
EP0298112B1 Description The present invention relates to a synthetic
aperture processing system for processing data required from Spaceborne or
Airborne sensors. 5      It has been known for many years that images of
the earth's surface may be produced using microwave radiation by the
technique known as Sideways-Looking Airborne Radar (SLAR). More recently
radars carried in space satellites rather than in aircraft have used.
However, the basic technique is the same. SLAR in its simplest form is
described by Jensen et al, Side-looking airborne radar, Scientific
American", (1977) and by Lillesand and Keifer, "Remote Sensing and Image
Interpretation, Wiley, New York, 1979. A ve- 10 hide carrying a radar
transmitter, e.g. an aircraft, is flown over the surface to be studied.
Microwave radiation is emitted from the vehicle and the radiation reflected
from the underlying surface is received by the vehicle. Two directions may
be defined in relation to the vehicle. The azimuth direction is the
direction in which the ve- hicle is moving. The range direction is the
direction at right angles to the direction of movement of the vehicle. The
above mentioned publications describe the operation of SLAR in terms of the
emission of pulses of 15 microwave radiation and indicate that the
resolution (ie the ability to separate two adjacent features on the ground)
In the range direction is dependent on the length of the pulse. Commonly a
relatively long duration frequency swept pulse is transmitted, in
conjunction with a pulse correlation system to achieve an approximately
equivalent effect to a short pulse. In the azimuth direction the resolution
is dependent on the width of the beam emitted from the vehicle. 20     It
is well known to increase the resolution to the azimuth direction by the
technique of synthetic aperture radar. Originally this was done using
optical techniques. However it is now possible to replace optical techni-
ques by digital signal processing. In synthetic aperture radar a vehicle,
e.g. an aeroplane or a satellite, carrying a radar aerial or antenna is
moved over a surface to be mapped. The radar beam illuminates the surface
to be investigated and the move- 25 ment of the vehicle results in an
illuminated or irradiated swath being traced out. As the vehicle moves
along its track it emits a succession of radar pulses, typically frequency
swept, and receives back radar echoes from each pulse. If the echoes over a
given period along track are recorded (sampled) at given time intervals
they can be processed to give increased resolution in the azimuth
direction. Instead of using a large physical antenna a synthetic aperture
is produced. The amplitude of the radar echo at each sampling period is
recorded. The 30 echoes which are received after each pulse Is emitted
result from reflections from objects at successively gre- ater distances
from the vehicle. The individual sampled amplitudes can be considered as
forming a matrix in which the rows in each column represent information
about the illuminated surface in the azimuth direction and the columns
represent information about the surface in the range direction. However as
initially recorded in- formation about any given object is distributed over
the cells of the matrix and it is necessary to compress the 35 data in
range and in azimuth to concentrate the data about a given object in a
picture cell (pixel) which will be used to represent it in the final image
produced. Synthetic aperture radar using digital signal processing
techniques is disclosed in various references. Thus GB 1 540 950 discloses
a synthetic aperture using an FFT signal processor. The specification
explains that synthetic aperture radar may be used in either squinted or in
side-looking mode and discusses the problems 40 of maintaining the data
from the radar in range and azimuth focus. GB 1 540 950 proposes to
overcome the problem by using a motion compensation computer responsive to
the velocity of the vehicle and pulse repetition frequency to maintain the
data in range focus, and to vary the pulse rate frequency of the radar to
maintain the data in azimuth focus. EP 83107. discloses a synthetic
aperture radar using digital signal processing and discusses the necessity
45 to focus the data in both the range and azimuth directions. The
necessity of carrying out range curvature pro- cessing is mentioned. This
is done to compensateforchanges in the distances between the vehicle and a
given point from which a signal is reflected. A considerable number of
other approaches to synthetic aperture processing have been described in
the literature, of varying applicability, quality and speed of operation.
High quality processing has however been 50 restricted to two classes of
processor; explicit time domain correlation and range-Doppler frequency
domain processing. The primary disadvantage of the time domain correlation
approach is that it is computationally de- 



manding although in principle it is as flexible, and provides images of as
high a quality, as desired. Frequency domain approaches are of interest
because of their computational efficiency, with the best qualityachieved
prior to this invention by the range-Doppler approach. basic range-Doppler
approach to processing involves the fol- 55 lowing steps , as disclosed for
example in US Patent No. 4 471 357: 1) Pulse compression, which is
performed by correlating pulse echoes intra pulse with a replica of the
trans- mitted signal and achieved either by explicit correlation or
frequency domain techniques as appropriate. 2) Formation of a sequence of
overlapping processing blocks of compressed pulse data, with the size of 2
EP0298112B1 the block and overlap determined by the maximum effective
illumination time of a point on the ground by the antenna together with
processing considerations. 3) Interpulse Fast Fourier Transform (FFT) of
each processing block at constant range sample, to generate a PRF (Pulse
Repetition Frequency) ambiguous, range-Doppler representation of the data.
5      4) Formation of a modified range-Doppler processing block by the
selection of a new set of rows of data from along curves in the
range-Doppler processing block ("Range migration correction"); the locus
for data collation corresponding to the range-frequency history of points
illuminated by the radar. 5) The multiplication of rows of data in the
modified range-Doppler block by an amplitude weighted phase function
derived primarily from the reciprocal of the rate of change of Doppler
frequency with time, and an 10     inverse FFT of each row. 6) The
collation of an image from successive blocks of output data. Operations 2)
through 5) are conventionally referred to as the "azimuth compression"
operations. In the general case of a squinted satellite sensor difficulties
with this approach arise as a result of the non- stationarity of the
processing functions with both range, and position in time, within a
processing block, together 15 with the more general problems of correctly
specifying the range-Doppler migration locus and conjugate phase function.
Processing of data by this techniquefrom specific sensors within well
defined constraints, has been reason- ably successful, although
implementations are noted for requiring a degree of ad hoc tuning in any
given im- plementation and suffering quality degradation (in comparison
with a time domain processor) to various 20 degrees. Furtherthan this, some
combinations of radar system parameters may notallow, priorto this
invention, full resolution processing to any reasonable quality by this
approach. It would be advantageous to have a systematic and unified
approach to range-Doppler processing which was extendable in principle to
provide high quality processing for any balance of radar system parameters.
It would also be advantageous to be able to engineer the processor to
provide image quality as near to ideal as 25  required. According to the
present invention there is provided a signal processor as defined in Claim
1 below. The signal processor of the present invention Is capable of
processing synthetic aperture data to a high quality. Quality may be
enhanced by Incorporating furtherfeatures in the processordepending upon
the charac- teristics of the vehicle and antenna system providing the data.
Thus in the azimuth compression means it may 30  be desirable to provide
additional precision curvature and migration compensation means comprising
a short complex correlator with a non-stationary correcting filter selected
according to values computed by the par- ameter generator, operated in the
range dimension. Such additional precision curvature migration compensation
means would probably be unnecessary for data from a 5 GHz satellite with a
0.5 second integration time and modest antenna squint but may be desirable
35  for a satellite operating in a frequency of 1.25 GHz with a 2 second
integration time and small antenna squint. The processor design is based on
a novel appreciation of the processing problem, which is (i) to consider
the two dimensional transform of the system transfer function; (ii) to
factorise this two dimensional transform in such a way that non
stationarities of the system transfer function may be accommodated, and 



40     (iii) to compute the elements of the factorisation of the system
transfer function in terms of the co-efficients of the range polynomial,
which is determined at all points in the image by the known relative
motion. The two dimensionial transform of the system transfer function for
a point with range and range time deri- vatives   [err]  at some time [err]
relative to time of closest point of approach with a corresponding in-
stantaneous Doppler frequency [err] is approximated as the following two
dimensional phase screen 45 as a function of video frequency f and Doppler
frequency F: 50 55 3    EP0298112B1 [ERR] 15      Factorisation is achieved
by expanding [err] (f,F) as a Taylor series about [err], the centre video
frequency; thus [err] The function g(fF), representing the residual terms
may be considered by its expansion about a central Doppler frequency [err]
and [err]; [err] and provides the primary migration correction for the
squint multiplication means b(iii). [err]  provides range -Doppler
selection curves which can be used by the data selection means in the
azimuth compression means, and [err] provides the azimuth phase replica
used by the azimuth replica mul- 30 tiplication means. Comparison of these
parameters computed at the edges of the processing blockwith those applied
during azimuth compression provided the resampling and phase
adjustementparametersused bythe image formation means. The residual non
stationary correlations used by the additional precision curvature and
migration compens- 35  ation means (if present) and by the image formation
means are determined by the function [err] and are applied in range, in
range -Doppler space and in along track, in image space respectively. The
residual compensation required is very substantially reduced by the use of
the preliminary compensation during range compression, such that further
corrections may be applied by correlation with short pretabulated filter
functions, determined by the difference between the two dimensional
frequency domain transfer function applied and that which should have been
applied on the basis of the local range polynomial coefficients. The
invention is illustrated by reference to Figure 1 which shows a version of
the processor appropriate to a satellite mounted radar at 800 km altitude,
5 GHz operating frequency and squint less than 30 KHz. The ver- sion
illustrated omits the additional precision curvature and migration
compensation means. The range replica multiplication means and squint
compensation multiplication means are combined by pre-multiplication of the
range frequency domain replica with the primary migration correction. The
invention may be implemented either as a sofware product on some
appropriate general purpose architecture, or may be constructed in hardware
as a special purpose fast processor. A particular preferred form of
parameter generator comprises a signal processor according to claim 1 whe-
50  rein the processing parameter generator comprises (1) means for
computing the latitude and longitude of points approximately in the beam
centre at the near, far and centre swath positions on the surface at times
corresponding approximately to respective start,centre and end pulses of
each processing block; (2) means for computing the time offset of each of
these points from a closest point of approach and the range at the closest
point of approach; (3) means for evaluating range, Doppler frequency and
successive derivatives of the range with respect to time at a given time;
(4) means for quadratically fitting calculated parameters as a function of
minimum range; 



4    EP0298112B1 (5) means for generating parameters for each of a
plurality of output range pixels comprising means for.- determining range
polynomial coefficients by quadratic expansion using required minimum range
values; (6) means for computing block geometric and phase correction
factors; and 5       (7) means for computing block collation parameters.
The invention will now be further illustrated with reference to the
drawings where Figure 1 is a diagrammatic representation of the main
elements of the processor, Figure 2 Is a more detailed diagrammatic
representation of a range compression means of the processor, Figure 3 is a
more detailed diagrammatic representation of the azimuth compression means,
and 10      Figure 4 is a detailed diagrammatic representation of a
specific processor embodying the invention. The processormay be described
as operatingfundamentally according toa range-Doppler processing prin-
ciples, but incorporating many novel features and principles. Figure 1
shows the basic structure of the processor namely a preprocessor which
receives data produced by for example a satellite, and includes a
processing parameter generator which generates and stores a table 15 of
parameters for use by the successive parts of the processor. Data from the
preprocessor is fed in turn to a range compression means 3, and azimuth
compression means 4 and an image formation means 5 which gen- erates the
final radar image. Figure 2 shows the range compression means 3 in more
detail. It comprises a pulse FFT means 6, a pulse replica multiplication
means 7, a squint compensation multiplication means 8 and an inverse FFT
means 9. Figure 3 shows the azimuth compression means 4 in more detail.
This comprises a 20  row FFT means 10, an azimuth replica evaluator means
11, an azimuth spectral buffer means 12, a data selec- tion means 13, an
azimuth replica multiplication means 14 and an inverse FFT means 15.
Figure4 shows the preprocessorand image formation means in moredetail. The
preprocessor2 comprises an input processing means 16 which carries out
conventional preprocessing of the radar pulses e.g. recorded from a
satellite before feeding them to the range compression means. Processing
parameter generator 17 re- 25  ceives information about the orbit of the
satellite producing the radar pulses togetherwith additional information
fed in by the operator of the processor, and information from the input
processing of the radar pulses. The pro- cessing
parametergeneratorgenerates and stores the parameters required by the range
compression, azimuth compression and image formation means. The image
formation means 5 comprises distortion removal means 18 and block merge
means 19. 30      A key element of the design is the processing parameter
generator which generates data tables to allow signal processing to operate
as a sequence of one dimensional vector operations. Accordingly the
operation of the parameter generator and the contents of the data tables
that it generates are described first, with the operation of the processor
as a whole described with reference to these tables. 35 Parameter Generator
The primary inputs to the parameter generatorare information concerning the
relative motion of the platform to the surface to be imaged and the
pointing angle and orientation of the antenna. Such data may be typically
provided as sampled values of platform vector position and vector time
derivatives, sampled values of platform 40 pitch roll and yaw and system
parameters describing the orientation of the boresight and boresigh plane
to the platform co-ordinate system. Further Inputs to the generator
comprise information concerning the data start time and data sampling off-
sets, the radar parameters, the size of image to be generated, the
dimensions of processing block sizes to be used and the maximum duration of
illumination of any point on the ground to be imaged. 45      The generator
performs the following functions: (i) It fits a spline to the sampled
relative motion and pointing angles of the platform and its antenna, such
thatthe vector position, vectorvelocity, vectoracceleration and orientation
of the platform may be evaluated at any required point in time; spline
fitting procedures are well known to those skilled in the art; 



(ii) It evaluates a centre time foreach processing block according to
[err] + (N_AZFFT-N_AZREP)/PRF, 50      where NAZFFT is the defined
processing block size in pulses, PRF is the system pulse repetition fre-
quency, and NAZREP is the maximum illumination time multiplied by the PRF;
[err] is provided by the time of the first pulse plus N-AZFT/2PRF; and
evaluates a start and end pulse index for each processing block according
to PRF * [err]N_AZFFT/2. (iii) It computes, for each processing block, at
times [err] and [err](N_AZFFT-NAZREP)/2PRF, coordinates 55      of points
on the surface to be imaged in the beam centre at the near side, far side
and centre of the illumi- nated swath. The computation of the coordinates
of such points is a routine problem in trigonometry and vector analysis and
familar to those skilled in the art. (iv) It computes, for each such point
at such times, the range from the platform to the point, A R, and its 5
EP0298112B1 successive time derivatives according to: ,    5 [ERR] 10 where
R, A etc are the platform relative vectortime derivatives; computes,
foreach such pointatsuch times, 15     the time offset of the point to its
time of closest approach to the satellite, [err] T, and the corresponding
slant range at closest approach, [err], by numerical minimisation of
([err]R(T)R(T)) according to procedures fami- liar to those skilled in such
art; computes an approximate fourth time derivative of the scalar range
according to: [err] so that the extrapolated truncated slant range
polynomial statisfies [err]R(T)=0 at time of closest approach;and computes
a centre Doppler frequency for each such point at such times according to
[err] (v) It evaluates for each processing block, at each such times, the
coefficients of a quadratic fit of each of [err] and [err] as functions of
minimum slant range, [err]. (vi) It evaluates, for each processing block,
at each such times, for each output minimum range pixel posi- tion
required,  [err] and [err] by expansion of the quadratic fitting
coefficients. (vii) It evaluates, foreach such outputminimum range pixel
position required, the coefficients of slant range and phase Doppler
frequency polynomials, expanded with reference to the centre frequency at
the centre of the processing block [err], according to: [err] where the
coefficients R(1)-R(4), [err] are initially evaluated according to the
local centre frequency [err] and re-expanded with respect to [err]
according to: [err] R(4) = R'(4); [err] similarly, where R'(1) - R'(4) are
given in sample units by: R'(1) = (AR -slant range to first sample)/[err];
45 [err] 6    EP 0 298 112 B1 [err] where 



[err] is the range sample width in units of slant range; [err]'(2) -
[err]'(4) are given by: 10 [err] 25      and the phase origin [err] is
determined by the quadratic fitting coefficients of [err] and [err] as
functions of [err]; with a,b,c,d defined by: [err] [err] at [err] is
evaluated according to [err] (viii) It computes, for each processing block,
for each Doppler frequency column a table of parameters of the form of set
of values providing: the number of output samples to be generated at a
given frequency offset, and a frequency offset AF which is (F-[err])
together with its second and third powers; the table is computed according
to the following procedure: 35      First, for each output row to be
generated during range migration correction, the column notionally dividing
high and low Doppler frequencies (the "wrap around boundary") is computed
from knowlege of the local centre Doppler frequency; then for the first
row, the table is initialised for each column according to the relative
position of the column to the wrap around boundary; then for each
subsequent row, the table entries are modified according to whether a
column shift in the wrap around boudary has occured; 40     (ix) It
computes and tabulates for each processing block a phase adjustment for
incorporation into the fre- quency domain range compression replica, the
"linear range migration correction", according to: [err] where [err]    are
taken from representative centre block values of [err] and  [err]. (x) It
computes and tabulates for each processing block n, for each output row
[err] the absolute image start and end pixel indices according to: start
[err] = end [err] + 1 end [err] = INT(PFR[err]+(N
AZFFT-NAZREP)/2+PRF*[err]) 55           with end
[err]=INT(PRF*[err]-(N_AZFFT-B_AZREP)/2+PRF* [err] (xi) It computes for
each processing block, for each output row a geometric strentch factor" to
correct for residual block geometric distortion, according to: 7    EP 0
298 112 B1 stretch factor [err] = I - [err], where [err] 5
[err]TCPA = (N_AZFFT-NAZREP-1)/PRF + [err], where the suffices R and L
relate to function values evaluated at end and start of the processing
block re- spectively; computes for each processing block, for each output
row, a real, that is fractionally valued, start sample modulo the
processing block according to: [err] and tabulating: start [err], stretch
[err] and [err] (xii) It computes, for each processing block, for each
output row, an approximate centre frequency [err] 15      which is a
multiple of PRF/N_AZFFT, and the corresponding column offset [err] [err]
according to: [err] (xiii) It computes and tabulates for each processing
block, for each output row, a heterodyning frequency, 20      [err], and a
phase offset, [err], according to: [err] (xiv) It tabulates operator
specified range and azimuth compression wheighting functions. 



Data Tables 35      The following tables are generated for each processing
block: Block Control (i) Start pulse 40      (ii) End pulse (iii) For each
output image row: start and end image pixel location. Range Compression 45
(i) Frequency domain pulse reference x g(f) x user specified weighting
function. Azimuth Compression (i) For each output image row: 50         -
R(1), R(2), R(3), R(4) coefficients -   [err]  coefficients (ii) For each
Doppler frequency column (NAZFFT): For each wraparound: - Number of output
rows to be generated 55         -   [err] where [err] is the difference
between the column frequency and the centre block expansion frequency.
(iii) For each output image row: 8    EP0298112B1 -[err] -[err] (iv) For
each output image row: 5         - start sample - stretch factor - number
of samples to output. (v) User specified azimuth compression weighting
function. 10 Range Compression The system loads each pulse performs an FFT,
multiplies the spectral data by the tabulated range com- pression replica,
performs an Inverse FFT and outputs the range compressed data; the range
compression rep- lica is selected according to the relevant processing
block but the update rate is non-critical; the fine detail of 15 the
process is well known to those skilled in this art. Azimuth Compression
Data is processed in overlapping blocks, defined by the block start and end
pulse indices. An FFT at con- 20 stant range is performed one each row of
each block; for each frequency column a sampling comb and phase conjugate
function is generated, according to: For each wraparound: For each output
row: [err] 25  For each column, data is interpolated to generate a new
column, defined by the sampling comb [err], by procedures known to those
skilled in this art, and multiplied by exp-[err]. Each row of this modified
block is then logically shifted in a cyclic fashion by [err] COL,
multiplied by the user specified azimuth compression weight- ing function
and an inverse FFT performed; For each resulting row a sampling comb,
AINDX, and phase function, [err], are generated according to: 30     [err]
= (start sample + (N-1) x stretch factor) mod N AZFFT, for N = 1 to number
of samples to output; [err]  (start image location + (N-1)-start pulse));
and a modified row is interpolated according to the cyclic sampling comb
[err], according to procedure known to those skilled in such art, and each
resulting pixel is multiplied byexp-[err](N). The resulting blockof output
image 



is then output to storage. Block Merge The final coherent image is
assembled row by row from the contiguous blocks of image data; each row is
40  offset in the image frame by the start pixel location of the row In the
first image block less the minimum start pixel location. The resulting
coherent image is obtained in coordinates of minimum slant range and time
of closest ap- proach, is at baseband with respect to the range dimension
and at offset Doppler frequencies provided by the [err] tabulation. 45
Claims 1. A signal processorfor synthetic aperture radar carried by a
moving vehicle including an antenna, the radar using a beam which has a
centre and is scanned over a surface to be imaged and mapped so as to trace
out thereon a swath having near, far and centre positions, which processor
comprises: (a) a processing parameter generator (17) including processing
blocks; (b) range compression means (3) comprising: pulse FFT means (6) for
performing and FFT on pulse echoes, and providing spectral data, 55
pulse replica multiplication means multiplying the spectral data by a range
compression function provided by the processing parameter generator (7) to
effect pulse correlation, and first inverse FFT means (9) for performing an
inverse FFT on the multiplied spectral data; and (c) azimuth compression
means (4) comprising: 9    EP0298112B1 -ACOL - FHET (iv) For each output
image row: 5         - start sample - stretch factor - number of samples to
output. (v) User specified azimuth compression weighting function. 10 Range
Compression The system loads each pulse performs an FFT, multiplies the
spectral data by the tabulated range com- pression replica, performs an
inverse FFT and outputs the range compressed data; the range compression
rep- lica is selected according to the relevant processing block but the
update rate is non-critical; the fine detail of 15 the process is well
known to those skilled in this art. Azimuth Compression Data is processed
in overlapping blocks, defined by the block start and end pulse indices. An
FFT at con- 20  stant range is performed one each row of each block; for
each frequency column a sampling comb and phase conjugate function is
generated, according to: For each wraparound: For each output row: [err] 25
For each column, data is interpolated to generate a new column, defined by
the sampling comb [err], by procedures known to those skilled in this art,
and multiplied by exp-[err]. Each row of this modified block is then
logically shifted in a cyclic fashion byA COL, multiplied by the
userspecified azimuth compression weight- ing function and an inverse FFT
performed; For each resulting row a sampling comb, [err], and phase
function, [err], are generated according to: 30    [err] = (start sample +
(N-1) x stretch factor) mod NAZFFT, for N = 1 to number of samples to
output; [err] x (start image location + (N-1)-start pulse)); 



and a modified row is interpolated according to the cyclic sampling comb
[err], according to procedure known to those skilled in such art, and each
resulting pixel is multiplied by exp-[err]. The resulting block of output
image is then output to storage. Block Merge The final coherent image Is
assembled row by row from the contiguous blocks of image data; each row is
40 offset in the image frame by the start pixel location of the row in the
first image block less the minimum start pixel location. The resulting
coherent image is obtained in coordinates of minimum slant range and time
of closest ap- proach, is at baseband with respect to the range dimension
and at offset Doppler frequencies provided by the [err] tabulation. 45
Claims 1. A signal processor for synthetic aperture radar carried bya
moving vehicle including an antenna, the radar 50      using a beam which
has a centre and is scanned over a surface to be imaged and mapped so as to
trace out thereon a swath having near, far and centre positions, which
processor comprises: (a) a processing parameter generator (17) including
processing blocks; (b) range compression means (3) comprising: pulse FFT
means (6) for performing and FFT on pulse echoes, and providing spectral
data, 55              pulse replica multiplication means multiplying the
spectral data by a range compression function provided by the processing
parameter generator (7) to effect pulse correlation, and first inverse FFT
means (9) for performing an inverse FFT on the multiplied spectral data;
and (c) azimuth compression means (4) comprising: 9    EP 0 298 112 B1 row
FFT means (10) for performing an FFT on rows of data selected at constant
range from over- lapping blocks of range compressed data, azimuth replica
multiplication means (14) to effect multiplication of the selected data
with com- plex data, and 5             second inverse FFT means (15) to
effect the inverse transform of rows of the processed data; characterised
in that the processing parameter generator is arranged for computation of
pro- cessor filter parameters, from the vehicle motion and antenna
geometry, for use by the other sections of the processor (3, 4, 5); in that
the range compression means (3) comprises between the pulse replica
multiplication 10        means (7) and the first inverse FFT means (9):
squint compensation multiplication means (8) to effect second order
migration correction, the in- verse FFT means then performing an inverse
FFT on the multiplied and compensated spectral data; in that the azimuth
compression means (4) comprises between the row FFT means (10) and the
azimuth replica multiplication means (14): 15              azimuth replica
evaluator means (11), comprising range and phase polynomial evaluators and
a complex exponentiator to derive the complex data from polynomial range
and phase coefficients cal- culated by the processing parameter generator,
azimuth spectral buffer means 12, comprising a bank of storage to contain
an adequately large number of row transforms, and 20              data
selection means 13 comprising an interpolator to effect selection of data
along curves in the spectral buffer means according to values computed by
the range polynomial evaluator, the azimuth replica multiplication means
then effecting multiplication of the selected data with the complex data
gen- erated by the phase polynomial evaluators, and in that the processor
comprises: 



25        (d) image formation means (5) connected at the output of the
azimuth compression means and com- prising image resampling and buffering
means to effect image block geometric and phase discontinuity removal and
image collation. 2. A signal processor according to claim 1 wherein the
processing parameter generator (17) comprises: 30        (1) means for
computing the latitude and longitude of points approximately in the beam
centre at the near, far and centre swath positions on the surface at times
corresponding approximately to respective start, centre and end pulses of
each processing block; (2) means for computing the time offset of each of
these points from a closest point of approach and the range at the closest
point of approach; 35        (3) means forevaluating range,
Dopplerfrequency and successive derivatives of the range with respect to
time at a given time; (4) means for quadratically fitting calculated
parameters as a function of minimum range; (5) means for generating
parameters for each of a plurality of output range pixels comprising means
for determining range polynomial coefficients by quadratic expansion using
required minimum range 40        values; (6) means for computing block
geometric and phase correction factors; and (7) means for computing block
collation parameters. 3. A signal processor according to claims 1 or 2
wherein the processing parameter generator has means for 45      generating
and storing for each of a plurality of blocks of data to be processed to
produce the image, the following data tables; a block control data table
comprising a start pulse, an end pulse and a start and end image pixel
location for each of a plurality of output rows; a range compression data
table comprising the product of frequency domain pulse reference, g(f),
where g(f) is [err] f is the bandwidth, f. is the centre video frequency,
10    EP 0 298112 B1 [err] is the first time derivative of range, and [err]
is the second time derivative of range, and a predetermined weighting
function; and an azimuth compression data table including rows and columns
of Dopplerfrequency data and com- prising for each of a plurality of output
image rows 5         (i) coefficients of slant range polynomials of
Dopplerfrequency expanded with reference to a centre fre- quency at the
centre of a processing block; (ii) fora respective column of
Dopplerfrequency data dividing high and low Dopplerfrequencies in each
Doppler frequency data column, the number of output rows to be generated
and [err] and [err], where [err] is the difference in absolute Doppler
frequency between the column frequency and a centre 10        block
expansion frequency; (iii) for each of a plurality of output range rows, a
column offset, a heterodyning frequency and a phase offset; (iv) for each
output image row, a start sample, a stretch factor, and a number of samples
to output; and (v) a predetermined azimuth compression weighting function.
15 PatentansprOche 1.  Signalverarbeitungsanlage fOr eln Radar mit
kunstlicher Strahler8ffnung, das auf einem sich bewegenden 20      Fahrzeug
mit einer Antenne angeordnet ist, wobei das Radar mit einem Strahl
arbeitet, der einen Mittel- punkt umfaft und mit dem eine bildlich
wiederzugebende und kartographish zu erfassende Oberfiache abgetastet wird,
um einen Strelfen mit Nah-, Fern- und Mitteistellungen abzustecken, und
wobel die Ver- 



arbeitungsanlage folgende Komponenten umfal~t: (a) elnen
Verarbeitungsparametergenerator (17) mit Verarbeitungsbausteinen; 25
(b) eine Bereichskomprimierungsvorrichtung (3) mit: einer
Impuls-FFT-Vorrichtung (6) zur Durchfulhrung eine schnellen
Fourier-Transformation von Impulsechos und zur Lieferung von Spektraldaten,
einer lmpuls-Wiedergabe-Multiplikationsvorrichtung (7) zur Multiplikation
der Spektraldaten mit einer vom  Verarbeitungsparametergenerator stammenden
Bereichskomprimierungsfunktion zur 30        Durchflhrung einer
Impulskorrelation, und einer ersten inversen FFT-Vorrichtung (9) zur
Durchflhrung einer schnellen inversen Fourier- Transformation ausgehend von
den multiplizierten Spektraldaten; und (c)
einerAzimutkomprimierungsvorrichtung (4) mit einer Zeilen FFT-Vorrichtung
(10) zur zeilenwelsen schnellen Fourier-Transformation von bei 35
konstantem Bereich aus Oberlappenden Blocken bereichsverdichteter Daten
ausgewahlten Datenzei- len, einer
Azimut-Wiedergabe-Multiplikationsvorrichtung (14) zur Multiplikation der
ausgewahlten Daten mit komplexen Daten, und einer zweiten inversen
FFT-Vorrichtung (15) zur Durchfrihrung einerschnellen Inversen Fourier- 40
Transfornnation von aus den verarbelitten Daten bestehenden Zeilen; dadurch
gekennzeichnet, daB der Verarbeitungsparametergenerator zur Berechnung von
Filterpara- metem der Verarbeitungsaniage anhand der Fahrzeugbewegung und
der Antennengeometrie zur Be- nutzung durch die anderen Bereiche der
Verarbeitungsanlage (3, 4, 5) vorgesehen ist; dall die
Bereichskomprimierungsvorrichtung (3) zwischen der
Impuls-Wiedergabe-Multiplikationsvor- 45        richtung (7) und der ersten
inversen FFT-Vorrichtung (9) zur Durchfulhrung einer schnellen inversen
Fourier-Transformation eine Multiplikationsvonich- tung (8) zur
Winkelfehierkompensation umfaSt, um eine Wanderungskorrekturzweiter Ordnung
vorzu- nehmen, wobei dann von der inversen FFT-Vorrichtung eine schnelle
Inverse Fourier-Transformation der multiplizierten und kompensierten
Spektraldaten durchgefuhrt wird; so              daldie
Azimutkomprimlerungsvonichtung (4) zwischen derZeilen FFT-Vorrichtung (10)
und der Azimut-Wiedergabe-Multiplikationvorrichtung (14) folgende
Komponenten umfalt: eine Azimut-Wiedergabe-Auswertungsvorrichtung (11) mit
polynomischen Berelchs- und Pha- senauswertegeraten und einer komplexen
Potenzierungsvorrichtung, um die komplexen Daten von durch den
Verarbeitungsparametergenerator errechneten polynomischen Bereichs- und
Phasenkoef- 55        fizienten abzuleiten, eine
Azimut-Spectralpuffervorrichtung (12) mit einer Spelcherbank zur Aufnahme
einer ausrei- chend gro~en Anzahl von Zeilentransformationen und eine
Datenauswahlvonrichtung (13) mitelnem Interpolator, um Daten entlang Kurven
in derSpek- 11    traipuffervorrichtung in Abhingigkelt von durch das
polynomische Bereichsauswertungsgerat errech- neten Werten auszuwihlen,
wobel von der Azimut-Wiedergabe-Multiplikationsvorrichtung dann eine
Multiplikation derausgewahiten Daten mit den durch die polynomischen
Phasenauswertungsgeribt er- zeugten komplexen Daten durchgefulhrt wird;
i.-'   5            und dadurch gekennzelohnet, das die Verarbeitungsanlage
umfalt: (d) sine an den Ausgang der Azimutkomprimierungsvorrichtung
angeschlossene Bildherstellungsvor- richtung (5) zur Herstellung von Bildem
mit Bildwiederholungs- und -puffervorrichtung, urn Geometrie- und
Phasenfehler im Bildblock beseitigen und Bilder mischen zu konnen. 10 2.
Signalverarbelitungsanlage nach Anspruch 1, dadurch gskennzeichnet, dal
derVerarbeitungsparameter- generator (17) die folgenden Komponenten umfa~t:
(1) sine Vorrichtung zur Errechnung der Breite und i-ange von ungefahr in
der Strahimitte gelegenen 



Punkten in den Nah-, Fern- und Mitteistellungen des Strelfens an der
Oberlfiche zu Zeitpunkten, die in etwa den jeweiligen Start-, Mittel- und
Endimpulsen eines jeden Verarbeitungsbausteins entspre- 1S        chen; (2)
sine Vorrichtung zur Errechnung derZeiltverschlebung sines joden dieser
Punkte von einem nich- stgelegenen Annaherungspunkt und des Bereichs bzw.
der Enffemung am nichstgelegenen Annahe- rungspunkt (3) sine Vorrichtung
zurAuswertung des Bereichs bzw. der Enffemung, der Dopplerrrequenz und
nach- 20        folgender Ableitungen des Bereichs bzw. der Enifemung in
Abhangigkeit vom jeweiligen Zeitpunkt; (4) sine Vorrichtung zur
quadratischen Einordnung errechneter Parameter in Abhingigkeit vom Min-
destbereich bzw. von der Mindestentfemung; (5) eineVorrichtung zur
Erzeugung von Parametern flrjeden einzelnen einerVieizahl von Ausgangsbe-
reichsbildpunktbn mit einer Vorrichtung zur Bestimmung der
bereichspolynomischen Koeffizienten 25        durch quadratische
Erweiterung mit Hilfe der erforderiichen Mindestbereichswerte; (6) sine
Vorrichtung zur Errechnung von Blockgeometrie- und Phasenkorrekturfaktoren;
und (7) sine Vorrichtung zur Errechnung von Blockmischparametem. 3.
Signaverarbeltungsanlage nach Anspruch 1 oder 2, dadurch gskennzeichnst,
dal der Verarbeitungapa- 30      rametergeneratormit einerVorrichtung
ausgestattet ist, umfurrjeden einzelnen einerVieizahl von zur Her- stellung
des Bildes zu verarbeitenden Datenbl8cken die folgenden Datentabellen zu
erstellen und abzuspelchem: sine Blockdeitdatentabelle mit einem
Startimpuls, einem Endimpuls sowie einem Anfangs- und End- bildpunkt fOr
jede siner Vieizahl von Ausgangszeilen; 35            sine
Bereichskomprimierungsdatentabelle mit dem Produkt der
Frequenzbereichsimpulsreferenz, g(f), wobei g(f) ist: exp (-2w i [2   A&
- f- 3)2 f =    die Bandbreitb; 45      f =     die Videoabstimmfrequenz;
R'P=    die Ableitung erster Ordnung fOr den Bereich und die Ableltung
zweitbr Ordnung fOr den Bereich und sine vorbestimmte Bewertungsfrunktion;
und R   a eine Azimutkomprlmlerungsdatentabelle mitZeilen und Spalten von
Dopplerfrequenzdaten und mit folgenden Daten fOr sine Jede einer Vielzahl
von Ausgangsbildzeilen: 50        (j) Koeffizienten von
Schrigbersichspolynomen dermitBezug auf sine Mittenfrequenz in der Mitts
sines Verarbeltungsblocks erwelterten Dopplerfrequenz; (ii) fOr sine
jewellige Spaltb von Dopplerfrequenzdaten zur Unterteilung hoher und
niedriger Doppler- frequenzen In jeder Dopplerfrequenzdatenspalte die
Anzahl der zu generierenden Ausganszeilen und AF, AF2 und AF3, wobei AF die
Differenz als absolute DopplerFrequenz zwischen der Spaltenfrequenz und
einer Mittelblockerweitsungsfroquenz darstllt; (iii) fflrjede einerVielzahl
von Ausgangsbereichszeilen sine Spaltenverschlebung, sine Oberiagerungs-
frequenz und sine Phasenverschiebung; 12    EP 0 298112 B1
1      11  '1 .M   5 S (iv) fMr jede Ausgangsbildzeile sin Startmuster,
oinen Streckungsfaktor und sine Anzahl von Aus- gangsmustem; und (v) Bine
vorbestimmbt Bewertungsfunktion fMr die Azimutkomprimierung. ~    5
Rovendications 1.  Processeur de signal pour radar A synthese d'ouverture
monte sur un v6hicule en mouvement incluant uneantenne, le radarutilisantun
faisceau qui pr6sentb uncentreetqui estbalay6surune surface a imager 



10      et topographier de manibre A deplacer dessus une zone d'exploration
comportant des positions appro- ch6e, eloignee et centrale, le processeur
comprenant: (a) un generatbur de parametres de traibtment (17) Incluant des
blocs de traitement; (b) un moyen de compression de distance (3) comprenant
un moyen de transform6e de Fourier rapids par Impulsione (6) pour effectuer
une transformme 15        de Fourier rapide (ou FFT) sur des echos
d'impulsions et pour produire des donn6es spectrales, un moyen de
multiplication de r6pliques d'impulsions (7) qui multiplie lee donn6es
spectrales par une fonction de compression de distance foumbe par Is
g6n6rateur de parametres de traitement afin d'effectuer une conelation
d'impulsions, et un premier moyen de transformee de Fourier rapide inverse
(9) pour effectuer une FFT inverse 20        des donn6es spectrales
multipli6es; et (c) un moyen de compression en azimut (4) comprenant: un
moyen de transform6e de Fourier rapids de rang6e (10) pour effectuer une
FFT sur des ran- g6es de donn6es selectionn6es a une distance constants a
partir des blocs en chevauchement des donnees comprim6es de distance, 25
un moyen de multiplication de r6pllques en azimut (14) poureffectuerune
multiplication des don- nees selectionnees par des donnees complexes, et un
second moyen de transformee de Fourier rapide inverse (15) pour effectuer
la transformbe inverse sur les rangees des donnoes traitees; caracterise en
ce quo Is generateur de parametres de traibment est agence de maniere A
cal- 30        culer des parambtres de filtre de processeur A partir du
mouvement du vehicule et de la goometrie de l'antenne en vue dune
utilisation par les autres sections du processeur (3, 4, 5); en ce quo le
moyen de compression de distance (3) comprend entre le moyen de
multiplication de repliques d'impluslons (7) et le premier moyen de FFT
inverse (9); un moyen de multiplication de compensation d'errour de
directlon (8) pour effectuer une correc- 35        tion de migration
d'ordre deux, le moyen de FFT inverse effectuantalors une FFT inverse des
donnees spectrales multipliees et compensees; en ce quo le moyen de
compression en azimut (4) comprend entre le moyen de FFT de rangee (10) et
le moyen de multiplication de repliques en azimut (14): un moyen
d'evaluateur de r6pliques en azimut (11) comprenant des evaluateurs
polynomlaux 40        de distance et de phase et un exponentiatbur complexe
pour deduire les donnees complexes a partir des coefficients polyomiaux de
distance et de phase calcules par le generateur de parametres de tral-
tement, un moyen de memoire tampon de spectre en azimut (12) comprenant une
banque de stockage destinee A contenir un nombre adequat important de
transformees de rangees, et 45              un moyen de aslection de
donnees (13) comprenant un interpolatour afin d'effectuer une selec- tion
de donnees le long de courbes contenues dans le moyen de tampon spectral en
fonction de valeurs calculees par l'evaluatbur polynomial de distance, Is
moyen de multiplication du repliques en azimut effectuant alors une
multiplication des donnees selectionnees par les donnees complexes genbrees
par les evaluateurs polynomlaux de phase, 5D              et on ce quo le
processus comprend: (d) un moyen de formation d'lmage (5) connecte A la
sortie du moyen de compression en azimut et comprenant un moyen de
re-echantillonnage d'image et de mise en memoire tampon pour effectuer une
suppression de discontinuite de geometrie de bloc d'image et de phase et un
classement d'image. 55  2.  Processeur de signal selon la revendlcatlon 1,
dans lequel Is gnerabtur de parametres de traitement (17) comprend: (1) un
moyen pour calculer la latitude et la longitude de points qui se trouve
approximativement au cen- tre du faisceau, au niveau des positions de zone
d'exploration approchee, eloigneo et contrale situoes 13   
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des Instants qui correspondent approximativement A des impulsions
respectives de debut, de centre ot de fin de chaque bloc de traltement; (2)
un moyen pour calculer le decalage temporel de chacun de ces points par
rapport A un point d'ap- proche le plus proche ainsi que la distance au
niveau du point d'approche le plus proche; J-.-'   5      (3) un moyen pour
evaluer la distance, la frequence Doppler et les derivees par rapport au
temps suo- cessives de la distance a un point donne; (4) un moyen pour
ajustor de maniere quadratique leg parambtres calcules selon une fonction
d'une distance minimale; (5) un moyen pour generer des parametres pour
chacun d'une pluralite de pixels de distance de sortie 10
comprenantun moyen pour dterminer des coefficients polynomlaux de distance
pardilatathon quadra- tique utilisant des valours de distance minimale
necessaires; (6) un moyen pour calculer des factburs de correction de
geometrie de bloc et de phase; et (7) un moyen pour calculer des parametres
de classement de bloc. s   3. Processeurde signal selon la revendication I
ou 2, dans loquel le generateurde parametres de traltement comport. un
moyen pour generer et stocker pour chacun d'une pluralite de blocs de
donnees qui doivent etre traites pour produire l'lmage des tables de
donnees suivantes: une table de donnees de commando de bloc comprenant une
impulsion de debut, une impulsion de fin et un emplacement de pixel d'image
de debut et de fin pour chacune d'une pluralite de rangees de 20
sortie; une table de donnees de compression de distance comprenant le
produit d'une reference d'impul- sion de domaine de frequence g(f), ob g(f)
s'exprime comme suit: 26  AR1  (      ) 2 2 25                        eXP
7C2   i 2- 30     oi f est la largeur de bands, f est la frequence video
centrale, AR0 est la derivle temporelle d'ordre un de la distance et, A R o
st la derivle temporelle d'ordre deux de la distance, ainsi qu'une fonction
de ponderation pre- dlterminlo; et une table de donnees de compression en
azimut incluantdes rangees et des colonnes de donnees 36      de frequence
Doppler et comprenant pour chacune d'une pluralite de rangees d'image de
sortie: (i) des coefficients des polyn~mes de distance oblique d'une
frequence Doppler dilat6e par rapport A une frequence centrale situee au
centre du bloc de traitement; (ii) pourune colonne respective des donnees
de frequence Doppler, la division desfrequences Doppler haute et basse de
chaque colonne de donnees de frequence Doppler, Is nombre de rang6es de
sortie ~40           qul dolt ftre genere alnsl que AF, AF2 St AP, o0 AF
est la dfiflrence en frequence Doppler absolue entre la frequence de
colonne et une frequence de dilatation de bloc central; (iii) pour chacune
d'une pluralite de rangees de distance de sortie, un decalage de colonne,
une fre- quence heterodyne et un decalage de phase; (iv) pour chaque rangee
d'image de sortie, un echantillon de depart, un facteurdetalement et un
certain 45        nombre d'echantillonsa A mettre en sortie; et (v) une
fonction de ponderation de compression en azimut prldlterminhe. 50 55 14


