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Description

[0001] The invention relates to an apparatus for a di-
rected-energy weapon and a method of engaging a tar-
get.

[0002] Directed-energy weapons (DEWSs) are becom-
ing more powerful in order to ensure that they can effec-
tively engage a target. However, as the power of such
weapons increases, therisk of collateral damage to items
other than the target in a target environment increases.
It is desirable to reduce the risk of collateral damage.
Whilst the primary consideration in the development of
directed-energy weapons has historically been an in-
crease in power of the DEW, other components or func-
tionality of the DEW haves been overlooked or neglected.
[0003] According to a first aspect, there is provided an
apparatus for a directed-energy weapon, the apparatus
comprising an assessment system arranged to, during
an assessment phase, perform an assessment of a target
environment, wherein the target environment comprises
a target, and the assessment comprises determining a
possible engagement efficiency of the target by a direct-
ed-energy weapon, and a controller arranged to, during
an engaging phase, control the directed-energy weapon
to direct energy towards the target environment condi-
tionally upon the possible engagement efficiency.
[0004] Such an apparatus is advantageous, as the
possible engagement efficiency (i.e. the proportion of en-
ergy directed towards the target environment which
would pass into or onto a target if the target were en-
gaged, for example being coupled to or into the target,
for example by absorption) gives a measure of how ef-
fective the directed-energy weapon would be inengaging
the target, and/or how much energy is reflected from the
target, which may result in collateral damage to objects
adjacent to the targetin the target environment. The con-
troller then controls the directed-energy weapon to direct
energy towards the target environment conditionally up-
on the possible engagement efficiency. This may include
not engaging the target, or engaging the target, or en-
gaging the target at a lower power, thereby avoiding or
reducing collateral damage, as described below. The
same apparatus may simply be used to more effectively
engage a target, for example only engaging when en-
gagement efficiency is at or above a threshold. The target
environment comprises the target, and may include all
other areas which may be affected by the directed-energy
weapon during engagement of the target (for example,
due to energy reflected from the target).

[0005] In one example, the assessment comprises re-
ceiving data relating to a map of at least a portion of a
target environment; and a controller arranged to, during
an engaging phase, control the directed-energy weapon
to direct energy towards the target environment condi-
tionally upon the data.

[0006] Such anapparatus is advantageous, as the da-
ta relating to the map allows the directed-energy weapon
to determine various parameters to reduce collateral
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damage and/orincrease the effectiveness of the weapon.
These parameters include:

engagement efficiency (as described above), for ex-
ample, by determining an angle of a surface of the
target to determine how much energy will be deflect-
ed from the target;

collateral damage, for example, by using the map to
determine objects adjacent to the target which may
receive directed energy, either directly or reflected
from the target; and

time for which there is a continuous line of sight from
the directed-energy weapon to the target.

[0007] The controllerthen controls the directed-energy
weapon to direct energy towards the target environment
conditionally upon the data or on the above-described
parameters which depend on the data. This may include
not engaging the target, or engaging the target, or en-
gaging the target at a lower power, thereby avoiding or
reducing collateral damage, as described below. The
same apparatus may simply be used to more effectively
engage a target, for example only engaging when en-
gagement efficiency is at or above a threshold.

[0008] In one example, the controller is arranged to
control the directed energy weapon to direct energy to-
ward the target environment during the assessment
phase so that the assessment system can perform the
assessment of the target environment using the directed
energy. Using the directed-energy weapon itself to per-
form the assessment is advantageous, as it means that
a separate system is not required. The energy could be
from a main or weapon beam, or from a probing beam.
Where separate main and probing beams are used, they
may include some shared components, for example, a
shared optical system. The energy could be used to ob-
tain the map data, for example via reflection or other de-
flection from the target environment.

[0009] According to a second aspect, there is provided
an apparatus for a directed-energy weapon, the appara-
tus comprising an assessment system arranged to, dur-
ing an assessment phase, perform an assessment of a
target environment, wherein the target environment com-
prises a target, and the assessment comprises receiving
data relating to a map of at least a portion of a target
environment; and a controller arranged to, during an en-
gaging phase, control the directed-energy weapon to di-
rect energy towards the target environment conditionally
upon the data.

[0010] Such an apparatus is advantageous, as the da-
ta relating to the map allows the directed-energy weapon
to determine various parameters to reduce collateral
damage and/orincrease the effectiveness of the weapon.
These parameters include:

engagement efficiency (i.e. the proportion of energy
directed towards the targetenvironment which would
pass into the target), for example, by determining an
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angle of a surface of the target to determine how
much energy will be reflected from the target;
collateral damage, for example, by using the map to
determine objects adjacent to the target which may
receive directed energy, either directly or reflected
from the target; and

time for which there is a continuous line of sight from
the directed-energy weapon to the target.

[0011] The controller then controls the directed-energy
weapon to direct energy towards the target environment
conditionally upon the data, or on the above-described
parameters which depend on the data. This may include
not engaging the target, or engaging the target, or en-
gaging the target at a lower power, thereby avoiding or
reducing collateral damage, as described below. The
same apparatus may simply be used to more effectively
engage a target, for example only engaging when en-
gagement efficiency is at or above a threshold.

[0012] In one example, the controller is arranged to
control the directed energy weapon to direct energy to-
ward the target environment during the assessment
phase so that the assessment system can perform the
assessment of the target environment using the directed
energy. Using the directed-energy weapon itself to per-
form the assessment is advantageous, as it means that
a separate system is not required.

[0013] Inone example, the assessment comprises de-
termining a possible engagement efficiency of the target
by a directed-energy weapon; and the controller is ar-
ranged to, during an engaging phase, control the direct-
ed-energy weapon to direct energy towards the target
environment conditionally upon the possible engage-
ment efficiency.

[0014] Such an apparatus is advantageous, as the
possible engagement efficiency (as described above)
gives a measure of how effective the directed-energy
weapon would be in engaging the target, and/or how
much energy is reflected from the target and may result
in collateral damage to objects adjacent to the target in
the target environment. The controller then controls the
directed-energy weapon to direct energy towards the tar-
get environment conditionally upon the possible engage-
ment efficiency. This may include not engaging the tar-
get, or engaging the target, or engaging the target at a
lower power, thereby avoiding or reducing collateral dam-
age, as described below. The same apparatus may sim-
ply be used to more effectively engage a target, for ex-
ample only engaging when engagement efficiency is at
or above a threshold.

[0015] According to a third aspect, there is provided
an apparatus for a directed-energy weapon, the appara-
tus comprising: an assessment system arranged to, dur-
ing an assessment phase, perform an assessment of a
target environment, wherein the target environment com-
prises a target; and a controller arranged to, during the
assessment phase, control the directed energy weapon
to direct energy towards the target environment so that
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the assessment system can perform the assessment us-
ing the directed energy.

[0016] Using the directed-energy weapon to perform
the assessment is advantageous, as it means that a sep-
arate system for assessment is not required. The types
of assessment which may be performed include mapping
the target environment or determining engagement effi-
ciency (i.e. the proportion of energy directed towards the
target environment which would pass into the target).
Both of these assessments allow the risk of collateral
damage to objects in the target environment to be calcu-
lated.

[0017] In one example, the controller is arranged to,
during an engaging phase, control the directed-energy
weapon to direct energy towards the target environment
conditionally upon the assessment.

[0018] Inone example, the assessment comprises de-
termining a possible engagement efficiency of the target
by a directed-energy weapon and the controller is ar-
ranged to, during an engaging phase, control the direct-
ed-energy weapon to direct energy towards the target
environment conditionally upon the possible engage-
ment efficiency. Such an apparatus is advantageous, as
the possible engagement efficiency (as described above)
gives a measure of how effective the directed-energy
weapon would be in engaging the target, and/or how
much energy is reflected from the target and which may
result in collateral damage to objects adjacent to the tar-
getinthe targetenvironment. The controller then controls
the directed-energy weapon to direct energy towards the
target environment conditionally upon the possible en-
gagement efficiency. This may include not engaging the
target, or engaging the target, or engaging the target at
a lower power, thereby avoiding or reducing collateral
damage, as described below. The same apparatus may
simply be used to more effectively engage a target, for
example only engaging when engagement efficiency is
at or above a threshold.

[0019] Inone example, the assessment comprises re-
ceiving data relating to a map of at least a portion of a
target environment; and a controller arranged to, during
an engaging phase, control the directed-energy weapon
to direct energy towards the target environment condi-
tionally upon the data.

[0020] Such an apparatus is advantageous, as the da-
ta relating to the map allows the directed-energy weapon
to determine various parameters to reduce collateral
damage and/orincrease the effectiveness of the weapon.
These parameters include:

engagement efficiency (as described above), for ex-
ample, by determining an angle of a surface of the
target to determine how much energy will be reflect-
ed from the target;

collateral damage, for example, by using the map to
determine objects adjacent to the target which may
receive directed energy, either directly or reflected
from the target; and
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time for which there is a continuous line of sight from
the directed-energy weapon to the target.

[0021] The controller then controls the directed-energy
weapon to direct energy towards the target environment
conditionally upon the data or on the above-described
parameters which depend on the data. This may include
not engaging the target, or engaging the target, or en-
gaging the target at a lower power, thereby avoiding or
reducing collateral damage, as described below. The
same apparatus may simply be used to more effectively
engage a target, for example only engaging when en-
gagement efficiency is at or above a threshold.

[0022] The features of the following examples may be
used in any of the first, second and third aspects de-
scribed above.

[0023] In one example, the controller is arranged to,
during the assessment phase, control the directed ener-
gy weapon to: direct energy at a lower power than during
an engaging phase; direct energy at a higher beam di-
vergence than during an engaging phase; sweep or oth-
erwise selectively move directed energy across different
points in the target environment; pulse directed energy
toward the target environment. Each of these options
means that the target environment receives less energy
during the assessment, reducing the likelihood of collat-
eral damage during the assessment. This reduction in
energy might also be useful simply to prevent or limit
damage to the target during an assessment phase. This
could then also be a warning phase. In one example, the
controller is arranged to, during the assessment phase,
control the directed energy to direct electromagnetic en-
ergy at a different wavelength from that of the engaging
phase. The wavelength used in the assessment phase
may be a wavelength which is less likely to cause eye
injuries, for example at a wavelength greater than 1.4
[0024] In one example, the controller is arranged to,
during the assessment phase, control the directed-ener-
gy weapon to use a main beam (i.e. a primary beam) to
direct energy, and, during the engaging phase, control
the directed-energy weapon to use the main beam to
direct energy. Additionally, as it is the main beam which
may direct energy during the engaging phase, it is desir-
able to have the assessment performed from a point of
view as close as possible to that of the main beam. This
can be best achieved by using the main beam during the
assessment phase to perform the assessment.

[0025] In one example, the controller is arranged to,
during the assessment phase, control the directed-ener-
gy weapon to use a probing beam (i.e. a secondary
beam) to direct energy, and, during the engaging phase,
control the directed-energy weapon to use a main beam
to direct energy. Using the probing beam to perform the
assessment is advantageous, as the probing beam can
be designed for the specific purpose of performing the
assessment (for example, being set to direct energy at
the appropriate power), increasing the accuracy of the
assessment. The probing beam may be coaxial (that is,
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share a same beam bath) as the main beam, at least in
part, which might make it easier to calculate engagement
based on the assessment (e.g. spatial offsets in main
and probing beams may not need to be taken into ac-
count).

[0026] Inone example, the assessment comprises de-
tecting energy deflected from the target environment to
determine possible engagement efficiency. In one exam-
ple, the assessment comprises measuring the tempera-
ture of the target environment to determine the possible
engagement efficiency. This may be the temperature of
the target (for example, a part into or onto which energy
is directed). Measuring the temperature of the target al-
lows the amount of energy deflected from the target to
be calculated, thereby providing a measure of possible
engagement efficiency. It may be easier to measure a
temperature than it is to measure energy otherwise de-
flected from objects surrounding a target. In contrast, en-
ergy otherwise deflected from objects surrounding a tar-
get may be used to establish mapping information or data
for the general target environment.

[0027] Inone example, the assessment comprises us-
ing the data relating to the map to determine an angle of
a region of the target to determine possible engagement
efficiency. Measuring the angle of a region of the target
allows the amount of energy reflected from the target to
be estimated.

[0028] In one example, wherein the assessment com-
prises mapping at least a portion of the target environ-
ment to obtain the data relating to the map. Having the
assessment system perform the mapping just before en-
gaging the target allows a live map to be produced, pro-
viding more accurate data.

[0029] Inone example, the assessment comprises de-
tecting energy deflected from the target environment to
determine the data relating to the map.

[0030] In one example, the controller is arranged to,
during the engaging phase: in response to the possible
engagement efficiency being below a first predetermined
level, control the directed-energy weapon not to direct
energy towards the target environment; and in response
to the possible engagement efficiency being above the
first predetermined level, control the directed-energy to
direct energy towards the target environment. This helps
to avoid collateral damage to the objects in the target
environment as a result of reflection of energy due to low
engagement efficiency.

[0031] In one example, the controller is arranged to,
during the engaging phase: in response the possible en-
gagement efficiency being below a second predeter-
mined level, control the directed energy weapon to direct
energy towards the target environment at a first power
level; and in response to the possible engagement effi-
ciency being above the second predetermined level, con-
trol the directed energy weapon to direct energy towards
the target environment at a second power level, wherein
the second power level is greater than the first power
level. This helps to avoid collateral damage to the objects
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in the target environment as a result of reflection of en-
ergy due to low possible engagement efficiency.

[0032] Inoneexample, the assessment comprises de-
termining a risk of collateral damage by determining the
possible engagement efficiency of the target, and where-
in the controller is arranged to, during the engaging
phase, control the directed-energy weapon to direct en-
ergy towards the target conditionally upon the risk of col-
lateral damage. The material from which the target is
made affects how energy is reflected from the target. This
affects how much reflected energy reaches items adja-
centtothe target and the risk of collateral damage, There-
fore, in some examples, the material of certain targets
may be known in advance, for example from a material
library for certain targets, and this information may be
used in the assessment of risk of collateral damage. Ad-
ditionally, in some examples, the material may be inferred
from measurements, for example by detecting energy
reflected from the target.

[0033] In one example, the assessment system is ar-
ranged to, in response to the assessment of the target
environment (for example, the possible engagement ef-
ficiency, the time for which there is a continuous line of
sight between weapon and target, and/or the risk of col-
lateral damage), perform a second assessment of the
target environment, wherein the second assessment is
centred on a different point to the (first) assessment of
the target environment. This allows the apparatus to find
a better point at which to engage the target.

[0034] In one example, the apparatus further compris-
es the directed-energy weapon, wherein the directed-
energy weapon is optionally a laser.

[0035] In one example, the controller is arranged to:
during the assessment phase, receive information on a
speed and direction of travel of the apparatus, and use
the information and the data relating to the map to deter-
mine a time for which there is a continuous line of sight
from the directed-energy weapon to the target, and, op-
tionally, during the engaging phase, control the directed-
energy weapon to engage the target conditionally upon
the time for which there is a continuous line of sight. De-
termining the time for which there is a continuous line of
sight means that the controller is aware of the time for
which a target can be engaged effectively and/or without
causing collateral damage. As used anywhere herein
"causing collateral damage" could be any degree of col-
lateral damage, for example an acceptable level of col-
lateral damage.

[0036] In one example, the assessment of the target
environment comprises determining risk of collateral
damage by using the data relating to the map to deter-
mine objects adjacent to the target. This may be based
on the types of objects present in the target environment,
or number of objects, or distance of objects from the tar-
get, and so on.

[0037] In one example, the controller is arranged to,
during the engaging phase: in response to the time for
which there is a continuous line of sight from the directed-
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energy weapon to the target being below a first prede-
termined level, control the directed energy weapon not
to direct energy towards the target; and in response to
the time for which there is a continuous line of sight from
the directed-energy weapon to the target being above
the first predetermined level, control the directed energy
weapon to direct energy towards the target. As described
above, this can avoid or limit collateral damage to objects
which enter the line of sight of the directed-energy weap-
on, and/or increase engagement effectiveness.

[0038] According to a fourth aspect, there is provided
a military vehicle comprising the apparatus as described
above. In an example, the military vehicle is an aircraft.
In another example, the military vehicle is a naval vessel.
In another example, the military vehicle is a terrestrial
vehicle or platform. The invention might be particularly
suited to use with aircraft, given the rapidly changing en-
vironment in which an aircraft operates owing to an air-
craft's speed and vantage point.

[0039] According to a fifth aspect, there is provided a
method of engaging a target, the method comprising: dur-
ing an assessment phase, performing an assessment of
a target environment, wherein the target environment
comprises a target, and the assessment comprises de-
termining a possible engagement efficiency of the target
by a directed-energy weapon; and during an engaging
phase, controlling the directed-energy weapon to direct
energy towards the target environment conditionally up-
on the possible engagement efficiency of the target.
[0040] According to a sixth aspect, there is provided a
method of engaging a target, the method comprising: dur-
ing an assessment phase, receiving data relating to a
map of at least a portion of a target environment, the
target environment comprising a target; and during an
engaging phase, controlling a directed-energy weapon
to direct energy towards the target environment condi-
tionally upon the map.

[0041] Accordingtoaseventhaspect, thereisprovided
a method comprising, during an assessment phase, per-
forming an assessment of a target environment by con-
trolling a directed-energy weapon to direct energy,
wherein the target environment comprises a target, and
using the directed energy to perform the assessment.
[0042] For a better understanding of the invention ref-
erence is made, by way of example only, to the accom-
panying figures, in which:

FIG. 1 shows a schematic drawing of an apparatus,
according to an example embodiment;

FIG. 2 shows a side view of a vehicle, according to
an example embodiment;

FIG. 3 shows a schematic drawing of method, ac-
cording to an example embodiment;

FIG. 4 shows a side view of the vehicle during an
assessment phase, according to an example em-
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bodiment;

FIG. 5 shows a top-down map view, according to an
example embodiment; and

FIG. 6 shows a side view of the vehicle during an
engaging phase, according to an example embodi-
ment.

[0043] The following figures demonstrate how the con-
cepts used above may be used in combination, or atleast
partially overlapping with each other in terms of function-
ality. Of course, the concepts discussed above may be
used in isolation or in any particular combination, as re-
quired.

[0044] Referringto FIG. 1 there is shown an apparatus
12. The apparatus 12 comprises an assessment system
14, a controller 16, and a directed-energy weapon 18. In
this example, the directed-energy weapon 18 is a laser.
[0045] The assessment system 14 (or apparatus 12 in
general) may comprise one or more lenses (not shown)
to be used in the transmission and/or reception of energy,
and/or a sensor (not shown) for sensing energy (e.g. a
2D sensor/focal plane array). The directed-energy weap-
on 18 comprises an energy generator (not shown), which
will be a laser when the required/used energy is laser
energy. The assessment system 14 (or apparatus 12 in
general) may be reconfigurable, for example from one
state to another, to selectively implement transmis-
sion/generation of energy, or detection of energy, and/or
from an assessment phase to an engaging phase. For
example, one or more optical components may be moved
or otherwise controlled to change one or more beam
paths within or about the apparatus 12.

[0046] In other examples, a directed-energy weapon
could use another form of electromagnetic radiation, or
pressure waves.

[0047] Referringto FIG. 2, there is shown a vehicle 10
comprising the apparatus 12. In this example, the vehicle
10 is a military vehicle 10. The military vehicle is an air-
craft. The apparatus 12 is mounted to an underside of
the vehicle 10, such that there is a direct line of sight
between the apparatus 12 and the ground on which a
target environment 20 is located.

[0048] The vehicle 10 is travelling near to the target
environment 20. The target environment 20 comprises a
target 22, afirstadjacent object 24 and a second adjacent
object 26. In such a scenario, it is desirable to engage
the target 22 as effectively as possible, whilst optionally
minimising the risk of collateral damage to items other
than the target 22 in the target environment 20 (i.e. the
first adjacent object 24 and the second adjacent object
26).

[0049] ReferringtoFIG. 3thereis showna method 100
which is performed by the apparatus 12. The method 100
comprises an assessment phase 102, during which an
assessment of the target environment 20 is performed,
an engaging phase 104 and a second assessment phase
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106, during which a second assessment of the target
environment 20 is performed. The steps of method 100
are explained in more detail below.

[0050] Referring to FIG. 4 in combination with FIG. 3
and FIG. 1, there is shown the military vehicle 10 travel-
ling near to the target environment 20. In FIG.4, the ap-
paratus 12 is performing an assessment of the target
environment 20.

[0051] Inorderto perform the assessment of the target
environment 20, the controller 16 controls the directed-
energy weapon 18 to direct energy 28 towards the target
environment 20. During the assessment phase 102, the
controller 16 controls the directed-energy weapon 18 to
use a main beam 29 of the directed-energy weapon to
direct the energy 28 towards the target environment 20.
[0052] During the assessment phase 102, the control-
ler 16 controls the directed energy weapon 18 to direct
energy at a lower power than during the engaging phase
104 (as described below). This means that the power
received by the target environment 20 during the assess-
ment phase 102 is lower, reducing (and perhaps even
eliminating) the risk of collateral damage, and/or perhaps
reducing the damage caused to the target during this
phase.

[0053] Additionally, during the assessmentphase 102,
the controller 16 controls the directed energy weapon 18
to direct energy at a higher beam divergence than during
the engaging phase 104 (as described below). This
means that the power per unit area received by the target
environment 20 during the assessment phase 102 is low-
er, reducing the risk of collateral damage at this time.
Alternatively, an increased beam divergence might also
lead to an increased mapping or data extraction capabil-
ity, due to more divergent/more angular beam paths. In
other examples, the controller 16 controls the directed
energy weapon 19 to pulse directed energy toward the
target environment 20 to reduce the energy received dur-
ing the assessment phase 102.

[0054] The assessment comprises determining a pos-
sible engagement efficiency of the target by the directed-
energy weapon 16. The engagement efficiency is the pro-
portion of energy directed towards the target environment
20 during the engaging phase 104 which would pass into
atarget 22, i.e. be absorbed and not reflected/deflected.
[0055] The assessment system 14 detects energy 30
deflected from the target environment 20 to determine
possible engagement efficiency. It will be understood
that, in general, the more energy that is deflected from
the target environment 20, the lower the possible en-
gagement efficiency and/or the higher the risk of signifi-
cant collateral damage. It will be appreciated that this
may all change over time, for example as an area on a
target becomes more absorptive/susceptible to damage
from incoming energy. That is, directed energy may ini-
tially be lower to reduce collateral damage, until the en-
ergy damages/affects the target so that the target be-
come more absorptive/susceptible to damage from in-
coming energy, at which point/time the directed energy
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may be increased in terms of power. In other words, the
target may initially be more reflective than it is at a later
time in the engagement, and power levels may be con-
trolled accordingly. Additionally, the possible engage-
ment efficiency may vary over time due to changes in
engagement angle or range.

[0056] Additionally, the assessment system 14 may
measure the temperature of the target 22 (e.g. the part
being engaged or otherwise receiving energy) to deter-
mine the possible engagement efficiency. Measuring the
temperature of the target 22 allows the amount of energy
deflected from/coupled into the target 22 to be calculated,
thereby providing a measure of possible engagement ef-
ficiency. Thermal imaging may be used to measure the
tem peratu re.

[0057] The assessment may further comprise receiv-
ing, by the assessment system 14, data relating to a map
of at least a portion of a target environment 20. More
specifically, the assessment comprises mapping the (at
least a portion of the) target environment 20 to obtain the
data relating to the map.

[0058] Inoneexample,the assessmentsystem 14 may
receive such data in advance, or even from a data store
or similar. In this example, however, the assessment sys-
tem 14 detects energy 30 deflected from the target en-
vironment 20 to obtain the data relating to the map. This
is illustrated by FIG. 5, which shows a map 32 produced
from the deflected energy 30. As can be seen, the map
32 shows the position of the target 22 along with the first
adjacent object 24 and the second adjacent object 26.
In order to produce such a map 32, the controller might
control the directed-energy weapon 18 to sweep directed
energy 28 across different points in the target environ-
ment 20. As well as allowing a detailed map to be built
up, sweeping the directed energy 28 in this way means
that the energy received by each point in the target en-
vironment 20 is reduced, thereby possibly reducing the
risk of collateral damage, at least in this mapping phase.
[0059] In other examples, a separate system may be
used to perform the mapping (for example, a LIDAR sys-
tem), or the data relating to the map may be obtained
from a previously produced map.

[0060] In some examples, data relating to a map may
be obtained from a previously produced map and com-
bined with live mapping (for example, using a LIDAR sys-
tem or the assessment system described above) to form
a more detailed map. This is advantageous, as it means
that more permanentfeatures (forexample, road layouts)
may be taken from the previously produced map, while
live mapping may be used to map features more likely
to vary over time (for example, locations of vehicles).
[0061] During the assessment phase 102, the control-
ler 18 receives information on a speed and direction of
travel of the apparatus 12 (i.e. the speed and direction
of travel of military vehicle 10). The apparatus 12 uses
the information and the map to determine a time for which
there is a continuous line of sight from the directed-en-
ergy weapon 18 to the target 22. In the example of FIG.

10

15

20

25

30

35

40

45

50

55

4, as the military vehicle 10 passes the target 22, the
military vehicle 10 will reach a point at which the second
adjacent object 26 is between the apparatus 12 and the
target 22, and there will be no direct line of sight from the
directed-energy weapon 18 to the target 22. In order to
reduce collateral damage, it is desirable to avoid trying
to engage the target 22 with the directed-energy weapon
18 when there is no direct line of sight.

[0062] A speed and direction of travel of the target, if
applicable, might also be used to factor in possible en-
gagement efficiency at some future point in time.
[0063] During the assessment phase 102, the control-
ler 16 uses the map to determine an angle of at least a
region of the target 22. This allows a further calculation
of possible engagement efficiency to be made, since the
angle affects the amount of energy absorbed by, or de-
flected from, the target 22. Deflected energy might also
be used to determine such an angle.

[0064] Based on the possible engagement efficiency,
the apparatus 12 determines risk of collateral damage.
Additionally, the apparatus 12 uses the map 32 to con-
sider the types of objects (or more generally, an assess-
ment of objects) present in the target environment 20 to
determine the risk of collateral damage by considering
the possible consequences of damage to those objects.
[0065] Following the assessment phase 102, the ap-
paratus enters the engaging phase 104, during which the
controller 16 controls the directed-energy weapon 18 to
direct energy towards the target 22 conditionally upon
the possible engagement efficiency, and/or the time for
which there is a continuous line of sight from the directed-
energy weapon 18 to the target 22 and/or the risk of col-
lateral damage. The controller 16 controls the directed-
energy weapon 18 to direct energy during the engaging
phase 104 using the main beam 29.

[0066] In some examples, in response to the possible
engagement efficiency being above afirst predetermined
level, the controller 16 controls the directed-energy
weapon 18 to direct energy 34 towards the target envi-
ronment 20 (more specifically, towards the target 22).
This is illustrated by FIG. 6. However, in response to the
possible engagement efficiency being below the first pre-
determined level, the controller 16 controls the directed-
energy weapon 18 not to direct energy towards the target
environment 20. This may reduce the risk of collateral
damage, or avoid engaging the target when such en-
gagement will be neither satisfactory nor successful.
[0067] In response to the possible engagement effi-
ciency being below a second predetermined level (but
above the first predetermined level), the controller 16
controls the directed energy weapon 18 to direct energy
towards the target environment at a first power level, and,
in response to the possible engagement efficiency being
above the second predetermined level, the controller 16
controls the directed energy weapon 18 to direct energy
towards the target environment 20 at a second power
level, which is greater than the first power level. This
helps to avoid collateral damage in situations in which
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the possible engagement efficiency is less than the sec-
ond predetermined level, whilst allowing the directed-en-
ergy weapon 18 to engage the target.

[0068] Similarly, in some examples, in response to the
time for which there is a continuous line of sight from the
directed-energy weapon to the target being below a first
predetermined level, the controller 16 controls the direct-
ed-energy weapon 18 not to direct energy towards the
target (or direct energy at a lower power), and, in re-
sponse to the time for which there is a continuous line of
sightfrom the directed-energy weapon to the target being
above the first predetermined level, the controller 16 con-
trols the directed energy weapon 18 to direct energy to-
wards the target. Again, this helps to avoid collateral dam-
age when the time for which there is a continuous line of
sightis too low, and/or improves the chances of success-
fully or satisfactorily engaging the target.

[0069] In some cases, the controller 16 controls the
directed-energy weapon 18 conditionally upon the risk
of collateral damage, which may be determined based
on the possible engagement efficiency, and/or time for
which there is a continuous line of sight and/or the types
of objects in the target environment as described above.
If the risk of collateral damage is too high, the controller
16 controls the directed-energy weapon 18 not to direct
energy towards the target environment 20. If the risk of
collateral damage is at an intermediate level, the control-
ler 16 controls the directed-energy weapon 18 to direct
energy towards the target environment 20 at alower pow-
er than when the risk of collateral damage is low.
[0070] Additionally, in some examples (for example
where the possible engagement efficiency and/or the
time for which there is a continuous line of sight is below
a predetermined level, and/or the risk of collateral dam-
age is above a predetermined level) the apparatus car-
ries out a step of performing a second assessment of the
target environment 20 during the second assessment
phase 106. The second assessment is centred on a dif-
ferent point to the assessment of the target environment
20 carried out in the first assessment phase 102, but is
performed as above. This may be at a different position
on the target, or on a different target altogether. After
performing the second assessment, the results are con-
sidered, and there may be further assessments or en-
gaging phases, as described above. In some examples,
the second assessment may be carried out even where
the target 22 is engaged, in order to find a better way to
engage the target 22 in a subsequent engaging phase.
Thatis, the assessment and engage phases may be un-
dertaken in sequence, with a degree of temporal overlap,
orin parallel. For example, there may be intermittent as-
sessment phases or intermittent engaging phases,
and/or there may be intermittent assessment phases in-
terspersed with intermittent engaging phases. There may
be intermittent assessment phases at the same as a rel-
atively constant or at least continuous engaging phase,
orthere may be intermittent engaging phases atthe same
as a relatively constant or at least continuous assess-
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ment phase. These different options allow for flexible en-
gagement and assessment, which might improve target
engagement in terms of efficiency, at least, as opposed
to only a single assess and engage process.

[0071] While the above examples describe that the ap-
paratus 12 comprises the directed-energy weapon 18,
this is not always the case, and that the controller 16 may
control a directed-energy weapon which is remote to the
apparatus 12.

[0072] Additionally, it has been described in the above
examples that during an assessment phase, the control-
ler controls the directed-energy weapon to use the main
beam (which is also used during the engaging phase) to
direct energy. However, this is not always the case, as
the vehicle may comprise a dedicated probing beam to
be used during the assessment phase. This probing
beam may be lower power than the main beam and may
be designed specifically for performing the assessment
during the assessment phase. It will be appreciated that
in either case, beam optics are provided to form the main
and/or probing beams.

[0073] More generally FIG. 1 might relate to an appa-
ratus 12 for a directed-energy weapon 18, the apparatus
12 comprising an assessment system 14 arranged to per-
form an assessment of a target environment 20, wherein
the target environment 20 comprises a target 22, and the
assessment comprises determining a possible engage-
ment efficiency of the target 22 by the directed-energy
weapon 18; and a controller 16 arranged to, during an
engaging phase, control the directed-energy weapon 18
to direct energy towards the target environment 20 (and
more specifically, the target 22) conditionally upon the
possible engagement efficiency.

[0074] Additionally or alternatively, FIG. 1 might relate
to an apparatus 12 for a directed-energy weapon 18, the
apparatus 12 comprising an assessment system 14 ar-
ranged to perform an assessment of a target environment
20, wherein the target environment 20 comprises a target
22, and the assessment comprises receiving data relat-
ing to amap of atleast a portion of the target environment
20; and a controller 16 arranged to, during an engaging
phase, control the directed-energy weapon 18 to direct
energy towards the target environment 20 conditionally
upon the data received.

[0075] Additionally or alternatively, FIG. 1 might relate
to an apparatus 12 for a directed-energy weapon 18, the
apparatus 12 comprising: an assessment system 14 ar-
ranged to perform an assessment ofa target environment
20, wherein the target environment 20 comprises a target
22; and a controller 16 arranged to, during the assess-
ment, control the directed energy weapon 18 to direct
energy towards the target environment 20 so that the
assessment system 14 can perform the assessment us-
ing the directed energy.

[0076] More generally FIG. 3 might relate to a method
100 of engaging a target 22, the method 100 comprising:
during an assessmentphase 102, performing an assess-
ment of a target environment 20, wherein the target en-
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vironment 20 comprises a target 22, and the assessment
comprises determining a possible engagementefficiency
of the target 22 by a directed-energy weapon 18; and
during an engaging phase 104, controlling the directed-
energy weapon 18 to direct energy towards the target
environment 20 conditionally upon the possible engage-
ment efficiency of the target 22.

[0077] Additionally or alternatively, FIG. 3 might relate
to a method 100 of engaging a target 22, the method
comprising: during an assessment phase 102, receiving
data relating to a map of at least a portion of a target
environment 20, the target environment 20 comprising a
target 22; and during an engaging phase 104, controlling
a directed-energy weapon 18 to direct energy towards
the target environment 20 conditionally upon the map.
[0078] Additionally or alternatively, FIG. 3 might relate
to a method 100 comprising, during an assessment
phase 102, performing an assessment of a target envi-
ronment 20 by controlling a directed-energy weapon 18
to direct energy, wherein the target environment 20 com-
prises a target 22, and using the directed energy to per-
form the assessment.

[0079] Although a few preferred embodiments have
been shown and described, it willbe appreciated by those
skilled in the art that various changes and modifications
might be made without departing from the scope of the
invention, as defined in the appended claims.

[0080] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0081] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0082] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

Claims

1. Anapparatus for a directed-energy weapon, the ap-
paratus comprising:

an assessment system arranged to, during an
assessment phase, perform an assessment of
a target environment, wherein the target envi-
ronment comprises a target; and

a controller arranged to, during the assessment
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10.

phase, control the directed energy weapon to
direct energy towards the target environment so
that the assessment system can perform the as-
sessment using the directed energy.

An apparatus according to any preceding claim,
wherein the assessment of the target environment
comprises determining a possible engagement effi-
ciency of the target by the directed-energy weapon.

An apparatus according to claim 3, wherein the as-
sessment comprises measuring the temperature of
the target to determine the possible engagement ef-
ficiency.

An apparatus according to claim 2 or 3, wherein the
assessment comprises detecting energy deflected
from the target environment to determine possible
engagement efficiency.

An apparatus according to any preceding claim,
wherein the assessment comprises using the de-
flected energy to determine data relating to a map
of at least a portion of the target environment.

An apparatus according to claim 5, wherein the as-
sessment comprises:

receiving information on a speed and direction
of travel of the apparatus; and

using the information and the data relating to the
map to determine a time for which there is a
continuous line of sight from the directed-energy
weapon to the target.

An apparatus according to claim 5 or 6, wherein the
mapping comprises determining an angle of a region
of the target to determine a possible engagement
efficiency of the target by the directed-energy weap-
on.

An apparatus according to any of claims 5 to 7,
wherein the assessment of the target environment
comprises determining risk of collateral damage by
using the data relating to the map to determine ob-
jects adjacent to the target.

An apparatus according to any preceding claim,
wherein the controller is arranged to control the di-
rected-energy weapon to direct energy towards the
target environment during an engaging phase con-
ditionally upon the assessment.

An apparatus according to claim 9 wherein the con-
troller is arranged to, during the assessment phase,

control the directed energy weapon to:

direct energy at a lower power than during the
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engaging phase;

direct energy at a higher beam divergence than
during the engaging phase;

sweep directed energy across different points in
the target environment; and/or

pulse directed energy toward the target environ-
ment.

An apparatus according to claim 9 or 10, wherein
the controller is arranged to control the directed-en-
ergy weapon to use a main beam to direct energy
during both the assessment phase and the engaging
phase.

An apparatus according to claim 9 or 10, wherein
the controller is arranged to, during the assessment
phase, control the directed-energy weapon to use a
probing beam to direct energy, and, during the en-
gaging phase, control the directed-energy weapon
to use a main beam to direct energy.

An apparatus according to any preceding claim, and
further comprising the directed-energy weapon,
wherein the directed-energy weapon is optionally a
laser.

A military vehicle comprising the apparatus of any
preceding claim, wherein the military vehicle is op-
tionally an aircraft.

A method comprising, during an assessment phase,
performing an assessment of a target environment
by controlling a directed-energy weapon to direct en-
ergy, wherein the target environment comprises a
target, and using the directed energy to perform the
assessment.
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