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TERRAIN AWARENESS WARNING SYSTEM FORWARD LOOKING
PROTECTION ENVELOPE SWITCHING

llana SEGALL

FIELD OF THE DISCLOSED TECHNIQUE
The disclosed technique relates to terrain awareness warning
systems, in general, and to methods and systems for selecting protection

envelopes in a forward looking terrain avoidance system, in particular.

BACKGROUND OF THE DISCLOSED TECHNIQUE

Terrain awareness warning systems, known in its abbreviated
form as TAWS, are systems used in aircraft, such as fixed wing and rotary
wing aircraft, for reducing controlled flight into terrain (herein abbreviated
CFIT). CFIT generally refers to an accident whereby an airworthy aircraft
inadvertently flies into an obstacle, terrain or water. A TAWS operates by
providing warnings, either visual, audio or both, to a pilot that his aircraft is
in danger of CFIT. TAWS usually determine the presence of a CFIT

‘danger by at least one of two subsystems, known in the art as ground

proximity warning systems (herein abbreviated GPWS) and forward
looking terrain avoidance (herein abbreviated FLTA) systems.

In general, FLTA systems operate by executing three major
functions. The first function is the definition of a protection envelope
around an aircraft. The protection envelope is essentially virtual and
defines a volume surrounding the aircraft. Typically, the dimensions of the
protection envelope are a function of the aircraft's performance envelope
and its flight dynamics during a particular flight. Once a protection
envelope has been defined, the second function of FLTA systems is

executed. In this function, the protection envelope is constantly compared

‘with terrain elevation data, from a terrain elevation database, at the
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geographic position of the protection envelope. In other words, the
position of the protection envelope at a given moment is compared with
terrain elevation data at that given position. The third function of FLTA
systems is to issue a warning or an alert to a pilot if the comparison of the
second function shows that the protection envelope bisects terrain or an
obstacle, or bisects a predetermined safety margin above the terrain or
obstacle.

FLTA systems are known in the art. In such systems, the
protection envelopes are usually defined based on the speed, or velocity,
of an aircraft as well as on the predicted flight path of the aircraft. For
example, US patent no. 6,583,733 to Ishihara, et al., entitled "Apparatus,
method and computer program product for helicopter ground proximity
warning system" is directed towards a system and method for alerting a
pilot of a rotary wing aircraft of the aircraft's proximity to terrain. The
method comprises the steps of defining a first set of terrain awareness
protection envelopes for alerting a pilot of proximity to terrain during a first
set of flight operations and also defining a second set of terrain awareness
protection envelopes for alerting the pilot of proximity to terrain during a
second set of flight operations. In the method, a signal is received which
is indicative of which set of flight operations the aircraft is in. Depending
on the signal received, the appropriate protection envelope is calculated
dynamically from the first set or second set of terrain awareness protection
envelopes. Given the calculated protection envelope, stored terrain data
is accessed, and an alert is outputted when the stored terrain data lies
within a boundary of the selected protection envelope. The first set of
envelopes and the second set of envelopes are determined as a function
of a terrain floor boundary and a look ahead distance, with the terrain floor

boundary being a function of the speed and altitude of the aircraft.
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SUMMARY OF THE PRESENT DISCLOSED TECHNIQUE

It is an object of the disclosed technique to provide a novel
method and system for selecting protection envelopes in an FLTA system
based on particular flight parameters, which overcomes the disadvantages
of the prior art.

In accordance with the disclosed technique, there is thus
provided an apparatus for FLTA in an aircraft, which includes a processor
and at least one sensor. Each sensor is coupled with the processor. The
processor is for executing at least one neural network based algorithm,
and the at least one sensor is for monitoring a plurality of flight parameters
of the aircraft, thereby generating a plurality of monitored flight
parameters. The processor divides the performance envelope of the
aircraft into predefined flight regimes. For each predefined flight regime,
the processor defines and stores a suitable protection envelope type. The
processor determines an estimated flight regime of the aircraft using the
neural network based algorithm based on the plurality of monitored flight
parameters. The processor selects a respective suitable protection
envelope type for the aircraft based on the estimated flight regime.

According to another aspect of the disclosed technique, there is
thus provided a method for FLTA in an aircraft. The method includes the
procedures of monitoring a plurality of flight parameters of the aircraft,
executing a planning phase for an FLTA system in the aircraft, determining
an estimated flight regime for the aircraft based on the monitored plurality
of flight parameters using a calibrated neural network based algorithm,
and selecting a suitable protection envelope type for the aircraft based on
the estimated flight regime. The procedure of executing the planning
phase includes the sub-procedures of dividing the performance envelope
of the aircraft into predefined flight regimes, for each predefined flight
regime, defining and storing a suitable protection envelope type, and

calibrating a neural network based algorithm to map the monitored flight

-3-
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parameters to a suitable protection envelope type for the aircraft based on
the estimated flight regime.

According to a further aspect of the disclosed technique, there is
thus provided a method for a planning phase of an FLTA system in an
aircraft. The method includes the procedures of dividing the performance
envelope of the aircraft into predefined flight regimes, for each predefined
flight regime, defining and storing a suitable protection envelope type,
monitoring a plurality of flight parameters of the aircraft, and calibrating a
neural network based algorithm to determine an estimated flight regime of
the aircraft based on the monitored plurality of flight parameters.

According to another aspect of the disclosed technique, there is
thus provided a method for FLTA in an aircraft. The method includes the
procedures of dividing the performance envelope of the aircraft into
predefined flight regimes, for each predefined flight regime, defining and
storing a suitable protection envelope type, and monitoring a plurality of
flight parameters of the aircraft, in which the plurality of flight parameters
includes a first set of flight parameters and a second set of flight
parameters. The method also includes the procedures of determining an
estimated flight regime of the aircraft based on the first set of flight
parameters using a neural network based algorithm, selecting a respective
suitable protection envelope type for the aircraft based on the estimated
flight regime, and modifying at least one dimension of the respective
suitable protection envelope type for the aircraft based on the second set

of flight parameters.
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed technique will be understood and appreciated
more fully from the following detailed description taken in conjunction with
the drawings in which:

Figure 1 is a schematic illustration of an FLTA system,
constructed and operative in accordance with an embodiment of the
disclosed technique;

Figure 2 is a schematic illustration of an FLTA method, operative
in accordance with another embodiment of the disclosed technique; and

Figure 3 is a schematic illustration of an FLTA planning phase
method, operative in accordance with a further embodiment of the
disclosed technique.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

The disclosed technique overcomes the disadvantages of the
prior art by providing a novel system and method for defining and selecting
protection envelopes in an FLTA system at a given time for particular flight
parameters. The protection envelopes are selected from a list of
protection envelopes predefined for different aircraft flight regimes. The
selection is executed using a neural network based algorithm which
receives a plurality of flight parameters for determining the most suitable
protection envelope given the current flight parameters of an aircraft. It is
noted that the disclosed technique applies to fixed wing as well as rotary
wing aircraft.

Reference is now made to Figure 1, which is a schematic
illustration of an FLTA system, generally referenced 100, constructed and
operative in accordance with an embodiment of the disclosed technique.
FLTA system 100 is generally coupled with a TAWS (not shown). FLTA
system 100 includes a processor 102 and an aircraft controls and sensors
monitoring system 104. Processor 102 is coupled with aircraft controls
and sensors monitoring system 104. Processor 102 is enabled to execute
neural network based algorithms. It is noted that before FLTA system 100
can be used with a TAWS on an aircraft, FLTA system 100 needs to go
through a planning phase. In the planning phase, the performance
envelope of an aircraft is divided up into a set of predefined flight regimes
by an external processor (hot shown). This external processor may be
processor 102 or another processor. In general, the performance
envelope, or flight envelope, of an aircraft refers to the capabilities of an
aircraft as a function of its speed and altitude. The set of predefined flight
regimes are stored in a memory unit (not shown) coupled with the external
processor. The flight regimes substantially relate to intervals of speed. It
is noted that in one embodiment, FLTA system 100 only begins to operate
once the aircraft (not shown) it is coupled with attains a certain minimum

speed. For example, a rotary wing aircraft might have its flight envelope
-6-
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divided into 6 flight regimes, each flight regime delineating a different
interval of speed. Using this example, if speed is measured in knots, then
a first interval might be from 10 knots to 20 knots, a second interval might
be from 20 knots to 30 knots, a third interval might be from 30 knots to 40
knots, a fourth interval might be from 40 knots to 50 knots, a fifth interval
might be from 50 knots to 60 knots and a sixth interval might be from 60
knots to 70 knots. In this example, each speed interval is assigned as a
different predefined flight interval. In other words, the external processor
assigns each one of the various sections of the performance envelope to a
predefined flight regime. In this example, the interval from 0 knots to 10
knots is not considered and a section of the performance envelope is not
assigned to this interval as 10 knots is defined as the minimum speed
which the aircraft must attain before FLTA system 100 begins to operate.
It is noted that in one embodiment of the disclosed technique, a minimum
and maximum number of predefined flight regimes can be defined. For
example, for rotary wing aircraft, the minimum number might be 10 flight
regimes and the maximum number might be 20 flight regimes, whereas for
fixed wing aircraft, the minimum number might be 10 flight regimes and the
maximum number might be 30 flight regimes. In the planning phase, for
each predefined flight regime, the external processor then defines a
suitable protection envelope type which is stored in the memory unit. The
protection envelope type can be suited for a particular aircraft type and for
a predefined evasive maneuver. Each protection envelope type
represents a generalized protection envelope in terms of its dimensions for
each predefined flight regime. The protection envelopes types stored in
the memory unit are provided to processor 102. The protection envelopes
can also be stored on a memory unit (not shown) coupled with processor
102. At this point, the planning phase is complete and FLTA system 100
can be used with a TAWS on an aircraft in an operational phase. As
described below, once operational, FLTA system 100 determines an

estimated flight regime based on various flight parameters. Based on the
-7-
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estimated flight regime, processor 102 then selects a corresponding
protection envelope type, which was defined for a predefined flight regime,
and determines the particular dimensions of the selected protection
envelope to be used based on the flight parameters.

Aircraft controls and sensors monitoring system 104 is a sensor
capable of monitoring various flight parameters of an aircraft. In the
embodiment in Figure 1, aircraft controls and sensors monitoring system
104 is a single sensor. In another embodiment of the disclosed technique,
a plurality of sensors is used to monitor various flight parameters of the
aircraft. In particular, aircraft controls and sensors monitoring system 104
monitors the flight parameters as shown below in Table 1, depending on
which type of aircraft, fixed wing or rotary wing, FLTA system 100 is
coupled with.



WO 2009/138989 PCT/IL2009/000490

Table 1 — Flight Parameters Monitored in an Aircraft

Rotary Wing Aircraft Fixed Wing Aircraft
Weight Weight
Center of gravity Center of gravity
Longitudinal cyclic position Longitudinal stick position
Lateral cyclic position Lateral stick position
Collective position Pedal position / Rudder position
Pedal position / Tail rotor pitch Pitch attitude
Pitch attitude Roll attitude
Roll attitude Pitch rate
Pitch rate Roll rate
Roll rate Yaw rate
Yaw rate Altitude
Main rotor torque Engine RPM (revolutions per
minute)
Tail rotor torque Engine EGT (exhaust gas
temperature)
Main rotor speed Propeller pitch
Tail rotor speed Nozzle position
Wind speed Wind speed
Vertical speed Vertical speed
Altitude
Longitudinal acceleration
Lateral acceleration
Vertical acceleration

Regarding the flight parameters monitored for rotary wing
aircraft, pedal position and tail rotor pitch refer to substantially the same
measurement. Regarding the flight parameters monitored for fixed wing
aircraft, pedal position and rudder position refer to substantially the same

measurement. Also, the flight parameters engine EGT, propeller pitch and

-9-
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hozzle position are not always available or applicable to all types of aircraft
engines as parameters which can be monitored on all fixed wing aircraft.
Therefore, these flight parameters are monitored only if they are available
to aircraft controls and sensors monitoring system 104. Regarding the
flight parameters monitored in rotary wing aircraft, the flight parameters:
longitudinal cyclic position, lateral cyclic position, collective position and
pedal position/tail rotor pitch are not always available or applicable to all
types of rotary wing aircraft. For example, high-end helicopters may be
able to monitor the aforementioned flight parameters, whereas low-end
helicopters may not be able to monitor such flight parameters.

In the operational phase of FLTA system 100, in general, aircraft
controls and sensors monitoring system 104 monitors the above
enumerated flight parameters in Table 1 and provides those flight
parameters to processor 102. Based on the received flight parameters,
processor 102 utilizes a neural network based algorithm to determine an
estimated flight regime. It is noted that in one embodiment of the
disclosed technique, a subset of the flight parameters listed in Table 1 is
used by the neural network based algorithm to determine an estimated
flight regime. An example of a subset of the flight parameters listed in
Table 1 is shown below in Table 2 for rotary wing aircraft. In this example,
the flight parameters monitored are separated into mandatory flight
parameters which must be monitored and optional flight parameters which
can be monitored if available or applicable to a particular type of rotary
wing aircraft. According to this embodiment of the disclosed technique,
optional flight parameters do not need to be monitored at all. The
mandatory flight parameters can be divided up into a plurality of sets,
where each set represents a particular type or classification of rotary wing
aircraft. For example, one set could be defined for high-end rotary wing
aircraft with another set defined for low-end rotary wing aircraft. High-end

rotary wing aircraft may include dual pilot dual engine helicopters, whereas

-10-
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low-end rotary wing aircraft may include small single engine single pilot

helicopters.
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Table 2 — Subset of Flight Parameters Monitored in a Rotary

Wing Aircraft
Flight Parameter | High-End Rotary | Low-End Rotary | Optional Set of
Wing Aircraft Wing Aircraft Flight
Mandatory Set of | Mandatory Set of Parameters
Flight Flight
Parameters Parameters
Weight X X
Center of gravity X X
Longitudinal X X
cyclic position
Lateral cyclic X X
position
Collective X X
position
Pedal position / X X
Tail rotor pitch
Pitch attitude X X
Roll attitude X X
Pitch rate X X
Roll rate X X
Yaw rate X X
Main rotor torque X X
Tail rotor torque X
Main rotor speed X
Tail rotor speed X
Wind speed X X
Vertical speed X X
Altitude X X
Longitudinal X X

-12-
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acceleration

Lateral X X
acceleration
Vertical X X

acceleration

As can be seen from Table 2, for high-end rotary wing aircraft,
only the flight parameters for which an 'X' is placed under the 'High-End
Rotary Wing Aircraft Mandatory Set of Flight Parameters' column must be
monitored and provided to processor 102. For low-end rotary wing
aircraft, only the flight parameters for which an 'X' is placed under the
'Low-End Rotary Wing Aircraft Mandatory Set of Flight Parameters'
column must be monitored and provided to processor 102. An 'X' in the
'‘Optional Set of Flight Parameters' column represents a flight parameter
which can optionally be monitored, if available and applicable to a
particular rotary wing aircraft, if the flight parameter is not included under
mandatory set of flight parameters column for either a high-end or low-end
rotary wing aircraft. For example, longitudinal cyclic position is a
mandatory flight parameter to be monitored for a high-end rotary wing
aircraft, whereas it is an optional flight parameter to be monitored for a
low-end rotary wing aircraft. Longitudinal acceleration is a mandatory
flight parameter to be monitored for a low-end rotary wing aircraft, whereas
it is an optional flight parameter to be monitored for a high-end rotary wing
aircraft. Tail rotor torque is an optional flight parameter to be monitored for
both high-end and low-end rotary wing aircraft.

In the disclosed technique, the neural network based algorithms
used are algorithms which attempt to generate a mapping between the
monitored flight parameters in Table 1 or Table 2 and a suitable protection
envelope type. It is noted that the estimated flight regime represents the
flight regime determined by the neural network based algorithm which

most closely matches the predefined flight regimes stored in the planning

-13-
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phase. It is noted that the estimated flight regime may not represent the
actual flight regime the aircraft is currently in. For example, an aircraft
may actually be in a flight regime assigned to a speed interval of between
50 and 60 knots, but based on the various flight parameters determined by
aircraft controls and sensors monitoring system 104, the estimated flight
regime may be determined to be a flight regime assigned to a speed
interval of between 40 and 50 knots, as the received flight parameters
correlate more with the 40 to 50 knots flight regime than with the 50 to 60
knots flight regime. The neural network based algorithm can 6utput, for
example, a code indicative of the estimated flight regime. For example, an
output code of 3 may indicate that, based on the received flight
parameters, the aircraft is in a flight regime assigned to a speed interval of
between 30 and 40 knots.

Based on the determined estimated flight regime by the neural
network based algorithm, processor 102 selects the most suitable
protection envelope type for the aircraft. In one embodiment of the
disclosed technique, processor 102 uses the dimensions of the protection
envelope type stored in the memory unit, or in processor 102, as the
protection envelope for FLTA system 100. In another embodiment of the
disclosed technique, processor 102 modifies the dimensions of the
selected protection envelope type based on additional flight parameters,
such as the vertical speed of the aircraft, the turn rate of the aircraft, the
weight of the aircraft and the altitude of the aircraft as well as the
estimated flight regime and the particular type and make of the aircraft. In
general, aircraft controls and sensors monitoring system 104 can also
monitor these flight parameters. It is noted that the weight of the aircraft
can also be used as a flight parameter for modifying the dimensions of the
selected protection envelope type. In this embodiment, the modified
protection envelope is used as the protection envelope for FLTA system
100. 1t is noted in particular that, unlike the prior art, FLTA system 100

-14-
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does not make use of the speed of the aircraft as a flight parameter for
selecting the protection envelope used by FLTA system 100.

In general, neural network based algorithms require a learning
phase, sometimes referred to in the art as a training phase, as well as a
testing phase, before they can be used effectively in making a decision. In
the art, once a neural network based algorithm has completed its training
phase, it is considered calibrated. In FLTA system 100, the neural
network based algorithm is put through a learning phase which is specific
for a particular type of aircraft and its specific performance envelope. In
general, the learning phase can be executed by using data from a 6
degrees of freedom (herein abbreviated DOF) simulation of the particular
type of aircraft or by using data collected from an actual flight of the
particular type of aircraft. The data can include the flight parameters
which are provided to processor 102 from aircraft controls and sensors
monitoring system 104 as well as the correct flight regime for each set of
flight parameters inputted during the learning phase. This data is used in
the learning phase of the neural network based algorithm as well as in the
testing phase of the neural network based algorithm. In general, the
testing phase tests the validity of what the neural network based algorithm
has "learned” in the learning phase. The learning phase and the testing
phase of the neural network based algorithm are described in more detail
below in Figure 3. The learning phase and the testing phase are executed
during the planning phase of FLTA system 100. In one embodiment of the
disclosed technique a backpropagation algorithm may be used for
executing the learning phase. In another embodiment of the disclosed
technique, a resilient backpropagation algorithm, also known as an Rprop
algorithm, is used for executing the learning phase.

Reference is now made to Figure 2, which is a schematic
llustration of an FLTA method, operative in accordance with another
embodiment of the disclosed technique. In procedure 132, a planning

phase for an FLTA system is executed. This procedure is explained in
-15-
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further detail below with reference to Figure 3. In general, in this
procedure, the performance envelope of a particular type of aircraft is
divided into predefined flight regimes with a suitable protection envelope
type defined for each predefined flight regime. Also, in this procedure, a
neural network based algorithm is calibrated to map monitored flight
parameters to suitable protection envelope types. With reference to
Figure 1, it is noted that before FLTA system 100 (Figure 1) can be used
with a TAWS on an aircraft, FLTA system 100 needs to go through a
planning phase. In the planning phase, the performance envelope of an
aircraft is divided up into a set of predefined flight regimes by an external
processor (not shown). In procedure 134, various flight parameters of the
aircraft are monitored. For example, the flight parameters listed in Table 1
or Table 2 may be monitored, depending on the type of aircraft, fixed wing
or rotary wing, the FLTA method is used with. In addition, the vertical
speed of the aircraft and the turn rate of the aircraft can also be monitored.
With reference to Figure 1, aircraft controls and sensors monitoring
system 104 (Figure 1) is a sensor capable of monitoring various flight
parameters of an aircraft.

In procedure 136, a calibrated neural network based algorithm is
used to determine an estimated flight regime of the aircraft based on the
monitored flight parameters in procedure 134. It is noted that in one
embodiment of the disclosed technique, a subset of the flight parameters
monitored in procedure 134 is used by the neural network based
algorithm.  With reference to Figure 1, aircraft controls and sensors
monitoring system 104 monitors the above enumerated flight parameters
in Table 1 or Table 2 and provides those flight parameters to processor
102 (Figure 1). Based on the received flight parameters, a neural network
based algorithm in processor 102 determines an estimated flight regime.
In procedure 138, a suitable protection envelope type is selected for the
aircraft based on the estimated flight regime. With reference to Figure 1,

based on the determined estimated flight regime by the neural network
-16-
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based algorithm, processor 102 selects the most suitable protection
envelope type for the aircraft. It is noted that in one embodiment of the
disclosed technique, after procedure 138 is executed, procedure 142 is
executed. In another embodiment of the disclosed technique, after
procedure 138 is executed, procedure 140 is executed followed by the
execution of procedure 142.

In procedure 140, the dimensions of the selected protection
envelope type are modified based on certain monitored flights parameters.
In particular, the following flight parameters are used to modify the
dimensions of the selected protection envelope type: weight of the aircraft,
vertical speed of the aircraft, turn rate of the aircraft and altitude of the
aircraft. In addition, the selected protection envelope type can be modified
based on the estimated flight regime and the particular type and make of
the aircraft. With reference to Figure 1, in another embodiment of the
disclosed technique, processor 102 modifies the dimensions of the
selected protection envelope type based on additional flight parameters,
such as the vertical speed of the aircraft, the turn rate of the aircraft,
weight of the aircraft and the altitude of the aircraft as well as the
estimated flight regime and the particular type and make of the aircraft. In
procedure 142, the position of the protection envelope is compared with
terrain elevation data at the geographic position of the protection
envelope. In procedure 144, a warning or alert is issued if the comparison
in procedure 142 determines that the protection envelope bisects the
terrain or an obstacle. It is noted that a warning or alert can also be
issued if the protection envelope bisects a predetermined safety margin
above the terrain or an obstacle. In general, procedures 142 and 144
represent standard procedures executed in the functioning of a TAWS and
are therefore optional procedures in the method of Figure 2 which relates
more to a method for embodying an FLTA system.

Reference is now made to Figure 3, which is a schematic

illustration of an FLTA planning phase method, operative in accordance
-17-
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with a further embodiment of the disclosed technique. The method of
Figure 3 represents the sub-procedures executed in procedure 132 in the
method of Figure 2. In procedure 170, data for a particular type of aircraft
is collected from either an actual flight of the particular type of aircraft or
from a 6 DOF simulation of the particular type of aircraft. In general, this
data represents the flight parameters listed above in Table 1 or Table 2.
For example, the flight parameters could be stored as a vector, with each
vector representing the values of the flight parameters at a particular
moment in time. As an example, in order for the neural network based
algorithm to "learn,” a few hundred vectors could be generated, each one
representing a different set of values of the flight parameters in Table 1 or
Table 2 at different times. In procedure 172, the performance envelope of
a particular type of aircraft is divided into predefined flight regimes. In one
embodiment of the disclosed technique, a minimum and maximum number
of predefined flight regimes can be defined. With reference to Figure 1,
processor 102 (Figure 1) receives the performance envelope of an aircraft
and divides the performance envelope into a set of predefined flight
regimes. In procedure 174, a suitable protection envelope type is defined
and stored for each predefined flight regime. In general, the protection
envelope types stored represent protection envelopes whose dimensions
have been tailored for each particular predefined flight regime. With
reference to Figure 1, for each predefined flight regime, processor 102
defines a suitable protection envelope type which is stored in a memory
unit.

In procedure 176, a neural network based algorithm receives as
input the data collected in procedure 170 as well as the predefined flight
regimes and suitable protection envelope types determined in procedure
174. Using this input, which can be referred to as a learning group, the
neural network based algorithm then learns how to determine a flight
regime based on flight parameters. For example, using the

backpropagation algorithm, for each vector of flight parameters inputted
-18-
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into the neural network based algorithm, as collected above in procedure
170, an expected flight regime is defined. Each flight regime is then
assigned a particular suitable protection envelope type. Arbitrary weights
are then assigned by which the neural network based algorithm
determines a particular flight regime based on flight parameters. Initially,
since the weights are arbitrary, the determined flight regimes for each
vector of flight parameters by the neural network based algorithm will not
match the defined expected flight regime. The difference between the
expected flight regime and the determined flight regime by the neural
network based algorithm is known as an error. By changing the value of
the weights, the neural network based algorithm minimizes the error until it
is below a predefined error threshold for each vector of flight parameters.
At this point, the neural network based algorithm is considered calibrated,
L.e., the weights are calibrated. It is noted that other algorithms known in
the art can be used in this procedure for training the neural network based
algorithm. In procedure 178, a plurality of flight parameter test cases are
generated, which can be referred to as a test group. In general, the flight
parameters generated for the test cases are those listed above in Table 1
or Table 2, depending on the type of aircraft the neural network based
algorithm is used for. As an example, vectors of flight parameters not
used in the learning phase of the neural network based algorithm are
generated as test vectors. As seen in Figure 3, procedures 170, 172, 174
and 176 can be executed simultaneously as procedure 178 is executed.
In procedure 180, once the neural network based algorithm has finished
its learning phase, the validity, or the performance, of what the neural
network based algorithm has learned is tested. In general, the plurality of
test case flight parameters generated in procedure 178 is used to test the
validity, or the performance, of the learning of the neural network based
algorithm in procedure 180. As an example, using the weights determined
in the learning phase, the determined flight regime for each vector is

compared with the expected flight regime. The neural network based
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algorithm may pass the testing phase if the error for each test vector is
below a predefined error threshold. Once the neural network based
algorithm has been calibrated and tested, the planning phase of an FLTA
method is complete. The neural network based algorithm can then be
used, as in Figure 2, in an FLTA operational phase for determining a
suitable protection envelope based on inputted flight parameters.

As mentioned above, before an FLTA can be used with a
TAWS, a planning phase must be executed on the FLTA, as shown in
Figure 3, in which a neural network based algorithm ‘'learns' how to
determine a flight regime based on a set of monitored flight parameters
(procedure 176). In general, a neural network based algorithm uses a
neural architecture, which includes 3 layers, to 'learn.! In the art these
layers are known as an input layer, an output layer and a hidden layer.
The hidden layer couples the input layer to the output layer. In the
disclosed technique, the input layer is coupled with the flight parameters
provided to the neural network based algorithm, the output layer produces
the determined flight regime and the hidden layer connects between them.
In an embodiment of procedure 176, a neural architecture of 4 layers can
be used by the neural network based algorithm to 'learn.' These 4 layers
include an input layer, a first hidden layer, a second hidden layer and an
output layer. In this neural architecture, the input layer includes 100
neurons, where each neuron represents a vector of inputs, where the
inputs could be monitored flight parameters. The input layer is coupled
with the first hidden layer, which includes 50 neurons. The first hidden
layer is coupled with the second hidden layer, which includes 25 neurons,
and the second hidden layer is coupled with the output layer, which
includes a single neuron. By using a single neuron in the output layer, a
number representing an estimated flight regime based on the inputted
flight parameters can be outputted. It is noted that the number outputted
by the output layer can also represent a speed interval. In this respect,

according to this embodiment of the disclosed technique, the neural
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network based algorithm can either 'learn’ to output a flight regime based
on a set of flight parameters, or a speed interval, based on a set of flight
parameters. Recall that above, each flight regime is substantially related
o an interval of speed.

The neurons in each layer are coupled in a full connectivity
configuration. In such a configuration, each neuron in a given layer is
coupled with each neuron in the next layer it is coupled with. For example,
each of the 100 neurons in the input layer is coupled with each of the 50
neurons in the first hidden layer. Likewise, each of the 50 neurons in the
first hidden layer is coupled with each of the 25 neurons in the second
hidden layer, and each of the 25 neurons in the second hidden layer is
coupled with the single neuron in the output layer. Each neuron operates
based on a particular function, known in the art as a transfer function or a
firing function. This particular function substantially determines whether a
neuron is activated or not depending on its outputted value. In this
embodiment of the disclosed technique, each layer in the neural
architecture is operated using a different transfer function. The input layer
and the second hidden layer both use a logarithm sigmoid function, which
gives an output value between 0 and 1. The first hidden layer uses a
tangent sigmoid function, which gives an output value between -1 and 1.
The output layer uses a linear function which gives an output value for any
value. A linear function is used in the output layer to output a whole
number which can either represent a flight regime or a particular speed
interval.

In this embodiment of procedure 176, the input to this
procedure, which is substantially the learning group of monitored flight
parameters, may include hundreds of vectors, with each vector
representing a set of monitored flight parameters. The learning group may
be equally divided up and assigned to a predefined number of flight
regimes. Recall that each flight regime can be represented as a speed

interval, such as between 77 knots and 88 knots. For example, if 8 flight
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regimes are defined and the learning group includes 600 vectors, then
each flight regime will be assighed 75 vectors. In procedure 176, each of
these vectors is used to enable the neural network based algorithm to
'learn' how to determine a flight regime based on a set of flight parameters
using a set of weights, as described above. Since the 'learning' of the
neural network based algorithm is based on the vectors in the learning
group, the determined weights may become biased towards, or specific for
the vectors in the learning group as the weights are changed and the
difference between the expected flight regime and the determined flight
regime by the neural network based algorithm is minimized, which is
generally known as an error.

According to this embodiment of procedure 176, an additional
group of vectors representing sets of flight parameters, known as a
validation group, is inputted to the neural network based algorithm at the
same time as the learning group is inputted to the neural network based
algorithm. The validation group may also include hundreds of vectors,
with each vector representing a set of flight parameters. The validation
group is used to generate a stopping rule for stopping the determined
weights from being changed. In the learning group, the determined
weights are continuously changed to minimize the error, as described
above. Each time the weights are changed, the weights are used to check
the error in the validation group. In general, as the error in the learning
group decreases, the error in the validation group will decrease as well.
When the determined weights become too specific for the learning group,
the error in the learning group decreases while the error in the validation
group increases. At this point, the changing of the weights in the learning
group is stopped, and the determined weights which generated a minimal
error in the validation group are used as the calibrated weights for the
neural network based algorithm. The validation group thereby enables a

stopping rule to be defined for changing the weights in the learning group.
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In an embodiment of procedure 180, the validity, or the
performance, of the neural network based algorithm, based on the
calibrated weights, is tested using a test group which may inciude a
plurality of test case flight parameters, as generated in procedure 178.

5 For example, the plurality of test case flight parameters may include
hundreds of thousands of vectors, with each vector representing a set of
flight parameters. The test group can be used to determine the quality of
the learning of the neural network based algorithm and can be used to
compare the quality of different calibrated weights for the neural network

10 based algorithm. In general, higher quality calibrated weights will generate
a lower error on each vector in the test group.

It will be appreciated by persons skilled in the art that the
disclosed technique is not limited to what has been particularly shown and
described hereinabove. Rather the scope of the disclosed technique is

15 defined only by the claims, which follow.
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CLAIMS

Apparatus for forward looking terrain avoidance (FLTA) in an aircraft,
comprising:

a processor, for executing at least one neural network based
algorithm; and

at least one sensor, each said at least one sensor coupled with
said processor, for monitoring a plurality of flight parameters of said
aircraft, thereby generating a plurality of monitored flight parameters;

wherein said processor divides the performance envelope of
said aircraft into predefined flight regimes,

wherein for each said predefined flight regime, said processor
defines and stores a suitable protection envelope type,

wherein said processor determines an estimated flight regime of
said aircraft using said at least one neural network based algorithm
based on said plurality of monitored flight parameters, and

wherein said processor selects a respective suitable protection
envelope type for said aircraft based on said estimated flight regime.

The apparatus according to claim 1, said apparatus coupled with a
terrain awareness and warning system (TAWS).

The apparatus according to claim 1, wherein said aircraft is a fixed
wing aircraft.

The apparatus according to claim 1, wherein said aircraft is a rotary
wing aircraft.

The apparatus according to claim 1, wherein each said predefined

flight regime relates to a predefined interval of speed.
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The apparatus according to claim 1, wherein said apparatus is
operational when said aircraft attains a minimum speed.

The apparatus according to claim 1, wherein said plurality of flight
parameters is selected from the list consisting of:

weight;

center of gravity;

longitudinal cyclic position:

longitudinal stick position;

lateral cyclic position;

lateral stick position;

collective position:

pedal position;

rudder position;

tail rotor pitch;

pitch attitude;

roll attitude;

pitch rate;

roll rate;

yaw rate;

altitude;

main rotor torque;

tail rotor torque;

main rotor speed:;

tail rotor speed;

engine revolutions per minute (RPM);

engine exhaust gas temperature (EGT);

propeller pitch;

nozzle position;

wind speed;

vertical speed;
-25-
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longitudinal acceleration;
lateral acceleration; and

vertical acceleration.

The apparatus according to claim 1, wherein said plurality of flight
parameters comprises a mandatory set of flight parameters and an
optional set of flight parameters, said mandatory set of flight
parameters and said optional set of flight parameters being
determined by the type of said aircraft.

The apparatus according to claim 1, wherein said processor modifies
at least one dimension of said respective suitable protection envelope
type for said aircraft based on a subset of said plurality of monitored
flight parameters.

The apparatus according to claim 9, wherein said subset of said
plurality of flight parameters is selected from the list consisting of:

vertical speed,;

weight;

altitude;

said estimated flight regime;

type of aircraft; and

make of aircraft.

Method for forward looking terrain avoidance (FLTA) in an aircraft,
the method comprising the procedures of:
monitoring a plurality of flight parameters of said aircraft;
executing a planning phase for an FLTA system in said aircraft;
determining an estimated flight regime for said aircraft based on
said monitored plurality of flight parameters using a calibrated neural

network based algorithm; and
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selecting a suitable protection envelope type for said aircraft
based on said estimated flight regime,
wherein said procedure of executing said planning phase
comprises the sub-procedures of:
dividing the performance envelope of said aircraft into
predefined flight regimes;
for each said predefined flight regime, defining and storing
a suitable protection envelope type; and
calibrating a neural network based algorithm to map said
monitored flight parameters to a suitable protection envelope

type for said aircraft based on said estimated flight regime.

The method according to claim 11, further comprising the procedures
of:

comparing the position of said selected suitable protection
envelope type with terrain elevation data at the geographic position of
said selected suitable protection envelope type; and

issuing a warning if said procedure of comparing determines that
said selected suitable protection envelope type bisects a

predetermined boundary.

The method according to claim 12, wherein said predetermined
boundary is selected from the list consisting of:

terrain;

an obstacle;

a predetermined safety margin above said terrain; and

a predetermined safety margin above said obstacle.

The method according to claim 11, further comprising the procedure

of modifying at least one dimension of said selected suitable
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protection envelope type based on a subset of said plurality of

monitored flight parameters.

The method according to claim 11, further comprising the procedure
of modifying at least one dimension of said selected suitable
protection envelope type based on at least one of:

“said estimated flight regime;

type of said aircraft; and

make of said aircraft.

Method for a planning phase of a forward looking terrain avoidance
(FLTA) system in an aircraft, the method comprising the procedures
of:

dividing the performancé envelope of said aircraft into
predefined flight regimes;

for each said predefined flight regime, defining and storing a
suitable protection envelope type;

monitoring a plurality of flight parameters of said aircraft; and

calibrating a neural network based algorithm to determine an
estimated flight regime of said aircraft based on said monitored
plurality of flight parameters.

The method according to claim 16, further comprising the procedure
of collecting data for a particular type of said aircraft, said data

substantially representing said plurality of flight parameters
The method according to claim 17, wherein said collected data is

collected from a 6 degree of freedom (DOF) simulation of said

particular type of said aircraft.
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The method according to claim 17, wherein said collected data is

collected from an actual flight of said particular type of said aircraft.

The method according to claim 16, wherein said neural network
based algorithm is selected from the list consisting of:
the backpropagation algorithm; and

the resilient backpropagation algorithm.

The method according to claim 16, further comprising the procedures

of:

generating a plurality of flight parameter test cases; and

testing the performance of said calibrated neural network based
algorithm.

The method according to claim 16, wherein said neural network
based algorithm comprises a neural architecture of four layers,
wherein said layer comprise an input layer, a first hidden layer, a
second hidden layer and an output layer.

The method according to claim 22, wherein said input layer
comprises 100 neurons, wherein said first hidden layer comprises 50
neurons, wherein said second hidden layer comprises 25 neurons

and wherein said output layer comprises 1 neuron.

The method according to claim 22, said neural architecture of four

layers being in a full connectivity configuration.

The method according to claim 22, wherein said input layer uses a
logarithm sigmoid transfer function, said first hidden layer uses a

tangent sigmoid transfer function, said second hidden layer uses a
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logarithm sigmoid fransfer function and said output layer uses a linear
transfer function.

The method according to claim 16, wherein said procedure of
calibrating said neural network based algorithm comprises the
sub-procedures of:
generating a plurality of flight parameter validation cases; and
defining a stopping rule.

Method for forward looking terrain avoidance (FLTA) in an aircraft,
the method comprising the procedures of:

dividing the performance envelope of said aircraft into
predefined flight regimes;

for each said predefined flight regime, defining and storing a
suitable protection envelope type;

monitoring a plurality of flight parameters of said aircraft, said
plurality of flight parameters comprising a first set of flight parameters
and a second set of flight parameters;

using a neural network based algorithm, determinihg an
estimated flight regime of said aircraft based on said first set of flight
parameters;

selecting a respective suitable protection envelope type for said
aircraft based on said estimated flight regime; and

modifying at least one dimension of said respective suitable
protection envelope type for said aircraft based on said second set of
flight parameters.

The method according to claim 27, wherein said second set of flight
parameters is selected from the list consisting of:
vertical speed,;

weight;
-30-
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altitude;
said estimated flight regime;
type of said aircraft; and
make of said aircraft.
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