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Abstract- Direction-of-arrival (DOA) estimation algorithms such as subspace based techniques have been extensively 
studied over the past few decades. However, these algorithms are not applicable to DOA estimation for coherent signals (i.e., 
fully correlated). As an attempt to remove the correlation between incident signals, a spatial differencing method (SDM) was 
proposed under the condition that both the uncorrelated and the coherent signals exist. By taking the advantage of the 
property that the information of the coherent signals can be extracted from the received data, SDM could increase the 
maximum number of resolvable sources. In several cases, however, the conventional SDM may fail to detect coherent 
signals because the conventional spatial differencing matrix is derived from the part of the covariance matrix. In this paper, a 
generalized spatial differencing method is proposed for DOA estimation of coherent signals by using the entire spatial 
differencing matrices. Through the simulations, the proposed method is confirmed that it resolve more coherent sources and 
also improve the accuracy of the DOA estimates. 
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I. INTRODUCTION 
 
Direction-of-arrival (DOA) estimation algorithms 
have been studied over the past few decades. 
Subspace based techniques, such as multiple signal 
classification (MUSIC) and minimum-norm (MN), 
have  been proposed to estimate the incident angles of  
narrowband  sources.  However, there is a problem 
that coherent sources, caused by multi-path 
environment, critically degrade the performance of 
these algorithms.  
 
To solve this problem, several preprocessing schemes 
have been developed.  First, a spatial smoothing 
scheme was proposed to decorrelate the incident 
signals. Spatial smoothing can resolve the coherent 
signals by constructing a spatially smoothed 
covariance matrix.  Second, the required number of 
antennas can be further decreased by using the 
enhanced techniques referred to as the 
forward/backward spatial smoothing (FBSS).  
 
Finally the improved spatial smoothing (ISS) 
increased the accuracy of DOA estimations, using 
cross-correlation terms of a spatial covariance matrix. 

To resolve more signals than the number of array 
elements, spatial differencing method (SDM) was 
proposed when the uncorrelated and the coherent 
sources simultaneously impinge on the uniform-linear 
array. By exploiting the property that the information 
of uncorrelated sources can be removed, DOA 
estimation for coherent signals can be effectively 
conducted.  
 
As a result, SDM can increase the maximum number 
of resolvable sources. However,  the  conventional  
SDM  technique may fail to estimate DOAs of the 
coherent sources because SDM uses only  the part of 
the covariance matrix. In this paper,  we present a 
new spatial differencing method by defining a new 
spatial differencing matrix where  whole information 
of  a  covariance matrix is used. By doing so, the 
proposed method increase the accuracy of the DOA 
estimates and the  detectable number of coherent 
signals.  
  
II. SPATIAL DIFFERENCING METHOD  
  
As an attempt to increase the number of detectable 
signals, SDM has successfully resolved  
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more coherent and uncorrelated sources than the 
number of antennas.  As shown in Fig.  1, DOAs of 
uncorrelated signals are estimated from the 
conventional covariance matrix at first. The coherent 
sources can be resolved by using a spatial 
differencing matrix, which contains only the 
information of DOAs for coherent signals. Exploiting  
the property that the covariance matrix of the 
uncorrelated signals is  a  to eplitz  matrix,  a  spatial 
differencing matrix D1 is obtained by 
 

 
 

 
 
III. A PROPOSED METHOD  
  
The conventional SDM extracts the information of 
coherent DOAs based on R1 (i.e., first sub-covariance 
matrix). However, additional spatial differencing 
matrices can be derived based on other sub-
covariance matrices. For example, spatial 
differencing matrix D3 is computed from the 
covariance matrix of 3rd subarray.  
 
In this paper, we derive the  rth spatial differencing 
matrix  and justify the generalized 
spatial differencing matrix which makes best use of 
the entire information of the received data.  
 
The rth spatial differencing matrix Dr and the 
generalized spatial differencing matrix D are defined 
by 

 
 

 
 
DOA estimations of the coherent sources are 
calculated by eigen-decomposition of D and DOA 
estimation algorithms. Estimation performance of the 
proposed method can be confirmed by simulations in 
the next section.   
  
IV. SIMULATION RESULT  
  
In this section, several simulations are conducted to 
evaluate the proposed technique.  For all simulations, 
the conventional SDM and the proposed SDM are 
carried out for comparison.  
 
At first, the root-mean-square-error (RMSE) of the 
DOA estimates is compared by using root-MUSIC 
algorithm.  
 
The number of uniform linear array elements is taken 
as M=9 with inter-element spacing  
Assume that two uncorrelated signals come from {-
500,-300}  and two groups of coherent sources  come 
from {0 , 10 } and {-300, -200, -600} .   
 
The RMSE of the DOA estimates versus the SNR and 
the number of snapshots are shown in Figs. 2 and 3. 
In each figure, the number of snapshots is taken as 
K=1000 and the SNR is taken as 10 dB.  
 
These figures show that the proposed SDM technique 
estimates the DOAs of coherent sources more 
accurately as the number of snapshots and the SNR 
increase. 
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In the second simulation, we compare the resolvable 
number of incident signals. The number of sensors is 
taken as M =12 and we assume that the three 
uncorrelated sources and ten coherent sources come 
to the uniform linear array.  Ten independent runs 
using MUSIC spectrums of the conventional and the 
proposed method are shown in Figs. 4 and 5. From 
these figures, we confirm that the proposed method 
can resolve more sources than the conventional SDM 
technique.  
  

CONCLUSION  
  
A spatial differencing method has been studied for 
resolving DOAs of the coherent and the uncorrelated 
sources more than the number of array elements.  In 
several cases, however, the conventional SDM failed 
to detect coherent signals because the conventional 
spatial differencing matrix was derived from the part 
of the spatial covariance matrix. In this paper, we 
proposed a generalized spatial differencing method 
for DOA estimation of the coherent signals by using 
the entire spatial differencing matrices. The proposed 
method does not only improve the accuracy of the 
DOA estimates but also increases the number of 
detectable coherent sources.  Accordingly, it is 
expected to be realized more effectively in various 
applications such as radar, sonar, and smart antenna 
systems.  
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