information with the help of GIS and SDA tools. GIS software improves
the processes by creating new information and-i&i@tion between data to increase
better understanding of the real world.tAts point, SDA completes the insufficient
functionality of the GIS in order to increase the interpretation of spatial data.

Therefore, SDA is a vital part of GIS. The reason of this symbiosis is that SDA creates
13



and extracts new information about geosgatata through examination, evaluation,
analysis and modelling of these data.

Spatial analysis, on the other hand, is a process of modelirgnirgrg, and
interpreting model for estimating and predicting, and for interpreting and
understandingieospatibdata(Encyclopedia, 20165patial analysis in GIS contains
attribute query, spatial query and new data gener§Barozough, 1987s cited in

Raju, 2003. Raju (2003) also defines the scope of the spatial analysis as querrying
spatial data, querryingtabute data and manipulation of data.

The different data types and related problems for SDA are summarizadlail.

Tablel. Types of Data and ProblemsSiDA

Typesof Data  Example Problems
Point  patterns Localized events Trafic Accidents Determination of patterns an
analysis aggregations
Surface analysis Field data Mine deposits Interpolation and uncertainty
Areal analysis Polygons Census data Regression and joint distributisn

2.2.Overview of SDAandGIS Integration

The development of GIS and incorporating certain required simple SDA techniques
into GIS started in the 1960B those years, the GIS community required spatial
operations such as merging, cutting, overlay andgattions. These kinds of tools
were adapted to GIS software as standard tools. After that, all the GIS software was
developed, including with these tools and techniques, but the development of SDA
progressed slower than that of GIS. Fotheringham and Bag€i993) also stated

that SDA had a slower development than GIS techniques because of the priorities of
requirements. The slower development and lack of integration caused SDA and GIS

14



to spread slowly so far. By the early 1970s, researchers had rehiezéeneficial
outcomes of geographic information using integrated software. The realization was
followed by the ease in adding new geographic functions and capabilities with
inconsiderable programming efforts (Goodct&dHaining, 2003). It is clear thahis

type of requirement emerged at the beginning of the 1970s just after the GIS was
established. Then, the demand for SDA was specific with respect to the requirements
of various disciplines. However, GIS vendors provided tools and techniques to the
govanmental organizations because of economic reasons (FotheridgRaxgerson,

1994). The particular need in SDA software development began in the late 1980s
(Haining, 1989). Since most scientists and users demanded such tools in the late
1980s, the resedrand the development for specialized software for SDA witnessed

a rapid growth and was cited as a major impediment to the adoption and use of spatial
statistics by geographic information systems researchers. Initially, researchers tried to
understand théntegration strategy, which spatial data analysis toolbox should be
integrated and which coupling methodology is the most useful and reliable (loosely
versus tightly coupled, embedded versus modular, etc.) (Anselin, S§akho,

2006). Anselin (1992), Galrhild, Haining and Wis€1992), Fotheringhanand
Rogerson (1993), and AnseliByabri and Khg2006) focused on the necessity of
computer software as well, in which SDA could be used in complete integration
(Kepoglu, 2011). Though the integration startédhe beginning of the 1990s, the
integration was not adequate because different requirements were claimed from
different disciplines, like biology, geography, statistics, remote sensing, computer
sciences and mathematics. The Environmental Systems Bedestitute (ESRI) is

one of the most important commercial GIS software producers and started to develop
SDA tools for different areas, yet there are not enough tools and techniques to meet
the requirements within the products of the ESRI either. latedthat ESRI Arcinfo
licensed ArcGIS Desktop Version 10.0 has just 1.01% SDA tools (Kepoglu, 2011).
After the acceptance of SDA with GIS tools, point in polygon, buffer, slop,
intersection, summary statistics, etc. became the tools of GIS softwareeettesr

strong requirements for specific purposes. However, the currently available SDA
techniques of GIS software are not adequate for the purposes of geospatial industry.

Therefore, the potential of GIS and SDA can be achieved with a combinatie@nof th
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GIS and SDA need each other in terms of their compatible features. In addition to
integrating some general SDA techniques into GIS software, there have been several
specific efforts to integrate the specific SDA toolboxes into GIS especially in recent

years. Since the 2000s, both the GIS community and spatial data users require a SDA
integrating a GIS in order to use spatial data in an efficient and flexible way. These
requirements emerged at the beginning of the 2000s since GIS was used by
multidiscipi nary communi ty f or v ard& Retit,201p.Utr poses
means that the GIS and SDA community need a complementary solution containing

the features of both SDA and GIS and more importantly, they need a straightforward
framework or a methodogy to implement any required SDA technique into a GIS

software.

The need for SDA software development started in the late 1980s (Haining,
1989).Anselin (1992),Goodchild, Haining and Wis€1992), Fotheringham and
Rogerson (1994), andnselin, Syabri an&kho (2006) focused on the necessity of
software in which SDA could be used in full integration with GIS. Although several
methodologies for integrating SDA in GIS were started in the early 1980s, the first
attempt was based on FORTRAN source cdsleofichid, Haining & Wise 1992).
Although statistical tools such as SAS and SPSS were developed in the early 1970s,
the spatial modules did not satisfactorily comply with the GIS ugdttsough SAS

and SPSS types of statistical tools were developed at thenbegiof the 1970s, the
spatial modules did not satisfactorily comply with the GIS users. Finally, it is
emphasized that most of the techniques of SDA constituted complex and difficult
functions, which required a different approach from the conventionebagip of GIS
(Goodchild, Haining& Wise, 1992). Recently, statisticians have dealt with the
exploratory methods for geospatial data, including some of the characteristics such as
trends, patterns, and spatial interactions. Therefore, one cannot exptiatathrerely

with GIS and SDA tools. Trends, patterns, and spatial interaction can be understood
via the visualization of GIS, while statistical summary and other spatial characteristics
can be achieved by the SDA tools. Besides, Goodchild states tleaatkdour areas
where statistical developments might strengthen the present GIS practice: data
rectification, data assessment, data sampling and initial data exploration (Goodchild,

Haining & Wise, 1992). Therefore, the development of SDA tools will adsem
16
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values and capabilities to GIS in the near future. To sum up, the development of SDA
and GIS started so long time ago and will continue from now on with different

methodologies and strategies.

Since the SDA and GIS benefit from each other and will éement their features in
certain ways, their spread, usage and diffusion will support the development process
in different strategies. GIS applications serve with their input, management, editing,
and displaying features for SDA packages. Therefore aitvisal component for the
cases of utilizing GIS bundles as a vehicle for SDA (Haini@89. The usage and

the development of GIS, which will be a common technique in handling spatial data,
should resolve any case beyond data management further tmalysisa(Goodchild,
Haining& Wise, 1992).

Not only governmental organizations, but also private sector emphasizes the
importance and necessity of the SDA and GIS integration. Lo20€J)approaches

the significance of this integration from an econoaspect and focuses on that the
economies of scale that underlie the viability of business GIS force an alternate critical
limitation: the need to address the prerequisites of numerous applications all the while,
and to give the best consideration regardimg biggest fragments of the business
sector. SDA may be the most complicated and challenging of GIS applications;
however, it is in no way, shape or form the most noteworthy one in commercial terms
(Longley, 2001; Goodchild& Haining, 2003).

Although therequirements all imply the significance of SDA and GIS integration,
there is little effort to come up with such integrated tools and techniques. As there are
fewer discussions on the subject of the integration of SDA and GIS, only a small
progress has beemade until now. Resource management, infrastructure, facilities
management, and land information have been dominating any discussion and the
concept about the integration of SDA and GIS for years. Despite its promises, SDA is
still a relatively ambiguous§ield, as it requires expertise in both spatial phenomena
and statistics, as well as available recources (Goodchild, Hadiklgise, 1992).
Therefore, the usage, spread and diffusion of the SDA and GIS integration also

depends on available resources dr&dfforts of researchers.
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The integration of SDA on GIS can be achieved by experts and software engineers,
and also by the researchers. There is an inclination towards courses on the basics of
GIS and SDA in many universities (Heywood, 1990; Goodchilginidg & Wise,

1992). These types of academic organizations, i.e. conferences, lectures, meetings,
seminars, and academic studies, will help develop SDA methods in GIS and will
increase the desire for an integrated software. In addition, as it was discruss@e

detail before, an opesource strategy will increase the development and dissemination
of such studies. One of the aims of this study is to increase the awareness of SDA
usage through integration with GIS. In the past, solely specific requirsreehthe
researchers to develop new tools. There are several limited methods applied to
integrate several models into GIS, like environmental models using tight coupling
strategy (Tao, Kain& Zuidam, 1996). Since urban planning is another part of
envirormental problems on which GIS experts have focused, there are certain efforts
to combine various urban planning models into GIS software, which involves SDA
techni ques (&Fetd 2013)., Bocher

Many GIS software packages involve various spatial dethysis tools, such as kernel
density estimation, variograms, and kriging (Zhang & Griffith, 1997). However,
almost all current commercial GIS packages are limited in terms of providing analysts
with broad SDA capabilities. Even ArcGIS by the EnvironmeS8igtems Research
Institute (ESRI), which has one of the largest user groups among the GIS community,
has a wide range of SDA tools, but it has not reached a level at which all significance
assessment tests can be performed for SDA. There is an incredasiagd for the use

of SDA tools in GIS software because such tools provide users with better inference
and information extraction capabilities from large volumes of spatial data. For this
reason, whenever an SDA tool that is not included in the GIS seftwaequired,

users usually convert and import the data to another software package that has the
required capabilities and then reconvert the obtained results and import them back to
the GIS software for further GIS analyses. This method is costly betaursates
several problems. First of all, the geospatial datasets are large and complex in structure
and thus cannot be handled appropriately by the software with the required SDA
functions. In addition, the topological complexity of spatial data mape&gtreserved

during the importing processes, which increases the workload of the user to establish
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the topology again (Griffith, 1993). Moreover, the use of specific SDA software is not
always usefriendly because such programs usually require a sogdtisti
background on the topic. Therefore, the lack of SDA functions in GIS and the need for
sophisticated knowledge for interpretation of the abstract and complex nature of the
spatial data prevent GIS users from exploring data more deeply and gaining more
insight into packages (Zhang & Griffith, 1997). Hence, inference and information
extraction from the geospatial data mainly require experienced users in both GIS and
SDA and skills in script development. Owing to the rise of SDA and hence the growing
GIS user community over the last decade, there is an urgent need forfaeursty

GIS software package with enhanced SDA capabilities.

There are different purposes to integrate SDA and GIS by the developers and the
researchers. The sole aim of this inteigratis not data assessment and sampling.
Beyond that, data analysis and exploration should be included in the integration of
SDA and GIS.

The need for a properly integrated SDA corresponds to dniesedly, fast, and visual
instrument, which can also bsed by norGIS users and which depends less on other
software types, such as statistical packages (Anselin, S&altho, 2006). The
visualization part of GIS provides a strong tool for SDA techniques especially for non
GIS users. The visualization in Gpovides a strong and valuable advantage for SDA
packages in understanding and evaluating the analysis of geospatial data. For instance,
the Exploratory Data Analysis (EDA) mostly uses dynamic linking and brushing for
data visualization by using many difent dynamic graphing techniques along with
linked scatter plot brushing (Anselin, Syal&i Kho, 2006). In addition, visual
information processing is a fundamental approach teraotine and ilistructured
problems (Torur& Duzgun, 2008). Indeed, addingpre visual features to SDA tools

are the first objective of the integration asbetter visual abilities increase the exploration

and evaluation of the data.

When the integration started at the beginning of the 1990s, it was inadequate because
various incolkrent requirements were claimed from diverse areas like biology,
geography, statistics, remote sensing, computer sciences and mathematics. This let

developers introcude disciplirgpecific SDA software packagésoodchild, Haining
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and Wise(1992) emphasizethat most of the techniques of SDA involved complex
and difficult functions, which needed a different approach than the conventional
approach of GIS. Since then, various methods have been introduced to achieve the
integration of SDA and GIS. For examplkepoglu (2011) introduced a plugin for

full SDA integration in QGIS, which is one of the most widely used egmence GIS
software packages. Although this integration had a growing user community, it
required updates to be compatible with new QGIS rekeésepoglu, 2011). Another
example is the Infdlap software, which is a standalone and generic SDA software
developed in 1995 by Bailey and Gatrell to analyze spatial data quickly (Kepoglu,
2011). Thenfo-Map contains a wide variety of SDA tools but does have full GIS
functionalities (Mikelbank, 2010). The Infdap only runs on the Microsoft DOS OS,
which is one of biggest disadvantages of the software, and is presently not widely
uesed. This shows that the sustainability of the SDA software and r@lSRA
integration is ancial for wider and longer use.

There are various types of approaches to integrate SDA with GIS software like plug
ins and extensions. An extension can be added to the software whether it isarlosed
an opersource. If it is clos#-source software, then it is called closed coupled software
and extensions can add soatker features to the software.

There are also extension types in the market. SpaceStat is an extension type of SDA
software that can work with ESRI ArcView GIS. Spatiata are transferred from the
ArcView GIS version 3 to SpaceStat for analysis, and the result is sent from SpaceStat
to ArcView GIS for visualization (Anseli& Bao, 1997).

This type of extension of SDA software can add new menus and submenus to the
extended software. In this way, one can perform an analysis using the interface of this
extension and visualize the result on the GIS software.

DynESDA is another extension type of SDA tool for working with ESRI ArcView
GIS version 3. It was developed accoglito the idea of dynamic graphics used in
exploratory data analysis (Anselin, 2008w ESRIproduct (ArcGIS) wastarted to
developin 1999. Hence the version of ArcView 3 was stopped in 2002refore,
neither extension DynESDA nor SpaceStat worketth wie new ESRI products and
are outdated.
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Proprietary software development is another option that has been especially popular
among the private sector for commercialization purposes. The development of ArcGIS
began in 1999, and it is one of the most Widesed commercial GIS software
packages in the world. It contains both geostatistics and geospatial tools. The
percentage of SDA tools among all tools is only 1.05% in version 9.1 and 1.01% in
version 10.0 (Kepoglu, 2011). Although ArcGIS is very powesoftware and is

widely used across the world, it has two main disadvantages: the first is that it is closed
source software, and the second is that it does not have adequate number of SDA tools
to fulfill the requirements of the users.

Another important ree SDA tool is the Geographic Resources Analysis Support

System (GRASS) (GRASS GIS, 2@&)8. The software is gene

management, image processing, graphics production, spatial modeling, and
visualizationd of ats{(GRASS&ISy2008.1it supporestai a |
wide range of applications and is used in both academic and business worlds (GRASS,
200&). The project is managed by the international GRASS Development Team
(GRASS GIS, 2008. The software was published as freewander GNU GPL in

1999 (Netele& Mitasova, 2007). GRASS runs on UNIX and Windows OS. However,

it is not easy to use it on Windows OS without an emulator. It creates difficulties for
the user and moreover, Glidinot practical for GIS users.

It is clear thaSDA techniques and GIS software complete each other asuccessful and
sustainable integration is essential.

Using GIS and SDA, there is no need for investing much, while the development
process is continuing. On the contrary, there will be a higher naeddsting much

for the development of specific integration with different purposes, such as Geoda.
One of the most widely known integration software programs, GeoDa was financed
by a grant of $4.335.573 (NSF 2007), which was initialized in 1999 and was in
progress until September, 2004 (Kepoglu, 2011). There have been various initiatives
for different purposes in time to integrate different modules into the GIS software. For
different purposes, in order to use spatial analytical functions into GIS afiy fise

this integration for social sciences, the-b&ed Center for Spatially Integrated Social
Science (CSISS) was established in 1999 as a research infrastructure project funded
by the U.S. National Science Foundatic®ofdchild, Haining & Wise,2000).
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However, the dissemination has always been a kind of problem for developers to be
evaluated and discussed carefully. GeoDais a rdemen software, which only uses

the R techniques to take the input data and show the results on mapview. The user can
useit through a point and click interface and does not require any programming skills
(Anselin, Syabri, & Kho, 2006). For different purposes, such as for SHAZAM and
GIVE, the development and integration are more specific in terms of usage and
requirements ofisers.

For special usage of SDA, there is a great advantage in combining good regression
packages and GIS. If GIS is to be developed, convenient computational applications
should also be developed, which are compatible with spatial econometrics models
(Goodchild, Haining& Wise, 1992). SPACESTAT is an example of this, a SDA
package with both exploratory data analysis and regression capabilities. It is coded and
compiled in GAUSS, which has a test version. Moreover, Grifli#®3)produced a
similar macroin MINITAB, which is shown as a workshop (Goodchild, Hainifag

Wise, 1992). Even if there were different integrations in the past for specific
requirements, the need for the integration of SDA with GIS was emphasized because
of the limited number of integtion for usage (Anselir2000. There are some other
modern toolboxes to provide some dynamic interaction with SDA embedded into GIS.
This interaction and linkage is achieved by the mapview of GIS software most of the
time, such as the linked frameworksntbining XGobi or XploRe with ArcView
(Cook, Symanzik, Majure & Cressie, 19%%manzik et al., 2000); the SAGE toolbox,
which uses Arcinfo (Wise, Haining Ma 2001); and the DynESDA extension for
ArcView (Anselin 2000), the immediate predecessor programg of GeoDa
(Anselin, Syabri, & Kho, 2006 There are several local and srsdble research
studies for integrating specific SDA techniques into GIS, such as environmental
models, hydrological models, natural disaster models and urban models. Thé®rbitG
integration is one example to the integration of urban models into the GIS software
( H®g r o n & Peltp2012)elm addition to urban model integration into GIS, there
are several other models integrated into GIS, such as the MCDA. It creates and
identifies several zones which realize agmvironmental measures, for territory

maintenance and for reducing hyedyeological risk (Massei et al., 2012).
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If the integration of SDA with GIS is successfully performed, then one can try to add
more techniquet® analyze the geospatial data with some more advanced SDA tools.
Spatial and attribute data are two important elements of the geospatial data for GIS
and SDA. There are primarily two statistical techniques dealing with these two
elements. The first techque particularly deals with the distribution of spatial data.
Furthermore, the technique is applied in point data and sometimes concerns the
distribution of point in space whether it is continuous or-continuous. The second
technique is related to thepatial variation of data. This technique is also applied in
continuous and neoontinuous data, whether the data is point or area type. The
exploratory data analaysis improves the capabilities of GIS (An&elBetis 1992;
Paimer, Bailey& Gatrell, 1996) All the recent attempts aim to increase the overall
analytical capabilities of GIS. The geographical information science (GlScience)
progressed well due to the improvements in GIS and SDA (Duckham, Gooé&child
Worboys, 2003; Goodchild, 1992). In the sasemse, by assembling and analyzing
diverse spatial data, GIS could have evolved properly &tastes, 1991). All these
developments in the study of spatial data and attribute data led to a better
understanding of the requirements of GIS and SDA. Tleegerements are introduced

by GIS and SDA experts. GIS experts need more SDA tools and SDA users require
GIS capabilities to increase the understanding of spatial analysis and techniques.
Although the main level of the integration of SDA and GIS is credltedle has been

no standardization about this issue so far (Cremers et al., 1995). The standardization
of a framework or methodology has been given importance in recent years, because it
creates too many problems for developers especially due to th@nahsity and
continuity of the development of both SDA and GIS. Creating a standard for data
definition, data exchange and concept of Spatial Data Infrastructure provides an

interconnection of differergystems and a systemic approé8bcher& Petit, 20R).

In summary, there should be a linkage between GIS and SDA to create and improve
more statistical tools for the exploration of spatial data and to analyze the spatial

relationships to gather more and meaningful information.
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CHAPTER 3

INTEGRATION OF SDA WITH GIS SOFTWARE

In the past, there were various efforts to integrate GIS and SDA using various
approaches. These approaches include different components. Coupling strategy is one
of the components of the proposed framework. Therefore, cousliategies are
summarized in this chapter. In addition, the SDA software and their examples are

defined and explained in greater detail.

3.1.The Coupling Strategies

There are various classifications for coupling any software with GIS. For example,
Karimi ard Houston (1996) proposed four types of integration methodsnely,
isolated, loose, tight, and integrated8tandmeyer and Karimi (2000h contrast,

identified the integration methodologies in five lay@fgure?2).

25



Tool Coupling:

Figure2. Progession of Coupling Strategieddépted fromBrandmeyer & Karimi,
2000

The functionality, interface, integration and interoperability of these systems are
critical parameters for integrating different sysggSibolla, 2009; Cascadoss, 2007

This implies that the data and other shared objects should be used by two coupled
systems without any problems, and they also should be independent of each other.
Independency was defined by Nyerges (1992) as GIS aAd&ibniques performing
different purposes without any interactiBrandmeyer & Karimi, 2000)Various
researchers proposed models for integration of different software programs (Karimi
and Houston, 1996; Brandmeyer and Karimi, 2000; Mitasova and Mib&d, &

quoted by Yassemi et al., 2008; Sui and Maggio, 1999 as cited in Brimicombe, 2003).
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The types of coupling strategies between SDA and GIS are summarized as loose, thight
and embedded coupling Figure 3. As these are vergimilar to thebridgesbetween

spatial modelling software and GIS (Ba&yXie, 1994). The coupling strategies
depend on the customization level for vendors. However this is not the only criteria
for the selection of integration methodologies, and onaldHze aware of the factors

of time, users, performance, flexibility, OS and several others before development.

Loosely Coupled Tightly Coupled

I Shared Data I
Environmental
model

Interface

Environmental

model

Embedded

Environmental
model

Environmental
model

Figure3. Levels of Integration betwedblS and Environmental Modelsdapted
from Brimicombe, 2003)

3.1.1. The Loose Coupling Strategy

The loose (close) coupling involves exporting and importing data between the two
systems (Brimicombe, 2003), and GIS also visualizes the output of SDA techniques.

Effectiveness is a critical parameter for couplibgt loose coupling is the slowest
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among the coupling strategies; therefore, it is not generally preferable. It is also
accepted as the lowest level of coupling strategy (Kagintouston, 1996). The
conversion requirements of the data hinder the linlvbet SDA and GIS software
(Fotheringhan®& Rogerson, 1994) as users certainly loose the originality of the data
while making the conversion. To solve this problem, ASCII files is commonly used
for conversion purposes. However, this problem also requirds &ad forward
conversion to adopt the data for the SDA and GIS software. Moreover, input and

output requirements create further problems.

3.1.2. The Tight Coupling Strategy

Tight coupling strategy encompasses data and graphical user interface (GUI)
integrationas described by Brandmeyer and Karimi (2000). Tight coupling is the case
in which GIS and SDA techniques can be accessed via a common interface and usually
models shared data files. If the two systems require different data formats, the
conversion is capted in the integration without interference by the user. The
interaction of two systems is achieved by a common GUI. It aims to embed SDA into
GIS software (Fotheringhag& Rogerson, 1994), which implies that the addition of a
new main menu, suimenus andoolbox requires the GUI of GIS software. Users
utilize this menu/submenus/toolbox to initiate the interfaces for each SDA technique.
Input/output and other constraints can be defined on these interfaces. Tight integration
is a better strategy than looseupling, because it involves calling SDA routine from

the GIS (Bailey& Gatrell, 1995). Most importantly, if there is no macro language
embedded into the GIS software, it is the only and the best solution for a successful

integration. That is why this iegration strategy is implemented in this study.

3.1.3. The Embedded (Full) Coupling Strategy

Embedded (full) coupling strategy refers to cases in which either SDA techniques are
built in GIS or GIS functionality is available in SDA (Sui and Maggio, 1999). At th
beginning of the 1960s, programmers embedded the functionality of SDA or other
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techniques into software by using macro languages or scripts. An example of
embedded coupling is a GIS system that has a programmed environmental model
executing within the @ (Brimicombe, 2003). The embedded method is better than
the tight integration methodology because of the fast data transfer capabilities and
higher level of integration. However, it requires more programming skills, time, and a
larger project group forsuccessful integration. It is even not easy to find an embedded

macro language opesource GIS software to develop more tools on it.

3.2. Overview of Existing GIS and SDA Software

SDA and GIS experts and software engineers have developed various software
programs using various techniques, methods and programming languages. These
programs have been used for many years by users for various purposes. However, most
of them are outdated and currently out of use and are not developed any more. They

are summarized imable2.

Table2. SDA Software Examples and their Usdiepoglu, 201)

Type of | Software Advantages Disadvantages | Status
Software
Standalone | Info-Map software package a closedsource | quite outdated;
SDA distributed with a book | package and antiquated
Software for interactive SDA DOSbased architecture and
product performance
constraints
SpaceStat | Provides tools for a closeesource | quite outdated;
creation of spatial weight| package and antiquated
matrices, exploratory Windowsbased | architecture and
SDA, spatial economatr | product performance
analyses. constraints
GeoDa Freeuser friendly a closeesource | running ony on
software, supporting package and Windows XP OS,
interactiveEDA Windowsbased | quite outdated
product
CrimeStat | spatial statistics program| a closedsource | running on recent
used in crime mapping, | package and OSs
links with most of Windowsbased
desktop GIS software likq product, no
ArcGIS and Maplnfo display
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Table2. (Continued)

Close SpaceStat | Provides tools for a closeesource | quite outdated;
Coupled Extension exploratory SDA, an package and antiquated
SDA extension program for close coupling | architecture and
Extension ArcView GIS series 3 performance
constraints
DynESDA | Dynamic exploratory a closeesource | quite outdated;
Extension SDA, an extension package and antiquated
program for ArcView close coupling | architecture and
GIS series 3, brushing performance
and linking maps constraints
sd4pp
Extension
Proprietary | ArcGIS Advanced Desktop GIS | a closeésource | running on recent
Desktop GIS program, full rich of GIS | package and OSs
Software tools, worldwide used very expensive
product
FLOSS R An FLOS statistical not a user running on recent
Product pakage, have many tool{ friendly OSs
in variety of fields environment,
including SDA, cross requires
platform support programming
GRASS GIS| FLOS GIS software, a few SDA running on recent
cross platform support | tools, Unix style | OSs
usage, different
data format

In reality, there are many SDA and GIS tools in the market; however, the main problem

about the current software types is that they all have different requirements and

features.

3.2.1. Isolated (Stan@lone) SDA Software

A typical standalone and generic SDA software example is d§i@p, which was

developed in 1995 by Bailey and Gatrell to analyze spatial(ldetzoglu, 2011).Info-

Map contains a wide variety of SDA tools and it is not entirely a GIS program. Info

Map has sme simple mapping facilities for the exploration of data and the display of

the results of the analygMikelbank, 2A0). Info-Map performs the following SDA

tools:
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Kernel Estimation,

K Functions,

Variogram Estimation,

Kriging,

Spatial Autocorrelationalysis,
Spatial Regression,

Principal Components Analysis,

Multivariate Classification, and

Do Po o Po  Po o Po o To

Non-Spatial Regression.

Info-Map only runs on the Microsoft DOS OS, which is one of the most important
disadvantages of the software and is currently noglyidesd. Another disadvantage

of Info-Map is that the software was developed in a closed source environment.

Another example is SpaceStat, which was developed by Anselin between 1983 and
1994. Anselin (1992) explains that SpaceStat was first release@bih by the US
National Center for GeograpHiaformation and Analaysi&epoglu, 2011)The main
disadvantage of this software is the OS on which it runs. It only runs-bit BOS
environment and on the Windows OS. SpaceStat can work asadteredsofivare and

as an extension. It requires ESRI ArcViewseries 3. This is another disadvantage of this
study. In order to overcome such problems, SDA with GIS is to be run in all the
versions of the selected GIS. Like IA¥ap, SpaceStat is also a clossalirce

software. The snapshof the SpaceStat is shownHRigure4.
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Figure4. SpaceStat Interface and Analysis Tools

GeoDa is another staralone software. It has a udeiendly interface a shown in
Figure5. This is one of the most advantageous aspects of GeoDa compared to the other
software types. In this way, one can use the software without any knowledge of GIS.
It runs on the Windows OS and m®t openrsource. It is defined that GeoDa is a
reinvention of the SpaceStat (Anselin, Sya&riKho, 2006). Even if it is the
reinvention of SpaceStat, there is no different methodology used for GeoDa other than
SpaceStat. Therefore, it is inevitable foroBa to share the same fate with SpaceStat.
The OS of GeoDa is also Windows. Such SDA software working only on the Microsoft
closedsource environment has become quite outdated. In 2007, the GeoDa team
realized that GeoDa did not work on Windows Vista dier #hat a new study had to

be initiated to provide software for all platforms. After that, GeoDa began to be used
on Windows (XP, Vista and 7), Linux (with both-3#hd 64bit) and Mac OS X (Intel

and PPC). The new development is totally different froeo@a and therefore called

OpenGeoDakKigure®6).
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CrimeStat is another std-alone SDA softwareRigure 7). The software is used for
crime analysis and mapping purposes. It has point pattern analysis capabilities. The
software <can read fA DB F-oompliantSféirRads(Leving,S C1 |
2006).Having different types of data input is one advantages of this software; it proves
that the integration of SDA and GIS should accept different types of input for analysis
purposes. This will provide a strong tool and different choices for emsl. @@meStat

has not included any visualization environment, which makes it useless for end users.
Moreover, the source code of CrimeStat is closed and it only works on the Windows
OsS.
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Other han the above mentioned stasdne SDA software, there are some other stand
alone freeware software available for analyzing geostatistical data as shoalvien
3.

Table3. Standalone Fee SDA Software (Ageostats.org, 2015)

Number Software Name OSs Development SDA Techniques
Languages

1 Agromet Unix C++ V-K-C-2D *
Windows

2 Cosim Windows Fortran S2D

3 ExploStat Windows - V-K-O-C-2D-G

4 E{Z} -Kriging Windows - V-K-2D

5 GCOSIM3D Windows C S3D

6 GeoEAS Windows - V-K-2D

7 GeoPack Windows - V-K-C-2D

8 GeoXP 1.3 Windows - \

9 Geostatistical DOS - V-K-C-3D

Toolbox

10 GMT Unix C 0O-2D

11 GRNN Windows - 0-2D

12 GSLIB - Fortran 77 V-K-C-3D-S

13 GStat Windows C V-K-C-3D-S
Linux R

14 ISIM3D Windows C S3D

15 v Windows - V-2D

16 Kriging Unix C K-2D

17 SADA Windows - V-K-0-3D-G

18 SAGA GIS Windows - V-K-2D-G
Linux

19 SGS Linux C K-S-2D

20 S-GeMS Windows C++ V-K-3D-S
Linux

21 SpatDesign Windows Matlab V-K-0-3D
Linux Octave

22 Spherekit Unix C K-O-2D

23 Surface Il Mac - K-O-2D

24 Surfit Windows C++ (@]

25 UNCERT Unix C V-K-O-C-2D-G

26 Variowin Windows - V-2D

27 Vesper Windows - V-K-2D

* (Keywords: V = Variography, K = kriging, O = other estimators (NN, IDW,
splines...), C =co-kriging, 2D/3D. = max dimensions, S = simulations, G = GIS

functions).
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In addition to free standlone SDA software, there are some commercial SDA
packages (Table 4)

Table4. Standalone Commercial SDA Software ([#jeostats.org2015)

Numbers SDA Software

1 Datamine

2 Geosotokos Toolkit and ECOSSE
3 Geovariancesd | SAT
4 Geostat Systems Int. Inc.

5 GS+ from Gamma Design

6 Surfer from Golden Software

7 SAGE2001

8 Lynx Geosystems

9 GeostatsOffice

10 SurGe

11 EGSEnjoy Geostatistics

12 Auto-Multi-LinearFitting

3.2.2. Closed Coupled Software Including SDA Toolbox

Extensions can be appended to the software after setup. The software can be set up and
can work without an extension, but extensions can add certain other $eiatuhe
software. An extension can be added to the software whether it is-ctosepen

source. SpaceStdtifure 8) is anextension type of SDA software that can work with
ESRI ArcView GIS. Integrated techniguiare mainly composed of exploratory SDA

tools (Anselin, 2000). Spatial data is transferred from ArcView GIS series 3 to
SpaceStat for analysis, and the result is sent from SpaceStat to ArcView GIS series 3
for visualization (Anselir& Bao 1997). This typef extension of SDA software can

add new menus and submenus to the extended software. In this way, an analysis can
be performed using the interface of this extension and the result can be visualized on
the GIS software
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DynESDA (Figure 9) is another extension type of SDA tool working with ESRI
ArcView. The DynESDA extensiofor ArcView GIS seles 3 was created with the
design of dynamic graphics as in EDA (Anselin, 2000). ESRI started to develop the
code for ArcGIS in 1999. The development of ArcView GIS series 3 was terminated
in 2002 (Kepoglu, 2011 herefore, both DynESDA and SpaceStat esitens did not

work with the new ESRI products and are outdated.

DynESDA | < |

File Explore Window

MEIEEEEEY

Histogram
BoxPlot
Scatterplot

Moran Scatterplot
Local Moran

Figure9. DynESDA Extension in ArcView GIS Series 3
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3.2.3. Proprietary Desktop GIS Software Including SDA Toolbox

ArcGIS began to be develop&u 1999 Figurel10). ArcGIS Desktop is one of the
most widely used commercial GIS software in the world. It contains both geostatistics
and geospatial tools. Though ArcGIS is a very strong software program\aiuie g

used throughout the world, it has two main drawbacks: being a efosede software
product and not having wide range of SDA tools to fulfill the user requirements. These
two drawbacks prove that there should be new development tools workingrwith
opensource software package and there is a need for more tools to fulfill the
requirements.Other proprietary software like Mapinfo, Intergraph has similar

drwabacks.
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Figurel10. Snapshot of Arcinfo Licensed ArcGIS Desktdersion 10.3
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3.2.4. FLOSS SDA Software

There are some tools in the market used without GIS integration. However, Graphical
User Interfaces (GUI) of these tools are not mostly user friendly. One of the most
widely used one is RF{gurell). This tool is not only used for SDA purposes, but also

for image processing and statistical purposesording to Venablest al. (2008)the

usage of R is mostly for "data manipulation, calculation, and visualization". R is more
for mathematical daulations and displaying graphics (Maindon&ddraun, 2006).

The origin of R started with a research project in the 1990s and it has been a GNU
project since 1997 (Chambers, 2008). R is a syh&esed language. There are many
different packages for diffent purposes. These packages are developed by different
third parties. Many statistical techniques are supplied by packages (Venables et al.,
2008). Thousand packages in the central repository of the R project support the base
system (Chambers 2008). Eaphckage can be downloaded and added to the R
software and then scripts can be used. One advantage of R is that it is a Free and Open
Source Software (FOSS) program. However, it has certain disadvantages, though. R
is not useifriendly because it is depeat on script. This feature makes the use of R
rather difficult. Therefore, learning each package is a difficult and adansuming
process. It requires experience about statistics, programming languages and
mathematics. The use of R is not easy padityfor GIS users who are accustomed

to working with GI'S. R can run on all OS

as well.
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Another important free SDA tool if¢ GRASS Figure 12. GRASS is usually used

for data management, graphic processing, visual production, and spatial modeling
(GRASS GIS 2008a). GRASS alters raster and vector data, changes multispectral
visual dataand saves spatial data (GRASS GIS 2000b). It can be accessed by a user
interface or a command prompt, providing support for many applications that are used
by the industry and academicians (GRASS GIS 2008a). The system was produced by

the GRASS developmeéneam in 1999 and is free under GNU/GPL (Neteler et al.,

2008). GRASS works on UNI

X

and

Wi

ndows

on Windows without an emulator. This makes it difficult for the users. Besides, GUI

is not usable for GIS users.

40

O0OS6s.



GRASS GIS Map Display: 1 - Location: nc_spm_08 [\@ RA ayer Manager - nvizStateZ.gxw (i (0 [E534)
= Ry File Settings Raster Vector Imagery Volumes Database Help
o - pe Is

12 B &[alh®N o

/78 BHga> &0

i‘ View ~ Data r Appearance r Analysis I

Draw
Mode: ‘ slices < | Shading: | gouraud (‘,‘ Resolution: |

List of slices
Slice parallel to X | Add ‘

S PV O eT @O0

Bl

| Delete

Slice attributes

Slice parallel to axis: | X < |

North edge: South edge:
Northing (Y): [ (L]
Height (Z): [} (L]
‘West edge: East edge:
Easting (X): {1 )
Transparency: | Reset ]

Position

Map layers | 3D view, Command console

[<]

Figure1l2 Snapshot of GRASS GIS in Ubuntu OS

The Free Software Foundation defines the free software as: "Free software is a matter
of the users' freedom to run, copy, distribute study, change and improve the software.
To be cleeer, it should provide four freedoms for developers and users:

1 Freedom O: Developers/users can run the program for any purpose (freedom
0).

1 Freedom 1: Developers/users can study how the program works, and adapt it
to their development. It means that thegn access the source code of the
program.

Freedom 3: Developers/users can redistribute copies.
Freedom 4: Developers/users can improve the program, and release their
improvements to the public, so that the whole community benefits (A&bari
Rajabi, 2013)

The reasons mentioned above for the users and developers are really crucial for the

sustainability and the dissemination of the software in particular. Therefore, the open
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source development strategy is applied in this study not only to select thergoftwa
which has been integrated but also to select the bridge technique. As demonstrated in
this study, the opesource paradigm perfectly addresses the needs and the
development methodology of an integrated modelling platform dedicated to

sustainable softwardevelopment.

Opensource software and practices can have major empowering impacts on software
development and distribution. The free availability of the software also offers a

number of advantages for the academic world. In this way, students, researahe

academicians can set up the software on their personal computers in order to use the
development. This brings about a freedom for users to use or develop the software by
exploration and discovery by themselves and at their own pace (Rey, 2018perhe

source strategy also overcomes the problem
hinders the implementation of a method or algorithm, and it brings a really preferable

advantage to the opeource strategy.

Recently, the usage of FOSS development has beg¢he increase, especially in the
field of Geospatial Information Systems (Akb&rRajabi, 2013). Since the usage of
opensource software brings about financial benefits to the government, businesses
world, and norprofit organizations, this type of #avare has been preferred by these
organizations (Confinc% Laplante, 2010). In this way, students, academicians,
governmental organizations and private organizations which have a low capital can
use it without any investment. This increases the disseiminand usage of study as
well. Obviously, the ongoing awareness of FOSS tools in GIS community helps with
further expansion of these tools to new applications and solving other problems.
Furthermore, software and algorithms developed in research prajeatscreasingly
being published under opaource licensefAkbari & Rajabi, 2013). This approach
guarantees sustainability, because researchers can have a chance to-aearopen
codes to develop the software further. Dissemination and sustainabélspithe aim

of this study to get more feedback and improvement from the developers and users.

Hence, the opesource GIS and SDA are preferred and applied in this study. The reuse
of the source code and merging into different software is the foreadweantage of

the FOSS. The selected GIS and SDA software and their selection are explained in
42



more detail in the following chapters. However, the criterion of the source type affects
the selection of software. As it was pointed out before, the bridge chéthalso
selected from opesource interpreterd able 5 summarizes some other advantages

and disadvantages of opsaurce GIS.

Table5. Advantages and Disadvantages of Ofenirce GIS (Kbari & Rajabi, 2013)

Advantages Disadvantages

It allows to change and modify the source cod{ Code quality and exact testing procedure is
under guarantee

It can be easy for many people to access the | Morality of the code is not under gaatee
source code

It can fix bugs immediately Problems in utilizing some opesource
software as a basis for a business

It is free to use, free to modify, free to update
and free to distribute
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CHAPTER 4

THE PROPOSED FRAMEWORK

In this chapter,hte proposed framework is explained with its steps. These steps are
also composed of different sibeps. Each step with their sateps are described.

4.1. The Proposed Framework

The proposed faremwork is based on integration of uDig GIS sotware with R SDA
toolbox by usingRCaller bridgetechniques. The framework has four main steps
(Figure 13.). The first step is requirement analysis, which is based on components of
GIS (i.e. data, software, hardware, and user) and SDA techniques. The second step is
determinéion of integration methodology, in which coupling strategy and bridge
technique are identified considering the requirement analysis. The third step is
software integration which is basically an architecture definition, where programming
language(s), devepment environment and implementation of the methodology are
selected and implemented. The selected GIS and SDA software should be suitable for
the coupling strategy and programming language(s). This step contains intensive script
development and coding thi the selected programming languages. The final step
covers tests, where the integration is tested with alpha (developer) and beta (user) tests.
If the developer test is successful, then the user test is applied; otherwise, the developer

test is iteratedintil a successful implementation is achieved.
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Figurel3. The Proposethtegration Framework of SDA with GIS

4.1.1. Requirement Analysis

Requirement analysis is composed of the analysis of components of GIS and SDA
techniques. Té requirements related to the each component of GIS (data, software,

hardware and user) as well as the SDA techniques are defined:

Data:

Data are the input of the system and must be suitable for both the GIS and SDA
software requirements. As explaineddref most of the users have serious problems
with the conversion of data in currently available software programs. Although the
ESRI shapefile format is accepted as a standard for the GIS software, there are various
types of data in hand owing to the usagdifferent hardware and software. The users
must use XLS, MDB, CSV and ASCII types of data without conversion. Therefore, a
userfriendly GUI is designed and integrated in GIS for the usage of the GIS

community.
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Software:

The selection of GIS and SDAoftware should be evaluated with respect to
functionality, sustainability, reliability, efficiency and usability. In addition to these
criteria, thesustainability of the GIS software should be taken into account, which
specifies whether the GIS softwasecontinuously developed or not. If a community

supports the project, it means that it can be reliable and sustainable for a while.

Another important point to keep in mind while selecting the GIS software is whether
it has an opesource environment or hdt is absolutely essential for this study to
select opersource SDA, GIS and Bridge Technique. If the strategy is selected as free
and opersource, one should select all the components of the framework from the
FOSS choices. Otherwise, it creates irrapie problems for developers during the

development process.

Moreover, the architecture of the selected software allows the developers to embed
another software or toolbox into it. Since the architecture of different software allows
the developers to reh@ limited amount of code or development, the architecture of

the software should also be suitable to be integrated without too much effort.

The factors of cross platform suitability, 32/64 bit support, extensive documentation
and being fred¢o-distribution should also considered as they increase the usage,

distribution and dissemination of the study.

Hardware:

Since hardware is not a key factor for the success of this study, it is not explained in
detail, but one should know that hardware is a compooke@&IS and should be
accounted carefully to meet at least the requirements of software and development
tools. It means that the setup file must run the software without problems in the

computer.

User:

The two different users namely, the users of GIS soévead the the SDA users

should be equally considered. For this reason, the requirements of users are defined
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and analyzed in literature survey part (Chapters 2 and 3). Since there are at least two
different software types integrated, the user requirem&misild be defined in a

systematic way.

SDA Techniques:

In this step, the methodology and the bridge technique, which are two key factors, are
evaluated and decided. IFor this reason, the integration types discussed in Chapter 2
and 3 should be carefulgvaluated. The selected integration typesis explained in the
following subsection. In addition, the bridge technique to link any programming
language with the R SDA toolbox should be determined by selecting appropriate R
interpretter. Therefore, the Rtampreter types should also be carefully evaluated and

selected.

4.1.2. Determination of the Integration Methodology

In this step, the methodology and the bridge technique, which are two ke facto
evaluated and decideBor this reason, the integratiompgs discussed in Chapter 2

and 3 should be carefully evaluated. The selected integration typesis explained in the
following subsection. In addition, the bridge technique to link any programming
language with the R SDA toolbox should be determined by te®jeappropriate R
interpretter. Therefore, the R interpreter types should also be carefully evaluated and

selected.

Determination of the Coupling Strategy:

Developers can use the proposed framework to select different SDA techniques,
coupling strategiesnterpreters and GIS software to develop their own methodology
for a successfuintegration. For this purpose, the coupling strategy depends on the
selected components of the framework and their adaptaMbtyous classifications

for coupling two softvare packagese discussed in Chapter 3. Existing coupling
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strategies discussed in the literature are compiled in this thesis (Tabébk) 6 also

provides pros and cons as well as their main characteristics.

The integration methodologies given in therdature with their pros and cons as well

as their main characteristics are listed able6.
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Table6. Summary of Coupling Strategies (compiled from Bhatt, Kugn&uffy, 2014; Ungerer and Goodchild, 200@podchild, Haining &
Wise 1992; Suik& Maggio, 1999; Brimicombe, 2003)

Integration Methodologies

Shared Usel X X
Interface

Intra-simulation X
Model
Modification

Description Analysis and output displa Analysis in spatial analysi: Analysis method varies; Gl Analysis and output display directl
directly in spatial analysic software, output display in GIS and analysis package share within GIS
software facilitated by online file datbase common GUI and data.
exchange




TS

Table6. (Continued)

Disadvantages

-Abundant GIS data layer -Consuming time to import an -Much work in terms of code¢ -Possible lak of specialist insight

cannot be used

export data

-Information  sharing througf
exchange of files, which can k
inefficient and error prone
-Different tools and libraries
facilitate independen
development

-Distinct GIS and SDA package
with independent interfaces

creation

in spatial analysis

-Significantly complex
programming and dati
management

- Changes to the code base are
easy because of its embedded la
source code structure

Integration Strategy

Data transfer offine

Reference/cross imct online

Interoperable store services

Common store services

Data model Different or same Different or same Different or same Same
similarity

Data model Manuel resolution of dati Manuel resolution of dat:i Automatic resolution of dati No need for data construc
construct resolution construct differences constuct differences construct differences resolution
Data Not needed High speed phone or ethernet  Data bus or ethernet Data bus
Communications

User Interface One-off Few Often All the time
Sped of Inéraction Slow Tolerable Reasonable Fast
Amount of Nonelow Low-some Somelots Lots
Software

Development

Hardware Platform Different or same Different or same Different or same Same
Personnel Involved Different Different or same Different or same Same
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Developer should select the coupling strategy with respect to theemegunts, the
adaptability of software with coupling strategy and the pros and cons. The tight
coupling strategy adopted in this thesis is showFiguire14.

Common Interface }ﬁ

Additional

Data :

Input File

Export data ASCIL
.  — Pre-processor > :
conversion !
Import data
. e — Pre-processor '
conversion ASCII '

Output File

GIS

1

Figurel4. Tight CouplingStrategy

Determination of the Bridge Technique:

The integration can be achieved by using different bridge techniques and programming
languagese. The selection of the bridge technique is also dependent of the requirement
analysis. As this thesis studyne to provide a FOSS for users and developers, the
bridge technique criterion is also free and epeurce. Furthermore, the programming
language of the bridge technique is suitable and compatible with the SDA and GIS

software.
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4.1.3. Software Integration

In this step, the programming language(s) and the development environment are
selected with respect to the requirement analysis and designed integration
met hodol ogy. The Software I ntegration ste
of the System Architectero, fiSel ecti on of the Programm

of the Devel opment Environmento and Al mpl

Definition of the System Architecture:

Before implementing the methodology, several key factors affecting the
implementatio should be taken into account. One of these key factors is to understand
the architecture of the GIS software in every detail in order to embed the SDA software
without experiencing any problems. Understanding the architecture is to clarify
whether the sstem is suitable to embed selected SDA techniques for integration or
not. It is not only important for SDA techniques but also for programming language(s)
and development environment and their suitability. Once the architecture of the GIS is
understood, ishould be restructured with the integration of the SDA software and its
techniques.

Selection of the Programming Language(s):

The language for development purposes should be carefully decided during the
problem statement stage. It is a very criticalisiea to select correct programming
language(s) for usage, development, dissemination and sustainability. Since there are
two different software types, there should be at least two programming languages used
in this thesis. The programming language dodsaffect the success of the study but
may affect the performance. Therefore, the performance and sustainability are two key
factors for programming language selection. Another factor to be considered is the

usage and spread of language to reach relateslagmr community.
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Selection of the Development Environment:

The development environment refers to software coding, debugging and testing
environment. Although it is not so critical on which environment the development has
been carried out, it is selecteohd created carefully for ease and suitability of

development.

The Implementation of the Methodology:

This step is based on the the coupling strategy. Each component of the coupling
strategy is the same with the proposed methodology. However, the caratiam
connection and some components are restructured with respect to the requirements,
selected components and performance criteria. In this thesis, a methodology is
provided for midlevel developers to follow and apply each step in order to integrate
any SDA technique into GIS successfully. This-stdp is the most critical step of

framework.

The implementation methodology should follow Software Development Life Cycle
(SDLC), which is redesign of one of the existing SDLC methods. A typical SDLC
havesteps of analysis, design, implementation and testing (Burback, 1998). Hence
these four steps are also adopted in this stlithe methodology is defined as
standardization of each step defined and explained in framework. Henning (2004)
defined the methodogly as the coherent steps that complement each other. Also,
Mouton (1996) describes the methodology as the ways of achieving a specific goal.
Finally, the formal definition of methodology is that a set of methods, rules, or ideas
that are important in agen discipline (Anon, 2016).

The the implementation methodology developed in this thesis are shéwguie15.

Figure 15 illustrates the steps tife proposed methodology so that developers
canintegrate any R tbnique into uDig. Spatial data sources for this module iinvolves
all data that can be accepted by uDig (the first stage in Figure 15), such as MDB, TXT,
CSV, XLS and ArcView shapefiles. Once these data are read by uDig as an input, an
import/export wizard converts the data into a shape file if required (the second stage
in Figure 15). The input file is then used by structured RScripts, and spatial data

constraints are defined and implemented in the R environment (the third stage in
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Figure 15). The resulbf the R environment is executed in the R environment and
displayed outside of GIS (the fourth stage in Figure 15). The RScript is embedded in
the fifth stage (Figure 15) using an R interpreter, which is called RCaller. In stage sixth
(Figure 15), the inpiy output and other constraints are defined for the design of the
GUI of each technique. In stage 7a (Figure 15), the interface is designed by using the
Window Builder to diminish the workload of developers. To finalize the interface
design and developmenthe integrated structured RScript is implemented into a
graphical user interface in stage 7b (Figure 15) by using RCaller. In stage 7c (Figure
15), the Java programming language is used for arrangements and final structuring. In
stage 8 (Figure 15), theew SDA and nospatial data analysis GUIs are integrated
into uDig with its extension point. After that, the new menu is added into the uDig
menubar. In stage 9 (Figure 15), the designed and created GUI is used for data analysis.
If required, the conversin of input and output files is carried out in stages 10 and 2
(Figure 15). In stage 11 (Figure 15), the output of the RScript, which is stored on the
local drive, has been read by uDig for display and manipulation. In stage 12a (Figure
15), the result isead by uDig and shown in mapview of uDig for manipulation. In
stages 12b and 4 (Figure 15), the result is displayed as an output of the map view of

uDig only for reporting purposes.
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4.1.4. Tests

In this study, the users are selected from GIS and SDA Ugersiser group who has
experience with SDAGIS tools tested the integrated software for three SDA
techniques. The testing group involved 32 students from the departmenf i Geode't
and Geographic InformationeTc h n o | o g i e Fheén, thetintedt&idnthas been

updated with respect to feedback of the users. The user test serves for assessment of
the success of the integration. In addition to hands on user test,updilseaind all

the related files are shared with the users through a website for an online survey

A web site is designed and created to distribute the source code, documentation, report

and survey questionnaires under the domawvel.sda4udig.comThe online testing

methodology is helpful in case the community is interested in the integration in uDig
and for taking inquiries and feedback. The feedback methodology is passive. In this
way, every user who wants towlnload the source code or the executable software

must sign up with their personal contact information.

4.2. The Software Development Life Cycle

Success in developing SDA on GIS primarily depends on the chosen methodology.
Therefore, software development neédsbe carried out in line with the rules of
software engineering. Software product is created when the software requirements are
met and these requirements are decided and achieved in terms of software engineering
rules and processes. According to thet8afe Engineering Handbook, software
engineering is a type of engineering concerned with the advancement of programming
item utilizing decently characterized scientific standards, strategies and methods. The
outcome of software engineering is an effecawvel dependable programming item
(Tutorialspoint.com, 2015Again, it is defined that SDLC is a walkfined, structured
sequence of stages in software engineering to develop the intended software product.
SDLC provides a series of steps to be followedrder to design and develop a
software product efficiently. SDLC framework includes the following s{&pgure

16):
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~ 7 Communication
Requirement Gathering
Feasibility Study
System Analys
Software Design
SDLC . coing
Testing
Integration
Implementation

Operations & Maintenance

Disposition

Figurel6. SDLC Framework Steps (adapted from Tutorialspoint.com, 2015)

There are different project lifecycle models in the literature: waterfall, spiral,
evolutionary prototyping, incremental development, iterative and incremental
development, rapid development, agile development, code and-$ixaped, and
lightweight metlodologies (Wikipedia, 2015). Waterfall is the oldest model in the
SDLC engineering process. It is baseline for other models and contains all of the main
steps for software development and tests stages. Moreover, it is one of the easiest
models to understanand implement. It is also documahitven and the most suitable

one for this type of studies (MunasgaGovardhan, 2010).

The adopted waterfall model is showrHgure 17 Each step of SDLC methodologies

is appied in this study and explained in the following ssdrtions. Actually, the
proposed framework steps depend on using and applying the steps of the waterfall
model. Table 7 shows the comparison of the proposedneavork and the waterfall

model.
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Figurel7. Waterfall Model (adapted from Tutorialspoint.com, 2015)

Table7. Comparison of Waterfall Model and Proposed Framework

Waterfall Model Proposed Framework  Explanation of Framework

Requirement Gatherin¢ Requirement Analysis  Both the same process

System Analysis Determination of It is the determination of system parts
Integration Methodology

Coding Software Integration It includes the programming language,
ernvironment and coding process. This sti
includes the implementation of the
Waterfall Model as well.

Tests Beta Test It is the developer test
Implementation

Operations&Maintenan User Test User test focuses on the euser feedback
ce and to repair theaftware integration.
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The comparison of this table shows that the framework is suitable for the waterfall
model. The following subsections explain each step of the SDLC and how the

framework is used for a successful implementation.

4.2.1. Communication, Feadilty Study, Requirement Gathering

The first and the most important step of the software development of life cycle is the
requirement analysis. The better the software requirements are, the better software
solution is achieved. There are various ways tecalier requirements, such as
interviews, surveys, questionnaires, task analysis, domain analysis, brainstorming,
prototyping, literature review, and observation. Task analysis, brainstorming,
observation, literature review and prototyping are the main adstichosen for the
requirement analysis in this study. This requirement analysis helps to choose the SDA
techniques which are going to be integrated into the uDig. In this step, data, software,
hardware, user and SDA techniques requirements are discnssezty detail.

4.2.2. System Analysis

Software analysis and design is the intermediate stage which helps-headable
requirements be transformed into actual cobeatorialspoint.com, 2015After the
software analysis stage which should conceptualize the/ase requirements into
software implementation. In the determination of the methodology step, the integration

type and bridge technique analysis are performed.

4.2.3. Coding

The integration methodology of FOSS SDA with GIS has been decided for the
development process.In the software design phase, the integration of SDA
techniguesand GIS environment should be decided carefully with respect to the current
selected framework. Therefore, the language, development environment,
methodology, and implementation stiggeshould be evaluated and decided in the

coding phase of software engineering process. Writing the program code means the
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initialization of the implementation of a software program, which is to be in a suitable
programming language and in an etfi@e ore (Tutorialspoint.com, 2015)Since the
uDig is written in Java, an objeotiented language, the coding process is carried out

by using the Java language on the Eclipse environment. Since the source code of the

uDig is distributed and supported by theigidommunity bttps://github.com/uDiy

it is one of the most important reasons in the selection of the framework in this study.
Another reason for the selection of Java is that it is one of the most widely accepte
and developed objedriented language, recently. It allows rapid development as the
sources of Java are constantly optimized for years. It is the fastest commercial
language and is always tg-date for convenient usage in the indugyCinnober

white paper, 2012).

An opensource and widely accepted statistical software of R is chosen as the SDA
tool. Modern statistics is performed with statistical computing tools. There is a variety
of possibilities such as Minitab, Excel, Stata, SPSS, and R. fRés aoftware and is
available on every platform such as Mac, Windows, and Linux. It is also one of the
most reliable and ongoing statistical tools ever developed; therefore, R is chosen as an
SDA tool to be integrated to the uDig. As R, the uDig alss nmevery platform like

Mac, Windows, and Linux. Not only statistical tools, but also R contains SDA and
raster image processing packagés.is claimed that R is popular, promotes
reproducible research, is#p-date, contains many packages, is combinid other

tools and can be used with other languages such as Java, Phyt¢Rrein,
2016).Thus, the R script or languages such as Java should be known in every detail to
access a complete integration.

The integration is held by using and knowing Jawa R scripts. However, there
should be a bridge between R and the uDig, which is RCaller in this study. RCaller is
a plugin that can integrate R with any Java language. RCaller is another way of calling
R codes from within Java. It converts data strreguo R codes, sends them to an
externally created R process, and returns the generated results as Extendable Markup

Language (XML), which is the universal way of storing data (Satman, 2014).

61


https://github.com/uDig

4.2.4. Testing

Once the coding phase is completed, the testingepbaxitical for getting the right
feedback, and according to the feedback from testing, the system design can be revised.
In order to discover any errors and to find a solution, it is also critical that a systematic
testing should be applied to the depdd software.

4.2.5. Implementation

The software needs to be integrated with libraries, databases, packages, and other
programs. This stage of the SDLC is involved in the integration of the software with
another program. In this study, the R statistical laggua integrated with the uDig.

There are many different ways to accomplish this integration. Their advantages and
disadvantages are discussed in Chapter 2. The RCaller method is chosen to integrate
the R and the uDig.

At the integration stage, the questis how these two different components, SDA and
GIS, are integrated through an extension or 4iugAn extension is added to the
installed software to add new features with an interface. Some other analysis
techniques are used through scripting languagel as Visual Basic for applications.
Other methods of coupling are also used as a link to GIS with a better processed code
for specific usagéGoodchild & Haining, 2003)in this manner, the sda4pp extension

for QuantumGlIS can be added after instaltation the other hand, the phlugcan be
integrated while coding before installation. The GIS industry has recently gained
componenbased approaches for software by eliminating the reuse of packages, which
provided an important advantage in the compatybdf GIS with other software
(Ungerer & Goodchild, 2002). TheDig has been suitable for phig development,

but not for extension so far. Therefore, the glugevelopment strategy is required to

be adopted primarily for the uDig.

4.2.6. Operation and Maienance

The remaining part of the software engineering process and the development phase is

the maintenance of the software. The feedback from users defines and decides the
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missing or failed parts of this integration and study. The maintenance focuses on th
feedback reported from the end users.

In summary,Table8 shows the selected parts of the system with their reasons.

Table8. Component of the System aBdmmary otheir Selection Reass

System Selected Reasons for Selection
Components  Components
GIS uDig Free, Opersource, Compatible with all OS, Jav

Sustainable, Compatible with JGrass, Grass, AXx
GeoTools, R and Spatial Tools, GNU/GPL, Portable

SDA Structured R Opensource, Sustainable, So many packages, Compe

Techniques Modd with uDig, Cross Platform

R Interpreter ~ RCaller Compatible with R and uDig, Java, Cross Platfol
Sustainable

Development  Eclipse, R Compatible with uDig, RCaller and R, Iodes GUI

Environment  Environment Designer

Development Java, uDig and R

Language R Scripts

GUI Window Builder  Easyto-develop GUI

Developer

All'in all, the components of each system have been selected because of those

reasons mentioned above.
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CHAPTER 5

APPLIC ATION OF THE PROPOSED FRAMEWORK

In this chapterthe framework is implemented temonstrate its success. The result
of the implementation, user surveys and related data analyses as well as considered

case studies are given.

5.1. Application of the Proposeéramework

The proposed framework is applied for a 1
Anal ysi so, ADetermination of I ntegration

are explained with regard to implementation.

5.1.1. Requirement Analysis

RequiremehAnalysis is the first and one of the most crucial steps of the framework

in order to sustain the success of other steps and hence the success of the study. As the
visualization of GIS is vital for GIS, the input and output and mapview of GIS provide

a u®rfriendly, interactive and easy environment for SDA technig{Bzsley &

Gatrell, 1995; Kepoglu, 2011; Duzgun, 2012; Anselin, Sy&bKho, 2006; Torun

and Duzgun, 20Q8Anselin, 2000 DeVantier& Feldman, 1993; Masset al, 2012;
Mikelbank, 210, Ansdin & Bao, 1997; GRASS GIS 2008&00k et al., 1996
Symanzik et al., 2000)n this way, users can apply SDA techniques with a-user

friendly GUI and visualize the input and the output on the mapview of the GIS
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software. To visualize the input and output GIS also provide a more interactive

environment in order to manipulate both the raw data and final result.

In addition to visualization, the importance and requirements of SDA techniques by
GIS is pointed out by various scientis§&oocchild, Haining & Wise 1992;
Goodchild, 192; Zhang& Griffith, 1997; Anselin, Syab®& Kho, 2006; GRASS GIS
20083. This imply that the SDA techniques with the power of GIS increase the
understanding of both spatial and attribute data to support the decision makers
(Duzgun, 2012; Goodchild, Haining Wise,1992; Mikelbank, 201,0Anselin, 2000;
GRASS GIS 2008a; Goodchild et al., 2000; Palmer, Balegatrell, 1996; Sta&

Estes, 1991; Duckham, Goodch&dworboys, 2003; Goodchild, 1992).

Since there is a strong requirerhda embed the SDA techniques into the GIS
software, the developers need a straightforward, easily implemented framework or
methodology. For that reason, most scientists, experts and academicians imply the
requirement of standardization to implement a #ework and methodology (Cremers

et al., D95; Steinige& Hunter, 200%.

The reason of unsatisfactory SDA and GIS integration is mainly due to the limited
number of courses, methodologies and effort (Goodchild, Hai&ingise, 1992;
Heywood 1990; Tao, Kaing Zuidam, 1996Cook et al., 1996Symanzik et al., 2000;
Anselin & Getis, 1992; Bailey, 1992; Fisch&rNijkamp, 1992;Anselin, Dodsor&

Hudak, 1993 Therefore, the developers, academicians and researchers have to take
initiatives to provide a tool, teaique, framework or methodology to decrease the
workload of integration for developers and researchers..

The ARequirement Anal ysi so i s composed
AHar dwar e o, ASoftwareo, AUser o and nASDA

detail in the following suisections.

Data:

Even if the ESRI shapefile format is accepted as a standard for the GIS community,

the users need to use xIs, mdb and csv types of data without conversion. Therefore, a
66
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userfriendly GUI is designed and integeat into GIS for the use of the GIS
community. Data is not the key factor that affects the success of study, but since it is
required for the analysis, it should be accounted for and the expectation of the users
should be decided while selecting the oth@mponents. Otherwise, incompatibility

may cause severe problems during development and usage. Because of these reasons,
in addition to ESRI shapefile, xlIs, mdb, csv and ASCII types of data should be accepted
as input by the GIS and SDA software. The selg&IS software is suitable for shp,

csv, jpeg and tif types of input and output data. However, the data requirements refer
to the usage of xIs, mdb and ASCII types of data was well. This type of data usage is
compulsory especially for the SDA software.eféfore, xIs, and mdb types of input
wizard is added to the GIS software by Java coding. Also, ASCII file requirements are
met by the integrated SDA software by accepting them as input file format by the SDA

software.

To sum up, the integration is ableuse formats of xIs, csv, mdb, shp and ASCII files

as input.

Software:

The selected GIS software is the uDig GIS 1.3.2 and the selected SDA software is R
2.15.3.The GIS interface is currently built on uDig 1.3.2, as showigure40. uDig

runs as a rich client guaranteeing a native look and feel in any of the operating systems.
It has a very flexible plugin mechanism to add features and to customize the user
interface, but most importantly, it is supported by ay\eolid industrial foundation

(the list of Eclipse members can be found at
http://www.eclipse.org/membership/showAllMembers.php). uDig contains not only
elements for map visualization but also tools for data manipulation, editing, map
printing, and conndmn with remote databases and servers. Research carried out by
the Cascados Project compared the egmmce GIS software with respect to the
technical perspective shownTable9.
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Table9. Technical Potential of FLOS Desktop GIS/RS and GIS Software Products (adapted from Cascados, 2007)

Software Functionality Reliability Usability Efficiency Maintainability Portability Total

Max. Score 15 9 9 9 9 9 60

QGIS 8.6 3.3 7.4 7.5 7.2 6.7 40.8
uDig 5.4 1.5 7.1 5.6 4.6 6.4 30.6
Thuban 6.4 2.4 4.7 6.8 4.0 6.0 30.2
Kosmo 8.1 0.6 4.4 5.4 6.0 4.1 28.6
JUMP 4.2 1.4 3.7 5.4 4.9 6.0 25.6
OpenMap 5.7 3.2 3.5 4.5 4.2 4.2 25.4

In Table9, the first and theexond highest scores in the evaluation criteria are QGIS and uDig for technical potential, respectively. As a result,
QGIS and uDig are commonly listed and researched as FOSS desktop GIS software in various literature. There should tiecsoenésr &y

the GIS software regarding successful implementation criteria such as sustainability, operating system and compatihiitg Fanposes,
Thuban, QGIS, uDig, OpenJump, Kosmo and Openmap were researched and analyzed with respect to developmsnofsergtiagesystems,
advantages/disadvantages, type of analysis, and suitability and compatibility of integration. The most important sékabioniscthe
sustainability of the GIS software, which specifies whether the GIS software is continuexedlyped. uDig has been continuously developed by

opensource GIS developers. It is an opmurce desktop GIS development platform that includes support for local data, databases, and internet



data. The development of uDig started in spring 2004, witlalisupport from the
Canadian Geolnnovations program, and continued throughout 2005 as an independent
project (Garnett, 2016).

Additionally, it is essential for this study to select ogenirce an SDA, GIS and bridge
technique. It is easy to download alsource code for uDig from

https://github.com/udigMoreover, the compatibility of uDig with JGrass, GRASS,
AXxios, GeoTools and R are very important advantages for further development.

Its compatibility with multipleoperating systems (Microsoft Windows, Macintosh,
Linux, etc.) is important for the usage, dissemination and sustainability of the study.
In addition, it is compatible with both 3and 64bit operating systems.

Four indicators are used to measure theoitgmce of popularity of free GIS software
(Steiniger& Bocher, 2009). The fact that a great number of projects have been initiated
in the last couple of years is the first indicator. Secondly, financial support by
governmental organizations for the fouhda of FOS GIS projects increase day by
day. High download rates of free desktop GIS software packages are the third
indicator. Finally, the increasing numbers of usage cases ofsopgoe GIS software

is the fourth indicator (Akbari & Rajabi, 2013).

To sum up, the uDig is selected as the GIS software due to its features listed below:

Supported by Open Source Geospatial Foundation
Developed by a broadiparticipated international community
Has GNU/GPL

Provides development in a phirg structure
Easyto-learn and easto-use

Has opersource development environment

Has extensive documentation

Available with detailed and updated manuals
Supports Java programming language
Userfriendly GUI

Has crossplatform support

Has 32 and 64bit support

=4 =4 4 4 A4 -4 -4 -4 -4 -4 A4 A

Sustainable ahcontinuously developed
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M Has extendible structure

1 Compatible with JGrass, Grass, Axios, GeoTools, R and Spatial Tools

The SDA should also be defined and decided carefully to ensure complementary
integration. For example, ARC/INFO 7.0.4 already includesirkg and trend surface
analysis in its TIN module. ArcView 3.0 is also able to perform network modelling or
raster GRID modelling using CAD files (Zhang & Griffith, 1997). Although ArcView

includes some simple regression scripts, this is not sufficiestdtistical analysis.

As far as the linkage between SDA and GIS is concerned, the current opinion is that
even though it seems inappropriate to provide all the possible statistical spatial analysis
techniques in GIS, it is feasible and meaningful tograte the minimum set of SDA
techniques,

In this study, the FOSS development strategy is applied for the integration of SDA
with GIS. This way is one of the most acceptable methodologies for the development
of software and for accelerating disseminatiarergly. In this way, the development

and sustainability of the software strives for a long time without investing any money.
Moreover, usage, utilization and testing integrated software are more convenient and
realistic. Another reason to use the ogenice SDA techniques for integration is the

ease of accessing the source code of SDA techniques without a license fee. It is easy
to get the source code, to develop and distribute it without any concern. For that
purpose, the chosen SDA tools and its techesqshould meet some of the

requirements for usage, development and dissemination:

T I't should work on OS6s ( Windows, Uni x,
SDA languages should work with GIS software compatible
SDA code should be opeaource and there should not be any problems
about the distribution of them.
SDA techniques should be compatible witht82and 64b i t OSO6 s
1 SDA techniques are widely used by SDA experts in order to increase the

usage and dissemination
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1 There should be almost all the SDA techniques in order to intdgeate

in the future if required

R geospatial techniques meet all above mentioned requirements for integration. R
version 2.15.3Kigure 18) version is used for the integration and testing of redesigned
R Script in this study.

IR rGui (64-bit) - O X

Dosya Duzenle Gorinum Diger Paketler Pencereler Yardim

EaCDo=EE |
IR R Console [B=8 ECR ==

R wversion 2.15.3 (2013-03-01) =-- "Security Blanket"
Copyright (C) 2013 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

Platform: x86_ 64-w64-mingw32/x€4 (64-bit)
R dzgir bir yazilimdir ve KESINLIKLE BIR GARANTI VERMEZ.
Belli kc?'_'llar altinda tekrar dac:::.t:.rr,l:a izin verilir.

Dagitim detaylari igin 'license()' ya da 'licence()' girin.

R, bir gok insanin katkida bulundufu ortak bir projedir

Daha fazla bilgi igin 'contributors()' girin.

Yayinlarda R veya R paketlerinden alinti yapmak ig¢in 'citation()' girin.
Birka¢ &rnek ig¢in 'demo()', ¢evrimigi vardim ig¢in 'help()' wveva

HTML tarayicili yardimi agmak igin 'help.start()' girin.

R'den gikmak ig¢in "qg()' girin.

[Kaydedilen caligma alani geri yiiklendi]

Figure18. R Environment GUI
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There are several concrete studies that successfully integrated R into different types of
GIS software for different purposes in the past. Sdadpp is of the studies to integrate
several SDA techniques into the GIS environménises the R geospatial techniques

as a SDA toolbox integrated into the QGIS software using the Phyton language
(Kepoglu, 2011). Another study is the integrating PostGIS, R and QGIS using Phyton
and C++ language. For a complementary integration, statisbftware is mandatory

to perform a geospatial analysis and modellingR®évelopment Core Team, 2009

is probably the best candidate for this task, even compared to commercial systems,
given that our modelling might include SR techniques or rAeudl modelling
(Bonin, 2012).

On the one hand, statistical software is also mandatory to perform tsome data analyses.
With respect to those requirements mentioned above, the developed software includes
the following properties:
A It performs with the GIS erinonment properly.
A Various SDA techniques work in the GIS interface properly. The techniques
are written in the R language, which is called RScript.
A The development is applied as a plagstrategy. The pluin is shared with
the uDig Community, which isve development environment for GIS, and also
it is shared through the wedite (vww.sdadudig.com The web site is created

especially for this study to distribute the source code,-ppludocuments and

the exe filefor the purpose of usage and dissemination.
A The uDig community and the waedite created are testing environments for this
study. In this way, the dissemination of the study is increased.
A GuUlis easy to use.
A It supports cross platform, which means thatsberce code and integration
runs on different OS6s (Windows, UNI X and
A There is not any problem about the distribution of both the source code and

integration.

>

Integration supports muitanguages on GUI.
A There is a user document on GUI as a subrfieneasy learning and use.
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A The source code is distributed wmw.udig.comandwww.sda4udig.confior

development and modification
A Itis free to copy the integration and the seucode for any purposes.
A Itis easy to install the integration for users.
A The integration includes both the SDA and GIS techniques in the integrated
software.
A Itis compatible with the GIS data standards.
R is an environment and programming languagedta enalysis and graphics (Everitt
&Hot hor n, 2006) . R can run on many diffe
Mac OS The base distribution of R and usemtributed packages are licensed under
GNU/GPL (Everitt& Hothorn 2006). R works in accordance tvithe developed
packages by third parties. These packages can be downloaded through different mirror
sites in the world. It is added while using the required package, RScripts. The R
packages and their documents can be accessed on the Intetpeican.r

project.org/web/packaggs/Since R is one of the most acceptable SDA tools

throughout the world, its SDA techniques are adopted in this study. For those purposes,
14 SDA techniques in R is inted¢ed into the GIS software. Since there is no ready
to-use RScript for these SDA techniques, each technique is searched, developed and
tested on the R environment. If each test has successfully run on the R environment,
then the integration is initiated dhe Eclipse environment. During the integration
phase, all the development tests are completed on the Windows OS first, then it is
tested on UNIX and Mac OS.

Hardware:

The hardware is not critical in determining the success of the study, but one should
define the lowest requirements for the selected software requirements. The selected
SDA and GIS software are suitable for most of the currently available computers on

the market.

73


http://www.udig.com/
http://www.sda4udig.com/
http://cran.r-project.org/web/packages/
http://cran.r-project.org/web/packages/

User:

Most of the users, as discussed in the literature section, requsexfriendly GUI to
apply the SDA techniques. They want to use more visual software types to obtain
deeper understanting of the data. In addition, interactivity is important so that the
effects of small changes on the results can be observed. Mornayedo not want to
convert their data to another data type. The study aims to provide-@iesély GUI
for the users; however, the main aims of the study are to provide a framework and
methodology for developers. In this way, the developers can itéegny required
geospatial technique related to any discipline into the GIS software with a
straightforward framework and methodology without excessive effort. The framework
and the proposed methodology provide a direction for the developers to design and
develop usefriendly geospatial analysis software in GIS software.

To sum up, the users should utilize both the SDA and GIS software to
understand the SDA in GIS. In addition, developers must know the logic of the

RScripts and also must be at least-teidel Java programmers.

SDA Techniques:

14 SDA techniques of R are integrated into GIS software. Because there is ro ready
to-use RScript for these SDA techniques, each technique is researched, developed and
tested in the R environmeiifteach test sucssfully works on the R environment, then

the integration starts on the Eclipse environment. KDE, ADE, Ul, Kriging, CSR, FPM,

G Function, F Function, K Function, L Function, KST, DE, SR, GWR and 3D
Visualization SDA techniques are integrated into the Gi&renment. Furthermore,

four different norspatial data analysis R techniques are integrated into GIS. These
techniques are histogram graph, pie chart, column graph and summary statistics. R

Scripts of all the techniques integrated into GIS is given ineAdp A.
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5.1.2. Determination of Integration

To determine the integration, the coupling strategy and bridge technique are two key

factors that are evaluated and decided in this step.

Determination of the Coupling Strategy:

As mentioned previously, the higitdevel of coupling strategy is the fully embedded
coupling strategy, but the selected GIS software does not contain any macro language
for further development. Therefore, the tight coupling methodology is selected for
integration, which is a orlevellower strategy than the full embedded coupling
strategy. Additionally, it fits the requirements of both GIS and SDA techniques. It is
required that a common interface to visualize, manipulate and query the result of the
analysis is established. Indeed, iuisnecessary to use data or apply analysis in the
SDA software. The main objective of this integration is to see, manipulate, retrieve
and query the analysis result in the GIS software, which has a common interface. The
only deficiency of this strategy ithe data conversion, but three different data
conversion methods are also embedded into the GIS software to overcome this type of

conversion problem.

The integration methodology has the following considerations: (i) to integrate several
SDA and norspatid daa analysis techniques on the GIS software with designing and
creating a usefriendly GUI for the users, (ii) most importantly to propose a
straightforward methodology to integrate geospatial techniques into the GIS software
for at least midevel GIS developers. To achieve (i), a uniqgue methodology is
proposed with a system architecture in this gagure 19shows the ra&lesign of tight
integration methodology with respect to the requirementgelnphasize the three
aforementioned parts of a tight coupling strategy: GIS, R interpreter and R model. Both
R and uDig share the common interface to input, analyze, manipulate and display the
results. The structured R model is responsible for SDA anespatial dita analysis
running in the background. RCaller is selected as the R interpreter. The R interpreter
is the bridge between the R model and the uDig GIS. Finally, the uDig GIS is

responsible for the input, output, display and modification of the data awitsres
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Figurel9. The Graphical Display of the Structured Tight Coupling Strategy

Determination of the Bridge Technique:

RServeis one of the accepted methods for integrating R with other languages. It is an
R bundle that pernstdifferent applications to converse with R utilizing TCP/IP. It
creates an attachment server that can be joined by different applications. RServe
provides a flexible structure for developers to integrate R with several other
programming languages such@€++, Java and PHP. It is able to connect interfaces
between applications and R, which is faster, more language independent, and more
remote capable than any other program. R and the application (server) are separated
well, so there are no internal datamipulations affecting each other (Urbanek, 2003).
RServe can be introduced in both Windows and Linux platforms, although it is
prescribed for introduction and utilization on a Linux platform (RServe, 2015). One of

the biggest disadvantages of RServe & thcan be installed only on Linux. The
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requirement of a TCP/IP connection is another prominent disadvantage. When the
connection is lost, the software may encounter severe problems.

Another solution is a conselelased method calleWASMM. A consolebased
interface, in which commands for R are stored in a file and written into another file, is
currently used by several applications, such as VASMsrumi, lizuka, Mori &
Tanaka, 2003)Although VASMM is one of the solutions to connect R with other
languaes, it has certain problems in the connection of R with Java, making it useless
for integration of R with uDig. VASMM s also relatively slow because each instance
of R must be initiated with each request.

SJavais another solution to connect R with Jaral vice versa. It allows one to call

R from Java and Java from R. It works only locally because it embeds R into Java via
JNI. Because there is no synchronization between Java and R, and given that R is not
multithread safe, it is fatal to make more tloae call from Java to R.

Another integration technique of R and JavaR$, which allows R to run inside Java
applications as a single thread. Basically, it loads the dynamic library of R into Java
and provides a Java API for R functionality. JRI is thesrse of rJava. It works on all
operating systems, but it supports simple calls to R functions. Therefore, for some
complex analyses, R scripts cannot be called with JRI.

Another method is usinBenjin for the integration of R and JVM. This integration
swpports R in terms of both application and database. This method is defined on the
Renjin website as a new implementation of the R language and environment for the
Java Virtual Machine (JVM), which can transparently analyze large datasets and
integrate thenwith other systems, such as databases and application servers. As an
advantage, Renjin will be implementable in C and FORTRAN languages; however,
this is currently being developed (Renjin, 2015).

Finally, RCaller is a programming language and environntkat is mainly aimed to

be used for statistical calculations and data analysis. RCaller translates data into R
codes, transmits them to an R process, and then recalls them in XML format, which is
a universal method for saving data (Satman, 2014). Theme setup process for
RCaller; it is only a Jar file (Renjin, 2015). RCaller works on all operating systems. It
can provide both simple and complex RScript syntaxes and Java interactions. The

performance of RCaller includes the creation of an external Reggprocess, so the
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interaction time is high as expected. Moreover, it allows plotting of graphs. Satman
(2014) applied a performance test with some of the rJava tools. In the test case, an
integer array X is created with a size of 1000. This arrdeis passed to R, where x2
values are calculated and then the new array is handled by Java. While the operations
performed in the R side do not affect the performances of libraries, no larger
calculations are preferred. Operations are iterated 100 timesaich library.

Performances of algorithms are showable 10

Table10. Descriptive Statistics of Times Consumed by Algorithms (in milliseconds)
(Satman, 2014)

RCaller RCaller Online RServe rJava
Min 557.00 257.00 0.00 0.00
Max 643.00 296.00 14.00 9.00
Mean 596.90 266.96 1.21 1.28
Median 565.00 263.00 1.00 1.00
Std.Dev. 14.92 9.63 1.76 1.39
MAD 4.45 5.94 0.00 1.48

In Table10, it is stown that the rJava and RServe outperform the RCaller by means
of interaction times. The performance of RCaller includes the creation of an external
Rscrpit.exe process, so the interaction time is high as expected.

Hence, RCaller is used as a bridge betwRetechniques and uDig because of its
suitability, performance and the other criteria mentioned above. At the integration part,
the question is whether these two different parts, SDA and GIS, should be integrated
through an extension or a plugimDig is suitable for plugin development but not for
an extension. Therefore, a plugin development strategy must be applied to uDig

primarily.
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5.1.3. Software Integration

The software integration step I s compose
SystemojomSelfecPtrogr ammi ng Language(s) o,
Environment o and Al mpl ementation of the

great detail in the following sections.

Definition of the System Architecture:

After deciding the requirements of 8DGIS and Bridge Technique, the system
structure should be figured out and explained.

Figure20 shows the architecture of the systerig is developed on the concept of
plugins to the base Eclipse Rich ClienttRiem. In addition to using and extending its
tools and techniques, it uses several support libraries such as GeoTools, Axios, JGrass,
Grass and various extensions to the Java Runtime Environment. To extend the function
of uDig, there should be some newpunh formats such as XLS and MDB that can be
integrated via the Java programming language. SDA anespatial data analysis
plugins can also be developed on the Eclipse environment to support uDig, with
respect to spatial and napatial data analysis, bptegrating R using RCaller. R
contains various packages for analysis with respect to different requirements of various
disciplines. Each package is added and used by R while implementing them into uDig.
RCaller works as a type of bridge between R and wdigtegrate all geospatial and
nontgeospatial techniques into uDig. To diminish the coding workload for developers,

Window Builder can be used for interface design and development.
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Figure20. Architecture of the System

The architecture of sda4uDig consists of an interactive environment that combines
maps with graphs and SDA resuli$e current version uses the ESRI shapefile as the
standard for storing spatial information. It contains functionality to read and write suc
files, as well as to convert ASCII text input files, Ms Word Access files and Ms Word
Excel files for point coordinates or boundary file coordinates to the shapefile format.
The analytical functionality is implemented in a modular fashion, as a cofieatio
modular packages with associated methods.
In broad terms, the functionality can be classified into six categories:

1 spatial data manipulation and utilities: data input, output, and conversion,

i data transformation: variable transformations and creafioew variables,

1 mapping: classified maps,

1 Exploratory Data Analysis (EDA): statistical graphics,
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1 spatial autocorrelation: global and local spatial autocorrelation statistics, with
inference and visualization,
1 spatial regression (SR): geographical weidhtegression, linear SR models.
The full set of functions is listed ifable 11 and is documented in detail in the
sdad4uDig userb6s gui des. The software
components: the useérterface and graphics on the one hand and the computational
engine on the other hand. The computational engine (including statistical operations,

geospatial analysis, and spatial regression) is RScript code and largely cross platform.

Tablell The sda4uDig EnctionalityOverview

Category Functions

Spatial Data Data input from shapefile (point, line, polygon)
Data input from text file (point, line, polygon)
Data input from csv file (point, line, polygon)
Data input from mdb filépoint, line, polygon)
Data input from xIs file (point, line, polygon)

Data Variable transformation
Transformation  Queries
Mapping Quantile, Natural Break, Equal Interval, Unique Value Maps

Filtered Maps
Classified Map both for vector data and rastéada
3D visualization of raster maps
EDA Histogram
Pie Chart
Column Graph
Spatial Analysis Kernel Density Estimation
Adaptive Density Estimation
Mor ands |
Gearyods C
K, L, G, F Functions
CSR
Buffered Density Estimation
Kriging
Uniform Intensity
Komolov Sminov Test
Fitted Poisson Model
Spatial Spatial Regression Model
Regression Geographical Weighted Regression Model
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Selection of thé°>rogramming Langua¢®):

The R software uses RScripts, hence developers should be familiar to the RScripts.
Because uDigs coded with an objeariented programming language (Java), the
integration is implemented with the same language and thus the developers need to be
familiar to Java as well. As RCaller is written in the Java programming language, the
integration is easr and compatiblélable12list the ranking of various programming
languaes and the position of Java programming languages is remarkable. Since Java is
one of the most acceptable languages in the world withnslbdsoftware developers,

the selection of Java | anguages as the

sustainability.

Table12. Position of Top 10 Programming Languages for 5, 15 and 25 Years Ago
(TIOBE, 2015)

Programming Language Position
Aug 2010 Aug 2005 Aug 1995  Aug 1985

Java 1 1 - -
C 2 2 3 1
C++ 3 3 2 11
PHP 4 5 - -
(Visual) Basic 5 6 1 4
C# 6 7 - -
Python 7 8 24
Perl 8 4 8
Objective-C 9 43 -
Delphi 10 10 - -
Lisp/Schema/Closure 16 14 6 2
Ada 29 17 7 3

Selection of the Development Environment:

As uDig is developed in the Eclipse Indigo environment, and RCaller is also suitable

for RCaller development and RScript integration, the Eclipse Indigo version is selected

for the development of integration

The integrated software should be tested continuously on an OS in each step.

Therefore, the Windows €lit OS is selected as a test platform. After successful
82
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implementation on Windows, then other platforms are also tested. Since the
communication of Rechniques and the uDig is achieved by using the RCaller, it
should be restructured with respect to the SDA and GIS requirements.. Finally, the R
techniques should also be debugged and run on a development environment before
implementation. The R environnteis suitable for this purpose. Furthermore, the
Eclipse Indigo development environment is also suitable for testing R techniques using

the RCaller communication channel.

The Implementation of the Proposed Methodology:

In this part, a case study is implented to follow the steps of the methodology. The
case study is the fACeapatiandmandlyss edhdiques\whei ¢ h i
critical part of the source code in order to define and explain the implementation

methodology is given below.The entgeurce code is shared through the website.

Step 1:

The data is added into the uDig GIS software.

Code, GUI and Process of Step 1:

Figure21 shows the shapefile data on the mapview of the uDig.

Figure21. Data in MapView of uDig
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Step 2:

If the data is csv, mdb or xIs type, the import wizard is implemented to convert data

into the shp file type.

Code, GUI and Process of Step 2:

& File Import Wizard [} b4
Import XLS Files

Import a XLS file. Remember to associate at least an X and a Y tyep to the fields. 5' A

Choose the XLS file
I IE

Choose the Excel Sheet

Coordinate reference system for the data

[ cRs:wGses || choose crs

Fieldname Example value Type

Figure22. Import xIs File inb Shapefile Wizard

Step 3:

Since there is no ready use R Script, the definition of each technique including input,

output, constraints and other variables has been achieved in this step.

Code, GUI and Process of Step 3:

The constraints are definednsadering the requirements of SDA technique and
usersfor this purpose, one can use the documentation of each package distributed by

the third parties

Result of Step 3:

The sample technique requires the column, breaks number, col, labels, x and y axis,
title and border definitions. The definition of the technique with its input, output and

parameters arghown inTable13.
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Tablel3. R Script of Column Graph

install .packages (At q require(nime)

instal . packages (fAabi ndqrequire(mgcv)

install .packages/( fidgq require(lattice)

install . packages/( fAnl require(raster)

install . packages/( Amg require(spatstat)

install .packages (Al grequire(sp)

install .packages/( fir g require(maptools)

install .packages/( fisygrequire(foreign)

install .packages/( fisgrequire(rgdal)

install .packages ( Ama

install . pgoabages(fAf qdataOgr < readOGR("C:/udigData/dat

install.packages(dr ¢, Income")

analysis < hist(dataOgr$incomeTLpe,

require(tensor) breaks=8, col=2, labels=TRUE, xlab="X Axi

require(abind) of Graph", ylab="Y Axis of Graph",

require(deldir) main="Column Graph of Data", border=3)
Step 4:

Each geospatial technique is tested on the R environment. In this waypthge in
output, parametersand other variables can be defined. In addition, the result and
success of the study is proven in this step. If the result is successful, the next step is

applied; otherwise, the R Script is iterated until successful results aiaeibt

Code, GUI and Process of Step 4:

The process includes the R package download and setup. Then the structured R

Script coming from step 3 is tested on R environment.

Result of Step 4:

Figure23 shows that R &ipt for this technique is successfully working.
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Figure23. Result of Column Graph

Step 5:
The structured R Script which is designed and defined in step 4 is tethgrish

RCaller and tested orchpse environment beferembedded into its GUI.

Code, GUI and Process of Step 5:

RCaller is used for testing RScript on eclipse environment whether it is returns the

same result within step 4 or not.

Result of Step 5:

The result is the same with igure23.

Step 6:

The definition of the input, outpuparametersand other varialels related with the

technique arénalized at this step.

Code, GUI and Process of Step 6:

The definition of the parameters are definedwith respect to gugreenents of the
SDA technique and user. Thable14 shows the GUI design requirements
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Table14. GUI Design Parameters for Column Graph Example

Parameters Definition

Input Shape Data

Coumn Income

Breaks Number 8

Col Red, green

Label True, false

X and Y Axis X and Y axis of the graph selected and defined
Title of the Graph Column Graph of Data

Output Jpeg, png

Result of Step 6:

The example technique requires the column, breaksber, col, labels, x and y axis,

title and border definitions.

Step 7a:

The Window Builder is used to design the GUI for each technique.

Code, GUI and Process of Step 7a:

Figure24 shows the Window Builder intirce integrated into the Eclipse Indigo.

es.aviosudiquisps (~tBarcharljava iy "'z

Figure24. Window Builder Interface for Column Graph Design
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Result of Step 7a:

The Window Builder Plugn is especially suitable for milével developers.
Moreover, it decreases the ktoad of developers to design and create a GUI for each
technique.Figure 25 shows the design of column graph created by the Window

Builder.

Step 7b:
If the data is shapefile, it is sent to R via the RCallgedRnique(s), which is

integrated R Caller with a GUI, are tested in this step.

Code, GUI and Process of Step 7b:

The designed GUI is tested in this step with the integration of the RCaller. The code
partis shown ifablel5. The RCaller and RCode are two main methods in the RCaller

interpreter to send the RScript to the R environment to be executed.

Tablel5. A Part of Code for Execution of R Script with the Designed GUI

{
RCaller =new RCaller();

RCode =new RCode();

RPackagekadRPackageHistografrCaller, rCode);

RPackagesetRPackageHistograinCaller, rCode);

plotFile = rCode.startPlot();

lineDataOgr = "d&@Ogr < readOGR(" + SAB.outputSaveDirectoryURt "\" \"" +
selectedLayer +H\")";

lineAnalysis = "analysis <hist(dataOgr$" + selectedColumn + ", breaks=" +
selectedNumOfColumns + ", col=" + selectedFillColor + ", labels=TRUE" + h=X14 +
selectedXTitle +{""

+ ", ylaba"™ + selectedYTitle +\"" + ", mainA"" + selectedGraphTitle ™ + ",

border=" + selectedBorderColor + ")";

rCode.addRCode(lineDataOgr);

rCode.addRCode(leAnalysis);

rCaller.setRCode(rCode);

rCaller.runOnly();

rCode.showPlot(plotFile);

return null;

}
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Result of Step 7b:

The RCode sets up the RScripts; the RCaller sends the RScriptsRekezutable

directory to be executed. The RPackages contains all the packages required for all the
techniques. This class contains two main methods, which are loadRPackage and
setRPackage. The load RPackage installs the required R Packages. The se¢RPackag

method also sets the RPackages, which are essential for each technique during

execution.
11 Column Graph - u] X
Input Options
e [ B
Column: [select. [~] [ saveas
& Cancel
! 'WARHING ! Column value must be number.
Column Options
Graph Title : [coumn Grapn of Data |
X Axis : K s of Graph |
Y Axis of Graph : ‘v Axds of Graph |
Number of Column: |8
Column Inside Colour :
Column Border Colour: [Green =]
0
Figure25. Column Graph Design with Window Builder
Step 7c:

In this step, the Java programming language is used to finalize tiga déshe GUI.

Code, GUI and Process of Step 7c:

Table16 shows some Java codes to finalize the GUI design of each technique.
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Tablel6. A Part of Java Codes GUI Finalization, Handler Desi

public static void main(String[] args) {
EventQueuénvokeLate(new Runnable() {
public void run() {
try {
BarCharthist =new BarChar();
hist.setAlwaysOnTop(ue);
} catch (Exception e) {
e.printStackTrace();
}
}
D
}

Result of Step 7c:

Step 7c is only to design and create a GUI for each technique but each technique

requires some more Java codesrplement and finalize the technique.

Step 8:

In this step, the extension point of the uDig is used to integrate the R technique into

the uDig.

Code, GUI and Process of Step 8:

Table16 shows some Java codeditmlize the GUI design of each technique.

Tablel7. A Part of Java Codes for GUI Finalization, Calling Column GUI

public classbarChartHandleimplementsIHandler {
public Object execute(ExecutionEvent evettilows ExecutiorException {
IWorkbenchWindow window = HandlerUtijetActiveWorkbenchWindowChecf{eadent);
try{
HistogramChart & = new HistogramChart();
hc.setVisiblefrue);
} catch(Exception e ){
e.printStackTrae();
}

return null;
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Figure26 shows the extension point of uDig menu and submenu.

All Extensions B E
Define extensions for this plug-in in the following section.

type filter text

<= org.eclipse.ui.actionSets & Add...
<= grg.eclipse.ui.commands
<= org.eclipse.uihandlers [ETILE
<= arg.eclipse.ui.bindings
~ %= org.eclipse.ui.menus
~ [¥] menu:org.eclipse.ui.main.menu?after=additions (menuContrit
% Geospatial Analysis (menu) Down
~ [¥] menu:org.eclipse.ui.main.menu?after=additions (menuContrit
~ g Statistical Analysis (menu)
A MOA histogram (command)
# MOA pieChart (command)
ws MOA barChart (command)
<= org.eclipse.ui.propertyPages
<= grg.eclipse.ui.editors

o= nrn eclines ni nonunMeniis
< >

Figure26. Adding Menu and Submenu on the uDig

Result of Step 8:

The developrant structure of the uDig allows developers to use the Extension Point

to integrate any developed geospatial andgewospatial technique into the uDig.

Figure27 shows the menu and submenu on the uDig menu bar.

&4 Statistical Analysis ‘€ Ge

.1 Column Graph
C & Pie Chart
iy Histogram Graph

Figure27. Menu and Submenu on the uDig
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Step 9:

In this step, the final GUI of each technique can be used for entering input data for

analysis.

Code, GUI and Process of Step 9:

The input, output and other remaining parametelated with each technique are
selected on GUI of each technique for analysis purposes.

Result of Step 9:

Figure28 shows the GUI of column graph and parameter definition of this technique.

il Column Graph

Input Options

e (= [~ (LS. A0

Column : | select [+ [l saveas

¥ cancel
! WARNING ! Column value must be number.

Column Options

Graph Title : |Column Graph of Data |

X Axis : |x axis of Graph |

¥ Axis of Graph : | axis of Graph |

Number of Column : le |

Column Inside Colour:  |Red |v

Column Border Colour: [Green |v

Figure28. The GUI of Column Graph and the Technique Parameter Definitions

Step 10:

The result of the technique is sent to the created directory and stored there. The result
can be converted into the correct type which lieesn accepted by the uDig as input
and output.

Code, GUI and Process of Step 10:
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Table 18 shows the result of geospatial and fgmospatial technique stored in a

directory.

Table18. A Partof Code for the Storage of the Result of Technique

String selectedLayer = comboBox_PointLayer.getSelectedltem().toString();

String selectedFraction = spinner_Fraction.getValue().toString();

String outputTitle = selectedLayer + SABeateDateTaf);

String outputName = "";

if (comboBox_RasterFormat.getSelectedltem().toString() == "GeoTIFF (.tiff)") {
outputName = outputTitle + ".tiff";

} elseif (comboBox_RasterFormat.getSelecteatifetoString() == "JPEG (.jpeg)") {
outputName = outputTitle + ".jpeg";

}

String outputDirectory = SAButputSaveDirectoryURE outputName;

URL saveOutputDirectory new URL(outputDirectory);

final File outputFile =new File(saveOutputDirectory.toURI());

Result of Step 10:

If the result should be shown on mapview of the uDig, it is stored in this directory;

otherwise, it does not need to be stored there.

Step 11:

This step is the visuaation of the analysis result on the mapview of the uDig.

Code, GUI and Process of Step 11:

The geospatial analysis is shown on the mapview of the uDig. Although the geospatial
result can be shown in the mapview, it can also be shown as screenshobhewift

mapview. The code is shownTiable19.
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Table19. A Part of Code to Call the Result of Geospatial Technique on the Mapview
of the uDig

String lineWGdal = ";
if (combdox_RasterFormat.getSelectedltem().toString() == "GeoTIFF (.tiff)") {
linewGdal = "writeGDAL (as.SpatialGridDataFrame.im(analysis), +
outputFile.toString().replac&(, /) + "\"\"GTiff\")";
} elseif (comboBox_RasterFormagetSelectedltem().toString() == "JPEG (.jpeg)") {
lineWGdal = "plot(analysis)";

}
if (comboBox_RasterFormat.getSelectedltem().toString() == "GeoTIFF (.tiff)") {
rCaller.setRCode(rCode);
rCaller.unOnly();
IMap map = ApplicationGlgetActiveMay);
LayerFactory = map.getLayerFactory();
IProgressMonitor monitorr = ProgressManamestanceg).get();
IServiceFactory factory = CatalogPlugietDefaulf).getServiceFactory();
java.util.List<IService> services = factory.createService(saveOutputDirectory);
services.get(0).resources(monitorr);
analysisOutputLayer
layerFactory.createLayer(servicest(@).resources(monitorr).get(0));
AddLayerCommand cmd rew AddLayerCommand(analysisOutputLayer);
map.sendCommandASync(cmd);

}

Result of Step 11:

Since the example technigue is not a geospatial one, thesiarralsult is not shown in

the mapview of the uDig.

Step 12a:

The result which is created with the GUI that has been designed and created can also

be read by the uDig in this step.

Code, GUI and Process of Step 12a:

There is no code in this step. Theput of each technique is visualized on the mapview

of uDig for further manipulation and designing at this step.
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Result of Step 12a:

The result of this step is the output of the analysis.

Step 12b:

This step is the visualization of the analysis resalout of the mapview of the uDig.

Code, GUI and Process of Step 12b:

The nongeospatial analysis is shown on out of the mapview of the uDig. The code

line showing the analysis out of mapview is showiable20.

Table20. A Part of Code Wwich Shows Analysis Result out of the Mapview

rCode.addRCode(lineDataOgr);
rCode.addRCode(lineAnalysis);
rCode.endPlot();
rCaller.setRCode(rCode);
rCaller.runOnly();
rCode.showPlof{lotFile);

Result of Step 12b:

The result of the column graph is showririgure29. This result shows the success of

the proposed methodology.
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Figure29. Result of Column Graph Shown aftMapview

5.1.4. Tests

The test procedure is applied using the SDLC which is explained and discussed in
Chapter 4. Mainly two types of tests are applied which are the alpha and the beta tests.
The alpha test is applied by the developer and the beta tesfypheel @40 the user of

GIS and SDA in two different ways. To get feedback form users and to increase the
dissemination, a survey is prepared and distributed through the website for the visitors.
The integrated software and survey are provided fdinenusers. They were asked to

fill the questionnaire after using the software. The second one is questionnaire survey
performed to the users who conducted hamsExercise using the developed

software.

Alpha Tests:

The development of sda4uDig integration dddee debugged and run in every step
of coding. Therefore, the step of testing in the SDLC is applied for each development.

During the development, the coding step in the study is as follow:
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Development of the R techniques

)l
1 Integration of the R techniquestitvthe RCaller
1 Designing GUI for each technique
1 Integration of the RRCaller integration with its GUI
1 Integration of the RRCallerGUI with the uDig
Each step mentioned above should be tested by adding even a single line of code after
development. Therefe, in addition to the SDLC testing procedure, each step

mentioned above is tested one by one after the development process.

Development of the R techniques actually the first step of the algorithm
development and the coding phase. Currently, thare readyto-use R technique in
detail but generally it is possible to find the R technique. Therefore, each technique is
developed with respect to different requirements. Because of this reason, each
technique is developed and tested iteratively on then®rament first. After

successful results, the R technique and its RScript is integrated with the RCaller.

Integration of R technique with RCalleis achieved on the Eclipse development
environment. The RCaller can connect Java with R but it needs sesigmidg and
update. In this way, the R technique is sent to the R environment running on the

background without user interface.

Once the integration of R and the RCaller is performed successfull@Uhdesign
and coding phase is now initiated. The desf each user interface for each technique
is developed with respect to input, output and other constraints. The GUI is also tested

even if the RRCaller integration works successfully or not.

The next phase after theMRCaller integration and the GUEslign isthe integration

of R-RCaller and GUI of each technique. This test step shows that the RScript
techniqgue works successfully with its GUI. This test is applied a couple of times with
different data. The data is changed with different size and tyeder to see the

malfunctions.

Finally, the successfuhtegration of R, RCaller and GUIls now being integrated
into the GIS softwaravith the uDig extension point. Once the integration is completed

successfully, the technique on the uDig interfadested with different data in regard
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to size and type. Even though there are no malfunctions, the test is iterated several
times. In addition, though one single code is added to the R Script or any phase of

integration, the testing phase is iterated fromfirst step to final step.

Finally, the successfuhtegration of R, RCaller and GUIls now being integrated

into the GIS softwaravith the uDig extension point. Once the integration is completed
successfully, the technique on the uDig interface iedesith different data in regard

to size and type. Even though there are no malfunctions, the test is iterated several
times. In addition, though one single code is added to the R Script or any phase of
integration, the testing phase is iterated from ittt $tep to final step.

Beta Tests:

In this part, questionnaires are developed and a survey is conducted in two different

ways: online and handsn manner. The test methodology is developed first to

understand the success of the study and thento umderdt t he wusersd approa
satisfaction.

First of all, thehypothesesre constructed to test the success of the study. Once the
hypotheses are constructed, theestionnaireis prepared to collect data to test the
hypotheses that have been constructéen, auser taskis prepared for the users to

test the integrated study.

Finally, twosurvey questionnaireare appliedfor different user types. The first user

type is online users who have reached this study through the web site. The second one
consiss of those users who are students at the GGIT department at METU. The survey
guestions are prepared with respect to the hypothesis that is analyzed in order to give
some useful statistics to prove the success of the study and to show a direction for
develpers and researchers to do further research or update malfunctions of the
integrated software.
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1 Hypothesis

Based on the aim and objectives, the following hypotheses are determirasdddaRl.
Each hypothesis inalyzed with a different test. These hypotheses are to measure the

success of the study and to get feedback and insight of users.

Table21. Hypot heses about fAlntegration of
OpenSource GIS Softwae (uDi g) o

NO HYPOTHESES Test Method

H1  There is a relationship between usage frequencies of the integratio LR*
the success level of GISDA diffusion.

H2  There is a relationship between the satisfaction and the quality ef ( ~ ANOVA
SDA integration.

H3  There is a relationship between satisfaction and the documentatior ~ ANOVA
the GISSDA integration.

H4  There is a relationship between satisfaction and the usability of the =~ ANOVA
GIS-SDA integration.

H5 There is a relationship between satisfat@émd the performance of the ~ ANOVA
GIS-SDA integration.

H6  There is a relationship between satisfaction and the easiness ofth  ANOVA
GIS-SDA integration.

H7  There is a difference between users with different number of geosy ANOVA
techniques in terms ofi¢ satisfaction of the GISDA integration.

H8  Visualization, SDA techniques, performance, GUI, effectiveness, Descriptive
utility and time are main reasons for users to prefer and use the Gl
software.

*LR: Linear Regression

9 Questionnaire

After defining the hypotheses to test the success of the study, the questionnaires are
prepared for different user types. The website is designed and developed in order to
share all the documents and source codes for dissemination. This is not only for

dissemingon but also to get feedback from users through the questionnaires.

The first questionnaire is prepared for visitors to get only simple statistics about their
professions and contact information. This questionnaire is given in Appendix B. The

questionsare showrnn Figure B1.
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The second questionnaire is prepared to collect more feedback from the users of
integration. Therefore, this questionnaire is filled by software users after using it. The
study is updated with respect tbet insight of users. The the answers to the
questionnaire applied for handa usersare analyzed as they provide answers after
using the software. This questionnaire is attached in Appendix C. The questions are

shownin Figure C1.

M Users Task

Once the hypotheses are constructed and the questionnaires are prepared, a user task
is prepared with three different case studies. It is assured that the three cases should be
different with their application. Therefore, KetrDensity Estimation (KDE) and K
Function are selected as SDA techniques. The third one is selected aspaimn

data analysis technique, which is a column graph. Users follow each step of the tasks
one by one and apply them to get the same resulinithie prepared task. The task is
attached in Appendix D. This appendix contains figures ffagare D1 to Figure D

14.

Surves:

Online Survey:

To increase the usagestiibution and dissemination of the study, web application is
the most suitable environment to reach the SDA and GIS community who is interested
in such software and study types. The users of the SDA system are examined in order
to understand how much imést is seen from the users and who uses the system. For
that purpose, a website is developed for this study to distribute the user documents,
plug-in, source code, user application usage videos, articles and related results and

documents. The official walte for the study ikttp://www.sdadudig.com

The website of the study helps provide a complementary solution for GIS and spatial

data users. For that purpose, the feedback of users whether they are GIS experts or
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spatial data analysts is important to understand if the integration successfully works or
not. This way is also very helpful for the developer to catch the malfunction of the
software, which could be only understood with the developer test. In additien, it
critical and important to collect the idea of users for further development of the study.
In order to do that, there may be various methodologies to get feedback of the users
but the application of questionnaire, online test and handssts are apjgd in this

study. These testing methodologies ensure the sustainability of the study as well,

because it increases the distribution of the study through the developers and users.

The participants of the online test are certainly website visitors and Uiseysypes

of audiences are targeted again to test the sda4uDig integration. It is the main aim of
these surveys to get feedback from users; therefore, there are two questionnaires in this
website under the fiFormo sectoonBsew$och
ASurveyo is prepared to collect the wuser
On the other hand, ASurvey for Usero is

and developers to keep the study sustainable and living.

To collectthe user information, the users have to fill at least the Survey questionnaire
to download the setup file. However, the Survey for Users is optional for users.
Statistics about the registered users have been collected through this website. The user
statidics have been collected by Google Analytics. With respect to these statistics, 436
users registered between July 2015 and February 2016. It is assumed that these 436
users have downloaded and used these integrated software. According to the statistics
bewween July 2015 and February 2016, the number of absolute unique visitors who
visited the web site is nearly 588. These figures are explained idedetaithe

following sections.

Handson Survey:

32 users are included in this survey and all of them hagponded to the
questionnaire. These users have been chosen from the GGIT department in two
di fferent | ectur es: one is the APrincipl

filntroducti on t o Gl So. 14 user s have S
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documetation provided for them in the Principles of Remote Sensing course.
Furthermore, eight users have set up and used the sda4uDig with a documentation
provided for them in the Introduction to GIS course. In addition to these 22 users, the
integration has kan tested by 10 more GIS and SDA users and they have completed

the questionnaire after usage.

The data collected from this survey is analyzed by using descriptive statistics,

reliability tests, linear regression analyses, and ANOVA to test the hypotheses a

provide findings. In addition, some graphical representations are used to explain the

use of sdad4uDig software users. To test the

SPSS 15 statistical analysis tool has been used.

1 Hypothesis Testing Based on Quesnaires

The statistics about the users of sda4uDig who visit the website are recorded by Google
Analytics. Several free packages are embedded in the home page of the website for
statistics and questionnaire. These packages create a mechanism for gie Goo
Analytics service to collect the information about the user who has entered and
registered at the website. Statistics have been recorded between July 2015 and
February 2016. Google Analytics has provided the statistical figures about the number
of absdute unique visitors, visits, average visits per day, countries where the visits
come from, visit page number, average time spent in the site by the visitors, and

returning and new visitors.

Online User Test Analysis:

The total number of absolute uniqusitors to the website is 588. The distribution of

the number of visits by countries is shown in

Figure 30. The highest number of visits was from Turkey with 134 times. Top six

countries can be listed as Turkeyttw134 visits, Japan with 60, United States of
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America with 43, Germany with 22, Spain with 22 and France with 22 visits. 588 visits

came from a total of 30 countries. As it can be seen from the map, the website has

users from across the world, which a¢sth 0 w s
and GIS integration.

t he

user 0s

Legend

LI L Kilometers 0-3

0 2125 4250 8.500 4-9
10-22
I 23 - 60
G- 134

Figure30. The Number of Visits Coming from Countries

need

Figure31shows the number of unique visitors who have vigiiedvebsite more than

20 times across the world. 177 countries do not have any users who have visited the

study website, while users from 30 countries have visited it at different times.
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Figure31. The Number of Visits acreshe Globe

In addition, it is interesting to analyse the user profile respect to their professions In
this way, for further research, one can touch those people to provide a better solution

to their specific problems.

A registration form is developéad the website. Users are required to fill a
registration form in order to install the SDA system from the website. The Registered
Users have filled the Survey Questionnaire after the software integration has been

used.

Table22 showsthe numbers of the registered users and their countries.
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Table22. The Countries of the Registered Visitors

Name Registered Name Registered
Azerbaijan 13 Netherlands 6
Australia 5 Norway 7
Bosnia and Herzegovina 14 Qatar 9
Brazil 17 Russia 14
Bulgaria 11 Saudi Arabia 16
Canada 16 South Africa 19
China 19 Slovenia 2
Ireland 8 Tunisia 2
Greece 21 Turkey 134
India 6 Turkmenistan 14
Iran (Islamic Republic of) 8 United Kingdom 15
Italy 9 United States 43
Japan 60 Germany 22
Lebanon 13 Spain 22
Belgium 21 France 22

Figure 32shows the statistics about the users with a column graph. 99 sda4udig users
are GIS experts; however, only two users are urbametanwhich is the lowest
number of professions among the sda4uDig users. To increase the usage and
dissemination of the study, it is announced both on the uDig community and the R
sigcGeo platform. In this way, a satisfactory number of visitors has deatband

completed the surveys in a short time.
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100 -

Figure32. The Statistics of Visitors across the Globe with respect to their

Professions

Finally, the statistics about the employment can be helpful to understand which part of
the GIS community is most interested in such a study. Today, almost all the sectors
are dealing with the GIS technology in one way or another. When these sectors are
divided into different parts with respect to their usage levels, it is found out that
govanmental organizations use the GIS technology more heavily than the private
sector. If a comparison is made among governmental organizations, it is seen that
municipalities use the GIS tools and software nyostimpared to the others (Cavur,
Ozturan, Karadman & Icli, 2015). However,Figure 33 shows the employment
institutions of users with a column graph. It shows that users from the private sector
and universities have shown the greatest interest in the studg thiose from
governmental organizations are the least interested ones in this kind of software

integration.
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Figure33. The Distribution of Website Visitors based on their Employment

Institutions

Handson User Test Analysis:

To understand the user test result, descriptive statistics, ANOVA and linear regression
tests are applied. Before explaining each test, their definition is given as follows.

Hypothesis 1

iCronbach' s U ( alrelidbibty). It iS comnmonlycused &sfaimeasueent o
of theinternal consistencgnd reliability. Theoretically, alpha varies from zero to 1,
since it is the raté&bDennck 200l k0 varianceso |

A commonly accepted rule of thumb for describing internal consistency by usi
Cronbach's alpha is shown as U>0.7. To t

conducted. After finding Cronbachialpha) value for each piece of data, regression
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analysis is made for the data, whose Cronbddkisue is higher than 0.T.able23
shows the Cronbach¥(alpha) value for each piece of data. The hypothesis 1 is tested

with the linear regression model.

Table23. Cronbach'$J(Alpha) Value for Hypothesis 1

Hypothesis Hypothesis Number of Cronbach's U
Number Item (Alpha)
1 Frequency Usage of GISDA 32 0.78

The linear regression analysis is used to specifytoimme relations between two or
more different variables. The dependent variable of linear regrasson it he success i
di ffusion of GI S0 and the indepeB@Aent vari at

i ntegrationo. Linear regression analysis is

Table24. Linear Regression Analysis of Hypothesis

Hypothesis Explanation R? Sig. B Hypothesis Hypothesis

Acceptance
Frequency Usage of GIS 0.007 0.649 4.356 H1 NOT Accepted
SDA

It is claimed thathere is a relationship betwe#me frequency usages of SDAIS
integration with thesuccess level of GESDA diffusion.

Table24 shows the result of regression analysis for Hypotheses 1. The frequency e of
usage for the factor of GISDA about GISSDA-related areas explains 1% of the
variance in diffusion success, and has a positive inpatite proportion of 4.356 on

GIS diffusion success.
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According to the F statistics significance (Sig.) valuekahle24, all of the constructs

are not meaningful because they are higher than 0.50, which means that these
construets carNOT beacceptedas statistically meaningful with the confidence level

of 95% and the GIS and SDA integration success cannot be explained by the related
hypotheses. The Rralues for the significant constructs show the percentage of the
variance irthe GISSDA project success, which is explained by the related hypotheses.
B values indicate the path coefficients, which means thatratthange in the related
independent variables will affect the success of the&i8. project by the proportion

of B values.

Hypothesis 2

Table25. ANOVA for the Satisfaction Levels of GISDA Applications and the
Quality of Integration

Mean F/t Value Sig.
No Opinion 3.75
Hypothesis 2  Agree 4.22
F=4.762 0.017
(Accepted) Strongly Agree 4.80
Total 4.25

Hypothesis 2 claims that there is a relationship betwbensatisfactionand the

quality of GISSDA integration To test Hypothesis 2, ANOVA analysis has been
conducted so that the success of the-SI integration is differengited according

to the satisfaction of integration and the quality of the integrafiable25 describes

the results of the ANOVA analysis that has been conducted in order to see whether the
satisfaction levels a&1S-SDA differ in terms of the quality of integration.

It can be seen froriable 25 that the hypothesis igcceptedsince the significance

value (.017) is lower than .05. It means that the quality of integratfentaifusers

differently in terms of the satisfaction levels of integration. In other words, the quality
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of integration is important for users in order to be satisfied while using this integrated

software.

Hypothesis 3

Table26. ANOVA for the Satisfaction Levels of GISDA Applications and

Documentation of the Integration

Mean F/t Value Sig.
Disagree 3.00
Hypothesis 3 = No Opinion 4.28
NOT Agree 4.26 F=2.022 0.134
Accepted Strongly Agree 4.50
Total 4.25

Hypothesis 3 claims that there is a relationship betweersatisfaction leveland the
documentation of the GISSDA integration Table 26 describes the results of the
ANOVA analysis that has been conducted in orderet® whether the satisfaction
levels of GISSDA differ in terms of the documentation of the integrated software. It
can be seen froMable26 that the hypothesis MOT acceptedince the significance
value (.134) isigher than .05. It means that the documentation of integration does not
affect users differently in terms of the satisfaction levels of integration. In other words,
documentation is not important for users in order to be satisfied while using this

integrated software.
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Hypothesis 4

Table27. ANOVA for the Satisfaction Levels of GISDA Applications and
Usability of Integration

Mean F/t Value Sig.
: No Opinion 4.00
Hypothesis 4
Agree 4.14
NOT F=2.468 0.103
Strongly Agree 4.62
Accepted
Total 4.25

Hypothesis 4 claims that there is a relationship betweepatisfaction levelandthe
usability of the GISSDA integration Table27 describes the results of the ANOVA
analyses that have been conducted in order to see whether the satisfaction levels of
GIS-SDA differ in terms of the usability of integration. It can be seen ffainle27

that the hypothesis NOT acceptedince the ginificance value (.103) is higher than

.05. It means that the usability of integration does not affect users differently in terms
of the satisfaction levels of integration. In other words, usability is not important for

users in order to be satisfied whilsing the integrated software.

Hypothesis 5

Table28. ANOVA for the Satisfaction Levels of GISDA Applications and the

Performance of Integration

Mean F/t Value Sig.

Disagree 2.00

: No Ognion 4.07

Hypothesis 5
Agree 4.30 F=7.101 0.001
Accepted

Strongly Agree 4.75
Total 4.18

111



Hypothesis 5 claims that there is a relationship betwhbensatisfaction and the
performance of the GISSDA integration Table 28 describes theesults of the
ANOVA analyses that have been conducted in order to see whether the satisfaction
levels of GISSDA differ in terms of the performance of integration. It can be seen
from Table 28 that the hypothesis iacceptedsince the significance value (.001) is
lower than .05. It means that the performance of integration affects users differently in
terms of the satisfaction levels of integration. In other words, performance is important

for users in order to bessfied while using this integrated software.

Hypothesis 6

Table29. ANOVA for the Satisfaction Levels of GISDA Applications and Ease of

Integration
Mean F/t Value Sig.
No Opinion 4.00
Hypothesis 6 = Agree 3.87
F=4.795 0.016
Accepted Strongly Agree 4.57
Total 4.18

Hypothesis 6 claims that there is a relationship betweepatisfactiorlevelsandthe
easiness of the GKSDA integration Table29 describes the result$ the ANOVA
analyses that have been conducted in order to see whether the satisfaction levels of
GIS-SDA differ in terms of the ease of integration.

It can be seen frorfiable 29 that the hypothesis iacceptedsince the significance

value (.016) is lower than .05. It means that the ease of integration affects users
differently in terms of the satisfaction levels of integration. In other words, the ease of
integration is important for users in order to be satisfibdeausing this integrated

software.
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Hypothesis 7

Table30. ANOVA for the Satisfaction Levels of GISDA Applications and the

Number of SDA Techniques of Integration

Mean F/t Value Sig.

Strongly Disagree 2.00

Disagree 5.00

Hypothesis 7  No Opinion 3.80

F=10.917 0.000

Accepted Agree 4.33
Strongly Agree 4.75

Total 4.19

Hypothesis 7 claims that there is a difference between users diitier@nt number

of geospatial techniques terms ofthe satisfaction 6 the GISSDA integration
Table 30 describes the results of the ANOVA analyses that have been conducted in
order to see whether the satisfaction levels of-SIB\ differ in terms of the number

of SDA techniques ahtegration. It can be seen frohable30 that the hypothesis is
acceptedsince the significance value (.000) is lower than .05. It means that the number
of SDA techniques of integration affects users differeimtlierms of the satisfaction
levels of integration. In other words, the number of SDA techniques of integration is
important for users in order to be satisfied while using this integrated software.

Hypothesis 8

Descriptive statistics are used to desetifie basic features of the data in a study. They
provide simple summaries about the sample and the measures. Together with simple
graphics analysis, they form the basis of virtually every quantitative analysis of data
(Socialresearchmethods.net, 20TG)ble31 showsthe description of Hypothesis 8.
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Table31. Descriptive Statistics of Hypothesis 8

NO  Test Method Hypothesis

H8 Descriptive  Visualization, SDA techniques, performance, GUfeetiveness,

utility and time are the main reasons for users to prefer and use thi

software.

Hypothesis 8 claims thavisualization, SDA techniques, performance, GUI,

effectiveness, utility and timare the main reasons for users to prefer andngs€kS

software.These hypotheses are just to show the descriptive statistics whether various

criteria affect the usage of GISDA integration or not. Since there are no applicable

tests that can be applied, it does not make any decision about the amEaptan

rejection of the hypothesislable 31 shows that 23 users accept that the SDA

i ntegration into GI'S has brought the MAAnal y:
On the other hand, only nine users have acdethiat this integration increases the

performance of GIS.
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Figure34. The Views of Users on the Advantages of sda4uDig over other SDA and
GIS Software

Descriptive statistics, linear regression and ANOVA analyses are appltedt the

user satisfaction and expectation from this study. Linear regression is applied to
Hypotheses 1 and 9. There is no relationship between the usage frequency of such a
software package and the satisfaction level with respect to Hypothesisrestilief

the analysis proves that this hypothesis is not accepted. ANOVA test is applied on
Hypotheses 2, 3, 4, 5, 6 and 7. The second hypothesis says that quality affects the
satisfaction level of users. The analysis result shows that quality is imfortasers

and the hypothesis is accepted. Hypothesis 3 claims that proper documentation for
users increases the satisfaction level of them; however, the hypothesis is not accepted
with respect to ANOVA test. Hypothesis 4 states that usability affectsatistaction

of users but the test result does not prove this hypothesis. Hypothesis 5 claims that
performance increases the satisfaction of users. The test result supports this hypothesis.
Hypothesis 5 claims that the ease of application is importdm satisfied with the
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usage of application. The ANOVA test result also proves that the ease is important for
users. Hypothesis 7 says that the number of SDA techniques in GIS increases the
satisfaction level of users. The test result supports Hypothesisl Tt is accepted.

Since Hypothesis 8 is tested with descriptive statistics, it cannot conclude that it is

accepted or rejected. It shows some valuable statistics about several criteria. 72% of
users believe that SDA enforces GIS with its analysis poutgubt 28% believes that

SDA increases the performance of GIS.

In summary, the hypothesis constructed shows that there is a strong relation between
SDA and GIS. Several criteria affect the success of integration and hence the
satisfaction from this integtion. Linear regression test shows that the hypothesis of

AFrequency -bAgei 9f n®&tl Saccepted. These test:

Il ntegrationo, fAPerformance of I ntegrationo,
SDA Techniquesamnd dantcemgtread. ohOoOwever, ADocum
Il ntegrationo, AUsability of I ntegrationodo are

Finally, descriptive statistics show that 23 users among 32 believe that this study
i mproves the A AR adf@IS. Alkthest bypahedes-peoaetthatroees 0
should take into account the quality of software, the performance of software, the ease
of usage and the number of SDA techniques during the development of such an
integration. On the other hand, the frequenaysafge, documentation and the usability

of integration is not important for such a study. All the analyses, statistics and tests are
attached at the end of the thesis in Appendix E. This appendix contains figures from
Figure E 1 tdrigure E7. It containsalsotables fromTable E1 to Table E31.

5.2.Installation of sda4uDig

The current versions were installed with an Internet connection at the beginning; this
is becaise of the required R packages. Therefore, one can download the .exe file on

www.sdadudig.conwebsite and install the sdad4udig without Internet connection. It

means that it is installed in an online manner butntaaerate offline. The details of
installation is given in Appendix F. Appendix F includes figures fiagure F1 to
Figure F17. However, the summary of the installatienexplained in the following

figuresFigure35andFigure36 show the prerequisite of the sda4uDig installation. The
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prerequisite of the installation is the version.®523. When the setup file is executed
before the uDig GIS software installation, the R 2.15.3 version is installed.

¥ sdadudigb4 Setup x

Welcome to the Prerequisites
Wizard

The setup has determined that some of the
prerequisites needed to run this program are
missing. This wizard will assist you in getting and i
installing those prerequisites. Click Next to

continue to the list of prerequisites.

Click Finish at any time to completely skip the
installation of prerequisites and jump to the
installation of the main program. Click Cancel to
cancel the installation and exit the Setup Wizard.

Back Next | Finish Cancel

Figure35. Welcome to the Prerequisites Wizard

L o sdadudigb4 Setup x

Prerequisites

These programs are needed for the application to run. Click on the check box
nest to a prerequisite to select it for install or to skip it.

Name Version Action
R for Windows 2.15.3 Found: nothing. Install

Press the Next button to install the prerequisites.

Back Next Finish | Cancel

Figure36. Prerequisite of Installation (R 2.15.3)
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Figure37shows the first step of the sda4uDig GIS software and installation directory.
The user just clicks t tugwitliottany prablerasut t on t o f i

sdadudig

sdadudig64

Setup requires 1.73 MB in:

(C:\Program Files\sda4udig\sdadudiga4\

You must agree to the before you
can install sdadudig64.

[ 11 agree to the License terms and conditions.

Y

Figure37. Installation of sda4uDig

After completing the installation, there is a menu to complete the installation including
the R packages and some other setup optioresai@lows(Figure38).
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% Installation Wizard

sda4udig Installation Wizard
1. Install sda4udig.exe file.

Warning ! The procedure is done just once.

R Installation Wizard

2. Package - Install Package(s).
3. Select "Algeria” package.
4, Select and Install "Runiversal”.

5. "Package(s)” --= "Package Set” --» Select "Runiversal” .

Finish Installation

6. Press "Complete Intallation™ button to finish installation.

ﬂ@ Complete Installation

Figure38. Complete Installation

In addition to the Windows sdaBig software, the integrated software has been
developed and testefor Linux OS. The interface of Linux version is as follows
(Figure39).
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Figure39. The Interface o$da4uDig orLinux OS

Although there are 14 geospatial methods and 4gemspatl methods integrated

into the GIS software, just two case applications are applied in this part. The KDE
technique is explained as a geospatial technique in this part and the column graph
method is explained as a statistical technique. The proposed mletnds
implemented for 14 different SDA methods, which are Ul, KDE, ADE, G Function, L
Function, F Function, K Function, KMS, Simulation envelope of CSR, FPM, Kriging,
GWR, SR and Density Estimation, and 4 fspatial functions, which are Histogram,
Column Graph, Pie Chart and Statistical Summary tools. In addition, xls, csv and mdb
import tools have been integrated into the GIS software but only xlIs import is applied

in this part.
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5.3. Application Examples
Three brief examples are presented to illustrateities of the interface. The data used
is the accident data of Ankara collected in 2011. It covers an area of 24,52hdm
contains 4877 accident points distributed within the borders of the city of Ankara. The

data contains the accidents that occurmethe roads of Ankara.

Each step of the proposed methodology was not explained and applied in this section.
However, each step of the methodology, R Scripts, Java source code, all the geospatial
and norgeospatial techniques applied, ping, data and dailed documents about

the sdad4uDig can be found in the official websittp!//www.sdadudiy In this

section, the implementation of one geospatial technique is summarized with its
interface, GUI and results. Appendi shows the geospatial module integrated into
the uDig GIS menubar. This appendix contains figures ffgure G1 to Figure G3.

In this part, all the integrated techniques and their results are sholiguhe40, the

interface of the uDig and data on some traffic accidents for Ankara are shown.

Figure40. The uDig Interface with Traffic Accident Data
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5.3.1. Kernel Density Estimation
The illustrated geospatial technique is the application of KDE on Ankara traffic
accident data. The input, output and constraints of each method can bel dexide
defined with respect to requiremenisable 32 shows the input, output and other
parameters of the KDE method. In regard to these arguments, the interface of that
method is designed and created with Javararogiing language and the Window
Builder on the Eclipse environment. The end user merely uses the interface of KDE
and enters the input, output and other parameters as shbigaia4l. The remaining
geospatial, an-geospatial and integrated methods are attached at the end of the study
as Appendix H. This appendix includes figures frieigure H1 to Figure H38.

%@ Kernel Density Estimation Method I 0 x

Input Options

Point Layer : |Ankara [=]

Influence Area: | Select.. |v

L ] c |
Tl
[v] Edge Correction
Di: i Points : o 2.00 Maxamcam: 0.00
O timeam Bandwideh fn): 0.000 | 1Z calculate |

idfth C:

v
w =- dataSwindow
data = pppix=dataSx, y=dataSy, window=v)

sigma =- (1/8) * min{abs(difffwSxrange)), abs(difffwSyrange}))

Qutput Option
Raster Data Type : | GeoTIFF (.tiff) - |

Figure4l. Interface of Kernel Density Estimation

122



Table32. The Input, Output and Parameters of KDE Technique

I/O-Parameters  Explanation Case Example
Input Layer It accepts point (*.shp) dat Ankara accident data.
Weight Weight for selected column. SONUCOLM: The deac

people in accident.
Border Border of the analysis result. Polygon *.shp fi Ankara Border.
Default is the border of point data.
Bandwidth The bandwidth of the kernel is freee 3000 m
parametewhich exhibits a strong influence ¢

the resulting estimate.

Cell Size Number of cell in x and y directions. X:2048; Y:2048
Edge Correction Edge correction is applied if Tie. True

Output Type Jpeg, png, geotiff options are available. GeoTiff
Calculate It calculates the optimum bandwidth for users Not Applied.

Figure42 shows the result of KDE on the uDig mapview. The color changes from cold

(blue) to hot (red) in order to show riskier areas.

Segem Ao

.-I‘

Figure42. The Result of the KDE Technique Displayed on the uDig Mapview
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5.3.2. Column Graph

In Figure43, theinput and output interface of Column Chart is shown.

1l Column Graph =

Input Options

- (]
— -
Column : [select. [~] \&I

3¢ Cancel

! VWWARMNING ! Column value must be number.

Column Options

Graph Title : [column Grapn of Data

XK Axis |X Axis of Graph

¥ Axis of Graph : [ axis of Grapn

Number of Column : 2

Column Inside Colour:  [Red

Column Border Colour: [Green

Figure43. The Result of Column Graph

In Figure44, the result of Column Graph using deadly accidetd tkashown. It shows
the number of deaths in accidents with respect to weekdays. The first column shows
that there are no deaths in 4853 accidents; however, there are 26 accidents with one

dead person.

124



| £ | Analysis Output — O >

Column Graph of Ankara Accident Data

- 4853

2000 3000 4000 5000
1 |

Number of Accidents

1000

0
L

Number of Dead in Accidents

Figure44. Column GraphResult

5.3.3. Import Excel File as a Shapefile into the Mapview of uDig

As pointed out before, the users have different types of data in hand and they want to
use these data in the GIS software. In this part, there are three more different data types
that havebeen adopted on the GIS software in addition to the shapefile. These data

formats are ASCII, excel and mdb, which are shown in the following section.

In Figure45, the input interface of Excel, Csv and Mdb iswin. All three input styles
work in the same logic, and therefore only one of them is displayed.
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-
& Import

Select \
|
Yerel dosya sistemindeki bir CSV dosyasini calisma alanina aktanr.

Select an import source

type filter text

= Sample File Import ~
(= Team
(= Other
= CSV Ige Aktanim
. Geopaparazzi Ice Aktanm
& KML/KMZ ice Aktanimi

E< MS Access Ige Aktarim
0 Veri

% XLS Ice Aktarim

< Ge leri >

So iptal

Figure45. Excel, Csv and b Inputimport Interface

In Figure46, users only select the x and y of data and then import the data in the GIS

software as a shapefile. The metadata of other attributes can be selected as string,
integer, long, float, text or can be left as default, which is string.
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“: File Import Wizard

| Import XLS Files
1 Import a XLS file. Remember to associate at least an X and a Y tyep to the fields.

Choose the XLS file

| Ch\Users\mahmu\Downloads\02.xlsx

Choose the Excel Sheet

e |

Coordinate reference system for the data

| cRswass4 || Choose cRs
Fieldname Example value Type &
GlScience & Remote Sensing TAYLO... Acta Geographica Slovenica-Geogr..  String
2014 String

Kaza_Ayi 09 String
Kaza_GUnu 08 String
Kaza_HaftaGunu PAZARTESI String
Kaza_Saati 07 String
Kaza_Dakika 45 String
Kaza_SaatDakika 07:45 String
Kaza_lli 02 String
XKoordinat 38.23943 X
YKoordinat 37.76392 Y
KazaTarihi 20140908 String
Kaza_llgesi ADIYAMAN-MERKEZ String
TutanakDuzenleyenBinmadi ADIYAMAN - Trafik Denetleme Sube... String
BirimTuru DENETLEME-Sube Mudurluga String
BirimAdi Sehir lgi String
kaza_Bolgesi Paolis String
Kaza_YerYeriDisi 1-Yerl.Yeri String

1 | MahKoy KARAPINAR String

|| YolunTipi 1-B&ltnmiis Yol String

Kaplamasi 1-Asfalt String o

1< >

A

A

\

i

i < Back Next > Cancel

Figure46. X and Y Coordinate Selection Interface

As before inplied that there are various geospatial, 1g@ospatial techniques and
several utility tools have been integrated into GIS software, three different techniques
have been applied ab® in orderto show the success of the study. Remaining
techniques and tools aseown inFigure47.
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a. Ex.plonr.wg b. Mo.dellln.gof ¢ Spatially d. Modc?llmgof Non-Geospatial »
Spatial Point Spatial Point otk onebata Spatially ahrinaes Utility Tools
Pattern Patterns o Contiuous Data qQ

Simulation Histsaram
= KDE Envelope of ADE SRM 2 ld  XLS Import
Graph
CSR
DE Komolov —
- (PointinPoly) Smirnov Test Kriging GWR kd Column Graph fd MDB Import
-t K Function =t Pie Chart - Filter Option
< Summary 3D
] Lfnction Statistics | Visualizaiton
b= G Function — RPackage
Insallation
l-d F Function Add Data
Submenu
Uniform
B Intensity
L Fit Poisson
Model

Figure47. Geospatial, Nomgeospatial and Utility Tools lich are Integrated into
GIS Software

The website for the study has been completed and a version of the sda4uDig has been
distributed through this website. Some documents and source code of the study is also
distributed through this website. The user can download the softwacttemdource

codes after filling a questionnaire. After using the sda4uDig software, one can fill
another questionnaire to give feedback and some valuable insight about the study and
for the support of the following versions of the sda4uDig. All thesttesi about the

user types, e country from which the sda4upis downloaded, and some more
researcheabout this studwill be reported later.

Figure48 shows the interface of the gte. The Appendix | contas Figure 11.
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5.4.Results and Discussion

Since the components of each step of the framework are compatibleasittother

and also the components work successfully, the proposed framework is deemed
successful on the whole. The application examples including the installation of the
sda4uDig prove that the integrated software is operational by using the framedork an
methodology. As the application examples clearly define each step of usage (see
Chapter 5), the user can enter input data into aftisedly interface and get the result

of the applied technique in a very short time. The success of these exampkesndic
that the study is successful in regard tothe er 6 s p &érChagpterdcst thev e
application of the proposed framework is tested with a case study. Each step of this
proposed framework is proven by this case study, whereas the methodology is tested
and proven by a column graph example. The case study and the example prove that

the proposed framework successfully works inregardtdteev e |l oper 6.s per spect

To test the performance, usability and several other criteria with respect to the
developes and users, a test methodology was developed. This methodology contained
both the developer test and the user test.deweloper tesivas applied to each step

of the coding phase and iterated until successful implementation was achieved.
Therefore, thestudy could not proceed until success was achieved after the developer
test. However, proceeding to the next step, i.e. the user test, indicates the success of

the developer test.

Two surveys were applied to the users in order to collect data and gtk on
theuser test The collected data was analyzed. To get feedback and their perspective,
an online websiteRigure48) was developed and shared with the uDig community and
the R community. This way increabsthe usage, distribution and dissemination of the
study. 558 visits from 30 countries in six months infer that there is a demand for such
a study. These numbers prove that the study will be of great interest in the future.
Furthermore, the registered vais Figure 32 are mostly the users who are experts

in GIS and SDA. 99 users over 299 registered visitors are GIS specialists and 76 of
them are developers. The number of these developers promises that theastbdy
supported by developers in the futureFigure33, the 121 registered users are from

the private sector and 89 of them are from universities; however, the interest from
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governmental organization is 21 o259 visitors. It shows that there is a demand from
private and academic environment for such a study, but currently it is not of interest

within the governmental organizations.

In addition to the online test, the harmstest was applied to 32 GIS and/ASDsers

at the GGIT at METU. Before the application of the haongest, several hypotheses

were suggested to test the success of the sdad4uDig. With respect to these hypotheses,
a handson questionnaire was prepared for users. After that, 32 users weneagiiser

task (Appendix D) to follow and apply on the sda4uDig integration. They were also
given a questionnaire survey (Appendix C) to get their feedback, insight and
experience on the sda4uDig after the user task. Then, all these data were anatyzed wit
the SPSS 15 statistical tool to test the hypotheses with respect to the collected data. As
expected, several of the hypotheses were accepted and several of them were rejected.
The descriptive statistics, reliability test, linear regression and Anowadestpplied

to test each hypothesis. Hypothesis 1 indicates that the usage frequency does not affect
the diffusion success of such a study. Hence, this hypothesis is rejected. Likewise, the
documentation of such a study (Hypothesis 3) is not a goodatodito prove the
success of the study and the satisfaction of users. The most interesting result is
obtained from Hypothesis 4. According to this, the usability is not accepted as a good
indicator for the success of the study and the satisfaction leusko$. This is one of

the unexpected results from the hypotheses since 21% of the users claim that the user
friendly GUI of the software is important for them, based on the results of the
descriptive statistics ifrigure 34. However, the results of Anova for Hypothesis 4
(Table27) contradict with this result.

Although usage frequency and documentation of the study is statistically rejected,
there are several other cri@proving the success of this study. The acceptance of the
guality of the study (Hypothesis 2), the performance of the study (Hypothesis 5), the
ease of the integrated software (Hypothesis 6) and the number of SDA techniques
integrated into GIS (Hypothesi3 show that there is a relation between the satisfaction
levels of users and the success of the study. All these hypotheses were tested with
Anova analysis and accepted. Likewise, in Hypothesis 5, users claim that the

performanceoriented software is ingatant for them, being similar to the results given
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in Figure 34. Similarly, users claim that the ease of the integrated software is very
important for them in Hypothesis 6. Since 22% of the users claim thastredity and

21% of them claim that the uskrendly GUI is important irFigure34, this hypothesis

also meets the expectation of users. Finally, the numbers of SDA techniques are
regarded as important for the us®iith respect to Hypothesis 7. Since the number and
type of SDA techniques in GIS enforce the power of GIS, the result is logical and
expected. Besides, Figure34, 23% of the users accept that the SDA techesqgo

GIS are critical for them.

Consequently, it can be said that the framework and the methodology work
successfully. Their success is proven with the case studies and examples. The problems
of users have been solved with the usendly integrated dtbware. Also, the
framework and the methodology are provided for developers to integrate any required
SDA technique into any GIS software easily and methodologically. The test
methodology is applied to the users to discover whether the results are obmsiste

not. The developer test is successfully achieved. The user test is achieved and their
results are analyzed methodologically. For this purpose, the hypothesis is conducted,
the user task is prepared and analyzed with the SPSS tools. The resullgsekara
satisfactorily coherent with the expectations. The result of the hypothesis proves that
there is a strong relation between SDA and GIS and this shows that conducting such a
study is valuable for the scientific world. The number of visitors frioenvtorld even

for a limited time is actually important and shows the interest of the GIS and SDA

communities in such a study.
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CHAPTER 6

CONCLUSION AND FURTHER RECOMMENDATIONS

6.1 Conclusion

The main aim of the study is to provide a frameworkdevelopers to embed any
required spatial statistical and nepatial technique(s) into a GIS software
methodologically with suitable software including SDA and GIS, bridge technique,
coupling strategy and other selected parts and compatible componentDighand

the R are two software types which are integrated. R is a free andopee spatial
statistical, norspatial and image data analysis software. It is one of the most
acceptable and most widely used software packages in the world. But itusenot
friendly, and can only be coded by developers and the third parties depending on using
the RScript. Each development is included in theeRkage and shared with a detailed
document. The uDig is also an opswurce GIS software program that can rarat

t he OS6s. |t c an-inpaadisaldcempadtiblewitiwihetRIsoft@arep | u g
It is developed by an objeotiented language called the Java programming language.
Similar to the uDig, the RCaller is developed by Java programming langodgEes

opensource.

With the selected components, a straightforward framework is proposed for the
developers. Each step of the framework is constructed with respect to the components
of GIS. A developer can follow and apply each step of the frameworklér to select,
evaluate and embed spatial statistical techniques into a GIS software easily.
Framework is not only provided for the selected components of this study but is also

applicable for any selected spatial statistical technique and GIS soiitvtaiging the
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bridge technique. The only discussion can be made about the selection of the coupling
strategy, which is tight coupling strategy. Instead of tight coupling strategy, one can
use full coupling methodology, which is the best strategy if thectsd components

are suitable to apply this strategy; yet the uDig does not contain any macro language

and do not allow to use full coupling strategy.

All in all, the framework is successfully implemented for this study without any
problems. The methodaly explains each step of the application of the framework. A
developer can use this methodology to embed any technique into the GIS software. It
is easy to understand and be applied by-lexel developers as well.

Three case studies, Kernel Density Estilon, Column Graph and xlIs Import, are
applied and explained with their input, GUI and results. The application of the
framework and the methodology with these three case studies proves the success of

the study indeed.

Finally, in order to understand uss 6 1 dea and get feedback frc
guestionnaire is applied to them. This is achieved in two ways: one is to develop a web

page for this study and distribute the source code, documents and the questionnaire

surveys; the second is to apply thevey questionnaire to the users in a haods

manner. To do so, the students of two lectures related to GIS at the GGIT at METU

were selected for hands user test and survey. The surveys have been analyzed and

the result is reported. 33 % of the registeusers are GIS specialists which are the

most interested group. 134 visitors of web site are from Turkey and 60 of them are

from Japan which are the most interested countries to this study. Universities (89

visitors) and private companies (121 visitonglve downloaded the study over 259

visitors since it was published in the web. In addition, several hypotheses which

measure the success of several criteria and the success of GIS are tested. The results

of these hypotheses are also reported in this studyi Us a g e Frequency
ADocumentati on about the Studyo, AUsability
significant factors to indicate the success of the integration with respect to hypotheses.

On the other, AQuality of tthragrlarntieoqrogt iIE@rsad ,ne
of the Usage of the Integrationdo and ANumber

the key factors to affect the success of the study with respect to hypotheses. Lastly,
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23% of the users claim that h&@®APand2X2 & [ An a

claim that SDA increase the visualization feature of GIS softmitlierespect to
descriptive statistics. According to these surveys, the users have been satisfied with

the result of this study mostly.

6.2 Further Recommendations

Further, thee is great need to carry out further research on how to develop graphics in
the uDig that are more suitable for statistical purposes, such as advanced geospatial
techniques and interactive geospatial techniques and how to enhance the dynamic and
interactve linking between a mapview, chart and table in the uDig. The effort to
develop a statistical module in GIS directly, however, should not be hampered by these
minor limitations. Our example, by focusing on how to integrate standard geospatial
analysis andhe test of spatial technique on the uDig, exemplifies how GIS and
statistical analysis can benefit from each other. A statistical module in GIS can take
full advantage of the topology relationships and the visualization tools provided by
GIS. GIS, on thether hand, may use this statistical module to extend its analytical
capabilities from simple descriptive statistics to more exploratory and inferential data
analysis. This example of implementation, however, is far from covering all the
statistical methds that can potentially be integrated into GIS. We discussed how to
implement other local spatial statistics, such as G Function and F Function, which is
based on the distance connectivity matrix, not the spatial autoregressive models.
Although there is ageneral consensus that GIS should increase its abilities on
statistical analyses and develop its own statistical module, which techniques should be
included in this module is still open to debate. Obviously, more interesting questions
and challenges willmerge from the area of integrating GIS with statistical analysis.
The outcomes reported in this paper may establish a foundation for us to develop
further SDA functions in the uDig with R. Future work will cover the use of other R
interpreters to improvée efficiency and performance of the integration. Furthermore,
geospatial techniques can be developed in theb@sbd manner to increase the spread

of GIS in the near future.
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In addition, there are so many image processing packages in R that this gan trig
researchers to design, develop and improve the capabilities of GIS with an image

processing toolbox.

Finally, the data used with the uDig GIS is limited in size and currently there is a big
demand to use and analyze big data to understand the gelodatsti Providing a big

data analytics for users really attracts the attention of the GIS and geospatial
community. Therefore, the next step after this study will be conducting a study on big

geospatial data analytics by the owners of this study.

Code awilability
uDig is available afttp://udig.refractions.netindhttps://github.com/udig

R is available alttp://www.rproject.org/

sdadudig stable components and code documentation are available on
http://sda4udig.com/

There, for each component are presented input, output, parameters description, a

descriptive help and a test case.
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APPENDIX A

R SCRIPT OF EACH R GEOSPATIAL NON -GEOSPATIAL TECHNIQUES

Table Al. Kernel Density Estimation R Script

Kernel Density Estimation RScripts

require(tensor)

require(abind)

require(nime)

require(mgcv)

require(spatstat)
require(maptools)

require(rgdal)

require(foeign)

require(lattice)

require(sp)

require(raster)
packageExistsequire(Runiversal)
if('packageExist){
install.packages("Runiversal”, repos=" http://crgaject.org")

}

dataOgr <readOGR("C:/udigData/data" ,"Income")
dataOgrl<spTransform(dataOgr,CRSproj=utm +zone=36 +ellps=WGS84
+datum=WGS84 +units=m +no_defs"))

data <as.ppp(dataOqr)

w <- data$window

data < ppp(x=data$x, y=data$y, window=w)

sigmal < (1/8) * min(abs(diff(w$xrange)), abs(diff(w$yrange)))

data2 <as.ppp(dataOgrl)

wl < data2$windw
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Table Al. (Continued)

data2 < ppp(x=data2$x, y=data2$y, window=w1)

sigma2 < (1/8) * min(abs(diff(wl$xrange)), abs(diff(wl$yrange)))

sigma3 <(sigmal/sigma2)*4000

capture.output(sigma3, file="QudigData\output\sigma32015%131193426.txt")
dataOgr <readOGR("C:/udigData/data" ,"Income")

proj4string(dataOgr)

data <as.ppp(dataOgr)

box < bbox(dataOgr)

w <- owin(xrange=c(box[1],box[3]), yrange=c(box[2],box[4]))

data < ppp(x=data$x, y=data$y, window=w)
dataOgrl<spTransform(etaOgr,CRS("+proj=utm +zone=36 +ellps=WGS84
+datum=WGS84 +units=m +no_defs"))

box1 < bbox(dataOgrl)

ldx<-(box1[3}box1[1])/2048

Idy<-(box1[4}box1[2])/2048

a<-ceiling(ldx)

b<-ceiling(ldy)

spatstat.options(npixel=c(a,b))

analysis <density.ppp(data , 0.823039

, weights=dataOgr$incomeTLpe, edge=TRUE)

writeGDAL (as.SpatialGridDataFrame.im(analysis),"C:/udigData/output/Incom
151131193448.tiff","GTiff")

Table A2. Adaptive Density Estimation RScripts

Adaptive Density Estimation RScripts

require(tensor)
require(abind)
require(nime)
require(mgcv)
require(spatstat)
require(maptools)
require(rgdal)
require(foreign)
require(lattice)
require(sp)
require(raster)
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Table A2. (Continued)

packageExistsequirdRuniversal)
if(!packageExist){
install.packages("Runiversal”, repos=" http://crgraject.org")

}

Xogr < readOGR("C:/udigData/data" ,"Income")

X <-as.ppp(Xogr)

analysis <adaptive.density(X , f=0.1)

writeGDAL (as.SpatialGridDataFrame.im(analysis),@ifData/output/Income?2
15113119385.tiff","GTiff")

Table A3. Uniform Intensity RScripts

Uniform Intensity RScripts

require(tensor)
require(abind)
require(nlme)
require(mgcv)
require(spatstat)
require(maptools)
require(rgdal)
require(Runiversal)
require(foreign)
require(lattice)
require(sp)
require(raster)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-as.ppp(Xogr)

analysis <summary(X)

capture.output(analysis, file="QudigData\output\uniform20151131193919.txt"|
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Table A4. Kriging RScripts’ Variogram

Kriging RScripts - Variogram

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

data(meuse)

class(meuse)

names(meuse)

coordinates(meuse) = ~x+y

class(meuse)

summary(meuse)

Izn.vgm = variogram(log(zinc)~1, meuse)

Izn.vgm = variogram(log(zinc)~1, meuse)

Izn.fit = fit.variogram(lzn.vgm, model = vgm(1, "Sph", 900, 1))
Izn.fit

Iznr.vgm = variogram(log(zinc)~sqrt(dist), meuse)

Iznr.fit = fit.variogram(lznr.vgm, model = vgm(1, "% 300, 1))
lznr fit

plot(lznr.vgm, Iznr fit)

Table A5. Kriging RScripts’ Interpoation

Kriging RScripts - Interpoation

require(spatstat)
require(maptools)
require(rgdal)
require(sp)
require(raster)

data(meuse)

class(mese)
names(meuse)
coordinates(meuse) = ~x+y
class(meuse)
summary(meuse)

Izn.kriged = krige(log(zinc)~1, meuse, meuse.grid, model = |zn.fit)
spplot(lzn.kriged["varl.pred"])
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Table A6. Simulation Envelope for CSR RScripts

Simulation Envelope for CSR RScripts

require(tensor)
require(abind)
require(nlme)
require(mgcv)
require(spatstat)
require(maptools)
require(rgdal)
require(foreign)
require(lattice)
require(sp)
require(raster)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-asppp(Xogr)

UnmarkX <unmark(X)

analysis <envelope(UnmarkX, fun=Gest, nsim=9)
plot(analysis)

Table A7. Fitted Poisson Model RScripts

Fitted Poisson Model RScripts

require(tensor)
require(abind)
require(nlme)
require(mgcv)
require(spatstat)
require(maptools)
require(rgdal)
require(foreign)
require(lattice)
require(sp)
require(raster)

dataOgr <readOGR("C:/udigData/data" ,"Income")
proj4string(dataOgr)

data <as.ppp(dataOqgr)

box < bbox(dataOgr)
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Talde A 7. (Continued)

w <- owin(xrange=c(box[1],box[3]), yrange=c(box[2],box[4]))

dataW < ppp(x=data$x, y=data$y, window=w)

fit <- ppm(dataW, trend=~1, interaction=Poisson())

trend < predict(fit, type="trend")

capture.output(fit, file="CQludigDatd\output\\fit2015113119448.txt")

writeGDAL (as.SpatialGridDataFrame.im(trend),"C:/udigData/output/Income2
1131194418 tiff","GTiff")

Table A8. G Estimation RScripts

G Estimation RScripts

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-as.ppp(Xogr)

analysis <Gest(X , correction=c("han","km","rs"))
plot(analysis)

Table A9. F Estimation RScripts

F Estimation RScripts

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-as.ppp(Xogr)

analysis <Fest(X , correction=c("cs","km","rs"))
plot(analysis)
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Table A10. F Estimation RScripts

L Estimation RScripts

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-as.ppp(Xogr)

analysis < Lest(X)

plot(analysis)

Table A11. K Estimation RScripts

K Estimation RScripts

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

Xogr < readOGR("C:/udigData/data" ,"Income")
X <-as.ppp(Xogr)

analysis <Kest(X)

plot(analysis)

Table A12. Komolov Smirnov Test RScripts

Komolov Smirnov Test RScripts

require(tensor)
require(abind)
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Table A12. (Continued)

require(spatstat)
require(maptools)
require(rgdal)
require(sp)

Xogr < readOGR("C:/udigData/data" ,"Income")

X <-as.ppp(Xogr)

fun <function(x,y){x}

analysis <kstest(X, fun)

plot(analysis)

capture.output(analysis, file="QudigData\output\kstest2015113119503.txt")

Table A13. PointinPoly(Density Estimation in Bufferedreas) RScripts

PointinPoly (Density Estimation in BufferedeAreas) RScripts

require(rgeos)
require(MASS)
require(RColorBrewer)
require(sp)
require(maptools)
require(GISTools)
require(rgdal)

areaDbf < read.dbf("C:/udigData/data/Buffer1Poly.dbf" , as.is = TRUE)
areaOgr <readOGR("C:/udigData/data" ,"Buffer1Po)y"

pointOgr < readOGR("C:/udigData/data" ,"Income")
getClass("Polygon™)

sapply(slot(areaOgr, "polygons"), function(x) length(slot(x, "Polygons")))
sapply(slot(areaOgr, "polygons"), function(x) {

Xi <- slot(x, "Polygons")

any(sapply(xi, slot, "hole™))

)

ur.area<sapply(slot(areaOgr, "polygons”), slot, "area")

str(ur.area)

a< ur.area

areaDbf$AreaofPolygon-<a

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

count < poly.counts(pointOgr, areaOgr)
areaDbf$NumberofPoint-<count
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Table A13. (Continued)

write.dbf(areaDDbf, "C:/udigData/data/Buffer1Poly.dbf")
nokbolalan <count/a

areaDbf$Density <nokbolalan

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

Table A14. Geographical Weghted Regsion Model (GWR) RScripts

Geographical Weghted Regression Model (GWR) RScripts

require(rgeos)
require(MASS)
require(RColorBrewer)
require(sp)
require(maptools)
require(GISTools)
require(rgdal)
require(foreign)

areaDbf < read.dbf("C:/udigData/data/Bfer1Poly.dbf" , as.is = TRUE)
areaOgr <readOGR("C:/udigData/data" ,"Buffer1Poly")

pointOgr < readOGR("C:/udigData/data" ,"Income")
getClass("Polygon™)

sapply(slot(areaOgr, "polygons"), function(x) length(slot(x, "Polygons")))
sapply(slot(areaOgr, "padpns™), function(x) {

Xi <- slot(x, "Polygons")

any(sapply(xi, slot, "hole™))

D

ur.area<sapply(slot(areaOgr, "polygons"), slot, "area")

str(ur.area)

a<- ur.area

areaDbf$AreaofPolygon-<a

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

count < pay.counts(pointOgr, areaOgr)
areaDbf$NumberofPoint-<count

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

nokbolalan <count/a

areaDbf$Density <nokbolalan

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")
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Table A15. Spatial Regression Model (SRM) RScripts

Spatial Regression Model (SRM) RScripts

require(rgeos)
require(MASS)
require(RColorBrewer)
require(sp)
require(maptools)
require(GISTools)
require(rgdal)
require(foreign)

areaDbf < read.dbf("C:/udigData/da/BufferlPoly.dbf" , as.is = TRUE)
areaOgr <readOGR("C:/udigData/data" ,"Buffer1Poly")

pointOgr < readOGR("C:/udigData/data" ,"Income")
getClass("Polygon™)

sapply(slot(areaOgr, "polygons"), function(x) length(slot(x, "Polygons")))
sapply(slot(areaOgrpolygons"), function(x) {

Xi <- slot(x, "Polygons")

any(sapply(xi, slot, "hole™))

).

ur.area<sapply(slot(areaOgr, "polygons"), slot, "area")

str(ur.area)

a<- ur.area

areaDbf$AreaofPolygon-<a

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

count<- poly.counts(pointOgr, areaOgr)
areaDbf$NumberofPoint-<count

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

nokbolalan <count/a

areaDbf$Density <nokbolalan

write.dbf(areaDbf, "C:/udigData/data/Buffer1Poly.dbf")

Table A16. Histogram Graph RScripts

Histogram Graph RScripts

require(abind)
require(deldir)
require(nime)
require(mgcv)
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Table A16. (Continued)

require(lattice)
require(spatstat)
require(sp)
require(foreign)

dataOgr <readG5R("C:/udigData/data" ,"Income")

t <- table(dataOgr$incomeTLpe)

pct < round(t/sum(t)*100)

Ibls <- paste("

W g

", pct, "%", sep =")

analysis <barplot(t, col=rainbow(nrow(t)),names.arg=c(lbls), legend =
rownames(t), main="Histogram Graph")

dev.off()

q("yes")

Table A17. Column Graph RScripts

Column Graph RScripts

require(abind)
require(deldir)
require(nlme)
require(mgcv)
require(lattice)
require(spatstat)
require(sp)
require(foreign)

dataOgr <readOGR("C:/ugyData/data" ,"Income")

analysis < hist(dataOgr$incomeTLpe, breaks=8, col=2, labels=TRUE, xlab="
Axis of Graph", ylab="Y Axis of Graph", main="Column Graph of Data",
border=3)
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Table A18. Pie Chart RScripts

Pie Chart RScripts

require(lattice)
require(spatstat)
require(sp)
require(foreign)

dataOgr <readOGR("C:/udigData/data" ,"Income")

t <- table(dataOgr$incomeTLpe)

pct < round(t/sum(t)*100)

Ibls <- paste(names(t) , "

W

", pct, "%", sep =")

analysis < pie(t, labels=lbls,, col=rainbow(nrow(t)), main="Pie Chart of Data"
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APPENDIX B

sda4uDig QUESTIONNAIRE FOR ONLINE USERS

sdadudig

sdaduDig Survey for End User

Dear User,

Before downloading the software, we ask to fill this survey which will be used for assessing the
user requirements to be analyzed in the the Ph.D. thesis of Mahmut Cavur
{mahmutcavur@gmail.com) entitled “Integration of Geospatial Techniques (R) into an Open-Source
GIS Software (uDig)"” which is supervised by Prof. Dr. H. Sebnem Duzgun (duzgun@metu.edu.tr) at
Middle East Technical University, Geodetic and Geographic Information Technologies Program.
Your feedback and insight will help developer to embrace a better solution for geospatial data
analysis.

1. Contact

Name/Surname:

Figure B1. sda4uDig Survey foleb-Site Visitors
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2. What is your profession 7
AcademicianEducalor
DevelopeaCompules engineen'Soltware Enginess
GIS Specialist
RS Specialis]
Urban Planines
Stalistician

Diger {Itfen belirtin)

3. Where do you work?
Privabe Compary
Gaverremental Omganizalion
Univessity
Stusdent

Diger (l0tfen belirtin)

4. What is your purpose to use ulig with sdadudig Plug-in?

5. How did you hear about this study?
A friersd
Search
Know Study Bebore

Digger (Ithen balirtin

Figure B1. (Continued)
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B. If you would like lo share any addilional comments or experiences about sdadudig, please enter them
bk,

7. Do you want to hear aboul this study in the future?
YES

NO

B. Do you wanl 1o share your experence in a direct contact with us in the future ?
YES

NO

Figure B1. (Continued)
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APPENDIX C

sda4uDig QUESTIONNAIRE FOR HANDS-ON USERS

sdadudig )

sdadudig

1. Survey for Users of sdadudig Plug-in

Dear User,

After downloading the software and use it, we ask to fill this survey which will be used for
assessing the user requirements to be analyzed in the the Ph.D. thesis of Mahmut Cavur
{mahmutcavur@gmail.com) entitled “Integration of Geospatial Technigues (R) into an Open-Source
GIS Software (uDig)” which is supervised by Prof. Dr. H. Sebnem Duzgun (duzgun@metu.edu.tr) at
Middle East Technical University, Geodetic and Geographic Information Technologies Program.
Your feedback and insight will help developer to embrace a better solution for geospatial data
analysis.

* 1. Contact

Name!Surname

E-mail

Country

Company/institue

Profession ,7
Experience (years) ,7]

2. What is your purpose to use sdadudig Plug-in with uDig ?

3. Overall, | am very satisfied with the way sdadudig team performed (is performing) on this project.

Strongly Disagres Disagres Mo Opinion Agres Strongly Agree

Figure C1. Survey for Users of sdad4uDiffer Usage
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4. How often do you typically use the Geospatial Data Analysis Software/Technigue(s)?

Dally Weekly Once a month Omnce a year Do not use

5. Based on your awareness of sdadudig, is it better, the same, or worse than other brands of Spatial Data
Analysis Software 7

Much Worse Worss About the same Better Much Better

6. Based on your experience with sdadudig, would you recommend this product to a friend?

Definitely will not Probably will not Might or might not Probably will Definitety will

7. How zatisfied are you...

Strongly Disagres Disagres No Opinion Agres Strongly Agree

-..with the
appropristeness of the
documentation to your
needs?

_..with the quality of the:
sdadudig delivered with
your requirements?

... with the usability of
the soffwarne provided?

...with the performance
of the udig with sdadudig
software?

~.with the easiness of
the adadudig plug-in?

.. with the number of
Spatial Data Analysis
techniques?

.with the Spatial Data
Angitysia techniques on
GIs?

%)

Figure C1. (Continued)
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8. What is the advantage(s) of Spatial Data Analysis (SDA) Technigues on GIS?
Wisuality
Analysis Features/Power
Performance
User-friendly GUI
Effectveness
Uity
Time

Other (please specify)

9. Could you please suggest any R package({s)Technigue(s) or Geospatial Analysis for the integration into
uDig?

10. Are you going to use sdadudig Plug-in with uDig in the future or not?

v

11. If you would like to share any additional comments or experiences about sdadudig, please enter them
below.

Figure C1. (Continued)
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APPENDIX D

sda4uDigUSER TASK

Dear user,

This user task is a part of Phd stobdy <car
Dr . H. KDeg lz g epartment of Geodetic and Geographic Information
Technology at METU.

In the content of this task study, there are three case studies and their steps are shown
in the following figures. As a user, you need to follow each stepapply them to get

the same result. After completing three case studies, you need to fill the questionnaire
survey which is provided for you. The questionnaire needs to be filled with respect to

experience with this software and your past experince &idator GIS.

Thank you very much because of attendanc:

167



Ker nel Density Estimation (¢ekirdek Yojunl uj

First StepAdd Data

: Veri yiikle
seRERTS 42 (D:/sdadudigData/ExportOutput4)

Figure D1. Adding Data into uDig MapView

Second SteKDE Technique Application

Geospatial Analysis --> Kerpel Density Estimation

ExportOntputs

‘‘‘‘‘‘

Figure D2. KDE Tehcnigie on Geospatial Menu on uDig
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Third Step: ParametebDefinition

4@ Kernel Density Estimation = O X
Input Options
Point Data Layer : iExportOulpuM | :i
S " Apply
Weight : | sanayiOran || T
Influence Area : [select.. :w ‘  Cancel
. 2
Bandwidth (m) : 3000] [ Save As
Cell Size (x,y): |2048 | 2048

[v] Edge Correction

Distance to Neighbour Points : Minimum: 0.00 Maximum: 0.00 Us e this
Feam | Vvariables

BANDWIDTH CALCULATION :
w =~ dataSwindow

data <- ppp(x=data$x, y=dataSy, window=w)

sigma <- (1/8) * min(abs(diff(wSxrange)), abs(diff(wSyrange)))

Output Options
Raster Cell Size: [GeoTIFF (.tiff) [+]

Figure D3. KDE Input GUI

Fourth StepBlack-White Result

Nap

Right Click

This lay

WGSSADD)  Other

Figure D4. KDE Resuli Black and White
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Fifth Step:Result Classificatin

r e

You will get
this result

Figure D5. Classification of Result

Sixth StepResult Classification Logarithmic

& Style Editor - ] K
: type filter te; v Legacy Raster % i
Cache
Imagery + = () \
Legacy Raster P

Raster Color Mask
Single Band Raste
XML

v

Select all Unselect all Invert selection

reset colormap

Set from predefined table M
5 aspect
Novalues t
ovalues to ignore bathymetic
Sel@i 0 blackandwhite
° ° s
corine landcover
Log#rithmic/~~~
flow
< > greyscale
Then Press Apply and Ok Mo,
ogarithn
DefatFpmmmmmm—
rainbow
Import Export en
shalstab

Figure D6. Classification Wizard
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Seventh Stedinal Result of KDE

& wdatiDig - 8 x
Ple Gt Nasguion Seach . Sl Ansi @ ool Ansss Minchack Layr Map Outa Window el
f3v O - @ © Lo e B Badd
@ Projects &0 @Me
@ project ) |2 & Patente
wan e final result of KDE Method e
o
1 info
Dutance
Selection
Box
Selecton
.-.IA_J_LDho_ Bver. =) P
S 43 Soecson
[/]® ExponOutpud Daeaot
[V ExponOupuet201511254 Incerest
Soocion
fomng
Create.
> Feature Eoting
iife| 1736323 WGSSADD)  Other
- " tcm“m:u?-/wummum () o

Figure D7. Final Result of KDE

K Function

First Step/Add Data

§ sdatuDig - 8 X
m;ungnm Search b Statistical Analysis & Geospatial Analysis MineTrack Layer Map Data Window Help

oQ v~ & ARG R =
& T ldMap == ¥ (-)
a;':\ _\,:w,
Add Shape Data ’ o

. . Sesecton
. sor
. 6 Seiecton
= Feature
. . Seiecton
. 8 Oaesct
imevest
Setecton
B
. .
Eamng
Create
N Festre Eaang
Zoani [ 196713 WGSBAD0!  Otver
O Catwiog ™ Web| [ Table '* # Konumesl Operasyonias | Information SIm-8
oy v S
Features Setected: 0
o 0 Plakato iceAs oyOran egitmOran sanapOran p—— o Ungwe A
ExportOutpasd | 1681 6 Nyt o7 029 600 oM 1 %8
ExportOutpud 2 1940 ° Atinga! 0se 03 . on 2 190
ExponOutputd 3 8 6 A 046 027 65 R 3 e
EaponOumts 1938 6 Baa 054 o sn oz 4 W
: >

Figure D8. Adding Data into uDig MapView
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Second StearametebDefinition

|£ | K Estimation 7 O X
Input Options
Layer: IExportOutpuM
Cancel
f" Corrections

O Borter Selected

) Isotropic / Ripley

- g
) Translate Va rlab le s

) Best

\ @ All

Figure D9. K Estimaitoninput GUI

Third Step:Analysis Resul

|£: ] Analysis Output = O x

analysis

0.8

0.6

F(n)

0.2

0.0
|

Result

Figure D10. K Estimation Analysis Result
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Column Chart

First StepAdd Data

Add Income Shap.e Data

‘‘‘‘‘‘‘

Figure D11. Adding Data into uDig MapView

Second StegColumn Chart Technique Application

Statistical Analysis --> Column Graph

Featur
WGSB4D0) _ Other

Figure D12 Column Chart in Statistical Menu on uDig
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Third Step:Variable Definition

11 Column Graph = O X

Input Options

Layer: Income IV‘ LR
‘ L] saveas
I WARNING ! Column value must be number.

Variable Selected

Column : incomeTLpe l v

Column Options
Graph Title ’Column Graph of Data ‘
X Axis : [x Axs of Graph |
Y Axis of Graph : [Y Axis of Graph ‘

Number of Column :

s |
Column Inside Colour :

Column Border Colour :

Figure D13. Column Chartnput GUI

Fourth StepAnalysis Result

|£ | Analysis Output — O X

Column Graph of Data

B
-
Result
- 5
-
=
]
(&)
"6 (o B
§
>
.
. 1 1
o | 0 olo 0 0 o0 ol

10000 20000 30000 40000 50000 60000

X Axis of Graph

Figure D14. Column Chart Analysifesut
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HYPOTHESIS 1

APPENDIX E

SSPS RESULT

Table E1. Descriptive Statistics of Hypothesis 1

Mean Std. Deviation | N
Satisfaction_3 4,1875 | ,69270 32
Usage_Frequency_4 3,5313 | 1,21773 32

Table E2. Correlations of Hypothesis 1

Satisfaction_3

Usage_Frequency_4

Pearson Correlation

Sig. (Ztailed)

Satisfaction_3 1,000

Usage_Frequency_4] -,084

Satisfaction_3

Usage_Frequency 4| ,324

Satisfaction_3 32

Usage_Frequency_ 4] 32

-,084
1,000

324

32

32
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Table E3. Variables Entered/Removed (b) of Hypothesis 1

Model

Variables Entered

Variables Removed

Method

Usage Frequency_4(a)

Enter

a All requested variables entered.

b Dependent Variable: Satisfaction_3

Table E4. Model Summary (b) of Hypothesis 1

Model

R

R Square | Adjusted R Square

Std. Error of the Estimate

1

,084(a)

,007 -,026

, 70169

a Predictors: (Constant), Usage_Frequency 4

b Dependent Variable: Satisfaction_3

Table E5. ANOVA (b)

Sum of
Model Squares | df Mean Square F Sig.
1 Regression ,104 1 ,104 211 ,649(a)
Residual 14,771 30 492
Total 14,875 31

a Predictors: (Constant), Usage_Frequency 4

b Dependent Variable: Satisfaction_3
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Table E6. Coefficients (a) of Hypothesis 1

Unstandardized | Standad. 95% Confidence
Model Coefficients Coeff. t Sig. Interval for B
Std. Lower | Upper Std.
B Error Beta Bound | Bound| B Error
1 (Constant) | 4,356 | ,386 11,286 | ,000 | 3,567 5,144
Usage_Fre| ,1s | 103 -,084 -460 | ,649 | -259 |,164
quency_4

a Dependent Variable: Satisfaction_3

Table E7. Residuals Statistics (a) of Hypothesis 1

Minimum Maximum Mean | Std. Deviation N
Predicted Value 4,1176 4,3555 4,1875 | ,05795 32
Residual -2,11761 ,88239 ,00000 |,69028 32
Std. Predicted Value| -1,206 2,900 ,000 1,000 32
Std. Residual -3,018 1,258 ,000 ,984 32

a Dependent Variable: Satisfaction_3
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CHARTS

Histogram

Dependent Variable: Satisfaction_3

20

N
a
1

Frequency
5
1

Mean =2 5E-16
Std. Dev. =0,984
N =32

0 T T T T
-4 3 2 -1 0 1 2

Regression Standardized Residual

Figure E1. Histogam Graph of Hypothesis 1

HYPOTHESIS 2

Table E8. Descriptives of Hypothesis 2 that shows Satisfaction Level

Std. Std. 95% Confidence

N Mean Deviation | Error | Interval for Mean | Min Max

Lower | Upper | Lower Upper | Lower | Upper | Lower | Upper

Bound | Bound | Bound Bound | Bound | Bound | Bound | Bound
NO. . 4 3,7500 | ,50000 ,25000| 2,9544 | 4,5456 | 3,00 4,00
Opinion
Agree 22 4,2273 | ,52841 ,11266| 3,9930 | 4,4616 | 3,00 5,00
Strongly | 5 4,8000 | 44721 20000/ 4,2447 | 5,3553 | 4,00 | 5,00
Agree
Total 31 4,2581 | ,57548 ,10336| 4,0470 | 4,4692 | 3,00 5,00
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Table E9. Test of Homogeneity of Variances of Hypothesis 2

Levene Statistic dfl df2 Sig.

,257 2 28 75

Table E10. ANOVA of Hypothesis 2

Sum of

Squares df Mean Sagiare | F Sig.
Between Groups | 2,522 2 1,261 4,762 ,017
Within Groups 7,414 28 ,265
Total 9,935 30

Table E11. Robust Tests of Equality of Means of Hypothesis 2

Statistic(a) | df1 df2 Sig.
Welch 5,200 2 6,467 ,045
Brown-Forsythe | 5,405 2 9,402 ,027

a Asymptotically F distributed.
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4,75 7

4,50

»
N
a

1

Mean of Satisfaction_3
g
1

3,75

T
No Opinion

T
Agree

Quality_7_2

T
Strongly Agree

HYPOTHESIS 3

Figure E2. Means Plots of Hypothesis 2

Table E12. Descriptives of Hypothesis 3 that shows Satisfaction Level

Std Std. 95% Confidence

N Mean Deviation | Error Interval for Mean | Min Max

Lower | Upper | Lower Upper | Lower | Upper |Lower | Upper

Bound | Bound | Bound Bound | Bound | Bound | Bound | Bound
Disagree | 1 3,0000 3,00 3,00
NO. . 7 4,2857 | ,75593 ,28571 | 3,5866 | 4,9848 | 3,00 5,00
Opinion
Agree 19 42632 | ,45241 , 10379 | 4,0451 | 4,4812 | 4,00 5,00
Strongly | 4 4,5000 | 57735 | ,28868 | 3,5813 | 5,4187 | 4,00 | 5,00
Agree
Total 31 4,2581 | 57548 , 10336 | 4,0470 | 4,4692 | 3,00 5,00
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Table E13. Test of Homogeneity of Variances of Hypesis 3

Levene
Statistic dfl df2 Sig.
2,209(a) |2 27 ,129

a Groups with only one case are ignored in computing the test of homogeneity of
variance for Satisfaction_3.

Table E14. ANOVA of Hypothesis 3

Sum of

Squares | df MeanSquare | F Sig.
Between Groups | 1,823 3 ,608 2,022 , 134
Within Groups 8,113 27 ,300
Total 9,935 30

Table E15. Robust Tests of Equality of Means (b) of Hypothesis 3

Statistic(a) | dfl df2 Sig.

Welch

Brown-Forsytte

a Asymptotically F distributed.

b Robust tests of equality of means cannot be performed for Satisfaction_3 because
at least one group has the sum of case weights less than or equal to 1.
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4,40
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1
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Disagree No Opinion Agree Strongly Agree

Documentation_7_1

Figure E3. Means Plots

HYPOTHESIS 4

Table E16. Descriptives of Hypothesis 4 that shows Satisfaction Level

Std.
Deviati | Std. 95% Confidence Interval
N Mean on Error for Mean Min Max
Lower | Upper |Lower | Upper | Lower Lower | Upper
Bound | Bound | Bound | Bound | Bound Upper Baind | Bound | Bound
NO. . 2 4,0000 |,00000 |,00000 | 4,0000 4,0000 4,00 4,00
Opinion
Agree 21 4,1429 | ,57321 | ,12509 | 3,8819 4,4038 3,00 5,00
Strongly | ¢ 4,6250 | 51755 | ,18298 |4,1923 | 5,0577 4,00 |5,00
Agree
Total 31 4,2581 | ,57548 | ,10336 | 4,0470 4,4692 3,00 5,00
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Table E17. Test of Homogeneity of Variances of Hypothesis 4

Levene Statistic dfl df2 Sig.

1,576 2 28 ,225

Table E18. ANOVA of Hypothesis 4

Sum of

Squares df Mean Square | F Sig.
Between Grops | 1,489 2 , 745 2,468 , 103
Within Groups 8,446 28 ,302
Total 9,935 30

Table E19. Robust Tests of Equality of Means (b) of Hypothesis 4

Statistic(a) | dfl df2 Sig.

Welch

Brown-Forsythe

a Asymptoticdly F distributed.

b Robust tests of equality of means cannot be performed for Satisfaction_3 because
at least one group has 0 variance.
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HYPOTHESIS 5

Figure E4. Means Plots of Hypothesis 4

Table E20. Descriptives of Hypothesis 5 that shows Satisfaction Level

Std.
Deviat | Std. 95% Confidence
N Mean ion Error Interval for Mean | Min Max
Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper
Bound | Bound | Bound| Bound | Bound | Bound | Bound | Bound
Disagree | 1 2,0000 2,00 2,00
NO. . 14 4,0714 | ,61573| ,16456 | 3,7159 | 4,4269 | 3,00 5,00
Opinion
Agree 13 4,3077 | ,48038| ,13323 | 4,0174 | 4,5980 | 4,00 5,00
Strongly | 4 4,7500 | ,50000| ,25000 | 3,9544 | 5,5456 | 4,00 | 5,00
Agree
Total 32 4,1875 | ,69270| ,12245 | 3,9378 | 4,4372 | 2,00 5,00
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Table E21. Test of Homogeneity of Variances of Hypothesis 5

Levene Statistic dfl df2 Sig.

,042(a) 2 28 ,959

a Groups with only one case are ignored in computing the test of homogeneity of
variance for Satisfaction_3.

Table E22. ANOVA of Hypothesis 5

Sum of

Squares df Mean Square | F Sig.
Between Groups| 6,427 3 2,142 7,101 ,001
Within Groups 8,448 28 ,302
Total 14,875 31

Table E23. Robust Tests of Equality of Medb3 of Hypothesis 5

Statistic(a) | df1 df2 Sig.

Welch

Brown-Forsythe

a Asymptotically F distributed.

b Robust tests of equality of means cannot be performed for Satisfaction_3 because
at least one group has the sum of case weightshassor equal to 1.
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HYPOTHESIS 6

Figure E5. MeansPlots of Hypothesis 5

Table E24. Descriptivesof Hypothesis 6 that shows Satisfaction Level

Std. Std. 95% Confidence
N Mean Deviation | Error Interval for Mean Min Max
Lower

Lower | Upper | Lower Upper | Lower Upper | Boun | Upper

Bound | Bound | Bound Bound | Bound Bound |d Bound
No_ . 2 4,0000 | ,00000 ,00000 | 4,0000 4,0000 | 4,00 |4,00
Opinion
Agree | 16 3,8750 |,71880 , 17970 | 3,4920 4,2580 | 2,00 |5,00
Strongl | 4 4 45714 | 51355 | 13725 | 42749 | 4,8679 | 4,00 | 5,00
y Agree
Total 32 4,1875 | ,69270 ,12245 | 3,9378 4,4372 | 2,00 |5,00
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Table E25. Test of Homogeneity of Variances of Hypothesis 6

Levene Statistic dfl df2 Sig.

1,358 2 29 273

Table E26. ANOVA of Hypothesis 6

Sum of

Squares | df Mean Square | F Sig.
Between Groups | 3,696 2 1,848 4,795 ,016
Within Groups 11,179 29 ,385
Total 14,875 31

Table E27. Robust Tests of Equality of Means(b)Hfpothesis 6

Statistic(a) | df1 df2 Sig.

Welch

Brown-Forsythe

a Asymptotically F distributed.

b Robust tests of equality of means cannot be performed for Satisfaction_3 because
at least one group has 0 variance.
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HYPOTHESIS 7
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Figure E6. Means Plots of Hypothesis 6

Table E28. Descriptivef Hypothesis 7 that shows Satisfaction Level

Std. Std. 95% Confidence
N Mean Dev. | Error Interval for Mean | Min Max
Lower
Lower | Upper | Boun | Upper | Lower | Upper |Lower | Upper
Bound | Bound |d Bound | Bound | Bound | Bound | Bound
strongly | 200 2 2
Disagree
Disagree | 2 5,00 ,000 | ,000 5,00 5,00 5 5
No
. 10 3,80 422 | 133 3,50 4,10 3 4
Opinion
Agree 15 4,33 ,488 | ,126 4,06 4,60 4 5
Strongly | 4 475 |,500 |,250 3,95 |555 |4 5
Agree
Total 32 4,19 ,693 | ,122 3,94 4,44 2 5
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Table E29. Test of Homogeneity of Variances of Hypothesis 7

Levene Statistic dfl df2 Sig.

3,030(a) 3 27 ,047

a Groups with only one case are ignored in comguhe test of homogeneity of
variance for Satisfaction_3.

Table E30. ANOVA of Hypothesis 7

Sum of

Squares df Mean Square | F Sig.
Between Groups| 9,192 4 2,298 10,917 ,000
Within Groups 5,683 27 ,210
Total 14,875 31

Table E31. Robust Tests of Equality of Means(b) of Hypothesis 7

Statistic(a) dfl df2 Sig.

Welch

Brown-Forsythe

a Asymptotically F distributed.

b Robust tests of equality of means cannot be performed fefegtittn 3 because
at least one group has the sum of case weights less than or equal to 1.
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APPENDIX F

INSTALLATION OF THE sda4uDig

The steps and interface of installation is do¥o

¥ sdadudigb4 Setup x

Welcome to the Prerequisites
Wizard

The setup has determined that some of the
prerequisites needed fo run this program are
missing. This wizard will assist you in getting and i
installing those prerequisites. Click Next to

continue to the list of prerequisites.

Click Finish at any time to completely skip the
installation of prerequisites and jump fo the
installation of the main program. Click Cancelto
cancel the installation and exit the Setup Wizard.

Back Next Finish | cancel

Figure F1. Installation- Welcome Prerequisites Wizard
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sdadudigb4 Setup X

Prerequisites

These programs are needed for the application to run. Click on the check box
next to a prerequisite to select it for install or to skip it.

Name Version Action
R for Windows 2.15.3 Found: nothing. Install

Press the Mext button to install the prerequisites.

| Mext Finish Cancel

Figure F2. Installationof R

@ Setup - R for Windows 2.15.3 - X

Welcome to the R for Windows
2.15.3 Setup Wizard

This will install R for Windows 2.15.3 on your computer.

It is recommended that you close all other applications
before continuing.

Click Mext to continue, or Cancel to exit Setup.

Cancel

Figure F3. Welcome Screefor R 2.15.3Installation for Windows
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#5 setup - R for Windows 2.15.3
Information

Please read the following important information before continuing.

When you are ready to continue with Setup, click Mext.

GMU GEMERAL PUBLIC LICENSE ~
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users. This
General Fublic License applies to most of the Free Software

_______ I

[P S —

W
Y A

< Back MNext = Cancel

Figure F4. Installationof R 2.15.3

5! Setup - R for Windows 2.15.3

Select Destination Location

Where should R for Windows 2.15.3 be installed? R

Setup will install R for Windows 2.15.3 into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

Browse...

At least 1,2 MB of free disk space is required.

< Back MNext = Cancel

Figure F5. Directory Definition

193




i3 Setup - R for Windows 2.15.3 -

Select Components
Which components should be installed? R

Select the components you want to install; clear the components you do not want to
install. Click Mext when you are ready to continue.

| User installation

W
Core Files 63,6 MB
32-bit Files 13,0 MB
64-bit Files 14,9 MB
Current selection requires at least 92,5 MB of disk space.
< Back || Next > | | Cancel
Figure F6. OS Bit Selection
5! setup - R for Windows 2.15.3 - X
Startup options
Do you want to customize the startup options? R
Flease specify yes or no, then click Next.
() Yes (customized startup)
(®) No (accept defaults)
< Back || Next = | | Cancel

Figure F7. Startup Options
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i3 setup - R for Windows 2.15.3 - X

Select Start Menu Folder
Where should Setup place the program's shortcuts? R

-
|T-| Setup will create the program's shortcuts in the following Start Menu folder.
—

To continue, click Mext. If you would like to select a different folder, click Browse.

|E | | Browse...

[ ]pon't create a Start Menu folder

< Back || Next = | | Cancel

Figure F8. Folder Selection for Setup

- A P,
5! setup - R for Windows 2.15.3 - X
Select Additional Tasks
Which additional tasks should be performed? R

Select the additional tasks you would like Setup to perform while installing R for
Windows 2.15.3, then click Next.

Additional icons:

Create a desktop icon

|:| Create a Quick Launch icon
Registry entries:

Save version number in registry

Associate R with .RData files

< Back || Next = | | Cancel

Figure F9. Other Options for Setup
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A P o

@ Setup - R for Windows 2.15.3 -

Completing the R for Windows
2.15.3 Setup Wizard

Setup has finished installing R for Windows 2.15.3 on your
computer. The application may be launched by selecting the
installed icons.

Click Finish to exit Setup.

Figure F10. Finish InstallatiorScreen for R 2.15.3

After installing prerequities (R 2.15.3) of sda4uDig integratitre uDig GIS is
installed with the sda4uDig Plug. Following figures show the steps of installation

and their screehsts
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sdadudig

sda4udig64

Setup requires 1.73 MB in:

IC:\Program Files\sdadudig\sdadudiga4\

You must agree to the before you
can install sda4udig64.

[]1 agree to the License terms and conditions.

£

Figure F11. Installationof sda4uDigor 64 Bit Win OS

Welcome to the sdadudig
Setup Wizard

The Setup Wizard will install sda4udig on your computer. Click
"Next" to continue or "Cancel" to exit the Setup Wizard.

< Back Cancel

Figure F12. Welcome to the sda4uDig Wizard
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13 sdadudig Setup - X

Select Installation Folder

This is the folder where sda4udig will be installed.

To install in this folder, click "Next". To install to a different folder, enter it below or click l
"Browse".

Folder:

C:\Program Files (x86)\sda4udig\sda4udig\ R

Advanced Installer

< Back ” Next = | | Cancel

Figure F13. Directory Selection

73 sdadudig Setup X

Ready to Install

The Setup Wizard is ready to begin the sda4udig installation

Click "Install" to begin the installation. If you want to review or change any of your
installation settings, click "Back". Click "Cancel" to exit the wizard.

Advanced Installer

< Back ” Gmstal\ || Cancel

Figure F14. Begin Instalation
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. e i -

ﬁ sdadudig Setup

Installing sda4udig

Please wait while the Setup Wizard installs sda4udig. This may take several minutes.

Status: Updating component registration
Advanced Installer

Figure F15. Installing sda4uDig

sdadudig

sdadudigb4

sdadudigb4 has been successfully installed.

Finish

Figure F16. Finish Installatiorof sda4uDig
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Figure F17is deggned and created an interface to complete the installation including
R packages and some other configuraitons after completing installation of sda4uDig.

% Installation Wizard - O X

sda4dudig Installation Wizard
1. Install sdadudig.exe file.

Warning ! The procedure is done just once.

R Installation Wizard

2. Package --> Install Package(s).
3. Select "Algeria" package.
4. Select and Install "Runiversal”.

5."Package(s)" - "Package Set" -> Select "Runiversal” .

Finish Installation

6. Press "Complete Intallation” button to finish installation.

°@ Complete Installation

Figure F17. Completethe R Packages Instdilan and Other Configuraitons
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APPENDIX G

GEOSPATIAL AND NON -GEOSPATIAL MODULES INTEGRATED
INTO uDig GIS

FigureG 1 shows the Geospatial Module including KDE, AD) Uniform Intensity,
Kriging, CSR, FPM G-F-K-L Functions, Komolov Smirnov Test, PointinPoly
Estimation, R Script Environment, 3D Visualizaiton.
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c0¢

) sda4uDig
File Edit Navigation Search

O BE -
@ Projects %3 £°=8
12 project
[d Map

% la. &2 Oilg.. Wyer.| =3
RN -
Income

Layer not rendered

- x
4 Statistical Analysis ‘& Geospatial Analysis MineTrack layer Map Data Window Help
B ¢ %% B Kemel Density Estimation
[E Map & & File Chooser - -8
Adaptive Density Estimation o7 Palette 13
## Uniform Intensity . Q, &
s~ Kriging = Info
CSR Selection
| Fitted Poisson Model Editing
GFKL Functions > Create
Komolov Smirnov Test
= B N a Feature Editing
% Points in Poligons
Other
3D o =
% Install Packages
]
a
“Zoom || 1:3.790.81¢ || WGS84/DD)
(B Katalog | 0 Web | = Table £2 | # Konumsal Operasyonlar| 1 Information
Any ~ [search
Features Selected: 0
FID OBIJECTID PlateNo CityName incomeTLpe RatelnAll &)
Income.1 3 3.0 Afyonkarahisar 12177.0 0.011477
Income.2 8 7.0 Antalya 16261.0 0.015326
Income.3 1 9.0 Aydin 1 0.011163
Income.4 15 11.0 Bilecik 15241.0 0.014365
Income.5 19 15.0 Burdur 12690.0 0011961
Income.6 20 16.0 Bursa 143180 0.013495
Income.7 23 20,0 Denizli 10651.0 0.010039
Income.8 26 220 Edirne 13246.0 0.012485
Income.9 30 26.0 Eskisehir 16936.0 0.015963
Income.10 38 320 Isnarta 82350 0.007762 hd

Figure G1. GeospatiaModule and Geospatial Techniques



L
Kernel Density Estimation
Adaptive Density Estimation
< Uniform Intensity

% Geospatial Analysis Layer Map Data Window Help

«” Kriging
CSR
L Fitted Poisson Model
GFKL Functions > G Function
Komolov Smirnov Test F Function
Points in Poligons L Function
K Function

4 3D IS
Spatial Regression Model
Geographical Weighted Regression

R RScript

¢ Morans'|

Figure G1. (Continuedl

% Geospatial Analysis Layer Map Data Window Help

: m Kernel Density Estimation
Adaptive Density Estimation
«# Uniform Intensity
«” Kriging
CSR
L Fitted Poisson Model
GFKL Functions >
Komolov Smirnov Test

Points in Poligons

4 3D > & 3BoyutVi ‘
Spatial Regression Model 4 3 BoyutV2
Geographical Weighted Regression [

R RScript

%  Morans'|

Figure G1. (Continued)

Figure G2 showsthe Statistical Module including Column Graph, Pie Chadt a

Histogram Graph Menus.
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14014

) sda4uDig
File Edit Navigation Search 1 Statistical Analysis ‘& Geospatial Analysis MineTrack Layer Map Data Window Help

e B& + >~ | 1| ColumnGraph A S e L
@ Projects i &7 70 @ piechart
12 project i

Wy Histogram Graph

* Palette
Q&
Info
Selection
Editing
Create
Feature Editing
Other

“Zoom || 1:3.790.81¢ || WGS84/DD)

[d Map B
=
a
% la. &2 Oilg.. Wyer.| =3 ]
PO @R
Income
]
o
a
(B Katalog | 0 Web | = Table £2 | # Konumsal Operasyonlar| 1 Information
Any ~ [search
Features Selected: 0
FID OBIJECTID PlateNo CityName incomeTLpe RatelnAll
Income.1 3 3.0 Afyonkarahisar 12177.0 0.011477
Income.2 8 7.0 Antalya 16261.0 0.015326
Income.3 1 9.0 Aydin 1 0.011163
Income.4 15 11.0 Bilecik 15241.0 0.014365
Income.5 19 15.0 Burdur 12690.0 0011961
Income.6 20 16.0 Bursa 143180 0.013495
Income.7 23 20,0 Denizli 10651.0 0.010039
Income.8 26 220 Edirne 13246.0 0.012485
Income.9 30 26.0 Eskisehir 16936.0 0.015963
Income.10 38 320 Isnarta 82350 0.007762

Layer not rendered

Figure G2. Non-Geospatial Module and its Techniques




& Statistical Analysis & Ge
A Column Graph i
! & pie Chart

ily Histogram Graph

Figure G2. (Continuedl

Figure G3 shows the Utility Module includingseveral techniques.
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0¢

& sda4uDig o=t g X
File Edit Navigation Search & Utility Tools &4 Statistical Analysis ‘& Geospatial Analysis Layer Map Data Window Help
v QE 4~ % Install R Packages [ ol

a
& Projects & File Chooser

= ?rcje(l v i Palette
[d Buffer1Poly —— b
Info
Selection
Other
% lay.. £3/ 0 A0l Ul Boo... | = O
LU 8
[ ]M xisimport2016213212036
] sufteripoly
\Zoom|[ 1:4.149.781 ||| WGSB4(DD)

({5 Catalog |1 Web | I Table

Any earch

Features Selected: 0
To display, select a Vector layer (for example in the Layers view). Alternatively, you can drag and drop a layer onto this view.

Figure G3. Utility Module and its Techniques



& Utility Tools i Statistical

¥ Install R Packages
d File Chooser

v Filtre

—

i

Figure G3. (Continued
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APPENDIX H

INTEGRATED SDA TE CHNIQUES, GUI AND ANALSYSIS RESULT

Adaptive Density Estimation

In Figure H1, the input andutput interface of ADE ishown.

Adaptive Density Estimation — O x
Input Options
Point Data Layer |Jr.l5illport1 |v| P
Fraction (o<f<1) | m}i‘ —
Output Options
Raster Data Format : |GeoTIFF {.Liff) |v |

Figure H1. ADE Iput/Output Interface
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In Figure H2, the result of ADE has been shown.

Baomh

aaaaaaaaaaaaaaaaaaa
26019 2826620956
32279 2644065205
47023 98393521..70
70416 BES1 468167 ..,
e.| 99980.4308193067
Wapnik

Figure H2. ADE Result

Point/Area (Point in Poly) Density Method

In this method, points arbuffered with respect to reqementusing the fiSpatial
Operatiom tool. Then all bufferaremerged and the numbers of points in each buffer
arecalculated. Lastly, the density of each bufeexalculated by dividing the number

of poins in each buffers theme r g e d b u The #nal précedare is ta classify
the each buffer with respect to their density.

In Figure H3, Spatial Operation interface has been shown for buffer operation.

Figure H3. SpatialOperation Interface
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