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AIRPORT SURFACE COLLISION-AVOIDANCE SYSTEM (ASCAS)

BACKGROUND OF THE INVENTION

[0001] Extensive monetary damage and potential human injury are experienced
each year due to the collision of large aircraft wingtips with ground facilities and other
aircraft. The principal reason for these collisions appears to be the pilot misjudging the
clearance distance available for the passage of the wingtip when operating in tight
quarters or in unfamiliar facilities.

[0002] Cameras have been used on aircraft in various locations, including
wingtips, for this sort of application before. However, the lack of depth perception
inherent in a two-dimensional camera display cannot reliably provide the pilot with

clearance information.

SUMMARY OF THE INVENTION

[0003] The present invention provides systems and methods for performing
airport surface collision-avoidance. A wingtip-mounted camera allows the pilot to
positively ascertain that the wingtip will clear objects located in the video. An exemplary
system implemented on an aircraft includes a wingtip module having a camera that
generates a video stream and a communication device that transmits the generated video
stream. A processor receives the video stream and generates a reticule for the video
stream. A display device simultaneously presents the video stream and the reticule.

[0004] In one aspect of the invention, the reticule is based on a focal length of a
lens of the camera and height of the camera above the ground.

[0005] In another aspect of the invention, the reticule includes a horizon line.

[0006] In still another aspect of the invention, the wingtip module includes a

navigation light and/or a collision light.
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[0007] In yet another aspect of the invention, the wingtip module includes an
eye-safe laser that generates an eye-safe laser beam. The eye-safe laser directs the laser
beam in a direction approximately parallel to a longitudinal axis of the aircraft fuselage.

[0008] In still yet another aspect of the invention, the reticule includes curved
and/or straight distance lines.

[0009] In a further aspect of the invention, the reticule includes at least one curved
or straight travel line. The travel line corresponds to at least one aircraft component or a
zone of importance. The travel line is based on the location(s) of the camera(s) and the

trajectory of the aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Preferred and alternative embodiments of the present invention are
described in detail below, with reference to the following drawings:
[0011] FIGURE 1 is a diagram of an exemplary system formed in accordance
with an embodiment of the present invention; and
[0012] FIGURES 2 - 4 are combined camera and reticule images generated by the

system shown in FIGURE 1.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In one embodiment, as shown in FIGURE 1, an aircraft 20 includes
cameras 26 that are incorporated within wingtip-mounted aircraft light modules 30 or
located at other parts of the aircraft20. The light modules 30 also include
navigation/position lights 34, a processor 36 (optional), a communication device 38, and a
laser (optional) 40. The cameras 26 are in communication (wired or wirelessly) with a
user interface (UI) device 44 via the communication device 38.

[0014] The UI device 44 includes a processor 50 (optional), a communication
device (wired or wireless) 52, and a display device 54. The Ul device 44 provides visual
presentations that include the video generated by the cameras with reference information

(e.g., a reticule).
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[0015] In one embodiment, the camera 26 includes a microcamera located at the
wingtip within the light module 30 that includes the lights 34 (e.g., LED lights), which
occupy less space than traditional aircraft navigation lights. The camera 26 is aimed along
an axis parallel (coaxial) to the fuselage of the aircraft (i.e., longitudinal axis of the
fuselage). The cockpit display 54 is part of the aircraft’s flight systems, an adjunct device,
or an electronic flight bag (EFB) application. The processor 36 or 50 adds a reference
reticule to each camera video. The reference reticule permits the pilot to easily see the
wingtips’ location relative to obstacles visible in the camera video.

[0016] In one embodiment, the camera 26 is a day/night camera. The camera 26
may also be an infrared camera that is sensitive to the laser 40 that presents a line on the
ground beneath the aircraft 20. The presented line marks the outer travel limit of the
wingtip. The laser 40 is an eye-safe device. This eye-safe laser line is invisible to the
naked eye, can only be seen by the camera, and is visible to the camera even in bright
daylight.

[0017] In one embodiment, the pilot uses night-vision goggles (NVGs) to see the
laser beam on the ground. In one embodiment, the cameras 26 are omitted and operation
is based on using NVGs to spot the laser beam produced from the wingtip alone.

[0018] In one embodiment, a single camera is placed in the tail position with
lasers placed in the wingtip light modules. The single tail camera provides a view from
the tail that clearly indicates both wings at once and spots the beams produced by the
lasers.

[0019] FIGURE 2 shows an example of a reticule 100 overlaid onto a starboard
wingtip-mounted camera image 98. The reticule 100 includes an "avoidance grid" that is
generated by the processor 36 or 50 or predetermined, prior to operation, based on the
previously known optical properties of the camera (i.e., height above the ground, lens
focal length). The reticule 100 can be generated by a processor in the camera or by

another processor located in the aircraft.
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[0020] The reticule 100 and a horizon (or height of wing) line 120 are determined
according to the focal length of the lens on the camera 26 and height of the camera 26
(i.e., lens) above the ground. If an object does not rise above the horizon, or at least
approach it sufficiently to raise concern, then the object will pass below the wing (or
above it). This permits the pilot to ignore objects too short for it to collide with such as
service vehicles.

[0021] The reticule 100 includes lines 112, 122, 126 and others that extend from
a near part of the video and converge toward the horizon line 120. The lines 112, 122, 126
are approximately parallel to the centerline of the aircraft’s fuselage. The line 112
corresponds to the end of the wingtip (i.e., wingtip travel line). An area 110 is shaded in
order to indicate the area outside the lateral dimension of the wingtip. The line 122 is a
reference line for the boresight of the camera. The line 126 is a safety buftfer line. In one
embodiment, the line 126 indicates a location about 3 meters from the wingtip. The
reticule 100 also includes distance lines 102 with their associated distance value
identifiers 106.

[0022] In this example, a building 128 has been identified to be the closest target
within the reticule 100 at 27 meters. A target distance marker 124 is presented
approximately where the associated object is located relative to the reticule 100. In one
embodiment, the processor 50 performs image analysis to identify an object in the video
that would be considered a target.

[0023] The present invention provides different Ul devices for different
stakeholders, through eclectronic flight bag (EFB)/primary flight display
(PFD)/multifunction display (MFD)/navigation display to pilots, EFB/headset to tug
drivers, headset to wing-walkers, etc. The display system can be ecither the aircraft
integrated flight management system or an augmentation approach such as incorporation
into a tablet computer-based Electronic Flight Book.

[0024] FIGURE 3 shows a wingtip camera image 198 with a reticule 200
superimposed thereon. The reticule 200 is generated (e.g., by the processor 36, 50) based

_4-
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on the height of the corresponding camera 26 and focal point of the camera 26. The
reticule 200 includes a horizon line 220, curved range lines 204 with distance
markers 206, and a camera boresight line 208 (i.e., line of camera travel). The camera
boresight line 208 begins from a camera-mounting location relative to the image 198. The
reticule 200 also includes a wingtip travel line (WTL) 212 that starts from the wingtip,
relative to the image 198. The WTL 212 illustrates wingtip travel, provided that the
corresponding aircraft remains on a current heading.

[0025] In one embodiment, the reticule 200 includes an exclusion zone line
(EZ) 210 that identifies a boundary of a buffer zone. The EZ 210 is an advisory to the
pilot to keep objects outside the buffer zone.

[0026] In one embodiment, the reticule 200 includes an engine (or other wing-
mounted object) nacelle travel line (NTL) 224. The NTL 224 shows the line of travel of
an engine nacelle mounted below the wing. The camera boresight line 208, the WTL 212,
the EZ 210, and the NTL 224 are parallel to a longitudinal axis of the aircraft fuselage.

[0027] In one embodiment, as shown in FIGURE 4, the processor 36, 50
generates a reticule 250 based on information (e.g., ground speed, heading, etc.) received
from other aircraft system(s) (such as a global positioning system (GPS)) and geometric
information stored in the database 60 to determine trajectory of aircraft components of
interest (e.g., engine nacelle, camera, wingtip, etc.). The processor 36, 50 uses the
determined trajectory information to dynamically generate the reticule 250. Thus, as
shown, the reticule 250 is curved because the processor 36, 50 has determined that the
aircraft is turning to the right.

[0028] In one embodiment, a cockpit antenna is included in a central handheld
unit that includes a radio receiver. In one embodiment, the antenna resides in the cockpit
and is located in a position most favoring signal reception from all communication
devices.

[0029] In one embodiment, an antenna is mounted on a roof of the cockpit. This

position provides direct visibility from all communication devices.

-5-
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A system implemented on an aircraft, the system comprising:

at least one wingtip module comprising:
at least one camera configured to generate a video stream; and
a communication device configured to receive and transmit the generated

video stream;

a processor configured to,
receive the video stream from the communication device; and
generate a reticule for the video stream; and

a display device configured to simultaneously present the video stream and the

reticule.

2. The system of Claim 1, wherein the processor generates the reticule based on a

focal length of a lens of the camera.

3. The system of Claim 2, wherein the processor generates the reticule further

based on the height of the camera above the ground.

4. The system of Claim 3, wherein the reticule comprises a horizon line.

5. The system of Claim 1, wherein the wingtip module comprises at least one of a

navigation or collision light.

6. The system of Claim I, wherein the wingtip module further comprises an

eye-safe laser configured to generate an eye-safe laser beam.

7. The system of Claim 6, wherein the eye-safe laser directs the laser beam in a

direction approximately parallel to a longitudinal axis of the aircraft fuselage.
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8. The system of Claim 1, wherein the reticule comprises at least one of curved or

straight distance lines.

9.  The system of Claim 1, wherein the reticule comprises at least one travel line,

wherein the at least one travel line corresponds to at least one aircraft component.

10. The system of Claim 1, further comprising an aircraft system configured to
identify trajectory of the aircraft,
wherein the processor is further configured to generate at least a portion of the

reticule, based on the location of the camera and the identified trajectory.

11. A method performed on an aircraft, the method comprising:

at a camera located in wingtip module located at least near a wingtip of the
aircraft,
generating a video stream directed along a forward motion of travel of the

aircraft;

at a communication device located in the wingtip module,
wirelessly transmitting the generated video stream information;

at a processor,
receiving the video stream from the communication device; and
generating a reticule for the video stream; and

at a display device of the user interface (UI) device,

simultaneously presenting the video stream and the reticule.

12. The method of Claim 11, wherein generating the reticule is based on a focal

length of a lens of the camera.

13.  The method of Claim 12, wherein generating the reticule is further based on the

height of the camera above the ground.

14. The method of Claim 13, wherein the reticule comprises a horizon line.

-7-
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15. The method of Claim 11, further comprising at at least one of a navigation or
collision light included in the wingtip module,

providing an illumination.

16. The method of Claim 11, further comprising at an eye-safe laser included in the
wingtip module,

generating an eye-safe laser beam.

17. The method of Claim 16, wherein generating comprises directing the laser beam

in a direction approximately parallel to a longitudinal axis of a fuselage of the aircraft.

18. The method of Claim 11, wherein the reticule comprises at least one of curved

or straight distance lines.

19. The method of Claim 11, wherein the reticule comprises at least one travel line,

wherein the at least one travel line corresponds to at least one aircraft component.

20. The method of Claim 11, further comprising at an aircraft system,
identifying trajectory of the aircraft,
wherein generating at least a portion of the reticule based on the location of the

camera and the identified trajectory.
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