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Description

FIELD OF THE INVENTION

[0001] This invention relates to line of sight stabilization
systems and particularly to systems for providing optical
coupling between optical modules and light source
and/or light detection modules.

BACKGROUND OF THE INVENTION

[0002] Line of sight stabilization systems are often
used to conjugate and optically couple optical systems
such as telescopes with light source modules and/or with
light detection modules such as lasers and imagers com-
monly referred to herein as light modules. Line of sight
stabilization systems allow variable orientations of the
line of sight of the light modules with respect to the di-
rection of the principal optical axis of the light module.
[0003] One known arrangement for such line of sight
stabilization is commonly known as the Coudé telescope
arrangement illustrated for example in Figs. 1A and 1B.
The Coudé telescope arrangement includes a telescope
mounted on a stabilization assembly to which a light mod-
ule receiving or transmitting light to the telescope is at-
tached. The telescope includes a fixed internal mirror in-
tersecting its optical axis inclined with respect thereto.
The internal mirror operates to reflect light propagation
along the optical axis of the telescope towards a light port
of the telescope located alongside its optical axis (e.g.
an eye piece can be installed in such a light port when
the telescope is not mounted on the stabilization assem-
bly). The stabilization assembly according to the Coudé
arrangement includes a set of two gimbals connected to
the body of the telescope, allowing its rotation about a
pitch and roll direction being respectively a direction per-
pendicular to the telescope optical axis and a direction
perpendicular to the pitch direction. The light module is
mounted outside the gimbals and a set of mirrors, located
on the roll gimbal, are arranged to provide optical cou-
pling between the light port of the telescope and the light
module.
[0004] Providing sustainable optical coupling between
the telescope and the light module in various orientations
of the telescope is obtained by setting the light port of
the telescope in optical alignment with the pitch axis of
the pitch gimbal such that the direction of light propagat-
ing therethrough is not affected by rotation of the tele-
scope about the pitch axis. Additionally, an optical align-
ment between an optical port of the light module and the
roll axis of the roll gimbal is set such that the direction of
light propagating from the mirrors on the pitch gimbal
towards the optical port is not affected by rotation of the
pitch gimbal about the roll axis. Accordingly, optical cou-
pling between the light module and the telescope is main-
tained while the orientation of the telescope can be
changed relative to the light module.
[0005] Another example of a line of sight stabilization

system is disclosed for example in US patent publication
No. 2006/017816. In this publication, a line of sight sta-
bilization system is described using two mirrors pivotally
mounted to a fixed platform that can be used with existing
imaging systems to provide pitch, roll, and yaw compen-
sation while maintaining image orientation. By deflecting
only the photons, the inventive system avoids the need
to stabilize the entire imaging sensor and optics system.
The only mass to move is that of the two imaging system
mirrors. By monitoring attitude changes via an inertial
measurement system, platform positions can be estimat-
ed for subsequent image acquisitions, and efficient mirror
positioning can provide optimal image orientation and
stabilization. This approach requires small motors with
low torque, providing a less costly, lightweight, and small
image orientation and stabilization system.
[0006] US 4,701,602 discloses an optical sensor sys-
tem rigidly secured internally to a housing. The system
includes a two degree of freedom gyro and a beam ex-
pander having a predetermined magnification level. Also
mounted within the housing is a prime sensor beam ex-
pander having a magnification level equal to that of the
gyro beam expander, and a prime sensor detector which
form a primary sensor optical path. A steering mirror is
interposed between the gyro and prime sensor beam ex-
pander. An autocollimator, including an angle detector,
is secured internally to the housing and projects a light
beam off one surface of the steering mirror onto the gyro
rotor, the position of the stabilized reflected light beam
being adjusted with respect to a null point on the auto-
collimator sensor thus to control the steering mirror and,
accordingly, to stabilize the primary optical path with re-
spect to the target being detected.
[0007] US 3,804,496 discloses an eye tracker for con-
tinuously tracking orientation of the optic axis of an eye
in which the eye is flooded with light so that Purkinje
images are formed. Two of the Purkinje images are de-
flected so as to incident on photodetectors. The eye track-
er includes optic means for forming an image of the eye
with input and output optics arranged to operate on the
image of the eye rather than the eye itself. A relatively
small two-dimensionally pivoted mirror is disposed at the
center of rotation of the image of the eye so as to have
fast response to rotation movements of the eye.

GENERAL DESCRIPTION

[0008] There is a need in the art for a novel line of sight
stabilization system and method allowing small dimen-
sions of the line of sight stabilization. Also, there is a need
in the art for a compact line of sight stabilization system
that is adapted for stabilizing the line of sight of a light
module (such as imager) being defined by an optical
module (e.g. telescope/optical assembly) optically cou-
pled with the light module. Moreover there is a need in
the art for a line of sight stabilization system capable of
reorienting the line of sight of the light module while not
reorienting the light module.
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[0009] The term line of sight (LOS) is used for the pur-
poses of the present application to designate the direc-
tion to a region(s) of a scene or of environment that is (or
can be) perceived/sensed/projected-on by the light mod-
ule. When a light module is optically coupled with an op-
tical module (e.g. via the line of sight stabilization sys-
tem), its LOS is actually associated with the field of view
(FOV) of the optical module (the LOS of the light module
is generally a direction within the FOV of the optical mod-
ule) and is thus associated with the orientation of the
optical module with respect to the scene/environment.
The LOS of the light module is considered herein similar
to the LOS of the stabilized optical system. Accordingly,
the orientation of the LOS is considered herein as the
direction/orientation of the line of sight with respect to the
environment/scene that is perceived/projected-on by the
light module. To discriminate, the term angular position
of the optical system/optical module is used herein to
designate the relative angular position between the prin-
cipal optical axis of the optical module and the principal
optical axis of the light module.
[0010] Stabilization systems are widely used today in
various applications to enable orienting the LOS of light
modules (such as a light source or light detector) while
not requiring reorientation of the light module itself with
respect to the environment. In many cases light modules
are cumbersome or are mounted on a platform/ fixture
while it is desirable to allow adjustable/variable orienta-
tion of the LOS of the light module that can be varied with
respect to the platform/fixture on which the light module
can be fixed.
[0011] In some cases the LOS of the light module
needs to be stabilized against movements/vibrations of
the platform to which the light module is mounted and in
order to compensate for such movements and to retain
stable line of sight of the light module. For example sta-
bilizing the LOS of the light module may be used to main-
tain a stable image on an imager of the light module; or
to stabilize the orientation of a light beam originating from
a light source of the light module and emanating from the
optical module. Stabilization of the LOS can be achieved
by varying the angular position between the light module
and the optical module such as to compensate for move-
ments of the light module and/or of the platform to which
it is mounted.
[0012] Alternatively or additionally, in some cases the
LOS of the light module needs to be varied independently
of the orientation of the light module, e.g. the light module
may be fixed to a platform which may be moving or not
with respect to the environment while the LOS of the light
module/optical system can be directed to different orien-
tations to capture different regions of the environment.
This permits directing/scanning/projecting light to/from
the different regions of the environment by controlling the
relative angular position between the optical module and
the light module and without necessitating reorientation
of the light module itself. Accordingly it allows exposing
the optical module to a broader view angle without redi-

recting it.
[0013] One of the deficiencies of known line of sight
stabilization systems is that such systems are typically
large and/or cumbersome and substantial space/volume
is required for their accommodation. For example, line
of sight stabilization systems in which the entire optical
system (e.g. including the light module/imager and the
optical module/telescope) is mounted on gimbals typical-
ly include sufficiently large gimbals capable for carrying
the entire optical system. Moreover such line of sight sta-
bilization systems and also line of sight stabilization sys-
tems in which only the optical module is mounted on the
gimbals generally utilize two axis gimbals allowing rota-
tion and orientation of the line of sight about two axes.
Accordingly the volume required for accommodation of
such line of sight stabilization systems should be large
enough to allow rotation of the entire optical system (or
of at least the optical module in the latter case) about at
least two rotation axes. This restricts use of such stabi-
lization systems for controlling the LOS of optical devices
mounted on small platforms such as helmet/head-set and
small aerial platforms.
[0014] Moreover, another deficiency of many of the
known line of sight stabilization systems is that utilizing
such stabilization systems for varying the orientation of
the LOS of the light module (which is optically coupled
to the stabilization system), often effects a twist in the
orientation of a light beam with respect to its direction of
propagation as it passes through a designated optical
path at the stabilization system. Accordingly, in certain
cases the light module includes an imager module; var-
iation of the LOS captured by the imager may also cause
rotation of the image about an axis perpendicular to the
imaging screen/sensor of the imager (on/by which the
image is formed). Additionally when the light module in-
cludes a light source generating light beam having a non
isotropic cross-sectional structure, variation of the LOS
of the light source (toward which the light beam is direct-
ed) would also affect in such cases the orientation of the
cross-sectional structure of the light beam.
[0015] Many techniques following the Coudé approach
utilize an angular rotation about a combination of the roll
axis and additional axis (e.g. pitch or yaw). The roll axis
is considered herein as an axis being parallel to nominal
direction of the optical axis of the optical module. How-
ever, resorting to varying the relative angular position
between the optical system and the light module about
the roll axis, effects a twist in the orientation of the light
beam as described above.
[0016] The inventors of the present invention have
found that a line of sight stabilization system having sub-
stantially smaller dimensions and smaller form factor can
be obtained by utilizing a single external axis gimbal (i.e.
located outside the optical module) and a rotatable mirror
(also referred to as internal mirror). The internal mirror is
located within the optical module intersecting its optical
path and is mounted for rotation about an axis perpen-
dicular thereto (e.g. mounted on an internal gimbal/rota-
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tion-axis located within the optical module); and the sin-
gle external axis gimbal interconnects the optical system
and the light module and allows relative rotation between
them about an axis perpendicular to both the optical axis
of the optical system and also perpendicular to the rota-
tion axis of the internal mirror.
[0017] The configuration of the line of sight stabilization
system according to the invention allows a small form
factor of the system to be achieved which is advanta-
geous in many applications, such as head mounted im-
agers and missile technology. The small form factor is,
inter alia, achieved according to the invention by utilizing
only one gimbal that is located externally to the optical
system and that permits orientation of the optical module
about only one axis. Small form factor is therefore ob-
tained because the single external gimbal (external to
the optical system) by itself occupies less space than the
conventional configuration in which two external gimbals
are used for mounting the optical system. Also since the
single external gimbal according to the invention permits
reorienting the optical system with respect to only one
rotation axis (e.g. the pitch or yaw axes), the effective
volume that is required to accommodate the optical sys-
tem in its various possible orientations is reduced. Reo-
rienting the line of sight about a first axis is provided uti-
lizing the internal mirror which might be entirely accom-
modated within the optical system and which thus does
not require any additional space for its accommodation.
The mirror is rotatable about an axis perpendicular to that
of the gimbal’s axis such as to provide reorientation of
the line of sight about an axis perpendicular to that pro-
vided by the external gimbal on which the optical system
is mounted. For example if the gimbal allows orienting
the optical system about the yaw axis, the internal mirror
is rotatable about the pitch axis.
[0018] Another advantage of the line of sight stabiliza-
tion technique of the present invention is that it allows
obtaining line of sight stabilization in a manner that does
not affect the orientation/rotation of the image about the
roll axis. This is based on the understanding that varying
the relative angular position between the light module
and the optical system about any two rotation axes (Pitch
& Yaw; or Pitch & Roll; or Yaw & Roll) allows reorienting
the LOS of the optical module to any direction within a
visual sphere.
[0019] It should be noted that the principles of the
present invention are suitable for use in any electromag-
netic radiation generating/directing/detecting system,
where the spectral range of the radiation is not limited to
that typically termed "optical". More specifically, the in-
vention is used with optical systems, and is therefore
described below by the commonly used terminology.
However, in the scope of the present invention the term
light should be construed in it broadest interpretation as
relating to electromagnetic (EM) radiations in various
wavelength regimes and may include for example elec-
tro- magnetic radiation in the visible regime (visible light),
the infra-red (IR) regime (e.g. near-, mid- and far- IR re-

gimes) and ultra violet regime as well as EM radiation in
the radio frequency (RF) and microwave regimes. Ac-
cordingly the terms optics, optical elements and the like
should be interpreted as any elements/modules which
are capable of manipulating/affecting the propagation of
light in its various regimes. Optics and optical elements
may for example include diffractive/refractive/reflective
elements such as conventional mirrors and/or lenses.
Alternatively or additionally the terms optics, optical ele-
ments may also include other types of elements (e.g.
electronic or electrooptic elements) which are capable of
manipulating the direction of EM radiation in the desired
wavelengths for example by induction of suitable elec-
tromagnetic fields along the optical path of radiation prop-
agation.
[0020] Hence, according to a broad aspect of the
present invention, there is provided an optical system
including a light module, an optical module defining an
optical axis and an optical path of light propagation there-
through, and a stabilizer configured and operable for pro-
viding optical coupling between said optical module and
said light module. Said optical system is characterized
in that said stabilizer comprises a gimbal assembly de-
fining a first rotation axis orthogonal to said optical axis
and comprising a gimbal interconnected between said
optical module and said light module and configured to
allow rotation of said optical module about a second ro-
tation axis orthogonal to said optical axis and to said first
rotation axis; and an internal deflector located in the op-
tical path of light propagating through said optical mod-
ule, said internal deflector being mounted for rotation
about said first rotation axis and configured and operable
to provide optical coupling between at least a section of
the optical path of said optical module and an optical path
of light passing through said light module.
[0021] According to one embodiment of the present
invention, the internal deflector is rotatable about said
first rotation axis such that a rotation of said internal de-
flector about said first rotation axis in a direction opposite
to a direction of rotation of the optical system about an
axis parallel to said first rotation axis varies the section
of the optical path of said optical module which is coupled
with the optical path of the light module thereby providing
compensation for said rotation of the optical system and
allowing to stabilize at least one of an image or a light
beam formed by said light module.
[0022] The rotation of said optical module about said
second rotation axis with respect to said light module can
provide compensation for rotation of the optical system
in a direction opposite to the rotation of said optical mod-
ule, thus allowing to stabilize at least one of an image or
a light beam formed by said light module.
[0023] The optical module may comprise a telescopic
mirror arrangement comprising at least primary and sec-
ondary mirrors arranged such that their respective optical
axes substantially coincide with said optical axis of the
optical module, said internal deflector intersecting a sec-
tion of the optical path of the optical module defined by
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a region on said secondary mirror and being arranged to
optically couple said section of the optical path with an
optical path of the light module. The rotation of said in-
ternal deflector about said first rotation axis may further
vary a location of said region thereby varying said section
of the optical path coupled with the optical path of the
light module.
[0024] The light module may comprise at least one light
sensor having one or more light sensitive pixels; said
internal deflector may be configured and operable to col-
lect a light portion propagating thereto from a section of
the optical path of the optical module and to direct the
collected light portion to said light module. Preferably,
the light module comprises at least two light sensors sen-
sitive to light in at least two different spectral ranges, and
at least one wavelength selective splitter configured for
spatially separating light from said optical module into at
least two light components and directing them to said at
least two light sensors.
[0025] According to one embodiment, the light module
includes at least one source of electromagnetic radiation
and wherein said optical module is optically coupled with
said at least one source for collecting and directing an
electromagnetic radiation beam emitted therefrom; said
stabilizer is configured for directing said radiation beam
to various directions with respect to said light module.
Preferably, said at least one source of electromagnetic
radiation comprises at least one of the following: i) a laser
source and wherein said optical module comprises an
arrangement of optical elements adapted for directing
electromagnetic radiation in wavelength range of said
laser source; and ii) a source of radio frequency radiation,
wherein said optical module comprises an arrangement
of elements adapted for directing electromagnetic radi-
ation in the radio frequency regime.
[0026] According to another embodiment, the light
module comprises one or more light guiding elements
that are configured and operable to define an optical path
of said optical module and to provide optical coupling
between a light sensor or light source of the light module
and the internal deflector, while said optical module and
said internal deflector are in various angular positions
with respect to said light module.
[0027] According to yet another embodiment, the op-
tical system comprises a stabilization control module
comprising a first actuation unit connected to said first
rotation axis and configured to actuate a first relative ro-
tation between said optical module and said internal de-
flector about said first rotation axis; a second actuation
unit connected to said gimbal and configured to actuate
a second relative rotation between said optical module
and said light module about said second rotation axis;
and a control unit connected to said first and second ac-
tuation units and adapted to be responsive to signals,
indicative of rotation rates of said optical system, to op-
erate at least one of said first and second actuation units
to perform at least one of the first and second relative
rotations, to thereby compensate for said rotation rates

and stabilize a line of sight of said optical system. Pref-
erably, the optical system further comprises a rotation
rate measurement system connectable to said control
unit and configured and operable for measuring the ro-
tation rates of said optical system with respect to at least
one of the frst and the second rotation axes, and gener-
ating said signal indicative of said rotation rates.
[0028] According to another embodiment the stabilizer
is confiaured and operable to enable a change in orien-
tation of a line of sight of said light module within an angle
of at least 90° about said first rotation axis and an angle
of at least 160° about said second rotation axis.
[0029] According to yet another embodiment, the first
rotation axis is internal to said optical module and is con-
figured for providing relative rotation between the internal
deflector and the optical module, and said gimbal is ex-
ternal to said optical module and is configured for pro-
viding relative rotation between said optical module and
said light module.
[0030] According to a further embodiment, the first ro-
tation axis corresponds to a pitch axis of said optical mod-
ule.
[0031] It should be understood that the configuration
of the stabilized optical system of the invention allows
stabilizing the line of sight of the light module in the di-
rection of the first rotation axis. This can be achieved by
rotation of the internal mirror about the first rotation axis
in a direction opposite to the direction in which the orien-
tation (rotations) of the stabilized optical system is
changed with respect to an axis parallel to the first rotation
axis, i.e. compensation to a rotation of the optical system
about the first rotation axis in the first direction can be
compensated by counter (opposite) rotation of the inter-
nal mirror. This allows stabilizing at least one of an image
or a light beam formed by the light module.
[0032] Line of sight stabilization in a second direction
may be achieved by configuring the stabilizer assembly
to include a gimbal assembly including an external gimbal
that is interconnected between the optical module and
the light module. The external gimbal is configured to
provide rotation of the optical module, with respect to the
light module, about a second rotation axis (the second
rotation axis being typically orthogonal to both the optical
axis of the optical module and to the first rotation axis
and is at least non parallel thereto). Compensation for
rotation of the stabilized optical system in a direction par-
allel to the second rotation axis is therefore possible by
applying counter (opposite) rotation to the optical mod-
ule, about the second rotation axis) with respect to the
light module. This allows stabilizing the line of sight of
the light module in this direction and to thereby stabilize
at least one of an image or a light beam formed by the
light module.
[0033] The internal mirror may be oriented with respect
to two rotation axes. For example, the internal mirror can
be mounted on a rotation mechanism such as a spherical
bearing allowing its orientation of be varied with respect
to two axes (i.e. being the first and second axes) that are
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not parallel to the optical axis of the optical module.
[0034] Accordingly, line of sight stabilization with re-
spect to these two axes can be obtained by only reori-
enting the internal mirror about these two axes and with-
out utilizing any external gimbal. Accordingly, line of sight
compensation is performed, internally to the optical mod-
ule, in two directions. This allows maintaining a fixed an-
gular position between the optical module and the light
module (thus obviating a need for the external gimbal).
Also such configuration further reduces the form factor
(the size/dimensions) of the stabilized optical system as
well as its weight. In this regard, it should also be under-
stood that compensation for changes of the orientation
of the stabilized optical system with respect to both the
first and the second rotation axes can be performed in a
manner that is similar to the manner in which light of sight
compensation is performed with respect to the first rota-
tion axis, as described above and also further below with
regard to implementations, in which the internal mirror is
rotatable only with respect to the first rotation axis.
[0035] It should be noted that by utilizing an external
gimbal, the angular position (the relative orientation be-
tween the optical module and the light module may be
changed within an angle of at least 160° with respect to
the second rotation axis. Accordingly it allows changing
the orientation of the line of sight of the light module by
the same angle (160°) or above with respect to the sec-
ond rotation axis. Changing the orientation of the line of
sight (LOS) of the light module by rotating the internal
mirror about the first rotation axis (and possibly also about
the second rotation axis) allows varying the line of sight
(LOS) orientation within an angle of about 90° and more
with respect to the first axis (and respectively also with
respect to the second axis in designs in which the internal
mirror is rotatable about this axis).
[0036] It should be noted that the first rotation axis may
corresponds (e.g. is parallel) to the pitch rotation axis of
the optical module. The second rotation axis corresponds
to a yaw axis of the optical module. It should also be
noted that the terms rotation axis (e.g. first and second
rotation axes) generally designate virtual axis of rotation,
not necessarily the physical rotation mechanism associ-
ated therewith (which may be implemented by various
elements such as a spherical bearing an actual axis/shaft
etc.).
[0037] It should be noted that generally the light mod-
ule includes one or more light guiding elements that are
configured and operable to define an optical path of the
optical module and to provide optical coupling between
a light sensor or light source of the light module and the
internal mirror. Such light guiding elements may include
for example light deflector(s) (mirrors), lenses,
waveguides and also other optical elements. The light
guiding elements are arranged and are configured and
operable for providing optical coupling between the in-
ternal mirror and at least one of a light sensor and light
source of the light module while the internal mirror and/or
the optical module are in various angular positions with

respect to the light module.
[0038] The stabilized optical system may also include
a stabilization control module. The stabilization control
module includes at least a first actuation unit connected
to the first rotation mechanism associated with the inter-
nal mirror (e.g. to the first rotation axis) and configured
to actuate a first relative rotation between the optical mod-
ule and the internal mirror. The first relative rotation may
be restricted to rotation about the first rotation axis (in
cases where the internal mirror’s rotation is restricted to
one direction) or it may be a rotation with respect to any
one or both of the first and second rotation axes (e.g. in
cases where the internal mirror is mounted on a spherical
bearing). Optionally, in cases where the external gimbal
is used for providing rotation of the optical module about
the second rotation axis, the stabilization control module
includes also a second actuation unit that is connected
to the external gimbal. The second actuation unit is con-
figured to actuate a second relative rotation between the
optical module and the light module about the second
rotation axis. Additionally, the stabilization control mod-
ule includes a control unit that is connected to the first
and second actuation units and adapted to be responsive
to signals, indicative of rotation rates of the stabilized
optical system, to operate at least one of the first and
actuation units to perform at least one of the first and
second relative rotations and to thereby compensate for
changes in the orientation of the stabilized optical module
(for the rotation rates) and to thereby stabilize the line of
sight of the stabilized optical system.
[0039] The stabilized optical system may also includes
a rotation rate measurement system that is connectable
to the control unit and is configured and operable for
measuring the rotation rates of the stabilized optical sys-
tem with respect to at least one of the second and the
first rotation axes, and generating the signal indicative of
the rotation rates.
[0040] It should be noted that the stabilized optical sys-
tem may operate as a light source and/or light detector
and may be adapted to function for light projection, for
imaging and/or as a light transceiver e.g. for operating
as a radar. In the former case, the optical module may
include, for example, conventional lenses/mirrors while
in the latter case it may alternatively or additionally in-
clude an array of antennas that are electronically and
spatially arranged to define an optical path of light prop-
agation therefrom and/or light reception thereby. Accord-
ingly, the light module may include any one of an elec-
tromagnetic radiation source(s) (e.g. a laser source/ RF
source) and may also, alternatively or additionally, in-
clude one or more light sensitive elements/sensors such
as a light intensity/chrominance detector, quadrant de-
tector and imaging sensor(s)/detector(s).

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] In order to understand the invention and to see
how it may be carried out in practice, embodiments will
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now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Figs. 1A and 1B illustrate schematically top and per-
spective views of a Coudé telescope arrangement;
Figs. 2A and 2B illustrate schematically side and
perspective views of a stabilized optical system 200
according to the invention allowing line of sight op-
tical stabilization; and
Fig. 3 is a block diagram showing stabilized optical
system 200 according to another example of the in-
vention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Figs. 1A and 1B illustrate schematically top and
perspective views of an example of a known arrangement
of a line of sight stabilization system commonly known
as the Coudé telescope arrangement 100. The Coudé
telescope arrangement 100 includes a mirror telescope
110, a light source unit 130 (or an imaging unit) and gim-
bals set 120 with two gimbals 122 and 124 on which the
mirror telescope 110 is mounted. The two gimbals 122
and 124 allow rotation of the mirror telescope 110 with
respect to the light source unit 130 about pitch and roll
rotation axes in a pitch over roll configuration. The pitch
and roll rotation axes are respectively an axis perpendic-
ular to the principal optical axis OX of the mirror telescope
110 and an axis which is generally parallel to the nominal
direction of the optical axis OX of the mirror telescope
110. A set of mirrors 132 is arranged with fixed positions
and orientation with respect to the light source 130 and
is configured for collecting light from the light source 130
and directing that light towards a mirror 112 of the mirror
telescope 110 which is located intersecting the optical
axis OX of the mirror telescope 110 with fixed position
and orientation with respect to the mirror telescope 110.
[0043] Reference is made to Figs 2A and 2B illustrat-
ing schematically side and perspective views of a stabi-
lized optical system 200 according to the present inven-
tion. The stabilized optical system 200 includes a light
module 230, an optical module 210, optically coupled
with the light module 230 and a stabilizer assembly 220.
[0044] The stabilizer assembly 220 also includes an
internal light deflector 222 (e.g. internal mirror) that is
mounted within the optical module 210, therewithin, in-
tersecting an optical axis OX of the optical module 210.
The internal mirror 222 is pivotally mounted to the optical
module 210 via a first rotation mechanism FRM (e.g. a
shaft, a bearing or other mechanism) allowing rotation of
the internal mirror 222 about a first rotation axis FRX
which is perpendicular to the second rotation axis SRX
and to the optical axis OX of the optical module 210. The
stabilizer assembly 220 interconnects the optical module
210 and the light module 230 via a second rotation mech-
anism SRM (generally gimbal, e.g. implemented as a
shaft, a bearing or other mechanism) which is configured
and operable to change the relative angular position be-

tween the light module 230 and the optical module 210
with respect to a single rotation axis referred to herein
as a second rotation axis SRX. It should be noted that
generally the second rotation axis SRX is associated with
a gimbal (e.g. a rotation mechanism) that is external to
the optical module 210. The first rotation axis FRX is lo-
cated according to the present invention internally to the
optical module 210 thus allowing accommodation of the
stabilized optical system 200 within smaller spaces/en-
closures.
[0045] The optical module 210 is associated with a cer-
tain field of view (FOV) designating the extent (region/ar-
ea) of the observable world that is "seen"/"captured" by
the optical module 210. The optical axis OX is an axis
traversing through the optical module towards the center
of its FOV and designates the general direction of light
propagation through an optical path OP of the optical
module 210. The light module 230 is associated with an
optical path OPL which is optically coupled with a
part/portion/section of the optical path OP of the optical
module 210 via the internal light deflector 222. A line of
sight (LOS) of the light module 230 is generally associ-
ated with the FOV "seen" by the optical module 210 and
with the part/portion/section of the optical path OP of the
optical module 210 which is optically coupled to the op-
tical path OPL of the light module 230.
[0046] To this end it should be understood that the light
module 230 is associated with a line of sight (LOS) des-
ignating the principal direction (the direction within the
FOV of the optical module 210) which is "seen"/"cap-
tured" by the light module 230. For example the LOS of
the light module 230 designates the direction from the
stabilized optical system 200 to the region of the envi-
ronment captured at the center of an image formed on
an image sensor of the light module 230, or alternatively
it designates the direction in the environment towards
which a chief beam that emanates from the light module
230 is directed by the optical module 210.
[0047] The LOS of the light module 230 can be con-
trolled by utilizing two mechanisms, SRM and FRM, re-
spectively allowing to shift/rotate the LOS about two per-
pendicular directions. It should be also noted that the first
and second rotation mechanisms FRM and SRM may
include or may be associated with respectively first and
second actuators such as motors (not specifically shown)
that are arranged on the stabilizer assembly. The first
and second rotation actuators are respectively associat-
ed with / connected to the first and second rotation axes
FRX and SRX and are configured and operable for in-
ducing rotations between the optical module 210 and the
internal mirror 222 and between light module 230 and
the optical module 210. Such rotations are induced, for
example, in response to control signals transmitted/fed
to the rotation actuators.
[0048] For clarity and without loss of generality, the two
perpendicular directions about which rotation is provided
by the two rotation mechanisms (FRM and SRM) are
referred to herein respectively as the elevation direction
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(associated with the elevation angle of the LOS with re-
spect to the first rotation axis FRX, e.g. pitch rotation axis)
and the heading direction (associated with the heading
angle of the LOS with respect to the second rotation axis
SRX, e.g. yaw rotation axis). The first rotation mechanism
FRM implements/allows rotation of the internal mirror 222
about the first rotation axis FRX within a predetermined
angular range with respect to the optical module 210.
Accordingly, the first mechanism FRM permits shifting
the elevation angle of the LOS of the light module 230
with respect to the FOV of the optical module 210 without
movement/rotation of the optical module 210 in this di-
rection. The second mechanism SRM implements rota-
tion of the optical module 210 (together with the internal
mirror 222 mounted thereon) about the second rotation
axis SRX and thus allows shifting the heading direction
of the FOV of the optical module 210 in that direction (the
LOS of the light module 230 inherently rotates in that
direction together with the FOV).
[0049] More specifically, in the present example, the
internal light deflector 222 is arranged and configured for
optically coupling at least a portion of the optical path OP
of the optical module 210 with an optical path OPL of the
light module 230 (or alternatively with an optical pass that
is defined by the stabilizer assembly 220 which is not
specifically illustrated in the present example). The inter-
nal mirror 222 is located at the intersection of the first
and second rotation axes FRX and SRX and the optical
axis OX of the optical module 210 (about which the optical
path OP of the optical module 210 is defined). The inter-
nal mirror 222 and the optical module 210 are rotatable
together about the second rotation axis SRX for shifting
thereby the orientation of the line of sight of the light mod-
ule with respect to the second rotation axis SRX (the first
rotation axis FRX is maintained perpendicular to the axes
SRX and OX while the optical module 210 is in various
angular positions with respect to the light module 230).
Rotation of the optical module 210 about the second ro-
tation axis SRX allows changing the orientation of the
LOS of the light module within an angle of about 160° or
more with respect to the second rotation axis.
[0050] Changing the orientation of the line of sight LOS
of the light module 230 with respect to the first rotation
axis FRX is achieved by changing the orientation of the
internal mirror 222 about the axis FRX with respect to
the optical module 210. Rotating the internal mirror 222
about the first rotation axis FRX to different angular po-
sitions, results in optically coupling, to the optical path
OPL of the light module 230, of different directions /re-
gions of the optical path OP of the optical module 210.
Consequently, while the internal mirror 222 is in different
positions about the first rotation axis, light propagating
respectively through different cross-sections of the opti-
cal path OP of the optical module 210 is coupled to the
optical path OPL of the light module 230 and/or vice ver-
sa, light portions which propagated through the optical
path OPL of the light module 230 are coupled to the op-
tical path OP and are directed to respectively different

directions within the field of view FOV of the optical mod-
ule 210. Hence, the direction of the LOS of the light mod-
ule 230, which is bounded within the FOV of the optical
module 210, is changed when the orientation of the in-
ternal mirror 222 about the first rotation axis FRX is var-
ied. Such rotation of the internal mirror 222 allows chang-
ing the orientation of the LOS of the stabilized optical
system 200 within an angle of 90° or more with respect
to the first rotation axis FRX.
[0051] As a result of the above described configuration
of the stabilizer assembly 220, while changing the re-
spective angular position between the optical module 210
and the light module 230 by reorienting the optical module
210 with respect to the second rotation axis SRX, optical
coupling between of the optical path OP of the optical
module 210 and the optical path OPL of the light module
230 is maintained. This is because the internal mirror 222
rotates together with the optical system 210 about the
second rotation axis SRX and because the internal mirror
222 intersects both the optical axis OX of the optical mod-
ule 210 and the second rotation axis SRX. Accordingly,
since such optical coupling is maintained, changing the
angular position allows changing the orientation of the
line of sight LOS of the light module 230 with respect to
the second rotation axis SRX without changing the ori-
entation of the light module 230 itself (i.e. by changing
the respective angular position between the light module
230 and the optical module 210). Alternatively or addi-
tionally, changing the angular position while maintaining
the optical coupling also allows to maintain a stable line
of sight LOS while compensating for changes in the ori-
entation of the light module 230 with respect to the sec-
ond rotation axis SRX (and/or also compensating for
movements of the light module 230 in a direction perpen-
dicular to the second rotation axis SRX) by affecting
counter changes to the angular position.
[0052] Also, the internal mirror 222 is configured and
operable for optically coupling of light portions from a
certain cross-sectional region of the optical path OP with
the optical path OPL of the light module 230. For exam-
ple, the internal mirror 222 collects light from propagating
there-towards from a cross-sectional region of the optical
path OP and directs the collected light towards the light
module 230 and vice versa when light is propagated in
the opposite direction. Rotation of the internal mirror 222
about the first rotation axis FRX varies the cross-section-
al region of the optical path OP which is optically coupled
with the optical path OPL of the light module 230 and
thus varies the direction of the LOS of the light module
230 in this direction while not changing the direction of
the optical axis OX of the optical module 210. Hence,
rotation of the internal mirror 222 about the first rotation
axis FRX allows selectively coupling different regions of
the FOV of the optical module 210 to the light module
230 (to the optical path OPL) and thus the LOS of the
light module is changed. This allows changing the orien-
tation of the LOS of the light module 230 with respect to
the first rotation axis SRX neither changing the orienta-
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tion of the light module 230, nor the orientation of the
optical module 210.
[0053] Line of sight stabilization (for stabilizing an im-
age or a light beam) can be implemented by providing
compensation to vibrations/rotations of the optical sys-
tem 200 about axes parallel to the second and first rota-
tion axes SRX and FRX. Compensating for such rotations
of the optical system 200 is performed by inducing re-
spective counter rotation of the optical module 210 and
the internal mirror 222 about the second and first rotation
axes SRX and FRX. Rotating the internal mirror 222
about the first rotation axis FRX allows compensating for
rotations/vibrations of the stabilized optical system 200
about an axis parallel to the first rotation axis FRX and
counter rotation of the optical module 210 about the sec-
ond rotation axis SRX provides compensation for rota-
tion/vibration of the stabilized optical system 200 about
an axis parallel to the second rotation axis SRX. This
enables provision of stabilized image on imager unit(s)
IM1 and IM2 of said light module 230 and also allows
stabilizing a light beam emanating through the optical
module 210, from light sources (not shown) of the light
module 230.
[0054] As was also noted above, one advantage of the
configuration of the stabilizer assembly 220 is that it en-
ables accommodating the entire stabilized optical system
200 within a relatively small volume, e.g. within a small
enclosure. This is because the stabilizer assembly 220
may include gimbals assembly 225 having only a single
external axis (being the second rotation axis SRX) which
allows relative rotation between the optical module 210
and the light module 230 only with respect to that single
axis. Orientation of the line of sight of the light module
about an axis perpendicular to that single axis (i.e. about
the first rotation axis FRX) is obtained by rotation of the
internal mirror. Accordingly, less space is required for the
accommodation of the stabilized optical system 200
since single axis gimbals generally require less space
for their accommodation than multi-axes gimbals and be-
cause utilizing such a gimbal assembly restricts the an-
gular position of the optical module 210 to rotate about
only one axis (SRX).
[0055] Another advantage of the stabilizer assembly
220 stems from the fact that the relative orientations of
light with respect to its propagation direction is main-
tained constant in all possible angular positions between
the light module 230 and the optical module 210, i.e.
changing the angular position between the light module
230 and the optical module 210 does not effect a rotation
(twist) of the light about its propagation direction. Accord-
ingly, when the light module includes an imager that cap-
tures an image of the light from the optical module, the
orientation of the image (with respect to the axis perpen-
dicular to the image surface) is maintained constant dur-
ing variation of the respective angular position between
the light module 230 and the optical module 210. This is
different and advantageous over other stabilization tech-
niques such as the Coudé technique in which the relative

orientation between the optical module and the light mod-
ule about a roll axis perpendicular to the light module
effects a rotation of the image about an axis perpendic-
ular thereto.
[0056] Preferably, the stabilizer assembly 220 is con-
figured and operable to change the orientation of the op-
tical module with respect to the light module about two
axes orthogonal to the nominal line of sight of the optical
module, perpendicular to the roll axis RRX of the system.
To this end, the roll rotation axis of the stabilized optical
system 200 is an axis designating the nominal direction
to which the optical module is directed. The second and
first rotation axes, SRX and FRX, are two axes perpen-
dicular to the roll axis RRX and to each other.
[0057] Typically when the stabilized optical system is
installed on a platform, such as an aerial/aerospace ve-
hicle, the roll axis RRX of the stabilized optical system is
selected to point to the forward direction being the gen-
eral direction of the platform’s movement (the orientation
of the platform with respect to the roll axis is often referred
to as the bank angle). The second rotation axis SRX is
typically selected as the yaw axis of the platform (the
orientation of the platform with respect to this axis is often
referred to as the heading angle of the platform). Accord-
ingly, the first rotation axis FRX is typically selected as
the pitch axis (designating the elevation angle of the plat-
form).
[0058] Hence, another advantage of the disclosed op-
tical system is that it allows stabilizing the line of sight
LOS of the light module against vibration of the platform
(i.e. changes in the orientation of the platform/stabilized
optical system) with respect to directions perpendicular
to the nominal line of sight of the stabilized optical system
(e.g. perpendicular to the platform’s direction of motion).
Such vibrations are compensated directly e.g. compen-
sating for vibration in the platform elevation by rotating
the internal mirror 222 about the first (pitch) rotation axis
(FRX) and compensating for vibration in the heading of
the platform by rotation of the optical module (e.g. tele-
scope) about the second (yaw) rotation axis (SRX).
[0059] For clarity, in the following description the sec-
ond and first rotation axes (SRX and FRX) are sometimes
referred to as the yaw and pitch axes. It should be how-
ever understood that those axes (SRX and FRX) do not
necessarily lie in the respective directions of the yaw and
pitch rotation axes of the platform and can be selected
to point to another direction (e.g. orthogonal to the roll
axis).
[0060] In some configurations, as is also illustrated in
Figs. 2A and 2B of the present example, the optical mod-
ule 210 of the stabilized optical system 200 includes a
mirror telescope (telescopic mirror arrangement). The
telescopic mirror arrangement includes primary and sec-
ondary mirrors (PM and SM) that are arranged with their
optical axes substantially coinciding with the optical axis
OP of the optical module 210. The primary mirror PM
collects/reflects light from/to the environment (light to be
imaged by the light module is collected and light ema-
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nating from the light module is reflected by the primary
mirror PM. The primary PM and secondary SM mirrors
are optically coupled such that at least some of the light
collected by the primary mirror PM is deflected towards
the secondary mirror SM and vice versa. The internal
mirror 222 of the stabilization assembly is therefore
posed in such implementations on the optical axis OP of
the optical module 210 in between the primary PM and
secondary SM mirrors. The internal mirror 222 is ar-
ranged and is configured to couple a light portion reflect-
ed from a region of the secondary mirror with the optical
path OPL of the light module 230 (the coupled light por-
tion may be propagating from or towards the light module
230). Indeed, rotation of the internal mirror 222 with re-
spect to the telescopic mirror arrangement MT (with re-
spect to the optical module 210) changes the region of
the secondary mirror SM (the cross-section part of the
optical path) from which light portions are coupled with
(e.g. collected and directed to) the optical path OPL of
the light module 230.
[0061] It should be understood that the light module
230 may include any one of an electromagnetic radiation
source(s) (e.g. a light source/ FM source) such as a laser
emitter and may also, alternatively or additionally, include
one or more light sensitive elements/sensors such as a
light intensity/chrominance detector, quadrant detector
and imaging sensor(s)/detector(s). It should be also not-
ed that the light sensors and/or the light sources of the
light module 230 may be sensitive to (or may emit) elec-
tro-magnetic radiation in various wavelength regimes for
example in the visible light regime, infrared (IR) regime,
ultra violet regime and also FM/microwaves. Accordingly,
optical elements of the optical module 210 and of the
stabilizer assembly 220 are not necessarily conventional
mirrors and/or lenses and may include elements that are
adapted to operate adequately with the wavelength re-
gimes sought. In this regard various types of optical el-
ements may included, such as diffractive elements, elec-
tro-optical elements and/or electronic elements which
manipulate the direction of light by induction of a suitable
electromagnetic field (e.g. causing lensing or other elec-
tromagnetic effects).
[0062] In the present example the light module in-
cludes two imagers IM1 and IM2. One of the imagers IM1
is sensitive to light in the visible regime and includes
charge coupled detector (CCD) that includes multiple
light sensitive pixels. A second imager IM2 is sensitive
to light in the IR regime e.g. it includes a focal plane array
(FPA) detector. The light module also includes light guid-
ing elements defining the optical path OPL of the light
module 230 and is configured and operable for guiding
light propagating in between the internal mirror 222 of
the stabilizer assembly and the light source(s)/light sen-
sor(s) (e.g. imagers IM1 and IM2) of the light module 230.
In the present example the light guide elements include
a mirror MR and dichroic mirror DMR. Mirror MR defines
the optical path OPL which is coupled with the internal
mirror 222 and is arranged to couple (e.g. deflect) light

from this optical path OPL with the dichroic mirror DMR
(generally a wavelength selective beam splitter/combin-
er). In turn, the dichroic mirror DMR splits light to the
imagers IM1 and IM2 (or combines light from light sourc-
es of the light module 230) in accordance with the re-
spective wavelengths to which the imagers IM1 and IM2
are sensitive (or which the light sources emanate). It
should be noted that the light guiding elements may be
obviated altogether and the optical path OPL of the light
module 230 is defined by the light sources and/or light
sensors (imagers) of the light module 230. Indeed the
light module 230 is generally associated with at least one
optical path OPL which is directly or indirectly (i.e. via an
intermediate optical path defined by the stabilizer assem-
bly) optically coupled with the optical path OP of the op-
tical module 210. The optical path OPL in the present
example is defined by the optical elements MR and DMR
which are attached/fixed to the light module and are con-
sidered herein to be a part thereof.
[0063] Reference is made to Fig. 3 showing a block
diagram of the stabilized optical system 200. Reference
numerals similar to those of Figs. 2A and 2B are used
in this figure to designate common elements of the sta-
bilized optical system 200 having similar functionality.
[0064] Here, the stabilized optical system 200 includes
an optical module 210 and a light module 230 similar to
those illustrated in Figs. 2A and 2B. The optical module
210 and a light module 230 are interconnected and op-
tically coupled with one another via a stabilizer assembly
220 which is similar to that illustrated in Figs. 2A and 2B
and which is configured and operable to enable to vary
the direction of the line of sight of the light module 230
by rotating the line of sight about two rotation axes (FRX
and SRX in Fig. 2A) that are orthogonal to the optical
axis of the optical module 210.
[0065] Accordingly and similarly to the stabilizer as-
sembly 220 illustrated in Figs. 2A and 2B, also here the
stabilizer assembly 220 interconnects the optical module
and the light module via second rotation mechanism
SRM allowing to change their respective angular position
about a second rotation axis. The stabilizer assembly
220 includes an internal mirror 222 and a first rotation
mechanism FRM. Similarly to the configuration of Figs.
2A and 2B, also here the internal mirror is located such
that it intersects the optical paths OP and OPL of the
optical module 210 and light module 230 respectively for
providing optical coupling between at least parts of these
optical paths OP and OPL. The internal mirror is mounted
on the first rotation mechanism FRM and is thus capable
to rotate about the first rotation axis. This orientation of
the internal mirror 222 with respect to the first rotation
axis (FRX in Fig. 2A) controls the parts of the optical
paths OP and OPL which are optically coupled together
and thus the relative angle between the line of sight (LOS
in Fig. 2A) of the light module 230 and the optical axis
(OX in Fig. 2A) of the optical module 210.
[0066] It should be noted here that the light module
may generally include one or more various types of sourc-
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es and or sensors which are capable of irradiating/emit-
ting and/or detecting/sensing electro-magnetic radiation
in various wavelength regimes. The terms electromag-
netic radiation and light are used herein interchangeably
to designate any type of electromagnetic radiation in any
suitable wavelength/frequency regime which originate or
are detected by the light module 230 of the stabilized
optical system 200. Applicable wavelength regimes, for
which the stabilized optical system 200 can be designed,
may include for example, but are not limited to, the visible
light regime, ultraviolet light regime, infrared light (Near-,
Mid- and Far- IR) and also radio-frequency and micro-
wave regimes. In this respect the stabilized optical sys-
tem ef may be operated as a stabilized imaging- or light-
source- system (e.g. operating within the IR to UV wave-
length regimes) and/or it may be a radar/radio transmit-
ter/receiver system operating in the microwave and/or
the radio frequency regimes.
[0067] It should be noted that in arrangements in which
the stabilized optical system 200 is designed in certain
wavelength regime(s), both the light module 230 and the
optical module 210 are configured and operable to op-
erate in these regimes. In this respect the optical module
210 and the optical elements included therein are gen-
erally configured and operable for transmitting/propagat-
ing/directing therethrough light in the desired wavelength
regime(s) in accordance with those sensed or emitted by
the light module. To this end, optical elements of the op-
tical module 210 may include elements such as mirror,
lenses and optically diffractive elements and also electro-
optical or electronic elements such as antennas or an-
tenna arrays which are referred to herein also as optical
elements. The term optics and optical elements/systems
should therefore be construed in the context of the
present invention in the broad sense as relating to any
elements that are capable of manipulating the propaga-
tion on electromagnetic radiation (light).
[0068] The system 200 may also includes a stabiliza-
tion control module 240 including stabilization controller
242 and actuation module 244. The stabilization control-
ler 242 is configured and operable to receive relative ori-
entation data RO indicative of the desired relative orien-
tation of the line of sight of the light module 230 (e.g.
relative to the orientation of the light module 230 itself)
and to generate and supplement suitable actuation sig-
nals AS to the actuation module 244 which in turn affect
actuation of rotation of the first and second rotation mech-
anisms to the suitable position in which the desired rel-
ative orientation of the line of sight of the light module
230 is obtained. To this end the actuation module in-
cludes first and second rotation actuators (actuation
units), FRA and SRA, (e.g. servos/motors) that are op-
erable for receiving the actuation signals AS from the
stabilization controller 242. The first and second rotation
actuators, FRA and SRA, are respectively connected to
(or are part of) the first and second rotation mechanisms,
FRM and SRM, of the stabilizer assembly 220 and are
configured to effect rotations of these mechanisms in re-

sponse to actuation signal AS from the stabilization con-
troller 242.
[0069] Generally, the stabilization controller 242 may
receive relative orientation data RO indicative of the de-
sired relative orientation of the line of sight of the light
module 230 from various types of sources. For example,
active direction of the line of sight of the light module 230
can be provided by allowing a user/machine to control
the relative orientation between the line of sight and the
stabilized optical system 200. In this case for example,
relative orientation data RO may be generated by a user
(person/computer) of the stabilized optical system 200
by utilizing active direction module 250 which may be
optionally associated with the stabilized optical system
200. Active direction module 250 may be for example a
user interface module (UI) or an application interface
module (API) that provide an interface through which a
user or a machine can provide instructions regarding the
desired direction of the line of sight of the light module
230.
[0070] Alternatively or additionally, in some cases it is
desired to utilize the stabilized optical system 200 for
stabilizing an image or a light beam against changes in
the orientation/position of the stabilized optical system
200. Hence optionally when image or light beam stabili-
zation is sought, an orientation determination module 260
may be employed to stabilize the image/light beam. The
orientation determination module 260 is configured and
operable to determine the orientation of the line of sight
of the light module 230 (e.g. with respect to the external
environment) and/or to determine changes in that orien-
tation and to generate relative orientation data RO that
is suited for correcting/compensating for such changes
and thus stabilizing the image/light beam. Changes in
the orientation of the line of sight may be caused, for
example, by vibrations or fluctuations in the orienta-
tion/position of the stabilized optical system 200.
[0071] To this end, the orientation determination mod-
ule 260 may be connectable to rotation rate sensor mod-
ule 270, including one or more rotation rate sensors (e.g.
rate gyros) and attached/mounted to the stabilized optical
system 200. Rotation rate sensor module 270 measures
the rotation rates of the stabilized optical system 200 at
least with respect to the first and second rotation axes
(FRX and SRX in Fig. 2A) and provides data RRD (ro-
tation rate data) indicative thereof to the orientation de-
termination module 260. In turn, orientation determina-
tion module 260 applies integration to the received rota-
tion rates from the rotation rate sensor module 270 and
determines a change in the orientation of the stabilized
optical system 200 and further determines relative rota-
tion data RO indicative of the rotation that should be ac-
tuated by the first and second rotation mechanisms, FRM
and SRM in order to compensate for the change in ori-
entation of the stabilized optical system 200 and to main-
tain a stable line of sight of the light module 230.
[0072] It should be understood that, according to the
present invention, the orientation determination module
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260 is not necessarily associated with rotation rate sen-
sors (module 270). For example, in cases where the light
module 230 includes an imaging system IM, changes in
the orientation of the stabilized optical system may be
determined/calculated based on image data IMD that is
indicative of images captured by the imaging system IM.
Determining the changes in the orientation of the optical
system based on image data can be performed by com-
paring two or more images from that image data IMD and
by utilizing various types of image processing techniques
which are known in the art. After changes in the orienta-
tion of the stabilized optical system 200 are determined,
compensating for such changes by inducing rotation ac-
tuation on the first and second rotation mechanisms (by
the first and second rotation actuators, FRA and SRA)
is performed in a manner similar to that described above.
[0073] It should also be noted that the system of the
present invention may be configured and operable for
concurrently performing both active direction of the line
of sight of the light module 230 (e.g. based on user or
machine inputs) and concurrently applying line of sight
stabilization to compensate for changes in the orientation
of the stabilized optical system 200. In such cases the
orientation determination module 260 may be configured
and operable to receive desired orientation data DOD
from the rotation rate sensor module 270 (or alternatively
image data IMD from an imager IM of the light module
230) and to process these data pieces to determine the
relative orientation (RO data) that should be applied by
the first and second rotation mechanisms for both com-
pensating for changes in the orientation of the stabilized
optical system 200 and also actively directing the line of
sight of the light module to the desired direction.

Claims

1. An optical system [200] comprising:

a light module [230];
an optical module [210] defining an optical axis
[OX] and an optical path of light propagation
therethrough; and
a stabilizer [220] configured and operable for
providing optical coupling between said optical
module [210] and said light module [230]; where-
in the optical system [200] is characterized in
that said stabilizer [220] comprises:

a gimbal assembly [225] defining a first ro-
tation axis [FRX] orthogonal to said optical
axis [OX] and comprising a gimbal intercon-
nected between said optical module [210]
and said light module [230] and configured
to allow rotation of said optical module about
a second rotation axis [SRX] orthogonal to
said optical axis [OX] and to said first rota-
tion axis [FRX]; and

an internal deflector [222] located in the op-
tical path of light propagating through said
optical module [210], said internal deflector
[222] being mounted for rotation about said
first rotation axis [FRX] and configured and
operable to provide optical coupling be-
tween at least a section of the optical path
of said optical module [210] and an optical
path of light passing through said light mod-
ule [230].

2. The stabilized optical system [200] according to
claim 1, wherein said internal deflector [222] is ro-
tatable about said first rotation axis [FRX], such that
a rotation of said internal deflector [222] about said
first rotation axis [FRX] in a direction opposite to a
direction of rotation of the optical system [200] about
an axis parallel to said first rotation axis [FRX] varies
the section of the optical path of said optical module
[210] which is coupled with the optical path of the
light module [230] thereby providing compensation
for said rotation of the optical system [200] and al-
lowing to stabilize at least one of an image or a light
beam formed by said light module [230].

3. The stabilized optical system of claim 1 or 2, wherein
rotation of said optical module [210] about said sec-
ond rotation [SRX] axis with respect to said light mod-
ule [230] provides compensation for rotation of the
optical system [200] in a direction opposite to the
rotation of said optical module [210], thus allowing
to stabilize at least one of an image or a light beam
formed by said light module [230].

4. The optical system [200] of any one of the preceding
claims, wherein said optical module [210] comprises
a telescopic mirror arrangement [MT] comprising at
least primary [PM] and secondary [SM] mirrors ar-
ranged such that their respective optical axes sub-
stantially coincide with said optical axis [OX] of the
optical module [210], said internal deflector [222] in-
tersecting a section of the optical path [OP] of the
optical module [210] defined by a region on said sec-
ondary mirror [SM] and being arranged to optically
couple said section of the optical path [OP] with an
optical path [OPL] of the light module [230]; and
wherein rotation of said internal deflector [222] about
said first rotation axis [FRX]varies a location of said
region thereby varying said section of the optical path
[OP] coupled with the optical path [OPL] of the light
module.

5. The optical system of any one of the preceding
claims, wherein said light module [230] comprises
at least one light sensor [IM1, IM2] having one or
more light sensitive pixels; said internal deflector
[222] is configured and operable to collect a light
portion propagating thereto from a section of the op-
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tical path [OP] of the optical module [210] and to
direct the collected light portion to said light module
[230].

6. The optical system of claim 5, wherein said light mod-
ule [230] comprises at least two light sensors [IM1,
IM2] sensitive to light in at least two different spectral
ranges, and at least one wavelength selective splitter
[DMR] configured for spatially separating light from
said optical module [210] into at least two light com-
ponents and directing them to said at least two light
sensors [IM1, IM2].

7. The optical system of any one of the preceding
claims, wherein said light module [230] includes at
least one source of electromagnetic radiation and
wherein said optical module [210] is optically coupled
with said at least one source for collecting and di-
recting an electromagnetic radiation beam emitted
therefrom; said stabilizer [220] is configured for di-
recting said radiation beam to various directions with
respect to said light module [230].

8. The optical system of claim 7, wherein said at least
one source of electromagnetic radiation comprises
at least one of the following:

i) a laser source and wherein said optical module
[210] comprises an arrangement of optical ele-
ments adapted for directing electromagnetic, ra-
diation in wavelength range of said laser source;
and
ii) a source of radio frequency radiation, wherein
said optical module comprises an arrangement
of elements adapted for directing electromag-
netic radiation in the radio frequency regime.

9. The optical system of any one of the preceding
claims, wherein said light module [230] comprises
one or more light guiding elements that are config-
ured and operable to define an optical path of said
optical module [210] and to provide optical coupling
between a light sensor or light source of the light
module [230] and the internal deflector [222], while
said optical module [210] and said internal deflector
[222] are in various angular positions with respect to
said light module [230].

10. The optical system of any one of the preceding
claims comprising a stabilization control module
[240] comprising:

a first actuation unit [FRA] connected to said first
rotation axis [FRX] and configured to actuate a
first relative rotation between said optical mod-
ule [210] and said internal deflector [222] about
said first rotation axis [FRX];
a second actuation unit [SRA] connected to said

gimbal and configured to actuate a second rel-
ative rotation between said optical module [210]
and said light module [230] about said second
rotation axis [SRX]; and
a control unit [242] connected to said first and
second actuation units [FRA , SRA] and adapt-
ed to be responsive to signals, indicative of ro-
tation rates of said optical system [200], to op-
erate at least one of said first and second actu-
ation units [FRA , SRA] to perform at least one
of the first and second relative rotations, to there-
by compensate for said rotation rates and sta-
bilize a line of sight of said optical system [200].

11. The optical system of claim 10, comprising a rotation
rate measurement system connectable to said con-
trol unit [242] and configured and operable for meas-
uring the rotation rates of said optical system [200]
with respect to at least one of the first and the second
rotation axes [FRX , SRX], and generating said sig-
nal indicative of said rotation rates.

12. The optical system of any one of the preceding
claims, wherein said stabilizer [220] is configured
and operable to enable a change in orientation of a
line of sight of said light module [230] within an angle
of at least 90° about said first rotation axis [FRX] and
an angle of at least 160° about said second rotation
axis [SRX].

13. The optical system of any one of the preceding
claims, wherein said first rotation axis [FRX] is inter-
nal to said optical module [210] and is configured for
providing relative rotation between the internal de-
flector [222] and the optical module [210], and where-
in said gimbal is external to said optical module [210]
and is configured for providing relative rotation be-
tween said optical module [210] and said light mod-
ule [230].

14. The optical system of any one of the preceding
claims, wherein said first rotation axis [FRX] corre-
sponds to a pitch axis of said optical module [210].

Patentansprüche

1. Optisches System (200), welches umfasst:

ein Lichtmodul (230);
ein optisches Modul (210), das eine optische
Achse [OX] und einen dadurch verlaufenden
Lichtweg definiert; und
einen Stabilisator (220), der ausgestaltet und
betriebsfähig ist, zwischen dem optischen Mo-
dul (210) und dem Lichtmodul (230) eine opti-
sche Kopplung bereit zu stellen; worin das op-
tische System (200) dadurch gekennzeichnet

23 24 



EP 2 588 917 B1

14

5

10

15

20

25

30

35

40

45

50

55

ist, dass der Stabilisator (220) umfasst:
einen Tragerahmen-Aufbau (225), der eine ers-
te Rotationsachse [FRX] definiert, die orthogo-
nal zu der optischen Achse [OX] verläuft und
einen Tragerahmen, der zwischen dem opti-
schen Modul (210) und dem Lichtmodul (230)
verbunden und ausgestaltet ist, eine Rotation
des optischen Moduls um eine zweite Rotations-
achse [SRX] orthogonal zu der optischen Achse
[OX] und zu der ersten Rotationsachse [FRX]
zu ermöglichen; und
einen inneren Deflektor (222), der in dem Licht-
weg des sich durch das optische Modul (210)
ausbreitenden Lichts angeordnet ist, worin der
innere Deflektor (222) zur Rotation um die erste
Rotationsachse [FRX] befestigt und ausgestal-
tet und betriebsfähig ist, um zwischen mindes-
tens einem Bereich des Lichtwegs des opti-
schen Modul (210) und einem Lichtweg des sich
durch das Lichtmodul (230) ausbreitenden
Lichts eine optische Kopplung bereitzustellen.

2. Stabilisiertes optisches System (200), nach An-
spruch 1, worin der innere Deflektor (222) um die
erste Rotationsachse [FRX] drehbar ist, so dass eine
Rotation des inneren Deflektors (222) um erste Ro-
tationsachse [FRX] in eine Richtung entgegenge-
setzt zur einer Rotationsrichtung des optischen Sys-
tems (200) um eine Achse parallel zur ersten Rota-
tionsachse [FRX] den Bereich des Lichtwegs des
optischen Moduls (210) variiert, welcher mit dem
Lichtweg des Lichtmoduls (230) gekoppelt ist, um
dadurch eine Kompensation für die Rotation des op-
tischen Systems (200) zu liefern, und eine Stabili-
sierung von mindestens einem Bild oder eines durch
das Lichtmodul (230) erzeugten Lichtstrahls zu er-
möglichen.

3. Stabilisiertes optisches System (200) nach An-
spruch 1 oder 2, worin die Rotation des optischen
Moduls (210) um die zweite Rotationsachse [SRX]
in Bezug auf das Lichtmodul (230) eine Kompensa-
tion für die Rotation des optischen Systems (200) in
eine Stabilisierung entgegengesetzt zu der Rotation
des optischen Moduls (210) liefert, wodurch die Bil-
dung von mindestens einem Bildes oder eines durch
das Lichtmodul (230) erzeugten Lichtstrahls ermög-
licht wird.

4. Optisches System (200) nach einem der vorstehen-
den Ansprüche, worin das optische Modul (210) eine
Teleskopspiegelanordnung [MT] umfasst, welche
mindestens primäre [PM] und sekundäre [SM] Spie-
gel aufweist, die derart angeordnet sind, dass deren
jeweiligen optischen Achsen im Wesentlichen mit
der optischen Achse [OX] des optischen Moduls
(210) übereinstimmen, worin der innere Deflektor
(222) einen Bereich des Lichtwegs [OP] des opti-

schen Moduls (210) schneidet, der durch einen Be-
reich auf dem zweiten Spiegel [SM] definiert wird,
und angeordnet ist, den Bereich des Lichtwegs [OP]
mit einem Lichtweg [OPL] des Lichtmoduls (230) zu
koppeln; und worin die Rotation des Inneren Deflek-
tors (222) um die erste Rotationsachse [FRX] an ei-
ner Stelle des Bereichs variiert, wodurch der Bereich
des Lichtwegs [OP], der mit dem Lichtweg [OPL] des
Lichtmoduls gekoppelt ist, variiert wird.

5. Optisches System nach einem der vorstehenden
Ansprüche, worin das Lichtmodul (230) mindestens
einen Lichtsensor [IM1, IM2] umfasst, welcher ein
oder mehrere lichtsensitive Pixel aufweist; worin der
inneren Deflektor (222) ausgestaltet und betriebsfä-
hig ist, einen Teil des Lichts, das sich dorthin von
einem Bereich des Lichtwegs [OP] des optischen
Moduls (210) ausbreitet, zu bündeln, und den ge-
bündelten Lichtanteil zu dem Lichtmodul (230) zu
lenken.

6. Optisches System nach Anspruch 5, worin das Licht-
modul (230) mindestens zwei Lichtsensoren [IM1,
IM2] umfasst, die gegenüber Licht in mindestens
zwei unterschiedlichen Spektralbereichen sensitiv
sind, und mindestens einen Wellenlängen-selekti-
ven Splitter [DMR], der ausgestaltet ist, um das Licht
von dem optischen Modul (210) in mindestens zwei
Lichtkomponenten räumlich zu teilen, und diese zu
den zwei Lichtsensoren [IM1, IM2] zu lenken.

7. Optisches System nach einem der vorstehenden
Ansprüche, worin das Lichtmodul (230) mindestens
eine Quelle elektromagnetischer Strahlung umfasst
und worin das optische Modul (210) mit mindestens
einer Quelle zum Bündeln und Leiten eines daraus
emittierten elektromagnetischen Strahlungsstrahls
optisch gekoppelt ist; worin der Stabilisator (220)
ausgestaltet ist, den Strahlungsstrahl in Bezug auf
das Lichtmodul (230) in verschiedene Richtungen
zu leiten.

8. Optisches System nach Anspruch 7, worin die min-
destens eine Quelle elektromagnetischer Strahlung
mindestens eines der folgenden umfasst:

i) eine Laserquelle und worin das optische Mo-
dul (210) eine Anordnung optischer Elemente
umfasst, die angepasst sind, elektromagneti-
sche Strahlung im Wellenlängenbereich der La-
serquelle zu leiten; und
ii) eine Radiofrequenzstrahlungs-Quelle, worin
das optische Modul eine Anordnung von Ele-
menten umfasst, um die elektromagnetische
Strahlung in dem Radiofrequenzbereich zu lei-
ten.

9. Optisches System nach einem der vorstehenden
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Ansprüche, worin die Lichtmodul (230) ein oder meh-
rere Lichtführungselemente umfasst, die ausgestal-
tet und betriebsfähig sind, einen Lichtweg des opti-
schen Moduls (210) zu definieren, und um zwischen
einem Lichtsensor oder Lichtquelle des Lichtmodul
(230) und dem inneren Deflektor (222) eine optische
Kupplung bereitzustellen, während das optische Mo-
dul (210) und der innere Deflektor (222) in verschie-
denen Winkelpositionen im Hinblick auf das Licht-
modul (230) vorliegen.

10. Optisches System nach einem der vorstehenden
Ansprüche mit einem Stabilisierungskontrollmodul
(240), umfassend:

eine erste Betätigungseinheit [FRA], die mit der
ersten Rotationsachse [FRX] verbunden und
ausgestaltet ist, eine erste relative Drehung zwi-
schen dem optischen Modul (210) und dem in-
neren Deflektor (222) um die erste Rotations-
achse [FRX] zu starten;
eine zweite Rotationsachse [SRX], die mit dem
Tragerahmen verbunden und ausgestaltet ist,
eine zweite relative Drehung zwischen dem op-
tischen Modul (210) und dem Lichtmodul (230)
um die zweite Rotationsachse [SRX] zu starten;
und
eine Steuereinheit (242), die mit der ersten und
zweiten Betätigungseinheit [FRA, SRA] verbun-
den und angepasst ist, auf Signale zu reagieren,
welche die Rotationsraten des optischen Sys-
tems (200) anzeigen, um mindestens eine der
ersten und zweiten Betätigungseinheiten [FRA,
SRA] zu betreiben, um mindestens eine der ers-
ten und zweiten relativen Rotationen durchzu-
führen, um die Rotationsraten zu kompensieren
und eine Sichtlinie des optischen Systems (200)
zu stabilisieren.

11. Optisches System nach Anspruch 10, welches ein
Rotationsraten-Bestimmungssystem umfasst, das
mit der Steuereinheit (242) verbunden werden kann
und ausgestaltet und betriebsfähig ist, die Rotations-
raten des optischen Systems (200) in Bezug auf min-
destens eine der ersten und zweiten Rotationsach-
sen [FRX, SRX] zu bestimmen, und um das die Ro-
tationsraten anzeigende Signal zu erzeugen.

12. Optisches System nach einem der vorstehenden
Ansprüche, worin der Stabilisator (220) ausgestaltet
und betriebsfähig ist, eine Änderung der Ausrichtung
der Sichtlinie des Lichtmoduls (230) in einem Winkel
von mindestens 90 ° um die erste Rotationsachse
[FRX] und einem Winkel von mindestens 160 ° um
die zweite Rotationsachse [SRX] zu ermöglichen.

13. Optisches System nach einem der vorstehenden
Ansprüche, worin die erste Rotationsachse [FRX] in

dem optischen Modul (210) vorliegt und ausgestaltet
ist, eine relative Rotation zwischen dem Inneren De-
flektor (222) und dem optischen Modul (210) bereit-
zustellen, und worin der Tragrahmen außerhalb des
optischen Moduls (210) vorliegt und ausgestaltet ist,
eine relative Rotation zwischen dem optischen Mo-
dul (210) und dem Lichtmodul (230) bereitzustellen.

14. Optisches System nach einem der vorstehenden
Ansprüche, worin die erste Rotationsachse [FRX] ei-
ner Querachse des optischen Moduls (210) ent-
spricht.

Revendications

1. Système optique [200] comprenant :

un module lumineux [230] ;
un module optique [210] définissant un axe op-
tique [OX] et une trajectoire optique de propa-
gation de la lumière à travers celui-ci ; et
un stabilisateur [220] conçu et exploitable pour
fournir un couplage optique entre ledit module
optique [210] et ledit module lumineux [230] ; où
le système optique [200] est caractérisé en ce
que ledit stabilisateur [220] comprend :

un ensemble cardan [225] définissant un
premier axe de rotation [FRX] orthogonal
audit axe optique [OX] et comprenant un
cardan interconnecté entre ledit module op-
tique [210] et ledit module lumineux [230]
et conçu pour permettre une rotation dudit
module optique autour d’un second axe de
rotation [SRX] orthogonal audit axe optique
[OX] et audit premier axe de rotation [FRX] ;
et
un déflecteur interne [222] situé dans la tra-
jectoire optique de la lumière se propageant
à travers ledit module optique [210], ledit
déflecteur interne [222] étant monté à des
fins de rotation autour dudit premier axe de
rotation [FRX] et conçu et exploitable pour
fournir un couplage optique entre au moins
une section de la trajectoire optique dudit
module optique [210] et une trajectoire op-
tique de la lumière passant à travers ledit
module lumineux [230].

2. Système optique stabilisé [200] selon la revendica-
tion 1, dans lequel ledit déflecteur interne [222] peut
tourner autour dudit premier axe de rotation [FRX],
de telle sorte qu’une rotation dudit déflecteur interne
[222] autour dudit premier axe de rotation [FRX] dans
une direction opposée à une direction de rotation du
système optique [200] autour d’un axe parallèle audit
premier axe de rotation [FRX] fait varier la section
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de la trajectoire optique dudit module optique [210]
qui est couplée à la trajectoire optique du module
lumineux [230], ce qui fournit une compensation pour
ladite rotation du système optique [200] et permet
de stabiliser au moins un élément parmi une image
ou un faisceau lumineux formé par ledit module lu-
mineux [230].

3. Système optique stabilisé selon la revendication 1
ou 2, dans lequel la rotation dudit module optique
[210] autour dudit second axe de rotation [SRX] par
rapport audit module lumineux [230] fournit une com-
pensation pour la rotation du système optique [200]
dans une direction opposée à la rotation dudit mo-
dule optique [210], ce qui permet de stabiliser au
moins un élément parmi une image ou un faisceau
lumineux formé par ledit module lumineux [230].

4. Système optique [200] selon l’une quelconque des
revendications précédentes, dans lequel ledit mo-
dule optique [210] comprend un dispositif de miroir
télescopique [MT] comprenant au moins des miroirs
primaire [PM] et secondaire [SM] disposés de telle
sorte que leurs axes optiques respectifs coïncident
sensiblement avec ledit axe optique [OX] du module
optique [210], ledit déflecteur interne [222] croisant
une section de la trajectoire optique [OP] du module
optique [210] définie par une région sur ledit miroir
secondaire [SM] et étant disposée pour coupler op-
tiquement ladite section de la trajectoire optique [OP]
avec une trajectoire optique [OPL] du module lumi-
neux [230] ; et dans lequel la rotation dudit déflecteur
interne [222] autour dudit premier axe de rotation
[FRX] fait varier un emplacement de ladite région,
ce qui fait varier ladite section de la trajectoire opti-
que [OP] couplée à la trajectoire optique [OPL] du
module lumineux.

5. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit module lu-
mineux [230] comprend au moins un capteur de lu-
mière [IM1, IM2] possédant un ou plusieurs pixels
photosensibles ; ledit déflecteur interne [222] est
conçu et exploitable pour collecter une partie de lu-
mière se propageant vers celui-ci à partir d’une sec-
tion de la trajectoire optique [OP] du module optique
[210] et pour diriger la partie de lumière collectée
vers ledit module lumineux [230].

6. Système optique selon la revendication 5, dans le-
quel ledit module lumineux [230] comprend au moins
deux capteurs de lumière [IM1, IM2] sensibles à la
lumière dans au moins deux domaines spectraux
différents, et au moins un diviseur à sélectivité de
longueur d’onde [DMR] conçu pour séparer dans
l’espace la lumière provenant dudit module optique
[210] en au moins deux composantes lumineuses et
les diriger vers lesdits au moins deux capteurs de

lumière [IM1, IM2].

7. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit module lu-
mineux [230] comprend au moins une source de
rayonnement électromagnétique et dans lequel ledit
module optique [210] est couplé optiquement à ladite
au moins une source pour collecter et diriger un fais-
ceau de rayonnement électromagnétique émis à
partir de celle-ci ; ledit stabilisateur [220] est conçu
pour diriger ledit faisceau de rayonnement vers di-
verses directions par rapport audit module lumineux
[230].

8. Système optique selon la revendication 7, dans le-
quel ladite au moins une source de rayonnement
électromagnétique comprend au moins une des
sources suivantes :

i) une source laser et dans lequel ledit module
optique [210] comprend un agencement d’élé-
ments optiques adaptés pour diriger un rayon-
nement électromagnétique dans un intervalle de
longueur d’onde de ladite source laser ; et
ii) une source de rayonnement de radiofréquen-
ce, dans lequel ledit module optique comprend
un agencement d’éléments adaptés pour diriger
le rayonnement électromagnétique dans le ré-
gime de radiofréquence.

9. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit module lu-
mineux [230] comprend un ou plusieurs éléments de
guidage lumineux qui sont conçus et exploitables
pour définir une trajectoire optique dudit module op-
tique [210] et pour fournir un couplage optique entre
un capteur de lumière ou une source lumineuse du
module lumineux [230] et le déflecteur interne [222],
alors que ledit module optique [210] et ledit déflec-
teur interne [222] sont dans diverses positions an-
gulaires par rapport audit module lumineux [230].

10. Système optique selon l’une quelconque des reven-
dications précédentes, comprenant un module de
commande de stabilisation [240] comprenant :

une première unité d’actionnement [FRA] reliée
audit premier axe de rotation [FRX] et conçue
pour actionner une première rotation relative en-
tre ledit module optique [210] et ledit déflecteur
interne [222] autour dudit premier axe de rota-
tion [FRX] ;
une seconde unité d’actionnement [SRA] reliée
audit cardan et conçue pour actionner une se-
conde rotation relative entre ledit module opti-
que [210] et ledit module lumineux [230] autour
dudit second axe de rotation [SRX] ; et
une unité de commande [242] reliée auxdites
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première et seconde unités d’actionnement
[FRA , SRA] et adaptée pour être réactive aux
signaux, indicatifs de vitesses de rotation dudit
système optique [200], pour exploiter au moins
une desdites première et seconde unités d’ac-
tionnement [FRA , SRA] pour exécuter au moins
une des première et seconde rotations relatives,
pour compenser de ce fait lesdites vitesses de
rotation et stabiliser une ligne de visée dudit sys-
tème optique [200].

11. Système optique selon la revendication 10, compre-
nant un système de mesure de vitesse de rotation
pouvant être relié à ladite unité de commande [242]
et conçu et exploitable pour mesurer les vitesses de
rotation dudit système optique [200] par rapport à au
moins un des premier et second axes de rotation
[FRX , SRX], et générer ledit signal indicatif desdites
vitesses de rotation.

12. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit stabilisateur
[220] est conçu et exploitable pour permettre un
changement d’orientation d’une ligne de visée dudit
module lumineux [230] au sein d’un angle d’au moins
90° autour dudit premier axe de rotation [FRX] et un
angle d’au moins 160° autour dudit second axe de
rotation [SRX].

13. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit premier axe
de rotation [FRX] est interne audit module optique
[210] et est conçu pour fournir une rotation relative
entre le déflecteur interne [222] et le module optique
[210], et dans lequel ledit cardan est externe audit
module optique [210] et est conçu pour fournir une
rotation relative entre ledit module optique [210] et
ledit module lumineux [230].

14. Système optique selon l’une quelconque des reven-
dications précédentes, dans lequel ledit premier axe
de rotation [FRX] correspond à un axe de tangage
dudit module optique [210].
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