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Method and device for capturing an image of a target object

TECHNICAL AREA

The present invention relates to a method for capturing an image of a target object
illuminated by an illumination laser. It relates further to a device for capturing the

image which operates according to the inventive method.

BACKGROUND OF THE INVENTION

Methods and devices are used to capture distant moving objects, such as flying
objects, and to track their flight paths. In the course of this target tracking, the entire
device, or at least an aiming system of said device is moved to follow the flight path
of the target object so that said target object can be reproduced as constantly as
possible at a location of the image capturing device. Tracking errors are associated
with this following method, manifesting themselves as "juddering” of the image, for
example. Moreover, imaging errors can also be caused by atmospheric turbulence.
Higher order imaging aberrations can also occur, thereby limiting the achievable

optical resolution of the image displayed on the image capturing device.

PRIOR ART

In order to correct these deficiencies, it is already known to analyse the angular offset
of the object displayed on the image capturing device, and to shift at least one first
optical correcting element in the receiving optics units as a function of the result of
this analysis. This shift of the first optical correcting element takes place in a closed
control circuit with the analysis of the angular offset. Such image stabilisation is thus
performed using the light of the illumination laser which is reflected by the target

object.
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In addition, a second laser is typically provided, which emits laser light of a different
wavelength from the wavelength of the illumination laser, and the laser light of which
is also aimed at the target object. The light from this second laser which is reflected
by the target object is used to compensate for the image resolution limitation caused
by the higher order imaging aberrations by providing a wave front sensor to receive
said reflected light of the second laser and generate a correction signal, which acts

on at least one second optical correcting element in the closed control circuit.

SUMMARY OF THE INVENTION

The object of the present invention is to describe a species-related method and a
species-related device, with which it is possible to stabilise the image and correct
higher order imaging aberrations while at the same time reducing equipment

requirement and thus also lowering costs.

With respect to the method, the object is solved with a method having the features of

claim 1.

This method according to the invention for capturing the image of a target object

illuminated by an illumination laser has the following steps:

a) llluminating the target object by means of a pulsed laser beam emitted by an
illumination laser, which beam is aimed at the target object in the form of an
illumination beam by an illumination optics unit;

b) Receiving the illumination beam laser light reflected from the target object by
means of a receiving optics unit;

c) Directing the received reflected illumination beam laser light to an image
capturing device to generate an image of the target object on the image
capturing device;

d) Detecting the angular offset of the image of the target object with respect to a

reference axis of the receiving optics unit;
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e) Stabilising the visual axis of the image capturing device detected by imaging of
the target object device by means of a first optical correcting element of the
receiving optics unit that compensates for the angular offset.

In this context, the following steps are also carried out to stabilise the imaging of the

target object:

a'l) Decoupling a partial beam from the laser beam emitted by the illumination
laser;

a'2) Delaying the decoupled partial beam in an optical delay device;

a'3) llluminating the target object by means of the partial beam that is directed at
the target object by the receiving optics unit;

b'l) Receiving the partial beam laser light which is reflected by the target object
and which defines a reference wavefront, by the receiving optics unit;

b'2) Decoupling the received reflected partial beam laser light from the light that is
received by the receiving optics unit;

c) Directing the decoupled reflected partial beam laser light to a wavefront
sensor;

d) Detecting a wavefront error in the received reflected partial beam laser light,
and

e") Fine tuning the receiving optics unit to compensate for the detected wavefront
error by means of a second optical correcting element of the receiving optics

unit.

ADVANTAGES

By splitting off the partial beam from the pulsed laser beam of the illumination laser
and by delaying the partial beam laser light is delayed, it becomes possible to
distinguish between the laser light that is aimed at the target object through the
illumination beam by means of the illumination optics unit and reflected therefrom,
and the laser light that is reflected from the target object due to the partial beam laser
light that is guided "backwards" through the receiving optics unit, so that the light
from both that is reflected by the target object can be distinguished from the pulsed

light beams that have been temporally offset by the optical delay device, so that it is



10

15

20

25

30

thus possible not only to stabilise the image but also to compensate for the higher

order imaging aberrations by means of a single illumination source.

It is preferably provided in the method according to the invention that step b',) of

decoupling the received reflected partial beam laser light from the light that is

received by the receiving optics unit is carried out by means of Pockels cells, which

are actuated synchronously to assure clocking of the pulsed laser beam emitted by

the illumination laser.

The part of the object that relates to the device is solved by the device having the

features of claim 3.

Said inventive device is characterised by

an illumination laser which is designed to emit a pulsed laser beam;

an illumination optics unit provided in the beam path of the laser beam emitted
by the illumination laser;

a receiving optics unit for the laser light reflected from the target object;

an image capturing device, to which the receiving optics unit directs the
reflected laser light it receives;

a first beam splitter provided between the illumination laser and the
illumination optics unit, which diverts a partial beam out of the pulsed laser
beam generated by the illumination laser;

an optical delay device, into which the partial beam is guided by the first beam
splitter;

a first polarisation beam splitter arranged in the path of the beam exiting the
optical delay device and in the beam path between the receiving optics unit
and the image capturing device;

a second polarisation beam splitter provided in the beam path between the
first polarisation beam splitter and the receiving optics unit;

a first Pockels cell provided between the first polarisation beam splitter and the

second polarisation beam splitter;
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— a second Pockels cell provided parallel to the first Pockels cell, which is
arranged in a bypass beam path formed between the first polarisation beam
splitter and the second polarisation beam splitter;

— a wavefront sensor, which is arranged in a beam path split off from the beam
path between the first polarisation beam splitter and the delay device by a
second beam splitter;

wherein the receiving optics unit has one rapidly adjustable mirror and one adaptive

mirror in its inner beam path, wherein the image capturing device has an image

analyser that sends an adjustment signal to an adjustment device for the rapidly
adjustable mirror, and wherein the wavefront sensor has a wavefront error analyser
which generates a correction signal and forwards it to an adjustment device of the

adaptive mirror.

By combining the first beam splitter provided in the pulsed laser beam emitted by the
illumination laser, the optical delay device, and the beam path which is switchable by
mean of the Pockels cells, it is possible to arrive at the method according to the
invention, such that in contrast to the prior art only a single laser is required to carry

out image stabilisation and also correct the higher order imaging aberrations.

Further preferred, advantageous design features of the device according to the

invention are the subject matter of dependent claims 4 to 7.

The illumination optical device preferably has a beam diverging optics unit. This
ensures that the laser beam reliably reaches the target object and illuminates it

effectively.

It is particularly advantageous if the wavefront sensor is in the form of a Hartmann-

Shack sensor.

Advantageously, the transmission direction of the first polarisation beam splitter is
aligned perpendicularly to the transmission direction of the second polarisation beam
splitter.
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Also preferably, the image capturing device is equipped with a fine tracking camera
or is in the form of a fine tracking camera that is designed to operate in the range

gating mode.
Preferred embodiments of the invention with additional configuration details and
further advantages are described and explained in greater detail in the following, with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawing:

Fig. 1 shows a schematic construction of a device according to the invention;

Fig. 2A is a time-related representation of the two pulsed laser light beams

aimed at the target object, and

Fig. 2B is a time-related representation of the two pulsed laser light beams

received after being reflected from the target object.

PRESENTATION OF PREFERRED EMBODIMENTS

Fig. 1 shows an example of a device according to the invention for capturing the
image of a target object. With this device it is possible to obtain high resolution
optical images of moving target objects, for example flying objects, by laser
illumination. It includes an adaptive optics system and operates according to the

method according to the invention, which will be described subsequently.

Typical components of the device are an illumination laser 1, an illumination optics

unit 2, a receiving optics unit 3, an image capturing device 4 and a wavefront sensor
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device 5. The particular feature of this inventive device is a partial radiation guide

device 6, which will be described in detail below.

lllumination laser 1 is designed to emit a pulsed laser beam L. Said laser beam L
emitted by illumination laser 1 toward illumination optics unit 2 constitutes a first
beam path S; between illumination laser 1 and illumination optics unit 2. lllumination
laser 1 preferably generates a polarised laser radiation (e.g., pp) in the wavelength
range of visible light to near infrared, pulsed for example with a typical pulse length in
the range of ten nanoseconds and with a pulse repetition rate greater than 100

pulses per second.

A first beam splitter 60 of partial radiation guide device 6 is provided in the first beam
path S; between illumination laser 1 and illumination optics unit 2, and separates a
partial beam L, from the pulsed laser beam L generated by illumination laser 1 and
diverts it into a second beam path S. In this way, a small proportion (approx. 10%) of
the radiation of laser beam L is transferred to partial beam Li. The remaining
radiation component of laser beam L is forwarded as illumination beam L to
illumination optics unit 2, in which it is caused to diverge slightly by means of a beam
diverging optics unit 20 and directed at target object Z. The radiation angle of
illumination lasers 2 is set via the beam diverging optics unit 20 to 1 mrad beam
divergence, for example. lllumination beam L: is directed at and follows target object
Z, for example a flying object, by means of an aiming system - not shown in Fig. 1 -
with a Coudé beam guide, in such manner that the surface of target object Z is

illuminated over a large area.

Receiving optics unit 3 receives the laser light R reflected from target object Z and
guides it along an inner beam path Ss, in which a rapidly adjustable mirror 30 is
arranged as a first optical correcting element, and an adaptive mirror 32 is provided
as a second optical correcting element. Receiving optics unit 3 guides the received
laser light R that has passed through it farther along a fourth beam path S4 to image
capturing device 4. The laser light R that is backscattered from illuminated target

object Z is received by a receiving optics unit 3 which has the form of a telescopic
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optical unit arranged on an aiming system used to track a target, and is guided along
beam path S4 via a Coudé beam guide to rapidly adjustable mirror 30 and farther
along the beam path to image capturing device 4, which includes a fine tracking

camera 40, for example, which displays the target object.

Image capturing device 4 further includes an image analyser 42, which actuates an
adjustment device 31 of the rapidly adjustable mirror 30 with an adjustment signal.
The image information obtained with fine tracking camera 40 is analysed using
known image processing methods to detect the angular offsets of the displayed
target object relative to the reference axis. These angular offsets are then used to
actuate the rapidly adjustable mirror 30, which stabilises the visual axis of the fine
tracking camera 40 in the closed control circuit. This stabilisation of the visual axis
effectively minimises the harmful effect of temporally variable image motion on the
quality of the imaging delivered by fine tracking camera 40. Such image motion is
caused by tracking errors of the aiming system and the effects of atmospheric

turbulence on the beam propagation path to the target object and back.

Besides image motion, atmospheric turbulence also causes higher order imaging
aberrations, which limit the optical resolution that is achievable with the fine tracking
camera 40. Adaptive mirror 32 is used to correct these imaging errors, as will be

described subsequently.

The partial beam L that is separated by first beam splitter 60 is guided along the
second beam path S; to an optical delay device 62. An inner beam path Syy is
formed inside optical delay device 62, representing an optical delay path 61, which is

preferably longer than 3 m.

The delayed partial beam Liv exiting from delay device 62 is guided along a further
beam path Ss to a first polarisation beam splitter 64 in fourth beam path S, arranged

between receiving optics unit 3 and image capturing device 4.
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In the fourth beam path S4, a second polarisation beam splitter 66 is provided
between first polarisation beam splitter 64 and receiving optics unit 3, and a first
Pockels cell 65 is arranged between the first polarisation beam splitter 64 and the
second polarisation beam splitter 66. Parallel to the first Pockels cell 65, a second
Pockels cell 67 is arranged in a bypass beam path Sag created between first

polarisation beam splitter 64 and second polarisation beam splitter 66.

Wavefront sensor device 5 includes a wavefront sensor 50 arranged in a wavefront
sensor beam path Se that is separated from the further beam path Ss by a second
beam splitter 63 between delay device 62 and first polarisation beam splitter 64.
Wavefront sensor device 5 includes a wavefront error analyser 52, which is designed
to generate a correction signal and forward said signal to an adjustment device 33 of
adaptive mirror 32. The adaptive mirror 32 is adjusted in the closed control circuit
according to usual processes of the adaptive optics unit by means of the correction
signal generated by the wavefront error analyser 52 associated with wavefront
sensor 50. For this purpose, wavefront sensor 50 measures the wavefront errors
caused by turbulence on the optical propagation path, and the wavefront error
analyser 52 in the form of an electronic assembly arranged downstream therefrom 52
determines the correction signals from the result of the measurement. A "Hartmann-

Shack sensor" for example may be used as the wavefront sensor.

A single point light source is needed on target object Z so that the wavefront errors
can be measured with wavefront sensor 50. This light source generates the
reference wavefront, which passes along the imaging path of fine tracking camera 40
(S3, S4) until it reaches wavefront sensor 50. This radiation is decoupled before fine
tracking camera 40 and diverted along the further beam path Ss via first polarisation
beam splitter 64, and then diverted along wavefront sensor beam path Se to

wavefront sensor 50 via the second beam splitter 63.

lllumination laser 1 is also used to generate the single point light source on target
object Z, specifically by directing the delayed partial radiation Liv toward target object

Z over the same optical path used for the imaging by fine tracking camera 40 and
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wavefront measurement via wavefront sensor 50. Partial radiation L1v is thus guided
"backwards" to target object Z via receiving optics unit 3. Thus, the stabilisation of the
beam axis described earlier serves to keep the generation of the single point light
source in a fixed position on target object Z, wherein the position can be chosen

freely using the image from fine tracking camera 40.

The partial radiation guide device 6 provided according to the invention is used to
couple the delayed partial radiation L1y into the optical path of fine tracking camera
40 and to decouple the radiation reflected by the target object Z from the single point
light source generated thereon from the optical path of the fine tracking camera 40. It
consists of the optical delay device 62, the first Pockels cell 65 and the second
Pockels cell 67. The purpose of this arrangement its to couple the delayed partial
radiation Liv into the optical path (fourth beam path S4) between the fine tracking
camera 40 and the receiving optics unit 3, and to decouple the radiation reflected by
the target object Z from the single point light source generated on the target object
from the optical path between receiving optics unit 3 and fine tracking camera 40 as
efficiently as possible so that the laser power required to illuminate target object Z is

kept as low as possible.

To achieve this, the generation and the receiving of radiation components L; and L>
of the laser radiation L generated by illumination laser 1, or the receiving of their
reflections from target object Z, which serve as illumination for fine tracking camera
40 and wavefront sensor 50, are offset temporally. The temporal offset of said
components is created with the aid of optical delay path 61 in delay device 62, which
path is preferably longer than 3 m such that the laser pulses are offset temporally
due to their different transit times.

Since partial radiation L1 is less intense than the radiation of illumination beam Lo, the
more intense pulses P2 of the emitted illumination beam L, and the pulses P of the
delayed partial radiation L1v emitted with a temporal offset thereto are readily
distinguishable, as is evident in Fig. 2A. Consequently, pulses Pir of the received

reflected partial radiation L1y and pulses P2r of the received reflected illumination
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radiation L>' are also readily distinguishable, as is shown in Fig. 2B. The use of a
separate laser to generate the single point light source is therefore not necessary in
the inventive device described here.

The pp-polarised, delayed partial radiation Liv is coupled into the optical path of fine
tracking camera 40 via first polarisation beam splitter 64 before Pockels cells 65, 67,
as is shown in Fig. 1. Second polarisation beam splitter 66 with a transmission
direction perpendicular to that of first polarisation beam splitter 64 is mounted after

the two Pockels cells 65, 67 in the direction of radiation.

In order to enable the radiation reflected from target object Z to be received by fine
tracking camera 40 and wavefront sensor 50, the first Pockels cell 65 and the second
Pockels cell 67 are actuated by suitable voltage pulses to emit laser pulses
synchronously. As a result, the polarisation plane of the transmitted light that
originates from illumination laser 1, that is to say from the reflected illumination
radiation L', is rotated through 90°. The transmission positions of the first Pockels
cell 65 and the second Pockels cell 67 are arranged perpendicularly to one another

(polarisation direction pp and sp, respectively).

The construction of the optical switching arrangement of the two Pockels cells 65, 67,
of the first polarisation beam splitters 34 arranged at the intersection point of the
fourth beam path S4 with the further beam path Ss and of the second polarisation
beam splitter 36 dividing beam path S4 on the side facing the receiving optics unit
means that this optical switching arrangement is always passable for partial radiation
L1 "backwards", that is to say towards receiving optics unit 3, because when the laser
pulses are emitted to illuminate target object Z for imaging by fine tracking camera 40
(ilumination beam L») and, with a time delay relative thereto, to generate the single
point light source on target object Z for wavefront measurement by wavefront sensor
50 (partial beam L1), Pockels cells 65, 67 are not actuated. When first polarisation
beam splitter 34 diverts the pp-polarised partial beam L1, first Pockels cell 65 is open
in the pp direction, meaning that it transmits the emitted laser pulse of partial

radiation L1, which then also passes through second polarisation beam splitter 36.
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Alternatively, the polarisation directions of polarisation beam splitters 34, 36 and of

the Pockels cells 35, 37 may each be rotated through 90° as well.

After a period that is identical with twice the transit time of the laser light to target
object Z, the polarisation directions of the Pockels cells 35, 37 are switched in
synchronisation with the pulse clock of the radiation of illumination beam L for the
duration of the laser pulse, for example 10 nanoseconds; in the example illustrated,
the first Pockels cell 65 is switched to transmission in sp polarisation direction and
the second Pockels cell 67 is switched to transmission in pp polarisation direction.
The reflected illumination radiation L>' (pp-polarised) passes through the second
polarisation beam splitter 36 and is rotated into the sp polarisation plane in first
Pockels cell 35. In this way, this polarisation-rotated, reflected illumination radiation
L>' is also able to pass through first polarisation beam splitter 34 and is guided to the
image capturing device 4. The optical path to receiving of the laser light that is
backscattered from target object Z by fine tracking camera 40 is thus rendered clear.
Consequently, the illumination radiation L' reflected from target object Z is guided
always and essentially without loss to image capturing device 4 by first polarisation
beam splitter 34.

After the actuation voltage for the two Pockels cells 65, 67 is switched off, the
polarisation planes of the received light are no longer rotated through 90°. The
delayed laser light of the reflected partial beam Liv (pp-polarised) reflected from the
single point light source on the target object therefore passes unaltered through the
second polarisation beam splitter 36 and the first Pockels cell 35, and is decoupled
by first polarisation beam splitter 64, which is arranged before fine tracking camera
40. 50% of the intensity thereof is then diverted to wavefront sensor 50 by means of

second beam splitter 63.

The provision of two Pockels cells 65, 67, which are arranged parallel to one another
by means of polarisation beam splitters 34, 36 and bypass radiation path Ssg and are
designed for polarisation planes that are rotated through 90° relative to each other,

increases intensity of the radiation that is incident on image capturing device 4,
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particularly in the case in which the incoming, reflected radiation has been
depolarised with respect to the emitted radiation, by reflection on target object Z, for

example.

The device according to the invention described above is used to obtain image
information with high optical resolution about distant moving targets with little optical
radiation of their own. Harmful influences on the optical resolution of the images due
to incorrect target tracking as well as atmospheric turbulence in the observation path
are minimised by adaptive optics methods. One possible application for this device is
fine tracking of flying targets in conjunction with a wide angle aiming system, in a

laser weapon for example.

The method used may offer a further benefit in that fine tracking camera 40 is
preferably operated in "range gating mode". This is advantageous for minimising

background-induced noise in the image information.

Reference signs in the claims, the description and the drawings are intended purely
to provide a better understanding of the invention and are not intended to limit the

scope of protection.
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List of reference signs

Elements are designated as follows:

o O A W DN P

30
31
32
33
34
35
36
37
40
42
50
52
60
61
62
63
64
65
66
67

lllumination laser

[llumination optics unit
Receiving optics unit

Image capturing device
Wavefront sensor device
Partial radiation guide device
Beam diverging optics unit
First optical correcting element (adjustable mirror)
Adjustment device

Second optical correcting element (adaptive mirror)
Adjustment device
Polarisation beam splitter
Pockels cell

Polarisation beam splitter
Pockels cell

Fine tracking camera

Image analyser

Wavefront sensor

Wavefront error analyser
Beam splitter

Delay path

Delay device

Beam splitter

Polarisation beam splitter
Pockels cell

Polarisation beam splitter

Pockels cell
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L1
Liv
L2
Lo'
P1
Pir
Par

S2
Sav
Ss
S4
Saa
Sas
Ss
Se

Laser beam
Partial beam
Partial radiation
lllumination beam
Reflected illumination radiation
Pulse

Pulse

Pulse

Laser light

Beam path

Beam path

Beam path

Beam path

Beam path
Bypass beam path
Bypass beam path
Beam path

Beam path

Target object

15
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Claims

A method for capturing the image of a target object (2) illuminated by an

illumination laser (1) including the steps of:

a) llluminating the target object (Z) by means of a pulsed laser beam (L)
emitted by the illumination laser (1), which beam is aimed at the target
object (Z) in the form of an illumination (L2) beam by an illumination
optics unit (2);

b) Receiving the illumination beam laser light reflected from the target
object (Z) by means of a receiving optics unit (3);

c) Directing the received reflected illumination beam laser light to an image
capturing device (4) to generate an image of the target object on the
image capturing device (4);

d) Detecting the angular offset of the image of the target object with
respect to a reference axis of the receiving optics unit (3);

e) Stabilising the visual axis of the image capturing device (4) detected by
imaging of the target object device by means of a first optical correcting
element (30) of the receiving optics unit (3) that compensates for the
angular offset;

wherein the following additional steps are carried out to stabilise the imaging of

the target object:

a'y) Decoupling a partial beam (L1) from the laser beam (L) emitted by the
illumination laser (1);

a'2) Delaying the decoupled partial beam (L1) in an optical delay device (62);

a's) llluminating the target object (Z) by means of the partial beam (L) that
is directed at the target object (Z) by the receiving optics unit (3);

b'1))  Receiving the partial beam laser light which is reflected by the target
object (Z) and which defines a reference wavefront by the receiving
optics unit (3);

b'2)  Decoupling the received reflected partial beam laser light from the light

that is received by the receiving optics unit (3);
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c) Directing the decoupled reflected partial beam laser light to a wavefront
sensor (50);

d) Detecting a wavefront error in the received reflected partial beam laser
light, and

e’ Fine tuning the receiving optics unit to compensate for the detected
wavefront error by means of a second optical correcting element (32) of

the receiving optics unit (3).

The method for capturing the image of a target object illuminated by an
illumination laser (1) according to claim 1,

characterised in that

step b'2) of decoupling the received reflected partial beam laser light from the
light that is received by the receiving optics unit (3) is carried out by means of
Pockels cells (65, 67), which are actuated synchronously to assure clocking of

the pulsed laser beam (L) emitted by the illumination laser (1).

A device for capturing the image of a target object (Z) according to the method

of claim 1,

characterised by

— an illumination laser (1) which is designed to emit a pulsed laser beam
(L);

— an illumination optics unit (2) provided in the beam path (S1) of the laser
beam (L) emitted by the illumination laser(1);

— a receiving optics unit (3) for the laser light reflected from the target
object (2);

— an image capturing device (4) to which the receiving optics unit (3)
directs the reflected laser light it receives;

— a first beam splitter (60) provided between the illumination laser (1) and
the illumination optics unit (2), which diverts a partial beam (L1) out of
the pulsed laser beam (L) generated by the illumination laser (1);

— an optical delay device (62), into which the partial beam (L1) is guided
by the first beam splitter (60);
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— a first polarisation beam splitter (64) arranged in the path (Ss) of the
beam exiting the optical delay device (62) and in the beam path (Sa)
between the receiving optics unit (3) and the image capturing device
(4);

— a second polarisation beam splitter (66) provided in the beam path (Sa4)
between the first polarisation beam splitter (64) and the receiving optics
unit (3);

— a Pockels cell (65) provided between the first polarisation beam splitter
(64) and the second polarisation beam splitter (66);

— a second Pockels cell (67) provided parallel the first Pockels cell (65),
which is arranged in a bypass beam path (Sa4a) formed between the first
polarisation beam splitter (64) and the second polarisation beam splitter
(66);

— a wavefront sensor (50), which is arranged in a beam path (Ss) split off
from the beam path (Ss) between the first polarisation beam splitter (64)
and the delay device (62) by a second beam splitter (63);

wherein the receiving optics unit (3) has one rapidly adjustable mirror (30) and

one adaptive mirror (32) in its inner beam path (S3), wherein the image

capturing device (4) has an image analyser (42) that sends an adjustment

signal to an adjustment device (31) for the rapidly adjustable mirror (30), and
wherein the wavefront sensor (50) has a wavefront error analyser (52) which
generates a correction signal and forwards it to an adjustment device (33) of

the adaptive mirror (32).

The device according to claim 3,
characterised in that

the illumination optics unit (2) has a beam diverging optics unit (20).

The device according to claim 3 or 4,
characterised in that

the wavefront sensor (50) is formed by a Hartmann-Shack sensor.
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The device according to any one of claims 3 to 5,
characterised in that
the transmission direction of the first polarisation beam splitter (64) is

perpendicular to that of the second polarisation beam splitter (66).

The device according to any one of claims 3 to 6,
characterised in that
the image capturing device (4) includes a fine tracking camera (40) that is

designed to operate in range gating mode.





