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INTERFEROMETRIC MOVING VEHICLE 
IMAGING APPARATUS AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 325,522 ?led Nov. 27, 1981, now US. Pat. No. 
5,559,516, designated attorney docket number N-1033, 
entitled “Dual Cancellation Interferometric AMTI Radar”. 

This application also contains subject matter related to the 
following commonly assigned, co-pending US. patent 
applications: Ser. No. 325,523 ?led Nov. 27, 1981, attorney 
docket number N-1052, entitled “MaximiZed/MinimiZed 
Phase Calculator For an Interferometric AMTI Radar now 
US. Pat. No. 5,559,517; Ser. No. 325,524 ?led Nov. 27, 
1981, attorney docket number N-1054, entitled “LoW Target 
Velocity Interferometric AMTI Radar” now US. Pat. No. 
5,559,518; Ser. No. 325,521 ?led Nov. 27, 1981, attorney 
docket number N-997, entitled “Channel SWitching Inter 
ferometric AMTI Radar” now US. Pat. No. 5,559,515. 

TECHNICAL FIELD 

This invention relates to radar signal processing, and 
more particularly to imaging ground moving vehicles using 
an interferometric synthetic aperture radar. 

BACKGROUND ART 

Air-to-ground radar systems often Work in an airborne 
moving target indicator (AMTI) mode or a synthetic aper 
ture radar (SAR) mode. The AMTI mode is used to detect, 
locate and track moving objects While the SAR mode is 
generally used to image stationary objects. 
SAR signal processing to form an image is Well knoWn. 

As an example, see., “Synthetic Aperture Radar”, by J. J. 
Kovaly, published by Artech House, Inc., Dedham, Mass. 
1976 (a collection of thirty-three reprinted technical papers 
on the various aspects of SAR). SAR is an all-Weather 
imaging radar system Which provides a high resolution 
image in both the range dimension and the cross range 
dimension. Range resolution is achieved in a Well knoWn 
manner by using either a high bandWidth ?xed frequency 
transmit pulse or a frequency modulated (FM) transmit 
pulse. Resolution in the cross range dimension is achieved 
by synthesiZing a large antenna aperture. 

In a conventional non-synthetic aperture radar system, 
resolution in the cross range dimension is: 

6cr=ReB (Eq- 1) 

Where: 
6C,=cross range resolution 
R=range 
6B=beamWidth of the transmitted signal in radians 

Therefore, to improve the cross range resolution 66, the 
beamWidth 65 must be decreased. 65 is de?ned as: 

Where: 
k=constant 
k=Wavelength of the transmitted signal (i.e., c/fC) 
D=antenna Width 
c=speed of light 
fC=carrier frequency 

Substituting Eq. 2 into Eq. 1, one can see that for improved 
cross range resolution 66, the radar designer can either 
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2 
increase the antenna Width D, or decrease the wavelength 7». 
HoWever, there are clearly limits on hoW large the antenna 
Width D can get (especially on an airborne platform) to 
achieve cross range resolution satisfactory for imaging. 
Similarly, the wavelength A can be decreased only so far 
before it becomes so short that the radar system’s perfor 
mance becomes degraded in foul Weather conditions (e.g., 
rain, snoW and sleet). SAR solves this problem by employ 
ing signal processing techniques Which alloW a larger 
antenna of siZe D‘ to be synthesiZed using the motion of the 
radar platform (e.g., an antenna mounted on a aircraft). That 
is, SAR achieves high cross range resolution by using 
motion of the vehicle carrying the radar to generate a 
synthesiZed antenna of siZe D‘ sequentially rather than 
simultaneously as is the case With a real antenna of the same 
siZe. The key to SAR is the data processing of stored 
re?ected return data, and the amplitude Weighting, phase 
shifting and coherently summing of the data to form the 
synthetic aperture radar antenna of length D‘. For an over 
vieW of SAR see “An Introduction to Synthetic Aperture 
Radar” by W. M. BroWn and L. J. Porcello, IEEE Spectrum 
(September 1969) pages 52—62. 

In radar signal processing, moving and stationary objects 
are distinguished based upon the Well knoWn doppler prin 
ciple that if a radar system illuminates an object With a pulse 
of RF energy having a carrier frequency fC, the return signal 
Will have a frequency value of fc—fd Where the value of fd, 
de?ned as the doppler frequency shift, varies as a function 
of the object’s velocity component toWard or aWay from the 
radar transmitter. If both the target and the radar system 
transmitting the RF energy are stationary, then the value of 
the doppler frequency fd Will be Zero. If either the object or 
the radar platform is moving relative to one another, then fd 
Will be have a non-Zero value indicative of velocity. 
When the radar itself is in motion (Which is the case for 

an aircraft radar system), distinguishing betWeen moving 
targets and stationary objects is more dif?cult. The doppler 
frequency shift fd for the clutter (i.e., stationary objects) is 
no longer Zero, since the clutter is moving With respect to the 
radar. This is a particularly troublesome problem for sloW 
moving objects e.g., a truck traveling at about 10 mph. For 
a detailed discussion of the problems associated With imag 
ing moving vehicles, see the GEC Journal ofResearch, Vol. 
5, No. 2, pages 106—115, entitled “Synthetic Aperture Radar 
(SAR) Images of Moving Vehicles” by A. Freeman and A. 
Currie. 
An attempt to address some of the issues relating to 

ground moving vehicle imaging using SAR techniques is 
presented in US. Pat. No. 5,122,803 by B. Stan and P. 
Alexander entitled “Moving Vehicle Imaging Synthetic 
Aperture Radar”. While the approach discussed by Stan and 
Alexander theoretically may be used to image moving 
vehicles, its implementation is impractical in a real-time 
system because moving vehicles are not detected until after 
the entire velocity space has been searched for the vehicle. 
Such a search is computationally demanding and overly 
burdensome in a real-time system. Furthermore, output 
image quality of the moving vehicle is poor because they 
assume that the vehicle motion during the time period the 
radar is imaging the vehicle (often referred to as the dWell 
period) is purely linear. Any deviation from a straight line 
(Which is virtually guaranteed for any practical imaging 
scenario) causes image blurring. Therefore, although radar 
imaging of ground moving vehicles has been discussed, its 
implementation has remained unrealiZable in a real-time 
system prior to the present invention. 
As a result of the SAR’s inability to adequately image 

moving vehicles, electro-optic imaging systems (e.g., a 
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FLIR) are often used to image detected moving objects (e.g., 
cars, buses, ships, etc.). However, electro-optic imaging 
systems are plagued by a much shorter effective range in 
comparison to radar, and also they provide a much narroWer 
azimuth vieWing area, so narroW in fact that operators have 
commented that using an electro-optic imaging system is 
like looking through a straW. In addition, the operational 
ability of an electro-optic imaging system is degraded in 
rain, snoW, fog and smoke When the imaging system is 
needed most. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a radar 
system having the ability to image moving vehicles, includ 
ing “sloW moving” ground vehicles. 

Another object of the present invention is to provide a 
radar system capable of imaging moving vehicles Within 
heavy clutter in real time. 
A further object of the present invention is to provide a 

coherent pulse doppler synthetic aperture radar system 
capable of developing at high resolution, speci?c vehicle 
signatures. 
An object of the present invention is to provide a radar 

system having improved clutter cancellation ability along 
With the ability to provide long dWell times on a vehicle to 
enhance the system’s doppler resolution. 

Yet another object of the present invention is to provide a 
radar system With the ability to accurately determine a 
moving vehicle’s aZimuth location versus time and its 
ground speed in order to track the vehicle. 

According to the present invention, an interferometric 
moving target imaging system includes a plurality of simul 
taneously operating apertures, receivers and processing 
channels Which together coherently process RF return sig 
nals to image a moving vehicle by correcting for the 
different phase centers of the apertures and interferometri 
cally combining the return signals from different apertures 
Which attenuates the energy from stationary objects, the true 
aZimuth location of the moving vehicle Within main beam 
clutter spread is then determined Which facilitates distin 
guishing sloW moving vehicles from stationary objects to 
detect the moving objects Which are then tracked and 
imaged in the range doppler domain. 

The present invention employs an interferometric syn 
thetic aperture radar system containing novel signal process 
ing techniques Which alloW for the detection, location, 
tracking and imaging of ground moving vehicles. The 
present invention is capable of imaging both ground moving 
targets and ships. The term “sloW moving” as used herein, 
corresponds to a vehicle having a certain velocity such that 
the doppler from the return signals for the vehicle are 
contained Within the main beam doppler clutter spread. That 
is, return energy from the vehicle is mapped into the same 
range/doppler cell as ground clutter, making the detection of 
the moving object in the presence of the ground clutter 
dif?cult. 

In order to image a moving vehicle, the interferometric 
SAR system must be able to detect, locate and track the 
moving target in a coherent manner over the entire dWell 
period. The present invention uses an interferometric radar 
system to interferometrically process return signals from a 
plurality of apertures to signi?cantly attenuate the energy 
associated With ground clutter alloWing the radar system to 
more accurately track the moving vehicle and estimate its 
aZimuth location. The clutter cancellation techniques are so 
effective, that even sloW moving ground vehicles which 
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4 
formerly Were difficult or impossible to detect due to com 
peting clutter energy in the same range/doppler cell can noW 
be detected, located and tracked. This enables the improved 
imaging of the present invention. The term imaging as used 
herein does not necessarily refer to an image as crisp as a 
photographic image. A radar image in the range doppler 
domain, may be crude to the untrained eye, but provides 
suf?cient detail to alloW a trained user to distinguish various 
objects. 
A preferred embodiment of the present invention is an 

interferometric synthetic aperture radar system Which devel 
ops a composite image of a ground moving vehicle using 
doppler and range image data of the moving vehicle. Reso 
lution in the range dimension is typically achieved by using 
a high bandWidth RF pulse (i.e., a narroW pulse-Width) 
Which is often created using pulse compression techniques. 
As an example, a high resolution system may use a pulse 
compressed tWo nanosecond pulse Width to achieve a one 
foot range resolution. Resolution in the doppler dimension 
can be achieved by doppler ?ltering typically using Fast 
Fourier-Transforms (FFTs) in Which multiple scatterers 
Within the same range cell are resolved by doppler differ 
ences produced by their unique line-of-sight relative 
motions. For vehicle imaging systems, dWell times may 
range from about 0.1 second (10 HZ doppler resolution) to 
about 10 second (0.1 HZ doppler resolution) or more. In 
general, the longer the dWell time the greater the doppler 
resolution Which facilitates distinguishing betWeen different 
types of sloW moving targets. Similar to inverse synthetic 
aperture radar, the image produced by the interferometric 
SAR processing of the vehicle’s range and doppler infor 
mation is a function of the relative geometry and rotational 
motion of the vehicle With respect to the SAR platform. 

Since a moving vehicle often includes multiple complex 
scattering surfaces Which re?ect RF energy resulting in glint 
and fading, the problem of isolating and tracking stable 
scatterers on the target throughout the dWell period is 
extremely dif?cult. The interferometric signal processing of 
the present invention addresses this problem in tWo Ways: 1) 
by compensating for different phase centers of the apertures 
and interferometrically taking the difference betWeen returns 
from adjacent apertures, energy from stationary objects is 
attenuated thereby facilitating the detection and tracking of 
a ground moving vehicle and 2) interferometric processing 
enables a relatively accurate estimation of the moving 
vehicle’s aZimuth location (due to an interferometric phase 
measurement) Within the main beam doppler clutter spread. 
These tWo improvements act as the foundation Which facili 
tates forming a range doppler image of a moving vehicle 
according to the present invention. 

In a preferred embodiment, the airborne radar system of 
the present invention includes several apertures Which 
together transmit a plurality of RF pulsed Waveforms over a 
certain dWell period (e.g., several seconds) and receive back 
scattered RF energy indicative of the imaged scene includ 
ing moving vehicles Within the imaged scene and clutter. To 
image the moving vehicles, the received signal information 
for each of the apertures gathered during this dWell period is 
divided into multiple non-overlapping adjacent subdWells 
and each subdWell is batch processed in real-time to syn 
thesiZe a large antenna aperture. The length of each subdWell 
is preferably on the order of about 0.1 to 1 second. A loW 
cross range resolution image is then formed for each subd 
Well of the various channels by taking a 2-D EFT. The image 
from each channel Will be slightly different, due to the 
spatial separation (i.e., different phase centers) betWeen the 
interferometric antennas, Which can also be vieWed as a 
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temporal change due to the time it takes the radar to travel 
the distance separating the apertures. The transformed sub 
dWell information noW in the range/doppler domain is input 
to a clutter cancellation function Which attenuates the energy 
in each subdWell associated With ground clutter and station 
ary objects by correcting for different phase centers of 
adjacent apertures and then interferometrically combining 
the returns from adjacent apertures. 

In a preferred embodiment having three apertures, tWo 
clutter canceled data blocks of subdWell information are 
provided and because of the interferometric clutter cancel 
lation processing, the resulting clutter data blocks Will be 
interferometric With respect to one another. The neXt step is 
to process the clutter canceled data blocks to detect moving 
vehicles Within the scene by using 1) constant false alarm 
rate (CFAR) thresholding and 2) angle criteria. A vehicle’s 
detection is then recorded, and estimates of the vehicle’s 
range, doppler, range eXtent and doppler eXtent are then 
performed. The detected moving vehicles for each subdWell 
data block are then compared against the detected vehicles 
in the other subdWells data blocks to create a track ?le 
resulting in improved vehicle con?dence along With 
improved estimates of vehicle parameters such as its range, 
doppler, range eXtent and doppler eXtent. Each detected 
moving vehicle (or selected moving vehicles) is then “Win 
doWed” and the energy for the selected vehicles of interest 
are then summed by coherently combining the left and right 
subdWell data blocks. The summed clutter canceled data 
block is transformed back to the frequency versus time 
domain using a cross range 2-D inverse FFT. Acoarse range 
Walk correction is then performed based upon the target 
track formation. A map drift correction is applied to reduce 
residual vehicle range Walk during the dWell period folloWed 
by autofocusing using a technique such as the Well knoWn 
phase gradient autofocusing (PGA). Prior to transforming 
back to the range/doppler domain, a loW sidelobe Weighting/ 
taper is applied to reduce the range and doppler sidelobes. 
The moving vehicle image can then be overlaid onto the 
image of the stationary objects in the SAR scene to provide 
a composite image of both the moving vehicles and the 
stationary objects Within the scene. The image and other 
information provided by the system of the present invention 
may also be used by an automatic target recognition system. 
An eXample of an interferometric SAR system is the 

AN/APG-76 multi-mode radar system With air-to-air and 
air-to-ground modes produced by Westinghouse Norden 
Systems, Inc. The interferometer air-to-ground modes of the 
AN/APG-76 may make it a very good platform upon Which 
to add the moving vehicle imaging techniques disclosed 
herein. Such a system Would be capable of detecting, 
locating and imaging ground moving vehicles and ships, and 
referencing/overlaying the moving vehicle images onto a 
simultaneously formed SAR image of the stationary objects 
Within the SAR scene. This Would alloW an operator to use 
a single all-Weather sensor (i.e., the interferometric SAR) to 
detect, locate, track and provide high resolution images of 
moving vehicles in real-time. 

These and other objects, features and advantages of the 
present invention Will become more apparent in light of the 
folloWing detailed description of a preferred embodiment 
thereof, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of an operational environment of 
the present invention; 

FIG. 2 is an illustration of a functional hardWare block 
diagram of an interferometric synthetic aperture radar (SAR) 
for imaging ground moving and stationary vehicles; 
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6 
FIG. 3 illustrates a functional block diagram of the signal 

processing routines Which the interferometric SAR system 
performs to image ground moving vehicles and stationary 
objects; 

FIG. 4 illustrates a functional block diagram of the data 
calibration routine for each interferometer channel; 

FIG. 5 illustrates a functional block diagram of the motion 
compensation routine; 

FIG. 6 illustrates a functional block diagram of the SAR 
signal processing routine for imaging stationary objects; 

FIG. 7 illustrates a block diagram of the signal processing 
routines for canceling clutter; 

FIG. 8 illustrates a block diagram of the triple interfero 
metric signal calibration routine Which is part of the clutter 
cancellation processing in illustrated FIG. 7; 

FIG. 9 is a block diagram of the clutter phase calculation 
routine of the clutter cancellation processing illustrated in 
FIG. 7; 

FIG. 10 illustrates a block diagram of the cancellation unit 
processing of the clutter cancellation processing illustrated 
in FIG. 7; 

FIG. 11 illustrates a block diagram of the detection and 
validation routine for detecting and locating moving 
vehicles; 

FIG. 12 is a plot of aZimuth angle versus doppler used to 
distinguish moving and stationary objects; 

FIG. 13 is a functional block diagram of the tracking 
logic; 

FIG. 14 is a functional block diagram of routines for 
imaging the moving vehicles; 

FIG. 15 is a pictorial illustration of the range doppler data 
blocks containing moving vehicle information for the left/ 
center aperture interferometer and the center/right aperture 
interferometer; 

FIG. 16 is a pictorial illustration of the “Windowed” range 
doppler subdWell information in FIG. 15 temporally joined 
to create a longer dWell of moving vehicle image data; and 

FIG. 17 illustrates a functional block diagram of addi 
tional routines for imaging the moving objects. 

BEST MODE FOR CARRYING OUT THE 
PRESENT INVENTION 

An airborne synthetic aperture radar (SAR) system is 
typically used to map or image a speci?c ground terrain (also 
referred to herein as a SAR scene). As an example, FIG. 1 
illustrates a SAR equipped aircraft 20 ?ying along a ?ight 
path 22 monitoring a certain SAR scene 24. The SAR 
equipped aircraft 20 transmits a series of RF pulses toWards 
the SAR scene 24 and receives backscattered RF energy 
Whose information content is indicative of the terrain and 
other re?ecting objects 26 on the terrain (e.g., buildings, 
trucks, cars, ships, planes . . . Ashort time later the aircraft 
20 is located at a second location 28 along the ?ight path 22 
and again transmits RF energy toWards the SAR scene 24. 
Note, With a SAR system the distance traveled by the aircraft 
betWeen pulse transmissions should be less than one-half the 
illuminating aperture siZe When the radar’s line of sight is 
perpendicular to the platforms velocity vector. The received 
RF energy at the second location 28 is again indicative of the 
SAR scene but this time it is taken from a different vieW. 
Since radar signals travel at a knoWn velocity (i.e., the speed 
of light), it is knoWn precisely When a return signal is likely 
to come from SAR scene 24 at a given range from the 
aircraft 20. Accordingly, for each transmitted RF pulse there 
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Will be a plurality of return signals corresponding to the 
various scatterers Within the SAR scene located at various 
ranges from the aircraft. These returns can be processed in 
real-time or off-line to create an image of the SAR scene 24 
and stationary objects 26 therein using the doppler history of 
the objects. That is, each return signal contains the radar 
carrier frequency signal fC component With a doppler shift in 
frequency (fcifd) Which in reality is the phase of the back 
scattered signal as a function of time With respect to the 
phase of the transmitted signal. According to the present 
invention, these returns can also be coherently processed to 

image the moving objects (e.g., cars, trucks, ships, etc. . . Within the SAR scene 24. 

Referring to FIG. 2, an interferometric SAR system 30 
includes a multi-aperture antenna 32 Which transmits pulsed 
RF energy (preferably X or Ku band) and receives back 
scattered RF energy from the illuminated SAR scene 24 
(FIG. 1). The radar system 30 includes an eXciter 34 and an 
ampli?er 36 Which generate and provide an uncompressed 
pulse of RF energy signal on a line 38 Which is poWer 
divided and coupled to various apertures 40—43 of the 
antenna 32 Which each radiate the RF energy. To obtain ?ne 
range resolution, a linear FM Waveform is used in Which 
frequency value fC is changed linearly from a frequency 
value f1 to a value f2 over the transmitted pulse length I. This 
alloWs the radar to utiliZe a long pulse to achieve a large 
amount radiated energy While retaining the range resolution 
associated With a shorter pulse. Other knoWn pulse com 
pression techniques include nonlinear FM, discrete fre 
quency shift, polyphase codes, phase coded pulse 
compression, compound Barker codes, coding sequences, 
complementary codes, pulse burst and stretch. During 
receive mode each of the apertures 40—43 independently 
receives the backscattered RF energy to create an aZimuth 
interferometer. Each aperture 40—43 should be aligned With 
respect to one another in a relatively straight line parallel to 
the motion of the aircraft along the face of the antenna 32. 
It should be pointed out that as the distance separating the 
apertures 40—43 Which form the interferometer increases, 
the better the performance of the system for measuring 
aZimuth location of the target. In addition, each of the 
apertures is preferably used during transmit since it provides 
a higher transmit gain in comparison to if only one aperture 
Was used. 

TWo or more receive apertures can be used to form an 

interferometer. HoWever, for the present invention at least 
three receive apertures are preferred since the third aperture 
alloWs clutter to be attenuated out of each range/doppler 
?lter for detection purposes While retaining the minimum of 
tWo clutter-canceled apertures that are required for accurate 
aZimuth angle measurement. TWo apertures are generally not 
satisfactory due to its inability to make unbiased measure 
ments of the intra-beam location of a moving vehicle if the 
vehicle’s range/doppler cell also contains returns from com 
peting ground clutter. The clutter cancellation routine shall 
be discussed in greater detail hereinafter. 

During receive mode each aperture 40—43 receives back 
scattered RF energy data indicative of the SAR scene 24 
(FIG. 1) being imaged and provides a received signal on 
lines 45—48 respectively. Preferably, each aperture 40—43 
has its oWn receiver 50—53 Which alloWs parallel signal 
processing of the backscattered RF signal for each aperture 
40—43. Each receiver 50—53 coherently processes its 
received signal data and provides received signals on lines 
54—57 containing both in-phase(I) and quadrature(Q) data to 
a signal processor 58. Acoherent reference signal is required 
for the signal processing since an aZimuth angle measure 
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8 
ment is a measurement of phase from spatially separate 
positions. That is, the coherent radar remembers the phase 
difference from transmission of a pulse to reception of the 
backscattered energy from the pulse. The received signals 
contain the carrier signal fC With a doppler shift fd in 
frequency, Which in reality is its phase versus time. In 
general, each receiver 50—53 should be designed to maintain 
signal ?delity While retaining the spectral components of its 
corresponding backscattered RF signal. 
The preferred implementation is to convert each back 

scattered RF signal to a digital signal format as early as 
possible in the signal processing sequence due to the greater 
degree of design ?exibility inherent in the discrete time 
domain. This often occurs after the RF received signal has 
been bandshifted to an intermediate frequency (IF) and then 
to a video signal having both an in-phase(I) and quadrature 
(Q) component. The sampling rate of the analog-to-digital 
converter (ADC) (not shoWn) must be fast enough to meet 
the Well knoWn Nyquist sampling criteria to prevent alais 
ing. Once sampled and digitiZed, the received video signal 
containing the I and Q signal components can be processed 
by the signal processor 58 to image moving vehicles Within 
the SAR scene according to the present invention. A radar 
processor/controller 60 controls the operation of the radar 
system based upon inputs received from an operator control 
panel/interface 61 and the current operating condition of the 
radar system. Images formed by the present invention are 
presented on a display 62. The system may also include an 
automatic target recognition system 64 and a data link 66 
such as an RF data link to another aircraft or a communi 
cations center. 

FIG. 3 illustrates a top-level functional block diagram of 
the signal processing routines 70 Which can be performed 
either in real-time or off-line to image moving vehicles 
Within the SAR scene. The preferred embodiment is a 
real-time execution of these routines Within the signal pro 
cessor 58 (FIG. 2) due to the operational bene?ts of pro 
viding real-time images of moving vehicles. To implement 
the routines in real-time, one skilled in the art Will appreciate 
that the signal processor 58 requires a large amount of data 
storage and processing poWer. The processing steps of the 
present invention Will noW be presented based upon imple 
mentation of the signal processing routines in a pipelined 
processor architecture. The signal processing discussed 
herein Will be based upon a system design employing a three 
aperture system (i.e., channels 1, 2 and 3 in FIG. 2). 
The ?rst subroutine eXecuted by the signal processor 58 is 

a data calibration routine 72 Which receives the digitiZed 
in-phase(I) and quadrature(Q) signals on the lines 54—56 
from the receivers 50—52 (FIG. 2) to correct for any front 
end hardWare inaccuracies. FIG. 4 illustrates a block dia 
gram of the data calibration routine 72 for the three inter 
ferometer channels. The processing steps for each channel 
includes subroutines to: i) remove the DC biases of the 
channel’s ADC 74; ii) ensure that the inphase(I) and 
quadrature(Q) components of the signal are in true quadra 
ture 76; iii) balance the I—Q gains and correct for receive 
chain mismatches including time alignment 78; and iv) gain 
and phase versus frequency alignment 80. The data calibra 
tion routines for each channel also includes a pulse com 
pression subroutine 81 Which provides compressed data in a 
Well knoWn manner in the frequency versus time domain. 
Pulse compression techniques used to increase the total RF 
energy While maintaining high range resolution are Well 
knoWn. Once complete, the data calibration routine 72 
provides calibrated received signals on lines 82—84. In 
general, the data calibration routine 72 may include as many 
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hardware receiver chain error corrections as necessary to 
reduce the amount of error introduced by the receivers 
50—52 to an acceptable systems level. The neXt processing 
step is to motion compensate the calibrated received signals 
on the line 82—84. 

FIG. 5 illustrates a functional block diagram of the motion 
compensation routine 90 Which compensates for the aircraft 
motion With respect to the SAR scene 24 (FIG. 1). Because 
the aircraft is not ?ying on a perfectly straight line or at a 
constant velocity, the backscattered energy experiences a 
frequency shift and time delay both as a function of time 
Which must be corrected to provide a coherent phase history 
of the stationary objects and moving vehicles during the 
dWell time. The dWell time as used herein is the period of 
time over Which the radar system illuminates an area and 
generally is about 0.1 second to about 10 seconds or more. 
These corrections are required in a high resolution SAR in 
order to keep the individual scattering elements on a re?ect 
ing target resolvable over the dWell period and at squint 
angles other than 90°. In general, motion compensation is 
Well knoWn and involves electronically adjusting the phase 
of the received signals on lines 82—84. Ideally, the processed 
synthetic aperture information is completely isolated from 
the effects of undesired aircraft motion during the dWell 
time. 

The distance the aperture has moved pulse to pulse is 
typically calculated based upon information obtained from 
an inertial navigation system (INS), an inertial measurement 
unit (IMU), and/or a global positioning system (GPS) (all 
not shoWn). The IMU is typically mounted on the antenna 
itself (e.g., on the ?at plate) While the GPS and INS are often 
mounted elseWhere on the aircraft. The position measure 
ment signals are provided on a plurality of data lines 91 and 
input to a calculate corrections subroutine 94 Which com 
putes and outputs correction signals on lines 92, 93, 95 for 
each aperture respectively. The value of the correction 
signals represents the amount of time delay to be applied to 
the calibrated received signals on lines 82—84 to provide 
motion compensated received signals on lines 97—99. 
Motion compensation can be performed several different 
Ways and the technique selected is generally a function of 
the system’s hardWare. HoWever, a preferred approach is to 
apply a complex phase ramp in the range frequency domain. 
The slope of the phase ramp is determined by the frequency 
step siZe (i.e., the change in frequency sample to sample) of 
the system and the change in the round trip path length of the 
RF energy pulse-to-pulse. A neW time delay (i.e., a time 
shift) is applied for each pulse or synthesiZed pulse if 
multiple pulses are used to achieve the desired bandWidth 
using pulse compression techniques. The folloWing papers 
discuss motion compensation and the details of performing 
the same: “Motion Compensation for Synthetic Aperture 
Radar” by J. C. Kirk, Jr, IEEE Transaction on Aerospace 
and Electronic Systems, Vol. AES-11, No. 3 (May 1975); 
“Synthetic Aperture Imaging With Maneuvers” by J. H. 
Minns and J. L. Farrell,); IEEE Transactions on Aerospace 
and Electronic Systems, Vol. AES-8, No. 4 (July 1972); and 
“Effects of Navigation Errors in Maneuvering SAR”, by J. 
L. Farrell, J. H. Minns and A. Sorrell, IEEE Transactions on 
Aerospace and Electronic Systems, Vol. AES-9, No. 5 
(September 1973). 

Returning to FIG. 3, in the present form of the invention, 
a traditional SAR processing routine 110 images the station 
ary objects in the SAR scene 24 (FIG. 1), and an interfero 
metric moving vehicle focusing (hereinafter “IMTF”) rou 
tine 111 is used to image the ground moving vehicles Within 
the SAR scene 24. In essence, the scene displayed to the 
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operator on the display 62 is the composite of tWo images: 
i) the SAR routine 110 created image of the stationary 
objects and ii) the images of the moving vehicles formed by 
the IMTF routine 111. The SAR processing routine 110 and 
IMTF processing routine 111 shall be discussed separately. 

SAR SIGNAL PROCESSING 

FIG. 6 illustrates a functional block diagram of a Well 
knoWn high resolution SAR processing routine 110 Which 
creates an image of the stationary objects in SAR scene 24 
(FIG. 1). The routine 110 receives the motion compensated 
received signal on the line 98 from one of the interferometer 
channels and subroutine 102 presumes the motion compen 
sated received signal to create signal information Which can 
be processed to form an image of the stationary objects in 
the SAR scene 24. Presumming may reduce the computa 
tional burden of SAR processing by narroW band ?ltering 
the aZimuth samples (pulses) and reducing the sampling 
rate. This ?ltering may be performed by Weighting the 
received signals on the line 98. Presumming is Well knoWn 
and discussed in “Synthetic Aperture Processing With Lim 
ited Storage and Presumming” by W. M. BroWn, G. G. 
Houser and R. E. Jenkins; IEEE Transactions on Aerospace 
and Electronic Systems, Vol. AES-9, No. 2 (March 1973). 
Also see “A Discussion of Digital Signal Processing in 
Synthetic Aperture Radar” by J. C. Kirk, Jr., IEEE Trans 
actions on Aerospace and Electronic Systems, Vol. AES-11, 
No. 3 (May 1975). In general, presumming is used to reduce 
the amount of data Which is stored in main memory since the 
doppler bandWidth of the system may be larger than What is 
actually necessary to image the stationary objects in the 
SAR scene 24 (FIG. 1). Therefore, only the doppler band 
associated With stationary objects is retained for further 
processing. It should be pointed out, hoWever, that data 
reduction should not be performed on the IMTF processed 
subdWells for the moving vehicles discussed hereinafter 
because in principal the location of the moving vehicles in 
the doppler space may not be knoWn a priori. As a result, the 
processing load and temporary data storage requirements for 
IMTF processing are large in comparison to the require 
ments for SAR processing. 
The neXt step in the high resolution SAR processing 

routine 110 is to polar reformat the pre-summed data to 
correct for the distortion of the scatterer’s (i.e., an RF 
re?ective surface) position about the center of the SAR 
scene (often referred to as the map center). A block of 
reformatted data is provided on a line 112 to subroutine 119 
Which corrects the reformatted data for ?ne range slip error 
Which occurs due to the fact the INS is not in?nitely 
accurate. The ?ne range slip correction value is adapatively 
computed by subroutine 119 and applied to prevent range 
Walk by placing all the energy from the same scatter in the 
same range resolution cell. Range Walk is the result of the 
stationary object “Walking” through one or more range 
resolution cells during the dWell time. The ?ne range slip 
correction subroutine 119 then provides a corrected signal 
on a line 120 to an autofocus subroutine 122 Which focuses 
the image of the stationary objects in the SAR scene. 
Subroutine 124 then forms the image of the stationary 
objects in the SAR scene Which is enhanced by a brightness 
transfer subroutine (BTF) 126 that provides a SAR image 
signal on the line 128. The SAR image signal contains 
displayable quality images of the stationary objects (i.e., 
buildings, terrain and parked vehicles) in the SAR scene. 
SAR signal processing for imaging stationary objects is Well 
knoWn in the art, and therefore in the interest of brevity it has 
not been repeated here in detail. For details of SAR signal 
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