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ABSTRACT 

FalconView™ is a non-proprietary government off-the-shelf application for displaying and analyzing geographical 
data crucial to the warfighter.  Its ease of use and wide variety of applications has made it the application of choice 
for the warfighter and the standard for geographic mission data interchange in Iraq and Afghanistan.  As part of the 
enhancements for FalconView 4.1, Georgia Tech Research Institute (GTRI) is integrating ESRI® technology from 
the Commercial Joint Mapping Toolkit (C/JMTK) into FalconView™.  ArcGIS components are being used to allow 
FalconView users to display data from web services, geodatabases and finished ArcMap (.mxd) files in the same 
context as other information used by the warfighter such as aeronautical routes, navigation information, and threat 
information.  This paper will outline the techniques used to integrate these features.  It will also present the features 
of the finished product and its user interface. 
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Integration of FalconView™ and C/JMTK 

Overview of FalconView

FalconView is the mapping and visualization 
component of the Portable Flight Planning System 
(PFPS).  Initially, the system was used primarily as a 
pre-mission planner, but later enhancements have 
added support for in flight situational awareness, re-
planning, and after action review. The US 
Department of Defense and allied nations use 
FalconView extensively. 

Developed by the Georgia Tech Research Institute 
(GTRI), the software displays a wide variety of map 
and imagery products from the National Geospatial-
intelligence Agency (NGA) and from commercial 
sources. On top of these map backgrounds, 
FalconView draws a variety of geospatial data as 
overlays. 

Common overlays include: 
Routes 
Missile Systems (Threats) 
ESRI Shape Files 
DAFIF®1

GPS Trails 
User Drawings 
User Defined Point Databases 
Terrain Shadows 
Vertical Obstruction Data 

PFPS began as a low budget tool for use within the 
Air Force National Guard.  Because of its 
functionality and ease of use, its usage spread from 
user to user through all of the services and 
FalconView is now used by a much larger user base 
than its original aircraft mission-planning 
community.  

Version 3.2 released in 2002 was a milestone because 
it added significant third party developer support to 
FalconView.  As programmers learned how they 
could extend the functionality of FalconView, a 
plethora of new applications were developed by other 

                                                          
1 DAFIF® is an acronym for Digital Aeronautical 
Flight Information File. It is an NGA produced 
database of flight planning information including 
airport runway locations, airspace boundaries, 
navaids, airways, military training routes, refueling 
tracks and waypoints. 

government program offices and even by end users 
who used Microsoft Visual Basic to automate tasks 
for their specific needs. 

Today FalconView supports a robust set of 
application programming interfaces which allow 
diverse applications to fuse their information into a 
single coherent picture of the user’s area of interest.  
The users know that data produced on FalconView 
can be shared with other branches of the armed 
services and coalition partners who have PFPS 
through the Foreign Military Sales program. 

PFPS and the Software Developers Kits associated 
with it are “government-off-the-shelf” and are 
available free of charge to US DoD users and DoD 
contractors. 

Figure 1: FalconView with a variety of overlays 

Interoperability
FalconView began life as a traditional “stovepipe 
system” but it was valued for its ease of use and 
functionality over other “stovepipe systems.”  As 
more features were added and more communities 
adopted FalconView, it became obvious that all the 
communities could not be satisfied by a single 
monolithic program.  Therefore, the interfaces were 
opened up, first by publishing Interface Control 
Documents (ICDs) on the data formats and later by 
creating interfaces to the core software. 

Today FalconView has been incorporated into a large 
number of systems many of which are not part of its 
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initial target audience (Figure 2).  It is used in 
applications as diverse as whale tracking, searching 
for US service men MIA in Vietnam, tracking drug 
runners, and producing the President’s daily briefing 
booklet.  The DoD contractor community now has 
many development groups who have used the 
Software Developer Kits to integrate FalconView 
with their applications.  There are currently over 450 
registered developers and since there are no license 
restrictions within the DoD, the actual number of 
developers is likely much greater.  

Figure 2:  Some of the systems currently sharing 
data with FalconView 

Commercial / Joint Mapping Toolkit
The Commercial / Joint Mapping Toolkit (C/JMTK) 
is a collection of tools from various venders 
integrated by Northrop Grumman.  The kit includes 
standard ESRI’s ArcEngine™ and ArcDesktop™ as 
well as components designed for military 
applications such as the Military Analyst components 
(MOLE). 

Comparing C/JMTK with FalconView 

C/JMTK and FalconView do have some overlapping 
functionality but there are also a number of 
complimentary technologies in both.  C/JMTK is a 
“toolkit” - it is not an application.  It provides a 
number of software modules which can be integrated 
into a program to provide mapping functionality.  
FalconView is an application with a number of 
modules designed specifically for use within the 
FalconView application.

Figure 3: C/JMTK and FalconView functionality 
(based on a diagram by Paul Brown of MITRE) 

Figure 3 shows the relationship of some of the 
components of PFPS, FalconView and C/JMTK.  
Most of the overlap of FalconView and C/JMTK falls 
in the area of the FalconView Mapping Engine.  The 
Mapping Engine is a set of COM components used in 
FalconView and Joint Mission Planning System for 
rendering map information as a background.  
Traditionally this data has been scanned paper maps 
(CADRG) or satellite imagery (CIB).  It also supports 
Vector Product Format data (VMAP, DNC), and 
commercial standards such as GeoTIFF and MrSID 
data.  C/JMTK can also display these data formats.  
FalconView has traditionally been more focused on 
raster data and C/JMTK on vector data and both have 
some areas that are stronger than that of others. 

Outside the overlap regions is FalconView 
functionality such as robust route planning, large 
scale web-based map services, DAFIF, CHUM 
handling, and C/JMTK.  Incorporating C/JMTK 
functionality into the FalconView application gives 
users access to the C/JMTK capabilities. 

Integration of C/JMTK into FalconView 4.1
US Special Operations Command realized the 
potential of leveraging C/JMTK in FalconView and 
funded its integration into FalconView 4.1.  The 
initial desire was to read Shape Files and Personal 
Geodatabases.  Once the initial implementation was 
complete, it became apparent that utilizing web 
services to map feature data would provide access to 
a wide variety of valuable data for the warfighter. 
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Figure 4:  Screen Capture of Weather Data 
Drawn into FalconView Using ArcEngine 

The engineers from Georgia Tech met with engineers 
from ESRI and developers for the Air Force Weather 
Agency (AFWA).  After a two day integration 
meeting, FalconView was actively consuming web 
mapping and web feature services from AFWA and 
other web sources using components from ArcEngine 
(Figure 4). 

Approach 
FalconView is an existing product with hundreds of 
third party applications developed to its existing 
interfaces.  It was not practical to entirely replace the 
existing framework with an ESRI based mapping 
component.  To solve the problem, Georgia Tech 
chose to implement a new type of FalconView 
overlay which can draw interleaved with any of the 
existing FalconView overlays.  This new “GIS 
Overlay” uses ArcEngine to render feature classes 
off-screen and re-projects the resulting raster image 
to into FalconView using a “rubber sheeting” method 
to compensate for differences in projections. 

Figure 5:  The GIS Overlay is drawn into memory 
with ArcEngine and then is projected onto the 
FalconView map. 

The GIS Overlay implements an OnDraw method 
which is called by FalconView to perform the 
following steps: 

1. The overlay loads parameters of the 
FalconView map such as boundaries and 
scale.

2. The overlay iterates through each ArcEngine 
ILayer to be drawn and examines its 
MinimumScale and MaximumScale 
attributes.  Theses attributes are compared to 
the attributes of the map being drawn upon 
in deciding to draw or not to draw the layer.  
This step is necessary because FalconView 
calculates scale based on the native 
resolution of a scanned chart or background 
image whereas ArcEngine calculates scale 
based on the resolution of the output device. 

3. The overlay uses an ArcEngine 
ExportBMPClass to export the layer to a 
bitmap file with an associated world file. 

4. The exported bitmap file is loaded into the 
FalconView image library.  The overlay 
creates a four-by-four matrix of tie points 
that map the exported bitmap to the 
FalconView map on which the overlay is 
drawing.  The image library then uses a 
bicubic interpolator to do the rubber 
sheeting and returns an array with the 
mapped image.  In the mapping process, the 
background color of the exported bitmap is 
considered transparent.  Alpha values are 
calculated for each pixel along with their 
corresponding RGB values. 

5. The overlay draws the mapped image onto 
the FalconView map. 

Loading and Saving Maps 

FalconView associates each different kind of overlay 
with a particular file type.  In the case of the GIS 
Overlay, the associated file type is the ArcGIS Map 
Document (.mxd file).  If the FalconView user opens 
an existing .mxd file, the map data will be drawn into 
FalconView; if the user creates a new GIS Overlay, a 
new, empty, Map Document is created, to which the 
user may add layers via the Manage Layers form, 
described below. 

The advantage of this format for loading and saving 
documents is that the user may create a map in either 
FalconView or ArcMap and still view and edit the 
map in either application.  There are many editing 
features provided in ArcMap that are beyond the 
scope of FalconView, but the user may access the full 
power of ArcGIS in FalconView by editing his maps 
in either application. 
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The GIS Overlay maintains an internal collection of 
ArcEngine IMapDocuments so that the user may 
open more than one .mxd file simultaneously. 

The Manage Layers Form 
When the FalconView user opens the GIS Overlay 
Editor, the Manage Layers Form appears (Figure 6).  
This Form includes an ESRI TOCControl, as well as 
several other controls used for managing layers. 

Figure 6:  From the Manage Layers form, the user 
may open an ArcDesktop GX Dialog to browse for 
feature classes to add to the Map Document. 

The Manage Layers form allows the user to perform 
the following tasks: 

Renaming layers. 
Changing layer symbology for the most 
common feature class types. 
Hiding layers based on scale. 
Changing the order of layers. 
Removing layers. 
Exporting layers to shape files based on a 
simple query. 
Changing layer labeling. 
Adding new layers via an ArcDesktop GX 
Dialog. 

The Manage Layers form appears as a separate 
button in the Windows task bar, allowing the user to 
move the form behind the FalconView window 
without closing the editor. 

Figure 7:  Layers may be exported to shape files 
based on a simple query.  The user may then add 
the exported shape file back to the map.  This 
provides a rudimentary way to symbolize features 
based on their data. 

The IGISOverlay Interface 
The GIS Overlay, which runs as a plugin for 
FalconView, exposes an interface, IGISOverlay, 
which third party applications can use to manipulate 
the map documents being drawn into FalconView.  
The interface is defined in C# as follows. 

public interface IGISOverlay
   { 

int MapDocumentCount { get; } 
IMapDocument GetMapDocument(int key); 
int ActiveLayer { get; } 
void SetLayerModified(int key); 
void RefreshLayers(); 

   } 

With access to the underlying map documents, a third 
party extension can query to get the ArcEngine IMap 
interfaces which can be used to query for the layers 
of the maps and their associated feature classes.  
With the feature classes in hand, the third party 
application can perform spatial queries or modify the 
features being displayed.  The ActiveLayer and 
RefreshLayers methods allow the third party 
application to inform FalconView that the map has 
changed and/or that it should be redrawn. 

Issues
At the time of development, C/JMTK only included 
ArcEngine 9.1.  ArcEngine 9.2 includes many new 
user interface features that allow for simple ways to 
add data and to change symbology, but the release 
schedule for FalconView 4.1 prevents GTRI from 
moving to 9.2 at this time.  One benefit to be gained 
from moving to ArcEngine 9.2 is that the toolkit 
provides enough new functionality to remove the 
requirement that ArcDesktop must be installed to use 
the GIS Overlay. 

Future Enhancements
While we expect the current version of the 
FalconView ArcGIS renderer to be extremely useful 
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to the warfighter there are number of enhancements 
which could be added to future versions of 
FalconView.

One such enhancement is the ability to perform ad-
hoc geographic queries without having to go through 
the IGISOverlay interface.  Most FalconView users 
do not have a strong academic understanding of 
Geographic Information Systems, but they use the 
underlying technology in PFPS regularly.  For 
instance, FalconView will analyze a route to 
determine the highest terrain points near every leg of 
the route.  It will also look for towers or power-lines 
within the route corridor.  To date these functions 
have been written for specific overlays and there are 
very few “general purpose” GIS capabilities exposed 
to the user.  Given the wide variety of data which will 
be available to the user through the new C/JMTK 
tools, it would be valuable to allow the user to fuse 
the data sources through ad-hoc geographic queries. 

For instance, a user may want to find the location of 
recently discovered Improvised Explosive Devices 
(IEDs) near a ground route.  Another user may want 
to determine if a aircraft route is likely to encounter 
unfavorable weather systems. 

Some of these functions only require the addition of a 
user interface to existing ESRI functionality while 
others would require new development to allow the 
C/JMTK tools to work with an existing PFPS data 
sources (such as a PFPS route).  The hardest part of 
the design will be to strike a balance between ease of 
use and flexibility. 

A second feature under consideration for future 
enhancements is web services based analysis.  In the 
initial implementation, FalconView with C/JMTK 
will allow users to view data served from a web 
service, but there be no way to send information to 
the server for further analysis.  One of the visions for 
the future of a web service based GIS system is the 
ability to us web services to perform analysis.  One 
such example, which is currently supported through 
the Navy’s Optimum Path Aircraft Routing System 
(OPARS), sends a route to a weather service to 

determine the expected effect on timing and fuel 
consumption. 

A general purpose solution would allow FalconView 
to take advantage of these types of web services 
without requiring special purpose code to be written 
on the client for each type of service. 

Conclusions
The integration of FalconView and C/JMTK will add 
significant functionality to FalconView and allow 
interoperability with a large number of existing DoD 
systems.  Of particular interest is the ability to 
visually fuse data from ArcIMS and other web 
mapping services with existing FalconView data. 

Our approach of using ESRI tools, allows the 
application to open any data source that is understood 
by ArcGIS.  The approach also renders the data using 
the same settings as viewing the data in the native 
C/JMTK tool or in ArcView. 
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