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Unmanned Aircraft Unmanned Aircraft ---- A Long HistoryA Long History

1900           WWI      WW2     50’s            60 ‘s              70’s                  80’s                    90’s                      21st Century

......

Early Attributes …
• Limited Capability & Flexibility
• Niche Applications Only
• Disappointing Reliability
• Not Competitive w/ Manned Systems

Today …
• Capabilities … Beyond Manned Platforms
• Reliable/Safe Operations are Current Focus
• Credible, Affordable Solutions Possible

Why Has It Taken So Long?Why Has It Taken So Long?PUBLIC RELEASE
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Operational UAV Systems Operational UAV Systems ----

Designed for Designed for ““DullDull”” ……

•• Historical LegacyHistorical Legacy
–– Focus on Low Cost Air VehiclesFocus on Low Cost Air Vehicles
–– Small Small …… Operate Operate ‘‘on the Rangeon the Range’’
–– Reliability Issues Reliability Issues …… Technology Technology 

LimitationsLimitations
•• Air Vehicle AttributesAir Vehicle Attributes

–– ReconnaissanceReconnaissance--FocusedFocused
–– Endurance/PersistenceEndurance/Persistence
–– Relatively Low Speed DesignsRelatively Low Speed Designs
–– Sized to the Supporting Force Sized to the Supporting Force 

•• An Array of SensorsAn Array of Sensors
–– EO/IREO/IR
–– VideoVideo
–– Synthetic Aperture RadarSynthetic Aperture Radar
–– Other (e.g. FOPEN, MASINT)Other (e.g. FOPEN, MASINT)
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Contemporary UAV Systems Contemporary UAV Systems ----

…… to to WeaponizedWeaponized UAVsUAVs

•• General Atomics MQGeneral Atomics MQ--1 Predator1 Predator
–– Hellfire Missile Option Hellfire Missile Option …… Feb 2001Feb 2001
–– Successful Employment in Successful Employment in 

Afghanistan Afghanistan …… Nov 2002Nov 2002

•• Ryan BGMRyan BGM--34A 34A FirebeeFirebee …… Combat RPVCombat RPV
–– Based on 1958 DesignBased on 1958 Design
–– Maverick Missile Launches Maverick Missile Launches …… 19711971--7272
–– Employed in Vietnam Employed in Vietnam …… 1970s1970s

•• Boeing JBoeing J--UCAS XUCAS X--45A45A
–– GPSGPS--Guided Small Smart BombGuided Small Smart Bomb
–– Successful Weapons Test  Successful Weapons Test  …… Apr 2004Apr 2004
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•• Relatively Low Cost SystemRelatively Low Cost System
•• PilotPilot--inin--thethe--Loop ControlLoop Control

-- Modern Glass CockpitModern Glass Cockpit
-- Software Driven DesignSoftware Driven Design
-- Operative Intensive SystemOperative Intensive System

•• Reliable CommunicationsReliable Communications
-- Initially, LineInitially, Line--ofof--Sight LinkSight Link
-- …… Has Migrated to BLOS ConnectivityHas Migrated to BLOS Connectivity

•• Modern PayloadsModern Payloads
-- Video (Visible) Sensor is PrimaryVideo (Visible) Sensor is Primary
-- SAR Imager Provides AlternativeSAR Imager Provides Alternative
-- Hellfire Missile for Lethal RoleHellfire Missile for Lethal Role

•• Conventional Platform DesignConventional Platform Design
-- Slow, Statically Stable AircraftSlow, Statically Stable Aircraft
-- Respectable EnduranceRespectable Endurance
-- Limited SurvivabilityLimited Survivability
-- Turbine Engine UpgradeTurbine Engine Upgrade

UAVsUAVs –– The 1The 1stst Generation Generation ----

Moving the Cockpit to the Ground Moving the Cockpit to the Ground ……

Predator APredator APredator A
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•• NonNon--Traditional C2 Traditional C2 ---- OperatorOperator--vsvs--PilotPilot
•• High LevelHigh Level of Automationof Automation

-- AutoAuto--Everything Everything …… No Manual Options No Manual Options 
•• Extended Range and ReachExtended Range and Reach

-- Routine BLOS Connectivity (SatCom)Routine BLOS Connectivity (SatCom)
•• Unique, Specialized PlatformUnique, Specialized Platform

-- Exceptional RangeExceptional Range--Payload PerformancePayload Performance
-- Very High Altitude Operational EnvironsVery High Altitude Operational Environs

•• MultiMulti--Role CapabilitiesRole Capabilities
-- SAR SAR –– EO/IR Payload SuiteEO/IR Payload Suite
-- Airborne Communications Node Airborne Communications Node ……

Contemporary UAV Systems Contemporary UAV Systems ----

Toward More Autonomy Toward More Autonomy ……

To User SitesTo User Sites

Global HawkGlobal Hawk
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Joint Unmanned Combat Air Systems Joint Unmanned Combat Air Systems ----

The VisionThe Vision

StrikeStrikeStrike

SurveillanceSurveillanceSurveillance
Electronic AttackElectronic AttackElectronic Attack

SEAD – Destructive
& Non-Destructive

SEAD SEAD –– DestructiveDestructive
& Non& Non--DestructiveDestructive

•• Difficult, Dangerous MissionsDifficult, Dangerous Missions
•• WeaponizedWeaponized Air VehiclesAir Vehicles
•• NetworkNetwork--Centric ArchitectureCentric Architecture
•• Distributed Command & ControlDistributed Command & Control
•• IntraIntra--operable Platformsoperable Platforms
•• Collaborative OperationsCollaborative Operations
•• Faster F2T2EAFaster F2T2EA……SurvivableSurvivable
•• Land or Sea Based SystemLand or Sea Based System
•• Global OperationsGlobal OperationsPUBLIC RELEASE
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Challenging Objectives --
Toward an  ‘Operationalized’ System
Challenging Objectives Challenging Objectives ----

Toward an  Toward an  ‘‘OperationalizedOperationalized’’ SystemSystem
•• RangeRange--Payload PerformancePayload Performance

– Long Range – Combat Radius (1000+ nm) 
– Significant Endurance/Persistence
–– Payload Capacity (4500# plus Sensors)Payload Capacity (4500# plus Sensors)

•• Diverse, Versatile Sensor CapabilitiesDiverse, Versatile Sensor Capabilities
– ESM Capability
– Synthetic Aperture Radar
– EO / IR Sensor
– EW / Electronic Attack Payload

•• Multiple Basing EnvironmentsMultiple Basing Environments
•• Global OperationsGlobal Operations

–– Air Air RefuelableRefuelable
–– Civil Airspace CompatibleCivil Airspace Compatible
–– BLOS Command & ControlBLOS Command & Control

•• Survivable System DesignSurvivable System Design
•• PhasedPhased--in Attributesin Attributes

–– Sensors Sensors …… Payloads Payloads …… LO Features LO Features ……
•• IntraIntra--operable Platformsoperable Platforms

–– …… thru the thru the Common Operating SystemCommon Operating System
•• Early Operator Exposure Early Operator Exposure 

–– First Flights in 2007 First Flights in 2007 …… OA Start in FY07OA Start in FY07

•• TOGW TOGW -- >45,000 lb>45,000 lb
•• P&W F110 EngineP&W F110 Engine

•• TOGW – 36,500 lb
• F404-GD-102D Engine

Northrop Grumman X-47B

Boeing X-45C
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Collaborative OperationsCollaborative OperationsCollaborative Operations
Increase System VersatilityIncrease System Versatility
•• Deep/Denied EnvironmentsDeep/Denied Environments
•• SystemSystem--ofof--Systems ThreatsSystems Threats
•• Multiple Engagement OptionsMultiple Engagement Options
•• Diverse MissionsDiverse Missions

Improve System PerformanceImprove System Performance
•• Reduced Target Location TimeReduced Target Location Time
•• More Assured Target IdentificationMore Assured Target Identification
•• Sustained Ground TrackingSustained Ground Tracking
•• Improved Targeting PrecisionImproved Targeting Precision
•• Rapid Battle Damage AssessmentRapid Battle Damage Assessment

Enhance SurvivabilityEnhance Survivability
•• Group Self Defense TacticsGroup Self Defense Tactics
•• Novel CONOPS (e.g. BiNovel CONOPS (e.g. Bi--static Ops)static Ops)
•• Graceful System DegradationGraceful System Degradation
•• Predictable Effects Predictable Effects …… Unpredictable Unpredictable 

TacticsTactics
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J-UCAS Global Capabilities—
AN AIR & SPACE SYSTEM
JJ--UCAS Global CapabilitiesUCAS Global Capabilities——

AN AIR & SPACE SYSTEMAN AIR & SPACE SYSTEM

Navigation

Communications

“Reach Forward –
Reach Back”

• Collaborative Sensing
• Missile Warning
• Sensor Cueing
• Bi-Static Ops

Global OperationsGlobal Operations
• Airspace Deconfliction
• Large # of Platforms
• Coordinated C2-ISR
• Near Real Time

Theater C2
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J-UCAS Multi-Mission Persistent Coverage 
in Perspective
JJ--UCAS MultiUCAS Multi--Mission Persistent Coverage Mission Persistent Coverage 
in Perspectivein Perspective

Tanker line 
250NM from US 

coast

200 NM

~15-minute 
response zone

HawaiiHawaii

Illustrative 24/7 Surveillance-Attack Coverage of 100 a/c Fleet of X-47B-Class UCAVsIllustrative 24/7 Surveillance-Attack Coverage of 100 a/c Fleet of X-47B-Class UCAVs

Assumptions
• UCAS fleet availability rate: 90% 
• UCAS turnaround time: 8 hours
• UCAS refueling duration: 30 mins
• Fuel reserve requirement: 5% (185NM/40 mins)
• Refueling at tanker line available as required

M U L T I M I S S I O N    P E R S I S T E N C E 
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Cooperative OperationsCooperative Operations

Mission Planning TimeMission Planning Time

Currently Fielded UAV Functionality &Currently Fielded UAV Functionality &
ServicesServices’’ Expectations for JExpectations for J--UCASUCAS

Operator : Vehicle RatioOperator : Vehicle Ratio
Global HawkGlobal Hawk

1 : 11 : 1
PredatorPredator
Many : 1Many : 1

JJ--UCASUCAS
1 : Many1 : Many

…

JJ--UCASUCAS
Multi Ship, CooperativeMulti Ship, Cooperative

Targeting & AttackTargeting & Attack
InteroperableInteroperable

JJ--UCASUCAS
Multi ShipMulti Ship

HoursHours

Global HawkGlobal Hawk
Single ShipSingle Ship

DaysDays

Communication ManagementCommunication Management

Fielded SystemsFielded Systems
Single Ship OnlySingle Ship Only

StoveStove--Piped SystemsPiped Systems
No CooperationNo Cooperation

Global HawkGlobal Hawk
Dedicated ChannelDedicated Channel

per Vehicleper Vehicle
Large Bandwidth BlocksLarge Bandwidth Blocks

JJ--UCASUCAS
Shared ChannelsShared Channels
Quality of ServiceQuality of Service

Net ReadyNet Ready

Operational EnvironmentOperational Environment

JJ--UCASUCAS
Denied AirspaceDenied Airspace

Land & Sea BasedLand & Sea Based
Survivable DesignSurvivable Design

Predator & Global HawkPredator & Global Hawk
Secured AirspaceSecured Airspace

Land BasedLand Based
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Joint Unmanned Combat Air Systems --
Successful 1st Generation Air Vehicles
Joint Unmanned Combat Air Systems Joint Unmanned Combat Air Systems ----

Successful 1Successful 1stst Generation Air VehiclesGeneration Air Vehicles
X-45A Guided Weapon Demo … Apr 2004

First Flight
X-45A … May 2002                                         X47A … Feb 2003                               

Multi-Vehicle Operations … Aug 2004 - Present
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JJ--UCAS System ElementsUCAS System Elements

CommunicationsCommunications

Operating SystemOperating System
•• Command & ControlCommand & Control
•• CommunicationsCommunications
•• Mission PlanningMission Planning
•• Autonomous FunctionsAutonomous Functions
•• HumanHuman--System InterfaceSystem Interface
•• Health/StatusHealth/StatusControl Control Station(sStation(s))

Operational InfrastructureOperational Infrastructure

Payload Systems Payload Systems 

Direct SupportDirect Support

Air Air Vehicle(sVehicle(s))
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Common Operating SystemCommon Operating System

CoCommon Operating Systemmmon Operating System
The architecture, algorithms & software,The architecture, algorithms & software,
thatthat::

•• Control / manage system resourcesControl / manage system resources
•• Facilitate information exchangeFacilitate information exchange
•• Provide Provide battlespacebattlespace awarenessawareness
•• Enable interEnable inter--platform functionalityplatform functionality
•• Enable autonomous operationsEnable autonomous operations
•• Maintain quality of serviceMaintain quality of service

XX--4545
XX--4747

RemoteRemote
Control ElementControl Element

Development Team
• Air Vehicle Primes
• Integrator-Broker
• Technology Contributors
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Common Operating System (COS) --

Why Develop It?
Common Operating System (COS) Common Operating System (COS) ----

Why Develop It?Why Develop It?
•• System & Mission FlexibilitySystem & Mission Flexibility

–– Create new command & control optionsCreate new command & control options
–– High level of integration needed for High level of integration needed for 

collaborative operationscollaborative operations
–– Facilitate agile bandwidth management Facilitate agile bandwidth management 

…… accommodate multiple platformsaccommodate multiple platforms
•• Reduce Development Cost & RiskReduce Development Cost & Risk

–– Build it one timeBuild it one time
–– DonDon’’t subt sub--optimize designoptimize design

•• Reduce Technology Barriers to EntryReduce Technology Barriers to Entry
–– Attract Attract ‘‘bestbest--ofof--breedbreed’’ algorithms & algorithms & 

functionalityfunctionality
•• Assure IntraAssure Intra-- and Interand Inter--operabilityoperability

–– Primes collaborate to developPrimes collaborate to develop
•• Decouple System IT from PlatformsDecouple System IT from Platforms

–– Allow natural development timelinesAllow natural development timelines
–– Reduce interdependenciesReduce interdependencies
–– Enable new platform optionsEnable new platform options

CommonCommon
OperatingOperating

SystemSystem
(COS)(COS)
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Common Operating SystemCommon Operating System

AgreementNorthrop
Grumman

Boeing

Johns
Hopkins

APL

A                                                    D

B                  C 

ConsortiumConsortium--like Business Arrangementlike Business Arrangement

•• Program Primes Program Primes –– Key StakeholdersKey Stakeholders
Fractional OwnershipFractional Ownership
Platform Integrators Platform Integrators –– Physical, FunctionalPhysical, Functional
S/W DevelopersS/W Developers
COS CollaboratorsCOS Collaborators

•• Technology ContributorsTechnology Contributors
Based on Potential Based on Potential Contribution(sContribution(s))
Small Houses, Other Primes, Traditional Small Houses, Other Primes, Traditional 
Subs, Commercial ProvidersSubs, Commercial Providers

•• Integrator/Broker/ObserverIntegrator/Broker/Observer
Unique Role Unique Role …… Not an LSI ... No OtherNot an LSI ... No Other
Integrator Integrator …… Facilitator Facilitator …… RefereeReferee
No Intellectual PropertyNo Intellectual Property

Business dynamics promote competition & ownership ...Business dynamics promote competition & ownership ...
Increased idea pool decreases technology riskIncreased idea pool decreases technology risk

3 Levels3 Levels

JJ--UCAS UCAS PgmPgm
OfficeOffice
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SurveillanceSurveillanceSurveillance
StrikeStrike

Aircraft Carrier OperationsAircraft Carrier OperationsAircraft Carrier Operations

Joint Unmanned Combat Air Systems --
Operational Assessment
Joint Unmanned Combat Air Systems Joint Unmanned Combat Air Systems ----
Operational AssessmentOperational Assessment

• Service User Driven Activities
– Joint planning team

• Exploration & Experimentation
– JFCOM
– Sponsor commands
– Other operational users

• Assessments include:
– Baseline missions
– CONOPS
– Tactics exploration
– Key capabilities
– Interoperability
– Crew interface(s) & 

effectiveness
– Contingency operations  
– Supportability
– Vulnerabilities

•• Service User Driven ActivitiesService User Driven Activities
–– Joint planning teamJoint planning team

•• Exploration & ExperimentationExploration & Experimentation
–– JFCOMJFCOM
–– Sponsor commandsSponsor commands
–– Other operational usersOther operational users

•• Assessments include:Assessments include:
–– Baseline missionsBaseline missions
–– CONOPSCONOPS
–– Tactics explorationTactics exploration
–– Key capabilitiesKey capabilities
–– InteroperabilityInteroperability
–– Crew Crew interface(sinterface(s) & ) & 

effectivenesseffectiveness
–– Contingency operations  Contingency operations  
–– SupportabilitySupportability
–– VulnerabilitiesVulnerabilities

Suppression 
of Enemy 

Air Defenses

Suppression 
of Enemy 

Air Defenses

Electronic AttackElectronic Attack

Aerial RefuelingAerial RefuelingAerial Refueling
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Operational Assessment (OA)Operational Assessment (OA)

Now

Spiral 2
Additional Vehicles?
System Upgrades?
New Capabilities?

Acquisition Decision?

Common Operating System … & Sensors

J-UCAS Concept Refinement / MS&A

Carrier Carrier 
LandingLanding SurveillanceSurveillance

Air RefuelAir Refuel

SEADSEAD

ElectronicElectronic
AttackAttack

StrikeStrike

Program EvolutionProgram EvolutionProgram Evolution

FY05 FY06 FY07 FY08 FY09 FY10

Northrop Grumman X-47B – Spiral 1 Air Vehicles

Boeing X-45C – Spiral 1 Air VehiclesReRe--planning

planning

In Process

In Process
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UAVsUAVs & & UCAVsUCAVs ----

The Broader ChallengesThe Broader Challenges
•• Building User & Public Confidence Building User & Public Confidence -- Cultural AcceptanceCultural Acceptance

–– Reliability & Safety Reliability & Safety …… Contemporary ExpectationsContemporary Expectations
–– Public Awareness & EducationPublic Awareness & Education
–– Media Attention & Risk AversionMedia Attention & Risk Aversion
–– Lethal Lethal CONOPsCONOPs (UCAV)(UCAV)

•• Removing Regulatory BarriersRemoving Regulatory Barriers
–– Routine Airspace Control AccommodationRoutine Airspace Control Accommodation
–– Mixing Manned and Unmanned SystemsMixing Manned and Unmanned Systems
–– Vehicle/System CertificationVehicle/System Certification
–– Treaty Implications (UCAV)Treaty Implications (UCAV)
–– Other Legal & Liability IssuesOther Legal & Liability Issues

•• Integration into the InfrastructureIntegration into the Infrastructure
–– Operations & BasingOperations & Basing
–– Logistics & MaintenanceLogistics & Maintenance

•• Meeting Affordability ExpectationsMeeting Affordability Expectations
–– Acquisition CostsAcquisition Costs
–– Operations & Support Costs Operations & Support Costs 
–– …… Surviving the Surviving the ““Bow WaveBow Wave””

The Keys to CommercializationThe Keys to CommercializationThe Keys to Commercialization
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Status SummaryStatus Summary
•• JJ--UCAS Program UnderwayUCAS Program Underway

–– Major Participants Fully EngagedMajor Participants Fully Engaged
•• Versatile Capability PursuedVersatile Capability Pursued

–– Complementary Air Vehicles Address Diverse Mission NeedsComplementary Air Vehicles Address Diverse Mission Needs
–– Common Operating SystemCommon Operating System Maximizes Operational FlexibilityMaximizes Operational Flexibility

•• Early Early Operational AssessmentOperational Assessment Activities PlannedActivities Planned
–– Provide Venue For Operator ExperimentationProvide Venue For Operator Experimentation
–– Address Operational User Needs Address Operational User Needs …… Explore Explore ““OpportunitiesOpportunities””
–– Facilitate an Acquisition Decision By Facilitate an Acquisition Decision By DoDDoD And The ServicesAnd The Services

•• FY06 Budget Has Triggered Program ReFY06 Budget Has Triggered Program Re--planningplanning
–– Content/Schedule Revisited Due to Revised BudgetContent/Schedule Revisited Due to Revised Budget
–– Transition to New Joint Service Organization in WorkTransition to New Joint Service Organization in Work
–– ReRe--plan Oriented to Maintain Program Momentumplan Oriented to Maintain Program Momentum
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Questions?Questions?
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