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(57) ABSTRACT

A method and device for determining the distance between
an airborne receiver and a stationary ground transmitter are
disclosed. A digital terrain model is implemented to deter-
mine a range of distance values containing the transmitter. A
receiver distance is found and, with the range of values, a
plurality of theoretical distances is calculated, to each of
which a corresponding azimuth angle and elevation angle
are associated. The thus calculated azimuth and elevation
angles are compared to the measured azimuth and elevation
angles of the line of sight under which the receiver observes
the transmitter.
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METHOD AND DEVICE FOR
DETERMINING THE DISTANCE BETWEEN
AN ATRBORNE RECEIVER AND A
STATIONARY GROUND TRANSMITTER

[0001] The present invention relates to a method and a
device for determining the distance between an airborne
receiver in a known position and a stationary ground trans-
mitter.
[0002] Although the applications of this method can be
diverse, the present invention is particularly appropriate to
be implemented in a missile launch detector which is
mounted on an aircraft (for example a plane or another
missile) and of which the object is to protect said aircraft
against a hostile attack missile launched from the ground. To
do this, in a manner known, a missile launch detector
comprises an infra-red imager (the airborne receiver)
capable of detecting infra-red emissions (the stationary
ground transmitter) produced by the propeller flame of said
attack missile and of triggering an alarm on said aircraft to
be protected.
[0003] The present invention will be more specifically
described below in relation to a missile launch detector of
this type.
[0004] The infra-red imager of a missile launch detector is
able, by its line of sight, to indicate the direction from which
the infra-red emission is produced by the launch of the attack
missile, but cannot provide the distance separating the latter
and the aircraft to be protected. Now, the field and sensitivity
characteristics of said infra-red imager are heightened, in
that it detects numerous infra-red sources other than the
infra-red emissions produced by the launch of the attack
missile which can result in false alarms. To avoid this last
inconvenience, a missile launch detector must work in
accordance with complex algorithms capable of eliminating
these false alarms, or at least of reducing the number.
[0005] Of course, such complex algorithms are detrimen-
tal to the speed of the identification of a real alarm, which
limits the time an aircraft to be protected has to react to the
launch of a hostile attack missile.
[0006] The particular object of the present invention is to
remedy these inconveniences by allowing a missile launch
detector to quickly and precisely determine the distance
separating it from an infra-red source.
[0007] So, thanks to the awareness of this distance, the
missile launch detector can interpret the apparent infra-red
strength (based on the distance) which it is receiving from
said infra-red source and can determine the nature of the
latter.
[0008] To that end, according to the invention, the method
for determining the distance between an airborne receiver in
a known position and a stationary ground transmitter is
remarkable in that the following steps are implemented:
[0009] a) by implementation of a digital terrain model
which is representative of the terrain on which said
stationary transmitter can be found and which indicates
the maximum and minimum height of the terrain, a
maximum distance value and a minimum distance
value can be determined defining a range of distance
values in which the real value of the distance between
said receiver and said transmitter can be found;
[0010] b) the value of the azimuth angle and the value
of the elevation angle of the line of sight under which
said receiver observes said transmitter are measured;
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[0011] c) for each of a plurality of points of the part of
said digital terrain model included in said range of
distance values, the theoretical distance separating said
point and said receiver is calculated, in addition to the
values of the theoretical azimuth angle and the theo-
retical elevation angle of the direction of said theoreti-
cal distance;

[0012] d) the measured values of the azimuth angle and
the elevation angle of said line of sight, obtained in step
b), are compared respectively to each of the values of
the theoretical azimuth angle and the theoretical eleva-
tion angle, obtained in step c); and

[0013] e)itis considered that said real distance between
the receiver and the transmitter is equal to the theo-
retical distance of said point on the digital terrain model
of which the calculated values of the theoretical azi-
muth angle and the theoretical elevation angle of the
direction are the closest respectively to the measured
values of the azimuth angle and the elevation angle of
said line of sight.

[0014] In the usual case where said airborne receiver is
airborne and moves in a known manner on a known trajec-
tory, steps a) to e) can be carried out for a plurality of
successive points of said known trajectory in order to obtain
a progression over time of said distance between said
receiver and said transmitter.

[0015] However, this point-by-point construction of the
progression over time of the distance between the receiver
and the transmitter can lead to the inconvenience of includ-
ing abnormal points in the case where, by exception, a
measurement of the azimuth angle and/or the elevation angle
would itself be abnormal.

[0016] To avoid this inconvenience, in a variant embodi-
ment, the method in accordance with the present invention
to continuously determine the distance between a moveable
airborne receiver of known manner on a known trajectory
and a stationary ground transmitter, said transmitter being
observed by said receiver following a line of sight of
variable direction upon movement of said transmitter, is
remarkable in that it implements the following operations:

[0017] a') by implementation of a digital terrain model
which is representative of the part of terrain on which
said stationary transmitter is found and which indicates
the maximum and minimum height of this part of the
terrain, a maximum distance value and a minimum
distance value is determined, for each of a plurality of
successive positions of said airborne receiver over the
entirety of its trajectory, defining a range of distance
values in which the real value of the distance between
said receiver and said transmitter at the corresponding
position of said airborne receiver can be found;

[0018] ©D") at each of said successive positions of said
airborne receiver, the value of the azimuth angle and
the value of elevation angle of the corresponding
direction of said line of sight is measured;

[0019] c¢') for each of a plurality of points of the part of
said digital terrain model included in each of said
ranges of distance values obtained in step a'), the
theoretical distance between said point and said
receiver is calculated, as well as the values of the
theoretical azimuth value and the theoretical elevation
angle of the direction of said theoretical distance;

[0020] d') the results of the measured values of the
azimuth angle and the elevation angle for said line of
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sight, obtained in step b'), are respectively compared to
the results of the values of the theoretical azimuth angle
and the theoretical elevation angle obtained in step c');
and

[0021] ¢')itis considered that the progression of the real
distance between the receiver and the transmitter, while
said receiver is moving along its trajectory, is repre-
sented by the progression of the theoretical distance
calculated in step ¢'), for which the results of the values
of the theoretical azimuth angle and the theoretical
elevation angle are respectively the closest of the
results of the measured values of the azimuth angle and
the elevation angle of said line of sight.

[0022] Compared to the majority of distance measuring
methods, such as triangulation, it will be noted that the
accuracy of the determination of the distance between the
transmitter and the receiver is independent of the speed of
movement of the receiver, this accuracy being just as high
for a low speed as for a higher speed of the latter.

[0023] The present invention also relates to an infra-red
detection device:

[0024] which is mounted on board an aircraft equipped
with a positioning device allowing the position of said
aircraft to be known at every instance, and

[0025] which comprises an infra-red detector capable of
detecting a land-based infra-red emission, as well as
measurement devices indicating the direction of the
line of sight at which said infra-red detector observes
said infra-red emission,

this infra-red detection device being remarkable:

[0026] in that said means of measurement provide val-
ues of the azimuth angle and the elevation angle for the
direction of said line of sight; and

[0027] in that said detection device also comprises:
[0028] a digital terrain model which is representative

of the terrain in which said land-based infra-red

emission is found and which indicates the maximum
and minimum height of said terrain; and
[0029] configured means of calculation:

[0030] to calculate a minimum distance value and
a maximum distance value between which the real
value of the distance between said infra-red detec-
tor and said land-based infra-red emission is
found;

[0031] to calculate a plurality of theoretical inter-
mediate distances included between said mini-
mum distance value and said maximum distance
value;

[0032] to calculate, for each of said theoretical
intermediate distances, the azimuth angle and the
elevation angle of the corresponding direction;
and

[0033] to compare the calculated values of the
azimuth angle and the elevation angle of each of
said theoretical intermediate distances with the
measured values of the azimuth angle and the
elevation angle of the direction of said line of
sight.

[0034] In an embodiment of the infra-red detection device
in accordance with the present invention, said means of
calculation are configured to assign, at any moment, the
theoretical intermediate distance value of which the calcu-
lated values of the azimuth angle and the elevation angle are
the closest respectively to the measured values of the
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azimuth angle and the elevation angle in the direction of said
line of sight to the distance between the infra-red detector
and said land-based infra-red emission.

[0035] Alternatively, said means of calculation are con-
figured to assimilate the progression over time of the dis-
tance between the infra-red detector and said land-based
infra-red emission into a progression over time of theoretical
intermediate distance for which the results of the calculated
values of the theoretical azimuth angle and the theoretical
elevation angle are respectively the closest of the results of
the measured values of the azimuth angle and the elevation
angle of said line of sight.

[0036] It will be easily understood that the present inven-
tion also relates to a missile launch detection device com-
prising the particular features of the infra-red detection
device described above, as well as an aircraft, particularly a
missile, comprising such a missile launch detection device.
[0037] The figures of the appended drawing will clearly
detail how the invention can be implemented. In these
figures, identical references indicate similar elements.
[0038] FIG. 1 is a diagram illustrating the foundation of
the present invention.

[0039] FIG. 2 illustrates the azimuth angle and the eleva-
tion angle of the line of sight of a receiver.

[0040] FIGS. 3A and 3B are chronological diagrams
which respectively represent the progression of the azimuth
angles and the elevation angles according to successive
positions of the receiver.

[0041] FIG. 4 is the synoptic diagram of the detection
device in accordance with the present invention.

[0042] In FIG. 1, an aircraft AC has been schematically
represented following a trajectory T and bearing an infra-red
receiver R. At every instance ti (i=0, 1, 2, 3 . . . integer-n),
the position Pi of the aircraft AC (and thus of the infra-red
receiver R) is known to an accuracy AP in an X (latitude),
Y (longitude) and Z (altitude) axis system, as shown in FIG.
2

[0043] The aircraft AC flies over a terrain represented by
a digital terrain model MNT, precision AMNT, indicating the
minimum altitude Hmin and the maximum altitude Hmax of
said terrain. On this, an infra-red transmitter E observed by
the infra-red receiver R in accordance with the line of sight
LVi is found, while the aircraft AC is in position Pi. As
shown in FIG. 2, the direction Di of the line of sight LVi can
be defined by its elevation angle hDi and its azimuth angle
azDi, to an accuracy AD.

[0044] Due to the uncertainty AP of the accuracy of the
position of the aircraft AC, of the uncertainty AMNT of the
accuracy of the digital terrain model MNT, and the uncer-
tainty AD of the accuracy of the direction Di of the line of
sight TVi, this last direction Di can only be known as
included between a maximum direction Dimax and a mini-
mum direction Dim in.

[0045] As a result, the real distance between the receiver
R and the transmitter E is included between a minimum
distance Dimin, corresponding to the distance between the
receiver R and the point pmin of intersection between the
direction Dim in and the maximum altitude Hmax, and a
maximum distance Dimax, corresponding to the distance
between the receiver R and the point pmax of intersection
between the direction Dimax and the minimum altitude
Hmin. The real distance between the receiver R in position
Pi and the transmitter E is thus included between Dimin and
Dimax, which determines a range of distance AD values.
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[0046] So, in accordance with the present invention, the
first step is to determine, in the manner described above, the
range of distance AD values in which the real value of the
distance between the receiver R and the transmitter E at the
position Pi is found.

[0047] Then, with the help of the instruments on board the
aircraft AC, the value azDi of the azimuth angle and the
value hDi of the elevation angle of the line of sight LVi of
receiver R are measured.

[0048] Furthermore, for each of a plurality of points Pj
(where j=2, 3, .. ., j, integer-q) of the part mnt of the digital
model MNT, included in said range of distance AD values,
the theoretical distance dj between the point pj of the
receiver R, as well as the values azj of the theoretical
azimuth angle and hj of the theoretical elevation angle in the
direction Dj of said theoretical distance dj, is calculated.
Then, the measured values azDi and hDi of the azimuth
angle and the elevation angle of the line of sight [LVi are
compared respectively with the calculated values azj and hj
of the theoretical azimuth angle and the theoretical elevation
angle for each of the directions Dj.

[0049] For the position Pi of the aircraft AC on its trajec-
tory T, following this comparison, it can be considered that
the real distance between the receiver R and the transmitter
E is equal to that of the theoretical distances dj of which the
direction Dj has the values azj of the theoretical azimuth
angle and hj of the theoretical elevation angle respectively as
the closest to the measured values azDi and hDi of the
azimuth angle and the elevation angle of the line of sight
LVvi.

[0050] Of course, what has been described above for the
position Pi of the aircraft AC may be repeated for each
position P, P,, .. ., P, of this. Thus, a series of estimated
values of the distance between transmitter E and receiver R
is obtained according to the movement of the aircraft AC on
its trajectory T.

[0051] This process may be subject to measurement inac-
curacies; a preferred variant of the method in accordance
with the present invention is that, as shown in FIGS. 3A and
3B:

[0052] a') with the help of the digital terrain model
MNT, a maximum distance value Dimax and a mini-
mum distance Dimin is determined, for each of a
plurality of successive positions Pi (at instances t,, t;,

, t,) of the receiver R, with the corresponding
azimuth angles azdimax and azdimin and the corre-
sponding elevation angles hdimax and hdimin, defining
a range of distance values in which the real value of the
distance between the receiver R and the transmitter E at
the position Pi of the receiver R is found;

[0053] Db") at each of the successive positions Pi of the
receiver R, the value of the azimuth angle azDi and
value of the elevation angle hDi of the corresponding
direction of the line of sight LVi is measured;

[0054] ') for each of a plurality of points pj of the part
mnt of the digital terrain model MNT, included in each
of the ranges of distance values obtained in step a'), the
theoretical distance dj between said point pj and the
receiver R is calculated, as well as the values of the
theoretical azimuth angle azth and the theoretical eleva-
tion angle hjth of the direction Dj of the theoretical
distance dj;

[0055] d') the results of the measured values of the
azimuth angle azDi and the elevation angle hDi,
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obtained in step b'), are respectively compared to the
results of the theoretical azimuth angle azjth and the
theoretical elevation angle hjth obtained in step ¢'); and

[0056] ¢') it is estimated that the progression of the real
distance between the receiver R and the transmitter E,
while the aircraft AC moves along its trajectory, is
represented by the progression of the theoretical dis-
tance dj, calculated in step c¢'), for which the results of
the values of the theoretical azimuth angle azjth and the
theoretical elevation angle hjth are respectively the
closest of the results of the measured values of the
azimuth angle azdi and the elevation angle hDi of the
line of sight LVi.

[0057] InFIG. 4, in accordance with the present invention,
an infra-red detection device has been represented which is
mounted on board the aircraft AC and which includes the
receiver R, here in the form of an infra-red detector able to
detect a land-based infra-red emission, formed here by the
transmitter E. The aircraft AC comprises a positioning
device PO which allows its position to be known at every
instance and the infra-red detection device comprises mea-
surement means MLV, indicating the direction of the line of
sight LV under which the infra-red detector R observes the
land-based infra-red emission E, this direction being defined
by the azimuth angle and the elevation angle of the line of
sight.

[0058] The infra-red detection device in FIG. 4 also com-
prises means of calculation CP, connected to the positioning
device PO and to the measurement device MLV, as well as
a digital terrain model MNT representative of the terrain on
which the infra-red emission E is found and indicating the
maximum elevation and the minimum elevation of the
terrain, said digital terrain model also being connected to
said means of calculation CP.

[0059] From the information received from the position-
ing device PO, the digital terrain model MNT and the
measurement device MLV, the means of calculation CP are
configured, in accordance with the present invention:

[0060] to calculate a minimum distance value and a
maximum distance value between which the real value
of the distance between said infra-red detector and said
land-based infra-red emission is found;

[0061] to calculate a plurality of theoretical intermedi-
ate distances included between said minimum distance
value and said maximum distance value;

[0062] to calculate for each of said theoretical interme-
diate distances, the azimuth angle and the elevation
angle of the corresponding direction; and

[0063] to compare the calculated values of the azimuth
angle and the elevation angle of each of said theoretical
intermediate distances with the measured values of the
azimuth angle and the elevation angle in the direction
of said line of sight.

[0064] As mentioned above, said means of calculation CP
can be configured, to provide to their output S:

[0065] information attributing, at every instance, to the
distance between the infra-red detector of said land-
based infra-red emission, the value of the theoretical
intermediate distance of which the calculated values of
the azimuth angle and the elevation angle are the
closest to the measured values of azimuth angle and the
elevation angle in the direction of said line of sight; or

[0066] information assimilating the progression over
time of the distance between the infra-red detector of
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said land-based infra-red emission into a progression
over time of a theoretical intermediate distance for
which the calculated values of the theoretical azimuth
angle and the theoretical elevation angle are respec-
tively the closest of the results of the measured values
of'the azimuth angle and the elevation angle of said line
of sight.

[0067] As detailed before, it appears that the infra-red

detection device of FIG. 4 will find clear application in the

detection of missile launches.

1. A method for continuous determination of the distance
between a mobile airborne receiver on a known trajectory
and a stationary ground transmitter, said transmitter being
observed by said receiver following a line of sight of
variable direction upon movement of said transmitter, the
method comprising:

implementing a digital terrain model which is represen-

tative of the terrain on which said stationary transmitter
is found and which indicates the maximum elevation
and the minimum elevation of this terrain, wherein
implementing a digital terrain model includes deter-
mining a maximum distance value and a minimum
distance value, for each of a plurality of successive
positions of said airborne receiver for the entirety of its
trajectory, and defining a range of distance values in
which the real value of the distance between said
receiver and said transmitter in the corresponding posi-
tion of said airborne receiver is found;

at each of said successive positions of said airborne
receiver, measuring the value of the azimuth angle and
the value of the elevation angle of the corresponding
direction of said line of sight;

for each of a plurality of points of the part of said digital
terrain model included in each of said ranges of dis-
tance values obtained in said implementing a digital
terrain model, calculating the theoretical distance
between said point and said receiver, as well as the
values of the theoretical azimuth angle and the theo-
retical elevation angle of the direction of said theoreti-
cal distance;

comparing the results of the measured values of the
azimuth angle and the elevation angle to the results of
the theoretical values of the azimuth angle and the
theoretical elevation angle; and

determining that the progression of the real distance
between the receiver and the transmitter, while said
receiver moves along its trajectory, is represented by
the progression of the theoretical distance calculated in
said calculating, for which the results of the values of
the theoretical azimuth angle and the theoretical eleva-
tion angle are respectively the closest of the results of
the measured azimuth angle and the elevation angle of
said line of sight.
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2. In an aircraft equipped with a positioning device which
allows the position of said aircraft to be known at every
instance and an infra-red detection device, the infra-red
detection device comprising:

an infra-red detector configured to detect a land-based

infra-red emission, and

a measurement device indicating the direction of the line

of sight under which said infra-red detector observes
said infra-red emission,

wherein said measurement device delivers values of the

azimuth angle and the elevation angle for the direction
of said line of sight;

and wherein said detection device also comprises:

a digital terrain model which is representative of the
terrain on which said land-based infra-red emission
is found and which indicates the maximum height
and the minimum height of said terrain; and
calculation device configured to:
calculate a minimum distance value and a maximum
distance value between which the real value of the
distance between said infra-red detector and said
land-based infra-red emission is found;

calculate a plurality of theoretical intermediate dis-
tances included between said minimum distance
value and said maximum distance value;

calculate for each of said theoretical intermediate
distances, the azimuth angle and the elevation
angle of the corresponding direction; and

compare the calculated values of the azimuth angle
and the elevation angle of each of said theoretical
intermediate distances with the measured values
of the azimuth angle and the elevation angle of the
direction of said line of sight;

wherein said calculation device is configured to attribute,

at every instance, the value of the theoretical interme-
diate distance of which the calculated values of the
azimuth angle and the elevation angle are the closest of
the measured values of the azimuth angle and the
elevation angle of the direction of said line of sight to
the distance between the infra-red detector and said
land-based infra-red emission; and

wherein said calculation device is configured to assimilate

the progression over time of the distance between the
infra-red detector and said land-based infra-red emis-
sion into a progression over time of theoretical inter-
mediate distance for which the results of the calculated
values of the theoretical azimuth angle and the theo-
retical elevation angle are respectively the closest of the
results of the measured values of the azimuth angle and
the elevation angle of said line of sight.

3. A missile launch detection device, comprising the
infra-red detection device according to claim 2.

4. An aircraft equipped with the missile launch detector
according to claim 3.
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