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Array Model
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◆ K narrowband, spatially and temporally uncorrelated sources

◆ two uniform linear arrays (ULAs) :        sensors on x-axis  and        sensors on y-axis 

◆ the elevation and azimuth angles of the k-th signal ： and  

◆ the angles between the k-th signal and the x and y axes： and  

◆ the range of the k-th signal: 

◆ If        and        are determined,       and       can be uniquely identified. 
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nxn ( ) nyn ( ) represent the additive Gaussian noise vectors for the two ULAs, 

respectively. 
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1. Frame the received data

2 .Proposed  Method  

and         are divided into L frames according to the principle of maximum 

overlap in the time domain .The l-th (l = 1, 2, · · · , L) frame data can be expressed 

as:
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(7)

2. Construct the conjugate augmented cross-correlation matrix and subspace 

decomposition 
Select one array element from each of the two uniform arrays, then the delay cross-

correlation information of the received data of these two array elements is:
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where is the signal delay autocorrelation matrix.

By arranging                                 ,   we have
1 2, 1 1( )( 1,2, , 2 1)m mr l l L= −

* 2

0[ (1), (2), , (2 1)] ( ( , ) ( , ))xy xy xy xy y x ss w wL r r  = − = + R r r r A A R R (8)

where 0wR only has one nonzero element, that is, 0 (1, ) 1w L =R
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(9)

Taking advantage of the conjugate symmetry of the autocorrelation function of the 

signal delay, we have
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Calculate the covariance matrix of  as:

  4= =H H

xy xy xy s xy w wE +R R R A R A R (10)

Where        is the covariance matrix of signal delay autocorrelation matrix       ,

is extremely sparse, with only

sR ssR
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where
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The eigenvalue decomposition of

(11)

sU

nU

signal subspace

noise subspace

sΣ

nΣ

main eigenvalue matrix

small eigenvalue matrix

R

H H

s s s n n n= +R U Σ U U Σ U

3. Parameter decoupling

According to the relationship

between Khatri-Rao product and

Kronecker product, the above-

constructed delay cross-correlation

matrix (formula (8) ) can be rewritten

as:
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According to the symmetry of array structure,               can be decomposed into the 

following form 
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Then,                             can be rewritten as:* ( , ) ( , )y xr r a a
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We denote the columns of           as          ,thenxyR xya

(15)
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According to the property of the Kronecker product, we have

( )( )  = A B C D AC BD (15)
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can be rewritten as follows:xya
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We define              that is only related to        :( )C 
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Based on the rank reduction principle ,we can construct the MUSIC spectral 

function related to angle     :

( ) ( ) ( )H H

n n  =D C U U C (18)
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(18)

With the same operation as (16), we have 
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Based on (19), we can construct another MUSIC spectral function for angle      :
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4. Spectral peak search

We separately perform three 1-D searches to obtain estimates of the three 

parameters:
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There are six uncorrelated NF sources from    ,                 ,               ,                ,

and                      impinging onto a symmetric cross array with                     , i.e., 

the total number of elements of the cross array is 5. 

Performance test

3. Simulation Results

 20 35 0.2， ，  40 55 0.25， ，  60 80 0.3， ，  80 95 0.35， ，

 100 115 0.4， ，  120 135 0.45， ， 3x yN N= =



Performance versus SNR

3. Simulation Results

There are three uncorrelated NF sources impinging onto a symmetric cross array 
with                  , the number of snapshots, frames  and Monte Carlo trials are set to 
be 1000 ,100 and 500, respectively. 

5x yN N= =



Thanks for your attention!

4. Conclusions

➢ A new localization method for NF sources has been proposed 

using a cross array in this paper.

➢ Make full use of the space-time two-dimensional characteristics of 

the signal to improve the degree of freedom of the algorithm, and 

use mathematical knowledge and dimensionality reduction 

technology to reduce the complexity of the algorithm.

➢ This algorithm can realize direction finding under the condition 

of underdetermination, and can automatically match, achieving a 

good compromise between accuracy and complexity.


