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Abstract The United States National Imagery and
Mapping Agency (NIMA) is an information providing
organization which must cope with large volumes of data
supplied by various imagery sources.  These image data
types are or will be used to support policy makers and
military commands.  In supporting these decision-
makers, accuracy and timeliness are critical for solving
difficult problem sets.  Fusion of various image data
types provides increased data dimensionality that could
lead to more robust solutions to these customers’
problems.  NIMA needs to assure significant
improvement in processing algorithms and achieve
greater efficiencies to adequately perform our future
mission functions.

NIMA is transitioning to digital image data processes
requiring softcopy exploitation of enormous data
volumes.  This, coupled with rapid changes in digital
technologies, is providing fertile ground for the
application of fusion concepts to improve organizational
performance.   Imagery fusion products show potential
for improvement of NIMA’s work on Assisted Feature
Extraction/Assisted Target Recognition, Change
Detection, Modality Understanding, Site Modeling, and
Terrain Visualization. Like other data and imagery users,
NIMA needs to make image fusion advances that will
highlight important information and present more
information than is evident in individual images.  These
increases in information should provide for improved
efficiency, reduced uncertainty, and enhanced
performance.  As multi-modality image registration and
fusion techniques mature they could be critical enablers
to NIMA’s future success. NIMA and the United States
Imagery and Geospatial Information Service will benefit
from advanced enabling technology research in these
areas.
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1 Introduction

In today’s political and military environment, it is
becoming increasingly difficult to predict where in the
world geospatial information will be required. When the
needs arise, responsiveness is measured in hours and days

versus production cycles of months and years normally
needed to supply standard map, chart and digital product
coverages.  Users see advances in geospatial technologies,
networking, and virtual displays, and they expect to see
these capabilities fielded quickly, in integrated packages,
to support their missions. Information needs of many
operational users are changing. The Global Positioning
System (GPS) provides reliable navigation, day or night,
on the move, within meters. This capability challenges
the accuracy of traditional maps, charts, and geospatial
databases.

Today, space-borne and air-borne sensors provide
unprecedented visibility of our globe, at ever-increasing
resolution, in more parts of the electromagnetic spectrum.
Licenses have been granted for industry to sell high-
resolution imagery. Mapping-quality radar imaging can
provide data in cloud covered and night time conditions.
Multispectral imaging supports environmental
monitoring and offer some types of automated feature
classification. Increasingly, anything in the open can be
observed or targeted and engaged given an accurate
geodetic position.

Automation, networking, and advances in
standardization are turning imagery and geospatial data
collection and information production into a more
collaborative discipline that can tie work together through
spatial referencing.  As a result, confusion about
accuracy, sources, and geodetic reference systems used in
these processes can no longer be tolerated.

2 What is NIMA?

The United States of America National Imagery and
Mapping Agency (NIMA) was established October 1,
1996 to address the expanding requirements in the areas
of imagery, imagery intelligence, and geospatial
information. It is a Department of Defense (DoD) combat
support agency that is assigned an important, additional
statutory mission of supporting national-level
policymakers and Government Agencies. NIMA is a
member of the Intelligence Community and the single
entity upon which the U.S. Government now relies to
coherently manage the previously separate disciplines of
imagery and mapping.

2.1 NIMA Mission

The mission of the NIMA is to provide timely, relevant
and accurate imagery, imagery intelligence and



geospatial information in support of the national security
objectives of the United States military forces, it’s policy
makers and civil users.

2.2 NIMA Vision

The vision of the NIMA is to guarantee the information
edge.  NIMA is committed to ensure information
superiority in the 21st century battlespace.  By providing
customers with ready access to the world's best imagery
and geospatial information, NIMA provides critical
support for the national and international decision
making processes and contributes to the high state of
operational readiness of America's military forces, as well
as civilians for their operational arena.  By guaranteeing
the Information Edge:

• Our information provides the common reference
framework for planning, decisions, and actions
such as dominant battlespace, situation awareness,
and information visualization.

 
• Our customers will have ready access to the

databases of imagery, imagery intelligence, and
geospatial information that we acquire or produce.

 
• Our information is used to create tailored,

customer-specific solutions.
 
• Our information enables our customers to visualize

key aspects of national security problems.
 
• Our people's expertise is critical to acquiring or

creating the information that gives the advantage
to our customers.

2.3 Functional Manager for the Imagery and
Geospatial Information Service

NIMA is functional manager for the Imagery and
Geospatial Information Service and is moving to an
information-centric environment that enables NIMA to
create tailored mission specific data sets and customers to
tailor their own information.

2.3.1 What is geospatial information?

Geospatial information is any data that has associated
with it some contextual, spatial, and temporal reference.
Information about any object-natural or man-made that
can be referenced to a specific location on the earth. It
conveys the ‘what “ and “where”.  Imagery, by itself or
fused, is a primary source for geospatial information.
Geospatial information can take many forms such as
mono and stereo imagery; a map, chart, or navigation
aid, whether on paper or electronic medium; digital
elevation and terrain assessment data; geophysical data
(e.g., gravity, geodesy, magnetics); nautical and
aeronautical safety information; a set of coordinates
associated with a feature description.

There is a geospatial perspective that supports a broad
range of national security decision makers, planners, and
warfighters in the execution of their missions. A
comprehensive and accurate geospatial perspective
supports agile global response through information
superiority in the face of rapidly changing conditions.

2.3.2 Why is geospatial information important?

Geospatial information is needed by a wide variety of
users with both global and domestic requirements. These
users include members of the national security, defense
and intelligence communities, our international partners,
as well as members of the civil, academic and
commercial communities. Together, they represent a
diverse set of missions including emerging management,
economic development, environmental analysis,
diplomatic readiness, and strategic deployment.

Despite the diversity of needs, all of these users share
the requirement for a common set of global geospatial
information. This information must be detailed enough to
support the analysis of global and regional trends, serve
as the frame of reference for the fusion of information
from other domains, and support rapid intensification
with more detailed geospatial information to meet
mission specific requirements.

The user’s potential for mission success will be
improved by providing assured access to a consistent set
of geospatial information with known accuracy, quality,
and lineage keyed to a shared framework. This
framework will provide the common base for the fusion
of information needed to support tailored views of the
mission space.

2.3.3 Who are the users of geospatial information?

Our experience since the end of the Cold War points out
changing public expectations about global engagement
and warfare. The key global threats are the results of
demographic trends, growing humanitarian needs,
resource scarcity, proliferation of weapons of mass
destruction, rejection of western culture, terrorism, and
the drug trade. Political action and diplomacy, first on the
line to counter these threats, are becoming increasingly
inter-agency requiring a common information framework
across organizational boundaries. Diplomacy carries the
nation’s flag and reputation, and is expected to prevail.
The defense and intelligence community needs geospatial
information to achieve Joint Vision 2010. Dominant
maneuver requires a near-global foundation of accurate,
current geospatial information to be ready for strategic
deployment as well as intensification of that foundation to
support operational and tactical maneuver. Precision
engagement means that our forces must be able to find
and accurately geo-position targets as well as maintain
command and control with the full knowledge of where
our forces are within the mission space.  Military
deployment, when required, must be rapid, smooth, and
convincingly trouble-free to be a deterrent in its own



right. Military force, when applied as a last resort, must
be precise and overwhelming while keeping friendly
casualties and collateral damage at a minimum and
avoiding friendly fire or civilian casualties. The national
security community needs a global set of geospatial
information to support diplomacy, non-combatant
evacuation operations, assessment of national security
threats, humanitarian and disaster relief efforts, and the
deterrence of war.

The civil, academic and commercial communities are
interested in how geospatial information might advance
domestic security. Civil agencies see opportunities for
spatially referenced information across a broad range of
applications such as urban planning, agriculture
management, weather monitoring, disaster relief, and
environmental cleanup. The academic community seeks
to expand our understanding of geographic processes and
spatial relationships through improved theory, methods,
technology, and data. Industry sees many new
opportunities to spatially reference information such as
income, real estate, insurance liability, communication
networks, and automobile navigation systems to create a
competitive edge.

3 Need for Information Superiority

Information superiority is the key to success in our
economic, diplomatic and military ventures. Working for
peace, opportunity and durable democratic advances in
complex political, social and cultural systems, and
stressed physical environments, requires a full range of
reliable information tools. Diplomacy must be grounded
in social, political, economic, military and geographic
understanding.  Information superiority is a precondition
to Full Spectrum Dominance sought by our Armed Forces
in the 21st century. The Chairman of the Joint Chiefs of
Staff’s Joint Vision 2010 (JV 2010) notes that dominant
maneuver, precision engagement, full dimensional
protection, and focused logistics all depend on
information superiority. Full-dimension protection
requires understanding of vulnerabilities that can only be
obtained through superior knowledge of the mission
space, to include the position of and potential threat from
enemy forces. Focused logistics will require a shared
framework of near-global geospatial information to
provide locations and routes essential to planning and
execution. No negotiations can be conducted, no forces
can move, no weapons can be brought to bear, no forces
can be protected, and no support and supplies can move
without a sense of location, an understanding of
surroundings, and an understanding of the influence of
mission space on the operation. Geospatial information,
imagery, and imagery intelligence underpin information
superiority.

Our international partners in global security share our
need for geospatial information. Canada, Australia, and
the United Kingdom have actively participated in the
work to date. We envision an ever-expanding

requirement for sharing geospatial information with
international partners in diplomacy, economic ventures,
and military operations.

3.1 Current Operational Environment

Within the DoD, today’s warriors must cope with long
lead times for the production and delivery of standard
map and chart products, and they must also find their
own ways to effectively integrate digital data from
currently stove-piped independent information flows.

To support decision making, many users rely on
hardcopy maps and charts and employ manual overlays to
integrate and analyze information from other domains.
Some users have state-of-the-art automated information
tools, but they lack the types of data and area coverage
needed to support their missions.  It can be said that
today’s systems have many windows but no integrated
view. Information users, be they policy makers for
political, economic, social crises or natural disasters,
military operation planners, or the soldiers in the field,
have to use pieces of information available for them
rather than looking at the common operational picture
which provides a holistic view of the real world.

In today’s environment, it is increasingly difficult to
predict where geospatial, imagery, and imagery
intelligence information will be needed.  With this in
mind, NIMA has launched an effort to produce global
coverage of fundamental geospatial information as a
framework for detailed Mission Specific Data Sets
(MSDS).  A one-degree by one-degree cell of Feature
Foundation Data (FFD), with an average data density,
takes 2200 labor hours to generate.  The goal is to reduce
this to less than 700 labor hours.  Parts of these savings
are expected to come from increased availability of high-
resolution terrain data such as from the successful Shuttle
Radar Topography Mission (SRTM) in February, 2000,
which collected radar images of nearly 48 million square
miles of the Earth during the 11-day mapping mission
(the processing of the trillion measurements will take
about two years).  Another part will come from using
high resolution multispectral imagery such as from the
Space Imaging Company’s IKONOS and commercial
hyperspectral imagery sources like AVIRIS.  By fusing
these various commercial imagery types, efficient and
accurate automated/assisted feature extraction and target
recognition could be achievable with much-reduced labor.

4 Future

At any time, there must be seamless, consistent near-
global availability of critical geospatial information for
the policy maker and military planner.  It must include
safety information to support global air and sea
navigation.  This common geospatial frame of reference
provided by Feature Foundation Data will also support



the fusion of geographic information that has
traditionally been published in text form.  As more
information producers understand the ability of today’s
technology to spatially correlate textual information with
geographic features, new and more powerful sources of
information will become available.

NIMA intends to use multi-sensor imagery from both
national and commercial imagery sources to produce the
FFD and MSDS needed to support using the full
complement of relevant information within a
collaborative environment. Spatially-controlled, high
resolution, interoperable commercial solutions which are
easily accessible and platform independent will be key
enablers. This will foster the use of supporting analysis
tools and 3-D displays to produce tailored, time sensitive
views of combined data and information, leading in turn
to intuitive decision making about multiple courses of
action.

5 Need for Fusion Technology

Analytical tools are being used today to assess the impact
of the environment on operations. Three-dimensional
visualization systems are also becoming part of the
operational suite for diplomatic missions (such as the
boundary negotiations conducted at Dayton during the
Bosnian peace talks) and for mission planning and
rehearsal. These tools have been data-hungry for some
time. If true information superiority is to be achieved,
better methods must be found to exploit new data sources
and provide the timely and accurate geospatial
information needed to support current and future
visualization systems and tactical decision aids.

The user community must have available to it a
common geospatial framework and approved applications
for adding value (updates, corrections, more detail) and
manipulating, analyzing, and displaying geospatial
information in decision aids and situation displays.  Users
must also be able to co-register and fuse other spatially
controlled data to create an integrated view of the mission
space.

This common geospatial frame of reference will also
support the fusion of geographical information that has
traditionally been published in text form. As more
information producers understand the ability of today’s
technology to spatially correlate textual information with
geographical features, new and more powerful sources of
information will become available.

To support validated area requirements, there must also
be higher resolution mission-specific data. Examples
include more detailed imagery, elevation data, and
feature information over selected areas to support such
operational requirements as noncombatant evacuations,
counter-drug initiatives, and military contingencies.

Figure 1  The future: an integrated view

If true information superiority is to be achieved, better
methods must be found to exploit new data sources by
fusing image to image or image to existing geospatial
data to provide change detection capabilities and the
timely and accurate geospatial information needed to
support current and future visualization systems and
tactical decision aids. Better information can be gleaned
by fusing multiple-modality imagery, than can be gleaned
from individual imagery sources. More efficient and
accurate feature data extraction and assisted target
recognition can be accomplished.  Also fusing multiple
modality and different platform sensor data can reveal the
uniqueness of modality that will aid understanding of
modality and better support  human reasoning.

Future decision aids will build upon these capabilities
to present relevant information in ways that assist human
thought and decision making. To do this, and to build
trust in the user, the information must be sufficiently
complete, current, positionally correct, and accurately
described. Any uncertainties in information must be
communicated effectively, and information from various
sources must hang together logically. Displays must
present information relevant to tasks without losing
context, and users must be able to query, or “drill down”
to any information that might be critical to understanding
a situation.

5.1 Image/Data Fusion

Enabling data fusion technology and increased
availability of high-resolution multi-modality commercial
imagery will allow NIMA to achieve the future vision by
supporting automated feature extraction and 3-D
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visualization of the world.  NIMA envisions the Data
fusion as depicted in Figure 1.

A Data Fusion and Analysis Technology Guideline that
resulted from a series of recent U. S.
Government/industry reviews of technology futures for
imagery and geospatial systems planned over the next
two decades, provide the following targets for NIMA
developments:

• Target 1 (present-2002).  Continue developing
methods to improve image positional
information, and improve data extraction
capabilities, profiled dissemination, and
enhanced workstation capabilities.  NIMA needs
to encourage commercial development of
capabilities for fast registration and
simultaneous display of multi-sensor images.
Continue development of near-real-time cross-
sensor cueing systems.  Initiative efforts to
develop database management systems to
integrate spatial, temporal, relational, and
textual information.  Prototype 3-D site
modeling capabilities in operational exploitation
and distributed simulation environments.

 
• Target 2 (2003-2008).  Develop methods to

improve air breather image positional
information and improved air breather
geopositioning, additional imagery/geospatial
product types, and imagery/geospatial
management.  Improve methods for cross-sensor
collection tasking.  Develop prototype
hyperspectral exploitation systems.  Continue
development of integrated database management
systems.

 
• Target 3 (2009-2014).  Develop robust systems

for imagery-based and multi-sensor based cueing
and altering to meet the needs of warfighters and
imagery tasking management, and hyperspectral
capabilities, all-sensor processors, enhanced
analysis tools, and reason-based applications.
Integrate hyperspectral analysis methods into
National and tactical exploitation organizations.

The vision at the front end of the analysis process is to
assimilate imagery and geospatial data from a variety of
sources and platforms quickly and bring to bear all
relevant supporting information.  Theoretical and
technical advances such as statistical probability, neural
networks, or logical approaches for sensor fusion, image
fusion, database fusion, knowledge-based systems,
information modeling and learning-like algorithm
development should provide tools for NIMA to tackle
problem centric applications.  At the back end, the vision
is to combine past and current information in order to
detect events (changes, observed targets, etc.), recognize
their significance, and put them in context.

Key aspects of the vision are rapid access and display
of spatially and temporally aligned data – registered
multi-source images, properly sequenced and merged
with other data – to facilitate data thinning and
correction.  Examples of data fusion and analysis include:

• Use of registered literal images and maps to help
interpret non-literal images

• Use of high resolution past imagery or geospatial
coverage to help improve the intelligibility of
current, lower resolution data

• Determination of normalcy conditions and
detection of significant variance from normalcy

• Identification of event precursors and their rapid
detection in imagery or geospatial data

• Use of physical object models derived from a
variety of sources, combined with illumination
and sensor models, to predict and hypothesize
the appearance of objects and features in
imagery or geospatial data

• Use of site models that include accurately
positioned objects and features, attributed from
open sources, as semantic context to interpret the
current (registered) imagery or geospatial data.
Retention of historical site models to provide
temporal context.

5.3 NIMA’s Future Directions in Fusion

The most significant needs for development in data
fusion technology are:

• An order of magnitude improvement in the
positional information to support accurate multi-
sensor imagery and geospatial registration

• Fast registration and simultaneous display of
imagery and geospatial data from a variety of
sensors

• Integrated database management of spatial,
temporal, relational, and textual information to
realize significant improvements in data fusion

• Improved methods for viewing complex multi-
dimensional imagery and geospatial data and
presenting results derived from multi-
dimensional analysis

• Cost-effective methods for constructing models
of physical objects, 3-D models of sites of
intelligence and military interest, and doctrine
models

• Syntactic and semantic frameworks for codifying
knowledge and hypotheses needed for the
development of prototypes of effective cueing
and alerting systems.

6 Conclusions

NIMA, like other government, industry, and academic
organizations, is faced with a range of opportunities and
challenges due to the wealth of commercial sensor
imagery and geospatial and intelligence information
sources and needs.  It is critical for NIMA toapply
promising technologies to more efficiently turn raw



imagery into usable geospatial and imagery intelligence
information.  With increasingly ubiquitous high
resolution commercial imagery and derived geospatial
information, data fusion technology which provides
accurate human understandable information is critical for
NIMA’s mission.

Data fusion technologies, particularly in image
geopositioning, integrated database management systems,
3-D site modeling, and cueing methods, are some of the
most critical areas that NIMA needs to make progress in
developing.  Continued Government and commercial
investments involving models of physical systems are
anticipated to solve problems related to transportation
systems, manufacturing processes, and modeling complex
3-D objects to visualize the real world.

NIMA intends to leverage and invest in the private
sectors, including academia and the commercial market
place, to develop the fusion technologies critical to the
successful implementation of imagery and geospatial
systems.

We are counting on your researchers and industries for
our success.
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