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SYSTEM AND METHOD FOR BISTATIC SAR 
IMAGE GENERATION WITH PHASE 

COMPENSATION 

FIELD OF THE INVENTION 

[0001] The present invention pertains to radar systems, 
and in particular, synthetic aperture radar (SAR), and in one 
aspect, to the generation of images With bistatic SAR. 

BACKGROUND OF THE INVENTION 

[0002] Bistatic SAR is a process of generating an image of 
the re?ected electromagnetic energy from the surface of the 
earth by combining the magnitude and phase measurements 
of many spatially distributed locations of an illuminator 
and/or a receiver. In bistatic SAR, measurements are gen 
erally compensated for illuminator location and motion, 
re?ective surface location, and receiver location and motion. 
Phase compensation is generally performed for each fast 
time and sloW-time sampling of the measured signals. The 
phase compensation coef?cients can be determined accu 
rately When the location and motion of the illuminator and 
receiver are accurately knoWn. Unlike monostatic SAR 
Where the illuminator and receiver are co-located, this 
information is difficult to accurately obtain in bistatic SAR 
making it difficult to align the tWo separate reference sys 
tems of a bistatic SAR system. As a result, the generation of 
quality images in a bistatic SAR is dif?cult. 

[0003] Conventional bistatic SAR imaging systems have 
used a data-link betWeen the illuminator and receiver to 
communicate the location and motion information. This 
approach increases the complexity of such systems and 
furthermore, has several inherent dif?culties and risks. For 
example, maintaining a data link in a real-time operational 
environment may be dif?cult due to interfering and jamming 
signals resulting in an inability to generate a quality image. 
It may also give aWay the location of the illuminator or 
receiver and may require that the receiver and illuminator be 
Within line-of-site depending on the frequency. 

[0004] Thus there is a general need for an improved 
method and system for generating of a bistatic SAR image. 
There is also a need for a method and system for generating 
a bistatic SAR image Without a data-link to convey posi 
tional information betWeen the illuminator and the receiver. 
There is also a need for a method and system for generating 
a bistatic SAR image Without knoWledge of the illuminator’s 
position and heading. There is also a need for a method and 
system for generating a bistatic SAR image Without align 
ment of the receiver and illuminator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The invention is pointed out With particularity in 
the appended claims. HoWever, a more complete under 
standing of the present invention may be derived by refer 
ring to the detailed description When considered in connec 
tion With the ?gures, Wherein like reference numbers refer to 
similar items throughout the ?gures and: 

[0006] FIG. 1 is a top vieW illustrating the operation of a 
bistatic SAR imaging system in accordance With an embodi 
ment of the present invention; 

[0007] FIG. 2 illustrates the projection of a radiation 
pattern onto the ground in accordance With an embodiment 
of the present invention; 
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[0008] FIG. 3 is an illustration of a monstatic SAR image 
generated from observed signals in accordance With an 
embodiment of the present invention; 

[0009] FIG. 4 is an example of an uncompensated static 
electromagnetic vector ?eld in accordance With an embodi 
ment of the present invention; 

[0010] FIG. 5 is an example of a phase-compensated 
electromagnetic vector ?eld generated from received signals 
in accordance With an embodiment of the present invention; 

[0011] FIG. 6 is an illustration of a reconstructed bistatic 
SAR image in accordance With an embodiment of the 
present invention; and 

[0012] FIG. 7 is a ?oW chart of an imaging procedure in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0013] The description set out herein illustrates the various 
embodiments of the invention and such description is not 
intended to be construed as limiting in any manner. In one 
embodiment, a method and bistatic SAR imaging system 
provides, among other things, high resolution tWo dimen 
sional information on a target area. The ground imaging 
system includes an illuminator to illuminate a target area 
With interleaved radiation patterns. The patterns may be a 
null-monopulse radiation pattern interleaved With a sum 
radiation pattern. The illuminator adjusts the phase terms of 
the sum radiation pattern to compensate for motion of the 
illuminator and the aspect angle of the illuminator to gen 
erate a static electromagnetic vector ?eld pattern. The static 
electromagnetic vector ?eld pattern, Which may be formed 
by taking the ratio of the null to sum received patterns, is 
knoWn by the receiver. The receiver receives the radiation 
patterns re?ected from the target area and correlates the ratio 
from the measured vector ?eld pattern With the knoWn static 
vector ?eld pattern to generate the phase compensation 
terms. The receiver generates an image of the target area 
based on the phase compensation terms. In one embodiment, 
the phase compensation terms of the correlated static ?eld 
pattern may also compensate for the motion of the receiver. 

[0014] The system and method may reduce the need for a 
data link betWeen the illuminator and receiver because, 
among other things, the positional information about the 
illuminator is not required by the receiver to generate an 
image of a target area. This, for example, reduces the 
complexity of the illuminator and receiver and alloWs the 
illuminator the additional ?exibility of not having to com 
municate directly With the receiver. 

[0015] FIG. 1 illustrates a top vieW illustrating the opera 
tion of a bistatic SAR imaging system in accordance With an 
embodiment of the present invention. System 100 includes 
illuminator 102 Which transmits radiation patterns toWard 
target area 110. Target area 110 re?ects and scatters the 
radiation patterns. Receiver 104 receives the radiation pat 
terns re?ected and/or scattered by target area 110 and 
generates a bistatic SAR image of target area 110. Illumi 
nator 102 may be an aircraft or satellite moving in direction 
114 substantially orthogonal to target area 110. Receiver 104 
may be a stationary receiver, or a receiver moving in the 
direction of the target area. Receiver 104, for example, may 
be a Weapon such as missile Which may be moving sub 
stantially in a direction toWard target area 110. In an alter 
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nate embodiment, illuminator 102 may be stationary and 
receiver 104 may be moving. The image of the target area 
may be used by receiver 104 to locate a target Within target 
area 110 for guidance. 

[0016] In accordance With an embodiment, illuminator 
102 illuminates target area 110 With radiation patterns such 
as a null-monopulse radiation pattern 108 and a sum radia 
tion pattern 112. In one embodiment, illuminator 102 inter 
leaves the null-monopulse radiation pattern With the sum 
radiation pattern. Similar radiation patterns maybe found, 
for example, in US. Pat. No. 5,473,331, Which is incorpo 
rated herein by reference. Illuminator 102 adjusts the phase 
terms of sum radiation pattern 112 to at least compensate for 
motion of illuminator 102. System 100 also includes 
receiver 104 Which receives the radiation patterns re?ected 
from the target area. Receiver 104 generates phase compen 
sation terms based at least on a predetermined or knoWn ?eld 
pattern, and may generate an image of the target area using 
the terms of the adjusted sum radiation pattern and terms of 
the received null-monopulse pattern. 

[0017] Illuminator 102 may dynamically adjust the phase 
terms of the sum radiation pattern by observing energy 
re?ected from the target area to create a static electromag 
netic vector ?eld at the target area. The vectors comprising 
the vector ?eld may be determined from a ratio of the 
re?ected null-monopulse radiation pattern and the re?ected 
sum radiation pattern. Illuminator 102 may observe the 
re?ected energy through the same antenna used to illuminate 
the target area to verify the creation of the static electro 
magnetic vector ?eld and adjust the radiation patterns 
accordingly. The static vector ?eld is desirably a constant 
phase and magnitude electromagnetic ?eld for each cell in 
target area 110. The antenna used by illuminator 102 may be 
a quadrant-feed type antenna. 

[0018] In one embodiment, illuminator 102, in generating 
the static vector ?eld, adjusts the phase terms of the of the 
sum radiation pattern to compensate for an aspect angle of 
illuminator 102 relative to target area 110. Receiver 104 may 
generate a measured vector ?eld based on a complex ratio of 
the received null-monopulse radiation pattern to the received 
sum radiation pattern. Receiver 104 may correlate the mea 
sured vector ?eld With the knoWn static electromagnetic 
vector ?eld to generate a tWo-dimensional phase compen 
sation matrix comprised of phase compensation terms. 
Receiver 104 generates a bistatic SAR image of the target 
area based on the phase compensation terms. The difference 
betWeen the measured vector ?eld pattern and the knoWn 
static vector ?eld pattern represents the image. 

[0019] Accordingly, receiver 104 may calculate phase 
compensation terms for bistatic SAR image formation With 
out accurate knoWledge of the position or motion of illumi 
nator 102. Receiver 104 may determine the phase compen 
sations terms by examining a constant phase and magnitude 
electromagnetic ?eld for each cell in the target area. Range 
and Doppler information for a particular cell may be deter 
mined at receiver 104 by time sampling sub-intervals in a 
coherent collection period and performing tWo-dimensional 
Fourier transforms on the pulse compressed range samples 
to resolve Doppler and range for each cell of the target area. 
The phase compensation terms align the measured pattern to 
the knoWn reference static vector ?eld pattern. The image of 
the compensated pattern represents an undistorted image of 
target area 110. 
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[0020] In one embodiment, the present invention provides 
a receiver for generating a bistatic SAR image of a target 
area. The receive includes an antenna to receive radiation 
patterns re?ected from the target area and a processing 
element to generate phase compensation terms by correlat 
ing a measured electromagnetic vector ?eld With a static 
electromagnetic vector ?eld, and to generate an image of the 
target area using the phase compensation terms. The receiver 
may also include a memory to store components of the static 
electromagnetic vector ?eld. In this embodiment, an illumi 
nator illuminates the target area With a null-monopulse 
radiation pattern interleaved With a sum radiation pattern, 
and dynamically adjusts the phase terms of the sum radiation 
pattern to maintain a static electromagnetic vector ?eld at 
the target area. 

[0021] FIG. 2 illustrates the projection of a radiation 
pattern onto the ground in accordance With an embodiment 
of the present invention. Radiation pattern 200 may be 
transmitted by an illuminator, such as illuminator 102 (FIG. 
1). Radiation pattern 200 is elliptically Warped at the target 
area because of aspect angle 202 although pattern 200 may 
be transmitted With a more circular cross section 204. In 
other Words, the further in range the illuminator is aWay 
from target area 206, the more the radiation pattern is 
elliptically Warped. This enlarges the doWn-range pattern on 
the ground. By controlling the illumination pattern, a static 
electromagnetic vector ?eld may be generated to reduce or 
substantially eliminate the elliptical Warping to present a 
substantially circular electromagnetic vector ?eld pattern. In 
accordance With an embodiment of the present invention, 
the illuminator compensates for this elliptical Warping of the 
radiation pattern for example, by dynamically adjusting the 
null-phase factors of the sum radiation pattern and observing 
the received pattern. The illuminator may also compensate 
for its motion. In one embodiment, the illuminator may 
generate a monostatic SAR image from the observed signals 
to verify construction of a static electromagnetic vector ?eld. 

[0022] FIG. 3 is an illustration of a monstatic SAR image 
generated from observed signals in accordance With an 
embodiment of the present invention. Image 300 may be 
generated by the illuminator as described above, and in this 
example, target 302 is a monostatic SAR generated tank. 
Image 300 may be used as a reference image for comparison 
With a subsequently generated bistatic SAR image. 

[0023] FIG. 4 illustrates an example of an uncompensated 
static electromagnetic vector ?eld in accordance With an 
embodiment of the present invention. Static electromagnetic 
vector ?eld 400 is the raW (uncompensated) electromagnetic 
vector ?eld Which may be perceived at the receiver before 
phase compensation. Electromagnetic vector ?eld 400 rep 
resents an image of target 302 (FIG. 3) that may be 
generated by a bistatic receiver of the present invention. 
Electromagnetic vector ?eld 400 is not aligned With a knoWn 
?eld pattern. Static electromagnetic vector ?eld 400 is an 
example of spatially static electromagnetic vector ?eld that 
may be dynamically generated by an illuminator, such as 
illuminator 102 (FIG. 1) and may be used by a receiver, such 
as receiver 104 (FIG. 1) as a reference to generate an image 
of a target area. Each vector 402 of ?eld 400 may include 
magnitude and angle for a cell (e.g., a position) Within a 
target area. Although vectors 402 are illustrated in a sub 
stantially circular pattern having the same magnitude and 
having their angle change in relation to the center of the area, 



US 2003/0151540 A1 

this is not a requirement. Other static electromagnetic vector 
?elds may be suitable for use as a reference ?eld. 

[0024] The components of ?eld 400 may be stored in a 
memory of the receiver and may be used as a reference to 
determine the phase terms to compensate for distortion of an 
image. Phase compensation differences over sub-images 
may be used to further focus an image over a coherent 
collection period. 

[0025] FIG. 5 illustrates an example of a phase-compen 
sated electromagnetic vector ?eld from received signals in 
accordance With an embodiment of the present invention. 
Electromagnetic vector ?eld 500 is an example of a mea 
sured electromagnetic vector ?eld Which may be generated 
by a receiver, such as receiver 102 (FIG. 1), from received 
signals re?ected from a target area. A receiver may calculate 
each vector 502 from a complex ratio of the received 
null-monopulse pattern to the sum pattern. Because an 
illuminator may have substantially constructed a reference 
static electromagnetic vector ?eld such as vector ?eld 400 
(FIG. 4) at the target area, the receiver may correlate the 
measured electromagnetic ?eld With the reference electro 
magnetic vector ?eld to generate an image of the target area. 

[0026] FIG. 6 is an illustration of a reconstructed bistatic 
SAR image in accordance With an embodiment of the 
present invention. Image 600 is an example of a recon 
structed image generated With the derived phase correction 
vectors, and may correspond With image 300 (FIG. 3). The 
image of target 602 Which may be, for example, a tank, can 
be detected. 

[0027] FIG. 7 is a ?oW chart of an image generating 
procedure in accordance With an embodiment of the present 
invention. Although the individual operations of procedure 
700 are illustrated and described as separate operations, it 
should be noted that one or more of the individual operations 
may be performed concurrently. Further, nothing necessarily 
requires that the operations be performed in the order 
illustrated. Procedure 700 may be used by a bistatic SAR 
imaging system, such as system 100 (FIG. 1) for generating 
a bistatic SAR image of a target area. Operations 702 
through 706 may be performed by an illuminator and 
operations 708 through 716 maybe performed by a receiver. 

[0028] In operation 702, a target area is illuminated With 
a radiation pattern by an illuminator. The illuminator may be 
an aircraft or satellite moving in a direction substantially 
orthogonal to the target area. The radiation pattern may 
comprise a null-monopulse radiation pattern interleaved 
With a sum radiation pattern. In operation 704, the phase 
terms of at least one of the transmitted radiation patters is 
adjusted to reduce and/or substantially eliminate distortion 
and generate a static electromagnetic vector ?eld, such as 
static electromagnetic vector ?eld 400 (FIG. 4) at the target 
area. For example, the null-phase factors of the sum radia 
tion pattern may be adjusted dynamically to compensate for 
the aspect angle of the illuminator and, for example, the 
motion of the illuminator. In operation 706, the a SAR image 
may be generated by the illuminator for veri?cation of the 
static electromagnetic ?led. For example, the illuminator 
may receive the patterns re?ected from the target area to 
verify the static vector ?eld. The received signals may 
compensate for the motion of the illuminator as Well as the 
angle betWeen the illuminator and the target area. The 
combination of steps 702 through 706 may be continually 
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performed by the illuminator to maintain a static electro 
magnetic vector ?eld at the target area. 

[0029] In operation 708, a receiver receives the radiation 
patterns re?ected from the target area and generates a 
measured electromagnetic vector ?eld pattern from the 
received signals. The measured electromagnetic vector ?eld 
pattern may be based on the complex ratio of the null 
monopulse radiation pattern to the sum radiation pattern. In 
operation 708, the measured vector ?eld pattern is correlated 
With a knoWn static electromagnetic ?eld, such as ?eld 400 
(FIG. 4) to determine phase compensation terms for each 
vector of the ?eld pattern. Operation 712 applies the phase 
compensation terms to generate a compensated electromag 
netic vector ?eld Which is used in operation 714 by the 
receiver to generate the bistatic SAR image of the target 
area. In operation 716, the receiver may use the image of the 
target area to locate a target. 

[0030] Thus, an improved method and system for gener 
ating of a bistatic SAR image has been described. In one 
embodiment, the method and system may generate a bistatic 
SAR image Without a data-link to convey positional infor 
mation betWeen the illuminator and the receiver. In another 
embodiment, the method and system for generating a 
bistatic SAR image is accomplished Without knowledge of 
the illuminator’s position and heading. 
[0031] The foregoing description of the speci?c embodi 
ments reveals the general nature of the invention suf?ciently 
that others can, by applying current knowledge, readily 
modify and/or adapt it for various applications Without 
departing from the generic concept, and therefore such 
adaptations and modi?cations are intended to be compre 
hended Within the meaning and range of equivalents of the 
disclosed embodiments. It is to be understood that the 
phraseology or terminology employed herein is for the 
purpose of description and not of limitation. Accordingly, 
the invention is intended to embrace all such alternatives, 
modi?cations, equivalents and variations as fall Within the 
spirit and broad scope of the appended claims. 
What is claimed is: 

1. A bistatic synthetic aperture radar (SAR) imaging 
system comprising: 

an illuminator to illuminate a target area With a null 

monopulse radiation pattern and a sum radiation pat 
tern, Wherein phase terms of the sum radiation pattern 
are adjusted to maintain a static electromagnetic vector 
?eld at the target area; and 

a receiver to receive the radiation patterns re?ected from 
the target area, to generate phase compensation terms 
by correlating a measured electromagnetic vector ?eld 
With the static electromagnetic vector ?eld, and to 
generate an image of the target area using the phase 
compensation terms. 

2. The system of claim 1 Wherein the illuminator adjusts 
the phase terms of the of the sum radiation pattern to 
compensate for an aspect angle of the illuminator relative to 
the target area. 

3. The system of claim 1 Wherein the receiver correlates 
the measured electromagnetic vector ?eld With the static 
electromagnetic vector ?eld to generate a tWo-dimensional 
phase compensation matrix comprised of phase compensa 
tion terms, the receiver adjusting phase terms of the received 
sum radiation pattern With the phase compensation terms to 
generate a bistatic SAR image of the target area. 
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4. The system of claim 1 wherein the illuminator observes 
energy re?ected from the target area of the null-monopulse 
radiation pattern and the sum radiation pattern to maintain 
the static electromagnetic vector ?eld at the target area, 
vectors of the vector ?eld being determined from a ratio of 
the re?ected null-monopulse radiation pattern and the 
re?ected sum radiation pattern. 

5. The system of claim 4 Wherein the illuminator illumi 
nates the target area With an illuminating antenna and also 
observes re?ected energy through the illuminating antenna. 

6. The system of claim 1 Wherein the illuminator inter 
leaves the null-monopulse radiation pattern With the sum 
radiation pattern. 

7. The system of claim 1 Wherein the target area is on a 
surface of Earth and the illuminator is moving substantially 
in a direction orthogonal to the target area. 

8. The system of claim 7 Wherein the illuminator is one of 
either an aircraft or a satellite. 

9. The system of claim 1 Wherein the receiver is stationary 
With respect to the target area. 

10. The system of claim 1 Wherein the receiver is moving 
substantially in a direction toWards the target area. 

11. The system of claim 10 Wherein the receiver is a 
missile having vectors of the static electromagnetic vector 
?eld stored therein. 

12. The system of claim 1 Wherein the receiver is further 
con?gured to locate a target Within the target area based on 
the generated image of the target area. 

13. The system of claim 1 Wherein the illuminator trans 
mits the radiation patterns With a quadrant feed antenna. 

14. A method of generating a bistatic SAR image of a 
target area comprising: 

at a moving illuminator, 

illuminating a target area With a null-monopulse radiation 
pattern and a sum radiation pattern; and 

adjusting the phase terms of the sum radiation pattern to 
maintain a static electromagnetic vector ?eld pattern at 
the target area, 

and at a receiver, 

generating phase compensation terms to adjust phase 
terms by correlating a measured electromagnetic vector 
?eld pattern With the static electromagnetic vector ?eld 
pattern; and 

generating an image of the target area using the phase 
compensation terms. 

Aug. 14, 2003 

15. The method of claim 14 Wherein a receiver is sepa 
rately located from the illuminator, the method further 
comprises: 

at the illuminator, adjusting the phase terms of the of the 
sum radiation pattern to compensate for an aspect angle 
of the illuminator relative to the target area. 

16. The method of claim 14 Wherein generating the phase 
compensation terms comprises correlating the measured 
electromagnetic vector ?eld pattern With the static electro 
magnetic vector ?eld pattern to generate a tWo-dimensional 
phase compensation matriX comprised of phase compensa 
tion terms, the receiver using the matriX to generate a bistatic 
SAR image of the target area. 

17. The method of claim 14 further comprising observing, 
by the illuminator, energy re?ected from the target area to 
maintain the static electromagnetic vector ?eld pattern at the 
target area, vectors of the vector ?eld being determined from 
a ratio of the re?ected radiation patterns. 

18. The method of claim 14 Wherein illuminating com 
prises interleaving the null-monopulse radiation pattern With 
the sum radiation pattern. 

19. The method of claim 14 Wherein the target area is on 
a surface of Earth and the illuminator is moving substan 
tially in a direction orthogonal to the target area. 

20. A receiver for generating a bistatic synthetic aperture 
radar (SAR) image of a target area comprising: 

an antenna to receive radiation patterns re?ected from the 
target area; and 

a processing element to generate phase compensation 
terms by correlating a measured electromagnetic vector 
?eld With a static electromagnetic vector ?eld, and to 
generate an image of the target area using the phase 
compensation terms. 

21. The receiver of claim 20 further comprising a memory 
to store components of the static electromagnetic vector 
?eld. 

22. The receiver of claim 21 Wherein an illuminator 
illuminates the target area With a null-monopulse radiation 
pattern interleaved With a sum radiation pattern, and 
dynamically adjusts the phase terms of the sum radiation 
pattern to maintain the static electromagnetic vector ?eld at 
the target area. 


