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ABSTRACT: A 3" party 3-dimensional visualization tool (developed by the Council for Scientific and Industrial
Research (CHR)) is being used to visualize and assist with the development of a synthetic environment for joint
command and control technology research. The visualization tool is based on the OpenSceneGraph toolkit and
dynamically linked to a discrete event simulation environment. The visualization interface allows the visual scene to be
efficiently and effectively updated from simulation events. A graphical user interface is also incorporated to manage the
visual scene. The 3D visualization tool has recently been used to develop a simulated joint air picture display console
towards the realization of automated decision support. This paper will report on the various techniques investigated for
visualizing the air picture, sensor fusion and track management information from a Quantized Discrete Event
Smulation Environment. Experiments were also done with various techniques for real time user interaction with the
display console. The resulting joint air picture display console has already been successfully demonstrated during
defence force interoperability exercises.

) effectively can produce a system which will aid a
1 Introduction commander to make effective decisions.

éwe main aim of visualization must be to preseatdhta
maximize the effective information transfer so ta
pport decision makers and to increase their titua
areness. Ultimately it must speed up the OODA
bserve, Orient, Decide, and Act) loop. This ina a
trivial problem. Summers et al [4, 5] speaks abibgt
possible complications in a visualization displagr f
commanders when used for decision support:

Joint Command and Control (JC2) requirements ha
brought about the need for research into developi
systems to perform Command and Control (C
operations as discussed by Le Roux [1]. This pap
describes the integration of simulation and visazion
to realise a single JC2 system which is a stepgioge to
achieving automated decision support.

3D visualization has become a critical tool for ugthin . _r .

modelling and simulation (M&S). Even more critidal inadequate or poor — quality information,

the need for real time visualization as discussgd b * Misinterpretation of information,

Holmes et al [2] which is of importance in C2. 2D * conflicting information or choices,

displays should not be left out of the JC2 equatisn * too much information [4]

there are inherent needs of JC2 which require Bbthnd

3D visualization. It has been shown by Smallmaal §8] Summers et al [4, 5] goes on to show that 2D and 3D
that both 2D and 3D displays provide complementargPplications are typically handled in separatianrfrone
advantages in providing information which is avaliéato ~ @nother. This is evident as separate systems arng be
the user. Smallman et al [3] concludes that 3D|dm developed which address either 2D or 3D in isofatD
provide realism while a 2D display can provide mor@nd 3D display is integrated in our system to mazem
intuitive information without the ambiguity 3D disys information availability and address the display

can produce. Utilizing a visualization componengomplications shown above. Real time user intesacti
with the live air picture display is another regmrent.

These concepts when coupled with a discrete event



simulation provide the developer with various chiagles. playback of simulation events, connecting to GBABE
The system was created with the following functldpa  simulation and other external simulations for cotepu
generated forces. This provides sensor informaftiom

e joint air picture display external systems (real world) and simulations als a
«  visual scene management user interface connecting to other simulation nodes.

» real time aircraft track selection

» sensor fusion visualizations 3 Reated Work

e instant switching of 2D/3D visualization

* incident management 3.1  Discreteevent smulation

The Background and Related Work sections of thepapyg.rete  event
show how the simulation requirements expanded fmmapplication in many software simulations. The metel

Ground Based Air Defence (GBADS) Simulationgnsities’) behaviours are simulated as a seriesvehts at
capability as discussed by Naidoo and Nel [6] totlo points in time [8, 9, and 10].

Command and Control (JC2) capability. A use casthef

application is given which is utilized throughottet gopiber and Brunner [11] provide detailed study ithe
paper. Requirements and cha.llenges.for Joint C.O.'dmaﬁ‘mer workings of discrete event simulation. The
and Control are shown. The integration of visuaiara simulation utilized in this paper is described by

and M&S is_ presented after which the visualizatiorbuvenhage and Duvenhage [12, 13]. It explains the
results, solutions and features that were prodiommd evolution of a distributed parallel discrete time

_the system are shpwn. The system was used Ipcpitecture to guantised discrete event architectu
interoperability exercises. Lessons learnt from séhe

exercises are discussed. How visualization perfocma 2 3D Viewer

was in turn improved from the lessons learnt isnthe™

discussed.

model representations have found

Duvenhage et al [7] describes the development,
Finally future work is discussed. A conclusion mwhto ~ éguirements and initial application of the visgation
effectively use a visualization component in sirtiolis ~analysis tool. Requirements from Command and Cbntro
drawn. This sets up a basis for further researath ag"d other Competency Areas of CSIR have initiated

development towards automated decision support. ;glrlt:v(\elg.support of the viewer features. These ase a
2 Background . 2D map view

e 2D heads up display (HUD)
The modelling and simulation capability has beeowsh «  3D-Shape and 2D-Icon support
to be very successfully in previous applicationse Tain «  Mouse, key call-back functions
focus in the past was GBADS [6], [7]. Due to thegta « Geographic Information System (GIS) feature
success of those implementations further requirésnen support

have been realised towards interoperability andtjoi .

Multi Layer Terrain support
command and control [1].

» Terrain overlay support

21 Viewer Interface . \?i\év\ll:tlchmg between Terrain view and GIS-only
The previous simulation viewer interface was tinasdd 4 Joint Command and Control
XML [7]. This protocol was however limited to being " . .

from simulation to the viewer and not from the viswo  Simulation Requirements and
simulation. For a commander to effectively interatth  Challenaes

the display and provide feedback back into the Etian 9
the latter link (from viewer to simulation) formed

e : The urgency of requirements to be realised neetedit
critical requirement.

the rapid development of systems to occur. Figure 1

shows the requirements of the desired system far JC
22 Gateway W a ! 4

A gateway was developed to provide the simulatidth w
the capability to route and filter information inémd out
of the simulation. The gateway also caters for logg
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Figure 1 Simulation system requirementsfor JC2

41  Application Use Case

The simulation via the gateway discussed in Sec3i@n
currently displays aircraft track information (piosn,

4.2 Situation Awareness and the Vision towards
Automated Decision Support

A novel system is presented which addresses thegssf
visual uncertainty and information availability. & imain
aim is to aid JC2 personnel in terms of decisioppsut

by facilitating situation awareness. The largealgmge

is automated decision support: techniques needeto b
developed to address data validation, classifinatiad
identification at all levels within the JC2 structu Table

1 shows the list of joint functions. The highligtitéeem is
the one initially addressed by the system presehézd.

An initial effort is made in terms of suggestedaasation

for sensor fusion. A joint air picture display céegb with
user interaction and 2D/3D visualization providée t
capability to handle these challenges. The system i
flexible and configurable by means of an Extensible
Markup Language (XML) scenario file.

Table 1: Joint Functions (Le Roux [1])

velocity, hostility, etc.). Each aircraft (simuldtand real)

is detected by a number of sensors (simulated eaijl A

particular aircraft may then be associated with tipie

aircraft tracks. An operator dynamically identifiasd
groups tracks which may belong to the same aircr
These groups are then visualized as higher levsed’
tracks. Suggested associations are provided aglalige
for the commander. Further enhancements include
incident tracker and a basic collateral damagenasir.
These features will be touched on within this paper
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Figure 2 Use casefor JC2

Function | Description

J1 Personnel

J2 Intelligence

J3 Current Operations

Ja Logistic Support

J5 Future Operations

J6 Communications and Information
Systems

J7 Training and Exercises

J8 Civil Military Cooperation

J9 Host Nation Support

4.3 Feature/System Integration

Existing systems made use of multiple displays and
consoles to achieve the joint command and cordsist
Figure 3 shows features of previous systems. Ortbeof
requirements for JC2 was a single flexible integplat
system which incorporated all of the previous gyste
features together with the current visualization aeal
time user selection requirements.



understand a given situation. The visualization Igoa

specific to our scenario are as follows:
OPERATORS |
CONSOLE (2D . .
e « aircraft track display,
. REQUREMENTS e * icon representation,
DUETER S 2 eI, I * GIS features mixed with multi layered terrain,
3 iy i s « track history,
XML M INTERACTION .
PROTOCOL s u WITH e visual scene management,
FOR [ L ||| smuLaTion ) ' g
sn\w/luElwggaN IS /T* V'E‘:VER . instant 2D/3D SWItChlng,
INTERFACE L 1 1 I
IMNTEREACER] L 4 common » sensor fusion cor_wtrc_)l an(_j display, _
USER 7 N T e » suggested association display for sensor fusion,
INTERFACE le) . .
(Gu) N I » text track information.
SC|E=,|\|‘_AERIO . -
SMULATION ] 45 Real Time User Interaction

An operator requires the ability to manipulate infiation
(aircraft tracks in this scenario). This needs te b
performed in a timely manner so as not to hinder th
operators’ decision.

Figure 3 Feature and system integration/addition of previous
systems

44  Visualization Goals
! zetl Aircraft Track Selection Challenges

Live exercises can produce a large number of tracks
which result in display clutter. To aid the commeris
selection a track filter is required. Another issueolved
with track selection is track overlap. This is seerthe

2D display where multiple tracks are viewed as waek

or as overlapping tracks which makes selectiorfecdif.

Visualization provides a different way of analyzidgta
to collect information. 2D and 3D displays offerrieas
views of the information and when combined effesltyv
within a display can allow a user to achieve thguned
level of situation awareness to aid in decisionpsup
The following has been identified by Summers ¢bhhs

some of the crucial features which visualizatioowstl )
have: 4.6 Incident M anagement

« fusion of data, Incident management does not form a substantialgfar

« improve estimates by enhancing simulatiorthe visualization requirements. It does howevemngpri
output by using visualization as opposed tébout critical JC2 requirements. Live operationee(S

going through arrays of data as shown bypection 7 Interoperability Exercises) have resuitethis
Holmes et al [2], requirement. The visualization offers the commander

« combine multiple information sources, live joint air picture which would be used to seleacks
and assign them as an incident or/and a resousignasl

e reduce uncertainty, : incident
0 an incident.

» show alternate views of the same situation,
e notational symbolism (2D symbol or 3D model), . . . .
. available and interpretable information as> INntegration of Visualization and

discussed by Summers et al [5]. Simulation

A 3D display does this by presenting the data afhati
Smallman at al [14] reports that 3D perspectivewgie
may be less useful for information availability tha well
designed 2D display in certain command and co€a)
tasks.

Le Roux [1] states the 2D and 3D visualizatior>-l Real time visualization and discrete event
capabilites which should be considered for thi§mulation

simulation system. He also adds that a “mix of 2d 8D

visualization” be supported. Switching between aD/3 The critical requirement in terms of C2 is that the
easily creates additional mechanisms for operators information needs to be trusted, well defined dedrc

The viewer was dynamically linked to the simulatiém
interface file was used to utilize the display ftios.
This method provided flexibility in terms of theeusf the
virtual simulation.



Some of the main difficulties are: used to time align all tracks from multiple sensors
(simulated and real):
* Events are time driven. For each time interval
several events may be occurring simultaneously. +  TargetTime = CurrentSimulationTime +

[2]. SimulationTimelncrement +
+  Single behaviour-based actions (like selections) TrackOffsetTime (Specified in Scenario File)
can set off multiple simultaneous responses [2].  *  North, east and down (ned) orientation axes are

«  Computer graphics should provide the user with used. _ _
multiple world views which may contain many  °  nedVelocity =nedVelocity « (TargetTime +
simulated objects and events [2]. TimeStamp (SerlLfor Observathn Time) .

* There is no industry standard for display frame * The new position of the alr(;raft track is then
rates unlike the movie industry which uses 24 calculated using its ned_ _spat|al refe_rence model
frames per second. An unofficial standard frame (SRM). The original position of the aircraft track

rate of 30 frames per second [2] is used which in latitude, longitude, altitude (lla) is used &s t

places constraints on hardware and software for reference pomtlfgr the ned SRM.
real time visualization. SRMConvertPosition(lla, ned, lla)

. . . The track is then time stamped with the new
e Smooth motion requires that visual components

be shown at the correct position and orientation a target time. ;
number of times per second. [9] * N eWTimesmmP( Aligned Sensor ) =
u I p : Observation Time
TargetTime

52 Updating the Display from Events
This service also allows online prediction of theufe

A service was created to handle the interface bmtwePoOsitions of the aircraft tracks. This feature give
viewer and simulation. The simulation stored thatest commander the ability to access a future predicted
data from events in temporary structures which wer@splay. In command and control this adds greatevab
parsed continuously through the simulation curteme the decision making process. A user interface itizad
updating the viewer. The use of multiple structuret® pPerform this on the live/simulated air picture.

catered for several events occurring simultaneoudts

was evident as long as the simulation did not legiid 6 System Application and Results

time. These structures were updated on eventsnébd

for an alignment service was realised becausetéte of The following sections show the results of the eyst

an.entlty IS given at discrete pUt pO.SSIb|y re}nckats of These results were taken from simulated exercisesed
points in time from the simulation. This becomes

important when different external sources are usegket as live exercises.
information to the simulation. Thus the events wonbt
produce an accurate representation of the actsalavi
scene without the alignment. The viewer containsdd
mouse callbacks. These were created to enhanceahe The system as configured for the joint command and
time user interaction with the visualization. Cattk control use case accepts aircraft track informafidns is
functions enable user selection response timestoeal Presented in the visualization using military syifism
time as the callbacks are independent of the abjedMIL2525b). 2D map view is the default view used 3
trigger frame used in the simulation. The finalulesvas Perspective view is available via the GUI. The user
a successful real time simulaton with 2D/3Dinterface presents online display features to Hee.u

visualization output and real time user interactioth the o
display scene. 6.2  TheScenarioFile

6.1 System Outline

53  Alignment Service The system scenario file is in XML format. The file
specifies the simulation services which will beliz#id.
Alignment was a required service in the simulationyiéwer configuration data (Terrain, GIS and default
Temporal alignment is a must when working with multSettings), network settings (addresses) and Gateway
sensor fusion app”cations and real time apphm'as routes and filters are also SpeCIerd within this.fThe
discussed by Mitchell [15]T (t) can be referred to as the configuration of this file allows instances of tisame
transformation which maps local sensor tieo a System to be effortlessly used on multiple nodes.
common time axis. The following simple algorithm sva



6.3  Visual Scene Management

Visualization needs to be managed. Tolk [16] taksut
a common graphical user interface when u
simulations as decision support systems. He saisthie
roof of the architecture of requirements for siniola
systems used for decisi@upport is a common graphic
user interface.

The GUI has a window for each required servicehef
system (Display, Gateway, Alignment and Incid
Tracker). The display window is used to manage
visual scene. The GUI features were provided diye
from the JC2 requirements. The current display win
contains 2D/3D switching, multi level GIS lay
switching and multi layer terrain mixing as well
switching(on/off )time based track history, track filterir
and track history filtering based ondkaselection/

2D Map and 3D Perspective View

Instant switching of 2D map view and 3D perspec
view allowed a user to get clarity of track infortioa.
One example is track altitude. When a number afks

are fused it is difficult in a 2D map view identify which
tracks are contributing towards the track altitt

Track History

Track history gives the trail of the aircraft antow
where the target came from. A large amount of sazn
be present on screen at any given time. The traatkri
selection filter allows the user to view the higtéor the
relevant tracks only. Thicontributes to solving one of t
possible complicationsdiscussed in the introductio
which is ‘too much information’Figure 4 displays track
history when seen from both the 2D map view and3t
perspective view. 2D vievwportrays where the tracl
came from. 3D is useful here to view the altitudéshe
tracks.

GISFeatureand Terrain Layer Switching

The GIS feature layer switching together with thedin
mixture provided an intuitive feel for location. tHag
GIS data displayed without terrainve a familiar radar
type screen to the command Figure 5 shows how the
use of a mixture of terrain layers (satellite, spata) anc
GIS features improves the user’s location awarel

Figure 4 2D map view and 3D per spective view of tracks and track history



Figure5 Mixtureof terrain layersand GISfeatures

1 22009 11:41

Figure 6 Gl Sfeatureswithout terrain (White background shown (normally black) to emphasis GIS)



Track Filtering

Track filtering was a large requirement which résdi
from use of the system in live exercisAn example that
shows the need for track filtering is when a comdaans
assessing a live joint air picture and hostilerafts entel
the picture. One part of incident management |
Section 7for a discussion on incident managem

consists of tracking the hostile aircraft along hv
assigning possible friendly aircraft tracks. Atsttpoint
the rest of the aircraft tracks can distract anocllthe
visual scene. The filter allows the commander tdy
view the current incident whicincreases the situatit

awareness.
- B[x]

Display

Switch ko 2D
Switch ko 30

aIs
Ackive Overlays:
South African Roads

‘forld

Track, Hiskory
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w
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|
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Figure 7 Visual scene management GUI

6.4 Decision Support

This section presents thesults of the simulation. Resu
are in the form of screenshots taken during lating and
live exercises and operations. This shows how ystem
has successfully implemented the initial requiretsidar
a JC2 system. The use case discussed in Sectioof
this paper is applicable to the results shown. iAtjair
picture is formulated. Trackahich appear to belong

the same aircraft are grouped and selectefused track

is then shown. To assist with traselection decisions,
suggested associations are shown as hints to
commander. Tracks may be filtered to show only du
tracks. Figure 8 and Show the suggested associati
and fused picture respectively.

Figure 9 Sensor fusion showing selected tracks and fused
track

6.5  Track Selection Techniques

Four track selection techniques were investic:

e Fuzzy selection, afuzzy distance (user
configurable) is used to select all tracwithin
that fuzzy distance from a reference pt

 Point and drag oline (Windows Style), All
tracks within the outline box are selec



» Circle SelectionSelections are macby use of
circle whose size is controlled bye mouse
scroll wheel. All track/s within the cirle are
selected. Holding down the crol key allows
for multiple selections/dselections

e Individual Select, A cursor placed oo the
cumrent mouse position for individual ecting.
Holding dowvn the control key allows fc
multiple individual selections. The ¢em finally
used a mixture of Circle Selection andividual
selection.

Figure 10 Track selection circle showing selected tracks

6.6  Track Overlap in 2D display

As discussed in Section 4tfack display ambiguity c
selection can occur. Track selection needs to heick
decision and one must consider that the tracksipos
are continuouslyupdated. The following methods hs
been identified as possible solutions to the pro.

Auto Zoom

The viewer (in 2D mode) will automatically zoom ar
the display scene thereby allowing more screenespat
track to view the tracks at their individual terr
locations. The issue identified here is the sudcleange
in view space which would be aubated. A command:e
might find this change confusing and thus ti
consuming and delaying the decision making prog

GUI Track List Popup

The popup is &Ul naming the track numbers/details ¢
selection can be made from the Glisting. The issue

identified here was with achieving separate GUIdeins
to be embedded in the same view window as the vi

Track Source Filter

Within the display User Interface a track filter ialn
filters tracks on source and incidentincident
Management The one issue identified is that the tra
in some cases may all come from one so Figure 4
shows the track filter.

Individual Unique Selection

Tracks will temporarily stop being updated. Usingasic
spread algorithm tracks will be spreaut in a uniform
circle around the reference point where the oveed
tracks occur. The issue identified here was theus
calculation of the temporary circ

The two most effective solutions which covereditseies
were the track filter and thadividual unique selectior
Figure 11 and 12show the overlap issue and !
individual unique selections.

= S

Figure 11 Track Overlap Issue



Figure 12 Unique Track Selection providesa solution for the
track overlap in Figure 11

7 Interoperability and Operational
Exercises

A Joint Command and Control Test Facility is cuthel
being established [1] within South Africa. Fromsthive
exercises have bedmeld to test and showcase syste
from research and industry. South Africa is alsmeidng
attention from the global scene regarding hostiri¢
international events. This has allowed the sys
discussed in this paper to be utilized in live apiens.
Preceding these exercises the system had to bel tee
the lab. An air defence simulator] [(SBADS simulation)
was used to inject simulated computer generateck$
into the system discussed within this pa

7.1 I nter oper ability demo/exer cise

This exercise demonstrated the use case discuss

Section 4.1 of this paper. Five nodes with the esy

discussed within this paper were setup to receirazadt

tracks. Three of the nodes received air, ground

maritime tracks respectively. The fourthde was used to
visualize the higher level fused tracks (See sec6gt

Decision Supporfor Sensor Fusiorresults). The fifth
node was used to route and filter all aircraft keafrom

external and simulated systems. This was done ha:

gateway (see Ston 2.2 of this paper) and a tactical d

link.
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INTEROPERABILITY EXERCISE

Figure 13 Interoperability Exercise and the Confederation
Cup. South African Government Departments diagram
from Le Roux [1].

Figure 13 shows the hothe systems were connect
during the respective exercises and operations.
computer icon represents a nc

7.2 Confederation Cup

The Confederation Cup is a football tournamentduwsty
FIFA (The Fédération Internationale de Footl
Association). It wadheld in South Africa in June 20C
Joint Command and Control is vital in events ofs
nature. JC2 includesnclude stadium protection and
airspace controlThe system was used as an Incic
Management Tool to track and log incidents usidyea
air picture display together with a user interf

7.3 L essons L earnt

Lab testing and live exercises provide feedbacknfthe
use of systems and allow developersmodify/optimize
the system according to requirements. Staying meca
of this paper the lessons learnt were as foll

Viewer performance

Large amount of data (aircrafts tracks, track histtarge
GIS sets, large Terrain databases) coupled intcviewer
can put a strain on hardware and software. Thisez
the simulation to lag behind tim¢



Viewer integrated into common user interface
The viewer is shown within its own window. Some

d_|ff|culty was noted when one screen 1S used arel thrhe authors would like to thank both the Armaments
viewer windows has to be minimized. Corporation (ARMSCOR) of South-Africa and the
) _ Council for Scientific and Industrial Research (Rpbf
Tactical data link used to connect nodes South-Africa for supporting this research.

Tactical data link used to connect the simulation

presented challenges in time management and d

distribution. This work will be presented in a seta 611 References

paper.
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