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ABSTRACT

The Command and Control Systems — Simulation Systems Interoperation (C2SIM) international standard
specifies an important Modelling and Simulation (M&S) standard. It defines content for information
interchange across Command and Control (C2) systems, simulation systems, and Robotic and Autonomous
Systems (RAS) [13]. The standard was developed by the Simulation Interoperability Standards Organization
(SISO) and approved in 2020. NATO Modelling and Simulation Group 211 (MSG-211) developed a
Research Technical Course titled “Modelling and Simulation Standards in NATO Federated Mission
Networking”. This Educational Notes paper presents the course content for the topic “Walkthrough
supporting C2SIM ontologies” [8]. The paper presents the structure and content of C2SIM Core Logical
Data Model, the Standard Military Extension (SMX) and the Land Operation Extension (LOX) ontologies
including ontology specific features in Protége. This overview is to help understand and use the ontologies
for own applications. It describes how to model ontology extensions if additional requirements emerge, e.g.
for different domains. It also shows the process how to transform the ontologies to an XML schema and
produce C2SIM messages to exchange information between systems.

1.0 C2SIM INFORMATION MODEL

C2SIM enables information exchange between a system of systems comprising C2, simulation systems and
robotic and autonomous systems. The purpose of this information is to initialize and synchronize the systems
and to send, receive and process C2SIM messages such as orders and reports (see Figure 1).
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Figure 1: C2SIM System-of-Systems [16].
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C2SIM information is exchanged in the form of XML messages derived from a reference knowledge model
[6]. This reference model consists of multiple ontology layers built on one another [7]. The Core Logical
Data Model as initial layer covers core concepts and represents together with the Standard Military
Extension (SMX) basic information that most C2 and simulation systems have in common. The Land
Operation Extension (LOX) is the only standardized domain model covering knowledge from the Land
Domain (see Figure 2) [13], [15]. It serves as model for the C2SIM extension process.

Figure 2: C2SIM ontology layers.

1.1  C2SIM Core Logical Data Model

The C2SIM Core Logical Data Model (LDM) builds the basis for C2SIM information exchange. The core
ontology provides the basic semantic structure and information for C2SIM coalitions. The structure depends
on three concepts or ontology classes: [nitializationConcept, MessageConcept, and C2SIMContent.
InitializationConcept provides classes and further ontology features that are necessary to initialize a scenario.
MessageConcept collects concepts to create messages for Tasking and Reporting as well as SystemMessages.
Both classes refer to C2SIMContent classes that represent general semantic concepts like AbstractObject,
Action, PhysicalConcept, Code, Entity, EntityType, EntityDescriptor, EntityState, Relationship and Resource

(see Figure 3).

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList |

ObjectDefintions

| C25IMHeader H Message H MessageBody H MessageCode ‘

MessageConcept

| ReportContent H RequestContent |

Figure 3: Basic C2SIM concepts/classes.

C2SIMContent
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Classes are organized in a taxonomy meaning they may have hypernymy and hyponymy relations to each
other. Hypernymy is the transitive superordination of one class to another, e.g. ActorEntity as subclass has a
“is a”-relation to its superclass Entity but not vice versa. Hyponymy instead refers to the subordination to
another class, i.e. Entity has the subclasses PhysicalEntity and ActorEntity that again has the subclass
CollectiveEntity. Figure 4 reveals the taxonomy view in the ontology editor Protégé [15] which can be
expanded at the arrows to show more subclasses in indented lines.

_
¥ 0 C2SIMContent
- 0 AbstractObject
Action
Code
~ Entity
v 0 ActorEntity
b (0 CollectiveEntity
= Person
b Platform
PhysicalEntity
EntityDescriptor
Entity State
EntityType
PhysicalConcept
» Relationship
s Resource
B0 InitializationConcept
p- ) MessageConcept

>
Y

Figure 4: Entity and its subclasses

Apart from the taxonomy relations, ontologies allow to define class attributes. Those are inherited by their
respective subclasses. Thus, they correlate with the taxonomy. Subclasses distinguish from its superclasses
and sister classes by specifying with additional attributes or property restrictions. Accordingly, Entity has
subclasses like ActorEntity and CollectiveEntity. Besides, Entity has the property restrictions hasEntityType
min 1 EntityType, hasName max 1 xsd:string and hasUUIDBase exactly 1 UUIDBase (see Figure 5). The
property restrictions state conditions an instance must fulfil to be regarded as member of that class.

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList |

ObjectDefintions

MessageConcept | C2SIMHeader || Message || MessageBody || MessageCode |

ReportConter ¥ ActorEntity
ollectiveEntit

Person
------ Platform
PhysicalEntity

»

C2SIMContent

hasEntityType min 1 EntityType
hasName max 1 xsd:string
hasUUID exactly 1 UUIDBase

Figure 5: Entity, its subclasses and its attributes.

STO-EN-MSG-211 25-3



Sal

Walkthrough Supporting C2SIM Ontologies organization

These property restrictions refer either to object properties or datatype properties. Datatype properties assign
a value type to a member of a class bearing that property. An Entity has an optional datatype property
restriction which is hasName max 1 xsd:string restricting its name to a string. It also has the datatype
property restriction hasUUID exactly 1 UUIDBase defining a unique identifier as UUIDBase. UUIDBase is
a value type or pattern deliberately specified by C2SIM experts using regular expressions (see Figure 6).

Datatype Defintions
xsd:string[pattern "[0-9a-fA-F}{8}\\-[0-9a-fA-F {4 }\-[0-9a-fA-FI{4}\\-[0-9a-fA-F{4})\\-[0-93-FA-F}{12}"]

Figure 6: Defining Datatypes for datatype properties.

Object property restrictions on the other hand represent attributes linking one class (or its instances) to
another while not being super- or subordinated to each other according to the taxonomy. An Entity is
specified with the object property restriction hasEntityType min I EntityType relating Entity to at least one
EntityType (Figure 7). As EntityType comes with more attributes, those affect Entity, too.

* hasName max 1 xsd:string
% hasUUID exactly 1 UUIDBase

Figure 7: Entity and EntityType linked by an object property restriction.

CollectiveEntity as subsubclass of Entity and subclass of ActorEntity inherits their property restrictions (see
Class Of (Anonymous Ancestor) in Figure 8) and specifies by further property restrictions. Accordingly, the
property restrictions EntityDescriptor exactly 1 EntityDescriptor, hasCurrentTask min 0 UUIDBase and
hasRecource min 0 Resource are inherited from ActorEntity. The first property restriction refers to the class
EntityDescriptor that again refers to an AllegianceRelationship, an Affiliation, a Superior and a
CommunicationNetwork. The other three property restrictions are inherited from Entity.

[
InitializationConcept | InitializationDataFile || ScenarioSetting || SystemEntityList |

ObjectDefintions |

" ActorEntity
¢ hasCurrentState max 1 PhysicalState
£ has Subordinate min 0 UUIDBase

=S cinaLy . Jeral class axioms
v @ ActorEntity SIMHe: Body || MessageCode |

p- ':‘:‘ _ Class Of (Anonymous Ancestor)
.49 Person
~ hasCurrentTask min 0 UUIDBase
_ " Platform ) hasResource min 0 Resource
) PhysicalEntity @ hasEntityType min 1 EntityType
) hasUUID exactly 1 UUIDBase
@ hasName max 1 xsd:string

_ _ hasCommunicationsNetwork min 0 UUIDBase
¥ has Superior max 1 UUIDBase
N icAffiliatedWith min 0 1I11INRAase

C2SIMContent

Figure 8: Entity and EntityDescriptor.
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The property restrictions hasCurrentState max 1 PhysicalState and hasSubordinate min 0 UUIDBase
(see Figure 9) are specific to CollectiveEntity. The object property hasCurrentState associates the class to
PhysicalState, a subclass of EntityState including Location, Orientation, Health, Speed of an Entity.

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList |
N . .- ) Entity State
0 bJ e DEfI;l z::grrllzﬁtijy @ hasDirectionOfMovement max 1 Orientation

0 hasEntityHeaith Status min 0 EntityHeaith Status
~— ) hasLocation min 1 Location

hasCurrentState max 1 PhysicalState

asSubordinate min se
0 hasOrientation max 1 Orientation
e leraica o —— @) hasSpeed max 1 xsd:float
eral Class axioms
v ActorEntity SIMHex Boc
= = - eral class axioms
>— . o“ectweEntlt '- ;iln:: Of (Anonymous Ancestor) [eral class axiom
- . person — @ hasEntityDescriptor exactly 1 EntityDescriptor
Class Of (Anonymous Ancestor)
@ hasCurrentTask min 0 UUIDBase ’ nonmeLE A '
0 Platform @ hasResource min 0 Resource @ nasDateTime max 1 Timelnstant
b ‘ PhySIcaIEntlly ) hasEntityType min 1 EntityType

) hasUUID exactly 1 UUIDBase
C2SIMContent ) hasName max 1 xsd:string - - -
= () PhysicalState

Figure 9: Entity and hasCurrentState referring to PhysicalState.

All those Entity-related concepts or other C2SIMContent concepts are allowed to be used by
InitializationConcept and MessageConcept. For the initialization of systems, C2SIM provides four
superclasses of InitializationConcept (see green boxes in Figure 10). InitializationDataFile allows to
describe a terrain, ScenarioSetting to specify the setting of a scenario or a SystemEntityList to list entities that
reside within the systems. ObjectDefinitions define objects with object property restrictions referring to
AbstractObject, Action or Entity which are subclasses of C2SIMContent (see Figure 10).

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList

| ObjectDefintions \

. hasAbstractObject min 0 AbstractObject
@ hasActior min 0 Action
@) hasEntity 1in 0Ent 1

@ nitializati 1Conce
MessageConcept (Op.50] | R — _”_p e ---255ageBody || MessageCode

Report E EH: RequestContent

casiMcontent  [[/AbSira EOBject] [PActionT] [TPhysicalConceptt] [ICode]
[_Entity ][ EntityType ][ EntityDescriptor ][ EntityState ]
[ Relationship [ Resource |

Figure 10: ObjectDefinitions referring to AbstractObject, Action and Entity.
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MessageConcept allows the systems to send, receive and process a SystemMessage and tasking and reporting
messages (see yellow boxes in Figure 11). It covers structural information that messages consist of, i.e. a Message
hasC2SIMHeader exactly 1 C2SIMHeader and hasMessageBody exactly 1 MessageBody. MessageBody has the

subclass DomainMessageBody, which unfolds into the subclasses AcknowledgementBody, OrderBody,
ReportBody or RequestBody. They all have a Sender and a Receiver reference.

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList
| ObjectDefintions |

hasC2SIMHeader exactly 1 C2SIMHeader

hasMessageBody exactly 1 MessageBody
Messag%onr{%

MessageConcept | C2SIMHeader || Message || MessageBody || MessageCode |

| ReportContent || RequestContent |

isfromSender exactly 1 UUIDBase : CZSIMImtIallzatlonBody
isToReceiver exactly 1 UUIDBase <::| v & DomainMessageBody

MessageBody - AcknowledgementBody

OrderBody
c2sIMContent [ AbstractObject |[ Action | F ReportBody

ObjectinitializationBody
SystemAcknowledgementBody
SystemCommandBody

s~

Figure 11: DomainMessages for Tasking and Reporting.

ReportBody inherits the property restrictions isFromSender exactly 1 UUIDBase and isToReceiver exactly 1
UUIDBase from its superclass DomainMessageBody. It further specifies by hasReportContent min 1
ReportContent, hasReportID exactly 1 UUIDBase and hasReportingEntity exactly 1 UUIDBase.
PositionReportContent and TaskStatus are subclasses of ReportContent (see Figure 12).

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList |

| ObjectDefintions |

MessageConcept | C2SIMHeader || Message || MessageBody || MessageCode |
Reponf:omem

pos..ionRepomme,,(:—‘ ReportContent | RequestContent |

TaskStatus

C2SIMinitializationBody

DomainMessageBody

hasReportContent min TReportContent ' DomainMessageBody
min i £
hasReportiD exactly 1 UUIDBase i gc:noBv:I:dgementBody
hasReportingEntity exactly 1 UUIDBase i e raer y
C2SIMContent ReportBody
neral class axion RequestBody
i ObjectinitializationBody
[‘bClass O (Anonymous Ancestor l SystemAcknowledgementBody
isfromSender exactly 1 UUIDBase H SystemCommand Body
isToReceiver exactly 1 UUIDBase

s _~~_ s

Figure 12: ReportContent as part of ReportBody.
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OrderBody is crucial for Orders referring, among others, to Task with the object property restriction hasTask
min 0 Task. Task is a subclass of Action and thus of C2SIMContent (see Figure 13).

InitializationConcept | InitializationDataFile || ScenarioSetting || SystemEntityList |
DomainMessageBody
[ hasEntity min 0 MapGraphic
haslssuedTime exactly 1 DateTime
hasOrderlD exactly 1 UUIDBase
hasRequestingEntity max 1 UUIDBase

hasTask min 0 Task_

MessageConcept |: hasTaskReferencq |in 0 UUIDBase EH IVIessageBody || IVlessageCode|

: C2SIMinitializationBody
¥ DomainMessageBody
. AcknowledgementBody
OrderBody
ReportBody
RequestBody
ObjectinitializationBody
SystemAcknowledgementBody
SystemCommandBody

L) P

—

bClass Of (Anonymous Arl [stor)
isfromSender exa 1 UUIDBase

isToReceiver exac| |1 UUIDBase

C2SIMContent

Figure 13: OrderBody with reference to Task.

RequestBody is associated, among others, to RequestContent with the object property restriction
hasRequestContent exactly 1 RequestContent. Its only subclass TaskRequestContent, is linked to Task. This
is similar to ReportContent but differs having a distinct command structure. AcknowledgmentBody is only
specified by the property restriction hasAcknowledgementTypeCode referring to AcknowledgmentCode
which contains the instances ACKSUCC or ACKFAIL.

1.2 Standard Military Extension

The Standard Military Extension (SMX) is built using the core’s structure, classes and property restrictions
and adding more military concepts to it. It is extended by one additional class to the main taxonomy structure
and comes with further property restrictions. C2SIMContent has the subclass Observation with more
subclasses such as ActivityObservation, HealthObservation, LocationObservation, NameObservation,
RecourceObservation, SubjectTypeObservation. They refer to a specific Entity or rather ActorReference and
involve information about its Activity, Health, Location etc. Moreover, ObservationReportContent is
enclosed as an additional subclass of ReportContent. It refers to Observation with the help of the new
property restriction hasObservation min 1 Observation (see Figure 14).
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{0 hasObservation min 1 Observation

() ReportContent
InitializationConcept | InitializationDataFile || Scen
seneral class axioms
| ObjectDefintions \
- - . subClass Of (Anonymous Anci r)
@ CuservaoafeportCumon ::> ® hasDuration max 11 fion
- @ TaskStatus " hasTimeOfObservati|  pxactly 1 DateTime
MessageConcept | CZSIN |'Eader || Message || MessageBody MessageCode |
||
| ReportContent || RequestContent |
) C2SIMContent
() hasActorReference max 1 xsd:§  |g
() hasConfidenceLevel max 1 xsdy|  ple
() hasUncertaintylnterval max 1 x§  puble

C2SIMContent o ActivityObservaFion
- HealthObservation
- LocationObservation

- NameObservation _
- £ ResourceObservation

- SubjectTypeObservation

Figure 14: ObservationReportContent with reference to Observation.

RequestContent has the subclass MIPRequestContent in the SMX and utilizes the property restriction
hasMIPRequestCategoryCode exactly 1 MIPCategoryCode. The class MIPCategoryCode as subclass of
MessageCode, uses codes derived from MIP (Multilateral Interoperability Program) (see Figure 15), a
standard for distributed C2 systems.

InitializationConcept [ InitializationDataFile | | ScenarioSetting ||:. AcknowledgeTypeCode
% CommunicativeActTypeCode

| ObjectDefintions | [ MIPRequestCategoryCode
SystemCommandType@gde
- MIPRequestContent TaskSt usCode l

-0 Taskf }questContent
MessageConcept | C2SIMHeader | ess EH MessageBo | MessageCode |

| ReportContent| Req pstContent |

STaTTCES

" hasMIPRequestCategoryCode exactly 1 MIPRequestCategoryCode @AcTON
{ RequestContent @ Assoc

CAPAB

C25IMContent [ AbstractObject | [ Action |[ PhysicalConcept |[Code ] 1.
[ Entity ][ EntityType ][ EntityDescriptor |[ Entitystate | | [

@ LOCATN

@ STATUS

& Tvpr

Figure 15: MIPRequestContent using MIPRequestCategoryCode.
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Furthermore, SMX offers new subclasses of CollectiveEntity, such as MilitaryOrganiation and Unit. Apart
from inheriting restrictions from its superclasses, they are defined by the property restrictions
hasCommandRelation min 0 CommandRelation and hasEchelonCode exactly 1 EchelonCode referring to
military specific attributes. EchelonCode as subclass of Code includes a list of instances containing ARMY,

BDE or COY (see Figure 16).

" hasC min 0 Ci dRelati
InitializationConcept | InitializationData ® naskcheloncode exactly 1 EchelonCode 1EntityList
- —— © military{" Janization
| ObjectDefintions
eneral class a
0 ActorEntity
v . CO”eCﬂVeEntity ubClass Of (An mous Ancestor)
> o MilitaryOrganization @ hasEnti{  pscriptor exactly 1 EntityDescriptor
Message oL@ Unit r @ hasCur] [Taskmin 0 UUIDBase MessageCode
“- @ NonMilitaryOrganization @ hasResiice min 0 Resource
@ Person nt @ hasSub| |nate min 0 UUIDBase
b @ Platform e :i "1(;0"9 esosiationCod
: " : nTemporalAssociationCode
9 PhvsicalEniily @ Al pianceRelationshipCode
o andRelationCode
O redEffectCode

C2SIMContent

EchelonCode
) Hostility StatusCod
@ OperationalStatusCode

) OrganizationCode

) ReinforcedReducedType
@ SecurityClassificationCode
() TimeReferenceCode

Figure 16: Unit defined by EchelonCode.

A more hidden property restriction is added to further specify Entity with hasEntityDesciptor exactly 1
EntityDescriptor that again has the new property restriction hasSide max I UUIDBase (see Figure 17).

InitializationConcept | InitializationData

| ObjectDefintions

en

- ActorEntity
¥ () CollectiveEntity
. ¥ MilitaryOrganization

Message (0 Unit r
‘- @) NonMilitaryOrganization
- @ Person nt
B 0 Platform

- & PhysicalEntity

) hasAllegianceRelationship min 0 AllegianceRelationship
9 hasCommunicationsNetwork min 0 UUIDBase
" hasSide max 1 UUIDBase

) hasSuperior max 1 UUIDBase

) isAffiliatedWith min 0 UUIDBase

b

) hasCommandRelation min 0 CommandRelation
@ hasEchelonCode exactly 1 EchelonCode
£ MilitaryOrganization

1EntityList

eral class axioms

Class Of (Anonymous Ancestor)
@ hasEntityDescriptor exactly 1 EntityDescriptor
@ hasCurrentTask min 0 UUIDBa
@ hasResource min 0 Resource

@ hasSubordinate min 0 UUIDBa;
@ hasCurrentState max 1 Physic:
@ hasEntityType min 1 EntityType
@ hasUUID exactly 1 UUIDBase

@ hasName max 1 xsd:string

MessageCode

Figure 17: Unit with reference to EntityDescriptor and added hasSide-restriction.
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ForceSide as a new subclass of AbstractObject is linked to ForceSideRelation as subclass of Relation
(see Figure 18).

InitializationConcept [ InitializationDataFile || ScenarioSetting || SystemEntityList

| ObjectDefintions |

e arTTo e

MessageConcept - @ AbstractOrganization sare [ NMaccamn Dadu N MaccnanrCada |
:: fsrgnsl:: ::at'O"Nemc”k ) hasForceSideRelation min 0 Force SideRelation

- @ Overlay

-Actio mporalRelationship
-_ Allegil |ceRelationship

Comnd4ndRelation

Figure 18: ForceSide as subclass of AbstractObject.

C2SIMContent

1.3 Land Operation Extension

The land operation extension (LOX) is a third and optional ontology layer. It partly covers the military land
operations aspects of Military Scenario Description Language (MSDL) and Coalition — Battle Management
Language (BML) that are used by the international land military simulation community. LOX adds four
subclasses to C2SIMContent: PlanPhase, PlanPhaseTrigger, RuleOfEngagement. PlanPhase is referred by
PlanBody as subclass of DomainMessageBody (Figure 19).

¥ @ DomainMessageBody
- =@ AcknowledgementBody
cen = . OrderBody st

InitializationConcept | InitializationDataFile |

() DomainMessageBody — PlanBody
0 hasPlanPhase min 0 PlanPhase - @ ReportBody
@ hasPlanPhaseReferefl |min 0 UUIDBase - {0 RequestBody
() isToBeExecutedNow d [ctly 1 xsd:boolean
MessageConcept | C2SIN Header || Message MessageBody || MessageCode |

‘ Repo| Content H RequestContent |

Figure 19: PlanBody, PlanPhase, PlanPhaseTrigger and RuleOfEngagement.

C2SIMContent
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LOX also specifies Task with a new subclass: ManeuverWarefareTask which can be used for Orders and
Requests. It uses a property restriction hasRuleofEngagement min 0 RuleOfEngagement defining the
conditions under which weapons are allowed to be used to engage other forces (see Figure 20). The object
property restriction hasTaskFunctionalRelation min 0 TaskFunctionalRelation refers to a functional
relationship between tasks.

InitializationConcept [ InitializationDataFile | | Scenariof

bClass Of
hasRuleO! min 0 RuleOfE:

| ObjectDefintions |

hasTaskF i min | jaskF
Task

General class axioms

bClass Of (Anonymous Ancestor

MessageConcept [ C2SIMHeader || Message || M & umemes 1reasins
A £ TaSk hasUUID exactly 1 UUIDBase
i Ma neuverwa rfa I'eTaS k ‘_—_> nasMapGlrapnlch min 0 yUIDBa
hasLocation min 0 Location

hasActionTemporalRelationship 0 ActionTemporalRelationship
hasTaskActionCode exactly 1 T3 ActionCode
hasAffectedEntity min 0 UUIDBag
hasPerformingEntity exactly 1 Ul Base
hasDesiredEffectCode min 0 Deg pdEffectCode
hasDuration max 1 Duration

[ AbstractObject |[ Action |[ Ph
[ Entity ][ EntityType |[ EntityDe
[ Relationship [ Resource ][ Observation |
| PlanPhase | [ PlanPhaseTrigger |

Figure 20: ManeuverWarfareTask and RuleOfEngagement.

C2SIMContent

hasEndTime max 1 Timelnstant

hasStartTime max 1 Timelnstant V. RuleOfEngagement

MipWeaponUseROE

2.0 C2SIM - EXTENSION PROCESS

C2SIM not only provides the standard ontology layers Core, Standard Military Extension (SMX) and Land
Operation Extension (LOX). It also provides a process to extend the ontologies due to own requirements
which may result from the employment of different systems (e.g. uncrewed systems) or different domains
(e.g. maritime, cyber etc.) [3], [4], [9]. An extension should be modelled similarly to LOX. It should be built
as additional layer on top of at least the Core ontology and the SMX layer using Protégé. Moreover, the
C2SIM Ontology Subgroup (COS) manages and maintains the standard. Before or after creating an
extension, the COS can help and contact another subgroup dealing with the same domain extension. On the
other hand, change requests and problem reports can be submitted to the COS. These are gathered and might
lead to adjustments to the standard.

After gathering requirements for a new C2SIM ontology extension, the modelling begins after defining a
new namespace (Ontology IRI) and ontology imports (see Figure 21). The imports are crucial to be able to
use the information already modelled in the Core and SMX. In case SMX is used, it needs to be set and
automatically imports the core ontology.
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Ontology header:

Ontology
Ontology Version [RI

RI http:iwww. icweDb.org/r d jies/2022/1/NewDomainOntology Métrics

Logical axiom count 245
Annotations Declaration axioms count 224
Class count 63
Object property count 21
Data property count 19
Individual count 129
Annotation Property count 5

‘ Ontology imports | Ontology Prefixes | General class axioms |

Imported ontoloaies [@ni=ic

Direct Imports
<http:/iwww.sisostds.org/ontologies/smx>
smx
Ontology IRI: <http:/Aww sisostds.org/ontologe s/smx>
Location

Indirect Imports

<http:/hwww.sisostds org/ontologiesiC2SIM>

Figure 21: Defining a namespace for ontology extension in Protégé.

Following the structure of the imported ontology layers, features can be added and automatically belong to
the extension now. Those features include new subclasses, datatypes, data properties, object properties,
property restrictions and instances. Subclasses can extend the taxonomy by expanding a class and creating
another (see Figure 22). It automatically will inherit its superclasses’ properties.

Data properties [Annutation properties Annotations Usags]
Cascoc  [EERSINIEUES

Class hi rarchy: ReportConiZ] [ =
& Asserted «
. Thing

p- @ C2SIMContent

B @ InitializationConcept
v-- @ MessageConcept

@ C2SIMHeader :

@ Message Description: ReportContent |
»- @ MessageBody
»- @0 MessageCode

A& JReportContent

© ObservationReportContent  SubClags Of &

Annotations
rdfs:comment
This is a collection class that may be used for differenttypes of messages reporting information to other systems

Equivalent To

) PositionReportContent
. @ TaskStatus ® <4 Create a new Class X
»- @ RequesiContent L
® Name NewDomainReportConcent
Generg
IRl a.dechand/ontologies/2022/1/MNewDomainOntology#NewDomainRepornConcent
SubClgl New entity options...
Instan 0K Abbrechen

Target for Key [+

Figure 22: Adding classes to taxonomy.
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In some cases, it makes sense to add instances to a class with the help of an instance button to name and add
a new instance or choose from the already existing ones (see Figure 23).

v @ owi.Thing The activity to be performed in the task, .g. Move, Observe, Assist
v @ C2SIMContent

»- @ AbstractObject
» @ Action

Toce
¥- ® ActonCode Description: TaskActionCode BlEDE
@ EventCode Equivalent To ]
el 22 FActionCode |
-~ @ ActionTemporalAssaciation
@ AllegianceRelationshipCod  SubTiass Of
- @ CommandRelationCode -
- @ DesiredEffeciCode 9 Ackoncioe
@ EchelonCode

@ HostilityStatusCode General class axioms @ ABORGN
> @ OperationalStatusCode & sBW
»- @ OrganizationCode @ Accept
SubClass Of {Anonymous Ancestar)
] : ReinforcedReducedType G e @ ACKFAIL
§ Loty # s
L ocm @ ACINOTRECGZ | ———
-~ @ EntityDescriptor .Assistomerumt . ACKMOTUNDSTD
» @ EntityState @ HoldinPlace ! ACKRCVD
» @ EniityType P
- ® Obsenation — <4 Create a new Named individual X
» @ PhysicalConcept @ Oosenve
»- ® Relationship 4 OrientToLocation
- @ Resource Name
» @ InitializationConcept QRenonPosmon
»- @ MessageConcept @ UseCapability
IRl “ticweb orgimagdalena dechandiontologie MMewDomainOntology#Aitack
Target for Hey Mew entity options. ..
[ t Vit
OK Abbrechen
e T AFTAL T
& & AFREAR
& sFRBAS
& :FREEL
@ AFRBUR
oK Abbrachen

Figure 23: Addition of instances.

A property restriction for a class can be created with the button SubclassOf that offers possibilities to
generate an object property as plain text or with an interface providing all possible object properties to
choose from and specify by some, only, min, max or exactly and the (class) range (see Figure 24).

ule = eveded o R | Object restriction creator | Class hierarchy | Class expression editor | Data restriction creator |
v : :4;“2251 Content Observations on resource svallabilly, & 9. fusl, smmuntion Restricted property Restriction filler
LR i -0 Asserted % 8| Asserted ~
® Event ‘e o+
® Task .
> @cis - hasObjectDefinitions » @ Action
» @ Enttty i
@ EntyDescnptor <4 ResourceObservation = hasObservation | &2 ] Code
| @ewsme - mm hasOperational Status > @ Entity
T :5:':::\,."“:0,. = ® |Data rsstriction creator | Class hisrarchy | OI .. mm hasOrientation @ EntityDescriptor
 {rarsotniarid ® Obsenaton nasResource min 0 Resource ...mm hasPlanPhase » @ EntityState
® LocabonObsenaton - = hasPlanPhaseCompletionCondition ¥ @ EntityType
M e - mm hasPlanPhaseTrigger » @ Observation
le F: fn:::;n;;mlnnsawﬂunm ) - m hasReinforcedReducedType » () PhysicalConcept
» @ Relstonsnp @ nasuncurantinerre mas | 800 - m hasReportContent @ PlanPhase
b @ e acect @ nssConfsenceL esei max 1153 soul - W= hasRequesiContent » & PlanPhaseTrigger
> @ MessageConcept @ hasAciorererence max 1 xsasYng B _IhasResource] »- (0 Relationship
- W hasRuleOfEngagement [
- has ScenarioSetting »- ) RuleOfEngagement
- W has SpatialOffset »-- @ InitializationConcept
b () MessageConcept
| Restriction type
Help. Min (min cardinality) ~ Cardinality 1
oK Some (existential)
Only (universal) Abbrechen
Min (min cardinality)

Instances g

Exactly (exact cardinality)

Mav {imav rardinalitud

Figure 24: Addition of object property restrictions.
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If the existing property restrictions do not fit to one’s purpose, new object properties can be created which
are organized in a taxonomy. The range needs to be filled containing the class it refers to (see Figure 25).
The other characteristics are not supported by the schema transformation tool [6].

= owl topObjectProperty
-~ hasAbsiractObject
- I hasAction
WM hasActionTemporalRelationship

Indicates an Observation value associated with a class,

== hasAllegianceRelationship Description: hasObservation
B hasC2SIMHeader

b B hasCode Functional Equivalent Tc
B hasCommandRelation )
== hasDirectionOfMovement Imerse functional o )
= hasEntity " Subfroperty Of

~— = hasEntityDescriptor Transitive

- W hasEntityHealthStatus —

- hasEnlityState SO e

- W hasEntiyType Asymmetric
B hasForceSideRelation Domains (imersection
mm hasinitializationDataFile Reflexive
B hasLocation
m hasMessageBody Irreflexive Ranges (intersection)
B hasObjectDefinitions @ Observation
- vation

F perationalStatus
- has Origntation Digjcirt ith
- hasReinforcedReducedType

= hasReportContent

B hasRequestContent

BN hasResource .

= hasScenarioSetting <4 Create a new Object property X

B hazSpatialOffset

B hasSystemEntityList
P hasTemporalConcept

uperProperty OF (Chain)

Mame hasResourceObservation

IRl :na dechandiontologies/20221MNewDomainOntalogy#hasResou

Mew entity options.

oK Abbrechen

Figure 25: Create new object properties.

Regarding datatype property, a range represents a datatype like string, int or byte. Datatype properties are
also organized in a taxonomy. Apart from predefined datatypes, new datatypes can be created using regular
expressions (see Figure 26).

ata property hierarchy: ha: [z 0 = ®E

Ann

|-
- - Asserted v
rdfs:comment
"W gwltopDataProperty Instances of the class have data identifying a numeric value associated with the quantity for th B ) -
. hasComment TANGAION PIOPETES - o7 LIAlYpes  |WOMOUAIS| = W UUIUBSE — DT /1 SIS05105, 013 ONDIOg S L SSFULILEESE

- hasConfidenceLevel [ Data propariies | | Amnatations [Usage

- B hasCoardinateValue m=m 5 fannotations UUIDBase
- B hasDISCode
[ hasEntityTypesiring Characteristics: 1= ®& | Description: hasQuantity | Ll
|- W hasHigherFormation ® eoanTypasiing Description: UUIDBase:
. rasintisllzaton FliaTyps Functional Equivalent To ::“‘f“"ﬂ'”":‘;
|- mm hasisoDateTime soTimeBuration8iase watypa Dot
i @ wiie x5 stingloatern T . 1211
| ~® hasisoTimeDuration @ iongitude T HOIC He HI H
= hasMarking SubProperty Of @ owtratonal
» = hasMessagingDataProperty :wu:u
d percentage
W hatame Domains (intersection @ (i PlainLiteral
= hasProtocol @ ronLLseral

-~ mM hasProtocolVersion

@ rots Literal 4 Create a new Datatype X

il 1125 QUANIIY. Ranges mooROCodeSting
» B hasReference ® » Name
W hasSIDCString iEcoibia dbasebainan
> M hasSpatialMeasure :m boolean R
-~ hasSpecialC2HQ Disjaint With xedbyle e
| hasStrengthPercentage 9§ it
M hasUncertaintyinterval @ xsdcecimal Abbwechen
» = hasUnigueldentifier <€ Create a new Data property @ rsdsoutie
“— WM hasVersion :xs::u:
xsd hainary
Name
IRI

New entity options

Abbrechen

Figure 26: Create new datatype properties.
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Once a new ontology is modelled, further steps must follow to enable an information exchange between
C2SIM systems. The ontologies of interest representing a logical data model need to be merged and
transformed into a physical data model. The standard provides a transformation tool [7] to transform an
XML schema from the C2SIM ontologies (see Figure 27).

<xs:sequence>

ActorReference"
ConfidenceLevel"
UncertaintyInte

"ObservationType">

ActivityObsexvation"/>
HealthObsexvation'/>
LocationObservation"/>
NameObservation"/>
ResourceObservation"/>
SubjectTypeObservation' />

<xsicomplexType name="ObservationReportContentType">

C2SIM Schema

Command and
Control Systems

C2SIM Messages
(Orders, Reports, eti.) fomous

Systems

C2SIM Services. —
+

Initialization and
Synchronization

S —
Real-time
database

Blais et al., 2019

Figure 27: Procedure from ontology extension, transformation to schema to transfer data
between systems.

The XML message in Figure 28 follows an automatically generated schema

ManeuverWarefareTask can look like. It uses information from different uuwivgy

laycid

1

unc

DomainMessageBody with its properties which in SMX. ManeuverWarfareTask is a LOX specific class
which is linked to core concepts like Location or TaskActionCode.

<MessageBody>

<DomainiessageBody>
<CrderBodyr
<FromSender>00000000-0001-0037-0000-000000000000</FromSender>
<ToReceiver>00000000-0001-0342-0000-000000000000</ToReceivers>
<Issuedlime>
<IscDateTime>2020-12-08T09:26:3158</IsclateTime>
</Izzuedlime>
<0rderID>311dd7fc-T72af-4d1a-8351-Thf012chT7E27</0rdexID>
<Task>
<ManeuverWarfareTask>
<Location>
<GeodeticCoordinate>
<Latitude>50.93114</Latitude>
<Longitude»1l.98373</Longitude>
</GeodeticCoordinate>
</Locaticon>
<Location>
<CecdeticCoordinate>
<Latitude>51 . 058514</Latitude>
<Longitude>1Z2.143538</Longitude>
</GecdeticCoordinater
</Location>
<UUID>6418304F-c239-4ed2-ab24-30127180be fb</UUID>
<PerfcrzmingEnticy>00000000-0001-0342-0000-000000000000</FPerfcrmingEntity>
<TaskictionCode>ATTACK</TaskActionCoder
</ManeuverWarfareTask>
</Task>
</OrderBody>
</DomainMessageBody>

Figure 28: XML message with values according to schema.
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3.0

CONCLUSION

The C2SIM standard provides three ontologies as logical data model and a transformation process using the
semantic model for a syntactical and physical representation of this information to exchange information for
M&S. It also provides an easy way to extend the model according to own requirements such as for the use in
different domains.

4.0
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