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SYSTEM INTEGRATION

FIELD OF THE INVENTION

This invention relates to the integration of systems and, more particularly,

to the integration of weapons on complex, highly integrated aircraft.

BACKGROUND

Integration of a weapon system with the other systems on an aircraft is a
complex and lengthy task, as It affects all the major aircraft systems.
Accordingly there 1s a requirement to improve weapon Integration time and

affordability.

One of the requirements of weapon integration is to enable the display of
iInformation to the aircraft pilot as to whether or not a weapon is capable of
successfully engaging a particular target. For this purpose, weapons are
usually grouped Into two categories, weapons designed to engage targets on
the ground (air to ground weapons) and weapons designed to engage targets In
the air (air to air weapons). In the case of air to ground weapons, a Launch
Acceptability Region (LAR) Is calculated, being the region where the probability
of successfully engaging or hitting a selected target 1s above some threshold
value. The LAR Is calculated in order to provide cockpit displays Iin the launch
aircraft indicating the feasiblility of successfully engaging the target, and Is a
function of the weapon performance characteristics, the relative positions and
motions of the aircraft and the target, and often ambient conditions such as

wind speed and direction.

For an air to air weapon, a Launch Success Zone (LSZ) Is calculated,
iIndicative of the probability of successfully engaging a selected air target being
above some threshold value. Again the LSZ is used to provide a cockpit display
Indicating whether the weapon 1s capable of successfully engaging the target.
However, calculation of an LSZ is more complicated than the calculation of an
LAR because the relative speeds and directions of travel of the launch aircraft

and the target are much greater, the effects of ambient conditions are greater,



10

15

20

25

30

CA 03020785 2018-10-12

WO 2017/187144 PCT/GB2017/051130

_D -

and also the physical properties of the weapons In flight are more significant on

the calculation.

The conventional approach has been to create a simple, abstract model
of the weapon, which Is modified according to the launch conditions (taking into
account the aircraft and target conditions (e.g. range, direction and speed of
travel, etc.) and the ambient conditions). The model I1s used on board the
aircraft to generate the LAR or LSZ for display to the pilot. A disadvantage of
the conventional approach Is that each model, for each different weapon type, Is
different. Storing the data relating to several different implicit models consumes
significant storage capacity, and each model has to be comprehensively
Integrated to ensure that there I1s no adverse effect on any of the aircraft
systems. Further, If there are any changes or modifications made to a weapon
(such as an improvement in performance) or If it IS necessary to load the aircraft
with a completely new weapon, a lengthy and expensive integration process
has to be conducted because the weapon model Is substantially different to

anything previously integrated with the aircraft systems.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a method for generating,
IN an aircraft in flight, a feasibility display indicative of the feasibility of a weapon
carried on the aircraft successfully engaging a target and/or the feasiblility of a
weapon carried on the target successfully engaging the aircraft. The method
comprises: providing, for use by one or more first processors remote from the
aircraft, a generic test algorithm, the generic test algorithm specifying a set of
multiple possible tests for testing feasibility data, the feasibility data being
iIndicative of the feasibility of a weapon carried on the aircraft successfully
engaging a target and/or the feasibility of a weapon carried on the target
successfully engaging the aircraft; determining, by the one or more first
processors remote from the aircraft, configuration data for configuring the
generic test algorithm to specify one or more particular tests from the set of
multiple possible tests; uploading the configuration data from the one or more

first processors to one or more second processors, the one or more second
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processors being on the aircraft; providing, for use by one or more second
processors on the aircraft, the feasibility data; configuring, by the one or more
second processors on the aircraft, the same generic test algorithm using the
uploaded configuration data, thereby determining, on the aircraft, the one or
more particular tests; modifying, by the one or more second processors on the
aircraft, the feasibility data to satisfy the one or more particular tests, thereby
generating modified feasibility data; and generating, by the one or more second
processors on the aircraft, the feasibility display using the modified feasibility

data.

The step of determining configuration data may comprise: providing, for
use by the one or more first processors, data selected from the group of data
consisting of a weapon performance envelope for the weapon, and one or more
display preferences of a user of the aircraft; and, using the provided data,

determining, by the one or more first processors, the configuration data.

The step of configuring the same generic test algorithm using the
uploaded configuration data may comprise: selecting, from the uploaded
configuration data, particular configuration data; and configuring the generic test
algorithm using the selected particular configuration data. The step of selecting
may be performed based on one or more measured properties of the aircraft

and/or one or more measured properties of the target.

The feasibility display may comprise information selected from the group
consisting of: a Launch Acceptability Region for the weapon, a Launch Success

Zone for the weapon, and a Missile Engagement Zone for the weapon.

The one or more particular tests may include one or more test criteria

selected from a group of generic test criteria consisting of:
Rmax > Rmin
RNe > Rmin
Rmax > RNe
Rmin > C1
Rmax < G2

IF Rmax < Rmin THEN Set Rmax - Rmin;
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IF Rne < Rmin THEN set Rye = Rmin,
IF Rmax < Rne THEN set Riax = Rie;
IF Rmin < C3 THEN set Riyin = C3: and
IF Rinax > C4 THEN set Rpyax = Ca;

where: Rmax IS @ maximum range of a Launch Acceptability Region, a Launch
Success Zone, or a Missile Engagement Zone; Rne IS @ no-escape region of the
Launch Acceptability Region, the Launch Success Zone, or the Missile
Engagement Zone; Rmin 1S @ minimum range of the Launch Acceptabllity
Region, the Launch Success Zone, or the Missile Engagement Zone; C4 Is a
first predetermined distance from the aircraft; C, is a second predetermined
distance from the aircraft; Cs is a third predetermined distance from the aircraft;
and C4 1s a fourth predetermined distance from the aircraft; and wherein
modifying the feasibility data to satisfy the one or more particular tests

comprises modifying the feasibility data to satisfy the one or more test criteria.

The method may further comprise: providing, for use by one or more first
processors, a generic schedule algorithm, the generic schedule algorithm
specifying a set of multiple possible data processing schedules In accordance
with which data processing on the aircraft may be performed; determining, by
the one or more first processors remote from the aircraft, second configuration
data for configuring the generic schedule algorithm to specify a particular data
processing schedule from the set of multiple possible data processing
schedules; uploading the second configuration data to the aircraft from the one
or more first processors to the one or more second processors; and configuring,
by the one or more second processors on the aircraft, the same generic
schedule algorithm using the uploaded second configuration data, thereby
determining, on the aircraft, the particular schedule. The steps of configuring the
generic test algorithm, modifying the feasibility data, and generating the
feasibility display may be performed In accordance with the determined

particular schedule.

The method may further comprise, prior to the step of configuring the
generic test algorithm, modifying the configuration data comprising: providing a

first copy of the configuration data; providing a second copy of the configuration
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data; comparing the first copy to the second copy so as to identify, within the
first copy, a pointer, the pointer being located at a first data element of the first
copy, the pointer specifying a second data element of the first copy; determining
an offset for the pointer, the offset specifying a number of data elements
between the first data element and the second data element; and modifying the
first copy such that the pointer within the first copy specifies the second data
element using only the first data element and the offset. The step of configuring
the generic test algorithm may be performed using the same generic algorithm

and the modified first copy of the configuration data.

The process of modifying the configuration data may be performed prior
to the configuration data being uploaded to the aircraft, and the configuration

data uploaded to the aircraft is the modified first copy of the configuration data.

The step of providing, for use by one or more second processors on the
aircraft, the feasibility data may comprise: providing, for use by one or more first
processors, a further generic algorithm, the further generic algorithm specifying
a set of multiple possible feasibility data; determining, by the one or more first
processors remote from the aircraft, further configuration data for configuring
the further generic algorithm to specify particular feasibility data from the set of
multiple possible feasibility data; uploading the further configuration data to the
aircraft from the one or more first processors to the one or more second
processors; and configuring, by the one or more second processors on the
aircraft, the same further generic algorithm using the uploaded further
configuration data, thereby determining, on the aircraft, the particular feasibility

data.

The further generic algorithm may be a generic polynomial. The further
configuration data may comprise coefficients for the generic polynomial.
Determining the further configuration data may comprises: acquiring a
respective performance envelope for one or more different types of aircraft;
using the one or more aircraft performance envelopes, determining a
performance envelope defining the performance of all of the different aircraft
types:; using a weapon performance envelope and the performance envelope
that 1s representative of the performance of all of the different aircraft types,

determining a further performance envelope, the further performance envelope
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defining the weapon’'s performance when that weapon I1s implemented on each
of the different aircraft types, the further performance envelope being the
minimum envelope that defines the weapon's performance when that weapon Is
Implemented on each of the different aircraft types; and determining the
coefficients for the generic polynomial that fit the generic polynomial to the

further performance envelope.

In a further aspect, the present Invention provides apparatus for
generating, In an aircraft in flight, a feasibility display indicative of the feasiblility
of a weapon carried on the aircraft successfully engaging a target and/or the
feasibility of a weapon carried on the target successfully engaging the aircraft.
The apparatus comprises: one or more first processors remote from the aircraft
and configured to process a provided generic test algorithm specifying a set of
multiple possible tests for testing feasibility data so as to determine
configuration data for configuring the generic test algorithm to specify one or
more particular tests from the set of multiple possible tests, the feasibility data
being Indicative of the feasibility of a weapon carried on the aircraft successfully
engaging a target and/or the feasibility of a weapon carried on the target
successfully engaging the aircraft; an uploader configured to upload the
configuration data determined by the one or more first processors to one or
more second processors; and one or more second processor located on the
aircraft and configured to: configure the same generic test algorithm using the
uploaded configuration data, thereby to determine, on the aircraft, the one or
more particular tests; modify feasibility data provided on the aircraft to satisfy
the one or more particular tests, thereby generating modified feasibility data;

and generate the feasibility display using the modified feasibility data.

The apparatus may further comprise a display for displaying the

feasibility display.

In a further aspect, the present invention provides an aircraft comprising:
a receiving module configured to receilve configuration data uploaded to the
aircraft, the configuration data configuring a generic test algorithm, the generic
test algorithm specifying a set of multiple possible tests for testing feasibility
data, the configuration data for configuring the generic test algorithm to specify

one or more particular tests from the set of multiple possible tests, the feasibility
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data being Indicative of the feasibility of a weapon carried on the aircraft
successfully engaging a target and/or the feasibility of a weapon carried on the
target successfully engaging the aircraft; one or more processors configured to
a first generator configured to: configure the same generic test algorithm using
the uploaded configuration data, thereby to determine, on the aircraft, the one
or more particular tests; and modify feasibility data provided on the aircraft to
satisfy the one or more particular tests, thereby generating modified feasibility
data; and a generator configured to generate a feasibility display using the
modified feasibility data, the feasibility display being indicative of the feasibility
of a weapon carried on the aircraft successfully engaging a target and/or the

feasibility of a weapon carried on the target successfully engaging the aircraft.

The aircraft may further comprise a display for displaying the feasibility

display.

In a further aspect, the present Invention provides a method for
generating, In an aircraft in flight, a feasibility display indicative of the feasibility
of a weapon carried on the aircraft successfully engaging a target and/or the
feasibility of a weapon carried on the target successfully engaging the aircraft.
The method comprises: providing a weapon performance envelope for the
weapon; determining, using the weapon performance envelope, configuration
data for configuring a generic algorithm; uploading the configuration data to the
aircraft; generating feasibility data indicative of the feasibility of a weapon
carried on the aircraft successfully engaging a target and/or the feasibility of a
weapon carried on the target successfully engaging the aircraft; determining, on
pboard the aircraft, using the same generic algorithm and the uploaded
configuration data, one or more test criteria; performing, on board the aircraft,
an assessment process including determining whether or not the feasibility data
satisfies the one or more test criteria; and, based on a result of the assessment
process, using the feasibility data, generating, on the aircraft, the feasiblility

display.

The feasibility of the weapon carried on the aircraft successfully engaging
a target and/or the feasibility of the weapon carried on the target successfully
engaging the aircraft may be displayed on the aircraft, e.g. to a pilot of the

aircraft.
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The step of determining the one or more test criterla may comprise
selecting, from the configuration data, data for configuring the generic algorithm

INn order to generate the one or more test criteria.

The step of selecting may be performed according to aircraft and target

conditions.

The step of generating the feasibility display may comprise, If the
feasibility data fails to satisfy one or more of the test criteria: modifying the
feasibility data such that it satisfies each failed criterion; and generating the
feasibility display based on the modified feasibility data; or, If the feasibility data

satisfies each of the one or more of the test criteria, generating the feasiblility

display based on the feasibility data.

The feasibility display may comprise information selected from the group
consisting of: a Launch Acceptability Region for the weapon, a Launch Success

Zone for the weapon, and a Missile Engagement Zone for the weapon.

The one or more test criteria may Include one or more test criteria

selected from the group of test criteria consisting of:
Rmax > Rmin
RNe > Rmin
Rmax > Rne
Rmin > C1
Rmax < Co
IF Rmax < Rmin THEN set Rmax = Rmin;
IF Rne < Rmin THEN set Rye = Rmin,
IF Rmax < Rne THEN set Riax = Rie;
IF Rmin < C3 THEN set Riyin = C3: and
IF Rinax > C4 THEN set Ryax = Ca;

where: Rmax IS @ maximum range of a Launch Acceptablility Region, a Launch
Success Zone, or a Missile Engagement Zone; Rne IS @ no-escape region of the

Launch Acceptability Region, the Launch Success Zone, or the Missile
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Engagement Zone; Rmin IS @ minimum range of the Launch Acceptability
Region, the Launch Success Zone, or the Missile Engagement Zone; C4 Is a
first predetermined distance from the aircraft; C, i1s a second predetermined
distance from the aircraft; C3 is a third predetermined distance from the aircraft;

and C4 is a fourth predetermined distance from the aircraft.

The method may further comprise: determining, using the weapon
performance envelope, further configuration data for configuring a further
generic algorithm; uploading the further configuration data to the aircraft; and
determining, on the aircraft, using the same further generic algorithm and the
uploaded further configuration data, a schedule. One or more steps selected
from the group of steps consisting of: generating the feasibility data,
determining the one or more test criteria, and performing the assessment

process, may be performed In accordance with the determined schedule.

The method may further comprise, prior to the step of determining the
one or more test criteria, modifying the configuration data. Modifying the
configuration data may comprise: providing a first copy of the configuration
data; providing a second copy of the configuration data; comparing the first
copy to the second copy so as to identify, within the first copy, a pointer, the
pointer being located at a first data element of the first copy, the pointer
specifying a second data element of the first copy; determining an offset for the
pointer, the offset specifying a number of data elements between the first data
element and the second data element; and modifying the first copy such that
the pointer within the first copy specifies the second data element using only the
first data element and the offset. The step of determining, on board the aircraft,
the one or more test criteria may be performed using the same generic

algorithm and the modified first copy of the configuration data.

The process of modifying the configuration data may be performed prior
to the configuration data being uploaded to the aircraft, and the configuration

data uploaded to the aircraft is the modified first copy of the configuration data.

The step of generating the feasibility data may comprise: determining,

using the weapon performance envelope, coefficients for a generic polynomial;
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uploading the coefficients to the aircraft; and determining, on the aircraft, using

the same generic polynomial and the uploaded coefficients, the feasibility data.

Generating the feasibility data may comprise: acquiring a respective
performance envelope for one or more different types of aircraft; using the one
or more aircraft performance envelopes, determining a performance envelope
defining the performance of all of the different aircraft types; using the weapon
performance envelope and the performance envelope that Is representative of
the performance of all of the different aircraft types, determining a further
performance envelope, the further performance envelope defining the weapon's
performance when that weapon Is implemented on each of the different aircraft
types, the further performance envelope being the minimum envelope that
defines the weapon's performance when that weapon I1s implemented on each
of the different aircraft types; determining the coefficients for the generic
polynomial that fit the generic polynomial to the further performance envelope;
uploading, to the aircraft, the generated coefficients; reconstructing, on the
aircraft, the further performance envelope using the same generic polynomial;
and, using aircraft and target conditions and the reconstructed further

performance envelope, generating, on the aircraft, the feasibility data.

In a further aspect, the present Invention provides apparatus for
generating, In an aircraft in flight, a feasibility display indicative of the feasiblility
of a weapon carried on the aircraft successfully engaging a target and/or the
feasibility of a weapon carried on the target successfully engaging the aircraft.
The apparatus comprises: one or more processors configured to determine,
using a provided weapon performance envelope for the weapon, configuration
data for configuring a generic algorithm; an uploader configured to upload the
configuration data to the aircraft; a first generator configured to generate
feasibility data indicative of the feasibility of a weapon carried on the aircraft
successfully engaging a target and/or the feasibility of a weapon carried on the
target successfully engaging the aircraft; a second generator configured to
determine, on board the aircraft, using the same generic algorithm and the
uploaded configuration data, one or more test criteria; an assessment module
configured to perform, on board the aircraft, an assessment process Including

determining whether or not the feasibility data satisfies the one or more test
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criteria; and a third generator configured to, based on a result of the
assessment process, using the feasibility data, generate, on the aircraft, the

feasibility display.

The one or more processors may be configured to determining the

configuration data are remote from the aircraft.

The apparatus may further comprise a display for displaying the

feasibility display.

In a further aspect, the present invention provides an aircraft comprising:
a recelving module configured to receive configuration data uploaded the to the
aircraft, the configuration data for configuring a generic algorithm and being
pbased on a weapon performance envelope for a weapon; a first generator
configured to generate feasibility data indicative of the feasibility of the weapon
carried on the aircraft successfully engaging a target and/or the feasiblility of the
weapon carried on the target successfully engaging the aircraft; a second
generator configured to determine, using the same generic algorithm and the
uploaded configuration data, one or more test criteria; an assessment module
configured to perform an assessment process including determining whether or
not the feasibility data satisfies the one or more test criteria; and a third
generator configured to, based on a result of the assessment process, using the
feasibility data, generate a feasibility display indicative of the feasibility of a
weapon carried on the aircraft successfully engaging a target and/or the

feasibility of a weapon carried on the target successfully engaging the aircraft.

In a further aspect, the present invention provides a program or plurality
of programs arranged such that when executed by a computer system or one or
more processors It/they cause the computer system or the one or more
processors to operate In accordance with the method of any of the preceding

aspects.

In a further aspect, the present invention provides a machine readable
storage medium storing a program or at least one of the plurality of programs

according to the preceding aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figures 1a and 1b illustrate the Launch Acceptability Region (LAR) for an

air to surface weapon;

Figure 2 illustrates the Launch Success Zone (LSZ) for an air to air

weapon;

Figure 3 I1s a schematic Illustration (not to scale) showing a ground

system used for calculating the LAR or LSZ;

Figure 4 1s a schematic diagram Illustrating an embodiment of a

coefficient generator technigque; and

Figure 5 Is a schematic illustration (not to scale) showing a schematic

llustration of a configuration data test module; and

Figure 6 Is a schematic Illustration (not to scale) showing further detalls
of the launch aircraft, and illustrating process performed on board the launch

alrcraft.

DETAILED DESCRIPTION

Figure 1a shows the LAR In the plane of flight of a launch aircraft 1 flying
along a flight path 3 In respect of a target 5 for an air to surface weapon (not
shown) loaded on the aircraft. The LAR is calculated to provide cockpit displays
IN the launch aircraft 1 concerning the feasibility and firing opportunities for the
situation. Figures 1b shows the display generated for the LAR of Figure 1a,
which Is In the form of a downrange and cross range display (the shaded area),
where the weapon flight path 7 coincides with the aircraft flight path 3; to
successfully engage the target 5 as shown In the display, the target must fall
INside the shaded LAR. As the aircraft 1 moves In the downrange direction, the
displayed LAR Is bounded by the minimum and maximum ranges, Rmin and
Rmax

In addition to the LAR for the launch aircraft 1, a Missile Engagement
Zone (MEZ) for the target 5 may be determined and displayed to the pilot of the
aircraft 1. This MEZ may Indicate a region in which the likelihood of a ground-to-
alir weapon (e.g. a missile) carried by the target 5 successfully intercepting the

aircraft 1 1s above a threshold value.
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The LSZ shown in Figure 2 is the region where the probability of an air to
alr weapon hitting an airborne target T is above a threshold level. Calculation of
the LSZ tends to be more complicated than for the LAR, because a greater
number of factors are involved, such as the relative velocities and directions of
travel of the launch aircraft and the target, and those of the weapon relative to
the target. Also, the shape of the LSZ tends to be more complex than that of
the LAR; as with the LAR, there are maximum and minimum ranges, Rmax and
Rmin, Petween which the target T can be successfully engaged, but there Is a
zone bounded by Rmin within which the Target T cannot be engaged
successfully because It Is outside the capabllity of the weapon to manoeuvre
and hit the target when the launch aircraft 1s so close to the target, given the

speeds and directions of travel of the launch aircraft and the target T.

In this embodiment, the LSZ further includes a so-called “no escape
range” Rne. The zone bounded by Rne and Rnin IS @ zone In which the likelihood
of the Target T successfully evading the weapon i1s below a threshold likelihood.
This range may be determined using performance parameters of the weapon,

the launch aircraft 1, and the target T.

As is known In the art, there are two LSZs, one for the launch aircraft to

engage the target 7/ and the other for the target to engage the launch aircraft.

It iIs often a requirement to calculate the LAR or LSZ for an engagement
to display to the crew of the launch aircraft information regarding the feasibillity,
or likelihood of success, of the engagement, and to aid fire control and steering
decisions. The traditional approach has been to create a simple, abstract model
of the weapon that has parameters defined by the launch conditions; this model
IS then used on board the launch aircraft to generate the LAR, LSZ, or MEZ and

the appropriate display.

Figure 3 Is a schematic illustration (not to scale) showing an embodiment
of a first part of a system for calculating the LAR, LSZ, or MEZ. The first part of
the system, hereinafter referred to the "ground system” and indicated using the
reference numeral 11, Includes processing modules which are, In this

embodiment, located on the ground. A second part of the system for calculating
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the LAR or LSZ, which includes processing modules located on the launch

aircraft 1, 1s described in more detail later below with reference to Figure 6.

The first part of a system for calculating the LAR or LSZ 11 comprises a
data space generator 15 configured to generate the data space, which is the
range of conditions over which the weapon performance envelope Is to be
defined. Generation of the data space depends on the ranges of conditions: for
which 1t Is required to fire the weapon (which Is defined by the weapon
user/operator); for which it Is feasible to fire according to the launch aircraft
capability, and for which it I1s feasible to fire according to the weapon

capabllity/performance.

In this embodiment, the data space generator 15 comprises data which
describes performance parameters for each of a plurality of different aircraft
types. Different types of aircraft may have different capablilities from one
another, thus, for example, aircraft having the same or similar capabilities may
be regarded as being the same “aircraft type”. Different types of aircraft may be
different models or makes of aircraft and/or may have different manufacturers.
Different types of aircraft may have different operational parameters (maximum
speed, maximum altitude, g Imit, etc.). Different types of aircraft may be
configured for different purposes or function (e.g. bombers, fighters, re-fuelling
etc.). These aircraft performance envelopes may be supplied by the aircraft
manufacturers or through testing. The plurality of different aircraft types includes
the type of the launch aircraft 1 and, preferably, the target aircraft T. The
performance parameters for each of the aircraft types may include, but are not
limited to, a maximum achievable altitude, a maximum achievable g-force, and
a maximum achievable climb angle. The values of the performance parameters
for different types of aircraft may be different from one another. For example, a
first type of aircraft may have a maximum altitude of 45,000ft whereas a second

type of aircraft may have a maximum altitude of 55,000ft, and so on.

In this embodiment, the data space generator 15 further comprises data
which describes performance parameters for each of a plurality of different
weapon types, e.g. different weapons that may be loaded onto to the launch
aircraft or may be expected to be carried by a hostile target. These weapon

performance envelopes may be supplied by the weapon manufacturers or
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through testing. The plurality of different weapon types includes the type of the
weapon that 1s carried by the launch aircraft 1 and, preferably, the target. The
performance parameters for each of the weapon types may include, but are not
imited to, a maximum altitude at which the weapon may be released, a
maximum g-force at which the weapon may be released, and release
mechanism of the weapon. The values of the performance parameters for
different types of weapon may be different from one another. For example, a
first type of weapon may be able to be released up to an altitude of 35,000ft,
whereas a second type of weapon may be able to be released up to an altitude
of 45 000ft, and so on.

The data space generator 15 may define the release, weather and
commanded impact conditions for training and verification sets which are run by

a truth data generator 17.

The data space generator 15 Is operatively coupled to the truth data
generator 17 such that the truth data generator 17 may receive an output of the

data space generator 15.

The truth data generator 1/ determines the weapon performance for
each firing case In the data space; this depends on the weapon performance

model which 1s usually provided by the weapon manufacturer.

In this embodiment, for each type of weapon, a further weapon

performance envelope I1s determined as follows.

Firstly, a "maximum aircraft performance envelope” Is determined using
the maximum performance envelope limits across all aircraft types. In other
words, for each of the aircraft performance parameters, an envelope for that
performance parameter that covers the performance, with respect to that
performance, across all the different aircraft types 1s determined. For example,
If, across all aircraft types, the maximum achievable altitude 1s 55,000ft, then
the maximum aircraft performance envelope has, for the maximum altitude
performance parameter, an envelope specifying Oft to 55,0001t (similarly for the

other aircraft performance parameters).

In this embodiment the maximum aircraft performance envelope may be

expressed as:
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where

4, = [(az'j ) imin' (al']' ) max |

1,..., N I1s an Iindex for the aircraft performance parameters, N

where: |

being the number of aircraft performance parameters;

1=1,...,M Is an Iindex for the types of aircraft, M being the number of

different aircraft types; and

a, I1s the envelope of the ith aircraft performance parameter of the

jth aircraft type, (a,),;, being the minimum (over all aircraft types j) of the lower

bounds of all envelopes «,, and (a,),, being the maximum (over all aircraft

types |) of the upper bounds of all envelopes a; .

The aircraft performance envelope A covers at least the performance

envelopes of each of the different types of aircraft.

Secondly, for each weapon type, an “updated” or “further’ weapon
performance envelope 1s determined using the initial weapon performance
envelope of that weapon type (provided by the weapon supplier and stored In
the data space generator 15) and the maximum aircraft performance envelope
A. In this embodiment, the further weapon performance envelope for a
particular weapon type 1s the minimum performance envelope (l.e. smallest
range of parameter values) that specifies the performance of a weapon of that
weapon type being launched from each of the different aircraft types. In this
embodiment, for a particular performance parameter, the envelope of that
performance parameter as specified In the further weapon performance
envelope for a particular weapon type 1s the minimum performance envelope of
that performance parameter specified by the Initial weapon performance

envelope of that weapon type and the maximum aircraft performance envelope
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A. For example, for a given weapon type, If the maximum achievable altitude
across all the aircraft types 1s 55,000ft but the maximum altitude from which that
weapon may be released is only 45,000ft, then the further weapon performance
envelope specifies an envelope specifying of 0Oft to 45,000ft In which that

weapon Is releasable (similarly for the other aircraft performance parameters).

In this embodiment the further weapon performance envelope for the kth

weapon type may be expressed as:

Wi = (ka W irseees WkL)

Where

W/d — [max((alj )min 5 Wkl Jlower )9 min((alj )max 5 Wkl upper )]

where: [=1,..., L is an index for the weapon performance parameters, L

being the number of weapon performance parameters;

k=1,...,K IS an index for the types of weapon, K being the number

of different weapon types; and

Witiower a@nd Wy are the lower and upper bounds

respectively of the envelope of the Ith weapon performance parameter of the kth

weapon type.

Thus, the further weapon performance envelope specifies, for a given
weapon type, the performance of that weapon when carried by any of the

different aircraft types.

The product of the truth data generator 1/ I1s output to, and stored In a
truth database 19. The product of the truth data generator 17 which iIs stored In
the truth database 19 I1s a set of data specifying, for each weapon type, the
further weapon performance envelope for each of a plurality of exemplary
weapon firings. The truth data generator 1/ may produce the training and

verification sets which are used by one or more configuration data generators.
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In this embodiment, the configuration data generators include a coefficient
generator 21, a look-up table data generator 25 a LAR/LSZ check data

generator 29, and an output manager data generator 33.

Conventionally, the truth database 19 is used as a model which can be

employed on board the launch aircraft 1 in order to generate the feasibility of

engagement displays (LAR or LSZ, as appropriate).

In this embodiment, the coefficient generator 21 I1s configured to
determine configuration data for configuring (e.g. Instantiating) a generic
LAR/LSZ algorithm 23. In particular, in this embodiment the coefficient
generator 21 receives the further weapon performance envelopes stored by the
truth database 19 and calculates, for each weapon type and for each example
weapon firing, configuration data for the generic LAR/LSZ algorithm 23. In this
embodiment, as described in more detail later below, the generic LAR/LSZ
algorithm 23 comprises one or more generic polynomials, for example, a
generic polynomial for each output parameter that i1s to be determined to specify
an LAR/LSZ (e.g. a generic polynomial for each of Rmax, Rmin, @nd Rne, €tc.).
The configuration data for the generic LAR/LSZ algorithm 23 includes
coefficients for each generic polynomial that “fit” that generic polynomial to the
further weapon performance envelope shape. An example method of
determining coefficient values that fit a generic polynomial to the further weapon
performance envelope of a particular weapon type and particular example

weapon firing Is described In more detaill later below.

In this embodiment, the generic LAR/LSZ algorithm 23 comprises one or
more generic polynomials. However, In other embodiments, the generic
LAR/LSZ algorithm 23 comprises one or more different types of generic
algorithm (1.e. other than a generic polynomial) instead of or in addition to the
one or more generic polynomials. Examples of other algorithms that may be
comprised in the generic LAR/LSZ algorithm 23 include, but are not limited to, a
look-up table (e.g. a multidimensional look-up table), and a neural network.
Thus, the configuration data for the generic LAR/LSZ algorithm 23 may be a
different type of configuration data for instantiating the generic LAR/LSZ
algorithm 23, other than configuration data that include coefficients for the

generic polynomials.
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In some embodiments, the coefficient generator 21 may generate
coefficients by building training and verification footprints (representing the
target engagement envelope) from data extracted from the truth database, by
fitting a geometric shape to the training footprint and by defining the coefficients
for the generic LAR/LSZ algorithm 23. The coefficient generator 21 may then
verify the coefficients against the verification sets by creating footprints based
on the coefficients at the verification set conditions and by confirming that these

verification footprints meet the criteria for successful engagement.

In other embodiments, an alternative method of coefficient generation Is
used as Illustrated In Figure 4. The number of Inputs and the form of each
polynomial descriptor, PD “®¥¢" N°%¢ are determined by an optimisation method

known as the Genetic Algorithm.

What will now be described is a method of determining coefficient values
that fit a generic polynomial of the generic LAR/LSZ algorithm 23 to the further
weapon performance envelope of a particular weapon type and particular
example weapon firing. It will be appreciated that in reality, a set of coefficients
IS determined for each of the weapon types for each of the example weapon

firings.

In this method the coefficient generator 21 starts by creating an initial set
of candidate polynomials whose variables are some or all of the weapon or
aircraft firing condition parameters. Each of the candidate polynomials Is a
unique solution the fitting problem. Some or all of the candidate polynomials
may have different order, or dimension, from some or all of the other candidate
polynomials. For each candidate polynomial, a set of coefficients Is then
computed that best “fit" that candidate polynomial to the further weapon
performance envelope. This may be done using a criterion of least square error
or any other fitting method. For each candidate polynomial, a "score” indicative

of the quality of this fit Is then computed.

The Genetic Algorithm is then applied to the candidate polynomials and
scores. In this embodiment, the best scoring polynomials are retained and the
other (I.e. worst scoring) polynomials are rejected. New candidate polynomials

that have similar features to the retained candidate polynomials are then
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created to replace the rejected ones (e.g. by “breeding” the retained candidate
polynomials). A set of coefficients and score values are then calculated for this

new generation of candidates, and so on.

The Genetic Algorithm is repeated until improvement in the scores of the
best candidates ceases or some other criteria are satisfied. The result 1s the first

layer, Layer 1, of a Self-Organising Polynomial Neural Network (SOPNN).

The whole process Is then repeated with the outputs of the first layer
providing the inputs to create a second layer, Layer 2, of the SOPNN. The new
layer has the effect of creating higher-order candidate polynomials and
coefficients for consideration. The selection of polynomials in the new layer Is

again governed and optimised by the Genetic Algorithm.

Layers are added to the SOPNN in this way until improvement in the
scores of the best candidates ceases or some other criteria are satisfied. A
completed network comprising two layers Is represented In Figure 4. The final
network Is obtained recursively from the path ending at the output node with the
best score in the final generation of candidates (the “Optimum Solution™). Any
node with no connection to this path Is discarded as shown In Figure 4, where
nodes which contribute to the optimal solution are lightly shaded and discarded

nodes are black.

The best single candidate polynomial and coefficient set Is identified and
stored. This process Is repeated until all the required characteristics of the
LAR/LSZ have corresponding polynomial models. In other words, the process is
repeated until, for each firing condition, and for each weapon type, a polynomial
model fitted to the further weapon performance envelope for that weapon type

and firing condition Is generated.

The generic polynomials of the generic LAR/LSZ algorithm 23 are
predetermined, and In the present invention are a polynomial equations of the

form:

Mn
—_ Plmn P2mn
yn _Zamnxl xz 'K
m=1



10

15

20

25

30

CA 03020785 2018-10-12

WO 2017/187144 PCT/GB2017/051130

_ 21 -
Where:

a ., represent the m coefficients required to compute output n;
{x,..x,, } represent the normalised inputs; and

{y,.-yy } represent the outputs.

Preferably, the order of each generic polynomial is three or greater. More
preferably, the order of each generic polynomial 1s between 10 and 25. More
preferably, the order of each generic polynomial is 20. Surprisingly, it has been
found that using generic polynomials with orders of around 20 adequately
describes most air-to-air engagements accurately in an appropriate runtime for
on-aircraft implementation. Nevertheless, the generic polynomials may have

orders greater than 2.

Referring again to Figure 3, the output of the coefficient generator 21 Is
configuration data for the generic LAR/LSZ algorithm 23 comprising the
determined set of coefficients. The coefficient generator 21 sends the set of

coefficients to a configuration data test module 37.

In this embodiment, the look-up table data generator 25 I1s configured to
determine configuration data for configuring (e.g. instantiating) a generic look-
up table algorithm 27. In particular, in this embodiment, the look-up table data
generator 25 recelves the further weapon performance envelopes stored by the
truth database 19 and calculates, for each weapon type and for each example
weapon firing, configuration data for the generic look-up table algorithm 27. The
configuration data for the generic look-up table algorithm 27 comprises data that
specifies a configuration for the generic look-up table algorithm 27, thereby
specifying a specific look-up table algorithm. The configuration data for the
generic look-up table algorithm 27 may Include a set of input values to the
generic look-up table algorithm 27. In this embodiment, the generic look-up
table algorithm 27 comprises one or more look-up tables. The configuration
data for the generic look-up table algorithm 27 may Iinclude, for example, data
that specifies, for each weapon type and for each example weapon firing, which

look-up table or tables of the generic look-up table algorithm 27 are to be used
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for that weapon and firing, and/or an order In which multiple look-up tables

should be used for that weapon and firing.

In some embodiments, the configuration data for the generic [ook-up
table algorithm 27 iIs typically a subset of the truth data points in database 19.
The generic look-up table algorithm 27 may, for example, be used In
circumstances where there are a |imited number of elements of the
performance envelope affecting the output. Such circumstances would tend not
to merit the complexity of a more powerful algorithm such as a polynomial. A
typical usage would be for calculation of the maximum throw of the weapon
under current conditions, which does not depend on any of the target
characteristics. Preferably, the lookup table operates by interpolating between
tabulated data points. Preferably, the generic algorithm operates independently
of the number of Inputs or the number of tabulated values, this latter information

forming part of the configuration data.

The output of the look-up table data generator 25, 1.e. the configuration
data for the generic look-up table algorithm 27, 1s sent, by the look-up table data

generator 25, to the configuration data test module 37.

In this embodiment, the LAR/LSZ check data generator 29 is configured
to determine configuration data for configuring (e.g. Instantiating) a generic
check algorithm 31 (which may also be referred to as a generic test algorithm).
The generic check or test algorithm defines multiple possible checks or tests
that may be used to check or test the feasibility data (e.g. an LAR, LSZ, or
MEZ). The tests or checks may check the validity of the feasibility data. In this
embodiment, the LAR/LSZ check data generator 29 receives the further
weapon performance envelopes stored by the truth database 19 and calculates,
for each weapon type and for each example weapon firing, configuration data
for the generic LAR/LSZ check algorithm 31. The configuration data for the
LAR/LSZ check data generator 29 comprises data that specifies a configuration
(or Instantiation) for the generic LAR/LSZ check algorithm 31, thereby
specifying a specific LAR/LSZ check algorithm. The specific LAR/LSZ check
algorithm specified by this configuration data may include particular checks or

tests selected from the group of multiple checks or tests defined by the generic
LAR/LSZ check algorithm 31. The specific LAR/LSZ check algorithm may, for
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example, consist of a strict subset of the set of multiple checks or tests defined
by the generic LAR/LSZ check algorithm 31. The configuration data for the
generic LAR/LSZ check algorithm 31 may include a set of input values to the
generic LAR/LSZ check algorithm 31.

In this embodiment, the generic LAR/LSZ check algorithm 31 comprises
one or more rules (e.g. IF-THEN rules) and/or test criteria against which a
determined LAR/LSZ may be assessed. The generic LAR/LSZ check algorithm
31 may specify one or more actions that are to be performed if a particular rules
or test criterion Is not satisfied. Examples of appropriate rules that may be

iIncluded in the generic LAR/LSZ check algorithm 31 include, but are not limited

to:
IF Rmax < Rmin THEN set Rmax = Rmin;
IF Rne < Rmin THEN set Rne = Rmin;
IF Rmax < Rne THEN set Riax = Rie;
IF Rmin < C1 THEN set Rpin = Cy;
IF Rmax > C2 THEN set Ryax = Co;

where C1 IS some predetermined minimum distance from the aircraft 1, and

where C, Is a predetermined maximum weapon range from the aircraft 1.

In this embodiment, the generic LAR/LSZ check algorithm 31 comprises
one or more rules (e.g. IF-THEN rules). However, In other embodiments, the
generic LAR/LSZ check algorithm 31 comprises one or more different types of
check or test algorithm (i.e. other than IF-THEN rules) instead of or in addition
to the IF-THEN rules. Examples of other algorithms that may be included in the
generic LAR/LSZ check algorithm 31 include, but are not limited to, a filtering
algorithm that may be configured by appropriate by configuration data (for
example, a filtering algorithm for filtering out input conditions that are incapable
of yielding a successful engagement of the target), and a process of selecting a
maximum or minimum value from the set of values generated from the specific

polynomial.

The configuration data for the generic LAR/LSZ check algorithm 31 may

INnclude, for example, data that specifies, for each weapon type and for each
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example weapon firing, which of the rules or test criteria of the generic LAR/LSZ
check algorithm 31 are to be used for that weapon and firing, and/or an order In
which multiple rules and/or test criteria should be applied for that weapon and

firing.

Also for example, In some cases the system Is to calculate an optimal
aircraft bearing for using the weapon, and a suitable steering cue may be
provided to the pilot. In such cases, an example check rule that may be used is:

IF optimal steering < delta THEN Rmax = Ropt.

Preferably, the algorithm allows any number of appropriate checks to be
performed, which may depend on the specific requirements of the weapon
and/or the operator. For example, In some embodiments, the configuration data
for the generic LAR/LSZ check algorithm 31 is based on the further weapon
performance envelopes stored by the truth database 19. Also for example, In
some embodiments, the configuration data for the generic LAR/LSZ check
algorithm 31 1s based on one or more user preferences (e.g. display preference
of a pilot of the aircraft) instead of or In addition to the further weapon

performance envelopes.

The output of the LAR/LSZ check data generator 29, I1e. the
configuration data for the generic LAR/LSZ check algorithm 31, is sent, by the
LAR/LSZ check data generator 29, to the configuration data test module 37.

In this embodiment, the output manager data generator 33 receives the
further weapon performance envelopes stored by the truth database 19 and
calculates, for each weapon type and for each example weapon firing,
configuration data for a generic output manager algorithm 35. The configuration
data for the generic output manager algorithm 35 comprises data that specifies
a configuration for the generic output manager algorithm 35, thereby specifying
a specific output manager algorithm. In this embodiment, the generic output
manager algorithm 35 comprises one or more different schedules. Each
schedule specifies one or more of the other generic algorithms (i.e. the generic
LAR/LSZ algorithm 23, the generic look-up table algorithm 27, and the generic
LAR/LSZ check algorithm 31) and an order for those specified generic

algorithms. The configuration data for the generic output manager algorithm 35
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may Include, for example, data that specifies, for each weapon type and for
each example weapon firing, a specific schedule (1.e. which generic algorithms
are to be Implemented, and In which order) for that weapon and firing.
Preferably, the schedule also defines how the outputs from each generic

algorithm are used as Inputs to other algorithms later in the schedule.

The output of the output manager data generator 33, 1.e. the
configuration data for the generic output manager algorithm 35, I1s sent, by the

output manager data generator 33, to the configuration data test module 37.

In this embodiment, the configuration data test module 3/ receives
configuration data from each of the configuration data generation modules 21,
25, 29, 33. The configuration data test module 37 processes each set of
recelved configuration data to ensure that that configuration data Is well-
defined Irrespective of a memory address at which that configuration data Is
stored. In this embodiment, the test module 37 transforms the configuration
data to ensure this property of re-locatability. Furthermore, the configuration
data test module 37 may, for each set of configuration data, modify that
configuration data set to provide that that configuration data is fully defined
Irrespective of a memory address at which that configuration data Is stored.
The configuration data test module 37 and the process performed by the
configuration data test module 37 I1s described In more detall later below with

reference to Figure 5.

The configuration data test module 37 sends its output (l.e. the well-

defined configuration data sets) to the data uploader 39.

The data uploader 39 loads the configuration data received from the
configuration data test module 37 onto the launch aircraft. The processes
performed on the launch aircraft 1 will be described In more detall later below

with reference to Figure 6.

Figure 5 1s a schematic illustration (not to scale) showing a schematic

llustration of the configuration data test module 37.

In this embodiment, the configuration data test module 37 comprises a

memory 40, a comparator 42, and a data modification module 44.
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The memory 40 Is coupled to each of the configuration data generators
21, 25, 29, 33 such that configuration data generated by the configuration data
generators 21, 25, 25, 33 may be stored in the memory 40. The memory 40 Is
further coupled to the comparator 42 such, in operation, that data stored in the
memory 40 may be accessed and retrieved by the comparator 42. The
comparator 42 i1s further coupled to the data modification module 44 such that,
IN operation, an output of the comparator 42 I1s sent to the data modification
module 44. The data modification module 44 s further coupled to the data
uploader 39 such that, in operation, an output of the data modification module

44 s sent to the data uploader 39.

In this embodiment, the configuration data test module 37 processes a
received set of configuration data as follows. Although the processing of only a
single set of configuration data for a single generic algorithm Is described
below, It will be appreciated by the skilled person that the configuration data test
module 37 may process multiple sets of configuration data (e.g. each set of

configuration data) either in series or In parallel.

Firstly, the memory 40 receives the configuration data and stores two
copies of that configuration data, hereinafter referred to as the “first
configuration data copy”’ and the “second configuration data copy” and indicated

IN the Figures by the reference numerals 46 and 48 respectively.

In this embodiment, the first configuration data copy 46 Is stored In the
memory 40 at a first memory location 50. The first memory location 50 Includes
memory address lines L to L+X inclusively, 1.e. the lines of data that make up
the first configuration data copy 46 occupy memory address lines L to L+X

Inclusively of the memory 40.

In this embodiment, the second configuration data copy 48 Is stored In
the memory 40 at a second memory location 52. The second memory location
52 Includes memory address lines M to M+X Inclusively, 1.e. the lines of data
that make up the second configuration data copy 48 occupy memory address

lines M to M+X inclusively of the memory 40.

In this embodiment, a line of the configuration data 46, 48 comprises a

pointer that points (i.e. refers to or specifies) one or more other lines of that
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configuration data. In particular, the first configuration data copy 46 comprises a
first pointer 54 that points (as indicated In Figure 5 by a solid arrow) to a data
value 55 located at a first memory address 56, the first memory address 56
being within the first configuration data copy 46. Thus, as the second
configuration data copy 48 Is a copy of the first configuration data copy 46, the
second configuration data copy 48 comprises a second pointer 58 that points to
the data value 55 located at a second memory address 60, the second memory

address 60 being within the second configuration data copy 48.

In some embodiments, the configuration data 46, 48 comprises multiple

pointers.

In some embodiments, the configuration data 46, 48 may Include a
different type of pointer instead of or in addition to pointer that points to a data
value, for example, a function pointer that points to executable code within that

configuration data 46, 48.

After the two copies of the configuration data 46, 48 have been stored In
the memory 40, the comparator 42 accesses the memory 40 and compares the
first configuration data copy 46 to the second configuration data copy 48. In this
embodiment, the second configuration data copy 48 I1s a copy of the first
configuration data copy 46, thus the only differences between the first
configuration data copy 46 to the second configuration data copy 48 are the first
and second pointers 54, 58. The first pointer 54 s different to the second
pointer 58 because the first pointer 54 refers to the first memory address 56,
while the second pointer 58 refers to the second memory address 60. The first

memory address 56 Is different to the second memory address 60.

Thus, by comparing the two copies of the configuration data 46, 48, the

comparator 42 1s able to identify the pointers 56, 58 within that configuration

data.

The first pointer 54 points to the first memory address 56 within the first
configuration data copy 46. A distance between the memory location of the first
pointer 56 and the first memory address 56 Is hereinafter referred to as the
‘offset” and Is Indicated In Figure 5 by a double-headed dotted arrow and the

reference numeral 62. The second pointer 58 points to the second memory
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address 58 within the second configuration data copy 48. The distance between
the memory location of the second pointer 58 and the second memory address
60 1s equal to the offset 62.

For each Identifled pointer in a copy of the configuration data, the
comparator 42 may determine a value for the offset corresponding to that
pointer, 1.e. a distance between the memory address of that pointer and the
memory address referred to by that pointer. In this embodiment, the comparator

42 determines, for the first pointer 54, the value of the offset 62 for that pointer
54,

After processing the configuration data stored in the memory 40, the
comparator 42 subsequently sends, to the data modification module 44, the first
configuration data copy 46, the locations within the first configuration data copy
46 of all identified pointers In the first configuration data copy 46, and, for each
of those identified pointers, the offset determined for that pointer. Thus In this
embodiment, the comparator 42 sends, to the data modification module 44, the
first configuration data copy 46, the location within the first configuration data

copy 46 of the first pointer 54, and the offset 62.

The data modification module 44 processes the data received from the
comparator 42 by modifying each of the identified pointers In the received
configuration data 46 using the offset corresponding to that pointer. Thus, the
first pointer 54 1s modified using the offset 62. In particular, the first pointer 54 Is
modified such that the data value 55 Is specified using the memory location of
the first pointer 54 and the offset 62. The first pointer 54 may be modified such
that it specifies the data value 55 using only the memory location of the first
pointer 54 and the offset 62. Thus, the first pointer 54 may be changed from
specifying the data value 55 using a line address of the data value 55, to
specifying the data value 55 using the line address of the first pointer 54 and the
offset 62. Thus, advantageously, the first configuration data copy 46 1s modified
such that each pointer of that configuration data i1s well-defined (1.e. Iinternally
consistent) independently of a memory location at which that configuration data

IS stored.
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After processing the received data from the comparator 42, the data
modification module 44 sends to modifiled configuration data to the data
uploader 39. After sending the modified configuration data to the data uploader
39, the data modification module 44 may discard the information that specifies

the locations of pointers In the configuration data and the corresponding offsets.

Thus, the configuration data test module 37 and the process performed

thereby are provided.

Figure 6 Is a schematic illustration (not to scale) showing further details

of the launch aircraft 1, and illustrating process performed on board the launch

aircraft 1.

In this embodiment, the launch aircraft 1 comprises a reconstructor 70
and a display 72. The reconstructor 70 Is configured to receive the modified
sets of configuration data sent to the launch aircraft 1 by the data uploader 39.
The reconstructor 70 Is further coupled to the display 72 such that an output of
the reconstructor 70, such as a reconstructed LAR, LSZ, or MEZ, may be

displayed to the pilot of the launch aircraft 1 by the display 72.

In this embodiment, the reconstructor 70 comprises an output manager
74, an LAR/LSZ generation module 76, a look-up table module 78, and a
LAR/LSZ check module 80.

The output manager 74 comprises the same generic output manager
algorithm 35 as the output manager data generator 33. The output manager 74
receives the modified sets of configuration data sent to the aircraft 1 by the data
uploader 39. The output manager 74 then brings together the generic output
manager algorithm 35 with the received modified configuration data for the
generic output manager algorithm 35 so as to reconstruct the schedule
specified by that configuration data for a particular engagement by selecting the
appropriate algorithm and parameters for the current launch conditions (i.e. the
weapon or aircraft firing conditions). The schedule reconstructed by the output
manager /4 may specify, for each weapon type and for each example weapon
firing, which generic algorithms are to be implemented, and in which order, for
that weapon and firing. After reconstructing the schedule, the output manager

/4 distributes the other received modified configuration data sets (i.e.
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configuration data for the other generic algorithms 23, 27, 31) to the LAR/LSZ
generation module 76, the look-up table module 78, and the LAR/LSZ check

module 80 In accordance with the reconstructed schedule.

The LAR/LSZ generation module 76 comprises the same generic
LAR/LSZ algorithm 23 as the coefficient generator 21. In this embodiment, the
LAR/LSZ generation module 76 receives the modified configuration data for the
generic LAR/LSZ algorithm 23 from the output manager 74. The LAR/LSZ
generation module 76 brings together the generic LAR/LSZ algorithm 23 and
the uploaded coefficients, so as to reconstruct the LAR, LSZ, or MEZ for a
particular engagement by selecting the appropriate algorithm and parameters
for the current launch conditions (i.e. the weapon or aircraft firing
conditions/parameters). The weapon or aircraft firing condition parameters may
INnclude, but are not Iimited to, parameters such as aircraft velocities, aircraft
height, aircraft attitude, slant range to target, target velocities, target height, line
of sight azimuth, target pitch and aspect angles, and wind speed. The weapon
or aircraft firing condition parameters may include, but are not limited to relative
velocities and directions of travel of the launch aircraft and the target and those

of the weapon relative to the target.

Once the LAR, LSZ, or MEZ has been reconstructed for a particular
engagement by the LAR/LSZ generation module 76, the LAR/LSZ generation
module 76 sends the reconstructed LAR, LSZ, or MEZ back to the output
manager for the next stage in the schedule, such as the LAR/LSZ check module
80.

The look-up table module 78 comprises the same generic look-up table
algorithm 27 as the look-up table data generator 25. In this embodiment, the
look-up table module 78 receives the modified configuration data for the generic
look-up table algorithm 27 from the output manager 74. The look-up table
module /8 brings together the generic look-up table algorithm 27 and the
uploaded configuration data so as to reconstruct the specific look-up table
algorithm specified by that set of configuration data. The look-up table module
/8 then iImplements the reconstructed specific look-up table algorithm for the
current engagement using the current launch conditions (i.e. the weapon or

aircraft firing conditions/parameters). An output of the look-up table module 78
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may, for example, Include data that 1s useful to pilot 1 In the current
engagement. An output of the look-up table module 78 may include data that Is
to be used by one or more of other aircraft systems or subsystems, for example,
the LAR/LSZ generation module 76 and/or the LAR/LSZ check module 80,
and/or may generate Iintermediate results used by subsequent steps In the

output manager’'s schedule.

The LAR/LSZ check module 80 comprises the same generic check or
test algorithm 31 as the LAR/LSZ check data generator 29. In this embodiment,
the LAR/LSZ check module 80 receives the modified configuration data for the
generic LAR/LSZ check algorithm 31 from the output manager 74. The
LAR/LSZ check module 80 brings together the generic LAR/LSZ check
algorithm 31 and the uploaded configuration data so as to reconstruct the
specific LAR/LSZ check algorithm specified by that set of configuration data. In
other words, the LAR/LSZ check module 80 determines the particular tests or
checks specified by the check algorithm configuration data, that are to be
performed/satisfied on the generated LAR, LSZ, or MEZ. The LAR/LSZ check
module 80 then implements the reconstructed specific LAR/LSZ check
algorithm to check the LAR, LSZ, or MEZ that has been generated by the
LAR/LSZ generation module 76. The reconstructed specific LAR/LSZ check
algorithm performed by the LAR/LSZ check module 80 may also check one or
more of the outputs generated by the look-up table module 78, the order of
processing and the flow of data being, In this embodiment, entirely dictated by

the output manager’'s schedule (as defined in its configuration data).

In this embodiment, the specific LAR/LSZ check algorithm implemented
by the LAR/LSZ check module 80 includes one or more rules, checks, tests

and/or test criteria against which the LAR, LSZ, or MEZ is assessed.

In this embodiment, if a test criterion of the specific LAR/LSZ check
algorithm is not satisfied by the LAR, LSZ, or MEZ, the LAR/LSZ check module
80 modifies the LAR, LSZ, or MEZ so as to satisfy that criterion. For example, If
the LAR/LSZ check module 80 determines that Ryax < Rmin, then the LAR/LSZ
check module 80 may set Rmax = Rmin. IN some embodiments, the specific
LAR/LSZ check algorithm does not modify the LAR, LSZ, or MEZ so as to

satisfy previously unsatisfied criteria. For example, In some embodiments, If a
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test criterion of the specific LAR/LSZ check algorithm is not satisfied by the
LAR, LSZ, or MEZ, the LAR/LSZ check module 80 may output the unmodified
LAR, LSZ, or MEZ. In some embodiments, if one or more test criteria are not
satisfied by the LAR, LSZ, or MEZ tested by the LAR/LSZ check module 80, an
Indication of the criterion or criteria that was not satisfied 1s output by the
LAR/LSZ check module 80. This indication may be used by another system, for
example, this Indication may be displayed to the pilot and/or used by the
LAR/LSZ generation module 76 for improving the LAR/LSZ/MEZ reconstruction

Process.

In some cases, the check may indicate that the LAR/LSZ i1s empty, I.e. no
firing solution exists. In such cases the check may provide an indication to the

pilot of the manoeuvre required to improve the aircraft firing conditions.

Thus, a data-configurable algorithm Is used to perform consistency

checks on the outputs of other data-configurable algorithms.

In this embodiment, the LAR, LSZ, or MEZ output by the LAR/LSZ check
module 80 is sent, by the LAR/LSZ check module 80, to the display 72 where it
IS displayed to the pilot.

In this embodiment, In operation, when the launch aircraft 1 engages with
a hostile target aircraft T, the reconstructor 70 on board the launch aircraft 1
may select, from the uploaded configuration data, for each of the modules of the
reconstructor 70 (i.e. for the output manager 74, the LAR/LSZ generation
module 76, the look-up table module 78, and the LAR/LSZ check module 80),
those configuration data that correspond to the weapon being carried by the
launch aircraft 1 and that correspond to the relevant firing condition (altitude,
angle of attack, environmental conditions, speed etc.). The selected
configuration data may then be used to reconstruct the LSZ of the launch
aircraft 1 for display to the pilot of the launch aircraft 1. The selected
configuration data may also be used to modify that reconstructed LSZ so that it
fulfils one or more engagement-dependent criteria, prior to its display to the
pilot. The reconstructed LSZ of the launch aircraft 1 may also be used by other
systems on board the launch aircraft 1 to recommend actions to the pilot of the

launch aircraft 1 (e.g. a recommendation that the weapon is fired etc.).
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Also when the launch aircraft 1 engages with a hostile target aircraft T,
the aircraft type of the hostile target T may be determined by the pilot of the
launch aircraft 1 (or by other means) and input to the reconstructor /0. The
reconstructor /0 on board the launch aircraft 1 may then select, from the
uploaded configuration data, for each of the modules of the reconstructor 70,
those configuration data that correspond to the weapon most likely being
carried by the hostile target T and that correspond to the relevant firing
conditions. The selected configuration data may then be used to reconstruct the
LSZ of the hostile target T for display to the pilot of the launch aircraft 1. The
selected configuration data may also be used to modify that reconstructed LSZ
so that it fulfils one or more engagement-dependent criteria, prior to its display
to the pilot. The reconstructed LSZ of the hostile target T may also be used by
other systems on board the launch aircraft 1 to recommend actions to the pilot
of the launch aircraft 1 (e.g. a recommendation that certain evasive manoeuvres

are performed etc.).

In this embodiment, In operation, when the launch aircraft 1 engages with
a hostile ground target 5, the reconstructor 70 on-board the launch aircraft 1
may select, from the uploaded configuration data, for each of the modules of the
reconstructor 70, those configuration data that correspond to the weapon being
carried by the launch aircraft 1 and that correspond to the relevant firing
condition (altitude, angle of attack, environmental conditions, speed, etc.). The
selected configuration data may then be used to reconstruct the LAR of the
launch aircraft 1 for display to the pilot of the launch aircraft 1. The selected
configuration data may also be used to modify that reconstructed LAR so that it
fulfils one or more engagement-dependent criteria, prior to its display to the
pilot. The reconstructed LAR of the launch aircraft 1 may also be used by other
systems on board the launch aircraft 1 to recommend actions to the pilot of the

launch aircraft 1 (e.g. a recommendation that the weapon is fired etc.).

Also when the launch aircraft 1 engages with a hostile ground target 5,
the type of the ground target 5 may be determined by the pilot of the launch
aircraft 1 (or by other means) and Input to the reconstructor 70. The
reconstructor 70 on board the launch aircraft 1 may then select, from the

uploaded configuration data, for each of the modules of the reconstructor 70,
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those configuration data that correspond to the weapon most likely being
carried by the ground target 5 and that correspond to the relevant firing
conditions. The selected configuration data may then be used to reconstruct the
MEZ of the ground target 5 for display to the pilot of the launch aircraft 1. The
selected configuration data may also be used to modify that reconstructed MEZ
so that it fulfils one or more engagement-dependent criteria, prior to its display
to the pilot. The reconstructed MEZ of the ground target 5 may also be used by
other systems on board the launch aircraft 1 to recommend actions to the pilot
of the launch aircraft 1 (e.g. a recommendation that certain evasive manoeuvres

are performed etc.).

In the present Invention, a single algorithm allows the rapid change
pbetween different weapons payloads simply by uploading a set of data

representing the coefficients applicable to the new weapon.

Apparatus, Including the any of the above mentioned data processors,
for implementing the above described arrangement, may be provided by
configuring or adapting any suitable apparatus, for example one or more
computers or other processing apparatus or processors, and/or providing
additional modules. The apparatus may comprise a computer, a network of
computers, or one or more processors, for implementing instructions and using
data, Including Instructions and data in the form of a computer program or
plurality of computer programs stored In or on a machine readable storage
medium such as computer memory, a computer disk, ROM, PROM etc., or any

combination of these or other storage media.

Advantageously, the above described generic algorithms (e.g. the
generic polynomial for producing the LAR, LSZ or MEZ and the generic check
algorithm) may be used (e.g. simultaneously) by multiple different types of
aircraft. In other words, different types of aircraft may use the same generic
LAR/LSZ algorithm to calculate LARs/LSZs. Also, the same generic LAR/LSZ
algorithm may be used to calculate LARs/LSZs for different weapon types.
Thus, aircraft software comprising the generic algorithms and means for
allowing loading of configuration data for each weapon loaded on aircraft Is
produced only once. The software algorithm and configuration data, for any

given weapon, are the same for any aircraft type. This tends to be different to
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conventional methodologies In which, although common tools may be used for
polynomial and coefficient generation, both the software (including an
algorithm/polynomial) and coefficients are generated for every weapon type and
every time the weapon performance I1s changed. This need to rewrite the
software and the certification of 1t tends to be particularly costly. The above
described method and system advantageously tend to provide that the aircraft
software does not have to be rewritten and hence no new certification is

required.

The set of generic algorithms may advantageously be adapted through
pre-defined configuration data to alter their function or performance. For
example, as described above a standard form of polynomial algorithm i1s used to
provide pilot indications of expected weapon performance derived In real-time
from aircraft and sensor Inputs. The configuration data adapts the generic
algorithm to reflect the performance of the aircraft, sensors and weapon type.
Upgrades to any of these components will affect overall weapon system
performance. The above described system and method tends to allow the
benefit of these upgrades to be realised without the costly and expensive

process of software update and re-test.

The configuration data can be large and complex, and may contain many
hundreds of parameters that are strongly inter-related. The above described
system and method advantageously provides that this data Is prepared, tested

and then loaded into the operational system.

Advantageously, an architecture for a data-configurable system with
strong separation between fixed and configurable aspects of the system iIs
provided. The functions of the generic algorithms, and also the selection of the
algorithms themselves, are data-configurable. Furthermore, the functions of the

generic algorithms can be configured on-line, 1.e. during aircraft operation/flight.

The above described methods and apparatus advantageously tend to
allow for online and data-configurable post-processing of determined feasibility
data (e.g. a determined LSZ, LAR or MEZ). In other words, determined
feasibility data can be checked and tested, and If desired modified, in an online

and data-configurable way. This tends to be beneficial over, for example,
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conducting checks and adjustments of determined feasibility data off-line as
part of a training process. This online and data-configurable post-processing
tends to avoild a need for code change when modifications to the post-

processing tests are desired.

Advantageously, the above described data-configurable post-processing
of determined feasibility data allows for the efficient “filtering out” (or removal) of
any global engagement conditions that would prohibit a successful weapon

engagement (e.g. the aircraft being too high or too fast to deploy the weapon).

Advantageously, the above described data-configurable post-processing
of determined feasibility data allows for the removal of inconsistencies, errors,
etc. to be removed or resolved prior to the feasibility display being presented to
the aircraft's pilot. This tends to avoid confusing feasibility displays being

presented.

Advantageously, a data-configurable algorithm Is Iimplemented to

configure the execution order, input and output of the other algorithms.

In the above system and methods, data may be defined offline as a set
of static constants. Thus, the use of dynamic programming structures with their
INnherent verification difficulties tends to be reduced (e.g. minimised) or

eliminated.

In the above described system and methods, the ability to locate and
relocate configuration data in memory tends to be provided. Data tends to be
stored efficiently, avoiding wastage of data storage and minimising the size of

data files.

Advantageously, a need for an operating system on board the launch
alrcraft for managing configuration data sets tends to be reduced or eliminated.
Thus, cost and on board computational power tend to be reduced. The above
described system and methods use a very simple data interface, simple
algorithms, are self-contained and are independent of the computing platform

and programming language used.

Configuration data consistency checks are advantageously performed

using the inherent capabllities of the programming language.
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The use of efficient data-loading mechanisms that do not rely on file

systems or complex parsers tend to be provided.

The use of generic algorithms advantageously tends to avoid the need to
develop and maintain dedicated input/output functions for the configuration data
of each embedded algorithm. This tends to avoid sources of error where the
generic algorithms and their |/O capablilities become inconsistent during

modification/upgrade.

In some embodiments, each aircraft within a fleet comprising a plurality
of different aircraft i1s loaded with the same, common generic algorithms. When
a weapon Is loaded onto an aircraft in the fleet, the specific configuration data
corresponding to that weapon may also be loaded onto that aircraft. This tends
to be In contrast to conventional systems In which, although the tools for
generating LAR/LSZs may be common across multiple different aircraft, when a
weapon IS loaded onto an aircraft, both a polynomial/algorithm and
corresponding coefficients for generating LAR/LSZs are generated for that

alrcraft and weapon load-out.

In the above embodiments, a plurality of generic algorithms Is
implemented, namely the generic LAR/LSZ algorithm, the generic look-up table
algorithm, the generic LAR/LSZ check algorithm, and the generic output
manager algorithm. Advantageously, the above described reconstructor Is
extensible. Thus, In other embodiments, one or more of these generic
algorithms may be omitted, for example, In some embodiments, the generic
look-up table algorithm may be omitted. Also, In some embodiments, one or
more different generic algorithms may be implemented instead of or in addition
to one or more of the generic LAR/LSZ algorithm, the generic look-up table
algorithm, the generic LAR/LSZ check algorithm, and the generic output
manager algorithm. In embodiments In which a different generic algorithm Is
Implemented, the ground system 11 may include a generator for generating
configuration data for that different generic algorithm. Also, the reconstructor on
the aircraft may comprise a copy of that different generic algorithm and may be
configured to receive and process the configuration data for that different
generic algorithm so as to reconstruct the specific form of that different generic

algorithm specified by that configuration data. That specific form of the different
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generic algorithm may be implemented on board the launch aircraft, e.g. using
alrcraft data, to produce an output that may be, for example, used by an aircraft

subsystem or displayed to the aircraft pilot.

In the above embodiments, data processors and storage devices are
distributed between a ground location and the launch aircraft as described
above. However, In other embodiments, one or more of the data processors or
storage devices that, In the above embodiments, Is located on the ground, Is
iInstead located on the launch aircraft. Similarly, in some embodiments, one or
more of the data processors or storage devices that, in the above embodiments,

IS located on the launch aircraft, may instead be located on the ground such as

within a pilot training system.
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1. A method for generating, In an aircraft in flight, a feasibility display
Indicative of the feasibility of a weapon carried on the aircraft successfully
engaging a target and/or the feasibility of a weapon carried on the target

successfully engaging the aircraft, the method comprising:

providing, for use by one or more first processors remote from the
aircraft, a generic test algorithm, the generic test algorithm specifying a set of
multiple possible tests for testing feasibility data, the feasibility data being
Indicative of the feasibility of a weapon carried on the aircraft successfully
engaging a target and/or the feasibility of a weapon carried on the target

successfully engaging the aircraft;

determining, by the one or more first processors remote from the aircraft,
configuration data for configuring the generic test algorithm to specify one or

more particular tests from the set of multiple possible tests;

uploading the configuration data from the one or more first processors to
one or more second processors, the one or more second processors being on

the aircraft;

providing, for use by one or more second processors on the aircraft, the

feasibility data;

configuring, by the one or more second processors on the aircraft, the
same generic test algorithm using the uploaded configuration data, thereby

determining, on the aircraft, the one or more particular tests;

modifying, by the one or more second processors on the aircraft, the
feasibility data to satisfy the one or more particular tests, thereby generating

modified feasibility data; and

generating, by the one or more second processors on the aircraft, the

feasibility display using the modified feasibility data.

2. A method according to clam 1, wherein the step of determining

configuration data comprises:
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providing, for use by the one or more first processors, data selected from
the group of data consisting of a weapon performance envelope for the weapon,

and one or more display preferences of a user of the aircraft; and,

using the provided data, determining, by the one or more first

processors, the configuration data.

3. A method according to claim 1 or 2, wherein the step of configuring the
same generic test algorithm using the uploaded configuration data comprises:

selecting, from the uploaded configuration data, particular configuration

data; and

configuring the generic test algorithm using the selected particular

configuration data.

4 A method according to clam 3, wherein the step of selecting Is
performed based on one or more measured properties of the aircraft and/or one

or more measured properties of the target.

. A method according to any of claims 1 to 4, wherein the feasibility display
comprises Information selected from the group consisting of: a Launch
Acceptability Region for the weapon, a Launch Success Zone for the weapon,

and a Missile Engagement Zone for the weapon.

o. A method according to any of claims 1 to 5, wherein the one or more
particular tests include one or more test criteria selected from a group of generic

test criteria consisting of:
Rmax > Rmin
RNe > Rmin
Rmax > RNe

I'_'{min > C1
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Rmax < Co
IF Rmax < Rmin THEN set Rmax = Rmin;
IF Rne < Rmin THEN set Rye = Rmin,
IF Rmax < Rne THEN set Riax = Rie;
5 IF Rmin < C3 THEN set Riyin = C3: and
IF Rinax > C4 THEN set Ryax = Ca;

where: Rmax IS @ maximum range of a Launch Acceptablility Region, a Launch

Success Zone, or a Missile Engagement Zone;

Rne 1S @ no-escape region of the Launch Acceptability Region, the

10  Launch Success Zone, or the Missile Engagement Zone;

Rmin IS @ minimum range of the Launch Acceptability Region, the Launch

Success Zone, or the Missile Engagement Zone;
C4 Is a first predetermined distance from the aircraft;
C- Is a second predetermined distance from the aircraft
15 Cs Is a third predetermined distance from the aircraft; and
C4 Is a fourth predetermined distance from the aircraft; and wherein

modifying the feasibility data to satisfy the one or more particular tests

comprises modifying the feasibility data to satisfy the one or more test criteria.

20 /. A method according to any of claims 1 to 6, wherein:

the method further comprises:

providing, for use by one or more first processors, a generic
schedule algorithm, the generic schedule algorithm specifying a set of
multiple possible data processing schedules In accordance with which

25 data processing on the aircraft may be performed;

determining, by the one or more first processors remote from the

aircraft, second configuration data for configuring the generic schedule
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algorithm to specify a particular data processing schedule from the set of

multiple possible data processing schedules;

uploading the second configuration data to the aircraft from the

one or more first processors to the one or more second processors; and

configuring, by the one or more second processors on the aircraft,
the same generic schedule algorithm using the uploaded second
configuration data, thereby determining, on the aircraft, the particular

schedule: and

the steps of configuring the generic test algorithm, modifying the
feasibility data, and generating the feasibility display are performed In

accordance with the determined particular schedule.

8. A method according to any of claims 1 to 7, wherein the method further
comprises, prior to the step of configuring the generic test algorithm, modifying

the configuration data comprising:
providing a first copy of the configuration data;
providing a second copy of the configuration data;

comparing the first copy to the second copy so as to identify, within the
first copy, a pointer, the pointer being located at a first data element of the first

copy, the pointer specifying a second data element of the first copy:;

determining an offset for the pointer, the offset specifying a number of

data elements between the first data element and the second data element; and

modifying the first copy such that the pointer within the first copy
specifies the second data element using only the first data element and the

offset; wherein

the step of configuring the generic test algorithm 1s performed using the

same generic algorithm and the modified first copy of the configuration data.

9. A method according to claim 8, wherein the process of modifying the

configuration data 1s performed prior to the configuration data being uploaded to
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the aircraft, and the configuration data uploaded to the aircraft is the modified

first copy of the configuration data.

10. A method according to any of clams 1 to 9, wherein the step of
providing, for use by one or more second processors on the aircraft, the

feasibility data comprises:

providing, for use by one or more first processors, a further generic
algorithm, the further generic algorithm specifying a set of multiple possible

feasibility data;

determining, by the one or more first processors remote from the aircraft,
further configuration data for configuring the further generic algorithm to specify

particular feasibility data from the set of multiple possible feasibility data;

uploading the further configuration data to the aircraft from the one or

more first processors to the one or more second processors; and

configuring, by the one or more second processors on the aircraft, the
same further generic algorithm using the uploaded further configuration data,

thereby determining, on the aircraft, the particular feasibility data.

11. A method according to claim 9, wherein:
the further generic algorithm is a generic polynomial;

the further configuration data comprises coefficients for the generic

polynomial; and
determining the further configuration data comprises:

acquiring a respective performance envelope for one or more

different types of aircraft;

using the one or more aircraft performance envelopes,
determining a performance envelope defining the performance of all of the

different aircraft types;

using a weapon performance envelope and the performance

envelope that Is representative of the performance of all of the different aircraft
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types, determining a further performance envelope, the further performance
envelope defining the weapon's performance when that weapon Is Implemented
on each of the different aircraft types, the further performance envelope being
the minimum envelope that defines the weapon's performance when that

weapon 1S Implemented on each of the different aircraft types; and

determining the coefficients for the generic polynomial that fit the

generic polynomial to the further performance envelope.

12.  Apparatus for generating, iIn an aircraft in flight, a feasibility display
Indicative of the feasibility of a weapon carried on the aircraft successfully
engaging a target and/or the feasibility of a weapon carried on the target

successfully engaging the aircraft, the apparatus comprising:

one or more first processors remote from the aircraft and configured to
process a provided generic test algorithm specifying a set of multiple possible
tests for testing feasibility data so as to determine configuration data for
configuring the generic test algorithm to specify one or more particular tests
from the set of multiple possible tests, the feasibility data being indicative of the
feasibility of a weapon carried on the aircraft successfully engaging a target
and/or the feasibility of a weapon carried on the target successfully engaging

the aircraft;

an uploader configured to upload the configuration data determined by

the one or more first processors to one or more second processors; and
one or more second processor located on the aircraft and configured to :

configure the same generic test algorithm using the uploaded
configuration data, thereby to determine, on the aircraft, the one or more

particular tests;

modify feasibility data provided on the aircraft to satisfy the one or more

particular tests, thereby generating modified feasiblility data; and

generate the feasibility display using the modified feasibility data.
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13.  Apparatus according to clam 12, further comprising a display for

displaying the feasibility display.

14.  An aircraft comprising:

a recelving module configured to receive configuration data uploaded to
the aircraft, the configuration data configuring a generic test algorithm, the
generic test algorithm specifying a set of multiple possible tests for testing
feasibility data, the configuration data for configuring the generic test algorithm
to specify one or more particular tests from the set of multiple possible tests, the
feasibility data being indicative of the feasibility of a weapon carried on the
aircraft successfully engaging a target and/or the feasibility of a weapon carried

on the target successfully engaging the aircraft;
one or more processors configured to a first generator configured to:

configure the same generic test algorithm using the uploaded
configuration data, thereby to determine, on the aircraft, the one or more

particular tests; and

modify feasibility data provided on the aircraft to satisfy the one or

more particular tests, thereby generating modified feasibility data; and

a generator configured to generate a feasibility display using the modified
feasibility data, the feasibility display being indicative of the feasibility of a
weapon carried on the aircraft successfully engaging a target and/or the

feasibility of a weapon carried on the target successfully engaging the aircraft.

15. An aircraft according to clam 14, further comprising a display for

displaying the feasibility display.
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