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 ESTIMATION EFFICIENCY, ACCURACY AND ROBUSTNESS IMPROVEMENT BY EXPLOITING 

THE GEOMETRY INFORMATION IN RADAR MOVING TARGETS DETECTION AND IMAGING
Xuepan Zhang*, Xuejing Zhang†, Bo Liu*

zhangxuepan@qxslab.cn, xjzhang7@163.com, liubo@qxslab.cn

* Qian Xuesen Laboratory of Space Technology, Beijing 100094, China.

†EE Department, Univ. of Electron. Sci. and Tech. of China, Chengdu, Sichuan 611731, China.

Suffering from ambiguous estimation or heavy computation complexity load, the radial velocity estimation of moving targets becomes the bottleneck of the synthetic aperture radar-ground moving target indication system. 

In order to improve the radial velocity estimation efficiency, we have proposed an efficient Radon transform (RT) estimation (ERTE) method by using the never exploited geometry information, which performs well in high 

SNR scenarios but bad for low SNR. Focusing on these, we propose the least square RT estimation (LSRTE) method to improve the estimation accuracy by utilizing the geometry information of multiple RT results. Given 

the geometry information determining measurement error, we modified the LSRTE into a weighted LSRTE (WLSRTE) method to improve the estimation robustness and accuracy. Experiments results validate the 

effectiveness of the proposed methods, and the proposed methods perform much more accurate and efficient than the conventional method. 
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Radial velocity can be estimated by range walk angle

And then the radial velocity estimation turns to 

angle estimation. Conventionally, the range walk 

angle is searched by the Radon transform with low 

efficiency, as shown in Fig.1(a).

By analyzing the projection nature of Radon 

t r a n s f o r m ,  w e  c a n  o b t a i n  t h e  g e o m e t r y 

relationship between the Radon transform results 

and the range walk angle

  cos 90L L    

Since the limited radial velocity brings limited 

range walk angle, and the absolute operation can 

be removed. And two Radon transform results can 

be written by

 sinL L   

 sinL L   

And the range walk angle can be estimated by 

using the formulas above as

And then the radial velocity of moving target 

can be obtained as

Key words: Parameters Estimation; Estimation Performance Improvement; Geometry information; Efficiency; Robustness
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Fig.1 Concept of efficiency Radon transform based 

estimation method. 

Fig.3 Radon transform used for 

clutter suppression.
Fig.4 Radon transform used for noise energy cancelling. Fig.6 Estimation robustness comparison versus 

SNR. 

Fig.7 Estimation accuracy comparison versus 

computing time. 

To improve the robustness further, we modified the geometry model as

which can be expanded as

Multiple Radon transform results, i.e.

And its matrix form can be written as

By using the least squared method, the range 

walk angle be estimated by

And then the radial velocity can be obtained.

To improve the robustness further, we modified the geometry model as

Geometry information is used to weight the error

And the angle can be estimated by the weighted 

least squared method

and
Fig.5 Concept of robust Radon transform based 

estimation method. 
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(b) Efficient sparse imaging results

(a) Sparse sampled real moving target results

(c)(d) show the efficient compressing sensing imaging results

Fractional Fourier transform ranges
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Fractional Fourier transform angles

Fig.10 Concept of efficient compressed sensing method. 

Fig.8 SAR and moving targets detection results. Fig.9  Moving target imaging and localization reuslts. 

Fig.11 Real data processing.  Fig.12 Imaging results comparison. 
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Geometry information can also be used such as 

efficient Doppler rate estimation.

By analyzing the nature of WVD, the edge of the 

searching based results can be parameterized as 

The Doppler rate can be estimated by

This can be further used for sparse imaging.

The compressed sensing model can be written 

by the discrete fractional Fourier transform as

And the geometry information of the two 

recovery results

are used for moving targets efficient sparse imaging by 
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Fig.2 Estimation performance comparison versus SNR. 
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By exploiting the geometry information, the estimation performance (efficiency, accuracy and robustness) can be improved. The concept of the methods can be used in the parameters estimation field, especially . 
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