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ABSTRACT: Developing scenarios is a time consuming activity. There is a huge potential for saving time and money
if feedback from end users and subject matter experts can be collected at an early stage and used to update the
scenario.
Scenario development tools often provide the user with a rich set of functions to specify the initial spatial location of
entities and units on the terrain. In the scenario the sequence of events, often in the form of tactical graphics, are also
used to convey a common understanding of the total scenario layout. The scenario and conceptual model information
such as entity type enumerations plays a key part in the development of the federation. Early access to and sharing of
this type of information will reduce integration time and cost by ensuring that all participants have a shared common
view of the overall scenario.
This paper describes practical experiences from the JT2SE (Joint Training Transformation Special Event) federation
(shown in the JFCOM booth during ITSEC 2007) where a scenario was rapidly sketched in Google Earth, executed in a
CGF compliant with the Google Earth data formats and finally visualized to end users and SMEs in Google Earth. The
same scenario data was also recorded in a data logger and used for test and integration, for example by sending it to
participants for testing before the integration event took place.
Our conclusion is that, based on a mix of commercial technologies like Google Earth and SISO standards like HLA, the
scenario development time and presentation of scenario information will be greatly improved. Early access to recorded
data representing the scenario also reduced risk and integration time in JT2SE by allowing federate owners to perform
more extensive pre-integration tests.

1. Introduction
No matter if you are focused on simulation for training
or analysis purposes, the scenario that you are going to
use will be one of the most important things that you
may need to develop. The development will be a
serious and time-consuming effort. The resulting
scenario may also be one of the most important things
that you can later reuse.
For training purposes the scenario will form the base
from which participants will learn to maneuver, take
decisions and collaborate. It must provide a realistic
picture of the target environments and actors. It will
also need to provide relevant challenges for participants
to handle. While the Order of Battle (ORBAT) and the
associated behaviors may well be a challenge for
traditional warfare scenarios, it is even more difficult
for asymmetric warfare and peace support operations.
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On top of this, a realistic synthetic environment may
need to be developed which may take man-months even
with modern, semi-automated tools.
The same challenges exist for analysis purposes and a
few more can be added. In case we want to evaluate the
performance of a system or an organization we also
need to make sure that the scenario touches on the exact
aspects that we want to evaluate. For example: does the
aircraft fly just near the range of the sensors that we
want to evaluate. In some cases we will even need to
fine-tune the scenario against the resolution of the
models.
In practice the same scenario may well be reused for
both training and analysis purposes, much the way we
see simulation models being reused across these two
purposes.

Figure 1: Scenario drafting and implementation
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Among other things this paper describes experiences
from “scenario drafting” for an HLA [1] federation
where a rough scenario is quickly developed using
simpler simulation models. The draft is then discussed
with subject matter experts and management and
gradually refined. We also describe how this was made
possible using general purpose tools such as Google
Earth and Excel and, just as important, instantly
available commercial geodata.

In recent years new innovative ways of providing
geographical data has made geo-tagging and browsing
of information a popular way of sharing information on
the internet.

This is yet another case of a spiral development cycle
with several benefits as will be presented later. The
drafting versus implementation stage is shown in Figure
1, along with a mapping to the FEDEP [2] steps.
1.3 Test and Integration
During federation test and integration, substantial time
and effort is related to ensuring correct spatial
representation of simulated entities. Usually at least one
visualization-federate is part of the federation design.
The problem is that this federate is not always available
for use during federate tests and pre-integration testing.
Readily available and simple to use visualization tools
such as Google Earth [3] and Google Maps connected
to the federation can be used for early tests to detect
deviations from scenario, correctness of spatial
attributes and just odd behavior. During full integration
these applications combined with other 3D and 2D
viewer-federates provide essential feedback for terrain
correlation and scenario tweaking.

One of the main reasons for the popularity is the fact
that new streaming technologies only require thin client
applications where rich terrain information is streamed
on-demand instead of installing and loading huge
terrain data-sets. Another reason is the change in
business model that the vendors of these tools have
made. For personal use, Google Maps and Google
Earth can be freely downloaded and anyone can start
using these powerful tools within minutes.
Although 3D earth browsers and 2D online maps have
primarily focused on the consumer market, the
professional use of these tools and technologies are
increasing. Several new ways of integrating tools like
Google Maps and Google Earth in professional
applications have been developed and demonstrated.
Another step towards professional use is attempts to
standardize the way content is described.

2. Keyhole Markup Language
The Keyhole Markup Language (KML) [4] is the XML
based language used by Google Earth but also by other
2D map applications such as Google Maps and 3D
earth-browsers like NASA’s World Wind, ESRI’s
ArcGIS Explorer and Microsoft’s Virtual Earth.

Even if KML was originally developed by Keyhole, Inc
(later acquired by Google) it is now considered a de
facto standard for expressing geographic annotation
and visualization. The current version, KML 2.2, has
been submitted to the Open Geospatial Consortium for
standardization.

with VBA (Visual Basic for Applications) macros and
code to support export/import of KML data.

A typical KML file includes a set of placemarks,
images, polygons and 3D models used by applications
to display geographical information on a 2D map or in
a 3D earth browser such as Google Earth.
To provide more dynamic contents the KML also
provides a feature called Network Link. These links can
be used to dynamically load other KML files provided
through HTTP or a file-system. Network Links can be
set up to be reload periodically but the current
maximum update rate is 1 Hz. Loading from the
internet and processing KML files also adds to the
latency and the true update rate is often lower.
To include you own terrain imagery KML supports a
feature called ground overlays. This allows the user to
provide his/her own maps and place these over the
imagery provided by Google through their public
servers. There are some limitations on the size of these
overlays but there are also techniques to split images
and to load only those currently in view. If a richer set
of custom imagery and terrain data is required, a more
advanced software version, called Google Earth
Enterprise may be used.

3. Simulation Scenario Development
In any federation execution the scenario is a key
component. It describes the initial conditions of
simulated entities and main event that will/can occur
during the simulation. The Order of Battle (ORBAT)
describes the organizational structure and status of all
participating entities including their spatial attributes.

Figure 2: Scenario development data flow
The complete scenario information is kept in a master
Excel document with a set of tables to characterize the
initial conditions of all entities in the simulation. The
entity type information is also mapped to an
appropriate symbol (MIS-STD-2525B).
When exporting to KML, each entity in the scenario is
translated into a KML placemark with a location
matching the scenario and a reference to the
appropriate symbol.

Although KML is not enough to describe all scenario
information it can be used to augment other scenario
formats with a standard way of expressing some of the
spatial attributes. By using KML, parts of the scenario
can be viewed in e.g. Google Earth to provide
immediate feedback on placement, orientation, symbols
etc.
Furthermore, the use of built-in editing features of
Google Earth and the possibility to export KML data
makes it possible to use Google Earth to add and
modify some of the scenario contents. This however
requires that other scenario development tools can
import/export KML data.
3.1 Excel and Google Earth
In our experiments we have used Microsoft Excel as a
simple scenario/ORBAT editor. It has been extended

Figure 3: Sample JT2SE Google Earth
scenario data screenshot

The KML file can be loaded into Google Earth, Google
Maps or any other application supporting KML. We
used Google Earth as our primary tool for visualizing
the ORBAT. This also allowed us to use the editing
features of Google Earth to perform precision
placement of scenario entities.
After editing of the scenario in Google Earth, an
updated KML file was exported and reloaded in Excel
to update the master scenario document with added
entities and/or changed spatial attributes.
We also added additional VBA code to export the
scenario into a format used by Pitch Actors, a CGF
federate. This provided a quick and easy way of
generating relevant simulation data used during test and
integration.

Google Earth Pro
Google
Earth
Pro
Google
Earth
Pro

KML Network Link
Periodic http-request

http-response
KML <Update>

Pitch
GEadapter

PhysicalEntity
AggregatedEntity
MunitionDetonation
WeaponFire

HLA IEEE 1516 RTI / RPR-FOM v2.0

4. Test and Integration
Early access to relevant simulation data is essential to
minimize the cost of test and integration. The scenario
information developed using Excel and Google Earth
enables rapid generation and distribution of scenario
data to participating federates.

Figure 5: Connection between the federation and
several Google Earth viewers
To connect Google Earth to an HLA federation requires
an adapter that can translate HLA service
calls/callbacks and RPR-FOM [5] information into
KML. The adapter must also provide this KML to
Google Earth by making it accessible through a webserver.
Pitch GE Adapter [6] has been used in several
federations to map RPR-FOMv2.0 simulation data to
KML format. Using the Network Link feature of
Google Earth the RPR-FOM data in KML format can
be retrieved at a specified update rate from the Pitch
GE Adapter.

5. Practical Experiences Use-Case (JT2SE
Federation)

Figure 4: Scenario playback data flow
To support early pre-integration tests, a combination of
KML-capable CGFs and HLA recorder/playback
capabilities were used. Simulation data can be
generated by the CGF and published in an HLA
federation. Using Pitch Recorder the data can be logged
and distributed to all participants in the federation. By
replaying the recorded data each development team can
then stimulate their models with scenario-relevant
simulation data.
4.1 Using Google Earth as a Visualization Tool
Apart from using Google Earth to support scenario
development it can also be used as a visualization tool
during the execution of a federation. Simulated entities
can be displayed in Google Earth and be updated
continuously.

The U.S. Joint Forces Command (JFCOM) annual
I/ITSEC Special Event 2007 demonstrated a federation
of distributed Live, Virtual and Constructive (LVC)
simulation systems integrated using the latest HighLevel Architecture (HLA) IEEE 1516 standard.
Federation development based on the FEDEP began in
early spring of 2007 with initial planning and design of
the federation. By mid-June, draft versions of the
scenario and Order of Battle (ORBAT) was developed
using Google Earth, Microsoft Excel and PowerPoint
as the primary tools for documentation and sharing of
this information.
This allowed all participants to easily access and view
ORBAT and scenario information without having to
purchase more expensive and/or model-specific
scenario development tools.
The scenario was set in the fictitious African country of
Terrateeka (geographically located in parts of
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Figure 6: The Joint Training Transformation Special Event (JT2SE) federation
Namibia). Since the terrain and imagery provided
through Google Earth public servers comes with usage
restrictions, the same Digital Globe imagery was
purchased from Quickbird and provided to all
participants for use in the federation.

CAE, Pitch Technologies, Plexsys Interface Products,
Saab Systems, Saab Training Systems, Saab
Aerosystems, 4C Strategies.

During the mid and final planning conferences
(MPC/FPC) the scenario was further developed by
SMEs using Google Earth Pro built-in measure and
drawing tools.

5. Discussion

Two major integration events were conducted; one in
Sweden and one at JFCOM in Suffolk. To prepare for
integration, the ORBAT and scenario information was
imported into the Pitch Actors CGF to produce
correctly formatted and scenario relevant HLA data.
Recordings were made and provided to participants
using the Pitch Recorder [7] for playback. This allowed
federates to be thoroughly tested before integration.
At the integration events, Google Earth was connected
to the running federation using the Pitch GE Adapter.
This allowed simulated entities to be displayed as icons
in the Google Earth Viewer and for the integration team
to get immediate feedback on spatial information. The
mapping of Mil-Std 2525B symbols to entity types was
also verified.
The following companies/organizations provided
models and were involved in the integration of the
federation: Federation Swedish Defence Materiel
Administration (FMV), U.S. Joint Forces Command
(JFCOM), U.S. Army PEO STRI, BAE Systems C-ITS,

Expectation management is very important since the
early scenario draft may at first make a very realistic
impression. Still, the behavior, for example of a
platform or a soldier, may not at all be realistic until the
real ”target”, simulator has been introduced. Note that
this may still deviate from the real tactical behavior due
to the practice of recalibrating simulators or developing
”export versions” of simulators before using them in
international exercises.
The use of recorded data during early, technical
integration is beneficial to be able to verify that
federates can handle subscribed (input) data in a correct
way. It is less useful for verifying the format and
contents of published (output) data. Possible tools for
this are data recorders/inspectors (for example Pitch
Recorder) and visualizers. A more ambitious approach
could include custom data verification federates.
The presentation provided by Google Earth is
particularly useful where staff with less experience in
interpreting military maps is involved. One obvious
example is Peace Support Operations (PSO) where
local government agencies, police, etc, may be

involved. In these cases the Google Earth presentation
makes the data easy to grasp and browse after only a
few minutes of introduction to the tool.
One drawback of Google Earth is the limited resolution
in certain areas and limited 3D geodata. On the other
hand, Google Earth provides more or less immediate
access to terrain data anywhere on earth. Since most
simulators today will use higher resolution terrain data
the final result will not be affected, only the quality of
the draft scenario.
To be able to use Google Earth it is necessary to have
access to the Internet, either during the exercise or in
advance (so that the data can be cached on the local
hard drive). For users on closed networks, for example
classified networks, Google offers an internal server
that can provide the geo data. This is considerably more
expensive than using Google’s own servers. Note also
that for this type of use the Professional version of
Google Earth has to be used.

6. Conclusion
We have shown how the scenario development process
can be simplified while increasing the quality and
lowering the cost by implementing a separate scenario
drafting stage based on COTS tools. We have shown
the value of spiral development of the scenario drafts in
collaboration with decision makers and subject matter
experts.
We have also shown how commonly available tools
like Google Earth can be used to gain access to geodata
and to describe geographical properties of a scenario.
Obvious advantages are that more or less any geodata is
available within minutes and at a cost close to zero. In
most cases the resolution is appropriate for drafting a
scenario whereas a more detailed, and more expensive,
terrain model may be necessary at later stages.
In addition to this we have shown the value of having a
recorded scenario draft as a means of communication
with federate developers. This helps in increasing the
understanding of the scenario when it is to be
implemented in real simulators. It is also extremely
helpful on the technical side for minimizing the
problems during technical integration, for example on
issues with data decoding, coordinate systems and
entity types.
Finally we have shown how implementations of SISO
standards (like HLA) can work together with major,
mass-market oriented commercial applications like
Google Earth. Adding the efforts specifically made for
the simulation community by SISO and HLA vendors
with the investments of commercial players like Google

makes it possible to take the capabilities and priceperformance of simulation for the end user to new
levels.
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