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Abstract

APPLICATION OF OPEN GEOSPATIAL CONSORTIUM SPECIFICATIONS TO CLIENT-
SIDE GEOGRAPHIC INFORMATION SYSTEMS

Idaho State University (2007)

The most popular of Open Geospatial Consortium specifications, Web Feature Service and Web
Map Service, can be effectively implemented in client-side GIS. An optimized approach for
using these services in desktop applications is presented, including intelligent pre-fetching
through envelope optimization, tiled display and feature complexity reduction. A developed
client implementation incorporates each of these optimization strategies to improve system speed
and responsiveness. Comparisons are made with other web-based data access implementations to

evaluate the validity and extent of the speed benefits gained.

The Web Processing Service proposed specification is evaluated as a solution for developing
web-based geoprocessing tools, for easily sharing algorithms and providing geoprocessing
functionality. An implementation approach which minimizes developer effort is presented.
Challenges are discussed and enhancements are introduced, including a mechanism for client
applications to provide correct data and a means to list available server-side data. The

enhancements are implemented in a demonstration implementation.
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Chapter I: Introduction and Background

The standards proposed by the Open Geospatial Consortium (OGC) form a solid basis for
developing Geographic Information Science (GIS) software. The OGC is a non-profit consensus
standards organization which concerns itself primarily with releasing open standards for
interoperability between commercial and open-source GIS tools. These standards are broadly
accepted, being formed through “structured committee programs and [a] consensus process” in
which “OGC members develop, review, and release OpenGIS Specifications” (Open Geospatial
Consortium, 2006). Because these standards are compiled by some of the most active GIS
software researchers and developers in the field, they are a collage of the ideas from around the
world which are most likely to be widely applicable and useful. Despite the clarity and depth of
the planning going into these OGC standards and specifications, they are written with a
pronounced preference toward fully web-based software and Internet driven applications, with
little or no focus on desktop GIS applications. The purpose of this thesis is to explore the

application of OGC standards to client-side, or desktop, GIS tools.

Web-Based Versus Client-Side GIS

The benefits of fully web-based applications are very tangible and valuable. The need to
verify the versions of software and data is greatly reduced, and lower local storage costs are
observed. Web GIS extends the technology to those users without the tools or without the
necessary skills to make use of a full desktop GIS system (Wright et al, 2003). The computers
that use the technology typically have very low system requirements, merely an internet
connection and a supported web browser (ESRI, 2006a). Internet-based and web GIS solutions

are appearing everywhere, with interest beginning with the Internet boom in 1995 (Wright et al,



2003). There is no sign that this trend will stop; there will likely continue to be a high demand
for web GIS in the immediate future (Wuthrich, 2005). The most common of these web-based
solutions are examined in the literature review.

Despite the increasing popularity of fully web-based GIS, there are drawbacks and
problems with the medium. “The primary problem is speed; GIS relies on extensive use of
graphics. Connection speeds over the Internet can make heavy use of graphics intolerably slow
for users” (Alesheikh et al., 2002). Other problems with web GIS include the inability to perform
advanced geoprocessing on the available data (i.e., watershed delineation, raster mathematics, or
network analysis), since web-based GIS platforms are typically limited viewers only, rather than
full-featured solutions to working with GIS data. The inability to save local copies of data
(usually the raw data are stored exclusively on the remote server) is also a typical user concern,
with the ever-present danger of communications or server failure. A study (Long et al., 1995)
shows Mean Time to Failure of observed systems to be 13 days, with Mean Time to Repair at 4
days. While the Internet is making great strides since the time of that study, reliability continues
to be a worry for many users.

Many of these disadvantages disappear when using a client-side GIS platform. Data may
be stored locally, advanced geoprocessing may be performed, image display is quick, and there
is little concern over network or server failure. A desktop system is very responsive since it does
not need to transfer large amounts of information through a communications channel. Advanced
graphics technology, such as DirectX or OpenGL, may be used, as opposed to less elegant and
slower techniques like simple bitmap transfer and display. At the same time, client-side GIS
platforms can suffer from outdated software, obsolete data, and the inability to participate in the

global sharing of data that takes place with online GIS.



The best of both approaches (web-based GIS and client-side GIS) can be obtained by
extending client-side GIS to make it web-aware, rather than completely web-based. Google
Earth (Google, 2005a) is an example of combining client-side and web-aware elements to reap
the benefits of both types of systems. The software accesses online data, thus incorporating a
web-aware component and eliminating the concern of having the most up-to-date data. This is
achieved by allowing the software to execute on the desktop and also access online data
maintained by Google staff. In this manner it is able to use client-side graphics acceleration
technologies while benefiting from online data sources. In contrast, Google Maps, a part of the
Google Local system (Google, 2005b), is a fully web-based approach. The Google Maps
interface responds much more slowly than Google Earth, making the effective and efficient use

of map data a much greater challenge for users.

Beginning with Established Client-Side GIS Tools

Client-side GIS tools are a more mature platform than the relatively new fully web-
enabled approaches. Arc/Info 1.0 was one of the first large commercial desktop GIS applications,
introduced in 1982; in comparison, the first effective web-based GIS system wasn’t introduced
until 1997 with ArcIMS (ESRI, 2005). MapWindow GIS (MapWindow OSS Team, 2006) is one

of many examples of an established and stable client-side GIS platform (see www.osgeo.org for

others). Beginning with an open source platform enables the user to make use of the software in
any way desired, including modifying the software for any purpose (Open Source Initiative,
2006). MapWindow GIS is an efficient and full-featured client-side GIS platform for displaying,
modifying and computing geospatial data. It is not web-aware in any way; thus it is an ideal

candidate for extension. In this thesis I demonstrate how MapWindow GIS can be easily



extended to make effective use of web-based data, including the ESRI Geography Network
(ESRI, 2006c¢). This will be done through the creation of a MapWindow GIS plug-in to
transparently access and work with data stored on servers conforming to the Open Geospatial
Consortium (OGC) standards for Web Feature Service (WFES) (Open Geospatial Consortium,
2005a) and Web Map Service (WMS) (Open Geospatial Consortium, 2001b). A suitable and
easy to implement approach to using these web-focused standards in a fully client-side GIS will

be outlined.

Key Contributions of the MapWindow GIS Online Data Plug-in

Extending MapWindow GIS to use online data brings an important and useful aspect to
the system. Concerns over the version of data are nonexistent with data from an online source.
As the data is updated, MapWindow GIS will automatically and seamlessly use the updated data.
Sharing of common geospatial data is made easier through popular services such as the ESRI
Geography Network. The rich and responsive interface typical of client-side systems can merge
coherently with the dynamic and fluid web GIS environment. The locally executing code will
allow intelligent caching, pre-buffering and predictive pre-fetching to create the most efficient
environment. The implementation of these algorithms will include the primary contributions of
designing and developing a request envelope optimizer to determine what data to download, as
well as the design and implementation of a tile-based display approach and vector feature
simplification techniques. The software is expected to demonstrate that these optimizations are

indeed beneficial for data analysis and display within a desktop GIS platform.

Web Processing Service Support for MapWindow GIS




Most fully online GIS tools stop at simply viewing data. For example, the USGS
Seamless Data Distribution website (United States Geological Survey, 2004) and the Interactive
Numeric and Spatial Information Data Engine (INSIDE) Idaho website (INSIDE Idaho, 2006)
are tools intended only to view data and provide downloadable data. A notable exception is the
USGS Streamstats (USGS, 2005) system, which allows computation of watershed characteristics
online. In general, however, processing data through a web browser is infeasible due to the
difficulty of providing workable interfaces to do so. Loading online data into a client-side GIS
allows the user to perform advanced geoprocessing on that data in an environment better suited
to processing tasks. MapWindow GIS, like most client-side GIS platforms, requires that any
advanced geoprocessing code is stored locally (in the form of a binary plug-in or script). The
next step in bringing the benefits of the web into client-side GIS applications is to allow
execution of remote code for geoprocessing. The Open Geospatial Consortium has proposed a
specification to accomplish this goal, called the Web Processing Service (WPS). The OGC
requested public comments on the proposal for a time, closing the forum on February 4, 2006.

MapWindow GIS may also be used to evaluate the feasibility and applicability of this
specification with regard to potential use in client-side GIS. Creation of online tools conforming
to the proposed WPS standard using both ASP.NET (a Microsoft programming language) on
Windows 2003 Server and using PHP (a cross-platform scripting language) on Linux
demonstrates the lack of platform or language constraint in the specification as well as
demonstrating clean and simple interoperability of online tools running on different platforms
and in different languages. The MapWindow GIS implementation illustrates that the WPS
proposal is appropriate and effective, while also identifying opportunities for improvement and

enhancement.



Summary of Contributions

Implementing the Open Geospatial Consortium specifications in MapWindow GIS
demonstrates the applicability of the standards not only to fully web-based systems but also to
client-side GIS platforms. The implementation of the WPS specification in MapWindow seeks to
illustrate that algorithms may be used easily by desktop GIS through the Internet, solving the
long-standing problem of updating desktop GIS software to latest versions. By executing certain
algorithms on remote servers, the processing taking place with the submitted data is guaranteed
to be using the latest version of the algorithm. At the same time, the implementation of WFS and
WMS solve the problems of data sharing and data updates typical of client-side GIS systems
while expanding the ability of users to share common data. These extensions to MapWindow
GIS can easily be used by the large MapWindow GIS user base, yielding immediate benefits to
the studies and questions being answered using MapWindow GIS. Beyond developing tools for
immediate use, these implementations will develop approaches, optimizations and techniques
which may be applied to other existing systems, creating broader impacts to the GIS society at
large. Further, the implementation of these OGC specifications is anticipated to highlight areas
of potential improvement for future versions of the specifications, as well as providing an

example for others who wish to adopt the standards.



Chapter 2: Literature Review

As early as 1997, cooperation between GIS competitors to develop standards became
apparent. At that time, it was noted that the competing GIS vendors “have shown extraordinary
cooperation in teaming to submit OpenGIS Specifications” (Information Today, 1997). Kurt
Buehler, OGC Vice President of Technology, said that this “indicates the tremendous desire on
the part of the geospatial technology community to solve problems which have hindered
geospatial information access for many years.” He goes on to say that “our members’
achievement makes it clear that the OpenGIS process will result in the industry-standard
interoperability architecture that we all hope for” (Information Today, 1997).

As indicated by recent GIS literature, the Open Geospatial Consortium standards are
clearly beginning to be viewed with a good deal of respect throughout the academic and
commercial community. Peng and Zhang (2004) evaluated the roles of Geography Markup
Language (GML), Scalable Vector Graphics (SVG) and Web Feature Service (WFES) using two
case studies. They found the interoperability and portability of these standards to be excellent,
solving the problem of “interoperability among heterogeneous systems and geospatial data”
(Peng and Zhang, 2004). As a wider community of people evaluate and adopt these
specifications, they will begin to guide the future developments in the GIS world.

Kraak (2004) pointed out the utility of web mapping for dissemination of geospatial data
indicating that internet maps can “function as they have always done, as an abstraction of
geographic reality,” or that they can be used in combination with search engines as a hyperlinked
portal to spatially referenced data.

The popularity and growth of web-based GIS is continuing to grow. Isaacs (2000) states

that local governments are beginning to provide more data online. Verniel, assistant town



manager for Blacksburg, Virginia, illustrates this: “Web GIS is one part of giving information to
residents and getting them involved in local government” (Isaacs, 2000). Isaacs points out that
providing communitywide GIS data enables community members to be involved in new and
innovative ways: for example, printing out a customized map for a community meeting. Evans et
al (1998) continue this idea of public involvement with a case study to evaluate the feasibility
and usability of web-based GIS by the public at large. In this case, the resulting web-based
system was found “both useful and popular” (Evans et al, 1998).

Despite the growing popularity of web-based GIS, there are a couple of drawbacks. Peng
(1997) points out the two issues that are perhaps the largest relating to the development of
Internet GIS:

There are basic functions for interactive map view such as zoom, pan and query.

However, there lacks [sic] more advanced GIS analysis functions such as buffering,

spatial object overlay, network analysis, to name a few [...] the second issue is

performance. GIS data, especially raster and image data are large in volume and take long

time [sic] to transfer over the Internet (Peng, 1997).

The second issue that Peng mentions is lessening in importance as the Internet grows in
power and speed, as 8 years have now passed since he made these comments. Despite all of this
time, both of these issues do still exist and are large hurdles to overcome. One way to overcome
the problem of speed is to embrace new display technologies such as adaptive zooming. Cecconi
and Galanda (2002) indicate that adaptive zooming includes two common concepts — adjusting
the level of detail truly necessary for visualization, and generalization of vector features for

display. To this end, Cecconi and Galanda use the W3C Scalable Vector Graphics (SVG)



standard for their map displays. The same principles may also be extended to client-side GIS
systems which make use of graphics technologies other than SVG.

The GIS research and user community is now beginning to address the first of Peng’s
points, namely the lack of any advanced geoprocessing in web-based GIS. Hecht (2002) notes
that the Internet is moving toward services rather than just data. Limp (2002) continues this idea,
pointing out that the next major move in Internet GIS will be web service-based geoprocessing,
which he refers to as “Web Geoprocessing Services.”

Indeed, GIS software is “moving from isolated, standalone, monolithic, proprietary
systems [...] to smaller web-based applications and components offering specific geo-processing
functionality and transparently exchanging data among them” (Anderson and Moreno-Sanchez,
2003). Noting this, Anderson and Moreno-Sanchez sought to support a land use planning system
in Mexico with online geoprocessing capability. Wishing to avoid the high cost of commercial
alternatives, they used open specifications and open source software to accomplish their goals.
They report that the process is “straightforward and accessible to a broad audience of geographic
information scientists and developers,” and that open source software and specifications “allow
the development of web-based spatial information solutions that are low-cost, simple to
implement, compatible with existing information technology infrastructure, and have the
potential of interoperating with other systems and applications” (Anderson and Moreno-Sanchez,
2003).

Choi and Engel (2003) have also shown that geoprocessing via the web is possible,
through creation of a web-based watershed delineation system. Their tool uses the University of
Minnesota’s MapServer (University of Minnesota, 2006) as the backend engine, using this map

system to obtain an outlet point from the user to begin the delineation process. Their



implementation uses a “double-seed array-replacement algorithm to obtain a watershed boundary
form point coordinates.” Although Choi and Engel do not mention conformance to any particular
OGC standard, they do illustrate that geoprocessing via the web is feasible and useful.

Another example of successful web-based geoprocessing is given by Anselin et al (2004)
in their Java-based geoprocessing extensions. Their “specific focus is on methods to identify and
visualize outliers in maps for rates or proportions.” This project is not explicitly focused on
conformance to any particular OGC standard, but because they chose to begin with the open-
source GeoTools (Geotools Project, 2006) package, which is a heavy supporter of OGC
specifications, they do benefit from the specifications. Beginning with Geotools, they extended it
with a set of custom Java classes. They find that “Java as a language is not optimal as a platform
for highly intensive numerical operations,” yet they were still able to demonstrate that the
framework is feasible.

In summary, the literature demonstrates a vibrant and active development effort among
researchers that addresses many of the major concerns of web-based GIS (including display
optimization and web-service geoprocessing). However, further development to better solve the
issues is needed. Specifically, well-designed algorithms, such as those proposed in this thesis, are
needed to illustrate these mechanisms and explore potential enhancements to the OGC

specifications.
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Chapter 3: An Approach to Implementation of OGC WMS and WFS

Specifications in Client-Side GIS

This paper has been submitted for publication in Transactions in GIS in February of 2007.
Referenced figures and tables appear after the text, as per submission guidelines. References
indicated in text are collected in Appendix 2: References.

Abstract

Open Geospatial Consortium (OGC) standards for the exchange of geospatial data form a
consistent foundation for the development of geographic information system (GIS) software. The
most widely adopted of these standards are written with a clear focus on web based software and
fully internet based server side applications, as evidenced by the OGC Web Feature Service
(WFS) and Web Map Service (WMS) specifications. In this paper, we demonstrate how the WFES
and WMS specifications can be effectively implemented in a client-side GIS and we present an
optimized approach for using web services data in desktop applications. An implementation of
the approach is presented in which WFS and WMS services are consumed by a plug-in to an
open-source GIS platform. This plug-in allows the end user to view and work with WES, WMS
and ArcIMS data, including data from the ESRI Geography Network, in a transparent manner
that can be optimized for either data analysis and modeling or data visualization. Specific
contributions of the work include the concepts of intelligent pre-fetching through envelope
optimization, tile display and feature complexity reduction. The developed client implementation
of the target services incorporates each of these optimization strategies to improve the speed and
responsiveness with which the data can be viewed and analyzed. Comparisons are made with
several other web-based data access implementations to evaluate the validity and extent of the

speed benefits gained.
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1. Introduction

Web-based geographic information system (GIS) tools are becoming common for basic
mapping and data visualization tasks (e.g. Google Maps, MapQuest.com and ArcIMS).
However, desktop or client-side GIS tools are likely to continue to be used by government,
academic and commercial users requiring a high degree of custom data management, modeling
and analysis functionality. The primary standards issuing entity for the GIS community, the
Open Geospatial Consortium (OGC), has released many specifications which are not necessarily
web-specific, yet the most widely adopted of its standards are used primarily for web based GIS
tools alone. Because of this, it is likely that most GIS users and tool developers (specifically
those developing tools for the desktop GIS environment) are unaware of OGC standards and
specifications, and their potential implications. Specific OGC standards such as the Web Map
Service (WMS) and Web Feature Service (WFS) have significant potential for normalizing, and
hence improving, the manner in which data is shared across the Internet.

The stated mission of the OGC is “to lead the global development, promotion and
harmonization of open standards and architectures that enable the integration of geospatial data
and services into user applications” (Open Geospatial Consortium, Inc., 2006). This is
accomplished through the authoring of specifications which are created by “structured committee
programs and [a] consensus process” by which participants in a wide range of scientific
disciplines may contribute to the specifications. A specific goal of the OGC is to address the
problem of data sharing—a problem that includes both interoperability and communication—and
ultimately arrive at “a world in which everyone benefits from the use of geospatial information
and supporting technology”. The OGC has attempted to address some of the fundamental

problems of data sharing by specifying a common format for wide-scale understandability in
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distribution, for facilitating geoprocessing and for interoperability between disjoint software
products.

The most widely adopted of the OGC specifications are intended primarily for fully web
based GIS, as evidenced by the names of several key specifications: Web Map Service (WMS),
Web Feature Service (WFES), Web Catalog Service (WCAS) and Web Coverage Service (WCS).
This can be a challenge for several reasons. Web based GIS tools can be very slow and
unresponsive. The U.S. Geological Survey Seamless Data Server (United States Geological
Survey, 2004) is an example of a particularly useful web based GIS system that is plagued by
slow connections and lack of responsiveness. Indeed, when large geospatial data sets are
required for visualization and analysis, web based tools tend to be slow and unresponsive. Any
typical MapServer (University of Minnesota, 2006) or ArcIMS (Environmental Systems
Research Institute, 2006a) website interface will demonstrate this lack of responsiveness;
particularly with multiple concurrent users; e.g., see the Idaho State University Campus Map
(Idaho State University, 2006). Interestingly, both of these web GIS products offer very scalable
service (e.g. they are fast, and remain fast for many simultaneous users) when simply providing
data via WES, WMS, or ArcXML (an ESRI specific XML specification used by ArcIMS)—
suggesting that the interface overhead can be large when viewed through a website. Simple map
servers such as Google Maps, Yahoo Maps and MapQuest are improving rapidly in their ability
to create a seamless, interactive map viewing experience for end users; however, browsing and
acquiring scientific geospatial data tends to continue to be a slow and tedious process.

Geoprocessing is another point of difficulty when working with strictly web based GIS
tools because of data transfer speeds and general web based geoprocessing capabilities. An

example of a web based GIS that can perform advanced geoprocessing successfully is the USGS
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StreamStats system (United States Geological Survey, 2005). This tool allows one to zoom to,
and select, a point on a map. A contributing watershed is delineated from this point, and several
catchment properties are calculated. A web service such as this can easily make simple
calculations and provide results through a web browser. However, more complex analytical and
mathematical analyses can be challenging to operate in this way—especially when calculation of
results requires a long period of time.

Another problem with strictly web based GIS tools is the typical inability for the user to
keep local copies of data, giving the freedom to use local processing functionality. Although high
speed internet connections are becoming more ubiquitous, GIS analysts are likely to feel more
comfortable having local copies of data in the event of communications or server failure, and
some specialized software products require local data for operation.

The challenges of web based GIS tools are largely overcome by common desktop GIS
applications following the “client-side computing” model that has been popular for at least two
decades. Speed of visualization and data interaction is rarely an issue on desktop based GIS tools
using graphics technologies such as GDI+, DirectX or OpenGL. Additionally, inexpensive
desktop computer storage and memory can be used to improve upon computing speed and
display capabilities. When working on a local or client-side computer, local copies of data are
always available, and advanced, often time consuming geoprocessing tasks may be performed.

In spite of these benefits of traditional desktop based GIS tools, client-side GIS systems
suffer from two main challenges: outdated data sources and the inability to easily share data.
Both of these are areas in which the web based GIS tools excel. An individual or entity hosting a
web based GIS tool has the ability to update data instantly for all users of the system, and,

because of the nature of the Internet, data can be readily and easily shared between users.
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One could argue that a mixed approach, combining the best features and capabilities of
client-side and web based GIS tools, would be ideal. In the remainder of the paper, we propose a
methodology and introduce a set of software tools and concepts that make use of web-oriented
OGC standards in a desktop GIS application. The result is a system that benefits from local
processing and data storage capabilities while using web based data services to solve the
problems of outdated data sources and difficult data sharing. Specifically, the WMS and WFS
specifications are implemented in a client-side GIS in a manner that demonstrates several
optimization methods which improve performance for data visualization and analysis on a local

desktop GIS platform.

2. Methods

The open source MapWindow GIS (MapWindow Open Source Team, 2006) software
application (Fig. 1) was selected as a demonstration platform for the study because of its use of
the Microsoft Dot Net software development kit, which provides a rich set of web access tools
and technologies. Also, MapWindow GIS is highly extensible using a plug-in architecture that
allows one to construct extensions to the base system using any Microsoft Dot Net Framework
compatible language. The MapWindow GIS plug-in architecture was used in the development of
a plug-in entitled MapWindow Online Data Plug-in (MWODP). As a plug-in, the code and
techniques used in the project can easily be transferred to other GIS applications and platforms.

The primary goal of MWODP is to provide local desktop access to WES data for feature
(vector) data such as points, lines and polygons, and WMS data for preassembled map imagery.
ArcXML (Environmental Systems Research Institute, 2006b) data sources such as ESRI ArcIMS

Servers are also supported to make use of the large data volume presently available in that form.
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In addition to providing access to these remote data sources, MWODP demonstrates three
specific data visualization and downloading optimizations including request envelope
optimization, tiled display and feature simplification. MWODP also allows data to be
downloaded and saved locally. Possible optimization modes when using data directly from
online sources include optimization for geoprocessing without attributes, optimization for
geoprocessing with attributes, or optimization for simplified viewing. The main optimization

techniques are discussed in the following sections.

Request Envelope Optimization: The Detail Square Grid

The first optimization takes place through an envelope optimizer referred to as a detail
square grid (DSG). This is a recursive grid (Fig. 2) of short integer data indicating the current
status of each cell within that grid. The initial size of the grid and the initial size of grid cells are
determined by user-configurable options. Each tile of this grid is downloaded separately,
allowing optimization to take place based on the time that a given cell takes to transfer. After
each dataset tile is transferred, the time that the transfer took is evaluated and each grid cell may
be broken down into sublevels. In this case, each grid cell contains another instance of a DSG
which further divides that cell. All functions from outside the optimizer are called on the outer
level DSG. This means that analysis functions are all recursive in order to “dig” through multiple
sublevels of grid cells. Since the grid may have a large depth of grid cells, this provides a great
deal of scalability in quickly providing data updates to the user, automatically adapting to the
connection and transfer speeds available. While some data transfer bandwidth may be consumed
in the overhead of multiple requests to download multiple tiles, rather than fetching all data at

once, the design of the DSG is intended to provide the user with data as quickly as possible,
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