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Overview Airborne Separation Assurance:
Issues and research questions
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Outline

• Pioneering age: research on feasibility question

• Research age: research questions

• Implementation: evolution vs. revolution
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Pioneering age

• Is it feasible to safely make a conceptual design of Free Flight 
with airborne separation assurance?

?
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What is Free Flight?
• Today’s “unfree flight” 
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More centralised control: 4D bubbles
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Revolutionary approach: Free Flight
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Why Free Flight?
• Self-optimisation

• Horizontally 
• Direct routes

• Optimal economic speed

• Vertically 
• Optimal altitude cruise climb

• En-route: Airborne Separation Assurance (no ground ATC)
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Free Flight decentralisation of ATC
• “Free Flight leads to a dangerous jungle with a centrally 

coordinating element like ATC”

• “Pilots do not have the time, training, and mental capacity to 
play air traffic controller on top of flying the aircraft”

“Research Scientist argues for more Chaos in Airspace”
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Hypothesis tree
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Hypothesis tree sub-tree (branch)
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Three simultaneous tracks

• Analysis (many different tools, a.o. TMX still used by NASA, 
Raytheon, NLR)

• Off-line simulation (on desktop computers with traffic simulators)

• On-line simulation (human in the loop, research flight simulator
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En-route:
‘flight traffic rules

Intruder’s 
protected zoneHeading 

change

Speed 
change Avoidance 

vector

Minimum
distance

Ownship

Intruder

Protected Zone :
- 10 nm wide
- 2000 ft high

“Implicit coordination”
Small manoeuvres
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Prototype procedure & cockpit 
systems
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‘Emergence’ problem of Free Flight: 
Compare with Conway’s Game of Life

• Micro-level: simple rule,If sum cells around cell
0,1 = cell ‘dies’
2 = cell ‘survives’
3 = ‘birth’
4-8 = cell ‘dies’

• Macro-level: complex patterns
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Offline simulation - Traffic Manager
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The wall
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Circular conflict (“superconflict n=8”)
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Simulation configuration on-line

Desktop 
simulation

Flight simulator

Traffic 
Manager
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Invention:
Predictive ASAS

Algorithms for “ Don’t go” indications:
• Track
• Vertical speed
• Speed
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Human-in-the-Loop experiment 97
Results

Workload - Traffic Density
( p < 0.0086 )
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Task comparison 
Controlled vs. Free Flight

Fly

Navigate

Communicate with ATC

Fly

Navigate

Separation

Controlled Flight Free Flight
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This is Free Flight
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Accelerate to 100 mph,
move one lane left! 

This is today’s Controlled Flight
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Imagine this metaphore…
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Please de-conflict….
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Fundamental, mathematical reason 
to de-centralise
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Sufficiently feasible to continue

• But there were many shortcuts:
• Implicit coordination, with state-based CD&R, no priority at certain 

high densities in the cruise phase with a given display and alerting 
system seems feasible

• Next question: what is best solution in the interest of safety, 
capacity and acceptability?
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Research age:
To do list

• Conflict prevention
• Dynamic density/flow management

• Traffic awareness HMI

• Conflict detection:
• Lookahead-time

• Level of Intent information

• Protected zone dimensions

• Conflict Resolution:
• Priority or co-operative 

manuevering

• Multi-aircraft conflicts: sequential 

or summing? Priority solving?

• Flight phase: only cruise or also 
lower?

• Mixed equipage

• Partial delegation of responsibility 
(operations)? Role air-ground.

• Which Human-Machine Interface? 
Level of automation?

Safety comparison
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Conflict Prevention system

Vertical speed

Heading

Speed
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Priority or no priority?
No problem!
According

to our system,
we have priority.
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Priority or no priority?
• Priority and sequential solving

• lower workload
• less prone to gaming
• more suitable for flight plan deconfliction

• Cooperative and summing of resolution vectors
• stability of multiple aircraft conflicts
• more robust
• more suitable for basic mode deconfliction
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Relation intent/priority

• Levels of intent:
• None (pure state based)
• Target values (MCP or FMS current leg)
• Flight plan (waypoint list)

• Link with priority/negotiation/multi-aircraft effect

• Implementation/safety issues (false alerts vs. missed alerts vs. 
late alerts)

(see diagrams on flip-over)
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Mixed Equipage

• Segregated airspace or not?
• Mandatory equipage or benefit structure?
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Implementation age

• Standardisation

• Evolution vs. revolution

Revolution

Evolution
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Let’s make it safe!
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