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Abstract. The loss for degree of system freedom and mismatch of prior information based on registration 

based compensation method will result in a decline in the computation performance. In order to solve the 

above problems, an improved method is proposed where sparse recovery theory is applied instead of the 

sub-aperture smoothing operation. Firstly, it combines sparse recovery algorithm with MIMO radar system 

whose single frame data are equivalent to multi frame data of the phased array. Then the super resolution 

clutter space-time spectrum is gotten by utilizing the sparse recovery. After that the transition covariance 

matrix is calculated. Finally, the clutter covariance matrix is reconstructed by Capon spectrum. Compared 

with the conventional RBC (Registration Based Compensation) method, the method proposed doesn’t depend 

on sub-aperture smoothing operation and prior information. In addition, it is also steadier when the sensor 

error exists. The experimental simulation demonstrates the correction and feasibility of this method. 
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1. Introduction 

STAP (Space-Time Adaptive Processing) technology has a good effect on clutter suppression and strong 

active jamming. Meanwhile it improves the detection performance of ground moving targets [1-2]. The 

estimation accuracy of clutter covariance matrix directly determines the merits and demerits of clutter 

suppression performance of STAP. In the side-looking airborne radar case, we can use diagonal loading to 

the training sample unit on both sides of the unit to be detected to get the clutter covariance matrix. It makes 

the adaptive filter achieve optimal performance and the training sample unit is detected to meet the 

requirements of IID (Independent Identically Distributed). Once the radar in the non-side-looking case, the 

Doppler frequency of ground clutter produces serious distance dependence, which results in the training 

sample unit will never satisfy IID condition. All of these make the estimated clutter covariance matrix 

seriously curve. Thereby the performance of clutter suppression by STAP is also affected [3-5]. For 

short-range clutter, this situation is particularly prominent. 

To solve above problems, this paper proposes a distance compensation method based on sparse recovery 

[6-8] theory for airborne MIMO radar system. It is called M-SRBC method. Firstly, the single frame data in 

different range units of MIMO radar are equivalent to multi frame data of phased array radar. Secondly, it 

makes sparse process to the sparse clutter data of different range units, which discretizes the spatial domain 

and Doppler domain into many resolution cells and structures super complete basis matrix. Then it makes 

use of sparse recovery theory to obtain super resolution clutter spectrum and calculate the transitional 

covariance matrix. Finally it reconstructs the estimated clutter covariance matrix by the Capon, and obtains 

the transformation matrix by eigenvalue decomposition. The simulation results show that the M-SRBC 

method can effectively avoid the influence of the different distance unit inconsistency, which causes the 

clutter spectrum broadening. Meanwhile it solves the problem of clutter range compensation performance 

declining and keeps a good robustness when array error exists. 

2. Clutter Model and Signal Model 
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The number of transmitting array elements of the MIMO radar, the number of receiving array elements 

and the number of pulses are respectively M, N, K; The distance between the transmitting array elements and 

the receiving array elements are respectively
T

d and
R

d . 

The airborne MIMO radar clutter data in the lth distance loop are divided into several blocks. Then the 

airborne non-side-looking radar meets the following spatial coupling relationship: 
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Where   is the emission wavelength, V is the aircraft speed,  is the angle between speed and 

antenna array; ,D if  and ,S if  are respectively the Doppler frequency and spatial frequency corresponding to 

the ith clutter block; i  and ( / )i larcsin H R   are the azimuth angle and elevation angle in the ith 

clutter block. 

According to the space-time coupling relationship of airborne MIMO radar, we can see that the Doppler 

frequency and spatial frequency have following relations: 
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Where 2 /D,mf V   is the maximum Doppler frequency of clutter; lR  is the slant distance of the radar 

relative to the lth distance gate. 

The echo data can be expressed as the superposition of several discrete clutter blocks on the range gate: 

                       (4) 

Where G is the number of discrete clutter blocks, i  is the scattering coefficient of the ith clutter block, 

( , )i T Sw wS  is the transmitting-receiving-time three-dimensional steering vector corresponding to the ith 

clutter block, Sw  and Tw  are respectively the spatial angular frequency and time angular frequency. 

The echo data of the lth range unit is equivalent to the following matrix form: 

                            (5) 

Where , ( 1,2,..., )l m m Mx  is the echo data corresponding to the mth emission waveform. 
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Where , ,( )
tS i S iwS , , ,( )

rS i S iwS  and , ,( )T i T iwS  are respectively the emission space steering vector, the 

received spatial steering vector and the time domain steering vector corresponding to the ith clutter block, 

  is the Kronecker product. 

, ,

, ,

, ,

j j( 1)

, ,

j j ( 1)

, ,

j j( 1)

, ,

( ) 1 e e

( ) 1 e e

( ) 1 e e

T i T i

S i S i

t t

S i S i

r r

T
w K w

T i T i

T
w M w

S i S i

T
w N w

S i S i

w     

w     

w     









  
 


   


  

 

S

S

S

                      (7) 

Where , ,2 /T i D i prfw f f  , , ,2 /S i R S iw d f   ; prff  is the pulse repetition frequency ,   is the 

ratio between the transmitting element distance and the receiving element distance. 

3. Improved Method 

The clutter data of each distance ring is formed by the superposition of many space-time three 

dimensional steering vectors. Therefore the clutter data in the lth distance ring can be expressed as: 
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Where j  is the plural amplitude corresponding to the jth space-time two dimensional steering vector 

of the clutter is represented; l  is the frequency distribution of the clutter data in the lth distance ring, l  

is over-complete matrix size S DMNK N N
: 
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Where S SN N  and D DN K
  are the resolution cells obtained by quantifying the spatial frequency 

and the Doppler frequency; S  and D  are the quantization scale of spatial frequency and Doppler 

frequency, in order to obtain accurate space-time distribution characteristics, the values greater than 1 in 

general. 

The space-time spectrum l  can be obtained in the case of lX  and l
  are known. Because of the 

matrix l  is over-complete ( ), so we need to solve the underdetermined equation. According 

to the sparse recovery theory, when the vector is sparse, the underdetermined equation can be solved 

efficiently: 
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Where ˆ
l  is the space-time spectrum estimation,  is the pL  norm,   is the matching error. 

At last, the sparse covariance matrix is calculated by the space-time spectrum estimation ˆ
l  and the 

over-complete matrix l  of different distance units: 
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Where ˆ( )l
i  is the ith element in the space-time spectrum ˆ

l  of the lth distance unit, ,i l
  is the ith 

column data in over-complete matrix 
l

 , ( )H  is conjugate transpose, I  is zero matrix size S DMNK N N . 

We choose P discrete points from the angle-Doppler frequency distribution curve on the lth distance 

ring( 2P MNK ). Because of the clutter spectrum intensity can be directly reflected by Capon, so the 

scattering coefficient at the tth scattering point can be shown by , ,
( , )

S t T t
P w w , then the covariance matrix 

estimation without compensation is reconstructed: 
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Where ,S t
w  and ,T t

w  are the spatial angular frequency and time angular frequency on the 

angle-Doppler frequency distribution curve of the tth scattering points; , ,
( , )

S t T t
w wW  is the sparse 

space-time three-dimensional steering vector; , ,
( , )

S t T t
w wW  is the space-time three-dimensional steering 

vector on the space-time plane. 

The Lth training sample unit is designated as the unit to be detected, then the clutter covariance matrix of 

the Lth distance unit is reconstructed. Now it is necessary to transform the clutter statistical properties of the 

lth distance to be the same as unit the unit to be detected: 
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Where 2  is the 2-norm of the matrix. Apply eigenvalue decomposition operation on ˆ
l

R  and ˆ
L

R : 
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Where l
V  and L

V  are the feature vector matrix, l


 and L


 are the corresponding eigenvalue matrix. 

The space-time transformation matrix is: 

1 2 1 2 H

l L L l l

T V V                                    (18) 

In order to make the clutter characteristics of the training unit to be consistent with the unit to be detected, 

the space-time transformation matrix l
T

 is used to the radar echo data to achieve the purpose of clutter 

range dependence compensation: 

l

H

l lX = T X                                         (19) 

4. Experimental Simulation 

Parameter settings: Height of aircraft flight is 6km, speed is 140m/s, wavelength is 0.23m, pulse 

repetition frequency is 2434.8Hz, maximum detection range is 800km, transmitting and receiving array 

element number are all 6, pulse number in one coherent processing interval is 6, the array element distance is 

0.115m, azimuth of beam center is 90 , CNR is 60dB. In order to simplify the problem, the distance 

ambiguity is not considered. 

In the experiment, the 70 units before and after the test unit (l=121) were taken as the training sample 

unit. The degree of spatial frequency discretization and the Doppler frequency discretization in the sparse 

recovery process are all 8,
 

8S D   ; the yaw angle is 3 . 

4.1 Clutter Power Spectrum Estimation 

In the cases of 5% array error, the real clutter power spectrum, the clutter power spectrum without 

compensation, the spectrum compensation method of phased array RBC and the spectrum compensation 

method of M-SRBC are compared. The results are shown in figure 1-2. 
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Fig. 1: The real clutter spectrum and the clutter spectrum without compensation 

By figure 1 analysis, in the case of non-side-looking, the short-range clutter has serious range 

dependence. The method of diagonal loading the training sample units on both sides of the unit to be 

detected has little effect, each clutter range unit has a serious aliasing phenomenon, the clutter power 

spectrum obviously broadening compared with the real clutter spectrum. 
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Fig. 2: Phased array RBC in array error case and MIMO RBC in array error case 

Comprehensive analysis of figure 2 shows that when there is priori information mismatch and array error, 

compared to the phased array RBC method, the M-SRBC method gives a better compensation performance. 

Meanwhile in the array error case, the M-SRBC method is little affected, although the system stability of the 

two methods are all decreased.  

4.2 Clutter Improvement Factor 
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The detection performance of the system can be described by IF (Improvement Factor), which is the ratio 

of the output SCNR (Signal to Clutter-plus-Noise Ratio) and the input SCNR. Figure 3 respectively show the 

comparison results of improvement factor and the local enlarged image of the phased array RBC, phased 

array sparse RBC and M-SRBC method. 
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Fig. 3: Improvement factor image of each method and Local enlarged image of IF 

By figure 3 analysis, three methods all have certain inhibition effect on clutter, but compared with the 

other two methods, M-SRBC method can form a deeper notch in the main lobe direction, the clutter 

suppression capability is more obvious. Compared with the phased array RBC method [9] and the phased 

array sparse RBC method [10], the clutter suppression performance of the M-SRBC method respectively 

increase 23.5dB and 9.8dB. 

5. Conclusion 

MIMO radar RBC method based on sparse recovery is proposed in which the single frame data of 

MIMO radar is equivalent to multi frame data of phased array. It uses sparse recovery instead of sub-aperture 

smoothing to preprocess clutter echo data. The clutter covariance matrix reconstruction is estimated by the 

Capon spectrum. At last the clutter range dependence compensation is achieved by the transformation matrix. 

Research shows that, compared with the other two methods, the M-SRBC method with full-aperture 

smoothing is no loss of freedom, which avoids the loss of sub-aperture and the priori information mismatch 

problem. In the case of array errors, it can also achieve distance dependent compensation. And clutter 

suppression performance is better. 
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