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Imaging of Point Scatterers from 
Step-Frequency ISAR Data 

Y. HUA, Senior Member, IEEE 
E BAQAI 

Y. ZHU 

University of Melbourne 

D. HEILBRONN 
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Australia 

We present a high resolullon method for Imaging of point 

scatlerers from step-frequency inverse syuthetic aperture radar 

(ISAR) dala. An analysis of the noise sensltlvily of the method Is 
provided to show the high performano:e of the method. Simul ation 

results are given to show the robustness of the method ag ainst 

model errors. 
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I. INTRODUCTION 

This work describes a signal processing technique 
for imaging of point scaUerers from step-frequency 
inverse synthetic aperture radar (ISAR [1, 2]) data. 
The point scatterers are assumed to form a target that 
is moving with respect to a stationary radar. The radar 
transmits towards the target a sequence of pulses at 
different frequencies and receives the corresponding 
returns. From the radar returns, our technique yields 
the accurate estimates of the locations of the point 
scatterers. 

The traditional method for target imaging from 
ISAR data is the fast Fourier transform (FFf) method 
[1]. The FFr method is known to yield poor resolution 
if the "aperture" spanned by the collected data is 
not large enough. In the ISAR applications, large 
aperture data set (or large time-interval data set) often 
contains large distortions caused by the moving target. 
To reduce the (often unknown) motion distortions, 
it is desired to obtain the target image from a small 
aperture data set. Given a small aperture data set, the 
FFr method cannot yield a high resolution image. We 
present here a new method called the matrix pencil 
(MP) method which can cope with a small aperture 
data set and yield a high resolution image. The 
computation of this method is also efficient compared 
with other available high resolution methods. 

This paper is organized as follows. In Section II, a 
model of the ISAR data is established. In Section III, 
the MP method is developed. In Section IV, a noise 
sensitivity analysis of the MP method is shown. In 
Section V, simulation results are provided. 

II. THE ISAR DATA MODEL 

The following assumptions are made throughout 
this paper. 

Assumption 1: The (rigid) target consists of 
point scatterers, and the reflection coefficient of each 
scaUerer is a (complex) constant. 

Assumption 2: The target is far away from the 
radar. 

With the above two assumptions, each narrowband 
pulse received by the radar (after being normalized by 
the transmitted signal) can be represented by complex 
envelope: 

I 
s(O,f) = � ai exp (_j4; fed + XiCOSO- YiSin9») 

,=1 
(1) 

where 0 denotes the angle position of the target 
(see Fig. 1) which is assumed to be constant during 
the (very short) interval of each pulse, f the carrier 
frequency of each narrowband pulse, ai the reflection 
coefficient of the ith scatterer, I the total number of 
point scatterers, c the wave velocity, d the distance 
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