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ABSTRACT
An algorithm to process the Synthetic Aperture Radar
(SAR) data in wavenumber domain, has been dis-
cussed in this paper. Generated from the se¢ismic mi-
gration technique in the area of geophysics,this imag-
ing method has been modified and developed in the
area of SAR imaging. The basic idea of original seismic
migration technique is analysed and modified to suit
the feature of spaceborne SAR imaging. The result
shows that the new algorithm will improve the image
quality without additional computational time because
the correction can be realized by phase shifting and

fused to pulse compression in azimuth direction-

1.INTRODUCTION

A new algorithm ,which is known as seismic migration
technique in the area of geophysics, has been intro-
duced in recent years,to process the Synthetic Aper-
ture Radar (SAR) data in wavenumber domain. As a
start, it is necessary for us to to review the basic idea
of seismic migration technique,so as to get a better

understand of the whole algorithm.

1. 1. The Basic Idea of seismic migration

Assume a point source at coordinate (x4,2y),where z is
the depth from the surface of the earth,and x is a
straight line extended on the surface. The source gen-
erats a short pulse at t = — z,/c, which transmits to

the surface with the wave speed of c¢,and this is the

seismic wave in the view of geophysics. A set of sen-
sors are evenly located along the x axis to receive the
upward wave,and the received signal of this array can
be expressed as d (x,t,z=0),which are wave field
samples received at positions on x axis where z=0.To
the whole wavefield d (x,t,z=0) we have wave equa-
tion ;
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The basic idea of seismic migration technique is to re-
constract the wavefield d (x,t,z) with the wave equa-

tion and known data d (x,t,z=0). Do 2-D fourier
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FIG. 1. Seismic Migration
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transform on both side of the wave equation,we have:

d*D (k,,z,9)  QF
8D (k,,2,0) 4+ 2 Ee2 D

d22 —_c?'D(k,,Z,Q)
(2>
Solve the equation,with the data D(k,,Q,z=10),we
have;
Dk, ,9Q,2y) =Dk, yz=0,Dexp (Jzg/¥/c — k.2
(3

Assume an imaging area from z =1z, to z=z,, which
can be seen as a set of point sources cover the area,re-
peat the operation of (3) from z,=z, to zo=xz,,we can
get the wave field and therefore the image of the de-

sired area.

1. 2. The Fast Algorithm of Migration

The result of the operation in (3) is the wave field in
particular depth z = z; and particular time segment
from t=0 to t=T ;while in fast imaging ,the desired
result is the wavefield in particular time t =-zy/c and
particular depth range from z=z, to z=z,. we can get

the needed result with following operation ;

d(z,z,t =— z4/¢)

= i ‘ HD (kz ,Z’Q>e—jﬂz°/ceﬁ‘:d Qdz
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1
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(4)

To get a fast imaging , we should transfer the variable
of raw data from D (k,,Q) to D (k,,k,) (which are

known as wavenumber domain) by using the relation ;

Q=ck*+ k] (3

After then,the whole processing can be expressed as:

d(z,2,6 =— z4fc) =
%{ﬂ D (kyenJl2 4+ 2,z = 0) » e~ 0loed stk

4)
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In practical digital processing ,the imaging proce-
dures can be summerized as following sequence:
1) 2-D FFT of raw SAR data (have been compressed
in range direction).
2) Change the variable from o to k, by interpolation.
3) Multiplication by azimuth compression factor.
4) Inverse 2-D FFT.
This fast algorithm will be applied to SAR imaging in
the following description, from the analyse we can

know that the result is satisfied.
2. IMAGING IN WAVENUMBER DOM AIN

2. 1. The SAR Echo in Wavenumber Domain

The SAR system is a conventional pulse radar which
takes advange of the relative motion between sensor
and target to synthesize a very long ”antenna” so as to
obtain a high spatical reslution. From FIG. 2. we can
see that the sensor moves along the x axis, and a
point target is located at (xg,z¢). The range between

the sensor and the target is:

R(z,z¢) = /28 + (z — z()? (6)
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The sensor transmitt pulse to the target:
s(t) = A (t)cos(wyt)

(where A (1) is the pulse envelope,and wy= 2xf; is the
carrier frequency).
Receive the returned wave from the target:

() = 8(zg,2¢) + A(t — 2R (= sxo)/c) o

cos(wy(t — 2R (z ,34)/C) (7
(Where 6(xq,z¢) is the reflective factor, 2R (x3x) /¢
is the double way time delay)
Think the target to be one of many point sources ”ex-
plode” short pulse simultaneously at ¢ = — 2z¢/c ,with
a wave speed of ¢/2,we can establish a mathematical
model of the returned wave in the view of seismic mi-
gration. After baseband complex demodulation and
pulse compression, the returned wave,or we should
say the samples of the wavefield at z=0,will be:

(z,t,z2=0)
2 2o
6(zq,2¢) * 6t — ?(R (2 ,30) — 2¢)) » e Rz

¢:))
With the application of stationary phase principle, we
can transfer d (x,t,k) into Q-k domain (R=ow+wy):
D (%, 0,z = 0)
= Cob(zg52¢) * e—mW . ei<2—:3=o—"=o>
&)
Where Cy is a complex constant,and can be ignored.
Think about the imaging domain,z, from (zy—2z,) to
(zy+z,) and x, from —X, to X,,we have the sumer-
ized echo:
“D (k0,2 = 0)
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Where zy is the center of imaging domain, point

sources in this domain ”explode” pulse at t=—2zy/c.

2. 2. Theoretical Description of Imaging

With formular (4’ ) and (10),we have:

d(z,z2,t =— 2zy/¢)

= J]D (ky yw,2) » e 729/ o gFhdk do
= J]D (k, y0,0) « e~ srra o=, | gmjeezsyle o gk, g kdo

an
Let ko=2w,/c, transfer D(k,,»,z=0) into k,-k, do-
main ,
d(z,z,t =— ZZN/C)
= HD (k,,%( 2+ k2-kg),z = 0)

eIl Hh) o g By/e o gFhdk dE,

(12)
Let z,=z—2zy,we have:
d(z,2, + 2yt =— 2z4/c)
= o g ei+rir. =0 -
QIETIE  giw Byl o ik gk Ak,
(13

T herefore,the final result of imaging will be:
d(z,2, + zyst =— 2zy/c)

= ﬂ[ﬂd(zmzo + zy) ¢ e iGN totapiiemi,®

e hrd g gdzg] ¢ @R L eT B/ L Rk Ak,
= Hdﬂc(Kx(z — z4)) s sinc(Kz(z, — z¢)) dzodzy

(14)
Where Ky is determined by the bandwidth of trans-
mitted signal,and Kz is determined by the length of
synthetic aperture.
From (14) we can see that the phase error of returned

wave can be completelycompensated.

3. SAR IMAGING PROCEDURE

The most diffculty in synthetic aperture imaging pro-
cessing is the varible transform of data D (kx,w, 0)
from © to k,, which needs precious interpolation.
Though interpolation is necessary in variable trans-
form from o to kit is a troublesome operation,which

will bring about additional computational cost. In this
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paper, consider the small relative bandwidth of the
spaceborne SAR signals,we can use phase shifting on

o axis to take the place of interpolation.

In frequency domain,the SAR signails are limited in
the range from wy-Aw to wy + Aw, where %%) is less
than . 001. on the other hand,k, is much smaller than
k,;sso we have: :

) = c/2 (k, + k?/kp)
this is an aproximation of (5),where kq=2/cwy,,
kz€ (ko-Ak,,ko+Ak,) , k, <<k,

(15)

With_the application_of this.approximation,the practi- __....

cal imaging processing will be:
1. Do Fourier transform in azimuth direction to echo

signal d (x,z=0,t).
k!
2. Mutiple frequency shifting factor e m, !, replace

the interpolation by a frequency shifting, then do
Fourier transform in range direction.

3. Multiple with azimuth compression factor in
wavenumber domain (kx —kz).

4. Do 2-D inverse Fourier transform ,we can get the

final result.

4. SPACEBORNE SAR IMAGING

Because the sensor of spaceborne SAR moves along a

.circle orbit,the range relation between the sensor and

the target should be modified to:

R cosé,

R (z —f"'o)2

(16)

R(z,zy) = \/zo2 +
Where R, and R, are radius of the earth and the satel-
lite orbit; 8 is the elevation angle ,with respect to the

orbit plane,and x=R,® ,x,=R,d;.

R cos6,
Leth = ywe have;
R’
R(z,z9) = ~/ze> + h » (z — z4)? an

The rigorous relation between k,,k, and  become to:

wt o= 5 S+ KD+ 1 (18)
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FIG. 3. Spaceborne SAR Imaging

So we can modify (15) to

k 2
©=c/2- (k,+,7:—k) 19)
Q

and repeat the immaging procedures of session 3 so as to

get the result of spaceborne SAR imaging.
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