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(57) Abstract: Embodiments of a collision-avoid-
ance transponder and method for reducing colli-

mg% sions with an aerial hazard are generally described
,«—»z;,——» herein. The collision-avoidance transponder may
A be contigured for location on an aerial hazard and

may be configured to regularly transmit a signal

o that mimics an air traffic control (ATC) transpon-

der reply signal. The regularly-transmitted signal
may include an altitude indication, such as the
pressure altitude, of the aerial hazard. A colli-
sion-avoidance and warning system on an aircraft
may receive the regularly-transmitted signal and
provide a warning under certain conditions to al-
low the pilot to avoid the aerial hazard. The colli-
sion-avoidance transponder may include an ATC-
type transponder and control circuitry to cause the
transponder to regularly transmit the signal that in-
cludes a pressure altitude of the aerial hazard.
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COLLISION AVOIDANCE TRANSPONDER FOR AERIAL HAZARDS AND
METHOD FOR REDUCING COLLISIONS WITH AERJAL HAZARDS

CLAIM OF PRIORITY

This application claims the benetit of priority to U.S, Patent Application
Serial No, 12/955,973, {iled November 30, 2010, which is incorporated herein

by reference in its entirety.

TECHNICAL FIELD

Embodiments pertain to air-navigation and avoiding collisions with aerial

hazards. Some embodiments relate to air-traffic control (ATC) transponders,

BACKGROUND

A major safety issue with air navigation is avoiding collisions with acrial
hazards. This is particularly a coucern for helwcopters and smoall aircraft that
navigate in and around locations that include both permanent and temporary
aerial hazards, For example, eraergency respounse helicopters may need to
navigate tn regions with construction cranes, radio towers, guy wires and bridges
when responding to emergency situations. Pilots associations are mterested in
solutions to avoid collisions with these types of aerial hazards since many
helicopters have crashed while responding to emergency situations. Although a
pilot may be informed of the location of an aerial hazard prior to flight or may
have seen an acrial hazard on a prior flight, a pilot cannot be expected to rely on
memory to reraember their specific location, particularty since the location of
some of these hazards may change {e.g., a construction crane may be moved on
a daily or weekly basis). Furthermore, direct viston is generally not sufficient to
avoid collisions with these hazards, and because of the expense, not all aircraft

are equipped with sophisticated collision avoidance systoms,
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Thus, there are general needs for systems and methods that may help
reduce collisions with aerial hazards. There are also general needs for systems
and methods that may help reduce collisions with acrial hazards that are

inexpensive, do not require modification to current aircraft equipment, and do

W

not require any additional equipment on an aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional diagram of a collision-avoidance transpouder in
10 accordance with some embodiments; and
FIG. 2 illustrates the operational enviroument of the collision-avoidance

transponder of FIG. 1, in accordance with some embodiments.

DETAILED DESCRIPTION
15

The following deseription and the drawings sufficiently illustrate specific
embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, elecirical, process, and other
changes. Portions and features of some embodiments may be incladed i, or

20 substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

In accordance with some embodiments, collisions with an aerial hazard
may be reduced by regularly transmitting a signal that mimics an atr traffic
control transponder reply signal from the aerial hazard, The signal may mclude

25  an altitude indication of the aerial hazard. The altitude indication of the aerial
hazard may be a pressure altitude, A collision-avoidance and warning system on
an aircraft that receives the regularly-transmitted signal may provide to a pilot a
warning based on a difference between the altitude indication received in the
regularly transmitted signal and the altitude of the aircraft,

30 FIG. 1 is a functional diagram of a collision-avoidance transponder in
accordance with some embodiments, Collision-avoidance transponder 100 may
be configured for focation on an aerial hazard and may be configured to

regularly transmit a signal 103 that mimics an air traffic control transponder

2
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reply signal. The regularly-transmitted signal 103 may include an altitude
indication 109 of the aerial hazard. The collision-avoidance transponder 100
may include an air-traffic control (ATC) type transponder 102 and control
circuitry 104 to cause the ATC type transponder 102 to regularly transmit the
signal 103 that inchudes the altitude indication 109 of the aerial hazard. The ATC
type transponder 102 may be similar to an ATC transponder or may comprise a
modified ATC transponder.

The collision-avoidance transponder 100 may also include a pressure
transducer 108 to generate an output 111 indicative of the elevation or altitude
{e.g., a pressure altitude} of the aerial hazard. The collision-avoidance
transponder 100 may nclude an altitude encoder 106 to encode the output 111
from the pressure transducer 108 to generate an encoded altitude indication (e.g.,
an encoded pressure altitude) for inclusion 1o the regularly-transnutted signal
183, The collision-avoidance transponder 160 may also inchude a power supply
110 to supply power to the various clements of the collision-avoidance
transponder 100. The power may be supplied from a battery 112, although this is
not a requirement as the collision-avoidance transponder 100 may be configured
to be powered by other sources.

The collision-avoidance transponder 100 may also include one or more
antennas 101 for use in transmitling the regularly-transwoitted signal 103, The
one or more antennas 101 may include an omnidirectional antenna, including,
for example, a dipole antenna, a monopole antenna, a patch autenna, a yoicrostop
antenna, or other type of antenna suitable for transmission of vertically-polarized
UHF signals. In some embodiments, antenna 101 may be a single
omnidirectional antenna similar to or having the same gain as an antenna used
for an ATC transponder in an aircratl,

Although the collision-avoidance transponder 100 is llustrated as having
several separate functional elements, one or more of the functional clements may
be combined and may be implemenied by combinations of software-configured
clements, such as processing elements including digital signal processors
{DSPs), and/or other hardware elements. For example, some elements may
comprise one or more microprocessors, DSPs, application specific integrated

circuits {ASICs}), radio-frequency mtegrated circuits (RFICs) and corabinations

~
2
e,
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of various hardware and logic circuitry for performing at least the functions
described herein. The functioval elemeuts of the collision-avoidance trausponder
100 illustrated in FIG. 1 may refer to one or more processes operating on one or
rore processing elerents,

FIG. 2 illustrates the operational environment of the collision-avoidance
transponder 100 of FIG. 1 in accordance with some embodiments. The collision-
avoidance transponder 100 13 illustrated in FIG. 2 as being located on top of
acrial hazard 202. The collision-avoidance transponder 100 may be configured
to regularly transmit the signal 103 that mumics an ATC transponder reply
signal. As discussed above, the regulariy-transmitted signal 103 may include the
altitude indication 109 (FIG. 1) of the acrial hazard 202, An aircrafi, such as
aircraft 204, may receive the regularly-transmitted signal 103, and a collision-
avoidance and warning sysiern 208 on the aircraft 204 way process the
regularly-transmitted signal 103 and provide a warning under certain conditions
to allow the pilot to avoid the aerial hazard 202,

The colltsion-avoidance transponder 100 may be configured to regularly
transmit signal 103 regardless of whether or not the collision-avoidance
transponder 100 1s interrogated. In these erabodiments, the regulardy-transmtted
signal 103 is transmitted regularly, even though no interrogation signal is
recetved. From the perspective of the collision~-avoidance and waming system
208 on the atrcraft 204, the regulariy-transmitted signal 103 will appearas a
reply to an ATC radar inlerrogation signal even though no jnterrogation may
have occurred.

In some embodiments, the collision-avoidance transponder 100 may also
be configured to transmit a reply signal including an altitude indication 109 in
response to receipt of an interrogation signal. In these embodiments, the reply
signal may be sumilar to or identical to the regularly-transmitted signal 103, The
reply signal may be an ATC reply signal as described in more detail below.

The regularly-transiutted signal 103 may be transmitied oun a
predetermined frequency or frequency chamnel, which may depend on the
jurisdiction. The regularty-transmitted signal 103 may be an amplitude-
modulated (AM) signal that is transmitted on a UHF frequency, sach as 1090

MHz, although the scope of the embodiments is not limited in this respect.

4
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In some embodiments, the control circuitry 104 (FIG. 1) may be
configured to cause the ATC type transponder 102 (FIG. 1) to regularly transmit
signal 103 once cvery time period. The time pertod may range between one and
ten seconds. In some embodiments, the time period may be less than one second,
while in other embodiments, the time period may be greater than ten seconds.
The regularly-transmitted signal 103 may also be transmitted periodically.

The regularly-transmitted signal 103 may be configured as a Mode-(
reply configured 1n accordance with a Federal Aviation Administration (FAA)
Technical Service Order (TSO). Tn this way, the regularly-transmitted signal 103
may minic an ATC transponder reply signal. In these embodiments, the FAA
Mode-C reply may be transmutied regularly by the collision-avoidance
transponder 100 whether or not the transponder 100 receives an ATC radar
interrogation signal. The collision-avoidance transponder 100 may also transwoit
a FAA Mode-C reply in response to an interrogation signal such as an ATC
radar interrogation, although the scope of the embodiments 1s not limited in this
respect. The Mode-C reply may be configured in accordance with FAA TSO
C74c¢ or other equivalent TSO.

The altitude indication 109 of the aerial hazard 202 may be a pressure
altitude, which may be an absolute pressure. The altitude of the aenial hazard 202
may be directly determined from the pressure altitude or the absolute pressure.
The output 111 (FIG. 1) generated by the pressure transducer 108 (FIG. 1) may
be used by the collision-avoidance transponder 100 to generate the altitude
indication or pressure altitude of the aerial hazard 202 for inclusion in the
regularly-transmitied signal 103,

Although the pressure transducer 108 (FIG. 1) is shown as being within
the collision-avoidance transponder 100, this 18 not a requirement, as the
pressure transducer 108 may be located separately at or near the top of an aerial
hazard 202 to measure the pressure altitude at or near the top of the aerial hazard
202, In these erabodiments, the other elemenis of the collision-avoidance
transponder 100 may be located elsewhere. The pressure transducer 108 may be
standard aircraft pressure transducer, although this s not a requirement.

The altitude encoder 106 (FIG. 1) may be a gray-code encoder. In these

embodiments, the gray-code encoder may be configured to encode the output
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111 from the pressure transducer 108 with a gray code to generate an encoded
pressure altitude for inclusion in the regularly-transomited signal 103,

Because the regularly-transmitted signal 103 may be specifically
configured for receipt by collision-avoidance and warning systems of atrcraft,
such as collision-avoidance and warning system 208 of aircraft 204, the
collision-avoidance and warning system 208 may provide a warning when a
difference between the pressure altitude indicated by the regulariy-transmitted
signal 103 and a pressure altitude of the aireraft 204 1s less than an altitude
threshold. For example, the collision-avoidance and warnng system 208 may
emit a warning to the pilot when the difference between the pressure altitudes
indicates less thau approximately 5060 feet of vertical separatioun, although the
scope of the embodiments is not limited in this respect. In other words, a
warning may be provided when the aircraft 204 13 within 500 feet in altitude of
aerial hazard 202. The warning may be provided when the aircraft 204 is also
within a predetermined lateral distance from the acrial hazard 202, The warning,
for example, may be an audible and/or visual alarm.

The collision-avoidance and warmning system 208 of the awrcraft 204 may
also be configured to calculate av approximate lateral distance to the aenal
hazard 202 based on a received signal level of the regularly-transmitted signal
103, In these erabodiruents, the regularly-transmited sigoal 103 way be
transmitted at a predetermined cffective radiated power level to allow the
collision-avoidance and warning system 208 to calculate an approximate lateral
distance to the aerial hazard 202. In these embodiments, the collision-avoidance
and warning system 208 of the awrcraft 204 may be able to approximate the
distance to within a mile or less of the aerial bazard 202, The approximated
iateral distance as well as the elevation ditference may be indicated to a pilot of
the aircraft 204, A warning may be provided when the aircraft 204 1s within a
predetermined lateral distance and elevation from the aerial hazard 202,

The collision-avoidance and warning system 208 may be a standard
tratfic collision avoidance system (TCAS), although this is not a requirement. In
addition to the collision-avoidance and wamning system 208, the aircraft aviounics
206 may also include a standard ATC transponder 210 that is responsive to

interrogation signals (e.g., from ATC radar) to provide, among other things, the

6



WO 2012/074601

W

10

15

pressure altitude of the aircraft 204 in response to being interrogated by an ATC
radar.

The collision-avoidance transponder 100 may also be configured to
regularly transmit signal 103 in response to an mterrogation signal that may be
transmitted by the collision-avoidance and warning system 208 of the aircraft
204, The collision-avoidance and warning systera 208 may be configured to
determine an approximate distance to the aerial hazard 202 based on the time of
receipt of the reply signal (e.g., based on round-trip delay and processing time).
Unlike the use of sigual levels or signal strength, in these embodiments, a more
accurate lateral distance to the aerial hazard 202 may be determined by an
aircraft that 18 configured to transmmt interrogation signals,

The aerial hazard 202 may be at least one-hundred feet above a ground
ievel, and the collision-avoidance transponder 100 may be designed to operate
when subjected to the environmental conditions experienced by the aerial hazard
202, In these embodiments, the collision-avowdance transponder 100 may be
ruggedized to handle extreme heat and extrems cold as well as snow, rain and
other weather conditions at the top of an acrial hazard 202.

In accordance with embodiments, the aerial hazard 202 may nclude both
permanently located obstacles or acrial hazards (e.g., radic towers, guy wires,
buildings, power lines, bridges, mountain tops) and teraporally located obstacles
or aerial hazards {¢.g., construction cranes). An acrial hazard 202 may include
any location that is greater than one hundred feet above the ground level,
although the scope of the embodiments is not limited in this respect as the
collision-avoidance transponder 100 may be located on obstacles of almost any
height. As used herein, the terms ‘obstacles” and ‘aerial hazards’ do not include
awrcraft. The altitude indication 109 that is transmitied as part of the regularly-
transmitied signal 103 may be an indication of the altitude (¢.g., the pressure
altitude} of the highest point on the aerial hazard 202,

The collision-avoidavce transponder 100 may be configured for locations
on acrial hazards 202 that do not have a source of power. In these embodiments,
the colliston-avoidance transponder 100 may be configared for batlery power
(i.c., via battery 112 (FI{3 .1)}. Battery 112 may comprise one or more

conventional batteries, although this 1s not a requirernent as many other types of

PCT/US2011/054243
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batteries may be suitable. In other embodiments, the collision-avoidance
transponder 100 may be configared to receive power from a conventional power
source when availabic at the location of the acrial hazard 202. In these
embodiments, the collision-avoidance transponder 100 may be provided with a
battery backup in the event that the power from the power source becomes
unavailable.

Embodiments may be implemented in one or a combination of hardware,
firmware and software. In these embodiments, the control circuttry 104 and
portions of the ATC-type transponder 102 roay be configured to implement
instructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may inchide any non-transitory
mechanism for storing nformation in a form readable by a machine (e.g., &
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory {RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. The control circuitry 104 and the ATC-type transponder 102 may
inclade one or more processors and may be configured with mstructions stored
on a computer-readabie storage device.

The Abstract 1s provided to comply with 37 C.F.R. Section 1.72(b)
requiring an abstract that will allow the reader to ascertain the nature and gist of
the technical disclosure, It is submitted with the understanding that it will not be
used to limit or interpret the scope or meaning of the claims. The following
claims are hereby incorporated into the detailed description, with each claim

standing on its own as a separate embodiment,

PCT/US2011/054243
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CLAIMS

What i1s claimed is:

W

1. A collision-avoidance transponder for iocation on an aerial hazard
configured to regularly transmit a signal that mimics an air traffic control
transponder reply signal, the signal including an altitude indication of the aerial

hazard,

10 2. The collision-avoidance transponder of claim 1 wherein the altitude
indication of the aerial hazard is a pressure altitude, and
wherein the collision-avoidance transponder is configured to regularly
transmit the signal that inchudes the altitude indication regardless of whether or
not the collision-avoidance transponder is interrogated.
15
3. The collision-avoidance transponder of claim 2 wherein the collision-~
avoidance transponder is further configured to transmit a signal that includes the

altitude indication 1o respounse to receipt of an interrogation signal,

20 4. The collision-avoidance transpouder of claim 2 further comprising:
an air-traffic control {ATC) transponder; and
control circuitry to configure the ATC transponder to regularly transmit

the signal that includes the altitude indication.

25 5. The collision-avoidance transponder of claim 4 wherein the control
circuitry 1s configured to cause the ATC transponder to regularly transmit the
signal that inciudes the altitude indication once every time period, and

wherein the time period ranges between one and ten seconds.

30 6. The collision-avoidance transponder of claim 5 wherein the regularly-
transmitied signal that includes the altitude indication is a Mode-C reply
configured in accordance with a Federal Aviation Admunistration (FAA)

Technical Service Order (TSO).
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7. The collision-avoidance transponder of claim 6 further comprising:
a pressure transducer to generate an output indicative of the pressure
altitude of the aerial hazard; and

an altitude encoder to encode the output from the pressure transducer to

W

generate an encoded pressure altitude for inclusion in the regularly-transmitted

signal.

8. The colliston-avordance transponder of claim 2 wherein the regularty-
transmitied signal that cluades the altitude 1ndication is configured for receipt
10 by acollision-avoidance and warning system on an atrcraft, and
wherein the colliston-avoidance and warning system of the awrcrafi s
configured to provide a warning when a difference between the pressure altitude
indicated by the regularly-transmitied signal and a pressure altitude of the
aireraft is less than an altitude threshold.
15
8. The collision-avoidance transponder of claim & wherein the regularly-
transmitied signal that includes the altitude mdication is transmitted at a
predetermuned signal level, and
wherein the collision-avoidance and warning system of the aircraft is
20 further configured to calculate an approximate distance to the aerial hazard based
on a signal level of the regularly-transmitted signal that includes the altitude

indication received from the collision-avoidance transponder.

10
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10. The collision-avoidance transponder of claim 9 wherein the collision-

avoidance transponder is further configured to transmut the sigual including the

W

altitude indication of the aerial hazard in response o an interrogation signal
transmitted by the collision-avoidance and warning system of the airerafi, and
wherein the colliston-avoidance and warning systen of the atreraft is
configured to determine an approximate distance to the acrial hazard based on a
time of receipt of the air traffic control transponder reply signal,
10
11. The collision-avoidance transpounder of claim 1 further comprising a
power supply to supply power to the collision-avoidance transponder from a

batlery.

15 12. A collision-avoidance transponder for location on an acrial hazard
comprising:
an air-traffic control {ATC) transponder;
control circuitry to cause the ATC transponder to regularly transmit a
signal that inchades a pressure altitude of the aerial hazard; and
20 a pressure transducer to provide the pressure altitude for transmission as

part of the regularly-transmitted signal.

13. The collision-avoidance transponder of claim 12 wherein the
regularly-transmitied signal that mcludes the pressure altitude 15 4 reply signal
25 that is configured for receipt by a colliston-avoidance and warning system on an
arrcraft, and
wherein the control circuitry is configured to cause the ATC transponder
to regularly transmit the signal that includes the pressure altitude regardless of

whether or not the collision-avoidance transponder 1s 1nterrogated.

i1
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14. The collision-avoidance transponder of claim 13 wherein the

regulary-transmitted signal that inchudes the pressure altitude 1s a Mode-C reply

W

configured in accordance with a Federal Aviation Administration (FAA)

Technical Service Order (TSO).

15. The collision-avoidance transponder of claim 12 wherein the control
cirenitry s configured to cause the ATC transponder to regularly transrnt the
10 signal that includes the pressure altitude once every time period ranging between

one and ten seconds.

16. A method for reducing collisions with an aerial bazard coraprising:
regularly transmitting a signal that mimics an air traffic control
15 transponder reply signal from the gerial hazard, the signal including an altitude

indication of the aerial hazard.

17. The method of claim 16 wherein the altitude 1ndication of the acrial
hazard is a pressure altitude,

20 wherein the signal that includes the altitude indication is regularly
transmitted regardless of whether or not the collision-avoidance fransponder is
interrogated, and

wherein a collision-avoidance and warning system on an aireraft that
receives the regularly-transmitted signal is configured to provide a warning

25  when a difference between the pressure altitude and a pressure altitude of the

aircrafl 1s fess than an altitude threshold.

18. The method of claim 17 wherein the signal that mimics an air traffic
control transponder reply signal s transmitted at a predetermmned signal level to
36 allow the collision-avoidance and warning systen on the aircraft to approximate

a lateral distance to the actial hazard.
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19. The method of claim 16 further comprising transmitting the signal
that includes the altitude indication in respounse to receipt of an mterrogation

signal.

W

20. The method of claim 16 wherein the signal that inclades the altitude
indication 1s regularly transmitted once every time period, and

wherein the time period ranges between one and ten seconds.

21. The method of claim 20 wherein the regularty-transmitted signal that
10 includes the altitude indication is a Mode-C reply configured in accordance with

a Federal Aviation Admimstration (FAA) Technical Service Order (TSQO).

22. A method of reducing collisions with aerial hazards comprising:
placing a collision-avoidance transponder on each of a plarality of one or

15 more aerial hazards; and

egularly transmitting a signal that mimics an air traffic control
transponder reply signal from the collision-avoidance transponder of each acrial
hazard, each transtoitted sigual including an encoded pressure altitude of the
associated aerial hazard,

20 wherein collision~-avoidance and warning systems on aireraft that receive
the regularty-transmitted signal are configured to provide a warning when a
difference between the encoded pressure altitude indicated 10 one of the
regularly-transmitted signals and a pressure altitude of the aircraft is less than an

altitude threshold.

23. The method of claim 22 wherein the regularty-transmutted signal is
configured as a Mode-C reply configured in accordance with a Federal Aviation
Administration (FAA) Technical Service Order (TS0) that is transmitted once

every time period ranging between one and ten seconds.

i3
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AMENDED CLAIMS
received by the International Bureau on 29 mARSH 2012 (29.03.2012)
CLAIMS
What is claimed is:
I. A collision-avoidance transponder for location on an aerial hazard configured to regularly

transmit a signal, absent a previously received interrogation signal, that mimics an air traffic

control transponder reply signal, the signal including an altitude indication of the aerial hazard.

2. The collision-avoidance transponder of claim | wherein the altitude indication of the
aerial hazard is a pressure altitude, and

wherein the collision-avoidance transponder is configured to regularly transmit the signal
that includes the altitude indication regardless of whether or not the collision-avoidance

transponder is interrogated.

3. The collision-avoidance transponder of claim 2 wherein the collision-avoidance
transponder is further configured to transmit a signal that includes the altitude indication in

response to receipt of an interrogation signal.

4. The collision-avoidance transponder of claim 2 further comprising:
an air-traffic control (ATC) transponder; and
control circuitry to configure the ATC transponder to regularly transmit the signal that

includes the altitude indication.

5. The collision-avoidance transponder of claim 4 wherein the control circuitry is
configured to cause the ATC transponder to regularly transmit the signal that includes the
altitude indication once every time period, and

wherein the time period ranges between one and ten seconds.

14
AMENDED SHEET (ARTICLE 19)
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6. The collision-avoidance transponder of claim 5 wherein the regularly-transmitted signal
that includes the altitude indication is a Mode-C reply configured in accordance with a Federal

Aviation Administration (FAA) Technical Service Order (TSO).

7. The collision-avoidance transponder of claim 6 further comprising:

a pressure transducer to generate an output indicative of the pressure altitude of the aerial
hazard; and

an altitude encoder to encode the output from the pressure transducer to generate an

encoded pressure altitude for inclusion in the regularly-transmitted signal.

8. The collision-avoidance transponder of claim 2 wherein the regularly-transmitted signal
that includes the altitude indication is configured for receipt by a collision-avoidance and
warning system on an aircraft, and

wherein the collision-avoidance and warning system of the aircraft is configured to
provide a warning when a difference between the pressure altitude indicated by the regularly-

transmitted signal and a pressure altitude of the aircraft is less than an altitude threshold.

9. The collision-avoidance transponder of claim 8 wherein the regularly-transmitted signal
that includes the altitude indication is transmitted at a predetermined signal level, and

wherein the collision-avoidance and warning system of the aircraft is further configured
to calculate an approximate distance to the aerial hazard based on a signal level of the regularly-
transmitted signal that includes the altitude indication received from the collision-avoidance

transponder.

10. The collision-avoidance transponder of claim 9 wherein the collision-avoidance
transponder is further configured to transmit the signal including the altitude indication of the
aerial hazard in response to an interrogation signal transmitted by the collision-avoidance and

warning system of the aircraft, and
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wherein the collision-avoidance and warning system of the aircraft is configured to
determine an approximate distance to the aerial hazard based on a time of receipt of the air traffic

control transponder reply signal.

11. The collision-avoidance transponder of claim 1 further comprising a power supply to

supply power to the collision-avoidance transponder from a battery.

12. A collision-avoidance transponder for location on an aerial hazard comprising:
an air-traffic control (ATC) transponder;
control circuitry to cause the ATC transponder to regularly transmit a signal, absent a
previously received interrogation signal, that includes a pressure altitude of the aerial hazard; and
a pressure transducer to provide the pressure altitude for transmission as part of the

regularly-transmitted signal.

13.  The collision-avoidance transponder of claim 12 wherein the regularly-transmitted signal
that includes the pressure altitude is a reply signal that is configured for receipt by a collision-
avoidance and warning system on an aircraft, and

wherein the control circuitry is configured to cause the ATC transponder to regularly
transmit the signal that includes the pressure altitude regardless of whether or not the collision-

avoidance transponder is interrogated.

14.  The collision-avoidance transponder of claim 13 wherein the regularly-transmitted signal
that includes the pressure altitude is a Mode-C reply configured in accordance with a Federal

Aviation Administration (FAA) Technical Service Order (TSO).

15.  The collision-avoidance transponder of claim 12 wherein the control circuitry is
configured to cause the ATC transponder to regularly transmit the signal that includes the

pressure altitude once every time period ranging between one and ten seconds.
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16. A method for reducing collisions with an aerial hazard comprising:
regularly transmitting a signal, in absence of a received interrogation signal, that mimics
an air traffic control transponder reply signal from the aerial hazard, the signal including an

altitude indication of the aerial hazard.

17. The method of claim 16 wherein transmitting a signal includes transmitting a pressure
altitude,

wherein the signal that includes the altitude indication is regularly transmitted regardless
of whether or not the collision-avoidance transponder is interrogated, and

wherein the method includes:

receiving the regularly-transmitted signal at a collision-avoidance and warning system on
an aircraft; and

vproviding a warning when a difference between the pressure altitude and a pressure

altitude of the aircraft is less than an altitude .threshold.

18.  The method of claim 17 wherein regularly transmitting the signal includes transmitting
the signal at a predetermined signal level to allow the collision-avoidance and warning system on

the aircraft to approximate a lateral distance to the aerial hazard.

19.  The method of claim 16 further comprising transmitting the éignal that includes the

altitude indication in response to receipt of an interrogation signal.

20. The method of claim 16 wherein regularly transmitting the signal includes regularly
transmitting the signal once every time period, wherein the time period ranges between one and

ten seconds.

21.  The method of claim 16, wherein regularly transmitting the signal includes regularly
transmitting a Mode-C reply configured in accordance with a Federal Aviation Administration

(FAA) Technical Service Order (TSO).
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22. A method of reducing collisions with aerial hazards comprising:

placing a collision-avoidance transponder on each of a plurality of one or more aerial
hazards; and

regularly transmitting a signal, without receiving an interrogatibn signal, that mimics an
air traffic control transponder reply signal from the collision-avoidance transponder of each
aerial hazard, each transmitted signal including an encoded pressure altitude of the associated
aerial hazard,

wherein collision-avoidance and warning systems on aircraft that receive the regularly-
transmitted signal are configured to provide a warning when a difference between the encoded
pressure altitude indicated in one of the regularly-transmitted signals and a pressure altitude of

the aircraft is less than an altitude threshold.

23. The method of claim 22 wherein the regularly-transmitted signal is configured as a
Mode-C reply configured in accordance with a Federal Aviation Administration (FAA)
Technical Service Order (TSO) that is transmitted once every time period ranging between one

and ten seconds.
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