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DisclaimerDisclaimer

"This briefing is provided for information "This briefing is provided for information 
only.  No USG commitment to sell, loan, only.  No USG commitment to sell, loan, 
lease, colease, co--develop or codevelop or co--produce defense produce defense 
articles or services is implied or intended."articles or services is implied or intended."
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OutlineOutline

Program OverviewProgram Overview
––XX--45A , X45A , X--45C45C

Multiship Formation ControlMultiship Formation Control
VideosVideos
––Block 1Block 1--22--33
––Graduation DemoGraduation Demo
––VignetteVignette
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VISION
Become the revolutionary force enabler for affordable 

21st century airpower

MISSION
Rapidly field a weapon system that integrates distributed 
adaptive control technology and robust communications 

with a next generation unmanned stealth platform 
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JJ--UCAS XUCAS X--45 System Characteristics45 System Characteristics
InteroperableInteroperable

–– JJ--UCAS will be a normal asset/member of the force to be tasked as UCAS will be a normal asset/member of the force to be tasked as the the 
Combatant Commander requiresCombatant Commander requires

AdaptableAdaptable
–– Flexibility to adjust to the changing combat environment; missioFlexibility to adjust to the changing combat environment; mission ren re--planning planning 

after launchafter launch
AutonomousAutonomous

–– Variable levels to operate efficiently in hostile airspace per RVariable levels to operate efficiently in hostile airspace per ROEOE
Under Human SupervisionUnder Human Supervision

–– Operator always in the loop with the ability to trump any systemOperator always in the loop with the ability to trump any system actionsactions
Distributed Operations Distributed Operations 

–– Split operations yields efficient manpower and material asset usSplit operations yields efficient manpower and material asset use e 
–– Combat employment while minimizing deploymentCombat employment while minimizing deployment

J-UCAS enables legacy systems to engage 
aggressively in high threat areas – and survive

J-UCAS enables legacy systems to engage 
aggressively in high threat areas – and survive
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JJ--UCAS XUCAS X--45 Missions45 Missions

EA ISR

PD SEAD Strike
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XX--45A Configuration45A Configuration

Empty Weight: 8,000 lb
Fuel Volume: 2,690 lb
Payload Capability: 1,500 lb
Operating Altitude: 35,000 ft
Cruise Mach: 0.75
Honeywell F124-GA-100 Engine

26.5 ft

3.7 ft

26.3 ft

33.8 ft

CC040133.7
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XX--45A System Update45A System Update
X-45A First Flight – May 02
Block 1 Complete – Feb 03
Block 2 Complete – Aug 04

Guided Weapon Release & First Multi-Ship Flight
First X-45C Engine Delivery – Nov 04
Block 3 Complete – Feb 05

3-D/4-D Multi-Ship Demos (Nov 04)
SATCOM Handoff to SEA MCS (Dec 04)
FAO-AOR Handoff (Jan 05)
Peacekeeper Mission Demo (Feb 05)

Spiral 0 Complete – Aug 05
PD SEAD Graduation Demo (Aug 05)

SSB Weapons Drop
(April 2004) 

SSB Weapons Drop
(April 2004) 

XX--45A Flight Summary45A Flight Summary

••64 Flights64 Flights

••63 Flight hours63 Flight hours

••>120 T>120 T--33 Flights33 Flights
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MultiMulti--Vehicle OperationsVehicle Operations
–– InterInter--Vehicle CommVehicle Comm
–– Dynamic/Reactive TaxiDynamic/Reactive Taxi
–– Coordinated FlightCoordinated Flight

•• RendezvousRendezvous
•• Tactical FormationsTactical Formations
•• CAP/Loiter PatternsCAP/Loiter Patterns
•• Collision AvoidanceCollision Avoidance

–– Contingency ManagementContingency Management
–– Distributed ControlDistributed Control
–– Dynamic Retasking/ReplanningDynamic Retasking/Replanning
–– Cooperative targetingCooperative targeting

EndEnd--toto--End DemonstrationsEnd Demonstrations
–– SingleSingle--ship Preemptive Destruction ship Preemptive Destruction 
–– SingleSingle--ship Reactive Destructionship Reactive Destruction

Spiral 0 Demo EndSpiral 0 Demo End--StateState

Multi-Vehicle Coordinated/Distributed Flight

Dynamic Retasking Replanning

•• Fixed Geometry TaxiFixed Geometry Taxi
•• Autonomous Ground OpsAutonomous Ground Ops

Weapon ReleaseWeapon Release

PD SEAD CONOPSPD SEAD CONOPS

CC040133.9
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JJ--UCAS XUCAS X--45 System Features45 System Features

Mission Control Station
Task Allocation by Phase of Mission 
Dynamic Mission Planning and 
Replanning
Single Operator Controls Multiple 
Vehicles
Robust secure LOS, BLOS and
intra-flight C2
Dynamic Distributed Control
Multiple Levels of Autonomy 
Uses Theater and National 
Information Sources

Air Vehicle
~36,500 lb Gross Weight
~18,000 lb Empty Weight
~0.8 Mach / 40,000 ft altitude
1100-1300 nm combat radius
Current and advanced weapons
Electronic Attack (EA) Payloads
ESM and On-Board SAR Targeting
Affordable Stealth to the Next Level

Support System
Supportable LO
High Sortie Generation Rates
No Hydraulics
Simulation Based Training
Lean Logistics
Integrated Vehicle Health 
Management (IVHM)

FAO AOR

MCS

49 ft.

F-16
UCAV

F-117

36 ft.

CC040133.10
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Distributed Adaptive Control InterfacesDistributed Adaptive Control Interfaces

Area of Responsibility

Space PlatformsGPSGPS

Servicing/
Loading

CAOCCAOC

Base Supply

Maintenance
Control

IBSIBS
GBSGBS
SATCOMSATCOM

External Interfaces
Internal Interfaces
Long Haul Interfaces
Space interfaces

ISR Platforms

Other 
Shooters

MCS

Friendly Area Friendly Area 
OperationsOperations

CC040133.11
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XX--45C Air Vehicle Configuration45C Air Vehicle Configuration

39 ft

4 ft

49 ft

33 ft

All numbers are approximate

Gross Weight: 36,500 lb
Op Empty Weight: 18,000 lb
Fuel Volume: 14,000 lb
Payload Capability: 4,500 lb
Operating Altitude: 40,000 ft
Cruise Mach: 0.8
F404-GE-102D Engine

CC040133.12
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Payload FlexibilityPayload Flexibility

Key Quantity

1 – BRU 61 Bomb Rack 2

2 – GBU-31 JDAM 2

3 – GBU-32 JDAM 2

4 – GBU-38 JDAM 2

5 – Internal Aux Fuel Tank 2

6 – Missionized Payload 1

7 – GBU-39 SDB 8-12 
2

3

5

4

2

3

4

5
6

7

1 1

CC040133.13
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Next Phase HighlightsNext Phase Highlights

CC040133.14
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Cooperative Manned / UCAV Operations

Deployment

Ground Operations

Deployed 
MCS

Mission Planning

XX--45C Performance45C Performance
–– Flight envelope/weapons dropsFlight envelope/weapons drops
–– Survivability/affordabilitySurvivability/affordability

Battlespace Interoperability Battlespace Interoperability 
–– Safe operation with manned aircraft Safe operation with manned aircraft 

during ground and flight operationsduring ground and flight operations
–– Use offUse off--board targeting infoboard targeting info

MultiMulti--Vehicle OperationsVehicle Operations
SupportabilitySupportability
–– Deployment/weapon loading/turn timeDeployment/weapon loading/turn time
–– LO maintainability evaluationLO maintainability evaluation
–– Simulation based training Simulation based training 
–– Integrated Vehicle Health Management Integrated Vehicle Health Management 

(IVHM)(IVHM)
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Automated Aerial RefuelingAutomated Aerial Refueling
Program DescriptionProgram Description

Automated Aerial Refueling is a joint Automated Aerial Refueling is a joint 
AFRL/ DARPA/Boeing program to develop AFRL/ DARPA/Boeing program to develop 
AAR capability for UCAVsAAR capability for UCAVs
Flight validate safe control in flow field of Flight validate safe control in flow field of 
manned tankermanned tanker
Demo MCS operator/tanker/UCAV communication, Demo MCS operator/tanker/UCAV communication, 
joinjoin--up to preup to pre--contact position, connect, disconnect, contact position, connect, disconnect, 
postpost--AR procedures, emergency proceduresAR procedures, emergency procedures

BenefitsBenefits
Enhances JEnhances J--UCAS utility to the Warfighter UCAS utility to the Warfighter 
Extends range and enables rapid global force projection Extends range and enables rapid global force projection 
Shortens response to Time Sensitive Targets (TST) Shortens response to Time Sensitive Targets (TST) ––
allows response from forward orbitallows response from forward orbit
Maintains inMaintains in--theater force projection/presence using theater force projection/presence using 
fewer assets (increased persistence)fewer assets (increased persistence)
Enable JEnable J--UCAS deployment and attack with manned UCAS deployment and attack with manned 
aircraft without the need  for forward staging areas aircraft without the need  for forward staging areas 
(response to anti(response to anti--access strategy)access strategy)

Copyright © 2004 Boeing. All rights reserved. CC040133.15
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WP Steering Along Mission Plan Provides WP Steering Along Mission Plan Provides 
Autonomous Mission Execution CapabilityAutonomous Mission Execution Capability

Current
Waypoint

Previous
Waypoint

Next
Waypoint Lvl 0 / 1

Next+1
Waypoint Lvl 0 / 1

Next
Waypoint

Lvl 2
Next

Waypoint
Lvl 3

Next+1
Waypoint

“New” Current
Waypoint

“New” Next Waypoint
Lvl 0 & 1 & 2 & 3

“New” Next+1 Waypoint
Lvl 0 & 1 & 2 & 3

• Immediate WP Transition on 
Go-to-WP Cmd

• WP Transition Thru Current 
WP on Cont Lvl Change

• Operator Must “Reset” 
Contingency Level to Return 
to Nominal Mission Path

WP Turn Radius Based on Speed, 
Acceleration Limits, and Heading 

Change

Go To WP
Cmd

New Mission
Path Linkage

Cont. Levels
0 = Nominal
1 = LOC
2 = RTB
3 = Emerg

LOC Path May Coincide 
with Nominal Route

Change
CM Level
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Waypoint Guidance Turn GeometryWaypoint Guidance Turn Geometry
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XX--45A Formation Control Approach45A Formation Control Approach

• Virtual Lead Aircraft Propagating Along Mission Plan Provides Common 
Position & Velocity Reference for Each Aircraft

• Virtual Lead Can Propagate in 3D (Mission Plan Speed) or 4D (Time of 
Arrival Control) Mode

• Vehicles Perform Station Keeping by Maintaining Unique Offsets Relative to 
Virtual Lead

• Crosstrack, Altitude and Downtrack Offsets Specified for Each AV
• Offsets Can be Modified While in Formation

• Vehicles Report State & Tracking Error Info Over Inter-vehicle Comm (IVC) 
Link to Ensure Safe Separation

• Vehicles Perform Speed Adjustments to Preserve Ellipsoidal Safe 
Separation Boundary Around Each Vehicle

• Prioritized Over Station Keeping

Approach Requires Limited Set of IVC Data.  Supported by Existing Comm 
Assets

PUBLIC RELEASE
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Modified Virtual Structure Modified Virtual Structure 
for Xfor X--45A Formation Control45A Formation Control

G2
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yG2
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y2

zG2
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G4
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S4
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yG4
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zG4
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G1

F1

S1
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yG1
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zG1

z1
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G3

F3

S3

K3

yG3

ξ3

y3

zG3

z3

u3

ξ1 ξ1

ξ1

ξ2

ξ2

ξ2
ξ4

ξ4

ξ4

ξ3
ξ3

ξ3

Si – Individual Vehicle

Formation 
Feedback 
Signals

Gi - Local Discrete 
Event Supervisor 
Acts on C2 
Commands from 
Operator & 
Formation 
Maneuvers 
Specified by 
Mission Plan

Fi – Formation 
Control Module 
Based on Virtual Lead 
Aircraft to Provide 
Common State 
Reference Across 
Formation

Ki – Guidance & 
Control Module 
Performs 
Steering for 
Station Keeping 
and Safe 
Separation
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MultiMulti--Vehicle Taxi Vehicle Taxi 
Mission Plan OverviewMission Plan Overview

500 ft. downtrack
offset

750 ft. downtrack
offset

500 ft. downtrack
offset

Mission Plan: mv_tax254v02
Coord Ops Segment: 12_coord_taxi

12_coord_taxi
S4  (wp7)

Formation Engage WP (WP 16)

(WP 13)

(WP 21)

(WP 26)

(WP 30)

(WP 20)

500 ft. downtrack
offset

750 ft. downtrack
offset

500 ft. downtrack
offset

Mission Plan: mv_tax254v02
Coord Ops Segment: 12_coord_taxi

12_coord_taxi
S4  (wp7)

Formation Engage WP (WP 16)

(WP 13)

(WP 21)

(WP 26)

(WP 30)

(WP 20)

PUBLIC RELEASE
Approved for Public Release Case #4609 - Distribution Unlimited



2005.05.15
21

4Dnav2515 Route Employed 4Dnav2515 Route Employed 
for Coordinated Flight Opsfor Coordinated Flight Ops

4Dnav2515
4D1-4D14

Start Nav
4D1 End Nav 4D14 

Link to arrival/A1P6
4D1

4D4

4D3

4D2
4D14

4D
13

4D
12

4D8

4D
11

4D64D9

4D5

4D7

4D
10

A2 A1

Name ID
Altitude 

[feet]
Velocity 
[knots] TOA [sec]

4D1 69 15000 277 0
4D2 70 15000 277 107
4D3 71 15000 277 240
4D3A 72 15000 277 341
4D4 73 15000 277 441
4D5 74 15000 277 534
4D6 75 15000 277 593
4D7 76 15000 277 762
4D8 77 15000 277 917.0566
4D9 78 15000 277 1057
4D10 79 15000 277 1116
4D11 80 15000 277 1189
4D12 81 15000 277 1308
4D13 82 15000 277 1352
4D14 83 15000 277 1454

4D3A

Engage 12 kft
Trail Formation

Update Geometry to 
15 kft Trail FormationBreak Formation

• Autonomous on AV2 
Due to Simulated 
Loss of IVC

• Operator 
Commanded on AV1
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Formation Initialization: Formation Initialization: 
Formation Taxi ScenarioFormation Taxi Scenario
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AVs taxi to commanded formation offsets

AV2 speed adjusted for 750 ft. DT offset,
then back to 500 ft. offset

AV1_F23_G02_T72 & T73
AV2_F05_G07_T72 & T73

Break formation at end of 
coordinated taxi route

Crosstrack offsets removed 
for taxi to shutdown location

Formation engaged

Good tracking of VL during formation taxi

AVs slow for 
WP turns

Small reductions in AV-2 speed 
cmd due to safe separation
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Throttle and Brake Modulation: Throttle and Brake Modulation: 
Formation Taxi ScenarioFormation Taxi Scenario
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SummarySummary
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JJ--UCAS XUCAS X--45 is a revolutionary force enabler for affordable 45 is a revolutionary force enabler for affordable 
21st Century airpower21st Century airpower
–– Rapidly field a weapon system that integrates distributed adaptiRapidly field a weapon system that integrates distributed adaptive ve 

control technology and robust communications with a next generatcontrol technology and robust communications with a next generation ion 
stealth platformstealth platform

Spiral 0 XSpiral 0 X--45A flight demonstrations proceeding45A flight demonstrations proceeding
–– Basic functionality (Flt envelope, Comm, Nav) checkBasic functionality (Flt envelope, Comm, Nav) check--out completeout complete
–– Block 3 flights complete (single operator/multiBlock 3 flights complete (single operator/multi--vehicle; coordinated vehicle; coordinated 

flight with two air vehicles)flight with two air vehicles)
–– Block 4 flights begin April 05Block 4 flights begin April 05

Capability Demonstration Program phase proceeding Capability Demonstration Program phase proceeding 
–– Significant increase in payload and range/persistence from origiSignificant increase in payload and range/persistence from original conceptnal concept
–– Addresses gaps in Joint warfighting capabilitiesAddresses gaps in Joint warfighting capabilities
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