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(54)  Apparatus and method for warning aircraft

(57) Apparatus (10) for warning an aircraft comprises
a warning system (16), storage means (14) storing a da-
tabase of ship identities and corresponding height data,
and a ship position receiver (12). An Automatic Identifi-
cation System (AIS) signal (22) emitted from a ship (20)
carries information corresponding to the identity and the
position of the ship. If the ship lies on, or within a pre-
determined vicinity of, the horizontal trajectory of the air-
craft, the warning system uses the ship’s identity derived

Fig.1

from the AIS signal to look up the height of the ship in
the database. If the altitude of the aircraft does not exceed
the height of the ship by more than a pre-determined
value, the warning system generates a warning signal.
The apparatus allows a commercial AIS signal to be used
to warn an aircraft of a ship, but avoids false alarms in
the event that the altitude of the aircraft significantly ex-
ceeds the height of the ship.
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Description

[0001] Theinventionrelates generally to apparatus for,
and methods of, warning aircraft of obstacles.

[0002] Itis known thattall objects having fixed positions
on the earth’s surface, such as wind turbines, present a
serious danger to aircraft. Itis known to provide an aircraft
with a warning system which includes a database of the
positions and heights of such objects so that a pilot may
avoid them.

[0003] A similar problem arises with movable objects
on the earth’s surface. In particular tall ships can be a
danger to aircraft, particularly in regions where there is
significant offshore industry, such as oil and gas industry.
Ships involved in industrial activity can have height di-
mensions which present danger to aircraft, due to the
presence of cranes and other tall structures (such as
parts of oil rigs) carried on such ships. Collisions between
ships can be avoided, or least reduced, by use of com-
mercial Automatic ldentification Systems (AISs). A ship
carryingan AlS transponder emits a signal on a dedicated
VHF channel, the signal containing information corre-
sponding to the ship’s position, speed, direction andiden-
tity. The AlIS transponder also receives such signals from
other ships. Trajectories of ships can therefore be com-
pared and suitable action taken to avoid collisions. It is
also known for aircraft to receive AIS information from
ships in order to prevent collisions between ships and
aircraft. However, because commercial AIS signals con-
tain no information about the height of a ship, comparing
the trajectories of aircraft with those of ships using AIS
information leads to a high false alarm rate because many
ships will not have a height dimension that results in a
danger to aircraft. It is also possible for very talland mov-
able objects on land to pose a danger to aircraft; currently
no system exists to warn aircraft of such objects.
[0004] A first aspect of the present invention provides
apparatus for warning an aircraft of an obstacle on the
earth’s surface, the apparatus comprising a warning sys-
tem arranged to:

(i) receive first information corresponding to the ob-
stacle’s identity and the obstacle’s position and sec-
ond information corresponding to the aircraft’s hori-
zontal and vertical position as a function of time; and

(i) calculate an aircraft trajectory for the aircraft using
the second information;
characterised in that

(iii) the apparatus further comprises storage means
storing a database of obstacle identities and corre-
sponding height data;

(iv) the warning system is arranged to retrieve a
height dimension of the obstacle from the database
using the obstacle’s identity as derived from the first
information, and
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(v) the warning system is arranged to generate a
warning signal if the obstacle lies on or within a pre-
determined vicinity of the aircraft’s horizontal trajec-
tory and the difference between the heightdimension
of the obstacle and the altitude of the aircraft at the
obstacle position of the aircraft trajectory is less than
a pre-determined value.

[0005] The invention provides the advantage that an
obstacle may be assessed as a potential danger to air-
craft using only information corresponding to the obsta-
cle’s position and identity; reception of information cor-
responding to the obstacle’s height is not necessary
since the obstacle’s height is obtained from a database
using the obstacle’s identity. Since a warning signal is
generated only if the aircraft’s altitude is comparable to
the obstacle’s height, and not simply if the obstacle lies
on the aircraft horizontal trajectory, the incidence of false
alarms is reduced compared to prior art methods which
only utilise the obstacle’s position in order to decide
whether the obstacle presents a danger to aircraft.
[0006] Preferably, the warning system is arranged to
receive third information corresponding to the obstacle’s
speed and direction and to use the first and third infor-
mation and the aircraft’ horizontal trajectory to calculate
whether the aircraft and the obstacle will coincide in hor-
izontal position at a coincidence point, and to generate
awarning signal if the aircraft and obstacle are calculated
so to coincide and the difference between the height di-
mension of the obstacle and the altitude of the aircraft at
the coincidence pointis less than a pre-determined value.
This provides for additional assessment of the obstacle
as a danger to aircraft by assessing whether it will coin-
cide with the aircraft in horizontal position.

[0007] The warning system is preferably arranged to
derive the first information, or as the case may be, the
first and third information, from an Automatic Identifica-
tion System (AIS) signal. AlSs are commercially available
and are used on ships to provide position, direction,
speed and identity information primarily to other ships,
but also to aircraft. In accordance with the invention, a
commercial AlS signal may be used without modification
to warn aircraft of ships that may present danger due to
their heights, without a high rate of false alarms, even
though an AIS signal does not include any information
about the height of ship.

[0008] The apparatus may comprise a position receiv-
er arranged to receive AIS signals and to pass the AIS
signals to the warning system.

[0009] Conveniently, the storage means is comprised
within the warning system.

[0010] A second aspect of the invention provides a
method of warning an aircraft of an obstacle on the earth’s
surface, the method comprising the steps of:

(i) receivingfirstinformation corresponding to the ob-
stacle’s identity and the obstacle’s position and sec-
ond information corresponding to the aircraft’s hori-
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zontal and vertical position as a function of time; and

(ii) calculating an aircraft trajectory for the aircraft
using the second information;

characterised in that the method further comprises
the steps of:

(iii) retrieving a height dimension of the obstacle from
a database of obstacle identities and corresponding
height data using the obstacle’s identity as derived
from the first information; and

(iv) generating a warning signal if the obstacle lies
on or within a pre-determined vicinity of the aircraft's
horizontal trajectory and the difference between the
height dimension of the obstacle and the altitude of
the aircraft at the obstacle position of the aircraft tra-
jectory is less than a pre-determined value.

[0011] Preferably the method further comprises the
steps of receiving third information corresponding to the
obstacle’s speed and direction, and using the first and
third information and the aircraft’'s horizontal trajectory to
calculate whether the aircraft and the obstacle will coin-
cide at a horizontal position at a coincidence point, and
generating a warning signal if the aircraft and obstacle
are calculated so to coincide at the coincidence point and
the difference between the height dimension of the ob-
stacle and the altitude of the aircraft at the coincidence
point is less than a pre-determined value.

[0012] The first information, or as the case may be the
first and third information, may be conveniently derived
from an AlS signal.

[0013] Embodimentsofthe invention are described be-
low by way of example only and with reference to the
accompanying drawings in which:

Figure 1 shows a block diagram of an apparatus
of the invention;

illustrates generation of a warning sig-
nal based on the position and height of
a ship; and

illustrate generation of a warning signal
based on the trajectory and height of a
ship.

Figure 2

Figures 3 & 4

[0014] Figure 1 shows an apparatus of the invention
indicated generally by 10 and comprising a ship position
receiver 12, storage means 14 storing a database of ship
identities and corresponding height data, and a warning
sytem 16. The warning system 16 is a standard commer-
cial collision warning system, for example a Helicopter
Terrain Avoidance and Warning System (HTAWS). In
Figure 1, a ship 20 comprises a commercial Automatic
Identification System (AIS) transponder (not shown),
which emits an AlS signal 22 on a dedicated channel
such as a VHF channel. The AIS signal 22 comprises
information regarding the position, speed, direction and
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identity of the ship 22. The apparatus 10 is carried on an
aircraft (not shown). The ship position receiver 12 re-
ceives the AIS signal 22 and passes a corresponding
signal to the warning system 10. The warning system 16
also receives information corresponding to the altitude
of the aircraft, and its horizontal position (e.g. latitude and
longitude) as a function of time.

[0015] Referring to Figure 2, an aircraft 50 fitted with
the apparatus 10 of Figure 1 and having a horizontal tra-
jectory 52 receives a respective AlS signal from each of
ships 54, 56. The ship 54 does not lie on the horizontal
trajectory 52 and therefore no warning signal is generat-
ed in respect of the ships 54. However the ship 56 does
lie on the horizontal trajectory 52. In this case the warning
system uses the identity of the ship 56 obtained from the
AIS signal to look up the height dimension of the ship 56
using the database held in the storage means 14. The
height dimension of the ship 56 is then compared to the
altitude of the aircraft 50 and a warning is generated if
the altitude of the aircraft 50 does not exceed the height
dimension of the ship 56 by more than a pre-determined
value.

[0016] Figures 3 and 4 illustrate how a warning may
be generated based on the trajectory of a ship in addition
to its height. An aircraft 60 fitted with the apparatus 10
has a horizontal trajectory 62 and receives respective
AIS signals from ships 64, 66. In this case the warning
system 16 of the apparatus is arranged to assess the
trajectories of the ships 64, 66 using the respective AIS
signal of each ship, and to compare the trajectories to
the horizontal trajectory 62 of the aircraft 60. The warning
system 10 is arranged to establish whether the horizontal
trajectory 62 of the aircraft 60 intersects the trajectory of
either ship 64, 66, and whether the aircraft 60 will inter-
cept either ship 64, 66 based on their speeds and the
speed of the aircraft 60.

[0017] The trajectory and speed of ship 64 are such
that the ship 64 and aircraft 60 will coincide. The warning
system 16 of the apparatus 10 therefore generates a
warning signal provided the altitude of the aircraft 62 does
not exceed the height of the ship 64 by more than a pre-
determined value. In such a case the aircraft 60 may
make an avoiding manoevre 63 to avoid collision with
the ship 64.

[0018] Although the trajectory of the ship 66 intersects
the aircraft horizontal trajectory 62, the aircraft 60 and
ship 66 will not coincide at a particular horizontal position
(e.g. a particular latitude and longitude) and therefore no
warning signal is generated in relation to the ship 66.

Claims
1. Apparatus (10) for warning an aircraft of an obstacle
on the earth’s surface, the apparatus comprising a

warning system (16) arranged to:

(i) receive first information corresponding to the
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obstacle’s identity and the obstacle’s position
and second information corresponding to the
aircraft’'s horizontal and vertical position as a
function of time; and

(i) calculate an aircraft trajectory for the aircraft
using the second information;

characterised in that

(iii) the apparatus further comprises storage
means (14) storing a database of obstacle iden-
tities and corresponding height data;

(iv) the warning system is arranged to retrieve
a height dimension of the obstacle from the da-
tabase using the obstacle’s identity as derived
from the first information, and

(v) the warning system is arranged to generate
a warning signal if the obstacle lies on or within
a pre-determined vicinity the aircraft’s horizontal
trajectory and the difference between the height
dimension of the obstacle and the altitude of the
aircraft at the obstacle position of the aircraft tra-
jectory is less than a pre-determined value.

Apparatus according to claim 1 wherein the warning
system is arranged to receive third information cor-
responding to the obstacle’s speed and direction and
wherein the warning system is arranged to use the
firstand third information and the aircraft’s horizontal
trajectory to calculate whether the aircraft and the
obstacle will coincide in horizontal position at a co-
incidence point, and to generate a warning signal if
the aircraft and obstacle are calculated so to coincide
and the difference between the height dimension of
the obstacle and the altitude of the aircraft at the
coincidence point is less than a pre-determined val-
ue.

Apparatus according to claim 1 or claim 2 wherein
the warning system is arranged to derive the first
information, or as the case may be, the firstinforma-
tion and the third information, from an Automatic
Identification System (AIS) signal.

A system according to claim 3 wherein the apparatus
comprises a position receiver arranged to receive
AIS signals and to pass the AIS signals to the warn-
ing system.

A system according to any preceding claim wherein
the storage means is comprised within the warning
system.

A method of warning an aircraft of an obstacle on
the earth’s surface, the method comprising the steps
of:

(i) receiving first information corresponding to
the obstacle’s identity and the obstacle’s posi-
tion and second information corresponding to
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the aircraft’'s horizontal and vertical position as
a function of time; and

(i) calculating an aircraft trajectory for the air-
craft using the second information;
characterised in that the method further com-
prises the steps of:

(iii) retrieving a height dimension of the obstacle
from a database of obstacle identities and cor-
responding height data using the obstacle’s
identity as derived from the firstinformation; and
(iv) generating a warning signal if the obstacle
lies on or within a pre-determined vicinity of the
aircraft’s horizontal trajectory and the difference
between the height dimension of the obstacle
and the altitude of the aircraft at the obstacle
position of the aircraft trajectory is less than a
pre-determined value.

A method according to claim 6 further comprising
the steps of receiving third information correspond-
ing to the obstacle’s speed and direction, and using
the first and third information and the aircraft’s hori-
zontal trajectory to calculate whether the aircraft and
the obstacle will coincide in horizontal position at a
coincidence point, and generating a warning signal
if the aircraft and obstacle are calculated so to coin-
cide at the coincidence point and the difference be-
tween the height dimension of the obstacle and the
altitude of the aircraft at the coincidence point is less
than a pre-determined value.

A method according to claim 6 or claim 7 comprising
the step of deriving the first information, or as the
case may be, the first information and the third infor-
mation, from an Automatic Identification System
(AIS) signal.
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