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(57) The invention relates to a method of guiding a
salvo of guided projectiles to a target. The method com-
prises a step of associating dispersion parameters to the

salvo of guided projectiles. In addition, the method com-
prises the step of determining numerical values of the
dispersion parameters based on accuracy uncertainty.
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Description

[0001] The present invention relates to a method of guiding a salvo of guided projectiles to a target.
[0002] The effectiveness of a weapon system is a combination of lethality and precision. The tendency of modern
systems to reduce lethality and trade it for precision has gone a long way in providing sophisticated weapons of high
precision, able to achieve in one round the same effect that was previously achieved with tens of rounds. There are,
however, limits of what can be achieved in each situation in terms of precision of delivery. Even if technological progress
is pushing the technical limits further and further, achieving higher precision of delivery comes at a cost that may become
prohibitive. Flight steering mechanisms, inertial sensors and target sensors are necessary ingredients for improving the
precision of delivery, but they also add to the price of guided rounds. A great deal of work is devoted to find the right
combination of these elements in order to satisfy the operational requirements for a minimum cost per round. In particular,
different guidance principles have been devised to address the need of higher precision, while keeping the costs limited.
Inertial guidance systems (with their modern GPS-aided variants), beam rider systems, command guidance, active,
semi-active and passive homing guidance systems are examples of such guidance principles that are currently used
for various purposes. Each of them has its own advantages and limitations. Each of them comes with a different distribution
of resources between the round and the launching weapon system, and each of them has different requirements in
terms of weapon system support, communications, etc. Typical for all these guidance principles is that they aim at
improving the precision of each projectile separately.
[0003] It is an object of the invention to obtain a method according to the preamble wherein at least one of the
disadvantages is reduced. In particular, the invention aims at obtaining a method according to the preamble wherein
the effectiveness of guided projectiles is improved. Thereto, the method according to the invention comprises the steps
of associating dispersion parameters to the salvo of guided projectiles, and determining numerical values of the dispersion
parameters based on accuracy uncertainty.
[0004] By determining numerical values of dispersion parameters associated to the salvo of guide projectiles, based
on accuracy uncertainty, the distribution of the individual projectiles in a salvo can be controlled, depending of accuracy
uncertainty, to maximize the chance that at least one projectile of the salvo, or as many projectiles as deemed necessary
for an effective engagement, will hit a target. As a result, the effect of the salvo of the ensemble of a salvo of guided
projectiles is improved.
[0005] The invention is at least partially based on the observation that if the dispersion of the projectiles in a salvo is
very small, but the projectiles are not correctly aimed at the target, all the projectiles will miss. In order to benefit from
this observation, according to an aspect of the invention, the dispersion of the projectiles in a salvo should be correlated
with accuracy uncertainty, including e.g. a target prediction position error, an aiming error and/or flight disturbance. This
is particularly important in the case of fast moving targets where the error in predicting the target position can be quite
significant.
[0006] By controlling the flight paths of the individual guided projectiles in accordance with the determined correspond-
ing dispersion parameter values, relatively cheap steering techniques can be used in order to control the desired dis-
persion of the projectiles in a salvo.
[0007] Preferably, a swarming guidance technique is used, so that ideas and techniques from the area of swarm
formation and stability can advantageously be used to enable individual projectiles in a salvo to arrange themselves in
a desired dispersion. The dispersion parameters can be used to implement a swarming technique that prescribes the
desired dispersion of the individual projectiles.
[0008] In an advantageous manner, the effectiveness of projectiles can improve significantly at a reduced increase
of costs, thereby providing an alternative to high value weapons such as homing missiles.
[0009] Preferably, the step of determining numerical values of the dispersion parameters is performed based on
available information on the target (predicted) position error and the target size in such a way so as to maximize the
chance of hitting the target.
[0010] The invention also relates to a system for guiding a salvo of guided projectiles to a target.
[0011] Further, the invention relates to a computer program product. A computer program product may comprise a
set of computer executable instructions stored on a data carrier, such as a flash memory, a CD or a DVD. The set of
computer executable instructions, which allow a programmable computer to carry out the method as defined above,
may also be available for downloading from a remote server, for example via the Internet.
[0012] Other advantageous embodiments according to the invention are described in the following claims.
[0013] By way of example only, embodiments of the present invention will now be described with reference to the
accompanying figures in which

Fig. 1 shows a schematic view of a system according to the invention;
Fig. 2 shows projectile positions in a common reference coordinate system;
Fig. 3 shows a flow chart of an embodiment of a method according to the invention;
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Fig. 4 shows a diagram illustrating the interaction of method steps according to an embodiment according to the
invention.

[0014] It is noted that the figures show merely a preferred embodiment according to the invention. In the figures, the
same reference numbers refer to equal or corresponding parts.
[0015] Figure 1 shows a schematic view of a system 1 according to the invention. The system 1 includes a launch
unit 2 for launching a salvo of projectiles 3a-f. Further, the system includes a processor unit 4 for performing a number
of tasks. The system 1 also includes an antenna 5 for transmitting and receiving communication signals to and from the
projectiles 3. In order to guide the projectiles 3, the system 1 includes a beam forming unit 6 for generating a beam 7
that serves to define the common coordinate system.
[0016] During operation of the system 1 a multiple number of projectiles 3 are launched by the launch unit 2 in order
to hit a predetermined target, e.g. a small aerial target using an artillery or mortar shell. The missiles 3a-f form a salvo.
According to an aspect of the invention, dispersion parameters are associated to the salvo of guided projectiles and
numerical values of the dispersion parameters are determined based on accuracy uncertainty. In this process, the
projectiles 3 in the salvo are arranging themselves in the plane P, also called steering plane, normal to the firing direction
F. By controlling the average distance between the projectiles 3, the chance that at least one projectile will hit the target
is optimized. Similarly, when accuracy uncertainty is relatively small, the average distance between the projectiles can
be reduced so that the hit chance increases.
[0017] The processor unit 4 is involved in the process of determining numerical values of the dispersion parameters.
The accuracy uncertainty may include a target prediction position error, an aiming error and/or flight disturbance. Further,
the step of determining numerical values of the dispersion parameters can also be based on target dimensions. As an
example, if the target dimensions are relatively large or in case of a relatively large target prediction position error, the
average distance between the projectiles 3 can be controlled to a relatively large value for optimizing a hit chance.
Similarly, when accuracy uncertainty is relatively small, the average distance between the projectiles can be reduced
so that the hit chance increases. The process of determining numerical values of the dispersion parameters is based
on swarming techniques as explained below.
[0018] After launch of the projectiles 3, the beam forming unit 6 generates a beam 7, such as an RF beam or a laser
beam, to define a common reference coordinate system. The reference system comprises the steering plane P that is
normal to the beam 7 and therefore to the general flight direction F of the projectiles.
that includes a centroid of the projectiles 3. By defining a geometric centre of the projectiles, the steering plane P can
be defined as a coordinate system that moves with the projectiles 3 substantially along the generated beam 7.
[0019] Each of the projectiles 3 are provided with a sensor for determining the projectile position relative to the beam
7, that is, the coordinates of the projection of the projectiles on the steering plane P. Thereto, the projectiles 3 transmit
position data towards the antenna 5 of the system 1. Then, the centroid 8 of the missiles 3 is computed. Preferably, the
computation of the centroid 8 is performed by the processor unit 4 based on the determined individual projectile positions.
In principal, the centroid 8 can also be computed in another way, e.g. based on measurements performed by the system
1 itself, or by a processor unit on board of each or a selected number of missiles.
[0020] Then, based on the actual missile positions relative to the centroid 8 and on the numerical values of the
dispersion parameters, the projected positions 13a-f of the missile positions on the steering plane P are controlled to
an optimal dispersion by using a swarming technique.
[0021] According to a swarming technique, the members of the swarm attract each other if situated far away from
each other, and repulse each other if situated close to each other.
[0022] According to a further aspect of the invention, the determined numerical values are converted to optimal position
parameters of the launched individual guided projectiles in the common reference coordinate system. Preferably, the
converting step is performed by a control unit on board of the individual projectiles. Thereto, the antenna 5 of the system
1 transmits centroid position data to the individual projectiles. As a next step, the individual projectiles move to the
respective optimal position by controlling active steering mechanisms on board of the projectiles. Thus, flight paths of
the individual guided projectiles are controlled in accordance with the determined respective dispersion parameter values.
In this respect, it is noted that in another embodiment according to the invention, the processor unit 4 of the system 1
performs that computation of the optimal position parameters of the individual guided projectiles, and transmits control
data to the projectiles.
[0023] The process of determining the positions of the projectiles in the steering plane P, determining the centroid 8
and determining a new set of optimal position parameters is executed iteratively, so that the dispersion of the salvo
remains in concert with actual accuracy uncertainty, e.g. in view of an actual target error.
[0024] Figure 2 shows projectile positions that are projected in a common reference coordinate system having, the
steering plane P having an x-coordinate and an y-coordinate. In a first time instant, the projected positions 13a-f are
close to the centroid 8. In a second time instant, after a number of control iterations, the projected projectile positions
13’a-f are more remote to the centroid 8. Then, a more dispersed configuration of missiles 13 has been obtained.
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[0025] Figure 3 shows a flow chart of an embodiment of the method according to the invention. A method is used for
guiding a salvo of guided projectiles to a target. The method comprises the step of associating (100) dispersion parameters
to the salvo of guided projectiles, and the step of determining (110) numerical values of the dispersion parameters based
on accuracy uncertainty.
[0026] The method of guiding a salvo of guided projectiles can be performed using dedicated hardware structures,
such as FPGA and/or ASIC components. Otherwise, the method can also at least partially be performed using a computer
program product comprising instructions for causing a processor of the computer system to perform the above described
steps of the method according to the invention. All steps can in principle be performed on a single processor. However
it is noted that at least one step can be performed on a separate processor, e.g. the step of determining numerical values
of the dispersion parameters based on accuracy uncertainty.
[0027] It is noted that in a first embodiment according to the invention, a swarming technique is applied, based on the
article "Stability analysis of swarms" in IEEE Transactions on Automatic Control by V. Gazi and K. Passino, 48(4):
692-697, 2003. The main results of the cited reference refer to the stability of systems of the form 

wherein xi represents the vector describing the position of member i of the swarm, and g is an attraction-repulsion function
that ensures that the members of the swarm attract each other if situated far away from each other, and repulse each
other if situated close to each other. In the cited reference, the function g is chosen as 

where a, b, c are positive and b > a. However, in this approach it appears that a control of velocities is assumed while
control of lateral acceleration is actually available. Further, vector relative measurements are needed, not just measure-
ments on a relative distance. In addition, the stationarity of the centroid is not guaranteed. Also, the embodiment requires
that all the projectiles in the salvo need information about the position of all the other projectiles in the salvo. This implies
that each projectile has to send information about itself while receiving and processing information about all the other
projectiles.
[0028] In order to overcome at least one of the drawbacks of the embodiment described in the previous section,
another approach can be adopted, as explained in more detail referring to Figure 4. Here, each projectile sends information
about its own position, the launching station receives this information and computes the position of the centroid of the
projectiles, which is broadcasted to all the projectiles. Each projectile implements a modified swarming law using its
relative position to the centroid. The modified swarming law is formulated as 

wherein the latter expression defines the centroid and M denotes the number of projectiles in the salvo. Further, the
function g is now chosen as 
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thus reducing computation time. Further, the function g merely depends on two parameters with a very clear significance,
viz. δ representing the boundary between the attraction and the repulsion zones and ε is the length of a dead zone. The
parameter ε should be chosen smaller than δ. It appears that the drift of the centroid is much smaller and the projectiles
span themselves on a circle of radius close to the parameter δ.
[0029] Figure 4 shows a diagram illustrating the interaction of method steps according to an embodiment according
to the invention. The upper section A is dedicated to activities before launching a salvo. Similarly, the lower section B
is dedicated to activities after launching the salvo. Further, the left hand side of Fig. 4 represents method steps that are
performed at the processor unit 4 in the system 1, while the right hand side of Fig. 4 represents method steps that are
performed in each projectile 3. Before launching a salvo, input data such as target track, target size and uncertainty data
30 are fed into a salvo planning routine 31. Also an intercept range 32 is fed into the routine 31. The routine 31 generates
a salvo size as well as dispersion parameters 33 that are input to a transmitter 34 of a launched projectile 3. The projectile
transmitter 34 transmits beam coordinates 36 based on beam sensor measurements 35 obtained at the transmitter 34.
The beam coordinates 36, 36a are received at the system 1 for computing the centroid beam coordinates 38 that are
sent to the antenna 5 of the system 1 for transmission to a receiver 39 of the individual projectiles 3. The centroid beam
coordinates 38 are input to the control unit 40 of each projectile 3, together with the beam sensor measurements 35 of
the projectile. Then, the control unit 40 generates swarming commands 41 for steering the projectile 3 according to the
determined dispersion parameters.
[0030] It will be understood that the above described embodiments of the invention are exemplary only and that other
embodiments are possible without departing from the scope of the present invention. It will be understood that many
variants are possible.
[0031] The projectiles can be implemented as passive bullets or explosive elements, such as grenades forming a shell.
[0032] The launching station can be stationary as illustrated in Figure 1, or may be mobile. The launching station can
even be a dispenser of submunitions, in which case the projectiles in the salvo may be the submunitions.
[0033] Such variants will be apparent to the person skilled in the art and are considered to lie within the scope of the
invention as defined in the following claims.

Claims

1. A method of guiding a salvo of guided projectiles to a target, comprising the steps of:

- associating dispersion parameters to the salvo of guided projectiles; and
- determining numerical values of the dispersion parameters based on accuracy uncertainty.

2. A method according to claim 1, further comprising the step of controlling the flight paths of the individual guided
projectiles in accordance with determined corresponding dispersion parameter values.

3. A method according to claim 1 or 2, wherein the accuracy uncertainty includes a target prediction position error, an
aiming error and/or flight disturbance.

4. A method according to any of the preceding claims, wherein the step of determining numerical values of the dispersion
parameters are also based on target dimensions.

5. A method according to any of the preceding claims, wherein the step of determining numerical values of the dispersion
parameters is performed using a swarming technique.

6. A method according to any of the preceding claims, further comprising a step of determining positions of launched
individual guided projectiles in a common reference coordinate system.

7. A method according to any of the preceding claim, further comprising a step of computing a centroid in the common
reference coordinate system based on the determined individual projectile positions.
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8. A method according to any of the preceding claim, further comprising a step of converting the determined numerical
values of the dispersion parameters to optimal position parameters of the launched individual guided projectiles in
the common reference coordinate system.

9. A method according to any of the preceding claim, wherein the step of computing a centroid is performed by a
processor unit in a system for guiding a salvo of guided projectiles to a target.

10. A method according to any of the preceding claims, wherein the step of converting is performed by a control unit
on board of the individual projectiles.

11. A system for guiding a salvo of guided projectiles to a target, comprising a processor unit that is arranged for
performing the steps of:

- associating dispersion parameters to the salvo of guided projectiles; and
- determining numerical values of the dispersion parameters based on accuracy uncertainty.

12. A system according to claim 11, further comprising an antenna for providing communication between launched
individual guided projectiles and the processor unit.

13. A system according to claim 11 or 12, further comprising a beam forming unit for defining a common reference
coordinate system for the individual projectiles.

14. A computer program product for guiding a salvo of guided projectiles to a target, the computer program product
comprising computer readable code for causing a processor to perform the steps of:

- associating dispersion parameters to the salvo of guided projectiles; and
- determining numerical values of the dispersion parameters based on accuracy uncertainty.
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