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Abstract—Bistatic SAR uses separated transmitter and re- T R‘
ceiver flying on different platforms. This configuration is en-
visaged to achieve benefits like the exploitation of additional
information contained in the bistatic reflectivity of targets,
reduced vulnerability in military systems or forward looking
SAR imaging. The feasibility of the bistatic concept was already
demonstrated by experimental investigations.

Nevertheless, a closed satisfying theory reaching from signal
modelling over the data collection strategies and the analysis of
possible imaging performance to the specification of processors
for practical use does not yet exist. The reason may be found
in the non-standard geometry resulting in radar signals of high
complexity.

In this paper, we will start from a signal model for a rather
general configuration. Since the changing imaging geometry
makes it difficult to derive a general processor, we first look over
the well known classes of monostatic SAR-processors. Then, the
inversion problem is formulated for the bistatic case resulting in
the matched filter processor. Emanating from this, two techniques
are derived which are locally optimum either for short apertures
or for small scenes. Special attention is turned to the transfer of
range-migration type algorithms to the bistatic case.
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Fig. 1. Bistatic Geometry

I. INTRODUCTION r,. Another scene fixed point, serves as a reference point.
Further, we regard an arbitrary point scatterer at the position
There is not much open literature treating bistatic SAR _ (z,y,2)" within the intersection/ of the transmit and

processing. Some special aspects are already addressed iRdfgive antenna footprint. THe, y)-plane is considered to be
paper [2]. In [1] bistatic spotlight SAR is regarded from gne |ocal approximation of the earth’s surface.
tomographic point of view. [6] describes the special case of\ye define thebistatic range historyof this scattering point
a two-dimensional geometry and parallel flight paths allowing . by
to apply an approximative application of the range-migration L _ _
algorithm. [7] and [8] treat a time domain technique as well as R(&r) = Ra(&) = vl + R (&) — . @)
a k-domain approach for the special case of a fixed transmitterin the bistatic situation, the range history can be quite
Lastly, [4] introduces a fast backprojection technique in a twamnusual, even for straight motions of transmitter and receiver
dimensional geometry. To the author's knowledge, a gene(gke Fig. 2), so hyperbolic or parabolic approximations have
modelling in three dimensions including an evaluation of repe be applied only with great care!

resentative processing approaches has not yet been published.
B. Equi-range and Equi-rangeslope

Il. GEOMETRY AND GENERAL SIGNAL MODEL The sets of all points with a fixed range or a fixed
A. General geometry rangeslopev, respectively, are denoted by
We look at the geometrical situation as sketched in Fig. M.(&,r) = {r:R(&r)=r} 2
1. The instantaneous position of the transmit antenna phase 0
centre T is denoted bR, (¢), that of the receive antenna My v) = qr: %R(f?r) =v ®3)

R by R,.(£) (of course, the roles of transmit and receive ) .
antennas can be exchanged without effect to the radar signﬁ their cuts with the(z,y)-plane by M, (£,r7) and
¢ parametrises the paths of the two antennas: for instanceMt (&, v)- As generally knownM..(¢, ) turns out to be an
can be the slow-time itself or the spatial covered distance @}fiPsoid with the two focal points at the places of transmitter
one of the antennas or of their common centre of gravity. | ) o ) ) ) )

To generalise the derivation to stripmap like configuratians,and rq

We assume a spotlight situation; t. i"_ the beams of bo&auld be also functions a; nevertheless, we will concentrate on the spotlight
antennas are directed towards a scene fixed beam focus psitdtion.



https://core.ac.uk/display/357324678?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

. The antenna pattern has been neglected in this expression,
] which can be justified by the spotlight assumption. The same
model can be applied, if the data are taken directly in the
frequency domain e.g. by a stepped frequency wave form or
by de-ramping.

+F 4 We now look at a reflectivity distribution denoted hyr).

I ] This will be concentrated normally to the:, y)-plane but
could also be carried by a vaulted area or even be distributed
three-dimensional. The signal of all scatterers is the superpo-
sition of the individual contributions:

range (km)

0

T Tl 2(§, k) = /IS(&kr;r)a(r)dr- 8
Fig. 2. Example of a bistatic range history for constant velocities If we apply a Fourier transformation alorfg we get

Zhedy) = [ [ enen o ()

and receiver, saM,.(¢,r) will be ellipses as cuts of an 1
ellipsoid with a plane”Equi-range lines”). = /K (ke, by, ) a(r)dr (20)

The derivative of the bistatic range with respect to the path 1
parameteg can be expressed by: with K (ke, ky,r) = / e Ikr R(ET)—jke€ e (11)
0 0 |

a*ER(fﬂ‘) = % (IRe(&) —r[+R-(E) —x[) (4 we will call k¢ the path-wavenumberthinking of ¢ as a

Y N covered distance. The integral kern€l defines an operator
ui(f)angt(f) + u;(f)afer(f) (5) O from the space of all admitted reflectivity distributions into
the space of signals in thgy, k,.)-domain.

In this expression, the unit vectors

R,(€) —r R,(€) —r [1l. THE INVERSION PROBLEM
u:(8) = IR/ (&) —r| ur(8) = IR, (£) — 1| ©) The SAR processor can be regarded as an operator in the
point to the line of sights of the transmitter resp. receivé)rppOSIte mapping _d|rect|on coming close to the inversion
to the scatterer. The setl, (¢, v) is given by the union of of 0. In the following, we will discuss several approaches
. T YAS . nqeneralising well-known monostatic processors.

all intersections of such "velocity cone”-pairs, whose su
of receiver and.transmltter range slopes are equal. t?ﬁhe A. Classes of monostatic processors
cut M, (&,v) with the (z,y)-plane determines théequi- _ o _
rangeslope lines” The matched filter processofMFP) optimises the signal-

The momentary imaging grid on the plane is formed bgp—.n(.)ise—ratio _and offers an optimum but_computationgl in-
these equi-range and equi-rangeslope lines. It may be ratfficient solution. For each pixel of the image, the signal
complicated exhibiting in many cases the possibility to image&Pected from a scatterer at this place is complex conjugated,
also in the direction of motion for one or both of the two raddpultiplied to the measured data and summed up. [Boel

platforms (see Fig. 3). aperture optimum processaiLAP) approximates the MFP
for short apertures yielding an image of in principle non
C. Signal model limited size with a coarse azimuth resolution. It is close

The spectrum of the transmitted signal(#) within one to the range-Doppler processowhich starts with a range-

pulse covers a certain frequency bdiid ... f»] corresponding compressipn and thgn works along the range pins separately.
to a band of wave-numbefs, .. ..., ko] with k, = 27 f/c, The local image optimum processd¢tIP) approximates the
' . MFP in a small region around an image point. It results

and ¢ = velocity of light. The received signal from a single : ) .
scatterer is - if the platform motion during one pulse i¥' @ polar reformatting scheme in the monostatic case. The

neglected - in good approximation a time-delayed versidgtackProjection processofBP) performes a successive image

of s,. If the measured signal is Fourier transformed to tH@rmation after range-compression by projecting the range
range frequency domain, inversely filtered over the frequeni)es from the appropriate direction onto the image plane. The
band [f1,...f2], (ti. divided by the Fourier transform of theComputational effort of this technique can be decreasefasly
transmitted signal), and if a variable substitution is performé¥ckProjection processing=BP) techniques. One of the most

replacing the range frequency by the range wave-number, RRPUlar technique is theange-migration processo(RMP)
get the normalised signal from this scatterer: combining near-optimum performance with high numerical

_ efficiency (see [3]). The key step of the RMP is formed by an
$(&, kpyr) = e IR RET) (7) interpolation in the k-space.
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Fig. 3. Example for a momentary bistatic image grid. The arrows symbolise the position and velocity of transmitter and receiver. The transmitter (left)
moves at an altitude of 15 km with a 7.5 times larger velocity than the receiver at an altitude of 10 km; no vertical velocity components

B. The bistatic matched filter processor The setlC ("k-set”, see [5]), over which the integration is

We now want to extend these classes of monostatic pRErformed, is composed of all vectazs, u. (¢), wherek,
cessors to the bistatic case. The MFP can be used to stiidS through the wave-numbers of the emitted waveformeand
the achievable imaging performance determined by the bistdfi¢ough an interval determining the part of the synthetic aper-
geometry. Starting from Eq. (8) the maximum SNR is achievéd'® used for the image formation. If the scene is assumed to

by the inversion formula be flat, it is sufficient to regard the two-dimensional projection
of K to the (z, y)-plane.
a(r) = C// 2(&, k) e?Fr & dedk,., (12) The shape ofC (or its projection) can be quite different
from that known from the monostatic case. The local form

provided that the superposed noise is white oyeand k.. Of the point spread function at, is given by the (possibly
Apart from the more complicated range history, there is nwindowed) back transform of the indicator function of the k-
difference to the monostatic case. The MFP also can be appli&d. Since the bistatic LIP is locally identical to the MFP, this
in the k,, — k,, domain: analysis can also serve as a tool to study the global imaging

performance by variation afy.
r) = C// 2 ke k) K (ke by w)dkedky.— (13) D. The bistatic local aperture optimum processor

C. The bistatic local image optimum processor If only a small part of the aperture is used, a Taylor
The bistatic LIP is based on the approximation of th§XPansion of the range history around the variahleat the

expected signal in a small regidB around a reference pOIntcentre of the used aperture part can be performed up to the

ro. The maximum extension aB is given by the condition, fI'St OF second degree:

Fhat rgceiver anq traqsmitter are in the far f[eldef If this R(&,r) =~ R(&,r)+ R'(&,1) (€ — &)

is fulfilled, the signal in Eq. 7 can be approximated by

1
-R' —&)?|. 18
S(€, ki r) v e IRrRER0) g mikr B R(ED emry (r—r0) (14 T3 G0, &) (18)
. The prime and double prime here stand for the first and
With " . T
o . second derivatives with respect §o If the approximation is
53(551‘) = (1(§) + u,(6)) (15)  performed only to the first order, the MFP simplifies to a

range-Doppler processor with linear range-walk compensation,
while the treatment of the second order approximation for
_ C//eij,.quf(rfro)Z(g,kr)dé»dkr (16) arbitrary geometries imposes similar problems as the general

the image formation results in

solution.
with the effective LOS vectoniey (§) = 5 (u(€) + u,(8)). E. Bistatic backprojection processing
Introducing the new variable = 2k,u.y and refor- According to Eq. 13, the integration alonk. may be

mat~ting the measured valueshto a functisfk) aﬁcordmg performed for eaclf resulting in a range-compressed signal
to 2(2kruer(§)) = z(§ k), this equation simplifies to & 7Z(¢,r). The second integral sums up all the contributions from
common Fourier transform the different points of the path:

a(r) =C / 7T 5 (k) dk. a7) a(r) = / Z(&, R(&;1))dE. (19)
K



This integral can be carried out by adding from pulse tq (?ai) ](Jljt;" - IZF?'T L ?f;t)a
pulse the relating contributions from the range compresseo—r 5 I
signal for each pixel of the later image. Note, that the principld Azmuth Refor- Orthorec-
is the same as in the monostatic case, but the mappirg Cap ling mat.tmg Uﬁcfl fon
R(&;r) is more complicated. Data | | Azimuth | | Data Defz

(& k) FFT (ke k) (r)

F. Bistatic range-migration processing

The simple and efficient scheme of the monostatic RMP
cannot be transferred to the bistatic situation by a simple

means. In our approach, we try to hold the assumptions ASv wave-number domaik.. — k wi(ke/k,) and back-
general as possible, intending to come to satisfying SOIUtioﬂgnsformed to they-domain ther removing the phase intro-

.at Ieagt for special geometrical situ:_ations. So, the foc-usa ced byGy. The last step is to reverse the application of
image is not forced to a rectangular grid; we are content, if fe mappingT, t. i. to interpolate the image to the original

get it well focused, a further step then is to ortho-rectify th?—domain. The processing chain is sketched in Fig. 4

image by interpolation. We introduce a second vector variable-l-he main question is, for which geometrical situations it is
4 which Is re_lated o the orig_inal scene coordinate Va_ri?blepossible to find a parametrisatignof the flight paths and a
via an invertible mappingr .W'th T(q) =r. The reflectlylty mappingT producing a separable kernel (which is no problem
n/ow |s_rtlagarded as a function of the new varialeo, with for the monostatic case). Since it is difficult (or impossible) to
I'=T~"(I), Eq. 9 can be re-arranged to find a closed formula folG(¢, q), numerical representations

_ ke R(ET (@) — ke € have to be used. Numerical techniques also can serve for a
2 ke, kr) // € a(a)dqds good approximation by a separable kernel.

Fig. 4. Range migration processing

= K (ke, kr,q) a(q)dq (20) IV. CONCLUSION
_ - r In this paper, a general description of the bistatic SAR-
with the modified kernel signals for a three-dimensional geometry was given. Several
K (ke k) = / o—ikr R(ET ™ () —jkeé a1 archetypes of processors were sketched pointi_ng out the com-
monness and discrepancies to the monostatic case. Clearly,

B /e_jkT[R(&Tfl(q))Jrcg]dg (22) for practical applica’;ions the intggral formulatiqns ha\{e to be
transferred to the discrete Fourier transformations with care.
For the range migration processor - which is proposed often as
the most appealing approach for the monostatic case - a rather
general framework was outlined for the bistatic situation which

and¢ := k¢ /k,. To simplify the kernel, we apply the principle
of stationary phase. We define

F(£,¢,q) := R(&, T q)) + ¢ (23) still has to be filled with concrete applications.
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