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Topics 

 Ground Collision Avoidance Development 

 Platform Agnostic Architecture 

 Enhanced Precision Elements 

 Digital Terrain 

 Requirements for Aviation 

 Influences of Product Features 

 Enhanced Terrain Handling 

 



Auto CA Timeline 
 1985 – 97   AFTI/F-16 Development 

 1998   AFTI GCAS Program 

 2000 – 01 GCAS Demos 

 2003 SecDef Mishap Reduction Memo & 

 ACAS Testing 

 2009   ACAT/FRRP 

 2008 – 11 F-22 NASA ACAT Development 

 2011   ACAT/SUAV 

 2011 – 14  F-16 Integration & Fielding 

 20??  F-22 & 35 Integration 
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RECENT 

WORK 

F-16 

2010 Risk Reduction Project 

2014 Production Fielding 

Small UAV 

2012 Migration to Smart-Phone 
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What is Different about this Work? 

Understanding Precision 

 Digital Terrain 

 Terrain Handling 

 Aircraft Performance 

Modeling 

 Pilot Interface 

 Requirements                 
What is most Important 

1. Do No Harm 

2. Do Not Interfere 

3. Prevent Collisions 

 Functionality 

 Sensor Agnostic 

 Platform Agnostic 

 Modularity 
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Mountainous SDO 

100’ Buffer 

125’ Min 

0.2 sec. 

Mountainous SDO 

0 Buffer 

87’ Min 

0.2 sec. 

C:/Users/mskoog/Documents/pics/work/ACAT/SUAV/flight tests/Flt 17-19/Flight 18 Event 6-ground.wmv
C:/Users/mskoog/Documents/pics/work/ACAT/videos/GCAS videos/HUD/CA/Mountainous Terrain/Flt068 CA GCAS Mtn Utility LO Prot 0 TCB.wmv


Predict Escape Trajectories 

ACAT Common 

Functional Architecture 

Predict Future Threat State 

Determine Need to Avoid 

& Threat Lethality 

Avoid 

Notify 

•  Evasion Types 

•  Maneuvering Capability 

•  Evasion Trajectory Estimations 

•  Associated Uncertainties 

•  Scan/Track Pertinent Threat 

•  Simplify Threat Profile 

•  Associated Uncertainties 

•  Minimum Approach 

•  Integrity Check 

•  Time to Evade 

•  Command Evasion  

•  Integrity Check 

•  Execute  

•.   Evasion 

•  Alert 

•  Record 

•  Recall 

Pilot Controls 

•  Mode Selection 

•  Interface 

Sense 

Own-State 

•   Sufficient to 

support 

trajectory 

estimation 

Trajectory Predictions 

Sense 

Collision 

Threat 

•  Terrain 
•  Aircraft 
•  Weather 
•  Missiles 

Common 

Interface 

Common 

Interface 

• Codified 

• Modularly Partitioned at 

the Functional Level 6 



Flight Test Results 
Overall 

Extreme Terrain 

0 Buffer 

170’ Min 

LOW Protection 

Smooth Terrain 

0 Buffer 

100’ AGL 

LOW Protection 
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 F-16 Flight Test Evaluation 
 103 Flights Conducted 
 141 Total Flight Hours 
 1670  Recoveries 

 Conclusions 

 Excellent Mishap Prevention 

 Nuisance Free Operation 

 Small-UAV Test Evaluation 
 Added Many Features for                                                                                                                                   

Low Performance Aircraft 

 Implemented Algorithm on Smart Phone 

 21 Flights 

 208 Recoveries 

 Conclusion 

A Level of Precision has been Achieved that May 

Allow a Walk-On Smart Device to Provide a 

Capability Better than Today’s EGPWS & TAWS 

Mountainous SDO 

100’ Buffer 

125’ Min 

0.2 sec. 

Mountainous SDO 

0 Buffer 

87’ Min 

0.2 sec. 

C:/Users/mskoog/Documents/pics/work/ACAT/videos/GCAS videos/HUD/Nus/Non-Structured/Flt035 Non-Structrd Nuis Grn LL Aprching Needles LO Prot at Best.wmv
C:/Users/mskoog/Documents/pics/work/ACAT/videos/GCAS videos/HUD/Nus/Structured/Cords Road/Flt057 Structrd Nuis Cords Rd Hvy LO Prot S-Turns.wmv
C:/Users/mskoog/Documents/pics/work/ACAT/SUAV/flight tests/Flt 17-19/Flight 18 Event 6-ground.wmv
C:/Users/mskoog/Documents/pics/work/ACAT/videos/GCAS videos/HUD/CA/Mountainous Terrain/Flt068 CA GCAS Mtn Utility LO Prot 0 TCB.wmv






Digital Terrain 

Requirements, 
Products & Techniques 



Requirements for Aviation 

 Bare-Earth vs First Return 
 Most Products are Bare-Earth 

 Aviation needs First Return 

 Required Level of Fidelity Varies 
 Horizontal vs Vertical = Mountainous flying vs Smooth 

 Commercial 
 Only close to terrain near runway 

 High-Performance 
 Good climb but poor turn 

 Low-Performance 
 Poor climb but good turn 

High-Performance 

Trajectory 

Low-Performance 

Trajectories 



Digital Terrain Artifacts & Evaluation 

Techniques 

 New Products Available 

 Shuttle Radar Topography 
Mission (SRTM) 

 Others 

 Different Products Give 
Different Elevations for 
Same Location 

Both Products Can’t be Right if 

they have Different Elevations 



DTED Survey 

 Identify Points of Interest 

 Flag Large Differences  (>500’ shown) 

 Review in Google Earth 



DTED Survey 



DTED Requirements 
CANNOT be overcome with creative design 

This is the DTED you are flying today 

This is the DTED you will be flying 

DTED Management 

Is an Ongoing Requirement 
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GPS over SRTM 

Graphic of Ridgeline Effect 

GPS Data 

SRTM Data 

9as 

3as 

1as 



SRTM Background Scatter 

 SRTM DTED Error 

 Edwards west range 
has particularly noisy 
SRTM data 

 30’ DTED uncertainty 
used in strafing mode 

Legacy-DTED 

Below Ground Level 

Above Ground Level 

SRTM-DTED 

50’ 

0’ 

-25’ 

-50’ 

25’ 
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Illustration of high freq. 

noise in SRTM data over 

Edwards west range 

strafing pits 

Comparisons to 1/3 arc-sec NED 
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Foul Altitude 



FRRP F-16 
DTED Resolution Findings 

6 arc-sec 

3 arc-sec 

DTED resolution must be at least as 

fine as the altitude of the mission 

Integrity

Management

Integrity

Management

Integrity

Management

Integrity

Management

Predict Evasion TrajectoriesPredict Evasion Trajectories

Predict Collision ThreatPredict Collision Threat

RepresentationRepresentation

Determine Need to EvadeDetermine Need to Evade

NotifyNotify

• Evasion Types

• Maneuvering Capability

•• Evasion Trajectory EstimationsEvasion Trajectory Estimations

•• Associated UncertaintiesAssociated Uncertainties

• Scan/Track Pertinent Threat

•• Simplify Threat ProfileSimplify Threat Profile

•• Associated UncertaintiesAssociated Uncertainties

•• Minimum ApproachMinimum Approach

•• Integrity CheckIntegrity Check

•• Time to EvadeTime to Evade

•• Command Evasion Command Evasion 

•• AlertAlert

•• RecordRecord

•• RecallRecall

Pilot ControlsPilot Controls

•• Mode SelectionMode Selection

•• InterfaceInterface

Pilot ControlsPilot Controls

•• Mode SelectionMode Selection

•• InterfaceInterface

SenseSense

OwnOwn--StateState

•• Sufficient to 

support 

trajectory 

estimation

SenseSense

OwnOwn--StateState

•• Sufficient to 

support 

trajectory 

estimation

Trajectory Predictions

SenseSense

TerrainTerrain

• DTED
• Map Handler

EvadeEvade

•• Integrity CheckIntegrity Check

•• Execute Execute 

••.. EvasionEvasion

EvadeEvade

•• Integrity CheckIntegrity Check

•• Execute Execute 

••.. EvasionEvasion
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Binary-Tree Tip-Tilt 
(Patent Pending) 

 Tight control of errors induced 

by compression 

 Easily Adjusts to Mission 

Requirements 

 Geographic Control of Errors 

 Re-Rasters at any Resolution 

 Rapid Decompression 
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Compressed Terrain 

Original DTED 

Integrity

Management

Integrity

Management

Integrity

Management

Integrity

Management

Predict Evasion TrajectoriesPredict Evasion Trajectories

Predict Collision ThreatPredict Collision Threat

RepresentationRepresentation

Determine Need to EvadeDetermine Need to Evade

NotifyNotify

• Evasion Types

• Maneuvering Capability

•• Evasion Trajectory EstimationsEvasion Trajectory Estimations

•• Associated UncertaintiesAssociated Uncertainties

• Scan/Track Pertinent Threat

•• Simplify Threat ProfileSimplify Threat Profile

•• Associated UncertaintiesAssociated Uncertainties

•• Minimum ApproachMinimum Approach

•• Integrity CheckIntegrity Check

•• Time to EvadeTime to Evade

•• Command Evasion Command Evasion 

•• AlertAlert

•• RecordRecord

•• RecallRecall

Pilot ControlsPilot Controls

•• Mode SelectionMode Selection

•• InterfaceInterface

Pilot ControlsPilot Controls

•• Mode SelectionMode Selection

•• InterfaceInterface

SenseSense

OwnOwn--StateState

•• Sufficient to 

support 

trajectory 

estimation

SenseSense

OwnOwn--StateState

•• Sufficient to 

support 

trajectory 

estimation

Trajectory Predictions

SenseSense

TerrainTerrain

• DTED
• Map Handler

EvadeEvade

•• Integrity CheckIntegrity Check

•• Execute Execute 

••.. EvasionEvasion

EvadeEvade

•• Integrity CheckIntegrity Check

•• Execute Execute 

••.. EvasionEvasion

 Map Size 
 Original DTED =         2.76 Gbytes 

 Binary-Tree Tip-Tilt =  328 Kbytes 
 

8415 : 1 Compression Ratio 

 Current F-22 Plan 
 1000’ Flight Globally 

 Landing at 1500 Bases 

 Upgrade Computers to allow Global 

Storage 

<200M for Entire Globe 



WHAT IS NEXT? 
IMPROVED COLLISION AVOIDANCE 
SYSTEM 

iCAS-GA 
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iCAS 



iCAS is: 
 >300 Gb of Global 

Terrain Data 

 To 180 Mb File 

 Processed through a 

108k algorithm 

 Issuing 2 bits to 

direct a pilot when 

and where to avoid 

Predict Escape Trajectories

Predict Future Threat State

Determine Need to Evade

& Threat Lethality

Evade

Notify

• Evasion Types

• Maneuvering Capability

• Evasion Trajectory Estimations

• Associated Uncertainties

• Scan/Track Pertinent Threat

• Simplify Threat Profile

• Associated Uncertainties

• Minimum Approach

• Integrity Check

• Time to Evade

• Command Evasion 

• Integrity Check

• Execute 

•. Evasion

• Alert

• Record

• Recall

Pilot Controls

• Mode Selection

• Interface

Sense

Own-State &
Atmospherics
• Sufficient to 

support 

trajectory 

estimation

Trajectory Predictions

Sense

Collision
Threat

• Terrain
• Aircraft
• Weather
• Missiles

Common

Interface

Autopilot

Coupler
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DISCUSSION 
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