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some major changes. For instance, the website Fse@@ currently lists 330 GIS related
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types: the General Public License (GPL) and thesée$eneral Public License (LGPL).
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and disadvantages of open source software, wittngphasis on research and teaching, are
discussed.
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1 Introduction

The development of free and open source softwaseekperienced a boost over the last
few years. The variety dfree and Open Source Softwdshort: FOSS) that can be found on
desktop computers ranges from word processors QpgnOffice.org), web browsers (e.qg.
Mozilla Firefox) to drawing (e.g. Inkscape) andestific applications (e.g. R Project). In the
GIS domain, the widespread use of FOSS is appaeentell. This rise in popularity of free
GIS tools can be measured using four indicators. firet indicator is the number of projects
started in the last couple of years. For instaimckst two years 20 entries have been added to
the list of software projects on the website Fr&@ig (containing now 330 entries). As a
second indicator, we see the increasing financippsrt by governmental organisations for
the foundation of FOS GIS projects. Our listing di@sktop GIS projects provided below
shows that governmental funding supports at leasit4f 10 projects. The third indicator is
the download rates of free desktop GIS softwareGAAGIS for instance experienced an
average increase of downloads in its documentatation between 2005 and 2008 from 700
to 1300 per month Finally, a fourth indicator is an increasing nwembf use cases of open
source GIS software such as those documented bg&afR007a) for the geospatial database
PostGIS.

Along with this trend towards the application ofeapsource software goes the number of
research publications that mentions the use of sparce software tools and libraries (see for
instance Mitasova and Neteler 2004). Furthermoofiware and algorithms developed in
research projects are increasingly being publisieder open source licenses (e.g. Badard
and Braun 2003, Pebesma 2004, Burghardt et al., Biking and Remmel 2008). As such,
it is important to note that the free and open sewoftware movement that postulates the
freedoms of use and modification for software i$ mstricted to software only. Rather one
regards free software as “the foundation of a iegrsociety where we share our knowledge
in a way that others can build upon” (FSF 2008&n¢¢, this movement also includes the
free availability of data that forms a basis for &mowledge. Certain initiatives that focus
especially on the free availability of geodata aisie(see FreeGIS.org)Probably the best
known project is the OpenStreetMap Project. Thisvenwent of free software and data is
further facilitated by (online) platforms such a®ugeforge.org, which provide an
environment for software development, Eduforge.avbich aims to foster the sharing of
ideas, research outcomes, and open content foratonicas well as the Open Knowledge
Foundation (okfn.org) and ScienceCommons.org, wbiath provide strategies and tools to
develop, protect, and share ‘open’ (i.e. free) kieolge.

As previously mentioned, the amount of new GIS vgafe projects being started is
noticeably increasing. It is our aim with this eleito provide an overview on more than eight
FOS GIS projects which develop and maintain difierdesktop GIS. However, we are not
the first who touch the topic of an overview on Gé#kated FOSS tools. For instance, Reid
and Martin (2001) discussed the potential of opaurce software for implementing spatial
data infrastructures (SDIs). They conclude thaefepource software provides great potential
to make available components for SDI implementatittrat are affordable by resources poor
organisations” and add that “many building blocks $DIs are already available”. Ramsey
(2007b), who gives an annual overview on open @IS projects, remarks that “existing
[FOS GIS] products are now entering a phase ofdragiinement and enhancement”. He

! Data derived from SourceForge.org download stesisivhere the SAGA GIS project hosts its downloads
2We like to note that the aspect of free geodattifisrent between the USA and most other countfiese to
the presidential executive order 12906 is publieas to geospatial data guaranteed (see SectiarClioton
1993). However, the notion of ‘public’ access maydifferent from the notion ‘free’ as defined instlarticle.
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Figure 1. Terms used with respect to software Besr(figure after Chao-Kuei,
www.fsf.org/licensing/essays/categories.html

further emphasises that “open source [GIS] softweam provide a feature-complete
alternative to proprietary software in most systgsigns.” Also Jolma et al. (2006) discuss
geospatial FOSS tools for environmental modelling enanagement. The authors outline in
four case studies (workflows) how FOSS can helpatzomplish tasks within these
workflows. In their conclusions, they infer thaetlgreatest barriers for an increased use of
FOSS in the environmental modelling and managermemmunity “seem to be a perceived
low importance of geospatial aspect, some techoigstlacles, and low visibility.”

All three mentioned articles look on geospatial BAfth slightly different aspects (i.e. SDIs,
general GIS tools overview, and environmental modgl and therefore emphasise different
geospatial software components. We think that &mduction and a structured overview into
the multitude of different FOS desktop GIS projastsnissing, which additionally discusses
issues of the application of FOSS in GIScience aiete and education. A necessary
requirement for such a review will be to clarifyetberms related to open source and free
software first (8 2). Therefore, we will outline athis meant by ‘free software’, briefly
explain two common software licenses, and addrésset common misconceptions.
Afterwards, we introduce the world of FOS GIS imnts of organisations and software
groups (8 3). The following section then providesaverview of major free desktop GIS
projects and will outline possible evaluation ardag8 4). We will subsequently in 8 5 discuss
the benefits and shortcomings of FOS GIS for awveresgrs, research and education.

2 What does “Free Software” and “Open Source Softwa” mean?
2.1 Defining commonly used terms and domains

A couple of terms, such as ‘proprietary’, ‘free’datiseneral Public License (GPL)’, are often
used with respect to open source software. Figuwehich has been adopted from Chao-Kuei,
provides a structured overview on the commonly useas. It is to see that the terms ‘free
software’ and ‘open sources software’ seem to caliéerent domains despite their large
overlap. The opposite domain of ‘free’ and ‘operurse’ is the domain of ‘proprietary

software’. The domain of the latter encloses tesoh as ‘closed’ software and ‘shareware’.
The existence of the three different domains oé,frepen source and proprietary software
requires that at least two of these domains amlglelefined, while the third domain covers
those software that is excluded from the otherghSa definition has been setup for ‘free
software’ by the Free Software Foundation (FSF, weiwrg) and for ‘open source

software’ by the Open Source Initiative (see belogcording to the FSF, software can be



labelled asfree softwareif the associated license conditions fulfil theré& Software
Definition”, which grants four freedoms:

1. The freedom to run the program, for any purpgseedom 0).

2. The freedom to study how the program works, angtitl#o your needs (freedom 1).

3. The freedom to redistribute copies so you can felp neighbour (freedom 2).

4. The freedom to improve the program, and to relgase improvements to the public,

so that the whole community benefits (freedom 3).

An essential prerequisite for the freedoms 2 aigdthat the source code must be delivered
with the software itself, i.e. not only the binagxecutable files, but also the program code
written in the specific programming language. ltingportant to be aware that these four
freedoms do not place restrictions whether thenso# has to be offered for free or can be
sold. As Stallman (2007) notes:

“When we call software “free”, we mean that it rests the users’ essential freedoms:
the freedom to run it, to study and change it, tmdedistribute copies with or without
changes. This is a matter of freedom, not pricehsd of “free speech”, not of “free beer”
(see also GNU 2007).

For this reason the opposite domain to ‘free sa#¥Ma not ‘commercial software’, where
‘commercial’ indicates that the software is soldused to make a living or benefit. The
opposite of ‘free software’ is ‘proprietary softegrwhere ‘proprietary’ indicates ownership.

The use of the term ‘closed’ in Figure 1 shouldhlight the difference between software
that can be modified without restrictions (freed@nand non-modifiable software. The
software category ‘shareware’, encompassing soétlzat is free for download and use (but
often needs to be registered and paid after aigdmae) has been assigned to the domain of
proprietary software. This allocation is justifiby the licence restrictions, which (usually) do
not allow the study and modification of the pragradence, the property of a software to be
“free” for download (confer: “free beer”) has ndluence on its classification towards free or
proprietary software.

Often the terms ‘open source’ and ‘free’ software @sed synonymous. So, one may ask
for the difference between those terms, especsitige we outlined a difference in Figure 1.
The distinction between the terms (and domaindpiee for several reasons. Among the most
important, from our point of view, is the insufiécicy of the term ‘open source’. The term
‘open source’ describes that on the one hand samade is accessible, and on the other hand
that the source code can be studied. However, dés dwt encompass the freedoms of
modification and redistribution; therefore, thenteffree’ is more appropriate to describe
software that fulfils the above mentioned four dtinds.

Besides this distinction between ‘open source’ dnek’ software there also exists a
further one - the term ‘open source’ has been déhiced by the Open Source Initiative (OSI,
www.opensource.org) as a kind of brand. Softwarebsacertified by the OSI as being ‘open
source’. To gain the certification the software etise has to conform to 10
properties/definitions setup by the OSI. In genetlase 10 properties can be said to be a
different realisation of the four freedoms estdi#is by the FSF. However, there have been a
few incidences where licenses have been certifiethb OSI and not by the FSF (e.g. the
Apple Public Source License 1.0, note: versioni &pproved by both). Thus, for the general
software user the difference does not matter thathmbut a philosophical difference does
exists (cf. Stallman 2007). For further explanasi@m commonly used terms with respect to
free and open source software we refer to the wgbpéthe Free Software Foundation (FSF
2008b).

% no matter the purpose is commercial, educationetsearch
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The abbreviatioFOSSfor ‘Free and Open Source Software’, that we usthis article,
will embrace both software that is released unddtS& approved license (is free), and
software that uses an OSI certified license.

2.2 Two FOSS licenses: GPL and LGPL

Several licenses exist that have been approvetdeé$#$F and OSI. The best known licenses
are probably the GNUGeneral Public License (GPL), the GNU Lesser GanPublic
License (LGPL), licenses of the Berkley Softwarestbibution (BSD) license family (e.g.
NetBSD, FreeBSD), and the MIT license. Often, lagmtware projects such as the Apache
Software Foundation and the Mozilla Foundation hdereeloped their own software license.
The mentioned licenses can offer different degoégwotection of the four freedoms (8 2.1).
For a comparison we refer to Table 1 and Perer39(19

Table 1. Differences between FOSS licenses (malifeer Perens 1999).

Can be mixed with Modifications can be taker Release changes under a
License proprietary software. private and not returned tc different license
the public.
GPL No no no
LGPL Yes no no
BSD alike Yes yes yes
(BSD, Mozilla, (limited for Mozilla)
MIT)
Public Domain Yes yes yes
(no copyright)
proprietary - no no

license

The license that is most protective in a positigesg, i.e. guaranties all four freedoms, is
the General Public License. GPL versionc@ntains among others the following regulations:
It...

» allows to run the program for your own purpose (80)

» allows to copy and distribute the program — if @feL copyright notice is contained (81),

» allows to modify the code and to distribute thesesions - if the modifications are
documented and the modified versions are alsode@mninder the GPL (82), and

» allows the distribution of the program and modifientsions only if source code is
attached or available (written offer) for three ngeg3).

In the third clause (82) it is specified that dedvor modified software, as well as
extracted code, must be covered by the same licGresethe GPL). Imposing such a
requirement is calledopylefting® (FSF 2008) and is the reason why the GPL is somesti
denoted positive asnmunelicense, or negative asral license. A copylefted license brings
problems if free software should be coupled/linkedh software that is covered by a
proprietary license. For instance, it is not pdssib use a GPL licensed library that contains
computational geometry algorithms together with E®RcGIS. In such situations the
software with the stronger preservations of freesldgine. the GPL) would require the transfer
of their license terms to the whole software. Toidthese complications, the Lesser GPL
has been introduced. Here the above mentionedskcerms are placed only on the program
itself but not to other software that merely linkish the program (see 85 of LGPL).

* GNU is a recursive acronym for ‘GNU is not Uni©ften a caricature of the animal gnu (wildebeest)sed
as symbol to refer to free software.

> The Version 3 of the GPL has been officially relegin 2007, but it is less used than version 2.

® The term “copyleft” has been used already in 18y 6i-Chen Wang and Roger Rauskolb (Rauskolb 1976).
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Another strategy is to release the developmentgruand open source license while at the
same time using the written code in proprietarydpids. This imposes no problems since the
software developer keeps the author rights. Heapguly a dual licensing strategy on his own
work.

2.3 Three GPL misconceptions

Most of the FOS desktop GIS that will be presente®3 are licensed under the GPL.
Unfortunately when talking to persons that usewanedevelop with FOS GIS software one
can discover unfamiliarity with the license termi8e would like to clarify three common
misconceptions that have been elaborated by Wilapsshtributors:

Misconception 1 “If one uses code that is licensed under the Gi?lg has to release the
program's source code no matter what.” Corredhas $ource code must be released only if
the software is distributed.

Misconception 2 “Software licensed under the GPL must be giveaya®or free, it cannot
be sold.” Correct is that copies can be sold andnitmad fees raised. The GPL explicitly
states:

“You may charge a fee for the physical act of tfaméng a copy, and you may at your
option offer warranty protection in exchange fdee.”

What a user does usually pay for, e.g. when ordesim installable (binary) version, is the
printed documentation and packaging.

Misconception 3 “Software created with GPL tools must be releaseder the GPL.”
Correct is that programs created with open sowftevare are not affected by the GPL. They
are only affected if programs use code snippets fGPL’ed programs.

Several other questions on issues of software diogrnwith respect to the GPL and LGPL
license are discussed dnitp://www.gnu.org/licenses/gpl-fag.htmh specific question on
licensing that relates to research developmentspabtications is not answered above. That
is, does a researcher need to make the source afjanthm available, if the algorithm has
been described in a research article (e.g. usiagdascode) and the algorithm is implemented
using open source software? The answer on theigndst the FSF has been as follows:

“As long as the pseudo-code is not derived fromattiginal GPLed code, then no, these
activities alone do not compel the researcherelease any source. If you talk publicly
about private modifications to GPLed software, yo@ still allowed to keep those changes
private.” (Smith 2008)

We hope that this answer clears up any confusiomebgarchers that intend to work with
open source software. After this introduction t@ogsource terms and licenses we will focus
in the next section specifically on FOSS organisetiand software categories for geospatial
data.

3 Free GIS software: A shared and divided softwargvorld.
3.1 A shared world: open source GIS organisation

Since 2006 the open source GIS community has asa bepresented by the Open Source
Geospatial Foundation (short: OSGeo, www.osgea.@ngyen by the need for a public point
of contact within and from outside the FOS GIS camity, this organisation was founded
out off several FOS GIS user communities and ptejecChicago (USA), in February 2006
(OSGeo 2006). Since then, the OSGeo hosts an siogeaumber of software projects
(currently 13), publishes the OSGeo journal, fouhde education and curriculum committee,

" See: http://en.wikipedia.org/w/index.php?titte=GNEeneral_Public_License&oldid=182222978
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Example for Types of Geospatial Software End User (e.g.

used in a Spatial Data Infrastructure Municipality / NGO
Map Viewer
&7 E Thin Client
Web Map Server i http:// %
- - Map Editor

E GeoPortal E Thick Client

; A Ej S S Liares

Desktop GIS Data Storage Desktop GIS

GIS Analyst Data Provider Data Collector

Figure 2. Types of geospatial software used inai8lpData Infrastructure (SDI); NGO: n@overnment:
organisation.

organises a yearly international conference (FO&S3eospatial Conference: FOSS4G), and
donates the Sol Katz award to individuals who hdemonstrated leadership in the FOS GIS
community. The 2007 FOSS4G conference attractedoappately 750 participants from
research, organisations and companies. Besidegrémsentations, which comprise of a
mixture of research talks, software developmenbmsp and business case studies, focus is
also given to user group meetings, developer wagysh and software demonstrations.
Finally, a third organisational column, besides @®Geo and the conferences, are existing
internet portals such as www.FreeGIS.org and wwenspurcegis.org, two websites that list
a diverse range of projects and software.

When talking about organisational issues of FOS ®GIfay be important to address
another common misconception. A couple of peoplehah we spoke related the activities
of the Open Geospatial Consortium (OGC, www.opesgatial.org) to open source GIS
software. This link is not entirely correct, sinttee OGC is an organisation that develops
standards for the processing and exchange of geofmktween different GIS platforms.
Furthermore a large portion of the member orgaioisatof the OGC, besides universities and
authorities, are companies that develop proprie@fy and Databases. Hence, the objectives
of OGC and OSGeo generally differ, but interopdigpamong GIS platforms is also an
objective of OSGeo members; thus, some OSGeo msmberlso involved in the OGC.

3.2 A divided world: categories of software and gping of free geospatial projects

3.2.1 Categories of softwareDifferent types of software are needed to buildspptial data
infrastructure¥ Besides software to collect, prepare and analg&® which can be done with
a desktop GIS, are databases often used to sterkrdpe amounts of data that have been
acquired. If other people and organisations, forppses such as planning and analysis,

8 For a description of Spatial Data Infrastructuses Nebert (2004).
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should use the data, then a webserver and cliénwage may be useful to deliver the data
online. An example of a spatial data infrastructhwg includes all these components is shown
in Figure 2. Additionally, we also displayed softerdibraries as a further component, which
can provide specific functionality such as datarfar conversion, coordinate transformations,
or algorithms for data analysis (e.g. watershedutations). Third party plugins or software
extensions can be considered as well as librafiesturther the understanding of what is
meant by ‘software library’, we refer to ESRIs SalatAnalyst or Safe’'s Data Format
Extensions as examples for non-free (proprietabyaties.

For all of these different categories of geospaitdtware at least one open source project
exists. Often several project teams work on differsoftware of the same category. For
instance, more than eight Desktop GIS projectst ¢éxég have a slightly different application
focus; and at least four spatial web server prejeah be identified (e.g. MapServer, Deegree,
GeoServer, MapGuide OpenSource). However, deshdé diversity of the projects an
exchange among projects can be recognised. Thils rie especially for the use of software
libraries that enable data format conversions (DAL, GeoTools), provide coordinate
projections (Proj4), or offer basic geometric aitfons (e.g. GEOS, JTS).

3.2.2 Grouping of projects.Besides our classification of FOS GIS project® isbftware
libraries, web servers, desktop GIS, spatial datedand GIS viewer, does Ramsey (2007)
use another grouping for his annual project upddte. separates the FOS GIS projects in
projects that program with the languages C and @#dl, projects that are built upon Sun’s
JAVA platform. Besides these two major branchesofilatforms such as Microsoft .NET
and Python are used by newer projects. It is ugeftlave a distinction and characterisation
of the projects based on the development platforntes projects that use the same
programming language can use the same pool of s@made (remember: all source code is
accessible). The OSGeo especially stimulates theingh of code through offering shared
infrastructure for software development. Therefave,will give information about the used
development platform in the overview on the desk&d$ projects.

A further grouping of software projects can be madid respect to the foundation and
maintenance of a project. For example, a couplepmijects have been founded for
commercial reasons by companies (e.g. the GIS abigKOSMO). Those companies may
still host the project, i.e. the project infrasttwe such as source code repository, wiki, user-
forum and website, and have the development leaskcAnd group of projects includes those
that were started by enthusiasts (such as Quanti@h &fter an initial phase with usually
few members, these projects either experiencetarhéie development, or they are able to
attract other people and companies to support {fRamsey 2008). A third group of projects
is born out of research projects at universitiestber organisations, such as GRASS GIS and
SAGA GIS. Note that for all kinds of community peojs, the critical mass is needed to keep
the project alive. Finally, a fourth group of prcie has recently come forward that is
supported by governmental agencies. The most popdlthe latter is the gvSIG project.
Besides the financial benefits, the aim is to dissate best practices for the establishment
and maintenance of spatial data infrastructureod¢al municipalities with respect to the
improvement and modernisation of public adminigtratin the next section we will present
the different desktop GIS projects including thigior of every project.

4 Major free and open source desktop GIS projects
4.1 Defining ‘Desktop GIS’

Before starting with the overview on the desktofs @rojects, we should define what GIS
software we consider as ‘Desktop GIS’. We will apiple following definition:



A desktop GIS is a mapping software that is inethlbonto and runs on a personal
computer and allows users to display, query, updatd analyze data about geographic
locations and the information linked to those lama. (ESRI 2008a)

That is, the software is not executed on a semdrramotely accessed or controlled from or
by a different computer. Other FOS GIS softwareettgyed strictly for viewing data, and not
for analysis, is also not covered in our review.wdwer, two examples for GIS Viewer
projects are Thuban and mezoGIS. They also profudetionality to query data, i.e. to
perform simple GIS analysis. Furthermore, GIS vieggplications such as MapBender and
MapBuilder exists, which are used to browse datweted from web map servers and that
belong to the category “Thin Client” shown in Fig\&.

4.2 Evaluation criteria for software and projects

When presenting the different projects and theftwsoe it is valuable to characterise the
projects according to some unified criteria. In tist part of table 2 we list four properties
that describe the long-term focus of the desktof @ojects. Additionally, we give in the
second part of table 2 evaluation criteria that barnused to describe the current state of a
project.

Table 2. Possible evaluation criteria for free apdn source software projects. Bold criteria asglus tables

3 and 4.
Criterion possible labels
different A. User level novice, experienced user, expert, research
project foci
(long term) B.Application focus data editing, conflation, analysis, viewing, ..
C. Main data type raster, vector, voxel
D. Development platform C, C++, JAVA, Python, MS .Net,...
Criterion criterion (continued)
Evaluation 1. Features/functionality 7. Supported OGC standardg**
criteria
(current state) 2. Documentation* 8. Transparemeipment team*
3. Modular software* 9. Developer community*
4. User community* 10Software licensé*
5. Support** 11Supported operating systems and
requirements**
6. Usability 12.Development API existent

Proposed by * Ramsey (2007b), ** Wagner (2006), R¢id and Martin (2001)

In consideration of available maximum table dimensj and with respect to the difficulties

and necessary effort to evaluate all listed cateéni table 2, we decided to only focus on a
subset of those criteria (marked bold). Henceréheew will consist of a short description for

every project and two tables for all projects tobatline the major project and software

characteristics. Table 3 will focus on the projdetails, such as the application focus, user
focus, supported operating systems, programmingulage and used license. Table 4 will
compare the functionality of the software, whiclcludes a listing of supported OGC

standards. The properties used in the functiondiitye are based on the Cadcorp SIS
functionality matriX. To enable a comparison of the functionality bemvefree and

® http://www.cadcorp.com/pdf_downloads/BR-CadcorgS#sktop.pdf
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proprietary products, we also added a column foRIESArcView 9.2 product. Extended
versions of both tables, which include some of discarded criteria, are provided on the
Internet (address: www.spatialserver.net/osgis/ ).

4.2 Open source desktop GIS projects

In the following subsections we describe every tgsksIS project in terms of its foundation,
application focus, as well as its user and develagenmunity — the detail of these
descriptions is dependant on the availability édimation. Critical points that are known and
which are of interest from a (research) user petsgemay also be mentioned.

The desktop GIS projects KOSMO and OrbisGIS arerds=d below, but do not appear in
table 4. This is justified by the fact that KOSMOrmently focuses on a Spanish end-user
community, and the software development is drivgnohe company. OrbisGIS is only
briefly mentioned since it is the youngest progatl its functionality limited to viewing data.
We did not include the projects FMAPS and Kalypsothey have not had any new
developments for some time. Finally, we want toentitat software such as Spring GIS,
Spatial Commander, Forestry GIS, Google Earth, Goddaps, ArcExplorer, TNTIlite or
TatukGIS Viewer are not part of that listing, sirtbese software products are free, i.e. gratis,
for download but not FOSS. That is, their licendesnot meet the requirements given in §
2.1.

4.2.1 GRASS - Geographic Resources Analysis Supp@ystem.The roots of the GRASS
GIS project first sprouted 30 years ago when trst fibraries for the later GRASS software
were developed (Westervelt 2004). As an alternattvéESRI's ARCINFO the US Army
Construction Engineering Research Lab (CERL) diatite development of GRASS in the
early 1980s with its release of version 1.0 in 19B8e focus of GRASS at that time was
primarily on raster analysis and the software vaagdly programmed using C and Tcl/Tk.
After a series of successful years for GRASS, whiatluded the foundation of a user
community, the use of GRASS GIS begun to declinth@90ies when the CERL ceased its
official sponsorship. A revival followed after tHermation of a new development team in
1997 and the adoption of the GNU GPL in 1999 (Mites and Neteler 2004). Since that
time, GRASS has formed a very active and large asdrdeveloper community. GRASS 6.3
supports 2D raster/voxel display and analysis, PD/8ctor editing, vector network analysis
and image processing functions, i.e. the functionaiffered can be compared to that of
ESRI's ArcGIS on the Arcinfo level. SubsequentlyRA&SS is used for a variety of
applications, such as environmental analysis, fi@agement, hydrological analysis, and
geological mapping. But due to its deficits in GuBability, e.g. in terms of many free-
floating program windows and Unix like look andIf@fegure 3), GRASS is used primarily by
research institutes and universities. Until regeatlsecond major drawback for the average
user has been that no native version for the Maftd&indows platform existed and it needed
to be run on a Linux or Unix system or (the Cygwit$ Windows emulator. However, with
Version 6.3.0 a native Windows version has beerlighdxl. This version will increase its
usability for people more accustomed to the loo#t tael of MS Windows. Whether or not
this development will translate to a shift from @ronunity of GIS experts to users of all
knowledge levels remains to be seen.

4.2.2 QGIS — Quantum GIS As a response to the expert oriented design of GRASroup
of volunteers started to develop QGIS in 2002. dtginal aim was to provide an easy to use

10" Also the project gvSIG is lead by a company aasl tnainly Spanish developers. But the gvSIG ussee s
rather multi-national and in opposite to KOSMO gwSIG project focuses on a complete English
documentation and offers tutorials in differentdaages.

10



BERSAARL K & & fo

oo @ W],

dds- BFFrovBANES v gRmgannnege - g).0
ol—d

== QGIS

Figure 3. Screenshots from several FOS GIS (ima@RASS taken from the GRASS homepage).

| uDig

and fast geographic data viewer for Linux-basedesys (Hugentobler 2008). However, as
the QGIS project evolved the idea emerged to uskSQ@G a simple Graphical User Interface
(GUI) for GRASS itself (see figure 3). The Quant@is development team reached its initial
objectives and is now working to extend the funwidy beyond data viewing. Quantum GIS
is available for all commonly used platforms (MSAf8ows, MacOSX, Linux, Unix) and
integrates raster and vector data as well as dditeeded from web servers. The programming
language is C++ and GUI functionality is based lom Qt4 library. An attractive feature for
other programmers is the option to write QGIS esiams in C++ and Python to add custom
functionality. Like GRASS, it owns one of the lasg@iser communitiés It has a growing
developer base and the software itself and thelolewent process are well documented.

4.2.3 uDig — user-friendly Desktop GISAn important goal of the uDig team is to develop
software that offers the capability of viewing amditing directly in databases and over the
web. The development of uDig started between 20@# 2005 and has been initiated by
Refractions Research Inc. (Canada), which alsoldpvbe spatial extension PostGIS for the
PostgreSQL database. uDig is developed in JAVAn@ughe Eclipse platform) and was
initially focused on editing of vector data. Howeveince 2007 the uDig team (lead by
Refractions) has been joined by the JGfassam which will work on raster analysis
functionality (Antonello and Francheschi 2007). iBes JGrass, a third project is now...

1 See QGIS download statistics and user map, asasesiervices that provide web-metrics, such asadexn
and Ohloh.net.

2 The JGrass team (Wwww.jgrass.org) focuses on makR4SS functionality available to programs based on
the JAVA platform and with it to bring GRASS to plitction environments as opposed to the research
environment.
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Table 3. A selection of major Free and Open Sobesktop GIS projects (for a detailed table see:
www.spatialserver.net/osgis) Note: For all desk®&p does exist support via user email lists as asll
professional support by companies. Therefore we aroharacterisation with respect to user support.

Evaluation criteria

Project/Software Application User level Supported Develop- Development Software
(year founded) : .
focus operating  ment by licensé
systems  platform
GRASS (1982) Analysis and Experienced, MS-Win, C, Shell, Research GPL
[grass.osgeo.org] scientific ..., research Linux, Tcl/TK, Institutes,
visualisation, MacOSX Python Universities,
Cartography, Companies,
Modelling Volunteers
and worldwide
simulation
QGIS (2002) Viewing, novice, ..., MS-Win, C++, Qt4, Universities, GPL
[www.qgis.org] Editing, research Linux, Python Companies,
GRASS- MacOSX Volunteers
Graphical worldwide
User
Interface
uDig (2004/5) Viewing, novice, ..., MS-Win, JAVA Companies, Core Eclipse
[udig.refractions.net] Editing, research Linux, (Eclipse Organisations, RCP is EPL
Analysis MacOSX RCP) Volunteers
JGrass Interface and GUI for GRASS, raster analysis, 3D
(2004) visualisation, hydrologic analysis
DivaGIS Biodiversity analysis
(ca. 2003)
gvSIG (2003) Viewing, novice, ..., MS-Win, JAVA Companies, GPL
[www.gvsig.gva.es] Editing, research Linux, Universities,
[http://gvsig.org] Analysis MacOSX Government
Kosmo (2005) Viewing, novice, ..., MS-Win, JAVA Companies GPL
[www.saig.es] Editing, expert Linux (project driven,
Analysis utilities, etc.),
Government
SAGA (2001/2) Analysis, novice, ..., MS-Win, C++ Universities LGPL (API),
[www.saga-gis.org] Modeling, research Linux (MS Visual GPL
Scientific C++)
visualisation
ILWIS (1985) (Raster) novice, ..., MS-Win MS Visual Universities, GPL
[www.itc.nl/ilwis] Analysis research C Companies,
MapWindow (1998) Providing novice, ..., MS-Win MS Visual Universities, Mozilla Public
[www.mapwindow.org] core GIS and  research Studio Companies, Licence Version
GUI .NET (C++, Volunteers 1.1
functions, CH#, worldwide
developing VB.NET)
Decision
Support
Systems
JUMP/ OpenJUMP Viewing, novice, ..., MS-Win, JAVA Volunteers GPL
(2002/3) Editing, research Linux, worldwide
[www.openjump.org] Analysis (MacOSX)
JUMP Focus on data conflation from different sourcess (i. Company,
(2002-06) natural resources management) Government
deeJUMP Focus on OGC standards Company
(2004)
SkyJUMP Focus on military facility management Company
(ca. 2004)

1 suggested application foci: viewing, data editicmpflation, analysis

2 user levels: novice (viewing), experienced (editisimple analysis), expert (analysis), researchipfing, programming)
3 licenses: often software use different librariesutting in a mix of different licenses; thereforgy the software-core

licenses are listed
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involved in the development called DivaGIS. Thisjpct will focus on tools for biodiversity
research. Due to the joint work of three projectd the possibility to use uDig as a frontend
for the PostGIS database (which has already a watg user base), the user and developer
community grows consistently. There are two pemeigisadvantages that result from the use
of the Eclipse platform as the core component. fliisé is the size of the application and a
second, that the GUI is quite similar to the depaient environment for programming; thus,
may be too complex for end users (figure 3). Onphbsitive side the user and developer
documentation are very good, and similar to QGI& GRASS the project management and
software development processes are outlined anghakated.

4.2.4 gvSIG - Generalitat Valenciana, Sistema d'lmirmacié Geografica. Probably the
largest project in terms of financial and develophresources is currently the gvSIG project.
It has been founded by the Regional Council forastfuctures and Transportation (CIT) of
Valencia (Spain) to replace software of similardumnality as ESRI's ArcView in municipal
authorities, since the regional government aimsswatch all systems to a Linux based
computer infrastructure (gvSIG 2006, Alfaro anddr2005). The development of gvSIG has
started at the end of 2003 and is lead by the cagnpgER S.A. (Spain). Several universities
and other companies are included in the projece fuits audience, the GUI intends to be
simple and user documentation for the softwaresry good. The software supports raster and
vector data and provides, similar to uDig, sevdethbase connectors. Raster functionality is
developed based on algorithms of the SAGA GIS ptofeee below). The programming
language for the development of gvSIG is JAVA. Tdwal to provide software with the
functionality of ESRI's ArcView (3.X) has almost ére reached, and, in some aspects, is
exceeded by gvSIG. Although the project is undean®h lead, the user community can be
considered international. Limitations that may lbenterest are a lack of documentation for
developers and its massive dependency on more X88nC++ and JAVA libraries (e.g.
GDAL-OGR and GeoTools). The latter is a drawbacicsilibrary dependencies are difficult
to assess and customised programming becomes rhatlenging. A further deficit for
external programmers is that the code repositoigursently not accessible. Open access is
desired by the OSGeo since it furthers softwaresldgvnent in an open and collaborative
fashion.

4.2.5 SAGA - System for Automated Geo-Scientific Aalysis. As the naming of software
already suggests SAGA has a scientific backgro&indt modules of SAGA developed in
2001 at the Department of Geography, Universits6ftingen (Germany), were designed to
work with raster data. With its background in plogsi geography the focus of the GIS
functionality is on relief analysis and visualigatj but also on soil mapping (Conrad 2007).
The software development takes place in C++ andiges an application programming
interface for customised developments. The leadfpramer, and subsequently the project,
recently moved to the University of Hamburg (Gergjambocumentation for users is good
and the international user community grows steadily. the number of user manual
downloads went from 700 downloads per month to 13§i&veen 2005 and 2008.

4.2.6 ILWIS - Integrated Land and Water Information System.ILWIS, like GRASS, is a
mature open source GIS. ILWIS development startedealTC, Enschede (The Netherlands)
in the 1980s, and combines GIS functionality withage processing functionality. Thus,
reported examples of ILWIS applications range frionage analysis to erosion modelling.
The software documentation for version 3.0 (reldase€001) is very good as it has been also
used for teaching purposes at ITC and elsewhere. riéwer versions refer only to
documentation for version 3.0. Just recently, i72Ghe source code, written in the language
(MS Visual) C, has been released under an opencedicense (GPL). The project is
currently maintained by 52°North GmbH (Germany)d,amnlike IVER’s gvSIG, the source
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code repository can be freely accessed. Withiryéae of 2008, the software should be made
available to end users that use operating systeéhes than MS-Windows, such as Linux or
MacOSX.

4.2.7 MapWindow GIS. Founded in 1998 by members of the Utah Water Relsdaab at
the Utah State University, the project’'s main obyec slightly differs to those previously
mentioned. The initial idea was to develop a “GEnlel” that provides often needed GIS
functionality for the development of customised Gisplications (Ames et al. 2007). Hence,
the MapWindow GIS ActiveX control was written in M8sual C to deliver functionality for
display, query and manipulation of spatial datatetaa GUI was developed, called
MapWindow GIS Desktop, to provide end users witommmon and consistent user interface
where functionality can be added with a plugin egyst(note that uDig, SAGA, QGIS,
Kosmo, OrbisGIS and OpenJUMP have as well an eaggd plugin system). Several plugins
are available that offer functionality for rasterdavector analysis and vector editing. The
project is lead by a team of the Idaho State UsitaerSince the development is based on the
Microsoft .Net Framework the application is avaléabnly for the MS-Windows operating
system. Despite this fact, the user and developernwnities are very active and large.
Finally, it should be mentioned that online docutagan for users and developers is good.

4.2.9 JUMP and OpenJUMP Family — Open Java UnifiedMapping Platform. The JUMP
project was founded in 2002 by a consortium of @amadian provincial ministries and two
companies. The objective was to develop a GIS fpakty for data editing and data
conflation. A forerunner and part of that projecsaalso the enhancement of the geometry
library “Java Topology Suite” (JTS). Soon after tiebease of JUMP 1.1.2 and the JUMP
Conflation Suite in 2004 the development activisésost stopped due to the loss of financial
support. After the first adoptions by AGILE (a SgdnAssociation) and the French project
SIGLE™, a group of volunteers founded in 2004 the JUMBtMRroject and continued the
software development under the name OpenJUMP.

JUMP has a specific position in the community agesd forks (i.e. child products)
emerged when the initial development stopped. Knfwks are for instance DeeJUMP, with
a focus on OGC compliant services (e.g. WMS, WFESW, SLD, GML 3), SkyJUMP with
a focus on military facility management, and PittNIP, which provides tools for precision
farming. The initial application focus of data clatibn and editing are responsible for the
fact that the JUMP GIS family has a strong focuyector data creation and analysis, while it
provides no raster analysis functionality (excemt PirolJUMP). OpenJUMP has a small
developer community that is supported by profesdidevelopers from those companies that
can acquire software customisation projects. ThIBWilot Project team also focuses on a
merger of different forks. As the project emait ksibscriptions illustrate, the user community
is slowly growing. Applications besides data edjtcan be found in research and university
teaching. Documentation for OpenJUMP is sometinaekihg with respect to new added
functionality, but a tutorial used for teaching iatroductory GIS course exists. Additional
limitations that may be identified are sparse dawet documentation and the development
focus on plugins, resulting in a non-uniform lookf&el and cluttered source code structure.
Thus, for the end user it will be a bit difficutt find his pathway in the “jungle” of JUMPs.

4.2.9 KOSMO. Kosmo is one of the original JUMP GIS forks. Thdtware project was
started in 2005 by the Spanish company SAIG andisies on Spanish users that need
functionality similar to that provided by ESRI's @fiew (3.X). The original JUMP software
has undergone a partial redesign to form what md# called Kosmo. Kosmo provides

13 SIGLE (http://www.projet-sigle.org/): Systémedmfrastructures Géographiques LibrEs is an orgéinisa
that aims to promote the use of geospatial FO$idmihe French speaking GIS community.
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additional functionality that incorporates rastealgsis functions and geo-processing tools.
The participation on the development is open, bumnainly driven by the projects that are
acquired by SAIG. The community consists mostly $panish speaking users from
authorities, companies and universities. This Has mfluenced the documentation as it is
only available in Spanish. Another noted problenthis software’s dependency on libraries
from other projects. This complicates customisedy@amming and maintaining a stable core.

4.2.10 OrbisGIS.In 2006 the IRSTV Nantes, France, started a préfettintends to develop
the components of a spatial date infrastructursujgport the analysis and development of
urban environment. The target user groups are @Eysts and researchers. An initial
analysis of the different JAVA GIS projects mengdnabove showed that none of those did
meet the project requirements in terms of stabditg extensibility. Thus, the IRSTV started
a new desktop GIS project (Leduc et al. 2007). ptwgect includes the development of an
abstract data input/output library and a rasteeladg library for the JAVA platform. The first
public Version, OrbisGIS 1.0b, was released in dan@008 and provides basic viewing and
querying (SQL) functionality for vector and rastiata from files or databases. Due to its
open software architecture, it is foreseeable that project could easily attract more
developers and users.

Table 4. Characterisation of selected Free and GQpence desktop GIS with respect to frequently we=sktop GIS
functionality. (P) indicates if functionality is @vided by an additional plugin. For a more detatkdule see:
www.spatialserver.net/osgis

Non-
GRASS QGIS uDig gvSIG SAGA Map- ILWIS Open- | ArcView
Window JUMP
6.3.0 0.9 1.1 1.1 2.0.2 4.5 3.4 1.2D 9.2
RC12
Vector SHP Y Y Y Y Y Y Y Y Y
Data - read GML 2 (USES Y Y Y _ _ _ Y Y
OGRl) GRASS
DXF Y - Y Y Y(P) Y Y(P) Y
Vector SHP Y Y Y Y Y Y Y Y Y
Data—  gmL 2° (uses  yGRAsS y Y Y(FME) -
i pxe | 9GR) : : Y . Y Y(P) Y
Raster JPEG Y Y Y Y Y Y
Data — G
read eoTIFF Y Y Y Y Y Y Y Y Y
ECW (uses % (uses \% (uses Y(P) %
GDAL?) GDAL?) GDAL?)
Arc/Info Y Y Y
GRID
Raster JPEG via Y Y Y Y Y
Data - GRASS
write GeoTIFF v Plugin Y Y Y Y Y Y
ECW (uses ) v (uses2 (uses2 _
GDAL?) GDAL GDAL?, GDAL?, _
Arc/Info Y no ECW) Y no ECW) Y (P: Y
GRID , N0 SIGLE)
ECW
Database PostGIS| R+W (P, R+W R+W R+W R+W(P) R,
Links limited) W(P,
limited)
R=read,
W=write  ArcSDE R+W R+W - - R(P) R
Oracle R - R+W R+W - - . R(P) pLE-DB
OGC Compliance WMS, WMS, WMS, WMS, under WMS under SFS, WMS,
(supported standards WES, WFS, WEFS, WES, develop (P), WFS develop WMS, WCS,
GML, SFS WES- WCS, ment: P) ment: GML, SFS,
WPS (via (via T, CSw, WMS, WFS, WFS/- GML,
pyWPS) PostGl SFS, Filter, WFS, WCS T(P),
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S) GML WFS-G WCS SLD(dee
GML JUMP)
Thematic Mapping Y Y - Y Y - Y Y(P) Y
(e.g. Bar Chart, (bar, (labels (simple) (bar, pie (only (simple,
Graduated Symbol, line ) chart, labels) bar, pie,
Individual Value, Pie chart grad. labels,
Chart, Label, Ranges, for symbols, point
Dot Density) raster) labels) density)
Printing Y Y Y Y Y Y Y Y(P) Y
Developer API Y Y Y - Y Y - Y -
Scripting Functionality Bash, Python Groov  Jython Python, C#, ILWIS Beanshel| VBA,
Python, P) y (P) console  VB.Net Scripting |, Jython Python,
Perl Languag P) among
e others
Coordinate Y Y Y Y(P) Y Y Y Y(P) Y
Transformations/
Projections
Data creation and Y Y Y Y Y Y Y Y Y
Editing
(2D graphics including
points, lines, area tools,
also, snapping, and
typed coordinate input
GPS support Y Y(P) Y(P) - Y Y Y Y(P) Y
Topology Creation Y via - - - - - Y -
(Creation of link,node, GRASS (only (TIN (limited)
chain and polygon plugin TIN) creation
topology) API
only)
Advanced data creation Y Y Y Y(P) Y Y - Y Y
& editing (especiall (except (except (except
(creating offsets, line| yin new generalis offsets) | offset, line
generalisation, WXGRAS ation) generalisat
trimming, rotating, S ion)
intersection, etc.) digitiser)
Advanced thematic Y via - Y Y Y - - -
mapping GRASS (P: (contour (only
(Including Thiessen plugin Sextante) and Thiessen
polygon analysis, grid flowline polygons
analysis, contour generatio )
and flow-line n)
generation)
Creation of 3D views & Y via - Y Y Y Y Y -
terrains (TIN, DTM, GRASS (P: (3D (P: (only
shading, surface plugin Sextante plugin, SIGLE surface
draping) +3D TIN for TIN display)
driver) API only, generatio
hillshade n)
)
Viewshed and terrain Y via - Y(P) Y Y Y - -
analysis (line-of-sight, GRASS (watershe
slope, aspect, gradient plugin d
analysis)

! for supported OGR formats see www.gdal.org/ogpluicing among others: SHP, GML, GRASS, DGN, Map/iSBTS,

TIGER, Arc/Info Bin, KML
2 for supported GDAL formats see www.gdal.org/, imihg among others: Arc/Info GRID, ECW, GeoTIFF, GRE

JPEG2000, IMG,

3 GML created with one software may not be readaiife another software due to the ambiguity of tH@@specification
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5 What makes the difference when using Free and Ope&ource Software?
5.1 General advantages and disadvantages for usexs developers

In the following we aim to discuss the advantaged disadvantages of FOS GIS in

comparison to proprietary products from a genemabkective and then from a university

perspective in the next subsection. Table 5 presentriety of differences between FOS and
proprietary software products (adopted from Wei66)Qthat are not specifically related to

geospatial software products. In addition to thei@lss gains of not having to pay license

fees, many more user benefits exist - particularvhen there is a good support of open
standards and unrestricted use of the softwarefifidtassue, i.e. the support of standards and
commonly used formats, becomes important when apdtta infrastructures should be

tailored from diverse software components. Theamotf ‘unrestricted use’ refers to the

possibility of using the software on any computere adesires, for private or business
purposes, but also without any restriction to thmhber of installations.

Table 5. Differences between proprietary and FGSvape (modified after Weis 2006).

Proprietary software Free & Open source Software

Advantages Warrantyf developing company on product no licence fees
(holds for every company)

components should work together unrestricted @se (o limits for the number of
installations)
usually well documented software no update enfoereg

support of open standards
support usually available from several providers

customisation at API level

Disadvantages software price and maintenance fees nstallation know-how necessary
training costs training coéts
maintenance tied to specific licensed companies

customised development can be difficult due to
available resources of vendors
support only as long as software company exists

1) BUT: license agreements often exclude warranty

2 On FOS GIS support see: http://www.osgeo.orgésegrofile

%) BUT: most FOS desktop GIS provide installers (BagMS-Windows a setup.exe)
% BUT: user’s choice to invest in own resourcesodouy external services

Problems that have been faced by users and develojpe to strategic decisions of
proprietary GIS manufacturers are known, but affcdit to prove. One problem that we
identify is the loss of support for scripting pdskiies for new components. For instance,
users of ESRI AML, Avenue or ESRI related VB6 styipas been recommended to switch to
more advanced scripting languages, if they wanthageh processing capabilities also with
functionality added in newer ESRI ArcView (3.X) arcGIS versions (Butler 2005, Fee
2008, ESRI 2008b). This loss of support is unlikelyoccur with FOSS as either a user with
programming skills can make the adaptation its®lfa user can contract a company to do it
for him/her, because the code sources are freessibte Other problems may occur due to
vendor license changes or changes of license laisiwn rules. For example, the developers
of Forestry GIS were hit with the first case; supsntly, as of November 2005 they were not
allowed to freely distribute updates of their s@ftes because the license terms for the used
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proprietary GIS kernel were changed (ForestPal R0l& second case happened to Oxford
Archaeology, an educational charity, which facedbpgms when ESRI Inc. was announcing
to change their criteria for the awarding of edimel licenses (see Cook 2008). Such a
change of license terms, which restricts use obfaware, is not possible when software is
covered under the General Public License.

However, (GIS) software users should not expecb-zests when switching from
proprietary to FOS (GIS) software. For instancaining costs for users will emerge similar
to proprietary products, and installation of théware may require specific know-how. But
we like to note that the latter point rather applie web server related applications or
databases than to desktop GIS. A further drawbawok lme the limited availability and
consistency of documentation. Especially if praggeste young or few people show interest in
offering help to the projects, then documentation diser and developer may be rare or
delayed. It has also been shown in the past tHahteer driven software projects suffer from
problems in terms of continuity and long term plagn Why, otherwise, has the software
development of projects such as FMaps and Kalypsengone a halt?

Often people wonder if support is available formgeurce products. The answer depends
on the maturity of the product. If the softwaranature and a well-sized user community has
been established, then companies usually startffés (hotline-) support and customised
development for users that are willing to pay foBesides the support offered by companies,
the user and developer community may answer sugpastions in a timely fashion when
posted to the user email lists. With respect te plaint we would like to emphasise that for all
of the FOS desktop GIS mentioned in table 3 comialesapport is available from companies
and consultants.

5.2 Advantages and disadvantages from a univerp#yspective

What are the specific advantages and disadvanfagegsearch and teaching? Starting
with the latter we think that it does not matteriebhsoftware is used to teach GIS skills. If
the students have been taught basic GIS concepifi itot play a role with what brand of
software he/she will later work on. Of course, smme open source products, but also for
some proprietary GIS software, there may be a laickunctionality to demonstrate all
concepts. But open source software can also supperunderstanding of concepts as it
enables direct access to the implementation otctimeepts, i.e. the source code for spatial
algorithms and data structures. In this respedhguBOSS is significant due to its potential
for furthering the development of a critical persjpee on GIS. Furthermore, teaching with
open source products will allow the student to llggdownload and experiment with the
software at home without paying a license fee. Thisspecially valuable in situations where
the student faces financial barriers. Thus, FO$Pats equal opportunities in learning.

A disadvantage of using FOS GIS, besides a ladkriotionality, is that its users could be
biased against by those companies or organisatimisearch for people that know specific
proprietary software, i.e. know which buttons teg® to get a specific result. Here the
company could save training costs, but would atsliréctly raise the costs (e.g. license and
maintenance fees) for the educational institutions.

When looking on the research side we experiencdaeitast three decades a major shift in
software development. As Daues (2006) remarks 1869 and 1970 were dominated by a
‘free’ exchange of software - associating therdigy term ‘free’ with the terms ‘gratis’ and
‘without license’. With the beginning of the 198@shift occurred towards the introduction of
non-free software licenses and copyrights to ptategeloped software. Since that time, GIS
research has also been influenced by softwaredeenactices that make it difficult to share
ideas and to review developed algorithms and matiedsto closed software components and
the availability of the GIS software itself. In shrespect, the map generalisation research
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community was particularly hit by these drawbadbsvelopments in this area took place on

different GIS platforms (e.g. on ESRI, Intergrapid d.aserScan/1Spatial products) and with

different programming languages (i.e. the once tmitld be used to customise the GIS
software). This situation made it difficult to coarp algorithms and unify the achievements
to build upon for future research. Hence Edwardeal.e(2003) postulated the need for an
open research platform to escape from the unsetgsBituation and they outlined a solution
using open (-source) technolodies

With examples that are taken from the map genet&is research community we outline
below several distinct advantages that we beliedst éor research if the principles of free
software are applied:

 We argue that FOSS preserves the researcher frermventing the wheel”. For the
specific case of map generalisation research, oma avoid re-implementing
generalisation algorithms previously developed byers on other platforms. However,
this point can also be a plus for proprietary peidubut here the gain depends on the
ratio of provided and required GIS functionality.

* We argue that FOSS products intrinsically have ‘biest’ available documentation, i.e.
one can study the source code to understand howgstlaire done. The implementation of
generalisation algorithms provides examples fromclviio draw upon. For instance,
some of the algorithms are based on optimisatiamciples. Its implementation may be
much more difficult than it is often outlined in related research article, since an
implementation often necessitates dealing with dasafficiencies or even numerical
problems. An example of this is the implementabba Snakes based road displacement
method developed by Bader (2001).

* We argue that FOS software is adaptable to its @asearch) needs without restrictions.
For instance, Burghardt et al. (2005) used FOSadies for the development of a
generalisation web service architecture. Thereltaiceexisting FOS GIS modules have
been used on server side as well as on clientasideprogrammatically adopted to the
specific tasks. It was important that the usedaliles support open standards to ensure
interoperability between the components of the selvice architecture. New models for
geo-data transfer and storage had to be developedtavould have been difficult to
achieve this with closed software, as customisatiothat level was not possible (Neun et
al. 2008).

* We argue that new developments will be availablenme if the researcher supports this.
When newly developed data models are put underman source license, it is easy for
other researchers and industry to pick them ugs-whs the case for web generalisation
services. Thus, it is not necessary for others @hatinterested in the technology to wait
for new software releases that include the new fsode

 We argue that one can take along and use the seftatavhatever place one conducts
research. Here again we like to refer to the gdisateon web service example. For test
reasons, the developed platform has been setupdaafice Survey (GB) and adopted to
their needs (Regnauld 2006). It was not necessgpuiichase additional licenses to make
and test the installation, and the researchersrémhadce Survey were able to adapt the
web service to their own software due to the opehitecture. We additionally like to
point out that the issue of portability may alsodbepecific importance to research, since
a researcher’s life sees many places in the world.

Finally, some people may point to the drawback #vatrybody can commercially exploit the

results of research work if it is not covered byepés or prohibitive licenses. We would argue

here that most research is founded by public gramd that the FOSS authors simply give
back to the society what it has paid for in advance

4 For a solution based on webservices see Neun 2007
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6 Conclusions

The FOS geospatial software world has recently selem of activity. For instance, a formal
organisation has been founded, a related confersrees is on the way to establishing itself,
and new software projects have been started. @neohthis article was to present an
overview on organisational structures in the opsurcee community, and to closely examine
those projects that develop desktop GIS softwacefufther the understanding of the open
source software development we introduced importamhs and discussed advantages and
disadvantages of FOSS for the general user.

From the project review in the 84 it can be obtditleat one major fraction (4/10) of
software projects was started by companies witlorangercial background, often together
with authorities, and another major fraction (5/d) evolve from research projects. Only
one of the projects (that survived) was originalbunded by enthusiasts. The second
conclusion that can be drawn is that most of tlogepts have a slightly different application
and platform focus. Furthermore, with the except@misGIS, all presented projects have
reached a mature stage and the software offerdtéuda of functionalities (see table 4). As
the analysis of table 4 reveals, some of the FO&vare listed, such as GRASS GIS and
gvSIG, can provide more functionality than prorgtlow-end GIS products, such as ESRI's
ArcView.

In the discussion section we explicitly argued tfioe use of open source practices and
software in research. We hope that we could highligat the principles of free software
conform to one fundamental research principle: &kpents must be reproducible”. That is,
if the source code is given, then everybody is ablearn from the source code and directly
improve upon the algorithms and models without migmnto the danger of misinterpretation.
Additionally, we agree with Camara et al. (2000)ewhhey criticise software vendors in their
slow implementation rate of new developed modets agorithms. Examples, already given
by Camara et al. in the year 2000, for developmémis have not made their way into
proprietary GIS yet include techniques for dynammadelling (such as cellular automata),
spatio-temporal data models, and methods for tlsesament of global and local spatial
statistics. In contrast, GlScientists have develogad implemented methods for the handling
of spatio-temporal data types (deiép://www.terralib.org/ Camara et al. 2000) and methods
for 3D/4D geo-visualisation and analysis (de&://grass.osgeo.org/grid3dvitasova and
Neteler 2004) in free and open source software.cileii we aim to test and develop new
models and the emerging theories in-time, we relpré or less) on open principles and
software that allows us to adapt the software toresearch needs, and on software that is not
focused on the end-user. Thus, free software stppihie scientific development by
facilitating learning, testing of hypothesis, aroetion and comparing of models and
algorithms, and the spreading of valuable or everurgd breaking results. Ramsey (2008,
Timmy’s Telethon #0) summarises these previousghtsuvery well by saying:

“Open source can't strongly appeal (yet) to coraster® late adopters, and ESRI is
finding it hard (at the moment) to appeal to techly savvy early adopters.”

As far as we can assess, GlScience research ishendd be on the side of early adopters.
User of GIS methods and technology from other sasr{e.g. ecology or soil science) may
be rather found in the mid- or late adopter groupisus, FOSS may not be suited for
everyone if the price tag argument is set aside.itBs, given the argumentation above, from
our personal point of view the best choice for agske.
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Notes

During the writing of the article the publicatioh geveral books has been announced with a
focus on geospatial FOS software and data thatikeetd mention for completeness: (1)
“Desktop GIS: Mapping the Planet with Open Sourbg’G.E. Sherman, The Pragmatic
Programmers LLC(2) “Open Source Approaches in Spatial Data Hagdlby G.B. Hall,
Springer Verlag, (3) “Open Source GIS: A GRASS @gproach” by M. Neteler and H.
Mitasova, & Ed., Springer Verlag, (4) “Web Mapping lllustratadsing Open Source GIS
Toolkits” by T. Mitchell, A. Emde and A. Christlevised German Ed, O’'Reilly, and (5)
“OpenStreetMap: Die freie Weltkarte nutzen und mestglten” by F. Ramm and J. Topf,
German Ed., Lehmanns Media (English Ed. in preparpat
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