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Abstract Recently, Wu et al. proposed a scheme for two-
dimensional (2-D) direction of arrival angle estimation 
(DOA) for azimuth and elevation angles, using the 
propagator method (PM). An advantage of this method 
over the classical subspace based algorithms, such as 
ESPRIT and MUSIC, is that it does not apply any 
eigenvalue decomposition (EVD) to the cross spectral 
matrix or singular value decomposition (SVD) to the 
received data. This significantly reduces the 
computational complexity, compared to the EVD and 
SVD. However, Wu’s method has some drawbacks such 
as pair matching between the azimuth and elevation angle 
estimations for multiple different sources. And 
furthermore, Wu’s method has an estimation failure 
problem in the range of practical mobile elevation angles. 
The objective of this paper is to overcome these two 
problems with less arithmetic operation counts than Wu 
used, and to improve the performance significantly. To 
achieve these objectives, we propose an antenna array 
configuration which avoids these problems. Simulation 
results verify that the proposed scheme can remove these 
problems and give much better performance.  
 
1. Introduction 

 
       Two-dimensional (2-D) directional of arrival angle 
(DOA) estimation for incident signals on an antenna 
element array has been studied [1]. It has also played an 
important role in many array signal processing fields such 
as radar, sonar, radio astronomy, seismic data processing, 
and mobile communication systems. MUSIC [2] and 
ESPRIT [3] have been regarded as the most popular 
subspace algorithms that yield DOA estimation of high 
resolution. However,these algorithms employ either eigen 
value decomposition (EVD) or singular value 
decomposition (SVD) which are still computationally 
extensive and time consuming especially when the 
number of antenna array elements N is larger than the 
number of incident signals. The EVD requires the 
computational complexity of order O(N3+MN2L), where L 
and M are the number of snapshots and the number of 
subarrays, respectively. 
 
       Recently, Wu et al. proposed a 2-D DOA estimation 
method using two parallel uniform linear arrays (ULAs). 
The Wu method in [4] has several drawbacks: 1) it 
requires a pair matching between the 2-D azimuth and 
elevation angle estimations; 2) it has an estimation failure 

problem when the elevation angles are between 70° and 
90°; and 3) it has performance degradation at low SNRs 
especially when the elevation angles are between 0° and 
20° and the azimuth angles are close to 0°. However, the 
elevation angles in typical mobile communication 
environments can be between 70° and 90°. Therefore, the 
Wu’s PM should be reconsidered for the mobile 
communication applications.  This is the motivation of 
our paper. 

 
       The objectives of our paper are: 1) to remove those 
problems in the Wu method [4]; and 2) to improve 
performance of the Wu method significantly even with a 
slightly smaller computational load than Wu used. To 
achieve these objectives, this paper proposes an antenna 
array configuration shown in Figure 1 and also employs 
the PM in [5]. The significances of this paper are: 1) the 
proposed method does not require any pair matching 

( , ) where  and  are the azimuth and elevation 
angle estimates for source i and source k, respectively; 2) 
the proposed method has no elevation angle estimation 
failure even if the elevation angles are between 70° and 
90°; and 3) the proposed method improves performance 
significantly, compared Wu in [4].  
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Section 2 presents the proposed 2-D DOA method. 
Section 3 shows simulation results. And Section 4 makes 
conclusions. 
 
2. Proposed Antenna Array Configuration for 2-D     

DOA Estimation 
 

       Figure 1 shows the proposed array configuration 
which consists of three uniform linear arrays with 
interspacing d equal to a half wavelength of incident 
signals where all sources use the same carrier frequency. 
The three uniform linear arrays in Figure 1 consist of N, 
N+1, and N elements, respectively. One array is placed in 
the x-y plane, another on the y-axis, and the last one in the 
y-z plane. Let X, Y, Z, and W denote the 1st, 2nd, 3rd, and 
4th subarrays of the proposed array configuration shown in 
Figure 1 

 
3. Simulation Results 
 
       For simulation, the spacing between the two adjacent 
elements in any uniform linear array was set to a half 
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wavelength of the incoming signals. Also 200=L  
number of snapshots per trial and 500 independent trials 
in total were tested. The root mean square error (RMSE) 
of the proposed DOA estimation scheme employs the 
parallel-shape configuration in Figure 1.  
Figure 2 shows the RMSE in degrees of the azimuth and 

elevation angle estimates ( )ii φθ ˆ,ˆ  from 0º to 90º with 5º 
increments for the parallel-shape algorithm [4]. We 
assumed K=1 single source and Ntotal=15 elements. And 
we set SNR=10 dB. Fig 3 shows the corresponding 
RMSE results for the proposed algorithm with Ntotal=13 
elements. We observe from Figs 2 and 3 that the proposed 
algorithm improves the performance significantly 
compared to the parallel-shape array in [4 . The average 

of the RMSE value over all possible pairs 

]

( )ii φθ ˆ,ˆ  for the 
proposed algorithm is .3923 in degrees whereas that for 
the parallel-shape algorithm in [4] is 0.9335 in degrees. In 
Fig 2, only the successful trail cases were counted for the 
RMSE calculation. We observe that the parallel-shape 
array in [4] shows many estimation failures when the 
elevation angles are between 70° and 90°.  

 
4. Conclusions 

 
       An antenna array configuration was proposed for the 
2-D azimuth and elevation angle estimation problem and 
compared with the parallel-shape configuration. The 
proposed method employs a PM which does not require 
any EVD or SVD but only a linear operation. The 
proposed 2-D DOA estimation scheme shows a 
significant improvement over the existing parallel shape 
scheme in [4]. In other words, 1) the proposed scheme 
does not require any pair matching for the 2-D DOA 
estimation problems whereas the parallel shape PM 
scheme in [4] does; and 2), the proposed algorithm shows 
no estimation failure for any pair of azimuth and 
elevation angles whereas the parallel-shape method in [4] 
can have a 50 % failure rate when the elevation DOA 
approaches 90°. 
 
5. References 

 
[1] P. Krekel, and E. Deprettere, “A two-diminsional version of the 

matrix pencil method to solve the DOA problem,” European 
Conference on Circuit Theory and Design, pp. 435-439, 1989. 

[2] R.  Schmidt, “Multiple emitter location and signal parameter 
estimation,” IEEE Trans. Antennas Propagation, vol. AP-34, pp. 
276-280, March 1986. 

[3] R. Roy, “ESPRIT-Estimation of signal Parameters via Rotational 
Invariance Techniques,” Ph.D. dissertation, Stanford Univ., 1987. 

[4] Y. Wu, G. Liao and H.C.So, “A fast algorithm for 2-D direction-
of-arrival estimation,” Signal Processing 83(2003), pp.1827-1831. 

[5] S. Marcos, A. Marsal, and M. Benidir, “The propagator method for 
source bearing estimation,” Signal Processing 42 (1995), pp. 121-
138. 
 

 

 

.

x

yelem en trefernce   

L

L

L

Zsubarray  

Xsubarray 

subarrayY

Wsubarray  

Z

( )d,0,0
( )dd ,,0 ( )ddN ,)1(,0 −

( )0,0,0 ( )0,,0 d ( )0,,0 N d

( )0,0,d
( )0,, dd

( )0,)1(, dNd −

 
Fig 1. The proposed array configuration used for the joint elevation and 

azimuth ( )φθ ,  DOA estimation. 

 
Fig 2. RMSE of joint elevation and azimuth angle estimations at 
SNR=10 dB for a single source, using the parallel shape [4] with 
Ntotal=15 elements. 

 
 

Fig 3. RMSE of joint elevation and azimuth angle estimations at 
SNR=10 dB for a single source, using the proposed Method with 
Ntotal=13 elements. 
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