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Abstract 

We present, in this thesis, several novel ways of looking at the problems of wideband 

DOA estimation and beamforming via uniform linear arrays (ULA's). The choice of the ULA 

structure for our studies has been governed by its elegant mathematical characterization. The 

issues of interest in this thesis are those concerning maximum likelihood DOA estimation for 

wideband sources in spatially white Gaussian noise, optimum beamforming for wideband 

sources, DOA estimation in the presence of spatially correlated noise, design of robust 

beamformers and, finally, "spatial only" DOA estimation algorithms for wideband sources. 

First, we obtain a 2-D linear predictor polynomial characterization of the spatial- 

temporal data at the output of a uniform linear array, assuming a harmonic model for 

broadband sources. This polynomial, it is shown, has the required DOA information 

embedded in its frequency dependent roots. It is further shown that methods like IQML and 

several of its later modifications can be suitably adapted for estimating the coefficients of this 

polynomial. Rooting of this polynomial at various harmonically related frequencies yields a 

set of frequency dependent DOA's, which can be combined in a least-squares framework to 

yield pseudo-ML estimates of the DOA's. It is shown that the performance of the proposed 

method is close to the Cramer-Rao bound in most situations of interest. Although based on 

a harmonic model for the source spectrum, the approach is seen to be robust; it does not 

break down when this assumption is violated, but degrades gracefully in performance with 

deviations from the harmonicity assumption. 

We next examine the optimum beamforming problem for the broadband sources. It is 

shown that the polynomial model for the ULA space-time data also provides an appropriate 

framework for formulating three different types of optimum beamformers for the broadband 

sources, viz., the optimum combiner beamformer, the optimum notch or null steering 

beamformer, and the optimum interference-plus-noise rejector beamformer, all based on 

IQML (or modified IQML) estimation of the generating polynomial. These beamformers 

differ from the conventional broadband beamformers in that they are able to handle correlated 

sources and interferences (arising from multipath or smart jammers) with great ease, without 

the need for pre-processing techniques like spatial smoothing. 

The next problem that we consider is that of estimation of the DOA's in the presence 

of spatially correlated noise of unknown covariance matrix. Unlike previous work, our aim 

here is to formulate a solution without any structural assumptions or parameterization of the 
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signal and noise covariances. Once again the tool employed is the polynomial characterization 

of the "spatial" or "spatial-temporal" data of a uniform linear array. It is now shown that this 

characterization provides a very convenient framework for obtaining a modified ML (MML) 

estimate of the unknown noise covariance matrix via a suitable projection of the observed 

covariance matrix onto a space which is the orthogonal complement of the so-called signal 

subspace. This, in turn, leads to the formulation of a cost function which is derived from the 

likelihood function, and which can be maximized by suitable search algorithms. A simple 

approximation of this function is also proposed which enables solution of the problem by 

using simple algorithms like IQML or its variants. The MML approach is shown, through 

simulation studies, to outperform the MAP approach proposed earlier in the literature, and is 

found to be robust against correlated signals and/or interferences. 

In the rest of the work, we look at the broadband beamforming and DOA estimation 

problems once again, but from a different perspective. The motivation here is to investigate 

the effectiveness of using "spatial only" type processing to handle broadband sources and 

interferences. 

Motivated by the recently proposed robust Hung-turner beamformer, we first propose 

an alternative "robust" beamformer using only a narrowband configuration, which can cause 

rejection of wideband and moving jammers more effectively. Basically, the ability of "flat" 

or "broad" nulls to provide robustness to wideband and moving jammers has been fully 

exploited here. This flatness is achieved by incorporating derivative constraints in the jammers 

and interference directions. However, since the jammer directions are not known a-priori, it 

is shown that a maximum likelihood characterization of the jammer subspace is an appropriate 

framework for formulating these derivative constraints. Furthermore, for the case of linear 

arrays, the elegant generating polynomial model for the array data enables estimations of the 

jammer subspace via the IQML class of algorithms. This, in turn, leads us to the formulation 

of a so-called "robust IQML beamformer" which greatly improves upon the performance of 

the "robust Hung-Turner" algorithm. In fact, simulation results show that the robust IQML 

beamformer yields nearly optimal performance for a wide range of wideband and moving 

jammer scenarios, with the help of just a few derivative constraints. 

Finally, we consider the possibility of high resolution DOA estimation of broadband 

sources using "spatial only" processing. The motivation for looking for such algorithms is 

provided by some recent results in the literature which suggest, through the computation of 
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appropriate Cramer-Rao bounds, that in many applications of practical- interest, there is little 

to gain by using detailed prior knowledge of the source power spectrum which, in any case, 

is rarely available. Use of space-time processing in such cases, to enable the processor to 

model the complete spatio-temporal source spectrum, is therefore not warranted. 

Consequently, we propose some algorithms for such "spatial only" processing, which neither 

use a tapped delay line at the sensor outputs, nor use separate processing at each frequency. 

Since DOA estimation is our primary concern here, we employ a "gross" model for the source 

temporal power spectrum, assuming it to have a "flat" shape over the bandwidth of interest. 

This, in turn, leads us to the formulation of two "search" or "cost" functions for the DOA's 

of the sources - one requiring a multidimensional search over the parameter space of unknown 

DOA's, and the other, a simple one dimensional MUSIC like search. While both the cost 

functions generally lead to good performance, the multi-dimensional cost function is seen to 

be specially useful for adverse conditions like closely spaced sources, or DOA estimation in 

the presence of correlated sources. Finally, it is demonstrated that the method proposed here 

is not unduly sensitive to the assumption of a flat power spectrum. Its performance is seen 

to be affected only marginally by the deviation of the actual power spectrum from a "flat" 
one. 
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