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(57) Abrégé/Abstract:
There is provided a System and method of wavefront compensation in a synthetic aperture imaging system. A return signal data
représentative of a signal reflected by a target area to be imaged is received. A compensation phase figure corresponding to a
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(57) Abrégé(suite)/Abstract(continued):

wavefront compensation to be applied is provided. The compensation phase figure is added or otherwise applied to the phase
pattern of the return signal data in order to obtain a compensated phase pattern. An optical beam is spatially modulated according
to the compensated phase pattern to produce a modulated optical beam such that the compensation phase figure produces a
wavefront compensation on the optical beam. An image of the target area is optically generated using the modulated optical beam.
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Fig. 2

(57) Abstract: There is provided a System and method
of wavefront compensation in a synthetic aperture
imaging system. A return signal data représentative of a
signal reflected by a target area to be imaged is re-
ceived. A compensation phase figure corresponding to
a wavefront compensation to be applied is provided.
The compensation phase figure is added or otherwise
applied to the phase pattern of the return signal data in
order to obtain a compensated phase pattern. An opti-
cal beam is spatially modulated according to the com-
pensated phase pattern to produce a modulated optical
beam such that the compensation phase figure produces
a wavefront compensation on the optical beam. An im-
age of the target area is optically generated using the
modulated optical beam.
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WAVEFRONT COMPENSATION IN OPTICAL SYNTHETIC

APERTURE IMAGING PROCESSORS

TECHNICAL FIELD

[0001]  The invention relates to the field of synthetic aperture imaging systems,
and more particularly to optical processing used in synthetic aperture imaging

systems.

BACKGROUND

[0002] Synthetic Aperture Radar (SAR) imaging systems are widely used in
aerial and space reconnaissance. Usually, an aircraft or a spacecraft is provided
with a SAR imaging system which transmits radar pulses and collects radar

echoes corresponding to the radar pulses reflected by a target area to be imaged.

[0003] Due to the large amount of data generated by a SAR system, optical
solutions have been developed for processing the SAR raw data. For example, an
image from the SAR raw data can be generated by optical signal processing using
a spatial light modulator. However, wavefront aberrations may occur in the SAR
optical signal processing system due to variations of optical parameters due for
example to manufacturing tolerances, misalignment of optical components,
temperature changes, vibrations and degradations caused by launch and in-flight
conditions. Parameter variations in the SAR imaging system, such as an altitude
change or a change in the atmosphere for example, may also result in wavefront
aberrations. In some optical SAR signal processing systems, the position of optical
components may be varied in order to compensate for such parameters variations.
However, the requirement for moving the optical components reduces the

sturdiness and viability for the optical SAR raw signal processing system.

[0004]  Therefore there is a need for a method and a system for compensating
for a parameter variation in a SAR imaging system.
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SUMMARY

[0005] There is provided a system and method of wavefront compensation in a
synthetic aperture imaging system. A return signal data representative of a signal
reflected by a target area to be imaged is received. A compensation phase figure
corresponding to a wavefront compensation to be applied is provided. The
compensation phase figure is added or otherwise applied to the phase pattern of
the return signal data in order to obtain a compensated phase pattern. An optical
beam is spatially modulated according to the compensated phase pattern to
produce a modulated optical beam such that the compensation phase figure
produces a wavefront compensation on the optical beam. An image of the target
area is optically generated using the modulated optical beam.

[0006] In accordance with one embodiment, there is provided a method for
optically processing signal data in a synthetic aperture imaging system, the
method comprising: receiving return signal data representative of a signal reflected
by a target area to be imaged, said signal data comprising an amplitude pattern
and a phase pattern; providing a compensation phase figure corresponding to a
wavefront compensation to be applied; applying said compensation phase figure to
said phase pattern of said return signal data in order to obtain a compensated
phase pattern; spatially modulating an optical beam according to said
compensated phase pattern to produce a modulated optical beam, said
compensation phase figure producing a wavefront compensation on said optical
beam; and optically generating an image of said target area using said modulated

optical beam.

[0007] In accordance with another embodiment, there is provided a system for
optically processing signal data in a synthetic aperture imaging system, the system
comprising: an input for receiving a return signal data representative of a signal
reflected by a target area to be imaged, said signal data comprising an amplitude
pattern and a phase pattern; a control unit having an addition module for adding
compensation phase figure corresponding to a wavefront compensation to be
applied to said phase pattern of said return signal data in order to obtain a
compensated phase pattern; and an optical signal processor comprising: a light

source for generating an optical beam having a wavefront; a spatial light modulator

2.
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for spatially modulating said optical beam according to said compensated phase
pattern to produce a modulated optical beam, said compensation phase figure
producing a wavefront compensation on said optical beam; and a processing
optics for optically generating an image of said target area using said modulated

optical beam.

[0008] Methods and systems are described herein in the context of Synthetic
Aperture Radar (SAR) imaging systems. It is however noted that the provided
methods and systems also apply to other types of synthetic aperture imaging
systems. For example, the provided methods and systems may be used with
synthetic aperture SONAR (SAS) systems, synthetic aperture LIDAR systems,

synthetic aperture terahertz systems or synthetic aperture infrared systems.

[0009] Accordingly, the term “return signal” used herein is intended to include,
not limitedly, a radar signal, a SONAR signal, a LIDAR signal, a terahertz signal or

an infrared signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  Fig. 1 is a schematic illustrating a SAR imaging system imaging a target

area,

[0011]  Fig. 2 is a block diagram illustrating a SAR imaging system using an
optical SAR signal processor for processing SAR raw data with optical wavefront

compensation, in accordance with one embodiment;

[0012]  Fig. 3 is a flow chart illustrating a method for generating a compensation
phase figure for use in the system of Fig. 2 to perform wavefront compensation, in

accordance with one embodiment;

[0013] Fig. 4 is a flow chart illustrating an example method for generating a
compensation phase figure wherein a reference section and an evaluated section

interfere to produce an interference pattern;

[0014]  Fig. 5 is a schematic illustrating a phase Spatial Light Modulator (SLM) of

the system of Fig. 2, as divided in 19 x 5 sections;
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[0015] Fig. 6 is an image of a phase pattern as displayed on the phase SLM of
Fig. 5 in the case of an evaluated section that is on the central row of the phase
SLM;

[0016]  Fig. 7 comprises Fig. 7A, Fig. 7B and Fig. 7C wherein Fig. 7A is an
image of the interference pattern corresponding to the phase pattern of Fig. 6 as
appearing on the calibration image, Fig. 7B is an image showing the interference
pattern of Fig. 7A after phase slope compensation, and Fig. 7C is an image
showing the interference pattern of Fig. 7A after both phase shift compensation

and phase slope compensation;

[0017]  Fig. 8 is an image of another phase pattern as displayed on the phase
SLM in the case of an evaluated section that is arbitrarily located on the phase
SLM;

[0018]  Fig. 9 is an image of the interference pattern corresponding to the phase

pattern of Fig. 8 as appearing on the calibration image;

[0019] Fig. 10 is a graph showing an example of a compensation phase figure

as obtained with the method of Fig. 4; and

[0020] Fig. 11 is a flow chart illustrating another example method for generating

a compensation phase figure wherein a single evaluated section is used at a time.

[0021] It will be noted that throughout the appended drawings, like features are

identified by like reference numerals.

DETAILED DESCRIPTION

[0022] Now referring to the drawings, Fig. 1 illustrates a satellite 10 provided
with a SAR imaging system (not shown). The satellite 10 is in orbit above a target
area to be imaged, such as the ground surface of the earth for example. The
satellite 10 is traveling along a satellite flight path 11 while imaging the target area.
The SAR imaging system is adapted to emit successive electromagnetic radar
signal pulses 12 in direction of the target area. Each radar pulse 12 is
characterized by a pulse duration T and two successive radar pulses 12 are

temporally spaced apart by an inter-pulse duration AT. The pulse duration T and

-4-
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the inter-pulse duration AT defines a pulse repetition frequency which corresponds
to the repetition rate of the outgoing radar pulses 12. The emitted radar pulses 12
form a radar beam 14 which illuminates the target area to be imaged. The area of
the target area which intersects the radar beam 14 is referred to as the footprint 16
of the radar beam 14. While Fig. 1 illustrates an oval footprint 16, it should be
understood that the footprint 16 may have other shapes. For example, the footprint
16 may be round. While the satellite 10 is moving along the satellite flight path 11,
the footprint 16 is moving, thereby defining a swath 18. The swath 18 is
characterized by a length in an azimuth direction 20 and a width in a range
direction 22. The azimuth direction 20 corresponds to the propagation direction of
the radar beam 14, i.e. the direction of the flight path 11, and the range direction
22 is the direction normal to the azimuth direction 20 and generally parallel to the
target area. When reaching the target area, the radar pulses 12 are reflected to
give rise to radar echoes. The radar echoes are collected by the SAR imaging
system and then referred to as SAR raw data or more generally as return signal
data. The SAR raw data is optically processed by the optical SAR signal processor
or the SAR imaging system in order to generate an image of the target area.

[0023] The SAR imaging system mounted in the satellite 10 is provided with at
least one emitting antenna for emitting the pulses 12. The same emitting antenna
may also be used for detecting the radar echoes reflected on the target area or a
separate receiving antenna can be used for collecting the radar echoes.

[0024]  An image is generated by superposing a plurality of radar echoes within
the range and azimuth of the SAR antenna footprint 16. The received echoes are
converted by the SAR imaging system into electrical signals or digital data which
are referred to as SAR raw data. The SAR raw data is a two-dimensional array,
with one dimension corresponding to the range data while the other corresponds
to the azimuth signal history. The SAR raw data is then optically processed by the
optical SAR signal processor to reconstruct an image of the target area. A high
resolution in the azimuth direction is achieved without requiring large antennas by
using a plurality of radar echoes and by applying SAR signal processing. SAR
signal processing allows synthesizing a large aperture antenna. SAR signal
processing can be mathematically described as a correlation or a filtering process

on all of the radar echoes received during an aperture time.

-5-
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[0025] The optical SAR signal processor is generally designed according to the
specific parameters of the configuration of the SAR imaging system. Example
relevant parameters are the squint angle, the altitude of the SAR imaging system,
the pulse repetition frequency, the range sampling frequency, the slant range
distance, and the like. The squint angle corresponds to the angle between the
radar beam center and the normal to the flight path. The pulse repetition frequency
is defined as the number of pulses transmitted per second by the SAR system.
The range sampling frequency or radar sampling frequency is the frequency at
which the SAR system samples the radar return signal (echo) from the ground
The slant range distance corresponds to the distance between the SAR radar
system and the target area to be imaged. Optical elements of the optical SAR
signal processor and their relative distances are selected according to these and
other specific parameters. Accordingly, variations of these parameters due for
example to misalignments, manufacturing tolerances, to temperature changes,
vibrations and degradations caused by launch and in-flight conditions cause
wavefront aberrations in the optical SAR signal processor which result in
distortions in the reconstructed image. Wavefront aberrations may also occur due

to variations of optical parameters of the optical SAR signal processor.

[0026] Fig. 2 illustrates an example embodiment of a SAR imaging system 30
using an optical SAR signal processor 32 for processing SAR raw data with optical
wavefront compensation. A SAR acquisition unit 34 generates SAR raw data
generally as known in the art by emitting radar signal pulses toward the target area
to be imaged, receiving the radar echoes reflected on the target area and
acquiring the radar echoes as electrical signals or digital data referred to as the
SAR raw data. The SAR raw data is two-dimensional complex data and comprises
a two-dimensional amplitude pattern and a two-dimensional phase pattern. A
control unit 36 receives the SAR raw data, compensates the phase pattern of the
SAR raw data to perform wavefront compensation and controls the optical SAR
signal processor 32 as a function of the SAR raw data in order for the optical SAR
signal processor 32 to optically process the SAR raw data and generate an image
38 of the target area.

[0027] The optical SAR signal processor 32 optically processes the SAR raw

data. It comprises a light source 40 for generating an optical beam, an amplitude

-6-
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Spatial Light Modulator (SLM) 46 and a phase SLM 48 for spatially modulating the
optical beam according to the SAR raw data and the wavefront compensation, and
processing optics 50 for optically generating an image of the target area from the

modulated optical beam.

[0028] The light source comprises a light emitting device 42, typically a laser
such as a laser diode, which produces a divergent coherent optical beam and
collimation optics 44 for collimating the optical beam into a planar wavefront optical
beam. The light source 40 may further comprise other optical components such as

filtering optics for example.

[0029] The amplitude SLM 46 modulates the optical beam according to the
amplitude pattern of the SAR raw data and the phase SLM 48 modulates the
optical beam according to the compensated phase pattern of the SAR raw data.
Accordingly, wavefront compensation is directly performed within the phase SLM
48, thus requiring no additional optical component. The amplitude and phase
SLMs 46, 48 are transmission modulators comprising a plurality of addressable
pixels controlled by the control unit 36. By controlling the individual pixels of the
SLMs 46, 48, the amplitude and phase patterns of the SAR raw data are displayed
on the SLMs 46, 48 to spatially modulate the optical beam. The modulated optical
beam thereby bears the information of the SAR raw data. In one embodiment,
each SLM 46, 48 consist of a liquid crystal display. The amplitude SLM 46
modulates the optical beam in amplitude while the phase SLM 48 modulates the
optical beam in phase. Other types of SLMs may also be used such as micro
mirror SLMs, electro-optic SLMs and magneto-optic SLMs for example. The pixels
of each SLM 46, 48 are arranged in a two-dimensional array, a first dimension
corresponding to the range data while the other corresponds to the azimuth signal

history.

[0030] The processing optics 50 for optically generating an image of the target
area from the modulated optical beam comprises focusing optics 52 with different
focal lengths for the range and the azimuth axes for focusing the modulated optical
beam in the range and azimuth directions. This operation which corresponds to
range and azimuth compression produces an image of the target area on a light

detection device 54.
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[0031] The focusing optics 52 typically comprises cylindrical and spherical
optics. The light detection device 54 typically consists of a CCD but other types of
light detection devices may be used as well, such as a CMOS detector for

example.

[0032] The processing optics 50 may further comprise diffraction stop optics to
remove the diffraction pattern of the optical beam caused by the SLMs 46, 48, a
DC component and/or artifacts of a carrier frequency if used. Diffraction stop optics

may comprise a Fourier lens and a spatial filter for example.

[0033] Further details about suitable optical SAR signal processors are

generally known in the art.

[0034] The control unit 36 for controlling the optical SAR signal processor 32 as
a function of the SAR raw data and a wavefront compensation comprises a buffer
60 typically of the type First In, First Out (FIFO) which receives the SAR raw data
and buffers it until ready for processing by the optical SAR signal processor 32.
The buffer 60 buffers both the amplitude and the phase pattern of the SAR raw
data. In this embodiment, the amplitude pattern is directly applied to the amplitude
SLM 46 through an amplitude-SLM controller 62 which addresses pixels of the
amplitude SLM 46 to modulate the optical beam according to the amplitude
pattern. An addition module 68 receives the phase pattern and a compensation
phase figure 66 and numerically adds them together to generate a compensated
phase pattern to perform wavefront compensation. The compensated phase
pattern is applied to the phase SLM 48 through a phase-SLM controller 64 which
addresses pixels of the phase SLM 48 to modulate the phase front of the optical
beam with the compensated phase pattern. The compensation phase figure 66 is
generally stored in memory. In one embodiment, the compensation phase figure
66 is calculated during a prior calibration run performed on the ground. In this
case, the calibration phase figure may be calculated using an external processing
unit. In another embodiment, the compensation phase figure 66 is characterized
on-board during a mission. In order to perform such a characterization, the control
unit 36 may further comprise a compensation calculator 70 for calculating the
compensation phase figure corresponding to the wavefront compensation to be

applied. As discussed hereinafter, the compensation phase figure 66 is typically

-8-
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calculated with feedback from an image 38 produced with a calibration SAR raw

data.

[0035]  Fig. 3 shows a method for generating the compensation phase figure 66
in order to perform wavefront compensation in accordance, for example, with the
system of Fig. 2. The method is performed using the SAR imaging system 30 to be
characterized, such as the system of Fig. 2 for example. The compensation phase
figure 66 is estimated from calibration SAR raw data 102. In one embodiment, the
calibration SAR raw data 102 is previously obtained by numerically emulating a
known target, which corresponds to a known reference image, and generating the
SAR raw data, referred to as the calibration SAR raw data 102, that would
correspond to this known target. In step 104, a plurality of sections is defined on
the phase SLM 48 such that each section comprises a sub-group of the pixels of
the phase SLM 48. The sections define a two-dimensional array of sections on the
phase SLM 48. In step 106, the pixels of one or more sections are selectively
addressed with the phase pattern of the calibration SAR raw data 102. All other
pixels are turned off, i.e. addressed with a blocked signal transmission. In step
108, an image, which is referred to as the calibration image, is then optically
produced by the optical SAR signal processor 32. In step 110, considering the
known reference image, a phase compensation corresponding to the one or more
sections addressed is then estimated from the calibration image produced, based
on a difference between the known image and the produced calibration image. In
step 112, steps 106, 108 and 110 are repeated so as to cover all sections. In 114,
the combination of all estimated phase compensations defines the compensation

phase figure.

[0036] Now referring to Figs. 4 to 10, an example of the method of Fig. 3 for
generating the compensation phase figure 66 is described in more detail. In this
example method, two sections of the phase SLM 48 are addressed simultaneously
so as to make them interfere. This method is also performed using the SAR
imaging system 30 to be characterized, such as the system of Fig.2 for
example. The compensation phase figure 66 is estimated from calibration SAR
raw data 202. In one embodiment, the calibration SAR raw data 202 is previously
obtained by numerically emulating a known target, which corresponds to a known

reference image. In this example embodiment, the known target is a theoretical

-9-
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point target. The known reference image is thus an image of a point target.
Calibration SAR raw data corresponding to such a known target is easily
calculated. It is noted that the phase pattern corresponding to such a point target is

generally rotationally symmetric with a center of symmetry.

[0037] In step 204, a plurality of sections is defined on the phase SLM 48 such
that each section comprises a sub-group of the pixels of the phase SLM 48. Fig. 5
shows the phase SLM 48 as divided in 19 x 5 sections. As shown in Fig. 5, in one
embodiment, the phase SLM 48 is an array of 1920 x 1080 pixels, separated in
19 x 5 sections 80. A reference section 82 is defined. It typically corresponds to
the center of the phase SLM 48 so as to correspond to the center of symmetry of
the phase pattern. When one section 80 of the 19 x 5 sections is addressed for
evaluation of the wavefront compensation, it is then referred to as an evaluated
section 84. Of course, the number of pixels on the SLM and the number of

sections defined may vary.

[0038] Back to Fig. 4, in step 206, pixels of the reference section 82 and an
evaluated section 84 are selectively addressed with the phase pattern of the
calibration SAR raw data 202. All other pixels are turned off. Fig. 6 shows an
example of a phase pattern then displayed on the phase SLM 48 in the case of an
evaluated section that is on the central row of the phase SLM 48.

[0039] In step 208, the calibration image is produced by the optical SAR signal
processor 32. The calibration image is an interference pattern corresponding to the
interference of the reference section 82 and the evaluated section 84. As
mentioned above, the known reference image is a point target. Due to
interference, when addressing the reference section 82 with an evaluated section
84, the point target is deformed and spatially repeats on the interference pattern.
Fig. 7A shows the interference pattern corresponding to the phase pattern of
Fig. 6, as appearing on the calibration image. Due to wavefront aberrations, the
center of the point target is shifted toward the left and the intensity distribution has

a left-right asymmetry.

[0040] In step 210, the phase compensation shift corresponding to the
evaluated section 84 is estimated by evaluating the center phase shift in the

-10 -
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interference pattern relative to the known reference image. Referring to Fig. 7A, a
phase shift of 21 would correspond to the distance between two repetitions of the
point target on the interference pattern. The center phase shift of the interference

pattern may then be evaluated in a relative manner.

[0041] In step 212, the phase slope compensation within the evaluated section
84 is estimated by evaluating the intensity asymmetry of the interference pattern.
Fig. 7B shows the interference pattern of Fig. 7A after phase slope compensation.
The phase compensation slope to be applied is the one which result in a
symmetrical interference pattern. Fig. 7C shows the interference pattern of Fig. 7A

after both phase shift compensation and phase slope compensation.

[0042] Fig. 8 shows another phase pattern displayed on the phase SLM 48 in
the case of an evaluated section 84 that is arbitrarily located on the phase SLM 48.
In this case, the evaluated section is diagonal relative to the reference section 82.
In accordance with step 206, pixels of the reference section 82 and of the
evaluated section 84 are selectively addressed with the phase pattern of the
calibration SAR raw data 202 and all other pixels are turned off. Fig. 9 shows the
interference pattern corresponding to the phase pattern of Fig. 8, as appearing on
the calibration image. The fringe patterns appear diagonal but the phase shift
compensation and the phase slope compensation are still estimated according to
steps 210 and 212 above by evaluating a phase shift and an intensity distribution

in the interference pattern of Fig. 9.

[0043] In step 214, steps 206, 208, 210 and 212 are repeated so as to cover all
sections 80. In 214, the combination of all estimated phase compensations defines
the compensation phase figure. Fig. 10 shows an example of a resulting
compensation phase figure. A black color in a section 80 indicates a zero phase
while a white color indicates a 21 phase, with greyscale interpolation in-between.

[0044] It is noted that in another embodiment, instead of step 212 of estimating
the phase slope compensation from the intensity distribution, only the phase shifts
are evaluated (from step 210) and a curve fit may be used to interpolate

compensation phase between the centers of the sections 80.
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[0045] Now referring to Fig. 11, another example of the method of Fig. 3 for
generating the compensation phase figure 66 is described in more detail. In this
method, instead of making an evaluated section to interfere with a reference
section, each evaluated section is considered alone, i.e. without interference with a
reference section. It is noted that this method will typically apply better to
wavefronts with slowly-varying features.

[0046] The method of Fig. 11 is also performed using the SAR imaging system
30 to be characterized, such as the system of Fig.2 for example. The
compensation phase figure 66 is estimated from calibration SAR raw data 302. As
in the method of Fig. 4, in one embodiment, the calibration SAR raw data 302 is
previously obtained by numerically emulating a known target, which corresponds
to a known reference image. In this example embodiment, the known target is a
theoretical point target. The known reference image is thus an image of a point

target.

[0047] In step 304, a plurality of sections is defined on the phase SLM 48 such
that each section comprises a sub-group of the pixels of the phase SLM 48, as in

step 204 of the method of Fig. 4. However, no reference section is used.

[0048] In step 306, pixels of one evaluated section only are selectively
addressed with the phase pattern of the calibration SAR raw data 302. All other

pixels are turned off.

[0049] In step 308, the calibration image is produced by the optical SAR signal
processor 32. The individual display of each section on the phase SLM 48 allows
for isolation of the small portion of the nearly spherical wavefront converging on
the image without interference. The calibration image resulting from isolation of the
small portion of the spherical wavefront can be considered as a portion of a
spherical wavefront and, due to aberrations, its center of curvature is not
coincident with the center of intensity of the point target on the known reference
image. The center of intensity of the calibration image is thus not aligned with the

center of intensity of the known reference image.

[0050] In step 310, a phase compensation slope corresponding to the evaluated

section is estimated by comparing the center of intensity of the calibration image,
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i.e. corresponding to the small portion of the wavefront, with a reference position.
The phase compensation slope to be applied corresponds to the slope of a linear
phase variation which, when added to the selectively addressed section, results in
the alignment of the center of intensity of the calibration image with the reference
position. It is noted that the center of intensity may be calculated as the mass
center, the geometric center or the maximum intensity pixel for example. All
sections are evaluated with reference to the same reference position. In one
embodiment, the reference position is the centroid of the image as obtained when
processing the calibration SAR raw data 302 without wavefront compensation and
without segmentation. In another embodiment, the reference position is the
centroid of the image obtained when processing the section that is in the center of

the phase SLM 48. Other reference positions may be used as well.

[0051] In step 312, steps 306, 308 and 310 are repeated so as to cover all
sections. A matrix of phase compensation slope values is then obtained, with one
value per evaluated section. In step 314, the compensation phase figure is
determined by computing a continuous phase function that has local slopes which
corresponds to the estimated phase compensation slope values. The obtained

continuous phase function defines the compensation phase figure.

[0052] It is noted that in some embodiments described above with reference to
Figs. 4 to 11, the compensation phase figure is estimated by numerically emulating
a known target that is a point target. The known target is therefore a theoretical
point target. In other embodiments, instead of using an emulated known target, a
real calibration target as present on the ground is used. In accordance with such
embodiments, one or more known calibration targets are present on the ground
and can be used for in-flight calibration. The known calibration targets typically
correspond to point targets especially disposed on ground for the purpose of
performing in-fight calibration. Positions of known calibration targets on the ground
are therefore known or predetermined. The known reference image corresponding
to a known calibration target is generally known since it corresponds to the image

of a point target.

[0053] When a calibration is to be performed, the SAR imaging system needs to

pass above one of the known calibration targets in order to be allowed to acquire
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SAR data from the known calibration target. The SAR imaging system receives as
an input the position of the known calibration target on the ground. The exact
position may be communicated from a ground station, from an in-flight control unit
or may be stored in memory in the SAR imaging system for later use in wavefront
calibration. When passing above the known calibration target, the SAR imaging
system acquires SAR raw data corresponding to this known calibration target via
its SAR acquisition unit. One of the wavefront calibration methods described above
is then used to calculate the compensation phase figure. This method allows for
not only compensating for wavefront aberrations that result from the optical SAR
signal processor, i.e. due to variations of optical parameters for example, but also
for wavefront aberrations that are resulting from parameter variations in the SAR

acquisition unit, such as an altitude change for example.

[0054] In yet another embodiment, wavefront calibration as described herein
with reference to Fig. 2 is used to compensate for the absence of an optical
element that is being eliminated from the optical SAR signal processor 32. In order
to reduce the cost, the weight or the dimensions of the optical SAR signal
processor 32, one of its optical elements is eliminated and replaced by an
equivalent phase correction function which is applied to the optical beam by using
this phase correction function as the compensation phase figure 66. In this case,
the compensation phase figure 66 may compensate for both aberrations and the
absence of the eliminated optical element. The compensation phase figure 66
which compensates for both aberrations and the absence of the eliminated optical
element may be estimated, for example, using any of the methods described

herein in reference to Figs. 4 to 11.

[0055] It should be understood that changes may be made to the systems and
methods described herein. For example, while the embodiments described herein
use both an amplitude SLM 46 and a phase SLM 48, a single SLM may be used to
implement both the amplitude and the phase modulations. As well, in specific
cases, the amplitude SLM may be omitted so that no amplitude modulation is
being performed. It is also possible to implement the phase pattern modulation and
the wavefront compensation with separate SLMs in cascade, a first SLM being
used to apply the phase pattern modulation and a second SLM to apply the

wavefront compensation. No addition module 68 is then necessary.
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[0056] It should be understood that the systems and methods described herein

can be used as well with interferometric SARs and non-interferometric SARSs.

[0057]  While the present description refers to a Synthetic Aperture Radar (SAR),
it should be understood that the methods and systems described above can be
applied to any adequate synthetic aperture imaging system, such as a synthetic
aperture SONAR (SAS), a synthetic aperture LIDAR, a synthetic aperture terahertz

system, a synthetic aperture infrared system, or the like.

[0058]  While illustrated in the block diagrams as groups of discrete components
communicating with each other via distinct data signal connections, it will be
understood by those skilled in the art that the illustrated embodiments may be
provided by a combination of hardware and software components, with some
components being implemented by a given function or operation of a hardware or
software system, and many of the data paths illustrated being implemented by
data communication within a computer application or operating system. The
structure illustrated is thus provided for efficiency of teaching the described

embodiment.

[0059] The embodiments described above are intended to be exemplary only.
The scope of the invention is therefore intended to be limited solely by the

appended claims.
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CLAIMS:

1. A method for optically processing signal data in a synthetic aperture
imaging system, the method comprising:

receiving return signal data representative of a signal reflected by a target
area to be imaged, said signal data comprising an amplitude pattern

and a phase pattern;

providing a compensation phase figure corresponding to a wavefront

compensation to be applied;

applying said compensation phase figure to said phase pattern of said

return signal data in order to obtain a compensated phase pattern;

spatially modulating an optical beam according to said compensated
phase pattern to produce a modulated optical beam, said
compensation phase figure producing a wavefront compensation on

said optical beam; and

optically generating an image of said target area using said modulated

optical beam.

2. The method as claimed in claim 1, wherein said applying comprises
numerically adding said compensation phase figure to said phase pattern of said

return signal data.

3. The method as claimed in claim 1 or 2, wherein said spatially modulating
comprises addressing a plurality of pixels of a spatial light modulator with said
compensated phase pattern to display said compensated phase pattern on said
spatial light modulator to spatially modulate a phase of said optical beam

accordingly.

4. The method as claimed in any one of claims 1 to 3, wherein said providing a

compensation phase figure comprises:
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i) receiving calibration return signal data corresponding to a known
reference image, said calibration return signal data comprising an

amplitude pattern and a phase pattern;
ii) defining a plurality of sections on said spatial light modulator,;

iii) selectively addressing part only of said sections with said phase pattern
of said calibration return signal data to spatially modulate said optical

beam and produce a calibration modulated optical beam;

iv) receiving a calibration image optically generated using said calibration

modulated optical beam;

v) estimating a phase compensation corresponding to said part of said
sections from said calibration image and said known reference

image; and

vi) repeating steps iii), iv) and v) with other parts of said sections to provide
said compensation phase figure using a combination of estimated

phase compensations.

5. The method as claimed in claim 4, wherein said part comprises a reference
section and an evaluated section and said calibration image comprises an

interference pattern.

6. The method as claimed in claim 5, wherein said phase compensation is
estimated by evaluating a phase shift in said interference pattern relative to said

known reference image.

7. The method as claimed in claim 5 or 6, wherein a slope of said phase
compensation within said evaluated section is estimated by evaluating an

asymmetry of an intensity distribution in said interference pattern.

8. The method as claimed in claim 4, wherein said part comprises a single
section and said phase compensation is estimated by evaluating a shift of a center

of intensity of said calibration image relative to a reference point.
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9. The method as claimed in anyone of claims 4 to 8, wherein said known

reference image corresponds to a point target.

10. The method as claimed in anyone of claims 4 to 9, further comprising :

inputting a position of a known calibration target on the ground which

corresponds to said known reference image;

acquiring said calibration return signal data from said known calibration

target using a synthetic aperture acquisition unit; and

whereby said method compensates for a parameter variation in at least
one of an optical signal processor used for said optically generating

an image and said synthetic aperture acquisition unit.

11. The method as claimed in anyone of claims 1 to 10, wherein said method
compensates for an absence of an optical element that is being eliminated from an

optical synthetic signal processor used for said optically generating an image.

12. The method as claimed in anyone of claims 1 to 11, further comprising
spatially modulating said optical beam according to said amplitude pattern of said
return signal data to produce said modulated optical beam as modulated in phase
and amplitude; and wherein said optically generating an image of said target area
is performed using said modulated optical beam as modulated in phase and

amplitude.

13.  The method as claimed in anyone of claims 1 to 12 when dependent on
claim 3, wherein said return signal data comprises a two-dimensional return signal
pattern, one dimension of said signal pattern corresponding to range data and the
other dimension of said signal pattern corresponding to azimuth signal history; and
wherein said pixels are arranged in a two-dimensional array, one dimension
corresponding of said array to said range data and the other dimension of said

array corresponding to said azimuth signal history.

14. The method as claimed in anyone of claims 1 to 13, wherein said signal

comprises a radar signal.
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15. A system for optically processing signal data in a synthetic aperture imaging

system, the system comprising:

an input for receiving a return signal data representative of a signal
reflected by a target area to be imaged, said signal data comprising

an amplitude pattern and a phase pattern;

a control unit having an addition module for adding compensation phase
figure corresponding to a wavefront compensation to be applied to
said phase pattern of said return signal data in order to obtain a

compensated phase pattern; and
an optical signal processor comprising:
a light source for generating an optical beam having a wavefront;

a spatial light modulator for spatially modulating said optical beam
according to said compensated phase pattern to produce a
modulated optical beam, said compensation phase figure

producing a wavefront compensation on said optical beam; and

focusing optics for optically generating an image of said target area

using said modulated optical beam.

16. The system as claimed in claim 15, further comprising a compensation
calculator for calculating said compensation phase figure corresponding to said

wavefront compensation to be applied.

17. The system as claimed in claim 15 or 16, wherein said spatial light
modulator comprises a plurality of addressable pixels controlled according to said
compensated phase pattern to display said compensated phase pattern on said
spatial light modulator to spatially modulate a phase of said optical beam

accordingly.

18. The system as claimed in claim 17, wherein said return signal data
comprises a two-dimensional return signal pattern, one dimension of said signal
pattern corresponding to range data and the other dimension of said signal pattern
corresponding to azimuth signal history; and wherein said pixels are arranged in a

two-dimensional array, one dimension of said array corresponding to said range
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data and the other dimension of said array corresponding to said azimuth signal

history.

19.  The system as claimed in any one of claims 15 to 18, wherein said spatial
light modulator comprises a phase modulator for spatially modulating said optical
beam according to said compensation phase pattern and an amplitude modulator
for spatially modulating said optical beam according to said amplitude pattern of
said return signal data, to produce said modulated optical beam as modulated in
phase and amplitude.

20. The system as claimed in claim 15, wherein said signal comprises a radar
signal.
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