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Presentation overview

• Introduction

• Research motivation

• ADS-B model

• Simulations

• Results
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ADS-B – Overview 

• Transmit state information

• Omnidirectional

• Specific update rate

• Different reports

• Focus on Airborne System

GNSS

ADSB - OUT ADS-B IN

Ground
Station

Introduction Motivation ADS-B model Simulations Results



4

Research Motivation

• Decentralized Control

• Airborne separation

• Airborne Conflict Detection & Resolution (CDR)

• MVP method

• ADS-B IN/OUT Data Link
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Separation minima

• For en-route air traffic

• 5 NM horizontal plane

• 1000 ft vertical plane

• Loss of separation/Intrusion
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Demo – Super 8

Perfect ADS-B

• 2.5 NM IPZ
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Research objective

Study the effect of ADS-B limitations and inaccuracies 

on tactical CDR methods for en-route traffic.

• Which factors affect the quality of state information in 

the ADS-B system?

• How severe is the effect of ADS-B limitations and 

inaccuracies on CDR performance?

• What is the most dominant factor
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ADS-B Signal

• 1090 MHz

• Specific length: 120 μs

• PPM

• Transmit rate: ~2 Hz
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ADS-B - Limitations

• State accuracy

• Truncation

• Latency

• Transmit rate

• Use of “old” information

• Non synchronous for all aircraft

• Detect and Decode Probability

• Distance

• Interference 

System 
related

Situation
related
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ADS-B Model – Range 

• Based on MOPS 9

• Mean Triggering Level (MTL)

• Detect and Decode probability10

+3dB

-3dB

MTL

P>= 0.95

P>= 0.15

P>= 0.5

9.       RTCA, 2002
10.     W. Chung et al, 2006
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ADS-B Model – Range 

• Free Space Path Loss (FSPL)

• Fixed Transmit Power

• Rewrite for Probability10

10.     W. Chung et al, 2006
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ADS-B Model – Interference 
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ADS-B Model – Interference11

• λ = number of aircraft x  ADS-B transmit frequency

• Probability of 0 other messages in a time interval of 120 μs

t=0 t=1 st=120 μs                                        …

11. R. Barhydt et al., 2004
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ADS-B Model – Interference 
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ADS-B Model – Situation related  
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ADS-B Model – Validation12

12. Chung et al., 2006
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BlueSky Simulator
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Demo – Super 8

• ADS-B implemented vs Perfect state information

• 2.5 NM IPZ
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Simulations – Experiment design

Introduction Motivation ADS-B model Simulations Results



20

Simulations – Experiment design

Side view Top view
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Simulations – Experiment DEMO
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Results – Safety EXP I
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Results – Safety EXP I
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Simulations – EXP II

• Range analysis

• Goal: Study effect of different reception ranges

• Based on MOPS range
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Results – Safety EXP II
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Results – Safety EXP III
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Conclusion

• ADS-B no direct threat to Free Flight

• MVP method is very robust

• Interference effect should be taken into account

• Becomes more dominant at higher densities

• Increase in transmit power not per se beneficial

• Security of ADS-B system

• Implementation?
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Questions
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Results – Safety: Intrusions

MVP Swarming
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Experiment parameters
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Experiment parameters
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Experiment parameters
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Experiment parameters
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ADS-B transmission rates:

• Airborne Position Squitter (2 Hz)

• Surface Position Squitter  (1 Hz)

• Airborne Velocity Squitter (2 Hz)

• Aircraft ID Squitter (0.2 Hz)

• Operational State (0.4 Hz)

• Target State (0.8 Hz)

TCAS transmission rate: (4 Hz)

ADS-B Model - Interference

6.4 Hz

4 Hz

ADS-B message duration: 120 μs

Ref: Barhydt, 1999

TCAS message duration: 56 μs



36

Centralized vs De-centralized
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• Process: based on link budget
1. Free Space path Loss FSPL/NM

2. Received power wrt distance

3. Reception probability wrt received power, based on MOPS/MTL, introduce k

4. Convert to Reception prob wrt range (subs 1 in 3)

5. Obtain variables

Reception probability (range)
+3dB

-3dB

MTL

P>= 0.95

P<= 0.15

P>= 0.9


