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(67)  The present invention relates to a dual mode
seeker (10) for a missile (1), a missile (1) comprising such
dual mode seeker (10) and a method for assembling a
dual mode seeker (10) for a missile (1). The dual mode
seeker (10) comprises a first sensing system (11) con-
figured to detect a target, a second sensing system (12)
configured to detect a target, and a space envelope (13)
configured to be arranged in a missile’s nose (2). The
firstsensing system (11) comprises an active radar trans-

mitter and a radar receiver. The second sensing system
(12) comprises a passive optical detector. The space en-
velope (13) comprises a first channel (14) and a second
channel (15) arranged adjacent to each other in a seek-
er’s radial direction. The first sensing system (11) is ar-
ranged in the first channel (14) and the second sensing
system (12) is arranged in the second channel (15) of
the space envelope (13).
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Description

[0001] The present invention relates to a dual mode
seekerfora missile, a missile comprising such dual mode
seeker and a method for assembling a dual mode seeker
for a missile.

[0002] In the guidance of missiles and other vehicles
to a predesired target or destination, the target is usually
acquired and tracked by means on the missile for detect-
ing the target. Systems have been developed in the prior
art for utilizing combinations of different detection meth-
ods in the seeker to maximize advantages afforded by
each detection method.

[0003] US 4,085,910 A discloses a dual mode optical
seeker for guided missile control mounted in a nose of a
missile. This seeker includes an infra-red sensor for
sensing the orientation of the missile relative to an infra-
red illuminated target, and an optical unit for determining
the orientation of the missile relative to a visible target.
The optical unit is stabilized in space about the pitch and
yaw axes by means of a gyro stabilized platform unit
which is separated therefrom and linked thereto by cou-
pling rods which cause the optical unit to follow the sta-
bilized platform in both yaw and elevation.

[0004] This dual mode optical seeker may, however,
be improved in view of the detection methods and in view
of the arrangement within the missile.

[0005] Hence, there may be need to provide a dual
mode seeker for a missile, which is improved in view of
the detection methods. Further, there may be need to
provide a dual mode seeker, which is improved in view
of the arrangement within the missile.

[0006] The object of the present invention is solved by
the subject-matters of the independent claims, wherein
further embodiments are incorporated in the dependent
claims. It should be noted that the following described
aspects of the invention apply for each of the dual mode
seeker for a missile, the missile comprising such dual
mode seeker and the method for assembling such dual
mode seeker for a missile.

[0007] Accordingto the presentinvention, a dualmode
seeker for a missile is presented. The dual mode seeker
comprises a first sensing system configured to detect a
target, a second sensing system configured to detect a
target, and a space envelope configured to be arranged
in a missile’s nose. The first sensing system comprises
an active radar transmitter and aradar receiver. The sec-
ond sensing system comprises a passive optical detec-
tor.

[0008] The space envelope comprises a first channel
and a second channel arranged adjacent to each other
in a seeker’s radial direction. The first sensing system is
arranged in the first channel and the second sensing sys-
tem is arranged in the second channel of the space en-
velope.

[0009] In other words and exemplarily, the present in-
vention relates to an architecture or packaging scheme
for a dual mode seeker. The dual mode seeker may be
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integrated into a missile’s front section. The dual mode
seeker comprises an assembly of an active radar trans-
mitter, a radar receiver and a passive optical detector
into a common space envelope.

[0010] The dual mode seeker according to the present
invention is improved in view of the detection methods,
as a combination of an active radar detector and a pas-
sive optical detector is used. Thereby, the performance
of the seeker in improved in view of a greater range,
better accuracy, more frequency diversity, better tracking
quality and better reliability. Further, the dual mode seek-
er is in particular suitable for the detection of small tar-
gets, very slow or very fast targets and helicopter detec-
tion.

[0011] The dual mode seeker according to the present
invention is further improved in view of the arrangement
within the missile. It is possible to develop, use, integrate
and upgrade the dual mode seeker independently into
an arbitrary missile with only reduced temporal and fi-
nancial effort. In other words, the temporal and financial
efforts are reduced in view of development of the dual
mode seeker, adaption of the dual mode seeker to a par-
ticular missile, production of the dual mode seeker, main-
tenance etc. In contrast to the prior art, the problem of a
space envelope with a common gimbal for both sensing
systems is solved and the use of an expensive dome
transparent for both wavelengths of both sensing sys-
tems is avoided.

[0012] The dual mode seeker according to the present
invention can be made fully compliant to all customers’
requirements. The dual mode seeker can be used for
rolling and non-rolling missiles. Only minor missile shape
adaptation with only minorimpact to the missile dynamics
performance is necessary. It is possible to use current
radar and optical sensing systems with only a mechanical
integration and only minor mechanical modifications.
[0013] In an example, the active radar transmitter is a
radiofrequency transmitter. In an example, the passive
optical detector is configured for visible optics, infrared,
Semi Active Laser and/or TV detection.

[0014] In an example, the first channel is arranged
above the second channelin the seeker’s radial direction.
In other words, both channels may be arranged such that
e.g.theradarchannelis ontop and e.g. the infrared chan-
nel is on bottom. The first channel may also be arranged
below the second channelin the seeker’s radial direction.
The first channel and the second channel may also be
arranged next to each other or at any other possible an-
gular position, e.g. depending on the weight balance.
[0015] In an example, the first channel comprises a
first aperture and the second channel comprises a sec-
ond aperture. The first and the second apertures may
differ from each other. In other words, e.g. the radar chan-
nel and e.g. the infrared channel may use separate ap-
ertures. The first and the second apertures may also be
the same or may only partially differ from each other.
[0016] In an example, the first channel comprises a
first line of sight orientation and the second channel com-
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prises a second line of sight orientation. The first and/or
the second line of sight orientation may form an angle
with a seeker’s longitudinal direction between 0 and 45°,
preferably between 0 and 25°, and more preferably be-
tween 0 and 10°. Thereby, an angle between the firstand
second channels and/or the first and second sensing sys-
tem of up to 90° can be achieved.

[0017] The seekermay further comprise controlmeans
configured to control the angles of the firstand the second
line of sight orientations independent of each other.
[0018] In anexample, the first channel and the second
channel are arranged with an offset to each other in the
seeker’s longitudinal direction. In example, the first sens-
ing system and the second sensing system are arranged
with an offset to each other in the seeker’s longitudinal
direction. The offset may allow minimizing a shadowing
of one channel by the other, e.g. a shadowing of the in-
frared channel by the radar channel.

[0019] The offset may be determined relative to a pre-
determined point of the channels and/or the sensing sys-
tems, as e.g. the apertures of the channels, the begin-
ning, the gravity centre, the end of the sensing systems
and the like. The offset may amount to between 0.5 to
50 cm, preferably between 1 and 30 cm, more preferably
between 5 and 20 cm. The offset may also amount to
between 1 and 30 % of the total missile’s length, prefer-
ably between 2 and 20 %, more preferably between 3
and 10 %.

[0020] In an example, the first channel is arranged es-
sentially atthe seeker’s front end, while the second chan-
nel is further displaced to the seeker’s back end. In an
example, the first sensing system is arranged essentially
at the seeker’s front end, while the second sensing sys-
tem is further displaced to the seeker’s back end.
[0021] In anexample, the first channel and the second
channel are arranged parallel to each other in the seek-
er’s radial direction. The first channel and the second
channel may also be arranged slightly inclined to each
other or slightly spreading relative to each other.

[0022] In an example, the dual mode seeker further
comprises a common mechanical reference for the first
sensing system and the second sensing system.
[0023] According to the present invention, also a mis-
sile comprising adual mode seeker is presented, wherein
the dual mode seekeris arranged in a nose of the missile.
[0024] Accordingto the presentinvention, also a meth-
od for assembling a dual mode seeker for a missile is
presented. It comprises the following steps:

a) providing a space envelope configured to be ar-
ranged in a missile’s nose,

b) providing a first sensing system configured to de-
tect a target,

c) providing a second sensing system configured to
detect a target,

d) arranging the first sensing systemin afirst channel
of the space envelope, and

e) arranging the second sensing system in a second
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channel of the space envelope.

[0025] The first and the second channels are arranged
adjacent to each other in a seeker’s radial direction. The
first sensing system comprises an active radar - trans-
mitter and a radar receiver. The second sensing system
comprises a passive optical detector.

[0026] Itshallbe understood thatthe dual mode seeker
for a missile, the missile comprising such dual mode
seeker and the method for assembling a dual mode seek-
er for a missile according to the independent claims have
similar and/or identical preferred embodiments, in par-
ticular, as defined in the dependent claims. It shall be
understood further that a preferred embodiment of the
invention can also be any combination of the dependent
claims with the respective independent claim.

[0027] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.
[0028] Exemplary embodiments of the invention willbe
described in the following with reference to the accom-
panying drawings:

Fig.1 shows a schematic drawing of an example of
a missile with a dual mode seeker, and

Fig.2 showsaschematicoverview of steps of a meth-
od for assembling a dual mode seeker for a
missile.

[0029] Fig. 1 shows schematically and exemplarily an

embodiment of a missile 1 comprising a dual mode seek-
er 10, wherein the dual mode seeker 10 is arranged in a
nose 2 of the missile 1. The dual mode seeker 10 com-
prises a first sensing system 11 to detect a target, a sec-
ond sensing system 12 to detect the target, and a space
envelope 13 arranged in the missile’s nose 2.

[0030] Thefirstsensing system 11 comprises an active
radar transmitter and a radar receiver. The active radar
transmitter is a radiofrequency transmitter. The second
sensing system 12 comprises a passive optical infrared
detector.

[0031] The space envelope 13 comprises a first chan-
nel 14 and a second channel 15 arranged adjacent to
each otherin a seeker’s radial direction. The first sensing
system 11 (radar) is arranged in the first channel 14 and
the second sensing system 12 (infrared) is arranged in
the second channel 15 of the space envelope 13.
[0032] The first channel 14 is arranged above the sec-
ond channel 15 in the seeker’s radial direction. In other
words, both channels are arranged such that the radar
channel is on top and the infrared channel is on bottom.
The first channel 14 and the second channel 15 are ar-
ranged parallel to each other in the seeker’s radial direc-
tion.

[0033] The first channel 14 is arranged essentially at
the seeker’s front end, while the second channel 15 is
further displaced to the seeker’s back end. Also the first
sensing system 11 is arranged essentially at the seeker’s
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front end, while the second sensing system 12 is further
displaced to the seeker’s back end.

[0034] The first channel 14 comprises a first aperture
16 and the second channel 15 comprises a second ap-
erture 17. The first and the second apertures 16, 17 differ
from each other. In other words, the radar channel and
the infrared channel use separate apertures 16, 17.
[0035] Thefirstchannel 14 comprises afirstline of sight
orientation 18 and the second channel 15 comprises a
second line of sight orientation 19. The dual mode seeker
10 further comprises control means to control the first
and the second line of sight orientations 18, 19 independ-
ent of each other. The dual mode seeker 10 further com-
prises a common mechanical reference for the first sens-
ing system 11 and the second sensing system 12.
[0036] The firstchannel 14 and the second channel 15
are arranged with an offset to each other in the seeker’'s
longitudinal direction. Also the first sensing system 11
and the second sensing system 12 are arranged with an
offset to each other in the seeker’s longitudinal direction.
[0037] Fig. 2 shows a schematic overview of steps of
a method for assembling a dual mode seeker 10 for a
missile 1. The method comprises the following steps, not
necessarily in this order:

- Inafirst step S1, a space envelope 13 configured to
be arranged in a missile’s nose 2 is provided.

- Inasecond step S2, a first sensing system 11 con-
figured to detect a target is provided.

- Inathird step S3, a second sensing system 12 con-
figured to detect a target is provided.

- In a fourth step S4, the first sensing system 11 is
arranged in a first channel 14 of the space envelope
13.

- In afifth step S5, the second sensing system 12 is
arranged in a second channel 15 of the space enve-
lope 13.

[0038] The first and the second channels 15 are ar-
ranged adjacent to each other in a seeker’s radial direc-
tion. The first sensing system 11 comprises an active
radar transmitter and a radar receiver. The second sens-
ing system 12 comprises a passive optical detector.
[0039] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0040] While the invention has beeniillustrated and de-
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scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims. In the claims, the
word "comprising" does not exclude other elements or
steps, and the indefinite article "a" or "an" does not ex-
clude a plurality. Any reference signs in the claims should
not be construed as limiting the scope.

Claims
1. Adual mode seeker (10) for a missile (1), comprising

- afirst sensing system (11) configured to detect
a target,

- a second sensing system (12) configured to
detect a target, and

- a space envelope (13) configured to be ar-
ranged in a missile’s nose 2, wherein the first
sensing system (11) comprises an active radar
transmitter and a radar receiver,

wherein the second sensing system (12) com-
prises a passive optical detector,

wherein the space envelope (13) comprises a
first channel (14) and a second channel (15) ar-
ranged adjacent to each other in a seeker’s ra-
dial direction, and

wherein the firstsensing system (11) isarranged
in the first channel (14) and the second sensing
system (12) is arranged in the second channel
(15) of the space envelope (13).

2. Dualmode seeker (10) according to claim 1, wherein
the active radar transmitteris aradiofrequency trans-
mitter.

3. Dual mode seeker (10) according to claim 1 or 2,
wherein the passive optical detector is configured
for infrared, SAL and/or TV detection.

4. Dual mode seeker (10) according to one of the pre-
ceding claims, wherein the first channel (14) com-
prises a first aperture (16) and the second channel
(15) comprises a second aperture (17), wherein the
first and the second apertures (16, 17) differ from
each other.

5. Dual mode seeker (10) according to one of the pre-
ceding claims, wherein the first channel (14) com-
prises a first line of sight orientation (18), the second
channel (15) comprises a second line of sight orien-
tation (19), and the seeker further comprises control
means configured to control the first and the second
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line of sight orientations (18, 19) independent of each
other.

Dual mode seeker (10) according to one of the pre-
ceding claims, wherein the first channel (14) is ar-
ranged above the second channel (15) in the seek-
er’s radial direction.

Dual mode seeker (10) according to one of the pre-
ceding claims, wherein the first channel (14) and the
second channel (15) and/or the first sensing system
(11) and the second sensing system (12) are ar-
ranged with an offset to each other in the seeker’'s
longitudinal direction.

Dual mode seeker (10) according to one of the pre-
ceding claims, wherein the first channel (14) and/or
the first sensing system (11) is arranged essentially
at the seeker’s front end, while the second channel
(15) and/or the second sensing system (12) is further
displaced to the seeker’s back end.

Dual mode seeker (10) according to one of the pre-
ceding claims, further comprising a common me-
chanical reference for the first sensing system (11)
and the second sensing system (12).

A missile (1) comprising a dual mode seeker (10)
according to one of the preceding claims, wherein
the dual mode seeker (10) is arranged in a nose (2)
of the missile (1).

A method for assembling a dual mode seeker (10)
for a missile (1), comprising the following steps:

- providing a space envelope (13) configured to
be arranged in a missile’s nose (2),

- providing a first sensing system (11) configured
to detect a target,

- providing a second sensing system (12) con-
figured to detect a target,

- arranging the first sensing system (11) in a first
channel (14) of the space envelope (13), and

- arranging the second sensing system (12) in
a second channel (15) of the space envelope
(13),

wherein the first and the second channels (15)
are arranged adjacent to each other in a seek-
er’s radial direction,

wherein the first sensing system (11) comprises
an active radar transmitter and a radar receiver,
and

wherein the second sensing system (12) com-
prises a passive optical detector.
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