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Abstract
Keeping consistent and standardized records of geospatial data in terms of the attributes of elements of spatial setting such
as buildings, green areas, pedestrian and vehicular circulation facilitates the spatial planning activities in university
campuses by making it possible for the experts to conduct queries on these attributes and retrieve them. Within this
context, the aim of this study is to develop a framework for the Campus Spatial Information System (CSIS) based on web
and GIS (Geographic Information Systems). This framework will, on the one hand, allow dynamic interactions between
desktop GIS and Database Management Systems (DBMS) for the creation and manipulation of spatial data and relevant
attribute data, and on the other hand, integrate DBMS into a web-mapping platform serving maps from different sources
to the end users. Muğla Sıtkı Koçman University is designated as the case study area for the implementation of the
respective CSIS. Similar kinds of studies have been conducted by employing web mapping technologies for many of the
university campuses all around the world. Nevertheless, it is observed the number of studies conducted for the
establishment of CSIS by using mainly Free and Open Source Software (FOSS) for GIS is very limited. In this respect, one
of the principal objectives of this study is the demonstration of the fact that CSIS can be developed by employing FOSS
available for both GIS and web, and in this context another objective is the initiation of implementation of a pilot study for
Muğla Sıtkı Koçman University.

INTRODUCTION
The aim of the study is both to develop a framework for the Campus Spatial Information System (CSIS) based on GIS
that can be accessed via internet and easily configurable for those having administrative privileges, and also to initiate
the implementation of the respective information system for the selected pilot areas in Muğla Sıtkı Koçman University.
Keeping records of the existing settlement information in terms of the attributes of the elements of the spatial setting
such as buildings, green areas, pedestrian and vehicular circulation facilitates the spatial planning activities in university
campuses by making it possible for the experts to conduct queries on these attributes and retrieve them. In this context,
many researches and projects have been developed in both Turkey and other countries (see Dimopoulou, Christodoulou
and Polydorides, 1999; Schneider, Khattak and Zegeer, 2001; Jo et al. 2001; Aydınoğlu and Yomralıoğlu, 2002; Tarhan
et al., 2006; Sinnakaudan et al., 2007; Hien and Jusuf, 2008; Jacob et al., 2009; Yang, et al., 2009; Huang et al., 2010;
Kahraman, Karas and Abdul-Rahman, 2011; Yıldız and Gümüşay, 2011; Çakır et al., 2011; Sarı, Erdi and Kırtıloğlu,
2011; Uşun, 2011; Robles, 2014; Küçüksarı et al., 2014; Qutieshat, 2015; Çeker et al., 2016; Guduru and Keesara,
2016; Elwahab, 2017; Gümüşay, 2017).
In Turkey, similar kinds of projects are also supported by the central government institutions within the framework of
“Higher Education Facilities Investment Decision Support System” (Mek-Sis) and “The Inventory Classification System of
Higher Education Facilities” (YMESS) (meksis.gov.tr). Keeping the records of the existing building stock and the detailed
technical characteristics of this stock provides us with updated and synchronized information required in many fields. In this
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context, employment of GIS as a spatial information system facilitates the production and harmonization of information
about the physical characteristics of campuses. The classification of the existing physical building stock of the universities
according to the different uses such as class rooms, office spaces, depots and so on, and subsequently making it queryable
together with the physical properties such as the size, width, and height, provides us with the instantaneous retrieval of the
information required by different bodies in the University and the identification of the most appropriate options for a
particular use. For example, the information in relation to the structure and infrastructure (SI) topic required in the
preparation of the action plans for the Green Campus project supported by GEKA (Güney Ege Kalkınma Ajansı – Southern
Aegean Development Agency) and implemented by Muğla Sıtkı Koçman University can easily be compiled by using CSIS.
Free and Open Source Software (FOSS) for desktop GIS and FOSS for network-based GIS are actively used for the
development of a systematic framework for the presentation and collection of spatial data in many projects and studies.
Whereas, it is observed that in the case of CSIS, mainly Proprietary Software (PS) for GIS are used in the majority of
studies concerned (see Dimopoulou, Christodoulou and Polydorides, 1999; Park, Kim and Jo, 2001; Aydınoğlu and
Yomralıoğlu, 2002; Tarhan et al., 2006; Sinnakaudan et al., 2007; Huang et al., 2010; Kahraman, Karas, and AbdulRahman, 2011; Yıldız and Gümüşay, 2011; Çakır et al., 2011; Uşun, 2011; Küçüksarı et al., 2014; Qutieshat, 2015;
Çeker et al., 2016; Gümüşay, 2017). There are only a few studies using mainly FOSS for GIS in the establishment of
CSIS (see, for example, Robles, 2014; Guduru and Keesara, 2016). Unfortunately, the main contribution made in these
studies in terms of FOSS for GIS are not properly elaborated. In this respect, one of the most distinctive contribution of
this research is the fact that it is completely based on FOSS for GIS.
Within the introductory framework drawn above, one of the principal objectives of the study is the demonstration of the
fact that CSIS can be developed by employing FOSS for GIS and web, and in this framework another objective is the
initiation of implementation of a pilot study for Muğla Sıtkı Koçman University. Employment of FOSS in this project will
scientifically, on the one hand, facilitate the overview of the existing knowledge stock in a critical perspective, and on the
other hand, reveal the knowledge that can enrich the formulation of similar kinds of studies. Via the illustrative
implementation of CSIS in Muğla Sıtkı Koçman University, it is expected that particularly local private and public
institutions inspired by the project will be motivated to initiate similar kinds of processes owing to the demonstration of the
fact that spatial information systems and web mapping needed by these institutions can be realized with out any cost for
software. In this respect, on the one hand, public institutions can economize in their spending in relation to these systems,
and on the other hand, over time the use of FOSS for GIS leads to both an increase in the quality of the workforce, and also
the emergence of a social milieu in which experts effectively share their knowledge and experience.
In the subsequent sections, first, previous studies conducted for the establishment of CSIS are briefly reviewed together
with the suggested usef profile of the CSIS formulated in this study. In the 3rd section, software system structure of CSIS
framework are elaborated by drawing on the components of the CSIS and alternative FOSS for each component of the
system. This is followed by a brief presentation of the stages of the implementation of CSIS in the 4th section. Final section
draws on some concluding remarks.

PREVIOUS STUDIES ON CSIS AND DESIGNATED USER PROFILE
One of the first studies for the establishment of CSIS is conducted by Dimopoulou, Christodoulou and Polydorides
(1999) within the framework of the planning activities for Patras University in Greece, but without any consideration
for web mapping. The first two studies aiming at the development of a web-GIS-based CSIS were conducted by Jo et al.
(2001) for Kyungil University in Korea, and then, by Aydınoğlu and Yomralıoğlu (2002) for Karadeniz Technical
University in Turkey. In the subsequent years, it is observed that, similar kinds of studies are conducted for other
university campuses all around the world such as for İzmir Institute of Technology by Tarhan et al. (2006) in Turkey,
MARA Technology University by Sinnakaudan et al. (2007) in Malaysia, National University of Singapore by Hien and
Jusuf (2008), National University of Ireland Maynooth (NUIM) campus by Jacob et al. (2009), Xinjiang University by
Yang et al. (2009) and Wuhan University of Technology by Huang et al. (2010) in China, Karabük University by
Kahraman, Karas and Abdul-Rahman (2011), Yıldız Technical University by Yıldız and Gümüşay (2011), Çakır et al.
(2011) and Gümüşay (2017), Selçuk University by Sarı, Erdi and Kırtıloğlu (2011), Dokuz Eylül University by Uşun
(2011), Marmara University by Çeker et al. (2016) again in Turkey, University of San Agustin by Robles (2014) in
Philippines, University of Jordan by Qutieshat (2015), and National Institute of Technology Warangal by Guduru and
Keesara (2016) in India.
Parallel to Jo et al. (2001) and Aydınoğlu and Yomralıoğlu (2002); Jacob et al. (2009), Yang et al. (2009), Kahraman,
Karas and Abdul-Rahman (2011), Yıldız and Gümüşay (2011), Sarı, Erdi and Kırtıloğlu (2011), Uşun (2011), Guduru
and Keesara (2016), and Gümüşay (2017) develop a concern for the establishment of CSIS on the base of web. Among
these studies Kahraman, Karas and Abdul-Rahman (2011), Yıldız and Gümüşay (2011), and Uşun (2011) exclusively
focus on 3D modelling of the university campuses or individual buildings in the campus with little attention paid to the
provision of spatial data via web. It is observed that majority of the studies aiming at the establishmen of CSIS are
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based on the employment of closed source software systems. Among the studies reviewed in this paper, only Robles
(2014) and Guduru & Keesara (2016) mainly use FOSS for GIS. However, neither in these studies nor in other studies,
user profiles and their authorizations in the system are not elaborated in a detailed framework. The elaboration of the
alternatives in FOSS for GIS in relation to the implementation of CSIS is also missing. In this context, in this study not
only FOSS for GIS and web alternatives are reviewed by focusing on the alternatives for each component of CSIS, but
also user profiles of the system are also elaborated in a detailed context.
In this respect, it is important to remark that the users of CSIS are structured at four different levels. In the first level,
there are users with some administrative privilages such as creating new layers in the database and modifying the spatial
data in the existing layers. At this level, selected technical staff of Computing and Information Services Office and
Construction and Technical Works Office will have privileges to create spatial data and, if necessary, modify it.
Selected staff of Administrative and Financial Affairs Office and Strategy Development Office will also have privileges
to modify the attribute table of the spatial data in the database. The users at this level will be created by system
administrator at Computing and Information Services Office, and they will be privileged to create new users at different
academic and administrative units of the university to create and modify data within their field of operation. At the
second level, there will be user with certain administrative responsibilities requiring preparations of reports requested
by either the central authorities or the University administration in relation to the allocation of physical space at the
university according to different functions and units. These users will have access to the databases concerned for the
preparation of these reports by conducting queries. They will also be able to use these databases for the spatial planning
activities in their own units.
The third level covers all the staff of the university and students. Provided that these users have IP addresses defined by
the Computing and Information Services Office, they will be able to navigate over the maps of campuses of the
university including the layout plans of the buildings in order to find a specific office, laboratory and etc. Within the
framework of the initial study, for only one or two buildings in the main campus of the university, spatial layouts of the
buildings concerned will be processed in order to construct building information system for navigation and other
purposes. The last level of users is composed of all users of the internet. These users will be able to navigate over the
maps of the campuses of the university in order to find a specific building or unit. At first phase, firstly, the main
campus of the university will be processed in order to construct campus information system for navigation and other
purposes.

SOFTWARE SYSTEM STRUCTURE OF CSIS FRAMEWORK
Software system structure of CSIS developed in this study can be seen in Figure 1. In line with this structure, firstly,
FOSS for desktop GIS programs appropriate for creating and editing the spatial data compiled from different
departments of the University, and FOSS for spatial Database Management Systems (DBMS) programs suitable for the
storage and retrieval of the spatial data processed by using desktop GIS programs are reviewed in order to design the
optimum system that can be used for the creation, maintenance and delivery of the spatial data.
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Figure 1. Software system structure of CSIS.
A desktop GIS allows the user to create, manipulate, analyze and visualize geographical data. In this respect, it is
important to notice that there are many FOSS alternatives for desktop GIS programs (Table 1) supporting operations on
both vector and raster data. Some reviews of FOSS for desktop GIS (FOSS4DGIS) programs are available in Steiniger
and Bocher (2009), and Beyhan et al. (2010). As remarked by Steiniger and Bocher (2009), each of these software
projects concentrates their efforts on a specialized set of functionality. However, thanks to flexible and modular FOSS
architecture, any FOSS4DGIS may easily draw on the functions available in other FOSS4DGIS. For example, all
SAGA functions can be accessed in QGIS via its Toolbox. In a similar fashion Whitebox and Orfeo ToolBox (OTB)
functions can also be accessed from within QGIS. Furthermore, SEXTANTE, an extensive extension developed on the
base of SAGA (Olaya, 2008), is available in many FOSS4DGIS including OpenJUMP and gvSIG.
Table 1. Comparison of FOSS for Desktop GIS Programs.
FOSS for Desktop GIS Programs
Properties

Quantum
GIS

SAGA

gvSIG

OpenJUMP

OrbisGIS

TerraView

Map
Window

uDig

Data Type
Supported

vector,
raster

vector,
raster

vector,
raster

vector,
raster

vector,
raster

vector,
raster

vector,
raster

vector,
raster

Supported
Database
Connection

PostGIS,
MySQL,
SpatiaLite

PostGIS,
ODBC

PostGIS,
H2Spatial,
SpatiaLite,
JDBC

PostGIS,
MariaDB,
MySQL,
SpatiaLite

PostGIS,
H2GIS

PostGIS

PostGIS,
MySQL,
SpatiaLite

PostGIS,
MySQL,
SpatiaLite,
H2

SLD,
qml

qml
import

SLD,
gvsleg

SLD,
Style.xml

SE

SLD

mwlayer

SLD

Styling Format
Support

Source: qgis.org, saga-gis.org, gvsig.com, openjump.org, orbisgis.org, dpi.inpe.br/terralib5, mapwindow.org, udig.refractions.net

It is noticeable that QGIS, gvSIG, OpenJUMP and Terraview can directly write to PostGIS vector database. In SAGA,
PostGIS vector database can be replaced with the edited vector file, which actually results in the same result with the
ability to write to PostGIS vector database. Overall, this is one of the desired characteristics of the FOSS4DGIS
program that will be used in the CSIS as the desktop GIS component of the system. It is also important to remark that
except for QGIS, gvSIG and OpenJUMP, all the other FOSS for desktop GIS create problems when either space or
Turkish characters are used in the names of tables. In Terraview space character is not allowed to be used in the table
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name. In SAGA and OrbisGIS, Turkish characters such as “ı” creates problems when they are used in table names.
Thus, for practical considerations, the viable options for this study are QGIS, gvSIG and OpenJUMP.
Another desirable characteristic of FOSS4DGIS is the ability to export the style created for a particular layer to a
standard styling formats such as SLD (Styled Layer Descriptor). This is an important issue in the delivery of maps
created for web publishing. In this respect, the existence of SLD option in both Desktop GIS and server side deserves
attention and it is very important for the maintanence of the system. Handling sytles on server side is not an easy task
due to the restrictions of the environment. However, desktop GIS programs have better options for design of the
appearance of the layers. In this respect, it is observed that except for SAGA and MapWindow, all FOSS4DGIS
programs have options for the exportation of the layer style in SLD format. This actually provides an integration of
Desktop GIS with server side in terms of also cartographic design of the layers or maps concerned.
In a similar fashion there are many FOSS alternatives for Database Management System (DBMS) (Table 2) acting as a
backend in the system. A SDBMS can be described as a DBMS offering spatial data types in its data model and allowing
spatial-topological queries (contain, within etc.) and analysis operations (Steiniger & Hunter, 2013). Since the data used
in the CSIS is structured and further it is relational in character, SQL (Structured Query Language) based DBMS are
more suitable. SQL based FOSS alternatives for DBMS cover PostgreSQL, SQLite, MySQL, MariaDB and H2. Thanks
to the spatial extensions in these DBMS, spatial data can easily be stored in and retrieved from them (such as PostGIS
extension in PostgreSQL, SpatiaLite in SQLite and H2GIS in H2). A SDBMS may also support spatial indexing (such as
R-Tree). Among the relational SDBMS, it is observed that only PostGIS are supported in all of the FOSS4DGIS
programs reviewed in this study (Table 1). This creates a flexibility in terms of the options that can be used by the users
of the systems responsible for the creation and manipulation of the spatial data stored in the database. MySQL Spatial
comes after PostGIS in terms of availability as an option for connection to a SDBMS. It is followed by H2GIS. It is
remarkable that each SDBMS has at least one GUI tool for the administration of the database concerned. This issue is
also important in the maintenance and administration of the system in terms of creation of new users, adjustment of
privileges and other tasks.
It is important to note that SQLite is actually an ‘embedded’ database meaning that it’s serverless. Thus, as an extension
of SQLite, SpatiaLite is actually a file-based single user SDBMS (Garnett & Kanaroglou, 2016). SQLite reads and
writes directly to an ordinary disk file whose accebility permission is only conditioned by the underlying operating
system. This characteristic of SQLite makes SpatiaLite a poor choice for the applications requiring multiple users
having special access permissions that may be required in a comprehensive CSIS. Except for this, it is noticeable that
SpatiaLite is quite rich in terms of topological functions like PostGIS and H2GIS. MySQL and MariaDB, a fork of
MySQL with new options and extension, also offer a wide range of topological functions.
Table 2. Comparison of FOSS for Spatial Data Base Management Systems.
Properties
Data Type Supported
Indexing Support
GUI Tools
Topological Functions

FOSS for Spatial Data Base Management Systems (SDBMSs)
PostgreSQL-PostGIS

H2-H2GIS

SQLite-SpatiaLite

MySQL-Spatial

MariaDB

vector, raster

vector, raster

vector, raster

vector, raster

vector, raster

R-tree-over-GiST

R-tree

R-tree

R-tree, B-tree

R-tree

pgAdmin

H2 Console

DB Browser,
SQLite Admin

MySQL
Workbench

Database
Workbench

All, Covers,
Equals, Relate

All, Covers,
Equals, Relate

All, Covers, Equals,
Relate

All, Covers

All, Relate

Source: postgis.net, h2gis.org, gaia-gis.it/spatialite, mysql.com, mariadb.com/kb.
Notes: For Topological Functions, All includes Intersects, Contains, Crosses, Equals, Within, Disjoint, Overlaps, and Touches.

After selection of SDBMS, the second concern should be devoted to the specification of free and open source web
mapping server software (FOSWMSS) acting as a middleware tier and capable of delivering spatial data via certain
standards and within a user friendly environment (Table 3). In the delivery of spatial data to the users there are various
standards based interfaces, such as WMS, WMTS, WFS, WFS-T, and WCS (ogc.org/standards). A WMS (Web Map
Service) is a standard protocol developed by the Open Geospatial Consortium (OGC) for serving georeferenced map
images over the Internet. It delivers images of requested sections of geographic data as raster data ‘even when data is of
a vector nature’. WMTS stands for Web Map Tile Service. Although a WMS delivers one image per request, a WMTS
delivers tiles.
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Table 3. Comparison of Free and Open Source Web Mapping Server Software Programs.
Properties

Free and Open Source Web Mapping Server Software Programs
GeoServer

MapServer

Deegree

MapGuide OS

Tool for AdministationConfiguration-Styling

Web tool for
all functions

Studio
Fusion

Web tool for
configuration

MapGuide Maestro
Fusion

Styling Format Support

SLD
QGIS QML

styles are part of
mapfile, SLD

SLD

XML

PostGIS, MySQL,
MongoDB, Neo4j, H2

PostGIS, SpatiaLite,
MySQL, CouchDB

PostGIS

MySQL, PostGIS,
SpatiaLite

Web Mapping Libraries

OpenLayers,
Leaflet

OpenLayers,
Leaflet

OpenLayers

OpenLayers

Supported Web Services

WMS, WMTS, WFS,
WFS-T, WCS, WMC

WMS, WFS,
WCS, WMC

WMS, WMTS, WFS,
WCS, WPS, CSW

WMS, WFS

Extensibility

Java

Python, Perl, Ruby,
Java, PHP

Java

PHP, .NET, Java, and
JavaScript

Language

Java

C

Java

PHP, Javascript

Apache Tomcat, Jetty

Apache, IIS

Apache Tomcat, Jetty

Apache, IIS

GeoWebCache

MapCache

deegree WMTS

MapGuide tile server

Supported Databases

Web Servers
Map Tile Server

Source: osgeo.org/projects/, geoserver.org, mapserver.org, ms4w.com, deegree.org, mapguide.osgeo.org, Steiniger & Hunter (2013).

The WFS (Web Feature Service) is created by OGC as a standard for direct fine-grained access to vector format
geographic information on the Internet at the feature and feature property level for querying and retrieval of features.
Complementary to WFS, a WFS-T (transactional Web Feature Service) allows creation, deletion, and updating of
features. The Web Coverage Service (WCS) allows for the configuration of metadata information common to WCS,
WFS and WMS requests. Although the WCS is similar to a WFS as it enables access to geographic features, instead of
discrete geospatial features it can return either whole coverages, a set of features, or a grid coverage. In fact, as
Steiniger & Hunter (2013) remark, a web map server is a specialization of a standard web server for provision of these
services. Many FOSWMSS such as GeoServer, MapServer, and Deegree have majority of these services in their
software architecture.
Another desired characteristics of a FOSWMSS is its ability to allow easy configuration and administration of the
content. In this regard, GeoServer that is built on Java technology and run in an integrated Jetty or Apache Tomcat web
server environment is the most acknowledged FOSS having a web tool making the configuration and administration of
the system easy. Some FOSWMSS such as deegree and MapGuide OS (Open Source) have also similar tools. As a
FOSS for web mapping, deegree have various components for spatial data management, visualization, discovery and
security (deegree.org). MapGuide OS written in PHP and Javascript makes use of OpenLayers and includes an XML
database for managing content. Management of spatial data for MapGuide OS is realized via MapGuide Maestro, an
open source GUI tool and client for management of data, layers, maps and layouts (MapGuide OS, 2020). Another
FOSS tool used in MapGuide OS to build mapping applications is Fusion built mainly in JavaScript. Fusion can also be
used in MapServer.
In MapServer that runs as a Common Gateway Interface (CGI) application within the Apache web server environment,
the Mapfile is the core of server. It is a text file (.map) configuring MapServer application by informing the program
about the locations of data and output images. It also defines the area of maps and how maps are to be drawn (i.e.
projections and symbology) (mapserver.org). Studio allowing to manage MapServer mapfiles by using an easy-to-use
web interface is an administration tool for MapServer (camptocamp.github.io/Studio). It provides graphical tools for
editing styles and symbols with an ability to handle different datastores. For MapServer, map file generation can also be
aided by QGIS via employment of some plugins such as GeoCat Bridge that can be used to configure layers in
MapServer and to convert from QGIS Desktop to mapfiles (geocat.net/docs/bridge/qgis/v4.0). GeoCat Bridge can also
be used for similar purposes for GeoServer, but it is not comparable to GeoServer’s web admin tool.
Overall, compared with the other FOSWMSS and web mapping software, GeoServer seems to have one of the most
developed tool easy to use for the administration, configuration and styling of the content and components of web
mapping server. It is also simple to install the system. There is a platform independent binary that can be used to install
all the components of the system. In terms of installation of FOSWMSS, it is important to remark that there are
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different options for some FOSWMSS. For example, binaries for MapServer can be installed by using various options
for different operating systems. One option is to use MapServer for Windows (MS4W) package that installs not only
Apache, PHP, MapServer CGI, and MapScript, but also provides the options for the installation of additional
applications such as GeoMoose, Mapbender, MapServer CGI Viewer, OpenLayers, pycsw and ZOO-Project WPS
Server (ms4w.com).
Among these applications, GeoMoose and Mapbender that can be used together with MapServer are web mapping
frameworks for viewing, editing, and querying geospatial data (geomoose.org, doc.mapbender3.org/en). pycsw is an
Open Source OGC CSW (Catalogue Services for the Web) server implementation written in Python (pycsw.org). In
web mapping, GeoNetwork opensource is another FOSS cataloging application written in Java for geospatial resources
(geonetwork-opensource.org). For a similar function, deegree offers its own CSW server. CSW servers make georeferenced databases and related metadata from various sources accessible by using the capacities of the internet in
order to enhance the spatial information exchange and sharing between organizations and their audience. pycsw and
GeoNetwork are used as CSW servers in a number of Spatial Data Infrastructure (SDI) suits such as geOrchestra,
GeoNode and MapFish. GeoServer itself is also packaged with GeoNetwork in order to provide default base layers for
the GeoNetwork map viewer. Actually, MS4W can also be considered as a SDI suit as it can be used to establish SDIs.
Although it is no longer maintained, based on FOSS, OpenGeo Suite in conjunction with GeoNetwork also allows
building a SDI (Astsatryan et al., 2012).
Overall, the modularity of FOSS provides FOSWMSS with more flexibility and extensibility. For example,
GeoWebCache, a map tile server used for accelerating and optimizing map image delivery, is available as a built-in
extension to GeoServer. For a similar function, deegree has its own WMTS as an implementation of the OGC Web Map
Tile Service specification. Another library used by many FOSS projects is GeoTools, an open source Java GIS toolkit
(geotools.org). Among FOSWMSS and web mapping software, GeoServer and GeoMajas are built on GeoTools. uDig,
as a FOSS4DGIS, is also built on top of GeoTools. In GeoTools that supports not only numerous raster and vector
formats and data access, but also database connections to many SDBMS including H2GIS, MySQL, PostGIS,
SpatiaLite, and XML bindings such as wcs, wfs, wms, gml, kml, and sld; once a DataStore implementation is written, it
becomes available for the projects built on top of it (geotools.org).
Spatial data stored in a SDBMS has no inherent visual component. Once it is served by a FOSWMSS, it needs to be
styled by specifying color, thickness, and other visual attributes that can be used to render data on a map. In this respect,
as discussed above, preparation of the sytles on FOSWMSS side is not an easy task due to the restrictions of the
FOSWMSS environment. Thus, the ability of FOSWMSS to import and explort styles of the layers is an important
characteristic. For example, once a style is created for a layer in a FOSS4DGIS, it can be exported to SLD format that
can be applied to the layer concerned in FOSWMSS having the ability to import styles in SLD format that preserves the
visual reliability of the spatial data. A SLD is an XML (eXtensible Markup Language) schema specified by OGC for
describtion of the appearance of map layers (en.wikipedia.org/wiki/Styled_Layer_Descriptor). It instructs a WMS how
to render a specific layer that can be either vector or raster data. The styling rules used in this process needs a styling
language that can be understood by the client and server. While the OGC Symbology Encoding (SE) Standard
(opengeospatial.org/standards/ symbol) provides this language, the SLD profile of WMS enables application of SE to
WMS layers using extensions of WMS operations (ogc.org/standards/sld).
In this respect, the last concern in the publication of maps in a CSIS via FOSWMSS is related to the specification of
FOSS library as a frontend for browsing and generation of maps from the served spatial data. In this regard, there are
again various options for Free and Open Source Web Mapping Libraries and APIs (FOSWMLAPI) such as
OpenLayers, GeoExt, Leaflet and Mapbox (Table 4). An overview of some of these options can also be found in Farkas
(2017) and Macleod and Hewitt (2018). In some of the webmapping FOSS such as GeoServer, some of these libraries
are available within the respective FOSS arhictecture and developer may easily use them for the generation of maps that
will be published. In this context, OpenLayers is integrated in GeoServer. Map Markup Language (MapML) module
can also be used in GeoServer by installing MapML extension in order to have an option for a Leaflet-based map
viewer. As it can be followed from Table 3, both OpenLayers and Leaflet are agnostic of server-side technologies
thanks to the provision of the data by FOSWMSS in a standard way (WMS or WFS) that can be understood by many
FOSWMLAPIs.
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Table 4. Comparison of Free and Open Source Web Mapping Libraries and APIs.
Properties
Language
Supported data source
from FOSWMSS
Projections
Support to load tiles
Query/Filter

Free and Open Source Web Mapping Libraries and APIs
OpenLayers

GeoExt

Leaflet

Mapbox GL JS

JavaScript

JavaScript

JavaScript

JavaScript

WMS, WFS, WFS-T

WMS, WFS, WFS-T

WMS, WFS, WFS-T

WMS

Yes

Yes

Yes

-

Image / Vector

Image / Vector

Image / Vector

Image / Vector

Yes

Yes

Yes

Yes

Source: osgeo.org/projects/, openlayers.org, geoext.org, leafletjs.com, github.com/Leaflet, github.com/mapbox/mapbox-gl-js,
vincentbroute.fr/mapael/, polymaps.org, github.com/simplegeo/polymaps, d3js.org,

OpenLayers implements standard methods for geographic data access, such as OGC’s WMS and WFS protocols, KML,
GML and many other formats (openlayers.org). It is an all-encompassing mapping library containing all the required
features in the core library simplifying the addition of dynamic maps to web pages. The marriage between ExtJS and
OpenLayers results in GeoExt that enables building desktop-like GIS applications through the web (geoext.org).
Compared with the others, Leaflet library is very small. Nevertheless, it can be extended by using plugins
(leafletjs.com). As Leaflet's basic library is very small, it is a great option for mobile applications. Since the creator of
Leaflet library, Vladimir Agafonkin, was also involved in the development of Mapbox GL, one can observe some
similarities between two libraries. Mapbox GL JS library employs WebGL for rendering interactive maps from vector
tiles and Mapbox styles (docs.mapbox.com/mapbox-gl-js/overview). Although the core functionality of Leaflet doesn’t
support vector tiles, external plugins can be used for vector tiles (such as Mapbox GL Leaflet). Except for Mapbox GL
JS that uses the Web Mercator coordinate system, all mapping libraries reviewed support custom projections that can be
adjusted with Proj4 library which can do any transformation from one coordinate system to another.

STAGES OF THE IMPLEMENTATION OF CSIS FRAMEWORK
The first stage is actually the formulation of the software system structure of CSIS as elaborated in the preceding
section by reviewing alternative FOSS for each component of the CSIS. In the second stage, the spatial plan of the main
campus of the university will be created in GIS. After creation of the spatial plan, it will be ready for querying and
navigational purposes. Accordingly, the users will be able to navigate over the buildings in the map of campus for
finding a specific academic unit or department of the university such as an institute, faculty or highschool.
In fact, the existing spatial plans of the campuses of the University are partially digitized and available in CAD
(Computer Assisted Drawing) format at the Construction and Technical Works Office. Nevertheless, they are not
converted into common GIS file formats to be used in CSIS. Thus, first, these spatial plans have been converted to GIS
file formats. Since some of the new buildings are not drawn in these plans (for example, the building of Faculty of
Fisheries is missing in the spatial plan), layout plans of these buildings missing in the spatial plan will be georeferenced
by using the functions and tools available in FOSS4DGIS programs (such as warping tool in OpenJUMP and SAGA).
As usual in this process, two map are required; (1) a source map that will be georeferenced and a target map that will be
used as a reference.
Source maps in vector format were obtained from the Construction and Technical Works Office. Satellite photographs
of the campuses again obtained from the Construction and Technical Works Office were already georeferenced and
they are ready to be used both as target maps and also as the basemaps in the delivery of maps in the CSIS for different
purposes. Other missing spatial entities (such as pedestrian routes and connections, bycyle route etc.) in the existing
spatial plans are being drawn by the team members by using again these target maps in QGIS and OpenJUMP. Another
problem in the vector data obtained from the Construction and Technical Works Office is the existence of multiple but
slightly different drawings for the same geographic features. Thankfully, this problems can easily be solved by using the
topological functions available in the selected FOSS4DGIS.
After completing creation of spatial plans compatible with GIS, resulting vector files will be exported to SDBMS by
using QGIS. As discussed in the previous section, in QGIS, Data Source Manager can handle connection to many FOSS
for SDBMS such as PostGIS, SpatiaLite, and MYSQL. Owing to its advantages elaborated in the previous section,
PostGIS in PostgreSQL has been designated as SDBMS in the CSIS. Once a connection is established to the database
by providing the required parameters, shp files edited in QGIS can be exported to SDBMS via Data Manager. It is
planned that other FOSS4DGIS such as OpenJUMP and gvSIG can also be actively used in the maintanence of the
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SDBMS by the staff of the Construction and Technical Works Office thanks to the capability of the FOSS4DGIS
concerned to directly write the changes made in the features to PostGIS vector database and their ability to handle table
names in Turkish.
In the third stage, the layout plans of the building designated as the pilot project will be converted to GIS file format and
georeferenced by using the already georeferenced spatial plan of the campus. In the first phase of this stage, the physical
characteristics of the spatial entities (rooms etc.) in the building will be queryable (such as the area occupied by a room,
its volume etc.). In the second phase of this stage, the functions of these rooms (office, depot, class etc.) will be defined
in the building information systems for querying and navigational purposes. At the end of this stage, those users of the
system having the required privileges will be able to compile statistical information from CSIS in relation to spatial and
functional characteristics of the units in their schools or buildings by using the web mapping platform or FOSS4DGIS
programs selected in the system.
Last stage of the framework is designated as the stage of informing experts about the installation and use of CSIS. In
this respect, for example, experts at the Computing and Information Services Office will be informed about the
installation and components of CSIS, and experts at the Construction and Technical Works Office will be informed
about the use of the system for creation and maintenance of spatial data, and also about the process of compilation of
statistics in relation to the physical characteristics of the spatial units. Experts at the Administrative and Financial
Affairs Office and Strategy Development Office will also be informed about the queries and analysis (such as listing
classes having projectors, spatial allocation of computers in the university according to academic units etc.) that can be
done by them if all the data required for such queries are entered by them into CSIS.

CONCLUDING REMARKS
As evident from this study, thanks to their modularity, openness, and extensibility, FOSS for GIS solutions may
remarkably contribute to the establishment of CSIS. Since their development objectives are different, none of the
FOSWMSS is actually better or worse. However, compared with the other FOSWMSS and web mapping software,
GeoServer seems to have some advantages for the CSIS framework formulated in this study. This mainly stems from
the profile of the users who will maintain the system in the University. Organizational dimension of GIS in terms of the
staff involved in the system is very important. The technical staff who will maintain the system at the Computing and
Information Services Office and the Construction and Technical Works Office don’t have an expertise in particular in
GIS and in general in web mapping. That’s why it is important for us to have an easy to use FOSWMSS component in
the CSIS for the administration, configuration and styling of the content and components of web mapping server.
The fact that GeoServer deals better with WFS and straightforwardly supports WFS-T is also an important factor for its
operationalization in CSIS together with its easy extensibility made possible with additional functionality added via
extensions. Indeed, while it seems that FOSS4DGIS is the feasible solution for creating and modifying spatial databasis
that will be used in the system, the attribute data for the spatial entities can be populated by using WFS-T service via
internet by those staff responsible for the management of the space in each academic unit. Accordingly, only limited
number of experts at the the Construction and Technical Works Office can be trained for the use of the selected
FOSS4DGIS in connection with creating spatial data, exporting it to PostGIS and editing it from within the
FOSS4DGIS concerned by connecting to PostGIS. Other staff can edit tabular data directly via internet by using WFST protocol.
The fact that in the publication of the maps there are multiple options in GeoServer in terms of FOSWMLAPIs
available either as a built-in module or via an extension is another attracting factor for the FOSWMSS concerned. In
this respect, future studies can address the integration of routing functionality into the CSIS framework formulated in
this study. Although as an extension adding routing and other network analysis functionality to PostGIS/PostgreSQL
databases pgRouting can be used for this purpose, further research is necessary for the provision of the respective
function in the CSIS in terms of different modes of transportations (for example, car driving, cycling, and walking).
Acknowledgement: This paper has been granted by the Muğla Sıtkı Koçman University Research Projects Coordination
Office through Project Grant Number: 20/101/01/2
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