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It’s a 
Math,

Math
World
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Wind tunnel testing specialist Bihrle 

has recently been working with NASA.

Image credit: Bihrle Applied Research.

Contrary to urban myth, the 
word “algorithm” was not 
coined to honor Internet 

inventor Al Gore. It is most likely 
from the surname of 9th century Islamic 
mathematician Algorismus or the Greek 
word for number, arithmos. An algorithm 
(al-guh-rith-uhm) – a term you’ll hear in 
about every other sentence when talking 
with a simulationist – is a step-by-step 
procedure or set of rules for solving a 
problem in a finite number of steps, espe-
cially by computer.

“It all gets down to math.” The aer-
odynamics, propulsion, fuel systems, 
hydraulics, autopilot. Even the synthetic 
images represented on the screen in 
front of a flight training device cockpit 
– and the precise distance the screen is 
located from the pilot’s eyes. In essence, 
Concurrent Computer’s Ken Jackson 
says, a simulation is a sequence of “math 
equations strung together.”

A programmer needing a software 
tool to develop a simulation of how the 
various subsystems work together when 
an aircraft is in flight or how to create a 
virtual world out of photo sources, mate-
rials properties, and tables of data has 
literally hundreds, perhaps thousands, of 
options available. Some of the tools serve 
niche applications like HailCalc, which 
translates kinetic energy from radar 
data into hailstorm footprints, or PedSim 
and Simwalk for simulating pedestrian 
crowds. Other tools such as DiSTI’s GL 
Studio produce standardized OpenGL 
source code. Or monitoring of real-time 
data such as LiveGraph freeware. The US 
Air Force’s naval-sounding SEAS (Sys-
tem Effectiveness Analysis Simulation) 

enables construction of scalable joint 
warfighting scenarios to explore pro-
posed operations concepts.

If none of the off-the-shelf tool pack-
ages quite suits the programmer’s pur-
pose, he or she may just write their own.

To keep the discussion manageable 
in the finite space of this article, we’ll 
focus on examples of three predominant 
types of tools currently used by the mili-
tary simulation and training community: 
tools for accurately representing vehicle 
dynamics, those for replicating the syn-
thetic environment in which the vehicle 
operates, and a relatively new “enter-
prise” approach to front-end instruc-
tional systems design.

Cracking the Code
The technical computing foundation 
for many simulation add-on products is 
Matlab, described as “a fourth-genera-
tion programming language” by John 
Freedman, aerospace defense marketing 

Shrink-wrapped software tools have made it ever-easier to develop powerful 
training simulations. Rick Adams looks at a few of the seemingly countless 
engineering aids for modeling training applications.

manager for MathWorks. The company 
claims more than a million engineers and 
scientists in over 100 countries use Mat-
lab and its companion Simulink interac-
tive graphical environment. 

Simulink enables development of 
component models by a hardware sup-
plier – a landing gear, for example – start-
ing with basic mechanical equations, 
then adding test data. It can then be 
used to auto-generate code. “Writing 
code for simulators can be complicated,” 
Freedman notes.

Although Simulink is ubiquitous 
throughout the automotive industry, 
adoption has been somewhat slower in 
aerospace. So there’s a mix of handwrit-
ten models and off-the-shelf models for 
various aircraft systems. Concurrent’s 
Jackson says their SIMulation Work-
bench tool “allows those worlds to coin-
cide.” So long as the naming convention 
is common between them, Workbench 
can ingest the hand-coded models, share 
data with Simulink models, and even run 
them at different rates. “Say your avion-
ics model is already written, your radar is 
written, but you’re re-powering the air-
craft. You simply plug the model for the 
new engine into Simulink.”

Bihrle Applied Research’s SimGen is 
a paper napkin designer’s dream. You can 
scan in a front view, side view, and top 
view of a notional aircraft design... even 
from a napkin... and the tool will output 
aerodynamic data, according to Brian 
Wachter, director, marketing and business 
development. “You can be up and flying 
with a simulation in a couple of hours. It’s 
a great tool for assessing an initial design, 
whether it’s viable or even flyable.” 

Screen shot of Concurrent’s SIMulation 

Workbench Tool.

Image credit: Concurrent.
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Bihrle, which specializes in wind 
tunnel testing, has recently been mod-
eling the effects of ice buildup. They 
designed a simulated scale model with 
“ice shapes,” then worked with NASA’s 
Glenn Research Center to instrument a 
de Havilland Twin Otter for real-world 
data collection. “The biggest effect was 
buildup on the horizontal tail,” says 
Wachter. “This puts a great deal of pres-
sure on the control wheel.”

A “defect” in the High Level Archi-
tecture (HLA) distributed simulation 
specification can lead to bottlenecks 
when interoperability is required 
between simulation systems from differ-
ent providers, according to José María 
López, business development director 
at Spain’s Nextel Aerospace Defense 
and Safety. “Different RTI [run time 
infrastructure] software are not compat-
ible with each other. Also, the complete 
simulator can be HLA-compliant but 
not its subsystems; therefore, you only 
can reuse them at the system level.”  

Nextel’s proposed “open architec-
ture” solution is a real-time networking 
middleware product, NCWare, “based on 
the publish/subscribe paradigm which, 

Above

MÄK’s flagship product VR-Forces.

Image credit: MÄK Technologies.

Left

Screen shot from Ubi Soft’s Raven Shield.

Image credit: Ubi Soft/Army Research Lab.

A Tom Clancy-branded commercial 
video game that can be purchased on 

the Internet for US $10 provided suffi-

cient capability for analysts from the US 

Army Research Laboratory (ARL), Alion 

Science & Technology, SA Technolo-

gies, and two universities to determine 

the value of teaming unmanned vehi-

cles with dismounted soldiers in urban 

rescue missions.

Clancy’s Rainbow Six 3: Raven 

Shield served duty as a battlefield simu-

lator for a series of “Blackhawk Down” 

style rescue missions. Raven Shield 

lets the game player lead a group of 

“elite international counter terrorists” 

equipped with high-tech gear and 

high-power firearms, according to game 

developer Ubi Soft.

A primary finding, notes Alion’s lead 

human factors engineer Patty McDer-

mott, was that soldiers were detected 

“significantly less often” when they 

were aided by an unmanned aerial or 

ground vehicle.

Rescue teams performed their mis-

sion faster and were not detected as 

often when teamed with a UGV robot. 

However, participants preferred the 

flexibility and “big picture” of having 

the UAV overhead.

Advantages were perceived for hav-

ing the information manager (the per-

son monitoring the unmanned vehicle) 

co-located with the rescuers, enabling 

face-to-face communication. But this 

was skewed by the fact that remotely 

transmitted images “often confused 

the rescuers because they didn’t have a 

good reference point for the image.”

The inexpensive game required 

some workarounds to make the test 

scenarios viable. And Raven Shield 

was not designed to collect the type of 

data needed, so researchers had to take 

detailed notes and watch videotapes of 

the experiment. McDermott, who is also 

program manager of ARL’s Advanced 

Decision Architectures Collabora-

tive Technology Alliance, says Alion’s 

Human-Systems Integration organiza-

tion (the acquired Micro Analysis and 

Design) has been evaluating alterna-

tives such as Epic Games’ Unreal Tour-

nament, which “provide more flexibility 

in authoring environments.”

through a single API, unifies DDS [Data 
Distribution Service] and HLA stand-
ards.” 

MÄK Technologies marketing com-
munications director, Michelene St. 
Amand, says their VR-Exchange is a 
“universal translator” which allows users 
“to move beyond just integrating net-
work standards” to interoperability of 
HLA RTIs, federation object models, and 
other standards.

Lots of COTS
In the synthetic environment, or content 
creation space, CAE-owned Presagis 
has steadily bought up several lead-
ing commercial off-the-shelf (COTS) 
software companies and now markets 
a “common work flow” package under 
the brand name Aeria. The flow for 
developing a simulation terrain, build-
ings, vehicles, and computer-generated 
forces (CGF) would start with the Ter-
raVista tool from the former Terrex, add 
3D structures (including building interi-
ors for dismounted training) and vehicles 
using Creator from the former Multigen-
Paradigm, add weather patterns and 
CGF with Stage (from Engenuity), inject 
AI Implant’s artificial intelligence and 
crowd behaviors, then deliver a visual 
rendering of the scenario with another 
Multigen product, Vega Prime.

Quoth the Raven, 
“More Robotics”



Robert Kopersiewich, Presagis VP product and program man-
agement, says one of the new capabilities they plan to roll out 
in the next few months is a worldwide database, plus off-the-
shelf 3D models and weapons platform behaviors. “One of the 
requests we’ve had over the years is more and more capability in 
terms of data.” The database will be created in a Common Data 
Base (CDB) format, which CAE originally developed for the US 
Special Operations Forces.

MetaVR, which traditionally developed performance-
enhancing tools for its own image generator, now makes its 
terrain tools available to other users. The underlying platform is 
ESRI’s ArcGIS, which dominates the commercial geographical 
information system market.

MÄK’s flagship product, VR-Forces, “can be used to build 
a tactics trainer, as a behavioral testbed, as a threat genera-
tor, or computer-generated friendly or enemy entities,” says 
St. Amand. VR-Forces was used recently to develop the pilot 
interfacee, sensor manager, and simulation manager for an 
air defence ground environment simulator (ADGESIM) for the 
Royal Australian Air Force.

“System integrators have realized that they don’t want to re-
invent the wheel by building in-house solutions anymore, and 
that using COTS solutions was a more flexible and less expen-
sive approach,” offers Gaël Ramaen, European marketing devel-
opment manager for Antycip Simulation. “Today the trend is to 
use both serious games and COTS technologies to complement 
the pitfalls of serious games technologies.” Antycip’s approach is 
to integrate COTS packages such as MÄK’s VR-Forces, part of its 
new MyModels toolkit.

Ground vehicle training specialist Raydon recently devel-
oped a database of Kabul, Afghanistan that features over 
200,000 buildings. Chairman Don Ariel likens developing train-
ing system capabilities to “balancing a recipe” of visual ter-
rain, interactive entities such as people, vehicles, and weapons 
effects, and artificial intelligence behaviors. Despite tremen-
dous advances in computing power in recent years, “there 
is still a finite budget of ‘clock ticks’ in any computer.” Even 
though current servers may support hundreds or even thou-
sands of moving models, “you run out of clock ticks if you make 
all the entities ‘smart,’” Ariel explains. Terrain complexity, such 
as robust physics properties, can limit the number of entities in 
the scenario.

Go With The Flow
If you’re thinking about designing a training schoolhouse, think 
fluid dynamics. With students, instructors, and training media 
as the fluids in the pipeline. L-3 Link Simulation & Training VP 
of engineering, Frank Delisle, views enterprise-style “automa-
tion in the analytical space” as potentially saving 30-40 percent 
of the cost of a training pipeline by eliminating inefficiencies 
and bottlenecks.

The current process of instructional systems design often 
includes “a lot of SMEs [subject matter experts], PhDs, and psy-
chologists getting into the action,” Delisle explains. “It tends to 
be fairly intensive, not automated.” There are a number of rela-
tional database tools, but “they require a lot of manual interven-
tion and a lot of analysis to make it work right.”

Link is turning to a commercial product from the business 
IT sector, IBM’s Websphere, to help model the workflow, or in 
this case the student flow, to outline the optimal solutions for 
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schoolhouse locations, classrooms, instructors, web- and com-
puter-based training, task trainers, mission trainers, and actual 
aircraft or vehicles. “We model the whole flow, the parameters, 
and constraints, to determine the number of training assets 
needed and where. Typically [using non-automated ISD], the 
number of high-cost simulation assets tends to be overstated,” 
Delisle suggests.

Tools such as Websphere, which features a visualization 
component, can enable “what-iffing” by depicting students as 
graphic icons on a screen (rather than one of hundreds of num-
bers in an eye-straining spreadsheet). The visualization presents 
“a holistic picture,” Delisle notes. Proposed resources can be 
increased, decreased, or shifted, and decision-makers “can 
immediately see the trade-offs.”

Link’s first order of business is to apply the enterprise tools 
to current customer programs, modeling the full life cycle of the 
schoolhouse to predict how they might become “more efficient 
with fewer people.”

“In the end, it’s all about logistics and economics,” says Ray-
don’s Ariel. “It’s not how to build the most audacious school for 
$400 million. It’s how few hours can I get you to the standard 
you need.”

Raydon has been applying “virtual reality” infrastructure 
models for Army National Guard customers. To Ariel, the solu-
tion requires “having training capabilities pre-staged where the 
training audience is,” as well as a mixture of equipment of vary-
ing training fidelities. Several of Raydon’s ground vehicle training 
products incorporate “multiple courses of instruction per trainer,” 
enabling gunnery, maneuver, and combined arms training on the 
same device.  ms&t


