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Abstract. The Advanced Air Defence Simulator (AADS) constad in South Australia during 2004 provides the
Australian Army with a collective training capabjlifor Ground Based Air Defence (GBAD) Detachmeriibe
Detachment enters the AADS, takes post at a reafetsimile of a Short Range Air Defence (SHORADissile
Weapon System and is immersed into the simulagexitig environment, projected on a 12.2m diametenel Upon
completing the tactical scenario, which may takeutgs or hours, the Detachment moves to the déeigiebom,
where the full complement of audio and visual rdetgs, computer generated replays, accuracy scoewent and
action logs are available.

As background to this paper, the previous trairdaegets for GBAD detachments are outlined so tleat#pability
gap (pre AADS) may be appreciated. A descriptiothef AADS is then provided, briefly detailing fuitstality and
characteristics. It will become evident that thesmsignificant development challenge was the iratégn of two
simulators to form a collective trainer. Much calesition is given to the 3D graphics techniquesl tigeensure that
aircraft, missiles, terrain, weather etc would apeorrelated and without delay on all display desi the dome,
internal weapon site, the hand-held binocularsTémget Data Receiver and the debrief sub-system.

Further to the acceptance of the graphics techsitgthe agreement between the Project Office Té@agernment
and Contractor) to adopt a unique development agbr,gustified by the short period of developméesg than 20
months) and motivated by the desire for the bessipte solution. Having presented technical chgksn unique
solutions and then the results, this paper is @intensy to the success of adaptive graphics teclasigand an
interactive development approach. Visions for fkehhancements are briefly outlined.

through the barracks are other participants instérme
1. GBAD SKILLS, DRILLS AND C3 TRAINING CPX (Command Post Exercise), monitored and assessed

Many SHORAD systems can be deployed in tens ofPY @ higher level Commander.
seconds. A skilled soldier can ‘maintain track’ afast
moving target while the missile takes ten seconds 0 2. TACTICAL DECISION-MAKING TRAINING

fight and then the detachment is ready to engageyiy siick drills, a high level of skill, well-praised

another target in less than ten seconds. EVery.ommand, control and communication procedures, a

performance focused training consideration for anGgap detachment is ready for the culmination of its
effective GBAD detachment is based on destroying Ortraining on a field exercise. Many Army units come

deterring the incoming platform before it compleitss together, with support from the Air Force, to preet

mission. Performance is, of course, improved With iheir rades with and against each other, in thelfi
practice. This is why GBAD soldiers in the Austaali preparation for military operations.

Army spend many days deploying the SAAB Bofors

RBS 70 MANPAD from trucks, helicopters, armoured Although field exercises are very effective, enoasio

vehicles and their own backs. Many days are alentsp logistic effort and funding is required to practiaad

on simulators keeping the ‘cross hairs’ on thedtrg assess a Detachment commander in tactical decision-
. o making. Consider alone the cost of using real égfets

Simulation in its many forms has been used fordesa ¢, fy multiple sorties against the detachment,ngsi

to teach, improve and test the drills and skills of arioys profiles to test the Detachment Commander’s

Aus_trahas GBAD sold|ers._ From a cement-filled application of the Rules of Engagement (ROEs)slt i

replica of the weapon, which saves damage t0 theysq only by chance that the Detachment Commarsder |

expensive authentic item, to the visual aircraft chajienged in all aspects. For example, consider th

recognition software used in the classroom. influence of weather on the range of the weapon and

Confident in the drills and skills of his detachrpen radar.

during the heat of the battle the Commander is\te

to the orders promulgated through his radio eacepie
and the symbols appearing on the visual displaki®f
Target Data Receiver (TDR). Both are being fed live
and in real-time from the Command Post.

There is no doubt that any missile system is capabl
inflicting expensive, devastating and embarrassisg

if it is guided towards a friendly military or evevorse,

a civilian aircraft. Mandated procedures and C3 do
prevent this from occurring, but the distractiondan
diversion from a potential target is difficult teplicate

So back in the barracks, while a Gunner is ‘tracker™" h
without considerably more resources.

training’ on the ‘green dot’ simulator, the Detadmh
Commander is on the LAN with a PC replicating a
TDR, and speakerphone replicating a radio. Scaktere



In order to frequently conduct affordable colleetiv 3.2 Advanced Moving Target Simulator
training of the GBAD Detachment and tactical demwisi
making of the Commander, simulation is necessary.

The external LCD has been removed from this RBS 70
facsimile and the coarse aiming view has become a
12.2m diameter dome. Above the weapon detachment is
3. THE ADVANCED AIR DEFENCE a column on which 27 projectors (Christie DS30W
SIMULATOR (AADS) DLP) are mounted.

In June 2003, Tenix Systems Pty Ltd entered a aontr
to deliver a simulator that would provide colleetiv
training and objective assessment of a GBAD
detachment. The facility is now complete at theh1&ir
Defence Regiment, Woodside Barracks, South
Australia. 3D objects are positioned, in accordance with their
scripted path and realistic performance parametsrs,
the Advance Moving Target Simulator (AMTS) (from
AAl Corporation, USA). As well as providing a
correlated and identical view to all visual devictee
AMTS was integrated (by Tenix) with the RBS 70
facsimile, so that operator inputs, such as missile
guidance, can be appropriately handled.

Also mounted on the column are the SoniStrips that
provide and receive the sonic triangulation sidoathe

two sets of simulation binoculars held by the Teadti
Commander and Air Sentry.

An example series of events in the AADS during an
AMTS and RBS 70 Facsimile scenario is:

. A target enters radar range (20km) and the
TDR shows a symbol and alerts the Detachment
Commander with a tone.

. The Detachment concentrates on the sector of
Figure 1: Depiction of the AADS the field of view (on the dome) that the TDR indesa

h ired und O Proiect Land 19 Ph untii one member visually detects the target and
The AADS acquired under DM roject Lan aseprovides an indication to the others.

2B will enhance the operational effectiveness of in Depending on the range, the binoculars and
service RBS 70 equipped SHORAD batteries by ppg 70 facsimile may then be used to commence
providing an efficient training mechanism. The A8D identification

simulates multiple aerial targets; simulates weapon, If oraered the RBS 70 operator engages the
system missile flight; allows a full engagementu@pe o 00t The Jaunch is heard on the surround sound
to be assessed; and recreates a simulated bdxltlefiesystem and a glimpse of the missile is seen oulonee

envtl)r'onn?.er;]'[ vﬁwth noise, obscuration, weather and ;g it accelerates to Mach 2.2. A wisp of smokel trai
ambient light effects. indicates the missile’s path, which is controlled the

The capability obviously complements other collesti  OP€rator. _ _

training normally conducted in the field with real *° By script or on demand of the instructor, the
aircraft and live missile firings. But now the Awltan ~ t&rgeét may perform an evasive manoeuvre to further
Army can frequently exercise the Detachment challenge the operator. While the AMTS is realatic

Commander in C3 and tactical decision-making portraying the target's movement, it is awaitingada
functions in a simulated environment. from the RBS 70 facsimile on tracking accuracy tred

final result.

. Hopefully (for the detachment under training)
an explosion will occur, the aircraft will fall fro view

At the centre of the simulator sits a SAAB Bofors and the aircraft symbol will disappear from the TDR
facsimile of their RBS 70 weapon system. Originally display.

designed by SAAB to operate as a stand-alone

simulator, the facsimile is usually fitted with erternal 3.3 Image Generators (IGs)

14” LCD providing the coarse aiming view, which the To appreciate the challenge of developing visuaisb

operator would normally see through the open sfght any integrated and correlated devices, it is worth
bore sight). When a target is acquired and centrec{;:ating the types of IGs in the AADS.

through the open site, the operator then peers dawwn

the monocular lens. Where the x7 magnificationaspti The Debrief 1G produces views such as tiSituation

would normally be (inside the actual weapon systesm) Awareness Display (SAD) — which is a low fidelity

another LCD providing the x7 magnification view and ‘God’s eye view’ of the scene. Simple 3D models mov

the cross hairs, which must be centred on thettarge through a low-resolution scene in real time, ordaplay
mode for instructional or debrief purposes. Thsw
and other debriefing tools are projected onto tapiéael

3.1 Weapon Facsimile



display in the debrief room, or the rear quadrdrhe system. This became the key factor in the conversfo
dome in the training room. source data into terrains and entities. Hence ebtiyh
understanding of these IGs was critical before Bicgu

27 Dome Projection IGs (one per projector) are gqrce data for the entities and scenes.

combined to provide the 27& 75 image on the dome

during training or during dome replay mode. The project team recognised that there would beea n
to develop terrains and entities to suit each pkES.
Rapid development was planned to find the optimum
level of fidelity and a multi-IG terrain optimisati
process was created.

The Target Data Receiver (TDR) is the hand-held
ruggedised terminal providing the radar view foe th
Detachment Commander. This field unit was provided
as Government Furnished Materiel (GFM) to Tenix for
interfacing to the AADS. The TDR is normally used i The terrain optimisation process started with tigiadst
the field with the Portable Surveillance and Target fidelity 1Gs, which were dome projection 1Gs, and
Acquisition Radar (PSTAR) (from BAE Australia). created complementary highly detailed terrain. Tthés

i i ) .. terrain was converted into optimised versions fache
Two Bino IGs provide the images to the LCDs within ¢ the other 1Gs. The terrain fidelity for each s

the simulation binoculars. The image is providedi®  hep tested and documented. It was found that the B
internal LCDs in accordance with the bino positaord IGs had the same fidelity as the dome project IGs s

pointing direction (6 degrees of freedom). The BiNO here was no optimisation needed. The debrief I di
provide a x7 magnification view or x1 Night Vision ot need a high level of detail so all the treesewe

Goggle (NVG) view. deleted to improve performance. The TDR only needed
Within the Weapon Facsimile is the LCD providing the the terrain for “line of sight” caICl_JIatlons S0 tmees
view of the scene in accordance with the axis of @nd textures were deleted to achieve a high fidelit
elevation and azimuth of the weapon direction. Whgn ~ 'adar performance.

exception of the x7 magnification the view must be e weapon IG was found to be the IG most
prem_sely aligned and correlated so that the OpEEN significantly impacted by the number of polygongtie
acquire the target (on the dome) through the bitee S o140 and a process of performance improvemest wa

and then peer directly down onto the narrow fiefd 0 eyeloped. The weapon IG had the advantage of ghavin
view (NFOV) on the LCD. For night scenarios the RBS only a single viewpoint, that of the gunner. Théeot

70 weapon facsimile IG must also simulate the CIip |55 needed the complete terrain model since theidco
Night Device (COND) by providing a simulation of an depict a ‘God’s eye view'. This insight allowed amm

8-12um thermal image. visible polygon culling approach to be developesi ju
for the weapon IG, using intervisibility. All polggs

4. KEY CHALLENGE — VISUAL visible from the gunner’s viewpoint were saved. All

DEVELOPMENT others were deleted and the end results of thisgss

Creating terrain databases and entities for amiygle ~ ¢2n be seen in Figure 2. This solved the fidelity
g ng challenge for the terrains and represented the cénd

of image generator (IG) is a common process but the ) .
complexities of completing the same task for midtip res_earch and the start of production of all tegaind
types of IGs have not been widely recognised. entities.

Integrating five different 1Gs from two internatiain
subcontractors was the key challenge for this ptoje
The next part of the paper describes the technical
approach taken to meet this challenge.

4.1 Technical Implementation ..F‘J
Site visits were planned for the Visuals Team ®ghb- el

contractors during the development of databases foi

their respective 1Gs. Following the preliminary bses Dome IG Wea pon IG

on interoperability of the systems, the Visuals mea _ _ o )

then examined each IG type to verify latency, and Figure 2: Non-visible polygon culling

establish the methods used to import and converceo  Having established and tested the terrain optiisat
data and display the terrains and entities. process, the Visuals Team commenced the ardudkis tas

h hall . isually i of creating nine databases, 20 background sceffes, 5
The most challenging IGs to visually integrate wére airborne entities and 5 ground entities. 15 of ehes

dome projection IGs and the weapon facsimile 1G. giome entities were to have three variants each,

Much consideration was given to the techniquesnqing the total number of airborne entities @ 8n

available that would ensure aircraft and terrairuldo total, 105 objects needed to be converted to styip&s
appear correlated. of 1Gs.

It was also recognised that the characteristieach 1G
merge to form an overall level of fidelity for tlemtire



4.2 Evaluation of Implementation

To evaluate the effectiveness of the visuals iraging
environment and the accuracy of the visuals as
compared to a real world environment, we conducted
"Database Working Groups" (DBWGSs) concurrently
with the rapid development.

Regular feedback on the product is essential tidrap
development and implementation. If any visual outpu |
was not satisfactory, the Visuals Team needed to be e~
made aware, before substantial rework was incurred.
The DBWGs between the customer and the Visuals
Team performed the evaluation and provided
subsequent feedback to the visuals development and
implementation. In addition, as each background scene is created a
database theme is applied. A database theme is a

Five DBWGs were convened over the course of thecollection of related surface textures and featnoelels
project. These activities constituted User Evabrmati that represent natural and man-made terrain

TeStil’lg (UET), and solicited feedback from memlwdrs characteristics within a typ|ca| geographica|
the Commonwealth PI’OjeCt Team and invited Subjectenvironment_ For examp|e, a tropica' theme may

Figure 3: Background Scenes created from one terrain
database

matter experts. contain palms and rainforest trees; a bushland ¢hem
may contain grass textures and eucalypts; and ertdes
5. RESULTS OF IMPLEMENTATION theme may contain sand textures, rocks and sceels.tr

The results present project findings that supportThe customer wanted to choose the locations of the
successful multiple IG visuals development and terrain databases for maximum training variatiohe T
successful  technical CoA/contractor interaction. availability of terrain source data was identified a
However, alongside these results, anecdotal ev@enc possible constraint during the meeting and becaane p

including Database Working Group minutes, suggestof the focus of the second iteration of the working
that the subjective nature of visuals developmeas w groups.

managed successfully over the course of the working

groups. Although this conclusion is not empirically

based it is believed that the successful outconsedua .2 DBWG #2 _ _

to the technical interaction, knowledge transfed an The focus of the second working group was to confir

transparency of the process-based development. source data on entities and select background scene
from terrain databases.

5.1 DBWG#1 The entity list was reviewed, and reference image®
The focus of the first DBWG was to define common used to identify the correct entities, eliminatiagy
terminology and explain the proposed terrain artityen  points of confusion. This finalised which entitiesuld
development process. be provided. The next stage of discussions detemin
the correct ordnance layout for the entities, tle

The entity requirements were presented at this wgrk  placement of weapons or ancillaries on the correct
group. They were reviewed and an approach for|gcation of the 3D airframe.

modifying them was discussed.

The source data available for the terrain databaseas
The terrain development process was presentedeviewed. There was a combination of high and low
demonstrating the ability to generate multiple 30km getail source data available for each of the 9tetes.
radius “background scenes” from 200 — 408kerrain  The use and availability of Digital Terrain Elewati
databases and database themes. Individual backbrounpata (DTED) and the overlaying vector map (VMap)
scenes are generated from specific points on theite  |eve| 2 (approx 1:50,000 detail) data was discusEad

database. These specific points became the locafion packground scenes were then chosen from the terrain
the RBS70 MANPAD. The two circles displayed in gatabases.

Figure 3 represent different background scenes

generated from the same terrain database. = Thdhe development of one background scene commenced

background scenes are then converted for use iGthe immediately. This occurred whilst the customer sdug

Using this approach, a large number of backgroundand delivered the source data for the remainingesce

scenes can be created from a single terrain databas ~ The early development of a single scene allowed the
Visual Team Leader to visit both sub contractordhai
database for conversion into their IGs.



5.3 DBWG #3

The focus of the third working group was to visyall = —
demonstrate the progress of entity developmenttand
effect knowledge transfer of the improvements in
background scene creation after the sub-contractor
visits.

The entity development process was visualised @asrsh
in Figure 4. This depiction benefited the projent i
providing transparency so that any conflicting
expectations could be resolved. The primary chgéen
for entity development was to combine the Dome I1G
and Weapon IG entity requirements to achieve a-high
level of fidelity in both 1Gs.
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Figure 6: Low Poly Model

' Dame D| sinos || | Weapan U | =0 [H Radar n The decision to demonstrate a complete set ofiesatit
) ) ) this early in the project was made to increaseidente
Figure 4: Entity creation process and reduce risk. It was only possible to show iestiat

Prior experience provided best practice, which was different states of development after the entigation
produce one complete flight model, and then run itprocess was explained. Previous experience had
though a conversion process to output an entitgémh  demonstrated a loss of confidence when clients have
IG. Developing the same model concurrently for eachbeen shown work in progress. Having a customer who
IG would have meant that changes would have to beunderstood the complete process eliminated thls ris
made to each instance of the model, whereas the be€omments and discussion between the contractor and
practice approach allowed changes to be made to theustomer confirmed a common understanding and
base model and then optimised through the conversio increased the confidence of both customer and
process for each IG. The only handraulic activigsw contractor.

the creation of collision and proximity boxes arduhe
entities and they only had to be recorded onceeémh
entity. Destroyed, major damage, and minor damage
boxes were created for -collision and proximity
detonation around the entities.

Figure 5 shows a high poly entity in the early stagf
the production process. Figure 6 shows a low poly
model almost ready for the conversion process.rEigu
shows an entity in a scene. Each of the 80 entities
shown in at least one of these states.

Figure 7: In Scene Model



5.4 DBWG #4 6. CONCLUSION

The focus of the fourth working group was to achiev The AADS is more than a visual feat. It provides th
confirmation of the “look and feel” of all of thentities, type of immersive simulation necessary to train GBA
and to review the progress of terrain creation.sThi Detachment Commanders in the art of rapid tactical
working group was critical to moving forward withet ~ decision making, the faultless application of RGiasl
conversion process for the entities. Convertingtieat ~ of course their ability to command and control tthei
across to the different IG formats commenced as 880  detachment while receiving commands and situational
we were satisfied that all of the entities lookedrect. awareness information from the higher level Command

Subject matter experts completed an aircraft

identification test. Their results were over 90%hisT  The most significant development challenge was the
outcome proved to be critical, and the approactlulsho integration of the RBS 70 facsimile from SAAB are t

be factored into every subjective deliverable pssce Advanced Moving Target Simulator from AAI. Not to
where possible. Feedback from the test was salicite mention the other visual devices used by the
The subject matter experts concentrated on congecti Detachment. The 3D graphics techniques used taensu
ordnance loads and suggesting slight colour changeghat aircraft, missiles, terrain, weather appearetated
The corrections required were relatively minor; an and without delay on all display devices are now
outcome attributable to the high level of expostire proven.

customer had to the entities in DBWGH#3. ]
Key to the success of the rapid development process

DBWG#2 had finalised the locations of the backgbun was the close working relationship between the
scenes to be used in the terrain development mocescustomer and the contractor. The DBWGs were vehicle
The development of these background scenes was wefor the customer to gain an appreciation of the
underway. This working group exposed the customer t challenges and then provide constructive feedback o
the “look and feel” of the terrains. the results. They were also a vehicle for the embbr

to gain timely feedback on the results so that
development could be redirected and correctionsemad
with minimal redundant effort and rework.

The fidelity levels of each of the IGs were demaoatsd
on the test-rig environment. Discussions on whatethd
result would look like and how that would meet
expectations ensued. These discussions providedt is known that realistic and detailed requirerseate
further direction and supported a results basedl fin essential for the production of visuals. This cstsely is
working group. a testimony to the fact that close and regularaution,
not bound by normal project management constraats,
essential for the rapid development of visuals dor

5.5 DBWG #5 .
, . . complex environment.
The focus of the fifth working group was to achieve

visual confirmation of terrain databases and bamkga
scene locations. The terrain databases were cadirm REFERENCES

with a visual demonstration and correlation with 1. Brewer, J.; Baldwin-King, V.; Beasley, D.; & O'Neal
military maps. Discussions on the derived fidelity M. (2001) “Team Learning Model: A Critical Enabler
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5.6 Into the dome 4.

Integration of the entities and terrains on-siteswa
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for the visuals and their level of fidelity. Proind
transparent processes and a high level of technical
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of subjectivity in the development of the visuads this
project.
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