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AIRPORT RUNWAY COLLISION AVOIDANCE SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

In the early years of aviation, all flight operations were conducted in visual
meteorological conditions (VMC) since safe operation of an aircraft was only possible with
reference to visual cues such as a visual horizon and geographical terrain. In subsequent
years, various ground-based electronic navigational aids and aircraft cockpit instrumentation
systems were developed that cooperatively permitted navigation in instrument
meteorological conditions (IMC). Accordingly, it was possible to perform enroute navigation
when the aircraft is above or within cloud layers where familiar visual references are absent.
Somewhat later, ground-based systems, aircraft instrumentation and landing procedures were
developed that permitted a suitably equipped aircraft to land at a suitably configured airport
when the conditions at the airport would not allow operations by visual reference alone. For
example, non-precision approach procedures are commonly available at many airports so that
the aircraft may safely land under IMC with reference to a ground-based navigational aid
such as a non-directional beacon (NDB) or a very high frequency ommnirange (VOR)
installation. In addition, precision approach procedures are commonly available at larger
airports to permit higher volumes of traffic into the airport to be conveniently accommodated
in IMC. For example, the well-known instrument landing system (ILS) permits a suitably
equipped aircraft to controllably approach and descend to an airport runway by providing the
aircraft with localizer information that assists the aircraft with lateral course guidance, and
with glide slope information that permits the aircraft to controllably descend to the airport
runway. ‘

In general, ILS ground-based systems, aircraft instrumentation and landing
procedures are organized into ILS Categories that characterize the airport conditions that the
ILS system will support. Briefly and in general terms, the various ILS Categories each
provide a decision height (DH), and a runway visual range (RVR). The DH specifies how
close to the runway a pilot may descend while attempting to visually detect the runway,
while the RVR describes the visual range the pilot may expect at the selected airport.
Accordingly, before executing the ILS approach or before attempting to land, the pilot must
verify that the airport RVR is currently equal to or greater than the minimum RVR as
provided in the ILS procedure. If the RVR condition is satisfied, the ILS approach may be
attempted, and the pilot is expected to observe the runway, and/or a runway lighting system
when the aircraft reaches the DH. Otherwise, the pilot must abort the landing and execute a
“missed approach” in conformity with the procedure. Currently, ILS Category I provides for
approaches having a DH of not less than 200 feet, and an RVR of not less than 1,800 feet,
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while ILS Category II permits approaches to a DH of not less than 100 feet, with an RVR of
not less than 1,200 feet. Still other ILS Categories provide for even lower minimum
requirements. Example, ILS Category III generally provides no DH minimum, and an RVR
of not less than 700 feet for Category IIla; an RVR of not less than 150 feet for Category
I1Ib; and approaches without an RVR minimum for Category Illc.

Accordingly, during airport operations in low visibility, the entire runway length is
generally not visible to the pilot, so that the pilot is precluded from visually observing that
other aircraft are not present on the runway, or approaching the runway. At airports where
aircraft moving about the airport on taxiways adjacent to runway are under the control of a
ground controller positioned in an airport control tower, the ground controller is limited to
visual observations of the aircraft moving about the airport. Consequently, the ground
controller must generally assume that aircraft are moving in compliance with the instructions
issued by the controller, and rely on position reports from aircraft as they maneuver about the
airport. The position reports are also available to other aircraft that are moving on the airport
since a common radio frequency is used. Airports without ground controllers rely exclusively
on pilots of taxing aircraft knowing where they are at all times.

Ground surveillance radar systems are available at selected airports to assist ground
controllers when the airport visibility is limited. Images obtained by the ground surveillance
radar system permit individual aircraft to be identified and further permits the movement of
the aircraft to be tracked by the ground controller in real time. Although ground surveillance
radar system constitutes an improvement in the state of the art, they are generally costly
systems, and consequently, are available at relatively few airports. Furthermore, ground
surveillance radar systems require the presence of a ground controller, who may not be
present during selected hours unless the airport control tower is continuously maintained.
Accordingly, the ground surveillance radar system, if present, may not be available when
visibility conditions are poor due to a tower closure. Moreover, even if the radar system is
present and continuously monitored by a ground controller, the controller may still issue
erroneous instructions to a flight crew, or the flight crew may not properly comprehend
proper instructions, which may contribute to an aircraft collision.

Therefore, due to the complexity of many airports, and further in view of the
increasing traffic activity present at many airports, the possibility of operational errors is
significantly increased during periods of low visibility. In particular, the possibility of a
runway incursion by an unauthorized aircraft due to a missed position report or a
communications error is significantly enhanced.
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What is needed in the art is a system and a method that permits an aircraft to readily
inform other aircraft that the aircraft is on the runway. Furthermore, the system and method
should also permit the aircraft occupying the runway to communicate with aircraft executing

a landing approach.

SUMMARY OF THE INVENTION

The present invention includes a system and method for avoiding runway collisions.
In an aspect of the invention, a collision avoidance system includes a position-sensing device
that is operable to determine a position of the aircraft, and a communications system operable
to support two-way communications between the aircraft and other similarly configured
aircraft. A collision avoidance processor is coupled to the position-sensing device and the
communications system that is configured to generate a message if the aircraft moves into a
restricted zone positioned proximate to the airport.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred and alternative embodiments of the present invention are described in
detail below with reference to the following drawings.

FIGURE 1 is a block diagrammatic view of an aircraft collision avoidance system
according to an embodiment of the invention;

FIGURE 2 is a plan view of a portion of an airport that will be used to further
describe the operation of the system of FIGURE 1; and

FIGURE 3 is a flowchart that illustrates a method of collision avoidance for an

aircraft according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Many specific details of certain embodiments of the invention are set forth in the
following description and in FIGURES 1 through 3 to provide a thorough understanding of
such embodiments. One skilled in the art, however, will understand that the present invention
may have additional embodiments, or that the present invention may be practiced without
several of the details described in the following description. '

FIGURE 1 is a block diagrammatic view of an aircraft collision avoidance system 10
according to an embodiment of the invention. The system 10 includes a collision avoidance
processor 12 operable to receive positional information from a position-sensing device 14.
The position-sensing device 14 may be a portion of an inertial navigation system (INS)
installed in an aircraft, or it may be a global positioning system (GPS) receiver that is
installed in the aircraft. In either case, the position-sensing device 14 is configured to
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accurately provide the position of the aircraft relative to a fixed system of coordinates, such
as the familiar latitude and longitude coordinates, or other similar Cartesian coordinate
systems. The position-sensing device 14 may also receive navigational and/or flight plan
data 15 from a flight management computer (FMC) system installed in the aircraft. The
system 10 further includes a database 16 that includes information that describes runways
and taxiways for a selected airport, and also includes approach information for the selected
airport. For example, the database 16 may include the direction of runways at the selected
airport, the location of taxiways adjacent to the runways, and may also include the location of
runway exits that connect a selected runway to a taxiway. Moreover, the database 16 may
also include the locations of various hold locations on the taxiways or runway exits, as will
be described in greater detail below. The database 16 may also include approach information
that may include data pertaining to non-precision and precision approaches. For example, the
database 16 may include data for NDB or VOR non-precision approaches, and may also
include DH and RVR information for Category I, II and III ILS approaches.

The system 10 also includes a transceiver 18 that is coupled to an antenna 20
positioned on an exterior portion of the aircraft. The transceiver 18 is operable to transmit
and receive signals 22 at a selected wavelength while the aircraft is within a predetermined
range of the airport. In one particular embodiment, the transceiver 18 is configured to radiate
at power levels that are sufficient to transfer the signals 22 approximately about eight to ten
miles, so that the signals 22 may be communicated between an aircraft on approach that is
approximately positioned at the outer marker (OM) on an ILS approach, and an aircraft on
the ground. The transceiver 18 may be configured to operate at VHF wavelengths, UHF
wavelengths, or at microwave frequency (MF) wavelengths. The transceiver 18 may include
one of the VHF transceivers commonly installed in an aircraft for communications purposes.
Alternately, the transceiver 18 may be a unit that is separate from the VHF communications
transceivers. The antenna 20 is positioned on a portion of the aircraft that allows
approximately ommidirectional coverage, so that the signals 22 may be readily transmitted
and received by other aircraft located at the airport. In an alternate embodiment, the
system 10 may include more than a single antenna positioned on an exterior portion of the
aircraft.

The collision avoidance processor 12 is also coupled to an air-ground logic device 24
that is operable to detect whether the aircraft is positioned on the ground, or if the aircraft is
in flight. Accordingly, the air-ground logic device 24 may include an air-ground logic system
commonly installed on commercial aircraft, such as an air-ground logic system configured to
detect the presence of a load on a landing gear portion of the aircraft. Alternately, the air-
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ground logic device 24 may include other systems commonly installed on commercial
aircraft, such as a radio altimeter system operable to determine an absolute altitude of the
aircraft. The collision avoidance processor 12 is also coupled to a crew warning system 26
operable to visually and/or aurally transfer alarm signals generated by the processor 12 to a
flight crew in the aircraft. Accordingly, the crew warning system 26 may be a separate
system that is dedicated to transfer the alarm signals generated to the flight crew. Alternately,
the crew warning system 26 may include at least a portion of an existing aircraft system, such
as the well-known engine indication and crew alerting system (EICAS) commonly employed
on commercial aircraft. In another embodiment, the crew warning system 26 may include at
least a portion of a ground proximity warning system (GPWS) also commonly employed on
commercial aircraft. In either case, audible signals may be generated by the crew warning
system 26 that communicate verbal warnings or advisory messages to the flight crew by
means of a voice synthesizer. Alternately, the audible signals may include continuous and/or
intermittent audible tones that are associated with warning levels or advisory messages.
Additionally, the crew warning system 26 may also visually present warning levels or
advisory messages to the flight crew by means of warning lights and/or a visual display
device operable to visually present graphical and/or alphanumeric data to the flight crew.

The system 10 also includes an altitude-sensing device 21 that is coupled to the
processor 12 that is operable to determine the altitude of the aircraft. Accordingly, the
altitude-sensing device 21 may receive altitude information from an air-data system
commonly installed in commercial aircraft. The air-data system is configured to determine an
altitude of the aircraft based upon static air pressure measurements. Alternately, the altitude-
sensing device 21 may receive altitude information from a radio altimeter system installed in
the aircraft.

Still referring to FIGURE 1, the collision avoidance processor 12 will now be
described in detail. The processor 12 generally includes any programmable electronic device
configured to receive programming instructions and input data, and to process the data
according to the programming instructions. The processor 12 may be further coupled to a
plurality of external devices (not shown in FIGURE 1), including a pointing device operable
to provide input commands to the processor 12, a keyboard for the entry of text information
and commands to the processor 12, and a viewing screen for viewing information generated
by the processor 12. Other external devices that may be coupled to the processor 12 include a
printer operable to generate a printed copy of information generated by the processor 12, and
a communications port that may be used to couple other processors and/or input and output
devices to the processor 12 through a communications network. A storage device configured

-5.



WO 2006/101763 PCT/US2006/008509

to receive a removable data storage medium, such as a magnetic disk, an optical disk, a tape
device or other similar storage devices may also be coupled to the processor 12 so that
information may be transferred to and from the processor 12.

The collision avoidance processor 12 receives positional information from the
position-sensing device 14. The positional information may be used to determine the identity
of the airport since the processor 12 initiates a search of the database 16 based upon the
sensed location. Once the airport has been identified, the positional information may be used
to determine the position of the aircraft on the identified airport. The processor 12 further
receives information from the air-ground logic device 24 to determine if the aircraft is in
flight or on the ground. When the aircraft is on the ground, the processor 12 instructs the
transceiver 18 to operate in a receive mode if the processor 12 determines that the aircraft is
positioned off an active runway, and to operate in both a receive and transmit mode when the
processor 12 determines that the aircraft is in flight or on the runway. Accordingly, the
aircraft may indicate its presence on an active runway by emitting signals that are received
by other similarly configured aircraft at the identified airport. In addition, if the aircraft is in
flight and is within a predetermined distance of the airport, such as on an approach to the
active runway, the aircraft similarly indicates to other similarly configured aircraft at the
airport that the approaching aircraft is about to land on the active runway. The processor 12
may determine that the aircraft is in the approach structure by receiving altitude information
from the altitude-sensing device 21. In selected embodiments, various audible indications
such as tones having a prescribed frequency, or intermittent tones that conform to a
prescribed audible pattern may be used. In other particular embodiments, audible indications
may be generated by a voice synthesizer device that is configured to generate audible
warnings having a selected verbal content. For example, one audible warning may include
“Traffic on runway” to indicate that an aircraft is presently on the ground and on the
indicated runway. If the aircraft is airborne, the audible warning may include “Traffic on
approach” or other similar verbal messages having similar content.

Since the aircraft transmits and receives when the aircraft is on the active runway, if
two or more similarly configured aircraft are positioned on the runway at the same time, the
aircraft may mutually receive indications that more than a single aircraft is on the active
runway. If such a situation occurs, collision avoidance processor 12 could alert pilots of the
two aircraft on the runway that one airplane has taxied in front of another aircraft that is
taking off. Each aircraft detects if they are in a takeoff mode by analyzing various systems,
such as engine thrust readings and/or groundspeed/airspeed. The takeoff mode information
may be included in the transmitted signal.
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FIGURE 2 is a plan view of a portion of an airport 30 that will be used to further
describe the operation of the system 10 of FIGURE 1. When an aircraft 32 that includes the
system 10 is positioned in a parking area 34, the processor 12 determines the identity of the
airport based upon positional information obtained from the positions-sensing device 14 and
airport information stored in the database 16. Since the airport information in the database 16
includes the runway and taxiway configurations for the identified airport, and further since
the positional information of the aircraft 32 may be continuously updated, the processor 12
may continuously determine a location of the aircraft 32 as it moves onto and along a
taxiway 36 adjacent to the parking area 34. Since the aircraft 32 is on the ground and not on
the runway, the transceiver 18 is in the receive mode only, so that it may receive signals from
other similarly configured aircraft. The aircraft 32 may progressively move towards an active
runway 38 along the taxiway 36 and turn inwardly towards the runway 38 and onto a runway
entrance 40 that connects the taxiway 36 to the runway 38. The runway entrance 40 may
include various visual limitations that limit the further movement of the aircraft 32 towards
the runway 38 unless the aircraft 32 is cleared to move onto the runway 38. The visual
limitations may include an ILS hold line 42 and a hold short line 44. The ILS hold line 42 is
suitably positioned to prevent the aircraft 32 from interfering with the ILS guidance
information that is communicated to an aircraft 47 that is executing an ILS approach, while
the hold short line 44 is positioned to assure that the aircraft 47 landing on the runway 38
does not physically interfere with the aircraft 32 that is positioned at the hold short line 44.
The taxiway 36 may also include a hold short approach line 46 that visually limits the
movement of the aircraft 32 into an approach zone 48 while the aircraft 47 is on approach to
the runway 38. A runway exit 50 may also connect the runway 38 to the taxiway 36 and/or
parking area 34. Accordingly, the exit 50 also generally includes an exit hold line 52 that
indicates a boundary of the runway area.

With reference still to FIGURE 2, the aircraft 32 may move to a position 54 on the
runway entrance 40, or alternately, a position 56 on the taxiway 36. When the aircraft 32 is
positioned in either the first position 54 or the second position 56, the aircraft 32 remains
clear of the runway 38 and the approach zone 48, which collectively include a restricted zone
that may be occupied by only a single aircraft at a time. The collision avoidance system 10
(FIGURE 1) in aircraft 32 thus remains in a receive only mode, so that transmissions from a
similarly equipped aircraft may be monitored. Accordingly, the aircraft 32 receives the
signals 22 from the aircraft 47 to inform the crew of the aircraft 32 that the aircraft 47 is
approaching the runway 38. The signals 22 may specifically indicate that the aircraft 47 is on
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approach to the runway 38, since the air-ground logic device 24 of the system 10 (FIGURE
1) present in the aircraft 47 indicates to the processor 12 that the aircraft 47 is still in flight.

When the aircraft 32 moves to a position 58 that is beyond the ILS hold line 42, or if
the aircraft 32 moves beyond the hold short approach line 46 to a position 60, the system 10
on the aircraft 32 moves to the receive and transmit mode, so that the aircraft 47 that is
approaching the runway 38 may receive signals 22 from the aircraft 32. The signals 22 that
are emitted by the aircraft 32 may be merely advisory, so that the crew of the aircraft 47 is
informed that the guidance information from the ILS may be affected, or otherwise inform
the crew of the aircraft 47 that the aircraft 32 has moved into the approach zone 48. As a
consequence, the crew aboard the aircraft 47 may optionally continue the approach, or abort
the approach and execute the missed approach procedure for the runway 38. Alternately, the
signals 22 may include an alert level that may require the aircraft 47 to abort the approach
and execute the missed approach procedure for the runway 38. If the aircraft 32'moves to a
position 62 while the aircraft 47 is approaching the runway 38, a runway incursion has
occurred, and the signals 22 include an alert level requiring the aircraft 47 to abort the
approach and execute the missed approach procedure.

If the aircraft 32 remains at the position 54 or the position 56, the aircraft 47
continues the approach and lands on the runway 38. When the aircraft is on the runway 38 at
a position 64, the air-ground logic device 24 of the system 10 in the aircraft 47 indicates to
the processor 12 that the aircraft 47 is on the ground. Accordingly, the signals 22 may
specifically indicate that the aircraft 47 is on the runway 38. When the aircraft 47 moves onto
the runway exit 50, and beyond the exit hold line 52 (point 66), the system 10 installed in the
aircraft 47 changes from the receive and transmit mode to the receive mode only.

Although the foregoing description refers to the aircraft 47 on an ILS approach to the
runway 38, it is understood that the aircraft 47 may be executing other types of precision and
non-precision approaches. For example, the aircraft 47 may be executing a microwave
landing system (MLS) approach. Alternately, the aircraft 47 may be executing a non-
precision approach that positions the aircraft 47 off a centerline of the runway 38 until the
aircraft 47 is on a final approach segment of the non-precision approach. Similarly, the
aircraft 47 may execute non-precision approaches according to circle-to-land minimums that
are generally higher minimums than those ordinarily specified in the non-precision approach.
Although the circle-to-land minimums provide for adequate obstruction clearance, the
aircraft 47 is generally positioned above and around the active runway 38 at a circle-to-land
minimum altitude until the aircraft 47 is in a position to approach the runway 38.
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Accordingly, the approach zone 48 may include regions above and adjacent to the
runway 38.

The aircraft collision avoidance system 10 of FIGURE 1 is preferably actuated
automatically so that aircraft equipped with the system 10 may exchange signals without
intervention from a flight crew of the aircraft. The system 10 may be actuated when the
processor 12 determines that the aircraft is within a predetermined distance of an airport
where the aircraft intends to land. Accordingly, when the processor 12 determines that the
aircraft has entered a selected approach structure by receiving altitude information from the
altitude-sensing device 21 and positional information from the position-sensing device 14,
the system 10 is actuated. The system 10 may also be actuated when an auto-land feature is
selected in an autopilot system during an ILS Category II or Category III approach.
Alternately, the system 10 may be actuated when the position-sensing device 14 receives
data 15 from the FMC that indicates that the aircraft is commencing an approach to the
airport.

FIGURE 3 is a flowchart that illustrates a method of collision avoidance 70 for an
aircraft according to another embodiment of the invention. Referring also again to
FIGURE 1, at block 72, the position-sensing device 14 determines a position for the aircraft.
In one particular embodiment, the system 10 is not activated unless the aircraft is within a
predetermined range of an airport selected for landing. Accordingly, the aircraft may
determine the range by interrogating the position sensing device 14 and the altitude-sensing
device 21. If the aircraft is within the predetermined range, the position information may be
transferred to the collision avoidance processor 12. At block 74, the collision avoidance
processor 12 obtains airport and/or approach information from the database 16. At block 76,
the system 10 determines if the aircraft is airborne by interrogating the air-ground logic
device 24. If the aircraft is determined to be airborne, the processor 12 determines whether
the aircraft is within the approach zone 48, as shown at block 78. If the aircraft is within the
approach zone 48, the processor 12 generates an appropriate message and transmits the
message to other aircraft through the transceiver 18, as shown at block 80. The aircraft within
the approach zone 48 is also operating in receive mode. Otherwise, the aircraft monitors the
selected ground frequency for transmissions from other similarly configured aircraft, as
shown at block 82.

Referring again to block 76, if the aircraft is not airborne, at block 84 the processor 12
determines whether the aircraft is on the active runway or, in another embodiment, within a
threshold distance from the active runway. If the aircraft is not on the runway, the aircraft
monitors the selected frequency for transmissions from other similarly configured aircraft, as
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shown at block 86. Otherwise, at block 80, the processor 12 generates an appropriate
message and transmits the message to other aircraft through the transceiver 18. Since the
aircraft is in motion if airborne, and may be in motion if the aircraft is on the ground, the
method 70 is configured to periodically update the position of the aircraft, as shown in
block 88.

In another embodiment, the database 16 also includes "boxes" or "envelopes" within
which an aircraft would be considered to be in a conflict area (on ground or on approach).

While preferred and alternate embodiments of the invention have been illustrated and
described, as noted above, many changes can be made without departing from the spirit and
scope of the invention. Accordingly, the scope of the invention is not limited by the
disclosure of these preferred and alternate embodiments. Instead, the invention should be

determined entirely by reference to the claims that follow.
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What is claimed is:

1. A collision avoidance system for an aircraft, the system comprising:

a position-sensing device operable to determine a position of the aircraft;

a communications system operable to support two-way communications between
the aircraft and other similarly configured aircraft; and

a collision avoidance processor in communication with the position-sensing
device and the communications system, the processor being configured to
generate a signal if the aircraft is positioned in a predefined restricted zone
positioned proximate to the airport and transmit the generated signal to other
similarly configured aircraft via the communications system.

2. The system of Claim 1, wherein the position-sensing device comprises a global

positioning system (GPS) receiver.

3.  The system of Claim 2, wherein the position-sensing device is configured to receive

navigational and flight plan data from a flight management computer (FMC).

4.  The system of Claim 1, wherein the position-sensing device comprises an altitude-

sensing device.

5.  The system of Claim 4, wherein the altitude-sensing device comprises at least one
of a pitot-static system and a radio altimeter system.

6.  The system of Claim 1, wherein the communications system further comprises at
least one of a very high frequency (VHF) transceiver, an ultra high frequency (UHF)
transceiver and a microwave frequency (MF) transceiver.

7.  The system of Claim 1, further comprising a database coupled with the collision

avoidance processor, the database configured to store selected airport information.

8.  The system of Claim 7, wherein the selected airport information includes at least
one of a description of a runway structure, a taxiway structure and an approach structure for a

selected airport.

9.  The system of Claim 8, wherein the selected airport information further includes a
position of a hold location adjacent to the runway structure.
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10. The system of Claim 1, further comprising an air-ground logic device coupled with
the collision avoidance processor, the air-ground logic device being configured to determine
an air-ground state for the aircraft.

11. The system of Claim 10, wherein the air-ground logic device comprises at least one
of an air-ground logic system that is coupled to a landing gear system of the aircraft, and a

radio altimeter system.

12. A method of collision avoidance for an aircraft, comprising
receiving position information for the aircraft;
determining if the aircraft is within a restricted zone proximate to an airport;
if the aircraft is within the restricted zone, transmitting signals to other vehicles
within an airport area; and
monitoring for signals emitted from other vehicles configured to emit signals

when positioned in the restricted zone.

13.  The method of Claim 12, wherein receiving position information further comprises

receiving position information from a global positioning system (GPS).

14.  The method of Claim 12, wherein receiving position information further comprises
periodically updating the position of the aircraft relative to the airport area.

15.  The method of Claim 12, wherein receiving position information further comprises
determining an altitude for the aircraft.

16. The method of Claim 12, wherein determining if the aircraft is within a restricted
zone further comprises detecting if the aircraft is moved across one of a hold short line, a
hold short approach line and an ILS hold line adjacent to a runway.

17.  The method of Claim 12, wherein determining if the aircraft is within a restricted
zone further comprises detecting if the aircraft enters an approach zone proximate to the
airport.

18. The method of Claim 12, wherein determining if the aircraft is within a restricted
zone further comprises detecting if the aircraft is on the ground.
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19. The method of Claim 12, wherein determining if the aircraft is within a restricted
zone further comprises detecting at least one of a very high frequency (VHF) signal, an ultra
high frequency (UHF) signal and a microwave frequency (MF) signal.

20. The method of Claim 12, wherein monitoring for signals comprises generating an
audible warning message if a signal emitted from another vehicle is received.

21. The method of Claim 12, wherein monitoring for signals comprises generating a

visual warning message if a signal emitted from another vehicle is received.
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