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ABSTRACT
The Geographic Information System (GIS) handles large amounts of geospatial data of different types. In the defence
domain where human lives are at stake, a GIS needs to satisfy a range of requirements and uphold principles of accuracy
and consistency. This article introduces the concepts of an enterprise GIS and the pragmatic approaches adopted to
develop such a system. The lessons learnt during the development of an enterprise GIS are also shared in this article.
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INTRODUCTION
The Geographic Information System (GIS)1 is essential for
defence, as it is designed to manage effectively geospatial2
information that is used prevalently throughout defence.
Examples of such geospatial information include topographical
maps, satellite imagery, terrain elevation, building locations,
transport network, military plans and manoeuvre overlays, air
corridors and flight routes, sea lanes and navigation routes,
threat coverage and weapon danger areas.
An enterprise GIS3 plays a critical part in network-centric
warfare. It facilitates the sharing of geospatial information for
coordinated operations. Common situational awareness is
enabled through consistent geospatial information updates
across systems.
Additional benefits of an enterprise GIS are:
a) Geospatial Data Integration – A large organisation needs
to manage data from diverse sources. An enterprise GIS helps
users integrate large amounts of data of different types. Many
data of different types also have location as one of the common
attributes. GIS can thus be used as a base to fuse disparate
data types to help users make sense of the profuse information.
b) Common Geographic Reference – In an organisation
or operation that involves many participants, the participants

14

DSTA HORIZONS | 2013/14

would find it useful to have a common geographic reference
to serve as the basis of their information sharing and
understanding. An enterprise GIS can put in place reference
base maps and reference projection and coordinate systems
to serve this common reference.
c) Location-based Decision Making – GIS can provide
geospatial analysis capabilities to help users leverage
geospatial information to make better and faster decisions.
An enterprise GIS enables users to tap diverse sources, wider
data coverage and higher resolution data to provide additional
dimensions of analysis. For example, an enterprise GIS can
plan for the best route of advance while considering other
factors such as threat areas and traffic obstructions.
d) Geospatial-based Collaboration – An enterprise GIS can
be used as an effective collaborative platform for discussion
and planning especially when the team is distributed across
geographical locations. The advantage of using a GIS over
normal collaborative tools is that the common geographic
reference helps the collaborators visualise the common
situation better.
e) Dissemination of Geospatial Information – An enterprise
GIS can facilitate the dissemination of geospatial information.
Instead of transferring the geospatial information manually, an
enterprise GIS can serve as a logical central repository for the
sharing of geospatial information.

While there are many benefits of an enterprise GIS for
defence, there are also many challenges to overcome in its
development. One of the first challenges in the 1990s was the
absence of GIS software development library in the commercial
market. A common maps, graphics and geospatial analysis
component had to be developed in-house and customised
to serve different operational domains. In the early 2000s,
with the availability of GIS commercial off-the-shelf (COTS)
software development libraries, the larger pool of resources
in industry-leading GIS companies could then be tapped for
GIS developments. By developing command and control
(C2) applications based on GIS COTS, new GIS standards,
projections and coordinate systems immediately became part
of the C2 systems capabilities. However, the large size of the
desktop GIS application that is typical of GIS COTS poses a
new challenge for deployment across the enterprise.
Another challenge is the growing size of geospatial information.
The size of geospatial information, especially that of digital
maps and satellite imagery, can be huge; up to terabytes and
possibly more in future. As geospatial information becomes
larger, distribution requires more and more network bandwidth.
Alternative means to transfer larger geospatial information
through disk media are manual and tedious, and this can lead
to infrequent updates.

KEY PRINCIPLES OF ENTERPRISE
GIS
In the development of an enterprise GIS, the two key principles
guiding the architecture, design and implementation are
accuracy and consistency.
Accuracy is fundamental in the design of a GIS. Positional
accuracy ensures that the geospatial location is within a
distance tolerable to the end user. For example, a 15m to
30m accuracy with the Global Positioning System is sufficient
for street navigation systems. In an enterprise GIS, accuracy
considerations take place end-to-end from data capturing to
end user visualisation. Accuracy is managed through proper
handling of projections and coordinate systems, extraction,
translation, and loading of geospatial information to reduce
errors in data. For example, it is not unusual to find errors of a
few hundred metres that could be due to the omission of the
datum in the transformation between coordinate systems.
Consistency is important to ensure end users that data and
services are the same across an enterprise GIS. An enterprise
GIS may ingest data from multiple sources and with different

quality and different projection methods. In addition, its
services may also come from diverse providers. An enterprise
GIS must resolve these issues and provide all its users with a
consistent view of data across different times. This is critical
for the enterprise GIS to be used as a common reference
system. The GIS should ensure that users are looking at the
same data and that the computation services use the same
algorithms to derive the same results. Users in different
geographical locations can then be presented with a consistent
situational visualisation for coordinated decision making. This
will prevent errors that are made from decisions based on nonsynchronised data and services.

ENTERPRISE GIS ARCHITECTURE
An enterprise GIS architecture is essentially an information
system architecture with special considerations for handling
the unique demands of enterprise geospatial information. In
addition to common enterprise IT architecture goals of business
functionality and performance, security, interoperability,
reliability, availability, maintainability and scalability, the two
key principles of accuracy and consistency provide a high
level guidance in the end-to-end design of the enterprise GIS
architecture.

Standards
Standards play a key role towards ensuring consistency.
Because an enterprise GIS is likely to have different user
groups with different needs, the different pieces of software
applications and configurations, as well as data sources and
products, greatly increase the likelihood for incongruities in
information and understanding. This natural disintegration
into a chaotic mess can be harmonised by prescribing GIS
standards for the enterprise.
GIS standards provide the foundation for the architecture of the
enterprise GIS. GIS standards need to be ratified and enforced
by the governing body of standards in the organisation. This
will ensure interoperability in the exchange of geospatial
information between users, systems and down to different
versions of applications.
When architecting the enterprise GIS, the relevant standards
for geospatial data, software and services need to be identified
and adopted. These can be international standards such as
standards established by ISO/TC 211 (2013) and the Open
Geospatial Consortium (2013).
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Coordinate Reference Systems
Coordinate reference systems is another key architectural
consideration in the design of an enterprise GIS. There are
thousands of possible coordinate reference systems4 in the
world. A location with only the (x, y, z) coordinate is incomplete
without a reference system to identify that coordinate. With the
aid of GIS COTS software, this discipline is applied throughout
the enterprise GIS. This is complemented by GIS training
conducted for users and developers.
To overcome the challenge of dealing with thousands
of different local coordinate reference systems, a global
coordinate reference system was developed by the US
Department of Defense (DoD) in the late 1950s as a consistent
way of mapping data around the world. Conversion algorithms
are used to convert between global and local coordinate
reference systems. By making use of a global coordinate
reference system as a standard for interchange among local
coordinate reference systems, the chance of making errors in
an enterprise GIS is drastically reduced.
The US DoD baselined the global coordinate reference
system in 1984 as the World Geodetic System 1984 (WGS84)
and it is currently used in the US Global Positioning System
(World Geodetic System, 2013). The name WGS84 gives the
impression that there are no changes since 1984 but it is
constantly being refined as more accurate earth data becomes
available.
A set of base stations is used to establish the WGS84 datum
and this is combined with the geographical coordinate system
to form the WGS84 coordinate reference system (see Figure 1).

The datum is a critical component of the coordinate reference
system, providing a set of reference points used to specify
the size and location of the globe model. The geographical
coordinate system is a curved grid system used for establishing
location on this globe model that employs the Equator and the
Greenwich meridian as the x and y axis respectively.
Map projection is a process of transforming this curved
coordinate system to a flat coordinate system (Map projection,
2013) necessary for printing on a flat paper map or display
on a digital screen (see Figure 2). This is a lossy process that
results in the distortion of shape, distance, direction or area,
while preserving the dimension of importance. Examples of
map projections used in the local region are SVY21, Rectified
Skew Orthomorphic and Universal Transverse Mercator (UTM)
projections.

Unwrap surface
as flat map
(UTM zone 48)

Wrap surface
around globe
(UTM zone 48)

Developable
Surface
(Cone, Cylinder,
Plane)
Figure 2. Projection (2D map)

For accuracy and consistency, it is important to store and use
the coordinate reference system information correctly. This
is because the same real-world location can be reported in
different coordinate reference systems and each will have a
different coordinate. For example, a building location could be
(21085, 31334) in SVY21 coordinates and (363287, 143683) in
UTM zone 48 coordinates (see Figure 3). If the UTM coordinates
(363287, 143683) were used as SVY21 coordinates, one would
locate the wrong building.
Figure 1. Geographic coordinate system (3D globe)
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Figure 3. Using the correct coordinate reference system

The two ways of finding out the correct coordinate reference
system are to either extract the coordinate reference system
from the information source or to derive it indirectly based on
real-world location.
Once the coordinate reference system information is stored
correctly, the proper conversion algorithm is applied to convert
the geospatial information to the WGS84 coordinates for
exchange purposes.
The conversion algorithm is composed of projection algorithms
and datum transformation algorithms. Projection converts
between coordinates on a globe and coordinates on a plane,
based on the projection surface and how it cuts the globe (Map
projection, 2013). Datum transformation converts between
coordinates on the standard WGS84 globe and coordinates on
a localised globe, based on their different shapes, sizes and
locations (Singh, 2002).
To overlay geospatial data from different sources onto a digital
display correctly, the same workflow can be applied to convert
coordinates from the different sources to a single coordinate
reference system in the display.
There are a few issues to take note of during the conversion
process.

One issue is the impact of the rounding off of numbers in the
conversion process. If location A converts to display position B
and B gets rounded to B’, B’ will convert back to A’ instead of
A. Location A’ is in a slightly different position from the original
location A. This will be an error, as the user is expecting the
original location. To reduce the impact, one could explicitly
avoid rounding in computation and to store the data with higher
precision, such as double-precision floating-point number data
types rather than integer data types. When coordinates are
intentionally rounded to simplify the display representation to
the user, it should be made clear that these should not be used
as inputs to further computation.
Another issue is the choice of algorithms based on factors like
speed, accuracy and data availability. For example in datum
transformation, the Bursa Wolf algorithm is more accurate but
requires seven parameters while the Molodensky algorithm
is less accurate but only requires five parameters (see Figure
4). The Molodensky algorithm may have to be used if the
Bursa Wolf data parameters are not available. The difference
in speed for different algorithms may not be an issue for fast
desktop clients but may affect the performance of slower
mobile clients. One of the reasons why Google has chosen to
use the simpler Web Mercator projection for its map display
rather than traditional map projections is due to performance
considerations.
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Bursa Wolf

Molodensky

Figure 4. Conversion using different datum transformation algorithms (OGP Geomatics Committee, 2013; National Imagery and Mapping
Agency, 2000) with Bursa Wolf diagram modified from Singh (2002) and Molodensky diagram modified from GeoIdee (2013).

To simplify communication of locations, Map Grid Reference
Systems are commonly used in defence applications. They
provide ways to report positions within 100km by 100km
grids with a fixed short-length alpha-numeric string (National
Geospatial Intelligence Agency, 2013). Tools are developed
in the enterprise GIS to support this for consistent position
reporting.

Service-Oriented Architecture
An enterprise GIS should adopt a service-oriented architecture
(SOA) to enable growth and scalability. An SOA provides
applications and data as web services. It is a networked
server-based technology that centralises the application and
data at the server, providing ease of deployment, as well
as consistency of information and functionalities. It allows
universal access by diverse clients, including heavy-duty
desktop applications (thick clients), lightweight browser-based
applications (thin clients) and even applications (mobile clients)
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on smart mobile platforms. SOA provides a foundation for
enterprise IT that simplifies and standardises the application
services for universal access.
By adopting an SOA approach, an enterprise GIS can
standardise the provisioning of common GIS applications
services, such as map services and geospatial analysis services.
Map services can include reference base maps, satellite maps,
topographical maps, transportation network maps and water
bodies maps. Geospatial analysis services can include lineof-sight, best driving route, high points, driving time, closest
facilities and service area. An SOA-based enterprise GIS will
provide end users with consistency of data and services, as
well as prepare for future growth by allowing new services and
clients to be added more easily.
To enhance consistency of services, the SOA-based enterprise
GIS should also consolidate primitive functionalities to provide
consistent outputs. For example, there are many algorithms
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to calculate the geodesic5 distance between two points,
such as great-circle distance (2013), Robbins’s algorithm,
Rudoe’s algorithm or Vincenty’s algorithm (Bomford, 1971).
The algorithms give results with different accuracies. By
selecting the best algorithm for the calculation of the distance
between two points and developing a common service for this,
applications and end users will have a consistent distance
result to work with.
In the tactical environment where network availability is
constrained, offline versions of the critical services will be
required. For consistency, these offline modules and data
packages should be designed starting from the same baseline
as the online data and services.

DESIGN CONSIDERATIONS
Quality Control
The enterprise GIS should be integrated with the quality
control and production process for geospatial data to address
accuracy and consistency in the upstream data capture,
storage, processing and production stages. Automated
geospatial quality control tools can be integrated to check
the logical consistency of the geospatial data (Harding, 2007).
Geospatial workflow management software can also be used
to standardise, administer, execute and monitor the entire
geospatial data production process. This will further enhance
the level of quality control and speed of production of geospatial
data for enterprise use.

Virtualisation
A significant number of server hardware is required for the
enterprise GIS infrastructure. While the server hardware
equipment for enterprise GIS can be optimised, there are
often constraints due to the demand for limited server room
resources of power, cooling, rack space and weight loading.
Virtualisation technology enables the hosting of multiple
virtual servers on a single physical server, thus reducing the
number of servers needed and the corresponding server
resource requirements. Equally attractive is the ability to
move virtual servers automatically from defective to working
server equipment, thereby enhancing system availability.
However, it is challenging to implement a virtualised GIS due
to the significant processing power needed to handle the large
amounts of geospatial data.

Through feasibility testing and optimisation studies with
GIS server software in a virtualisation environment, it was
established that virtualisation can be used for the enterprise GIS
infrastructure, including web, application, GIS and geospatial
database servers. However, there are situations where a virtual
solution is ill-advised; for example, where high volume data
creation is required, such as the generation of large areas of
map data cache. Thus, virtualisation can be applied selectively
to the enterprise GIS to reduce the requirement for server room
resources and improve software reliability and performance
management.

Data and Service Synchronisation
The enterprise GIS can consider either a centralised or a
distributed design. When the system needs to spread across
a wide area and the geospatial data are distributed at different
locations, applications and processes must be designed to
synchronise both the geospatial data and services to ensure
consistency. The design of the applications and processes
needs to take into account the usage profile, the system
and network infrastructure, the size and type of the
data and services to be synchronised, and performance
requirements. By integrating technologies including GIS
server, geospatial database, bandwidth control, file transfer
and file synchronisation, the synchronisation process can be
automated.

One-Stop Geospatial Portal
To provide quality assurance for geospatial data coming from
different sources in an enterprise GIS, one approach is to have
a central and authoritative point of access for the information.
Common reference data should be made accessible to many
users. A solution to this is a single one-stop geospatial portal
that provides a way to browse and search the list of enterprise
GIS services. It is akin to an online library for the enterprise
GIS data and functionalities. Users can publish and share their
own map services that are useful to other users. Users can also
access it easily without having to know the details of where the
GIS service is residing. This enables scalability to encompass
new sites for GIS sources.

Geospatial Analysis
Geospatial analysis is reliant on the availability of geospatial
data and may require complicated structuring of the data. For
example, to perform route calculation, the road network data
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needs to be available. The road network or graph needs to be
packaged in a vector data structure containing roads encoded
as polylines, road junctions as points, cost to travel in terms of
time or distance attributes as well as the road traffic rules and
preferences such as the one-way and no U-turn rules in the
data policies. Another example in the urban environment is that
natural terrain alone is insufficient for analysing visibility. Preprocessing is required to include buildings.
Besides being complicated, geospatial analysis can take
up too much time and resources; the enterprise GIS, on the
other hand, can handle this centrally. For example, analysis
services can be distributed across processors and machines to
enhance performance. Bandwidth utilisation can be reduced by
returning results as vectors. Analysis processing is performed
on the servers, making it available to anyone with access to the
analysis services via desktop, web or mobile devices. These
tools become accessible by users as well as other systems.
This gives the flexibility to develop new tools by combining
existing tools in a user-specific workflow.

Lightweight Rich Client
One of the key components in the enterprise GIS is the client
software. A lightweight browser-based client with rich features
complements the SOA, helping users access the enterprise
GIS services seamlessly and providing pervasive access by
any device platform that can run a common browser. With a
browser-based client, GIS data and services are accessible
from everywhere, thus expanding the reach of the system. The
web application is centralised at the server, allowing for ease
of deployment and maintenance at the server and requiring
zero deployment effort from the client. This also enables a
consistent information and functionality interface.
The powerful and accurate backend infrastructure would be
in vain if there was no software for clients to access it in a
simple and intuitive manner. Similar to the consumer world,
user experience in terms of simplicity and intuitiveness plays
an important role in developing the enterprise GIS system.
Therefore, a significant amount of effort was focused on the
user experience in the development of the client software. The
following are the key design considerations.
a) Richness – Richness in features is a fundamental
requirement for enterprise GIS. In military context, operations
such as military manoeuvre planning, line-of-sight analysis
and visualisation are usually sophisticated. This involves
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computations such as geometry intersection, datum
transformation and geodesic computation. Hence, the Rich
Internet Application framework is adopted for richness in
functionality while taking advantage of web-based design.
b) Reach – Clients in an enterprise system are geographically
distributed, and the client machines number in the hundreds
or thousands. Efforts towards software deployment and
upgrading in such a large-scale system are significant, and
is one of the critical considerations. Hence, the web-based
GIS technology is adopted for easy deployment and quick
capability rollout. Such web-based design enables pervasive
access to the backend GIS capabilities.
c) Responsiveness – Geospatial data can be large and
processing can be time-consuming. If this leads to an
unresponsive application, the application will not be able

to gain acceptance by users. A number of development
techniques is used to boost the responsiveness. In addition
to leveraging the usual multi-tasking mechanism, data caching
is used extensively to avoid duplicate access to network
data. This is critical in an SOA-based enterprise GIS where
significant volume of data access is performed via network.
Finally, background processing and progress indicators for
long-running geospatial processing are also important.

CONCLUSION
With a quantum increase in the amount and variety of data,
an enterprise GIS has become a key component to help
users unify these data. Guiding the design of the enterprise
GIS are the principles of accuracy and consistency, which are
critical in a system for defence. The overarching architecture
considerations including standards, coordinate reference
systems and SOA, are grounded on these two tenets. The
practical design of the enterprise GIS should consider
integration with quality control processes, virtualisation
technologies, as well as data and service synchronisation. It
should also consider the applications of a one-stop geospatial
portal, geospatial analysis and the design of a lightweight rich
client for faster deployment, universal access and improved
user experience.
The enterprise GIS will evolve with the need for smarter decision
making and with developments in smart mobile, big data and
cloud technologies. The future face of the enterprise GIS will be
different but it will certainly be central to these changing needs
and developments.

DEVELOPMENT OF ENTERPRISE GIS FOR DEFENCE

ACKNOWLEDGEMENTS
The authors would like to thank Mr Tan Chee Ping and Mr
Mui Whye Kee for their support. They would also like to
acknowledge Ms Yau Yingshan and Mr Koh Chee Kiong for
their contributions to the paragraphs on geospatial analysis
and virtualisation as well as quality assurance and data
synchronisation respectively.

REFERENCES
Bomford, G. (1971). Geodesy. UK: Oxford University Press.
Geodesic. (2013). In Wikipedia. Retrieved February 8, 2013,
from http://en.wikipedia.org/wiki/Geodesic
Geodesy Subcommittee of International Association of Oil
& Gas Producers (OGP). (n.d.). EPSG geodetic parameter
registry. Retrieved from http://www.epsg-registry.org/
Geographic Information System. (1995). In Dictionary.com.
Retrieved
from
http://dictionary.reference.com/browse/
Geographic%20Information%20System
GeoIdee. (2013). Locally optimized transformation parameters
for Pulkovo-1942 datum. Retrieved from http://www.geoidee.
ch/doku.php?id=news:locally_optimized_transformation_
parameters_for_pulkovo-1942_datum

National Imagery and Mapping Agency. (2000). Department
of Defense World Geodetic System 1984: Its definition and
relationships with local geodetic systems. Retrieved from http://
earth-info.nga.mil/GandG/publications/tr8350.2/wgs84fin.pdf
OGP Geomatics Committee. (2012). Coordinate conversions
and transformations including formulas (Geomatics Guidance
Note Number 7, Part 2). Retrieved from http://info.ogp.org.uk/
geodesy/guides/docs/G7-2.pdf
Open Geospatial Consortium. (2013). Retrieved from http://
www.opengeospatial.org/
Singh, S. K. (2002). Coordinate transformation between Everest
and WGS84 datums – A parametric approach. Retrieved from
http://www.gisdevelopment.net/proceedings/asiangps/2002/
gpsdp/trend004.htm
Wade, T., & Sommer, S. (Eds). (2006). A to Z GIS: An illustrated
dictionary of geographic information systems. Redlands,
California: ESRI Press.
World Geodetic System. (2013). In Wikipedia. Retrieved
February 8, 2013, from http://en.wikipedia.org/wiki/World_
Geodetic_System

Geospatial. (2009). In Dictionary.com. Retrieved from http://
dictionary.reference.com/browse/geospatial
Great-circle distance. (2013). In Wikipedia. Retrieved February
8, 2013, from http://en.wikipedia.org/wiki/Great-circle_distance
Harding, J. (2007). Vector data quality: A data provider’s
perspective. In R. Devillers and R. Jeansoulin (Eds.),
Fundamentals of spatial data quality. London: ISTE Ltd.
ISO/TC 211 Geographic information/geomatics.
Retrieved from http://www.isotc211.org/

(2013).

Map projection. (2013). In Wikipedia. Retrieved February 8,
2013, from http://en.wikipedia.org/wiki/Map_projection
National Geospatial Intelligence Agency. (2013). DMA technical
manual 8358.1: Datums, ellipsoids, grids, and grid reference
systems. Retrieved from http://earth-info.nga.mil/GandG/
publications/tm8358.1/toc.html

DSTA HORIZONS | 2013/14

21

ENDNOTES

BIOGRAPHY

1

“Geographic Information System (GIS) is a computer system
for capturing, storing, checking, integrating, manipulating,
analyzing and displaying data related to positions on the earth’s
surface.” (Geographic Information System, 1995).

NG Chee Wan is a Senior Principal

Engineer (C4I Development) looking at
new developments for the GIS. He led the
development of enterprise GIS infrastructure
and software as well as in-house GIS

2

Geospatial means “of or relating to the relative position of
things on the earth’s surface” (Geospatial, 2009).
3

“An Enterprise GIS is a geographic information system
that is integrated through an entire organization so that a
large number of users can manage, share, and use spatial
data and related information to address a variety of needs,
including data creation, modification, visualization, analysis,
and dissemination.” (Wade & Sommer, 2006)
4

For example, currently there are 3,684 projected Coordinate
Reference Systems (CRS), 440 geographic 2D CRS and 84
geographic 3D CRS, among others, in the EPSG Geodetic
Parameter Registry. (Geodesy Subcommittee of OGP, n.d.)
5

The term “geodesic” comes from geodesy, the science of
measuring the size and shape of Earth; in the original sense,
a geodesic was the shortest route between two points on the
Earth’s surface, namely, a segment of a great circle. (Geodesic,
2013)
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