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SYSTEM AND METHOD FOR LOCATION OF
AIRCRAFT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present Patent Application 1s a formalization of
previously filed, co-pending U.S. Provisional Patent Appli-
cation Ser. No. 62/037,279, filed Aug. 14, 2014 by the mven-
tors named 1n the present Application. This Patent Applica-
tion claims the benefit of the filing date of this cited
Provisional Patent Application according to the statutes and
rules governing provisional patent applications, particularly
35 U.S.C. §119(e), and 37 C.F.R. §§1.78(a)(3) and 1.78(a)
(4). The specification and drawings of the Provisional Patent
Application referenced above are specifically incorporated
herein by reference as if set forth 1n their entirety.

FIELD OF THE DISCLOSUR.

(L]

[0002] The present disclosure generally relates to systems
and methods for monitoring, locating and tracking aircraft,
and 1n particular to a system and method of detecting and
locating aircraft that have become lost or otherwise out of
range ol detection by routine aircraft surveillance and/or
tracking systems, or have failures of on board equipment that
would provide locating information under normal circum-
stances.

BACKGROUND

[0003] One typical method of insuring that aircraft are
sately separated during tlight 1s for a pilot to file a flight plan
with the appropnate aviation authority, which 1s accepted
as-1s or modified. The aircraft filing the tlight plan then flies a
route according to the approved plan while various surveil-
lance systems momnitor the aircrait in addition to monitoring
all other aircrait flying similar routes. Should the aircraft
deviate from 1ts approved flight plan, air tratfic control will
contact the aircrait, by voice or data radio, to inquire as to the
intentions of the aircraft, and if the aircrait has strayed
because of nattention or incorrect settings of a tlight control
system, the aircrait will be requested to either modify 1ts flight
plan or return to the approved plan.

[0004] Surveillance of aircrait in flight typically 1s main-
tained by primary and secondary radar systems. Primary
radar systems provide an indication of an aircraft being
present 1n a certain volume of the covered airspace, but do not
provide identification of the aircraft or the altitude of the
aircraft. Secondary radar systems communicate with the air-
craft detected by a primary radar system and obtain informa-
tion from the aircraft. This commumnication 1s accomplished
automatically by digital data and requires little orno action by
the crew during flight. Since the early days of using radar for
air tratfic control, altitude and 1dentity of an aircrait generally
have been obtained via the secondary radar system. Early
secondary radar systems generally included the Air Tratfic
Control Radar Beacon System or ATCRBS, which commu-
nicates with a transponder installed on the aircrait. In almost
all air space in the contiguous United States, the FAA requires
the use of a transponder by all aircraft. The ATCRBS system
required the air traffic control stations to assign a temporary
identity called a “squawk,” which would be entered into the
aircraft transponder using knobs or keyboard by the flight
crew. There have been several general squawks used for
visual tlight indicators, such as for situations where there was
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no contact with air traffic control and for emergency situa-
tions such as failed radio communications, general emer-
gency and hiyjacking. The use of these emergency squawks/
codes would trigger alarms at air traific control stations that
an aircrait 1s 1n some form of distress and therefore 1s the first
piece of equipment to be disabled by a hijacker or saboteur.

[0005] Inthe 1970’s, as airtravel increased, aneed arose for
more information to be obtained from aircraft, leading to
improvements to the secondary radar system. In particular, an
advanced secondary radar system called Mode-S, the “S”
standing for “select,” was developed to replace the older
ATCRBS system. The main advantage of the Mode-S system
was the ability to selectively interrogate an aircraft to request
data therefrom. The Mode-S system has the capability of
assigning every aircrait throughout the world a unique 1den-
tity, which 1s 1ts International Civil Aviation Organization,
ICAQ, aircrait address. These addresses are assigned by the
country of registration of the aircrait and therefore are known
to the civil aviation authority of that country. Once the tran-
sponder 1s programmed with the unique aircraft address it
cannot be modified from the flight deck. The Mode-S tran-
sponder, 1n addition to supplying information when
requested, also spontaneously broadcasts information, which
includes the aircraft’s ICAO address. This broadcast 1s called
“squitter” and 1s required for the Traflic and Collision Avoid-
ance System, TCAS. The TCAS 1s required for larger aircrait
by all civil aviation authorities throughout the world. The
Mode-S squitter 1s an important enabler for the TCAS and
generally cannot be disabled by means other than shutting
down the transponder. An airborne aircraft that 1s not “squit-
tering’ may be invisible to TCAS and thus represents a poten-
tial threat.

[0006] Like the ATCRBS, the Mode-S transponders work

with ground-based radar. For aircraft that are off-shore by
more than about 200 nautical miles, however there 1s no radar
coverage, as the propagation of the radar beam 1s essentially
to the horizon. Therefore, the range of ground-based radar 1s
dependent on the altitude of the aircraft, such that for aircrait
flying at low altitudes, such as 5000 feet or less, the range
could be a short as 40 nautical miles. This 1s the genesis of the
term “flying under the radar.”

[0007] A newer type of aircrait surveillance system called
Automatic Dependent Surveillance Broadcast ADS-B, cur-
rently 1s being installed worldwide. ADS-B broadcasts a con-
siderable amount of data including the aircrait’s ICAO
address to improve situational awareness of nearby aircrait.
ADS-B includes a ground infrastructure of ADS-B recetving,
and transmitting stations. ADS-B can also be recerved
directly from nearby aircrait or relayed through a ground
station. However, the range of the ADS-B broadcast of the
identity and position of aircrait 1s, like ground-based radar
systems, generally limited to a line-of-sight or to the horizon.
Thus, for aircraft flying transoceanic or other flights more
than 200 nautical miles from a ground station, no ground
station will recerve the ADS-B broadcast. It the air traffic 1s
sparse, 1t 15 also possible that there may be no nearby aircrait
to recerve the broadcast.

[0008] As a result, for an aircraft that 1s more than 200

nautical miles offshore, or at a low altitude with no nearby
aircraft, ATCRBS, Mode-S and ADS-B transmissions may

not be received by any entity, such that the aircraift 1s, essen-
tially invisible. ATCRBS, Mode-S and ADS-B although
capable of transmitting emergency-related messages, are not
reserved for emergency situations only. All aircraft flying
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under normal conditions will be making routine transmis-
sions. Monitoring these transmissions from satellites or other
spacecrait as a solution to the limited range problem for
oceanic and remote flights, would result 1n huge interference
due to the thousands of aircraft flying under normal condi-
tions 1n view of the spacecratt.

[0009] Some newer aircrait also can have other communi-
cations systems, such as an Aircraft Communications,
Addressing and Reporting System, ACARS, which provides
Aeronautical Operational Control, AOC, and Aeronautical
Administrative Control, AAC, communications. These ser-
vices primarily are provided by a third party communications
service provider or CSP, such as Aeronautical Radio Inc., and
a few similar companies. AOC and AAC generally are for
“private” company communications such as crew scheduling,
dispatching, etc. They normally are not used for air traflic
control, though some safety-related data may be exchanged.,
such as engine parameters and fhght plan information.
ACARS 1s not mandated by law and 1s not found on all
aircraft.

[0010] Another system, generally reserved for emergency
conditions, 1s called the Search and Rescue Satellite Aided
Tracking, SARSAT, system, and consists of emergency loca-
tor transmitters, EL'T, aboard aircraft and other vehicles such
as ships and a worldwide network of monitoring systems,
including satellites. SARSAT 1s an mternational consortium
and 1s continually monitoring for ELT transmissions. SAR -
SAT does not use dedicated satellites but relies on the instal-
lation of ELT receivers on other satellites. For example, dii-
ferent types of satellites such as communications, picture-
taking, GPS, etc., have SARSAT recetvers and can alert the
SARSAT network if an ELT 1s detected. The ELTs on an
aircraft generally are triggered by an impact switch which
enables the transmitter when an aircraft comes into hard
contact with the ground or water. Every ELT transmuits 1ts
aircrait’s 1dentity, for example, the current 406 MHz ELT,
which 1s required on all larger aircraft, transmaits the aircraft’s
unique ICAO i1dentity. The SARSAT network has a database
showing the owner and contact information and other data.
The SARSAT-monitoring satellites also represent different
orbits such as geostationary, GEO, medium and low earth
orbiting, MEO and LEO. Since GEO satellites have no cov-
erage above 70 degrees of north latitude or south of -70
degrees of latitude, the MEO and LEO satellite orbits fill 1n
this gap.

[0011] Accordingly, 1t can be seen that a need exists for a
system and method of locating and tracking aircraft that have
become lost or otherwise no longer detected by routine air-
craft tracking systems that address the foregoing and other
related and unrelated problems 1n the art.

SUMMARY

[0012] The present disclosure includes a system of locating
an aircrait in an emergency condition. To operate, the system
may include an emergency locator transmitter (ELT) located
on board the aircraft, and an ELT detection/locating system
including an interface umit in communication with the ELT,
the interface unit includes an activity detector configured to
monitor an aircrait transponder and potentially any other
equipment that transmits radio signals required for locating
and tracking of the aircrait. Other signals may include trans-
missions made by the onboard transponder and TCAS sys-
tems as well as any current or future systems involved in
aircraft surveillance. The ELT 1s directed to transmait a signal
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configured to be detected by satellite-based recervers when
the transponder activity detector fails to detect an expected
transmission signal from the aircrait transponder while the
aircraft 1s 1n operation.

[0013] The present disclosure also includes a method of
initiating an emergency transmission from an aircrait for use
in locating or detecting a position of the aircraft. Steps of the
method may include monitoring expected transmissions from
a Mode-S transponder aboard the aircrait using a transponder
activity detector located on the aircraft while the aircrait is 1n
tlight. Steps may also include initiating an active alarm state
when the transponder activity detector fails to receive the
expected transmission. The method may also include trigger-
ing an emergency locator transmitter (ELT) to transmit a
signal indicative of an emergency condition from the ELT.
The system may perform its intended function with no inter-
action with the crew. In one embodiment, the system cannot
be controlled mm any way from the tlight deck but can be
“reset” on the ground. The operation of the system may be
completely invisible to the tlight deck while 1n flight.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 1s a block diagram 1illustrating one example
embodiment of an aircraft detecting and locating system
according to some principles of the present disclosure.

[0015] Those skilled 1in the art will appreciate and under-
stand that, according to common practice, the various features
of the drawings discussed below are not necessarily drawn to
scale, and that the dimensions of various features and ele-
ments of the drawings may be expanded or reduced to more
clearly illustrate the embodiments of the present mvention
described herein. Additionally, various objects, features and
advantages of the present invention will become apparent to
those skilled 1n the art upon a review of the following detailed
description when taken 1n conjunction with the accompany-
ing drawings.

DESCRIPTION OF THE INVENTION

[0016] The present invention 1s directed to a system and
method for the detection and/or location of an aircrait that has
lost contact with air traffic control or other surveillance sys-
tems such as when the aircraft 1s out of radar range or its
Mode-S transponder ceases transmission. In one embodi-
ment, the aircraft detection/locating system 1 of the present
disclosure can be integrated with or can be operable to enable
an emergency locating device such as an emergency locator
transmitter (EL'T) 2. If the systems used for routine aircraft
location and tracking, that rely on radio transmission such as
Mode-S transmissions known as squitter, cease while in flight
or otherwise be blocked or not be transmitted, the aircrait
detection/locating system 1 can automatically, and substan-
tially without human interference, enable, trigger and/or acti-

vate the aircraft’s ELT 2.

[0017] FIG. 1 illustrates one example embodiment, 1n
which the detection/locating system 1 that can be located
within an aircrait or other vehicle and generally can include
an interface unit or module 4. The interface unit 4 may gen-
erally include a controller, e.g., system logic 6, which can
include a programmable chip or control module, and which
may communicate with both the aircraft navigation and
operational control systems, and the aircrait’s Mode-S trans-
mitter system. The interface unit 4 further communicates with
the emergency locator transmitter (ELT) 2. The ELT 1s shown
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in FIG. 1 as a 406 MHz ELT such as used by virtually all civil
aircraft. In one embodiment, the intertace unit 4 can be inte-
grated 1nto or otherwise part of the ELT 2 of the aircraft, in
which case the detection/locating system 1 and EL'T may be
configured as a single module. Alternatively, the interface
unit 4 could be provided as a separate module that 1s electri-
cally and physically autonomous. This implies the interface
unit 4 1s physically inaccessible during tlight and that any
clectrical connections that could affect the operation of the
interface unit 4 or the ELT 2 are, likewise, inaccessible during

flight.

[0018] The interface module or unit 4 can receive or supply
a series of commands and/or status signals as part of 1its
communications with the ELT 2, for example, receiving a
signal from the ELT that 1t 1s transmitting, and in turn, sig-
naling a change ol mode or state to the ELT 2, such as manual
on (transmit), armed (to be triggered by an ELT impact
switch), and reset (reset after a false alarm or a downed
aircraft has been located). The normal signals to and from the
ELT 2 should not be affected by the addition of the interface
unit 4, with the exception of a possible “reset” function. This
“reset” function, as provided by a reset switch 8 provided
aboard the aircraft 10, 1s for the purpose of resetting a trig-
gered ELT after a downed aircrait has been located or after a
severe gust falsely triggered the ELT 2. Durning tlight the reset
function may be inhibited. An “on the ground” signal, pro-
vided by an on-the-ground switch 12, which 1s on most air-
craft, because 1t 1s required for various systems, provides a
signal to determine the aircraft 1s airborne. Because the nor-
mal ELT “reset” function may be initiated from the flight deck
this function should be inhibited during flight to prevent
potential saboteurs from defeating the detection/locating sys-
tem by continually resetting the ELT 2. If the ELT 2 1s enabled
by extreme turbulence, the ELT can be reset when the aircraft
1s on the ground. The resetting may be performed from the
flight deck or from a location that would not be accessible
while the aircraft 1s 1n flight. An alternate modification of the
reset function would allow resetting from the flight deck only
if the trigger came from an impact switch 14, and not from the
interface unit 4. The mterface unit 4 also can mitiate or run a
sampling loop using the Mode-S transponder or a separate
antenna/receiver 16; and can monitor/measure the radio fre-
quency energy from the Mode-S transponder transmitter to
see 11 1t indicates proper transmission from the Mode-S tran-
sponder. In addition, the interface unit 4 can recerve informa-
tion from the aircrait 10; such as a signal that a weight-on-
wheels or “on-the-ground” switch 12 1s active; indicating the
plane 1s on the ground. The interface unit 4 thus can monitor
aircraft conditions and automatically activate the ELT 2 1f 1t
determines a fault or emergency condition exists.

[0019] As further indicated 1n FIG. 1, 1n one embodiment,
the 1interface unmit 4 or module can be linked to and can draw
power from aircrait systems within the aircrait 10, such as via
a power bus connection 18 linking the interface umt 4 to a
power supply of the aircrait or to a battery or other on-board
power source, and further will include a transponder activity
detector 20 that monitors the aircraft transponder, such as the
S-mode transponder. Additionally a short term power source
22, such as a battery or other energy storage device, 1s located
in the interface unit 4 to provide back-up power for a period of
several hours or more. This may ensure that 1f the aircraift
power to the interface umit 4 1s lost due to a total loss of aircraft
power or by a deliberate action, that like the ELT 2, the
interface unit 4 1s operating on battery power and the function
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of the interface unit 4 and ELT 2 1s not disrupted. In addition,
the energy received by the recetver 16 from the onboard
transmitters can be “harvested” by using a rectifier 24 capable
of converting a signal from radio frequency to direct current.
The rectified signal or signals may be used to provide an
energy source to charge a battery or other energy storage
device such as the short term power source 22. The transpon-
der activity detector 20 of the detection/locating system 1 of
the present disclosure may include an L band recerver 16 for
detecting and recerving Mode-S/ADS-B  transmissions
(squitter transmissions) and communicating those transmis-
sions and/or the lack thereof to the EL'T 2, and can activate the
ELT 2 upon detection of an emergency condition such as the
Mode-S transponder ceasing to transmit expected squitter
transmissions or being shut off. In some embodiments, the
transponder activity detector 20 can be placed within an ELT
module or pod 26 along with the rest of the interface umt 4 to
provide 1solation of the transponder activity detector 20, from
the aircraft and/or aircraft control systems and thus substan-
tially prevent or minimize disabling of the detector and/or the
ELT during flight. The electronics for the transponder activity
detector 20 also should be designed or configured to operate
using minimal power/energy consumption. The Mode-S
transmitter squitter also generally would be transmitted from
top and bottom mounted antennas. Thus, an ELT 2, commu-
nicating with an interface unit 4 according to the present
disclosure, should receive a strong signal that could possibly
be used for “energy harvesting.”

[0020] In one embodiment, the ELT 2 will be of a position
indicating type, 1.e., an EPIRB, which can transmit the current
position of an aircraft dertved from an on-board GPS recerver.
The ELT 2 further can include an antenna 28, its own energy
source 1 the form of a long-life battery 30, and can be
contained in the separate pod 26 that can serve as a protective
casing or ejection pod to protect the ELT 2 upon a crash, and
to 1solate the ELT 2 and the detector 20 of the detection/
locating system 1 from the aircraft systems. The pod 26 can be
mounted within the aircrait at a location such that if the
aircraft equipped with this mmvention crashes, or makes a
water landing or a water crash, the subject ELT 2 can be
¢jected from the fuselage of the aircraft, and can be config-
ured such that 1t will float.

[0021] The ELT 2 of the present disclosure may be further
operable with or as part of a water activated ejection mecha-
nism 32. As indicated 1n FI1G. 1, the FL'T 2 can be housed in a
casing or pod 26 that can be formed from a highly impact
resistant and buoyant material. The ELT ejection further can
be triggered by either the impact switch 14 or an underwater
detector 34. The underwater detector 34 also will generally be
configured, or of a type, that rain or condensation does not
trigger the ¢jection mechanism, rather, the aircraft must be
submerged for the ejection to occur.

[0022] The ELT 2, upon separation from the aircraft, trans-
mits on an internationally-specified emergency frequency, for
example on 406 MHz, and if equipped with a GPS recetver
can substantially continuously transmit the position of the
ELT 2. The ELT 2 can transmit the unique ICAO 24 bit
aircraft identification. The free-tfloating EL'T 2 may be carried
by ocean currents and winds. However, the ELT 2 will begin
transmitting at a point of contact with the water which can
provide an approximate position needed for locating aircraft
wreckage. The ELT 2 will generally continue to report its
position for as long as the battery 30 has suificient charge.
This information can indicate the path of any floating debris
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from the crash and can aid 1n locating the debris field. If the
aircraft crashes on land, the EL'T 2 can perform the same
ejection function and reporting of 1ts position.

[0023] Inaddition, one ofthe advantages of the ELT 2 of the
present detection/locating system 1 1s that the ELT 2 can be
1solated so as to not be accessible from 1nside the aircraft. The
ELT 2 1s located within the aircraft fuselage such that its
antenna 28 has a clear shot to space for i1ts transmission
signals to be recerved by monitoring spacecrait, e¢.g., satel-
lites, or other terrestrial-based receivers, but the EL'T 2 1s
located 1n a location so as to be 1naccessible from within the
aircraft during flight, especially 1n larger aircraift. Still further,
the ELT 2 generally contains its own energy source, such as

the battery 30, and there 1s no circuit breaker that could be
turned oif to disable the ELT 2.

[0024] To preserve internal battery energy, the ELT 2 of the
present system will be configured to draw very little or no
current when not activated. For example, by rectifying the
transponder signal received by the transponder activity detec-
tor 20 with a rectifier 24, energy can be harvested from this
transmission for powering the ELT 2, either directly or
through the interface unit 4, while 1n an mactive state. In some
embodiments, such as where the detection/locating system 1
1s integrated within the ELT 2, the transponder activity detec-
tor 20 further can be powered from the ELT battery 30,
without a separate short term power source 22, though this
generally will add an additional load on the battery 30, thus
reducing 1ts life. Eliminating the additional load on the ELT
battery 30 can be achieved by providing primary power to the
transponder activity detector 20 from the aircraft itself, such
as via a bus connection 18 as indicated in FIG. 1, or other
primary power source, with the ELT battery 30 being oper-
able as a back-up power source as needed. As a further alter-
native, as noted, by rectifying the strong Mode-S transponder
signal recerved by the receiver 16, energy harvested there-
from further could be used to power the transponder activity
detector 20, so as to avoid a drain on the ELT battery 30.

[0025] Inaddition, by linking the detection/locating system
1 to and providing power therefor from a *““critical” or “essen-
t1al” power source (i.e., a power bus connection 18 to the
aircrait power system), the loss of this source of power may
be configured to indicate an emergency condition, or at least
trigger a warning within the flight deck. For example, the
transponder activity detector 20 can be designed such that a
loss of such an essential or critical primary power source for
the aircraft 10 causes the transponder activity detector 20 to
activate the ELT 2 to transmit using EL'T’s battery 30. Once
the ELT 2 1s ejected and activated, the loss of power, and the
loss of the transponder activity detector 20 may no longer be
needed, and may not affect the maximum time the EL'T 2 can
transmiut.

[0026] Features may be provided in association with the
interface unit 4 or the aircratit 10 to prevent false alarms, when
there are legitimate circumstances where the aircraft tran-
sponder may not be active. For example, 11 the aircraft power
1s completely turned oif, such as when the aircraft 1s parked
and not in use, the transponder should not be active. To
prevent the ELT 2 from transmitting when the aircraft 1s
totally powered down, including the essential or critical
power, an on-the-ground switch 12 can be used to inhibit the
ELT 2 from transmitting. Such on-the-ground switches 12 are
available on all large aircrait because they are used with
several existing systems.
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[0027] When the aircraft 1s powered up, 1ts transponder
should be active, even 1 not being interrogated, transmitting
“squitters” or spontaneous transmissions. These squitters are
generally required for the collision avoidance system, TCAS,
and for Automatic Dependent Surveillance Broadcast, ADS-
B, a system that will be required 1n nearly all aircraft by 2020.
These squitters are active whether the aircrait 1s airborne or on
the ground. Once active, 11 the receiver 16 of the transponder
activity detector 20 detects a lack of activity from the 1090
MHz transmissions from the Mode-S transponder aboard the
aircraft, either a lack or ceasing of transmission of squitters or
replies, the ELT 2 will be triggered and caused to transmit an
emergency signal. In some cases, an aircrait on the ground
may not be squittering for legitimate reasons. In this case,
false alarms may be prevented by the use o the on-the-ground
switch 12. There 1s a weight on wheels signal on all larger

aircraft to prevent false alarms from other systems such as
TCAS that can be used for this logic.

[0028] In another example, the interface umt 4 can include
logic whereby, if the aircrait 1s airborne, and the on-the-
ground switch indication 1s false, 1.e., 1t 15 active, and indicat-
ing weight on the aircraft wheels, and the Mode-S transpon-
der 1s not transmitting, the ELT 2 1s triggered. Also, a reset
switch 8 and visual alert that are generally available in the
cockpit for controlling the ELLT 2 can be inhibited. This means
that the activation of ELT transmissions may not be annunci-
ated 1 the cockpit, and cannot be reset for this set of condi-
tions. However, if the aircraft 1s on the ground, and thus
on-the-ground switch indication 1s true, and the transponder
1s not transmitting, the EL'T 2 will not be activated unless an
impact switch 14, triggers the EL'T 2. The impact switch 14
can always trigger the EL'T. This ensures the ELT 2 will be
triggered for any impact, airborne or on the ground. In addi-
tion, a manual-on switch 36 provided in the cockpit can
trigger the ELT 2. The manual-on switch 36 operates under
normal conditions, such as when the aircratt 1s airborne or on
the ground. Additionally, the disclosed detection/locating
system 1 may be configured that i1f the ELT 2 1s triggered
while airborne because of a loss of the Mode-S transponder
transmission, the ELT can be reset in the normal manner only
alter the aircrait has landed. This ensures that if the Mode-S
transponder was inadvertently disabled by crew error, the
ELT will only transmait for the remainder of the thght.

[0029] FEmergency Locator Transmitters are certified and
intended to be for emergency situations only. It 1s believed,
however, that an aircrait that 1s no longer transmitting normal
signals used for surveillance, such as ADS-B or squittering,
while 1n flight 1s 1n an emergency situation and thus, a trans-
mitting ELT 2 would not violate international agreements on
the use of the ELT. The Mode-S transponder 1s such a critical
piece of equipment that most larger aircraft have two
installed. An aircrait without a functioning Mode-S transpon-
der will either be denied permission to take off, or if already
in tlight, directed to a nearby airport for repairs. This ensures
a low probability of aircrait with nonfunctioning transpon-
ders triggering the ELT 2.

[0030] The ELT 2, usually transmitting on a frequency of
406 MHz, will be recerved by any one of literally dozens of
satellites. The data 1s disseminated using the COSPAS/SAR-
SAT search and rescue network and 1s available worldwide to
government agencies. The 406 MHz ELT can transmit the
identity of the aircrait using the ICAO 24 bit aircrait identity.
The COSPAS/SARSAT system has demonstrated 1ts worth

quickly locating aircraft and saving lives for over 25 years.
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[0031] Although the ELT 1s an aid to locating downed air-
craft that have crashed or made an emergency landing not at
an airport, the ELT also can be used to identify aircraft that
cannot be located by the usual means of primary and second-
ary radar. Unidentified or missing aircrait can be as problem-
atic as a crashed or downed aircrait. Aircrait that are no longer
being i1dentified are potential collision targets or may be
hijacked with the intent on causing damage and/or death.
Therefore, an unidentified aircraft can be considered as an
emergency situation and thus warrants the use of the emer-
gency locator transmitter. This should satisty the COSPAS/
SARSAT requirements that the ELT be for emergency situa-
tions.

[0032] The foregoing description generally illustrates and
describes various embodiments of the present mvention. It
will, however, be understood by those skilled in the art that
various changes and modifications can be made to the above-
discussed construction of the present mmvention without
departing from the spirit and scope of the invention as dis-
closed herein, and that it 1s intended that all matter contained
in the above description or shown in the accompanying draw-
ings shall be interpreted as being illustrative, and not to be
taken 1n a limiting sense. Furthermore, the scope of the
present disclosure shall be construed to cover various modi-
fications, combinations, additions, alterations, etc., above and
to the above-described embodiments, which shall be consid-
ered to be within the scope of the present invention. It there-
tore will be understood by those skilled 1n the art that while
the present invention has been described above with reference
to preferred embodiments, numerous variations, modifica-
tions, and additions can be made thereto without departing
from the spirit and scope of the present invention as set forth
in the following claims. Accordingly, various features and
characteristics of the present invention as discussed herein
may be selectively interchanged and applied to other illus-
trated and non-illustrated embodiments of the invention, and
numerous variations, modifications, and additions further can
be made thereto without departing from the spirit and scope of
the present invention as set forth 1n the appended claims.

1. A system of locating an aircrait in an emergency condi-
tion, comprising;

an emergency locator transmitter (ELT) located on board

the aircraft; and
an ELT detection/locating system including an interface
unit in communication with the ELT, the interface unit
includes a transponder activity detector configured to
monitor an aircraft transponder transmission signal;

wherein the ELT 1s directed to transmit a signal configured
to be detected by satellite-or terrestrial-based receivers
when the transponder activity detector fails to detect an
expected transmission signal from the aircraft transpon-
der while the aircratt 1s 1n operation.

2. The system of claim 1, wherein the interface unit 1s
powered by a power bus connection to the aircraft.

3. The system of claim 2, wherein the transponder activity
detector triggers the ELT to transmit upon detection of ces-
sation of current passing through the power bus, and the
transponder activity detector begins recerving power from a
short term power source.

4. The system of claim 1, further comprising a rectifier to
harvest energy from at least the transmission signal.

5. The system of claim 1, wherein the interface unit of the
detection/locating system determines an air/ground status of
the aircraft from an on-the-ground switch of the aircraft to
determine when a transmission irom the transponder is
expected.
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6. The system of claim 1, wherein the ELT and the ELT
detection/locating system are located within a pod.

7. The system of claim 6, further comprising an ejection
mechanism configured to automatically separate the pod
from the aircratft,

wherein the ELT transmits the signal when separated from
the aircraft.

8. The system of claim 7, wherein the ejection mechanism
comprises an 1mpact detector to separate the ELT from the
aircrait atter an impact.

9. The system of claim 7, wherein the ejection mechanism
comprises a submersion detector to separate the ELT from the
aircraft when the ELT becomes submerged under water.

10. The system of claim 1, wherein the EL'T has an antenna
configured to transmit an emergency signal; and

the transponder activity detector has a recerver configured
to receive the aircraft transponder transmission signal.

11. A method of initiating an emergency transmission from
an aircraft for use 1n locating or detecting a position of the
aircraft, comprising;:

monitoring expected transmissions from a Mode-S tran-

sponder aboard the aircrait using a transponder activity
detector located on the aircrait while the aircraft 1s 1n
tlight;

initiating an active alarm state when the transponder activ-

ity detector fails to recerve the expected transmission;
and

triggering an emergency locator transmitter (ELT) to trans-
mit a signal indicative of an emergency condition from

the ELT.

12. The method of claim 11, further comprising powering
the transponder activity detector from a power bus of the
aircrait.

13. The method of claim 12, further comprising triggering
the ELT when current from the power bus ceases.

14. The method of claim 11, further comprising harvesting
energy from the transmissions provided by the transponder of
the aircraft using a rectifier; and

storing the harvested energy to extend the operating time of
the transponder activity detector and/or the ELT when
aircraft power 1s lost.

15. The method of claim 11, further comprising commu-
nicating with an on-the-ground switch of the aircrait and
determining 1f a transmission from the transponder 1is
expected by receipt of an active signal from the on-the-
ground switch before triggering the ELT.

16. The method of claim 11, further comprising ejecting
the ELT from the aircraft.

17. The method of claim 16, further comprising detecting
an 1mpact of the aircrait and ejecting the ELT 1n response to
the impact.

18. The method of claim 16, further comprising detecting a
submersion of the aircraft under water, and ejecting the ELT
in response to the submersion.

19. The method of claim 11, wherein the signal includes
position indication and 1s transmitted for receipt by the SAR-

SAT network, and

wherein the expected transmission 1s a data signal sent
from an S-mode transponder.

20. The method of claim 11, further comprising:
prohibiting resetting the EL'T while the aircrait remains 1n

flight.




	System and Method for Location of Aircraft
	Scholarly Commons Citation

	Front Page
	Drawings
	Specification
	Claims

