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Experiment scenario

· Scenario based on DoD Sources
· Scenario example
· Convoy moves through enemy area

· Convoy nears previous sniper position; Convoy Commander receives alert to change route

· Unknown GMTI is reported along new route

· UAV is re-tasked to investigate unknown GMTI

· UAV confirms enemy GMTI (through simulated VMTI processing)

· Enemy GMTI in proximity to Convoy; alert is sent to Convoy Commander to speed up

· Modeling effort

· 5 ontologies, 35 rules, spanning all types of rules

· Instances captured in sixth ontology

· VMTI model jointly developed with Kaleidoscope MOIE team

· Ontologies required to express:

· Domain

· Convoy, Objects in Theater, Regions of Interest, Convoy Routes, Conditions and Alerts

· Information Sources

· Ground Moving Target Indicator (GMTI)

· Intelligence Summary

· Visual Moving Target Indicator (VMTI)

Domain ontologies summarized
· RegionOfInterest (ROI) 

· Class of geospatial areas of special interest surrounding some TheaterObject

· TheaterObject is the focal object of a ROI

· Uses: 

· Defines “safety zone” around a convoy which must not be violated by hostile or suspicious objects

· Area around a reported hostile that defines the potential strike area of the threat

· Examples: 

· FixedRegion

· DynamicRegionOfInterest (surrounds a moving focal object, such as GMTI)

· AreaOfBlueForceActivity (includes BlueConvoySafetyZone)

· AreaOfRedForceActivity

· AreaOfUnknownActivity

· AreaOfThreatActivity (reported by Intel)

· Location of a ROI is centered on the position of its focal object  

· ROI has shape, dimensions and area

· Dimension and area of ROI depend on the type of threat or interest

· Convoy

· Class of organized blue forces moving on the ground 

· Subclass of TheaterObject

· Convoy Route

· Representation of paths of a convoy, including primary and alternates

· Recommended routes can change based on application of rules

· Conditions and Alerts

· Representation of situation on the battlefield based on aggregation of events and actions of theater objects

· Can result in alerts and recommendations to Blue Forces

· Conditions, alerts and recommendations are generated through the application of rules

Rules and requirements
· Construct conceptualization of the battlespace for enhanced situational awareness

· Transfer characteristics from ObservationArtifacts to TheaterObjects
· If there is a GMTI report about a hostile mover, then the velocity of the hostile mover is assigned the velocity in the GTMI report.
· Builds the foundation for more complex inferencing in the future:

· If there are 2 reports about the same mover, and reports on velocity differ, then assign the velocity of the most reliable source; or in some situations, assume worst case if it’s an approaching hostile mover, and assign fastest velocity; or assign average and annotate as such…
· Establish Regions of Interest (ROIs) around each TheaterObject
· If there is a TheaterObject, then there exists a RegionOfInterest that surrounds that object.
· If the TheaterObject is hostile, then classify its RegionOfInterest as an AreaOf RedForceActivity.
· Builds the foundation for more complex rules:

· If the hostile TheaterObject is a sniper armed with small arms, then the shape of the ROI is a circle and the threat radius is 0.5 miles.

· If the hostile TheaterObject is a terrorist with a shoulder fired missile launcher, then the ROI is in three dimensions and the radius is 3 miles; Air Operations Center should be notified of threat.
· Support intelligent processing of real time events

· Derive new knowledge based on source type and reliability

· Synthesize information from multiple sources
· If there is an Intelligence Summary report of a sniper, and that sniper has range that intersects with planned convoy route, recommend change of route.   Change of route should avoid GMTI reports of hostile movers.
· Detect and report threats to blue forces

· Apply data integrity constraints
· Latitude should be between -90 and 90 degrees.
· Mediate between conflicting sources (future)

· Assist decision makers in applying Rules of Engagement to developing situation
· If an AreaOfThreatActivity intersects with “safety zone” around convoy, alert convoy commander and recommend change in route.  If threat is approaching from behind, recommend that convoy proceed at maximum speed.
Execution Overview
· Ontologies and rules translated into Prolog

· SWRL+OWL and RuleML+OWL knowledge bases executed and compared

· Execution consists of two types of tests

· Static test – manual queries of knowledge base

· Dynamic test – run simulation and observe how knowledge bases perform during real time scenario 


[image: image1]
· Designed a framework for translating OWL, RuleML and SWRL to single executable environment: Prolog

· OWL characteristics expressed as set of Prolog facts

· isClass(Convoy).

· isSubClassOf(Convoy, TheaterObject).

· Set of specialized Prolog rules designed to provide semantic support

· Operates over facts to classify and derive relationships

· RuleML and SWRL rules translated to operate over the translated ontology

· Static Test

· SWRL+OWL translated and executed

· Found that use of Prolog keywords in ontology causes warnings (potential errors in other run time environments)

· Identified minor syntactic issues, all corrected in XSLT

· Taxonomic queries working as expected

· Tests on instances underway

· RuleML+OWL translation now working

· Tests underway

· Dynamic Test – For Year 2 (FY06)
Findings
· Translation of OWL to executable environment difficult

· Counting predicates (cardinality): represents restricted quantification, e.g., "there exists at most 1 X" 

· Closed World (Prolog) vs. Open World (OWL):  with Open World Assumption, possibilities must be explicitly ruled out, otherwise assertions are accommodated if they are not inconsistent

· Negation (Finite Failure vs. Logical): Finite failure negation just means not currently found in the KB

· Disjunction in the conclusion: not Horn clause 

· Equivalence: undefined in Prolog except by asserting equivalence axioms, which are new rules that must be true for 2 things to be equivalent

· Anonymous individuals/classes: local property restrictions, set-theoretic classes are anonymous classes in OWL

· Disjoint Classes: any individual/instance of a disjoint class cannot be a member of the other disjoint class 

· Existentials: Skolem constants and functions must be converted, since Prolog supports only universal quantification

· Cyclic Class/Property Hierarchies:  RDF/S and OWL allow cycles 

· Complex Classes, i.e., set-theoretic And/Or/Complement classes: OWL allows unnamed set-theoretic classes

· Dynamic Rules: Rules that introduce or modify, in ascending order of complexity, instances (facts), classes and properties, rules

· OWL is expressive and meets the majority of identified DoD requirements

· Neither SWRL nor RuleML supports the DoD requirements identified in this use case

· SWRL holds the most promise, given the robust integration with ontologies

· Translation of OWL to executable environment difficult

· Translation of rule languages fairly straightforward

· Integrated framework of tools and capabilities needed to support semantic web development

The purpose of our experiment is to compare the performance of rules in SWRL and RuleML.  Each rule set is used with an ontology written in OWL-DL.  Reasoning is performed in Prolog.  
When rules are interchanged, there is a need to understand not only the semantics of the rule language, but also the source of vocabulary (ontology) used in the rules.  Because there may be logical properties of the terms defined in the rules that should be known to the receiving application, e.g., whether terms represent distinct individuals or disjoint classes (e.g., entities with hostile intent vs. those with friendly intent).

An ontology representing objects in a battle theater includes representation of red and blue forces in an area traversed by convoys and convoy routes.  The representation for convoy operations is based on U.S. military convoy characterizations in alignment with a standard messaging format.  Operating procedures are captured either in the ontology or in rules, e.g., the proper distance between vehicles, “safety zone” to be monitored around the convoy, deployment of security patrols, all of which may vary with conditions including type of convoy, day/night, urban/rural environment, and the existing threat.

The ontology also represents observation reports and their contents.  The ontology in our experiment is encoded in OWL-DL.  Rules are used to move data from observation reports to update information about the objects in theater.  Observation reports are available from diverse sources, including Ground Moving Target Indicator reports and intelligence summaries.  

Rules are used upon initialization of the battlespace, to classify items and derive characteristics.  The classification rules include rules with existentials in the head, such as those establishing “safety zones” or “threat areas” around theater objects.

As updated reports arrive, rules are used to evaluate the evolving situation of the convoy with respect to position, progress, planned route, and manifest or potential threats.  We need the ability to update the battlespace representation and re-assess conditions, threats, notifications, and recommendations.
Rules are translated from the Semantic Web rule languages SWRL or RuleML to a Prolog reasoner.  This presents its own difficulties, e.g., in the handling of negation.  Also, since rules are not forward-firing, updated situational assessment must be triggered by queries asking for all the red/blue/unknown forces in the region.  
Queries from various battlespace participants/managers/users need to query in a language that interacts with the rules.  Finally, our experiment assumes using different user interfaces to the system (PDA, C2 system, dedicated communications platforms such as Jstars).[image: image2.png]
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