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Loss of Air Traffic Control (ATC) radio communication is considered a high consequence failure due to the
potential increase in mid-air collision risk. An analysis was conducted to determine how quickly collision
risk would increase after a full ATC communications failure, or blackout, to determine requirements for
backup communication systems. The analysis was conducted for the enroute high-altitude environment
and also for terminal area operations in the New York City region. Communication failure simulations
were run every 15 minutes using 7 days of ETMS data for the entire U.S. airspace, and using 5 days of
PDARS data for New York City region. Conflict rates were observed to increase beyond the baseline level
within 1 minute of the simulated communication failure and to have increased by at least a factor of
4 within 5 minutes of the communication failure indicating the requirement for immediate backup ATC
communications.

© 2013 Published by Elsevier Masson SAS.

1. Introduction

The air–ground communication system is considered to be one
of the most critical technical elements in the Air Traffic Control
system. Loss of communication renders the controller unable to is-
sue commands to aircraft. The failure of the communication for
an individual aircraft is managed by means of standard procedures
where the aircraft continues on its assigned clearance while other
aircraft are vectored away from the expected route. A large-scale
communication failure, or blackout, is significantly more critical
and the only mitigation from conflicting trajectories is the onboard
Traffic Collision Avoidance System (TCAS).

This study investigates the rate at which the collision risk
would increase in the event of a large-scale ATC communications
failure. The results will provide insight into the speed at which
back up communications systems must come on-line to ensure
that safe separation between aircraft is maintained.

Mid-air collisions are rare but often catastrophic in modern Air
Traffic Control systems. Worldwide, the number of mid-air colli-
sions for airlines has decreased from one per year in the 1970s
to four per decade in the 1980s and 1990s, with just two mid-
air collisions in the 2000–2009 time period [4]. The reduction in
mid-air collisions is thought, in part, to be the result of the in-
troduction of the Traffic Collision Avoidance System (TCAS), which
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has contributed to the decrease in mid-air collisions despite in-
creased traffic levels. TCAS II was mandated in the U.S. in 1993
(Federal Aviation Regulation FAR 121.356) and stating in 2003 the
International Civil Aviation Organization (ICAO) mandated world
wide use for passenger capacity of more than 30 (extended to
more than 19 passengers in 2005). Studies conducted for Eurocon-
trol concluded that the current probability of a mid-air collision in
the European airspace is equivalent to one every 3 years, and this
probability will be reduced by a factor of 4 with the implementa-
tion of TCAS II version 7.1 [1]. Even with the TCAS backup, the loss
of ATC communications is a significant event with the potential
to increase collision risk. In addition, if ATC communication is lost
due to intentional denial of service (jamming), it is possible that
TCAS signals will also be jammed, resulting in a more significant
increase in collision risk.

2. Description of the analysis approach

The general approach used in this study was to simulate com-
munications failure with actual traffic scenarios observed in op-
erational radar data from the Enhanced Traffic Management Sys-
tem (ETMS) and Performance Data Analysis and Reporting System
(PDARS). Communications failure was simulated by extrapolating
the velocity vectors of each aircraft at the time of assumed com-
munication failure. This is a simple approximation of the current
lost communication procedure for No Radio (NORDO) aircraft. Fed-
eral Aviation Regulation FAR 91.185 [2] states that under VFR con-
ditions each pilot should continue the flight and land as soon
as practicable, and under IFR conditions pilots shall continue the

1270-9638/$ – see front matter © 2013 Published by Elsevier Masson SAS.
http://dx.doi.org/10.1016/j.ast.2013.04.012

http://dx.doi.org/10.1016/j.ast.2013.04.012
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/aescte
mailto:Palacios@mit.edu
http://dx.doi.org/10.1016/j.ast.2013.04.012


JID:AESCTE AID:2918 /FLA [m5Gv1.5; v 1.96; Prn:22/05/2013; 8:29] P.2 (1-8)

2 R. Palacios, J. Hansman / Aerospace Science and Technology ••• (••••) •••–•••

1 67

2 68

3 69

4 70

5 71

6 72

7 73

8 74

9 75

10 76

11 77

12 78

13 79

14 80

15 81

16 82

17 83

18 84

19 85

20 86

21 87

22 88

23 89

24 90

25 91

26 92

27 93

28 94

29 95

30 96

31 97

32 98

33 99

34 100

35 101

36 102

37 103

38 104

39 105

40 106

41 107

42 108

43 109

44 110

45 111

46 112

47 113

48 114

49 115

50 116

51 117

52 118

53 119

54 120

55 121

56 122

57 123

58 124

59 125

60 126

61 127

62 128

63 129

64 130

65 131

66 132

Fig. 1. Analysis approach.

flight according to the route assigned in the last ATC clearance
or the route filed in the flight plan. Therefore the assumption of
constant velocity vectors is acceptable since the regulation does
not mandate any immediate course change as soon as the radio
failure is detected (such as descend to a given flight level). More-
over, it may take some time for the pilots to realize that they
have lost communications since there is no real-time monitoring
for availability. For example, in the mid-air collision of GLO 1907
and N600XL on September 29th, 2006 over Brazil in which TCAS
was unavailable due to technical failure [10], the ATC had been
trying to contact pilots of the Embraer Legacy business jet dur-
ing 30 minutes before the collision and also the aircraft had been
trying to call ATC in 19 unsuccessful attempts during the last 9
minutes before the collision; the course was not modified during
that time. Maybe the most extreme example of continuous flight
without communication was Northwest 188 on October 21st, 2009,
in which pilots were distracted by their laptop computers and did
not communicate with ATC for about 1 h 17′′ while they cruised
past their destination [11].

It should be noted that the assumption of constant velocity vec-
tors will overestimate the number of expected conflicts because
this simple extrapolation does not take into account previously is-
sued clearances (which are not observable in the data set), but
should give a reasonable representation of how quickly potential
conflicts emerge in the uncontrolled blackout environment. It is
difficult to evaluate how many near-conflicts are being avoided by
communications between air traffic controllers and pilots. Some
research into Enhanced Traffic Management System (ETMS) has fo-
cused on synchronizing actual data with flight plans, in order to
evaluate if deviations from the initial flight plan were implemented
to avoid potential loss of separation [7]. In the proposed approach,
a communications blackout is simulated by extrapolating position.
Future positions are computed under failure condition by assuming
constant velocity vectors, and then separation distance is moni-
tored.

The analysis is based on tracking the number of events of Loss
of Separation (LOS) as a function of time after the simulated com-
munication failure. The number of loss of separation events is used
as a surrogate for risk, although other mitigations such as TCAS
would of course prevent the majority of mid-air collisions from
occurring. Minimum separation distance was the parameter used
in the analysis. In accordance with the current minimum separa-
tion standards in radar conditions, a value of 5 miles and 1000 ft
was used as the separation criterion in the enroute airspace anal-
ysis and 3 miles and 1000 ft was used in terminal area airspace
analysis. Minimum separation distance is the most important pa-
rameter used in air traffic control safety analysis. This parameter
was also used in [6] to obtain separation times at Initial Approach
Fix (IAF) for different types of aircraft, using Advanced Continuous
Descent Approach (ACDA) or conventional approach procedure.

To define the baseline of apparent LOS events that will be used
to compare with simulated conditions, the number of loss of sepa-
ration events is first evaluated in actual conditions. Note that some
apparent LOS events are expected in the baseline conditions due
to VFR aircraft operating with visual separation procedures which

have no specific minimum separation criteria. The analysis then
evaluated the progression of the number of LOS events after com-
munication failure compared with the baseline level. Simulations
of communications failure were executed for different days of the
week and at different times of the day in order to examine if the
consequences were sensitive to initial conditions. The approach is
summarized in Fig. 1.

Two data sources have been used to evaluate the consequence
of communication failure in both the high-altitude enroute en-
vironment and terminal area environment. For the high-altitude
enroute environment one week (9/21/09–9/27/09) of Enhanced
Traffic Management System (ETMS) data was analyzed. In order
to avoid ambiguity with enroute vs terminal separation standards,
only the ETMS data above 7000 ft MSL was used which resulted
in 377,174 flight tracks. For the terminal area environment, Perfor-
mance Data Analysis and Reporting System (PDARS) data was col-
lected in the New York Terminal Radar Approach Control (TRACON)
for 5 days in 2008 (2/5/08, 3/19/08, 3/31/08, 6/23/08, 7/23/08).
During this period, there were a total of 39,567 flights.

The ETMS dataset includes information about all aircraft follow-
ing Instrument Flight Rules (IFR) in the National Airspace System
(NAS) and a few flights in other territories (mostly flight tracks re-
ported by U.S. Airlines) as well as aircraft following Visual Flight
Rules (VFR) but receiving ATC radar services. Information outside
the U.S. and Canada is not reliable for detailed analysis and was
eliminated for this study. The information in the ETMS database
includes the 4D trajectory of every aircraft nominally at 1 minute
intervals based on the position as tracked by radar systems or re-
ported by onboard positioning systems. The trajectories are stored
in terms of latitude, longitude and MSL altitude, with a resolution
of one minute in latitude and longitude, 100 ft in altitude.

It is well documented that altitude data in ETMS is sometimes
inconsistent [8] and the database occasionally includes rapid al-
titude changes which are not physically realizable by current air-
craft. The noisy altitude date appears to be related to switching
between altitude data sources and default altitude assumptions
when source data is not available. Because the trajectory predica-
tion algorithm is sensitive to these altitude errors, it was necessary
to filter ETMS data. A procedure was developed to filter ETMS alti-
tude data [13] that was able to correct 99.7% of the flights affected
by noise. The filtering is performed in such a way that altitude er-
roneous data, when detected, are corrected by interpolation with
neighboring points, while preserving the original clean altitude
data (see Fig. 2).

ETMS data is valid for the analysis of enroute flights due to the
large separation standards in enroute airspace (5 miles, 1000 ft).
However, ETMS does not provide enough resolution for the analysis
of aircraft traffic in the terminal area where the minimum lateral
separation standards reduce to 3 miles and the aircraft are more
likely to be maneuvering for approach or departure. Therefore the
terminal area analysis was based on radar data from Performance
Data Analysis and Reporting System (PDARS). PDARS trajectories
are based on terminal radar data, with a nominal sampling period
of 4 seconds in the terminal area (in contrast with one minute in
the ETMS dataset) and more accurate altitude data [3].
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