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METHOD FOR ACQUIRING THE COORDINATES OF A TRIGGER POINT OF
A PROJECTILE AND FIRE-CONTROL SYSTEM IMPLEMENTING THE
METHOD

The technical field of the invention is the field
of methods allowing to acquire the coordinates of a trigger
point of a projectile on a trajectory and above a field
part on which a target is located.

In particular, the invention relates to fire-
control systems which can be associated with a weapon
firing explosive projectiles, or bursts of such
projectiles.

The fire-control systems allow to provide the
coordinates of a trigger point for a projectile fired by
the weapon.

It is common to implement a fire-control system
associating a laser range finder with a ballistic computer.
The range finder allows to determine the distance to a
target. The computer determines, based on this distance,
the elevation and bearing angles to be given to the weapon
as well as the programming to be provided to the projectile
to be fired, such as the timing to fire the projectile.

The known fire-control systems are particularly
well adapted when the target is visible, has a sufficient
size and can be easily spotted, thus when the distance to
the target can be easily measured.

However, these fire-control systems are unsuited
for the acquisition of targets which are small-sized,
scattered or temporarily or partially hidden. Indeed, it is
almost impossible to find the range of such targets. The

operator therefore has to perform several adjustment fires
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so as to determine the correct distance to trigger
projectiles.

The invention is intended to provide a method for
acquiring the coordinates of a trigger point of a
projectile, the method allowing to immediately engage with
a high probability of interception a target of a small-
size, scattered or hidden.

Thus, the invention relates to a method for
acquiring the coordinates of a trigger point of a
projectile or of a burst of projectiles on a trajectory and
above a field part on which a target 1is located,
characterized in that the method comprises the following
steps:

emitting from a laser source at least one laser
pulse having a determined duration and directed towards the
field part where the target is located,

receiving the images reflected by the field part
with a receiver equipped with means for the synchronous
visualization of the reflection of the laser pulses under
the form of a piece of observation of the field part, the
piece having a width which can be possibly modified by
selecting a duration for the laser emission or reception,
and the distance of the piece of observation with respect
to the receiver can be modified by adjusting a delay
between the emission and the reception of the laser pulse,

recovering the coordinates of a desired trigger
point by the operator when the operator has chosen a
suitable location after having moved the piece of
observation with respect to the receiver and possibly
adjusted the width of the piece, the trigger point being

within said piece.
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Advantageously, the width of the piece will be
chosen substantially equal to the depth of an area of
effectiveness of the projectile or burst.

According to a particular embodiment, an image of
the ©piece observed will Dbe displayed on means for
visualization intended for an operator, the image
comprising a superimposed image of the area of
effectiveness of the projectile or burst, when fired at a
trigger point associated with said area of effectiveness
and positioned within the piece of observation, the
operator having the option to move the area of
effectiveness with respect to the image of the piece, the
coordinates of the trigger point being determined after the
area of effectiveness was moved.

The invention also relates to a fire-control
system which can Dbe associated with a weapon firing
projectiles or Dbursts of projectiles and allowing to
provide the coordinates of a trigger point for a projectile
or a burst fired by the weapon, the fire-control system
implementing the method according to the invention and
characterized in that the fire-control system comprises:

at least one synchronized pulses laser
observation means associating a laser source or emitter
which can emit pulses having a determined duration with a
receiver equipped with means for the synchronous
visualization of the reflection of the laser pulses under
the form of a piece of observation of the field part having
a width which can possibly be modified by selecting a
duration for the laser emission or reception, and whose
distance with respect to the receiver can be modified by
adjusting a delay between the emission and the reception,

a computer which can rebuild, using a suitable

algorithm, an image of the piece of observation acquired by
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the observation means, the image being displayed on a means
for visualization,

first control means intended for a wuser and
allowing to position and move said piece of observation at
a greater or shorter distance from the observation means,

second control means allowing the operator to
position and move, on the image of the piece observed, a
superimposed image of an area of effectiveness of the
projectile or burst, when fired at a trigger point chosen
in the piece of observation,

the computer continuously determining the
coordinates of the trigger point associated with the area
of effectiveness and positioned within the piece when the
operator activates the first and second control means to
move the piece of observation and the area of
effectiveness,

validation means allowing the user to choose a
particular location o¢of the area of effectiveness, the
computer thus providing the coordinates of the desired
trigger point for the projectile or burst.

According to an embodiment, the receiver is a
camera equipped with a shutter synchronized with the laser
emission and opening the camera at the end of at least one
delay determined with respect to the emission, the delay
between the emission and the reception allowing to adjust
the distance of the piece of observation with respect to
the receiver.

According to an embodiment, the synchronized
shutter also allows to adjust the width of the piece of
observation.

The image of the area of effectiveness can

advantageously be semi-transparent.
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The image of the area of effectiveness can have a
color different from the color of the rest of the image.

The invention will be Dbetter understood upon
reading the following description of a particular
embodiment, the description being made in reference with
the appended drawings in which:

FIG.1 shows a field part on which targets are
located, and a vehicle equipped with a weaponry system and
a fire-control system according to the invention,

FIGS.2a and 2b depict the operation of an
observation means used by the invention,

FIG.3 shows an image of the field such as viewed
by the gunner from a conventional camera without
implementing the invention,

FIG.4 depicts the tomographic acquisition of
image planes of the field,

FIG.5 is a diagram showing the architecture of
the fire-control system according to the invention,

FIG.6 shows an image of the field after

implementation of the invention.

When referring to FIG.1l, it is shown a field part
1 on which is located a vehicle 2 provided with a turret 2a
carrying a gun barrel 3.

The gun barrel 3 is intended to fire explosive
projectiles 4 towards targets 5a, 5b, 5c scattered on the
field 1. Only one projectile 4 1is shown here on 1its
trajectory 6.

The gun barrel 3 can be oriented in elevation and
in bearing with respect to the vehicle. Thus, the turret 2a
can rotate about a vertical axis (bearing setting) and the
barrel 3 can pivot with respect to the turret 2a along a

substantially horizontal axis (elevation setting). Suitable
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motorizations are associated with these elevation and
bearing adjustments of the gun barrel 3.

The turret 2a also carries observation means 7
constituted here by an active laser sensor 7, assocliating a
laser emitter with a receiver and allowing to synchronously
visualize the reflection of the laser pulses under the form
of a piece of observation of the field.

These active-imagery sensors implement the
technology known as “Sliding Range Gating”.

FIGS.2a and 2b schematically show the structure
of such a sensor 7 and the operation thereof.

The sensor or observation means 7 comprises a
laser 20 (emitter) operating in the range of wavelengths
from 1.06 micrometers to 1.54 micrometers. This laser 20
emits pulses towards a target 5 and 1is controlled by
control electronics 21. The control electronics 21 allows

to pilot the duration of the pulses 23 which are emitted.

The duration of the pulse allows to define the width 8 of a
piece of analysis T of the field.

The sensor or observation means 7 also comprises
a camera 22 (or receiver) driven by the control electronics
21. The camera comprises a shutter (not shown) synchronized
with the laser emission and which opens the camera at the
end of at least one delay R determined with respect to the
emission of the pulse 23. The shutter is driven by the
control electronics 21.

This delay R corresponds to the duration
necessary for the 1light to travel twice the distance D
separating the sensor 7 from the target 5, the delay
between the emission and the reception allowing to adjust
the distance between the piece of observation T and the

receiver 22, thus between the piece T and the sensor 7.



10

15

20

25

30

7

Thus, the camera 22 is closed to all 1lights
backscattered by the field and by the pulse 23, and is
opened only to receive a part 24 of the pulse 23 reflected
by the target 5.

With this technique, it 1is thus possible to
acquire, by the observation means 7, images from a piece T

of field with a width & and located at a distance D from

the sensor 7. The distance D and the width & can be
modified by the operator.

According to another embodiment, it is possible
to implement a laser 20 emitting pulses, the duration of
which allows to define a width greater than the width &
desired for the piece of analysis T of field. In this case,
this radar will be associated with a camera or receiver 22
equipped with a shutter, synchronized with the laser
emission but having an opening duration allowing to keep
only the signals relating to a piece of field with a width
d. In this case, the shutter allows to define both the
width & (by its opening duration) and the distance D (by
the delay R between its opening and the laser emission).

The observation means 7 1is coupled to a fire-
control system (not shown in FIG.1l) which is within the
turret 2a and allows to control the motorizations ensuring
the laying of the turret 2a and of the barrel 3 of the
weapon towards the targets 5a, 5b, 5c.

The fire-control system will also ensure the
programming of projectiles fired by the barrel. This
programming comprises the configuration, by a (conventional
and not shown) programming interface, in a memory of the
projectile fuze, of a projectile triggering time at the end

of the firing time.
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The targets 5a, 5b, 5c have small sizes, for
example lightweight wvehicles or groups of combat soldiers.

The targets are further partially hidden with
respect to the vehicle 2 by landscape elements, such as
trees 8a, 8b, 8c, the foliage of which is not entirely
opaque to the light.

The observation section of the observation means
7 1is shown in FIG.1 by a dotted-line cone. Thus, the
observation means 7 faces the field along a direction Sl
which corresponds to the axis of the cone 9.

FIG.3 shows the image of the field 1 as it is
directly displayed on a screen of the fire-control system
from a conventional camera which does not implement the
invention.

It can be noted that the targets 5a, 5b and 5c
are partially hidden by the trees 8a, 8b and 8c. A range
finding of the targets from the fire-control system is thus
difficult or even impossible.

The trees 8a, 8b, 8c intercept the signals of
laser range finding, resulting in a bad programming of the
triggering time of the projectile 4 on its trajectory.

A programming error results 1in a significant
reduction of the hit probability. For firing a burst of ten
projectiles at a distance of 1,200 meters, it was shown
that a programming error of 10 meters results in a
reduction up to 50 % of the hit probability.

In addition, 1f the foliage 1is not entirely
opaque, the targets 5a, 5b and 5c are viewed with a maximum
signal/noise ratio because the light backscattered by the
foliage is not detected by the camera 22, the shutter
inhibiting the reception of the backscattered light.

FIG.4 shows the operational implementation of the

method according to the invention.
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With this method, the observation means 7
described above will be used to observe only the radiations
reflected by the objects located in a piece T of field with
a width & which 1s located at a distance D from the
observation means 7. This piece T is materialized in FIG.4
by two planes 10a and 10b. Thus, the vision of the target
5a, 5b, 5c is less hidden by the obstacles located between
the vehicle and the target, such as the trees 8a, 8b, 8c.

FIG.5 shows a fire-control system 11 according to
the invention.

This fire-control system 11 1is intended to
provide the coordinates of the trigger point P for the
projectile 4 on its trajectory.

The fire-control system comprises the laser
observation means 7 which allows to observe pieces T of the
field 1 observed, and the thickness O and the distance D
of the pieces can be adjusted by the operator. The value of
the width O of the piece T is adjusted by modifying the
duration of each emitted (or received) pulse.

The distance D is adjusted by the operator by
modifying the delay between the emission and reception of
the laser pulse, thus the delay after an emission of pulse
23 and at the end of which the optics of the camera 22 is
opened to receive the reflected pulses 24.

As mentioned above, it is also possible to adjust
the width & by the opening duration of the synchronized
shutter of the camera 22.

Advantageously, for the piece T, a fixed value of
the width & will be chosen, which corresponds to the depth
of an area of effectiveness of the projectile 4. Such an

arrangement allows the operator to determine more easily
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the optimum trigger point for the projectile by varying
only the observation distance D.

The fire-control system also comprises a computer
12 which handles the functions of the control electronics
21 of the observation means 7.

The fire-control system 11 also comprises first
control means 25 which are, for example, a rotating
thumbwheel allowing to adjust the value of the delay R
between the emission and the reception, and therefore to
modify the distance D by moving the piece of observation T.

During this operation for modifying the distance
D, the operator can observe, on means for visualization,
such as a screen 14, the presence of potential targets.

FIG.6 shows what is seen by the operator on the
screen 14 after implementing the synchronized-opening
observation means 7. The targets 5a, 5b and 5c are not
hidden anymore by the trees 8.

FIG.6 shows a plane view projected on the plane
of the figure. It is well understood that the screen 14 of
the fire-control system allows to view an 1image of the
piece of field in relief.

The fire-control system 11 also comprises second
control means 15 implemented here as a lever (or joystick)
which can be maneuvered along two orthogonal directions J1
and J2.

Once an acquisition piece T is chosen, the user
uses the joystick 15 to position and move, on the image of
the field 1, the image of an area of effectiveness 16
(FIGS.1 and 5).

This area 16 is an image, built by the computer
12, of a geometrical volume or surface which allows to view

the volume or surface area of effectiveness of the
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fragments generated by the projectile when fired at a
trigger point P (FIG.1).

This area of effectiveness 1s shown in the
figures as a cone or as its elliptical sections to simplify
the description. It is well understood that the volume,
which will be superimposed on the image of the field, can
have a different shape which will depend on the
characteristics of the projectile 4 1implemented. The
geometrical characteristics of the area of effectiveness 16
associated with different trigger points P are incorporated
in memory means 17 coupled to the computer 12.

It 1s common, during the definition of a
projectile, to measure the distribution of fragments
generated by the explosion of the projectile at different
distances from the projectile.

Then, the area of effectiveness 16 of a
projectile 4, initiated at a given point P, can be
geometrically modeled and constitute a database allowing to
assoclate different areas of effectiveness 16 with
different initiation points P.

Thus, each movement of the area of effectiveness
16 can be automatically associated, by the computer 12,
with coordinates of an associated initiation point P.

For simplification purposes, the geometrical
volume of the area 16 will be chosen such that it
corresponds to a distribution of the fragments generated,
allowing to ensure a given hit or neutralization
probability. Such a probability corresponds, for example,
to a minimum energy level for the fragments and/or to a
minimum fragment density.

It is understood that the data are for a given
type of projectile and do not depend on the characteristics

of the field 1 and of the targets located therein.
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A geometrical volume 16 can thus be
systematically associated with any point 1in space, the
geometrical volume 16 corresponding to the desired hit
probability when the projectile 4 1is initiated at this
point.

According to the invention, this volume is moved
by the user on the bi-dimensional or three-dimensional
image of the field 1. This image of the area of
effectiveness 16 is semi-transparent and does not hide the
potential targets 5a, 5b and 5c. It also could have a color
different from the color of the rest of the image so as to
facilitate its visualization.

The width of the piece T being chosen equal to
the depth of effectiveness of the projectile, it is just
necessary to suggest to the operator a surface or volume 16
giving the shape of the area of effectiveness in the
considered piece T.

Thus, the wuser «can easily move, using the
joystick 15, the area of effectiveness 16 along the
directions D1 and D2 (FIG.6). It allows the user to
visually determine the position allowing to neutralize one
or more targets 5a, 5b, 5¢ with the desired hit
probability.

When moving the area 16 using the joystick 15,
the computer 12 continuously determines the coordinates of
the trigger point P corresponding to the position chosen
for the area of effectiveness 16. Indeed, these coordinates
are closely related to the geometry of the area 16 which is
moved, and a movement of the area 16 corresponds in fact to
a movement of the point P, the data being associated in the
memory means 17.

The piece T having a width equal to the width of

the area of effectiveness, the point P is located in a
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plane located in the middle of the piece, within equal
distance from the planes 10a and 10b.

When the user has chosen a particular location
for the area of effectiveness 16, he/she activates
validation means (for example, a control switch Bl of the
joystick 15).

The computer 12 thus provides to a laying module
18 and a programming module 19 the coordinates of the
desired trigger point P for the projectile, that was read
in the memory means 17.

These coordinates are conventionally used by the
laying module 18 to control the elevation and bearing
layings of the gun barrel 3.

The coordinates are wused by the programming
module 19 to program the triggering time of the projectile
4 on the trajectory.

The invention was described for simplification
purposes with respect to a use for controlling the firing
of a single projectile.

The invention can be implemented in a similar way
for controlling the firing of a burst of projectiles. A
burst comprises a number of projectiles (4 to 10 for
example) successively fired at the rate of fire of the
weapon.

As it is possible by conception to define an area
of effectiveness of a single projectile, it 1is also
possible to geometrically define an area of effectiveness
of a burst comprising a number of projectiles of a given
type.

The means of the invention are implemented in the
same way as described above.

However, what is visualized on the screen is not

the area of effectiveness of a single projectile anymore,
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but the area of effectiveness of a burst. The trigger point
P thus corresponds to a mean point, the barycenter of the
trigger points of the different projectiles of the burst.
Based on the selection of the area of effectiveness, a
burst ensuring an initiation, with a statistical
distribution of the initiation times of the projectiles of
the burst in the considered piece, can also be defined in
the fire-control system.

Once the area of effectiveness is positioned by
the user, the computer 12 transmits as previously to the
laying module 18 and the programming module 19 the
different firing parameters (laying angles) and burst
managing parameters (programming of the triggering time of

each projectile).
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CLAIMS

1 - A method for acquiring the coordinates of a
trigger point (P) of a projectile (4) or of a burst of
projectiles on a trajectory and above a field part (1) on
which a target (5a, 5b, 5c) is located, characterized in
that the method comprises the following steps:

emitting from a laser source (20) at 1least one
laser pulse having a predetermined duration and directed
towards the field part (1) where the target (5a, 5b, 5c) is
located,

receiving the images reflected by the field part
with a receiver (22) equipped with means for the
synchronous visualization of the reflection of the laser

pulses under the form of a piece of observation (T) of the

field part, the piece having a width (8) which can be
possibly modified by selecting a duration for the laser
emission or reception, and the distance (D) of the piece of
observation (T) with respect to the receiver (22) can be
modified by adjusting a delay between the emission and the
reception of the laser pulse,

recovering the coordinates of a desired trigger
point (P) when the operator has chosen a suitable location
after having moved the piece of observation (T) with
respect to the receiver (22) and possibly adjusted the
width (d) of the piece, the trigger point being within
said piece.

2 - The method according to claim iy
characterized in that the width (&) of the piece (T) is
chosen substantially equal to the depth of an area of
effectiveness of the projectile (4) or of the burst.

3 — The method according to one of claims 1 or 2,

characterized in that an image of the observed piece (T) 1is
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displayed on means for visualization (14) intended for an
operator, the image comprising a superimposed image (16) of
the area of effectiveness of the projectile or of the
burst, when fired at a trigger point (P) associated with
this area of effectiveness (16) and positioned in the piece
of observation (T), the operator having the option to move
the area of effectiveness (16) with respect to the image of
the piece (T), the coordinates of the trigger point (P)
being determined after the area of effectiveness (16) was
moved.

4 - A fire-control system (11) which can be
associated with a weapon (3) firing projectiles (4) or
bursts of ©projectiles and allowing to provide the
coordinates of a trigger point (P) for a projectile (4) or
a burst fired by the weapon, the fire-control system
implementing the method according to one of the preceding
claims and characterized in that the fire-control system
(1) comprises:

at least one synchronized pulses laser
observation means (7) associating a laser source or emitter
(20) which can emit pulses (23) having a determined
duration with a receiver (22) equipped with means for the
synchronous visualization of the reflection of the laser
pulses under the form of a piece of observation (T) of the
field part having a width (8) which can possibly be
modified by selecting a duration for the laser emission or
reception, and whose distance (D) with respect to the
receiver (22) can be modified by adjusting a delay (R)
between the emission and the reception,

a computer (12) which can rebuild, wusing a
suitable algorithm, an image of the piece of observation
acquired by the observation means (7), the image being

displayed on means for visualization (14),
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first control means (25) intended for a user and
allowing to position and move said piece of observation (T)
at a greater or shorter distance from the observation means
(7),

second control means (15) allowing the operator
to position and move, on the image of the piece observed, a
superimposed image (16) of an area of effectiveness of the
projectile (4) or burst, when fired at a trigger point (P)
chosen in the piece of observation (T),

the computer (12) continuously determining the
coordinates of the trigger point (P) associated with the
area of effectiveness (16) and positioned within the piece
(T) when the operator activates the first (25) and second
(15) control means to move the piece of observation (T) and
the area of effectiveness (16),

validation means (Bl) allowing the user to choose
a particular location of the area of effectiveness (16),
the computer (12) thus providing the coordinates of the
desired trigger point (P) for the projectile (4) or burst.

5 - The fire-control system according to claim 4,
characterized 1in that the receiver 1is a camera (22)
equipped with a shutter synchronized with the laser
emission and opening the camera (22) at the end of at least
one delay (R) determined with respect to the emission, the
delay between the emission and the reception allowing to
adjust the distance (D) of the piece of observation (T)
with respect to the receiver (22).

6 - The fire-control system according to claim 5,
characterized in that the synchronized shutter alsc allows
to adjust the width (&) of the piece of observation (T).

7 - The fire-control system according to one of
claims 4 to 6, characterized in that the image of the area

of effectiveness (16) is semi-transparent.
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8 - The fire-control system according to claim 7,
characterized in  that the image of the area of
effectiveness (16) has a color different from the color of

the rest of the image.



