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Abstract- The new peculiarities of the low frequency UWB SAR
result in difficulty of radiometric correction and calibration for
the system. The calibration techniques developed for common
high frequency and narrow band SAR system cannot be applied
to the low frequency UWB SAR. In this paper, based on the
peculiarities of the system, the system processing model and the
electromagnetic scattering model of calibrators are given, and
the new radiometric correction and calibration method is
proposed. The computer simulation is used to validate the
method.

I INTRODUCTION
The low frequency ultra wide band (UWB) synthetic aperture
radar” (SAR) is an advanced all-day and all-weather 2-D
microwave electric imagery system. This system combines
the advantages of SAR and UWB radar techniques, and can
detect the targets under foliage with high-resolution imaging.
The peculiarities of the system, compared with common high
frequency narrow band SAR system, are (1) very low work
frequency, (2) very wide frequency band and (3) relatively
very wide beam width of antenna pattern.
During the radiometric correction and calibration procedure,
some parameters, which need to be corrected or calibrated,
cannot be thought to be frequency independent or aspect
angle independent, because of the peculiarities of low
frequency UWBSAR system, and that is the reason why the
existing radiometric correction and calibration techniques
cannot be applicable.
In this paper, the radiometric correction and calibration
method for the low frequency UWB SAR system is discussed.
In section II, the system processing model for the system is
given, which is the base of followed discussion. In section III,
the electromagnetic scattering model for the calibrators is
considered. In section IV, the calibration method is given, and

computer simulation is used.

II SYSTEM MODEL

The system model is based on various kinds of focusing
algorithms. Because of the Fresnel approximation for signal
Doppler history is not valid for low frequency UWBSAR, the
common focusing algorithms, such as Range-Doppler
algorithm, cannot be used. The exist algorithms for the low
frequency UWB SAR system are classified into time-domain
focusing algorithm, such as Back-Project algorithm, and
frequency domain focusing algorithm, such as @—K
algorithm. In this paper, the system model is based on the
frequency domain.

The geometric relationship between SAR and targets is shown
in figure 1. Because of wide processing angle of low
frequency SAR system, the dynamic range of angle &
between target and radar is relative very large. The Doppler
history of return signal from the target cannot be
approximated to be linear FM signal, and as a result, the
common SAR processing model cannot be applicable to the
large beam width SAR. The system model for low frequency
UWB SAR is discussed.
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Figure 1. Geometric relationship of the SAR system
In the figure 1, the radar moves along the Y-axis, transmitting
and receiving the pulse at a determined frequency (PRF)

along X-axis. When the radar is located at the coordinates
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(0,u), the receive signal can be written:
sl =Ple} Fl0) Y36, 0)a, 6, ches{ 5

X+(y,—u)’
(1)

where P (a)) denotes the spectrum of transmitted signal.

The E(a)) denotes the frequency response of the signal

a(&n,a)) and

channel and the aberration of signal channel.

(9 a)) denote the radiate pattern of antenna and an

n’

target located at (xn, Y, ) The expression (1) is the sum of

echoes, multiplied by antenna pattern and phase term, from all

targets illuminated by antenna beam. The angle between radar

0, = tan™' (MJ 2)
x}’l

Using the Principle of Stationary Phase,

and target is:

the Fourier

transformation of (1) along azimuth can be obtained:

St eb =P} Bl Ak YA (K o] 546~k sk

©)

It is necessary to note that the relationship between the radiate
pattern of antenna or the target in azimuth space domain and
that in Doppler domain is mapping pair, not Fourier

transformation pair. The mapping relationship is:

k, =2ksin@= 2.2 f— (4)
C X +u’

2rf

C

where the wave number k= This mapping

relationship is nonlinear and is determined by the geometric

relationship shown in figure 1.

k,=+4k> =k’ of (3), which is so called Stolt

interpolation:

We change the variable

Slhok)=Pa) Ela) Ak k) 2A (K

exp(—kx,—jk,y,)

(5)
From (5), we found that the frequency response of signal
channel FE ((0) and the antenna pattern A(ku,a)) are

unknown and needed to be corrected and calibrated. We also
found that, if the calibrators are used to calibrate the system,
the radiate pattern of the calibrator must be known.

IIT ELECTROMAGNETIC SCATTERING MODEL OF

CALIBRATORS

In this section, the computation of the electromagnetic
scattering model is discussed. For the low frequency SAR, the
dimensions of interesting targets are always closed to
wavelength, and that is to say, we should use the low
frequency electromagnetic computation method, such as
method of moment (MOM)PP! to compute the target
scattering model.

It is known that the scattering electric field can be computed
by solving the electric field integral equation (EFIE), but it is
difficult to solve the EFIE for a target of any arbitrary shape.
The MOM is a numeric electromagnetic field computation
method. With MOM, the integral equation can be converted

into the matrix equations:
1Z=V (6)

where 1 is the generic current, which denotes the induced
surface current density, and Z is the generic impedance,
which denotes the geometric structure and physical
characteristic of the object, and V is the generic voltage,
which denotes the incidence electric field.

We find that the generic impedance is aspect angle dependent,
and the generic voltage is aspect angle and frequency
dependent. That is to say, the scattering electric field can be
solved at a given frequency point and a given aspect angle. In
order to get the UWB and wide beam width scattering
characteristic, computation is time consuming adopted MOM.
The AWE™ technique, developed from the microwave circuit
design, can be used for computation of the scattering
characteristic over wide band and wide aspect angle. The

essence of the AWE is to expand the induced current by



Taylor series on a center frequency point, and wide band
scattering characteristic can be evaluated. The convergence
region of the Taylor series is not very wide, and cannot be
used to compute the UWB scattering characteristic. In this
paper, the pade approximation is introduced, which is a kind
of rational fraction approximation methods. The three
parameters can define the relationship between radar and
targets: the distance R between radar and the target, the
depress angle and the azimuth angle.

These two angle parameters can be replaced by other two
parameters: the radar height h and radar offset y from the
target along azimuth. If the radar height h is equal to constant
H, the EM scattering model is the function of frequency and

offset y.
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Figure 2. Electromagnetic scattering model of trihedral triangle reflector.
The electromagnetic scattering model of a trihedral triangle
reflector is given in figurel. The scattering model is function

of frequency and azimuth offset y. With the equation (4), the

target radiate pattern a, (9 a)) or A4, (ku,kx) can be

n’

calculated.
IV RADIOMETRIC CORRECTION AND CALIBRATION

PROCEDURE

The ultimate goal of the radiometric correction and calibration

is to compensate the unknown parameters: the frequency

response of signal channel £ (Cz)) and the non-ideal antenna

pattern A (ku , a)) in equation (5). The SAR data is the sum

of all backscattering of the targets located in the antenna beam

illuminating area, so the first step is to extract the return from

the calibrator located at (xo,yo). The 2D digital focusing

algorithm'"! is implemented to received data, and the clutter
around the calibrator can be restrained. The equation (5) can

be approximated to be:
Sy(k,.k.)=P(w)E(w)A(k,,k )x

. . (7
AO (ku’kx)exp(_-]kxxo _-]kuy())

where the radiate pattern A, (ku,kx), shown in Figure 4,

can be compute using mapping relationship (4) and the

method discussed in section III.

Figure 4. The radiate pattern of the calibrator in transformed domain
The radiometric correction and calibration for received data in

equation (5) is obtained:

Ak k) ep(—kx%—/kn)
(koK)

Suakok.) = S(kok)  ®)
Computer simulation” is used to validate the calibration
method. Firstly, we obtain the SAR image of a trihedral
triangle reflector, using formula (5), and 2D digital focusing
algorithm is implemented. Using formula (5), we obtain the
uncalibrated SAR image, and the calibrated image is obtained
by equation (8). The simulation result is shown in figure 5.
We can conclude that the side lobes are depressed when the
image is calibrated, and the image quality is enhanced.
V CONCLUSION

Radiometric calibration is a complicated project. In this paper,
based on the three peculiarities of the system, we discuss the
calculation of the scattering characteristics of the man-made
targets. From the theory of SAR focusing algorithm, we

obtain the relationship between the scattering characteristics



and SAR image of the man-made target. Used the relationship,
the UWB SAR images can be calibrated.
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Figure 5. Comparison between before and after calibration
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