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Abstract- In this paper we introduce a modified DOA estimation 

technique based on a modified maximum likelihood method. The 

mathematical modification has been explained in details. The 

modified algorithm was examined for a uniform linear array 

antenna for different correlated and un-correlated wideband 

signals of different incoming angles. The modified algorithm has 

been examined for different correlated and un-correlated signals. 

Compared to conventional Maximum likelihood estimator, the 

results indicate that the modified algorithm has enhanced the 

maximum likelihood capabilities in DOA estimation with 3dB 

angles resolution enhancement up to 66%. Moreover, in cases of 

very high resolution where the conventional estimator fails to 

distinguish the arrival signals, the modified estimator succeeded 

to distinguish the two incoming signals with very narrow 

resolution bandwidth. 

Index Terms—Adaptive Antennas, Direction of Arrival 

estimation (DOA), Maximum Likelihood (ML)), Wideband Signals. 

I.  INTRODUCTION 

Direction of Arrival (DOA) estimation is an important 
demanding problem for localizing multiple different targets in 
radar and mobile communication applications. Array antennas 
consist of a set of elements that are spatially distributed at 
locations with reference to a common fixed point in linear, 
planar or any other configuration. DOA can be estimated by 
processing the array element signals in adaptive algorithm. 
Several algorithms have been employed to process the incident 
signals for the DOA estimation. Based on the signal processing 
method, the DOA estimation can be mainly classified into 
subspace methods and parametric array processing methods. 
Examples for the subspace methods are Multiple Signal 
Classification (MUSIC) method [1], estimation of signal 
parameter via rotation invariance techniques (ESPRIT) method 
[2]. On the other hand, example for the parametric array 
method is Maximum Likelihood (ML) estimator [3]. 

For wideband signals, DOA estimation can be done, using 
either time domain processing or frequency- domain 
processing. In general; frequency domain approach is preferred 
with large bandwidth signals. The frequency domain is based 
on dividing the spectrum of the wideband signals from each 
element using the Fast Fourier transform (FFT). Next each 
frequency slot is processed by a narrowband processor [4]. In 
general, the subspace DOA estimation methods have simple 
computations but they have do not have good accuracy with 
highly correlated signals. The most common method is the 

MUSIC method which has high resolution but its performance 
becomes poor at low SNR. This problem can be overcome by 
employing parametric array processing methods. The 
maximum likelihood technique is a standard approach for 
solving parameter estimation problems such as those 
encountered in DOA estimation. On contrast to MUSIC 
algorithm, the ML estimator can resolve successfully correlated 
and uncorrelated signals. However, the main disadvantage of 
the ML technique is its inefficiency in DOA estimation of more 
than incoming signals with high resolution; multiple input 
signals with close angles of arrivals [7].  

In this paper, we introduce a new modified ML technique 
for DOA estimation of wide band signals with high resolution 
angles. The new concept of DOA estimation is described and 
the mathematical new concept of modified ML algorithm is 
discussed. The modified algorithm is examined to estimate the 
DOA in case of high resolution multiple incident signals. The 
modified algorithm is applied for different signal bandwidths 
and compared with conventional ML computations. Matlab 
simulations are used to compare the proposed method 
performance with conventional ML DOA estimation method. 

II. THEORY 

Assume the adaptive M element linear array antenna with 

constant spacing between the elements (d). Let  be the 
direction of arrival of the incident planer wave front as shown 

in “Fig. 1”,.The incident signal is a wideband signal S(t), the 

additive noise is N(t), and the steering matrix of the array 

antenna is A ().Thus, the received signal matrix X is [5]. 

NSAX  )(   (1)

 

Figure 1. An M element Linear Uniform Array Antenna 

  In ML technique, the ML estimate of the DOAs can be 

obtained by maximizing the Log-Likelihood function [3]. 
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where J () is the ML spatial spectrum, PA(Φ) is the projection 
operator which projects vectors into the subspace spanned by 

the column of A(Φ), Rxx is the covariance matrix between two 
incoming correlated signals [6]. The resolution of the DOA 

estimator is based on the eigenvector () of the covariance 

matrix. For high noise, the corresponding Eigen-values n are 
high and hence the DOA estimation is poor. The main idea in 

modifying the ML estimator is based on reducing the effect the 

noise in covariance matrix. This can be done by reducing the 

covariance matrix Eigen-values. A suggested modification in 

our work is to replace the diagonal of covariance matrix with 

new diagonal n as follow: 
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The Modified ML estimate of the DOAs can be obtained by 

reconstruct the new covariance matrix as  

                       
H

ModMLMod VSUR **
                        (7) 

The Modified ML estimate of the DOAs can be obtained by 

           ][max)(max )( MLModA RPtraceJ 



                           (8) 

III. RESULTS AND DISCUSSION 

In this section, we introduce the simulated results for 
examining the powerful of the proposed modified estimator. 
The modified algorithm has been examined for DOA 
estimation of two correlated signals. A linear broadside 
uniform array was used for this purpose.  The array antenna 

was designed to have an elements spacing was set = 0.45 to 
ensure the avoidance of grating lobes. The number of the array 
elements is 11 to achieve. Hence, the antenna directivity under 
uniform excitation, the antenna is around 10 dB.  

The two incoming signals of 50% fractional bandwidth and 

their incident angles along the array axis equals   so that the 

resolution = 2 degrees. The performance of the modified ML 
estimator algorithm has been checked for different values of 

incoming angles   under different SNR. The results were 
obtained through numerical simulation by calculating the 
spatial spectrum in each case. The numerical computing 
MATLAB was employed in the results extraction.  

To illustrate the modified ML estimator advantages, the 
DOA estimation using the conventional ML estimator and our 
modified one has been compared assuming the SNR of the two 
signals = 0 dB.  

In the beginning, the two incident signal directions are 
assumed to be ± 10 degrees. The normalized spatial spectrum 
computed using these two algorithms are plotted in “Fig. 2”, 

for the case =10. It is obvious that the modified ML estimator 
provide higher resolution. This can be explained by noticing 
the detected angles variation against the 3 dB drop of the 
partial spectrum peak. Conventional ML estimator has this 
angle bandwidth equals 12 degree approximately. On the other 
hand, this angle bandwidth is no more than 4 degrees. In other 
words, the DOA 3 dB resolution has been enhanced by 66%. 
Also, at the middle angle between the two detected signals, the 
spatial spectrum in the case of modified ML algorithm drops 
by 13 dB while it is only 10 dB in case of conventional ML 
algorithm.

 

Figure 2. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 10 degrees 
SNR= 10 dB, and BW=50%. 

 
From results in “Fig. 3”, we can claim that it is expected 

that the modified ML algorithm as a DOA estimator will be 
more powerful in case of higher incoming signal resolution. 
Thus, the modified ML algorithm has been applied to another 

two signals with case =5. The normalized spatial spectrum is 
shown in Fig. 3. It is clear that the conventional ML estimator 
detects only one incoming signal with 3 dB angles of arrival 
ranging from -10 to 10 degrees. Therefore, we can claim that it 
fails to distinguish the two incoming signals. On the other 
hand, the modified ML estimator succeeded to distinguish the 
two incoming signals. The 3 dB angle detection bandwidth is 
about 3 degrees. The drop in the spatial spectrum at the middle 
angle is approximately 7 dB. 
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Figure 3. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 5 degrees, 
SNR= 10 dB, and BW=50%. 

 
The effect of the SNR on the modified ML algorithm can 

be investigated by examining the algorithm for the former two 

incident signal cases for different SNR.  

 

Figure 4. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 10 degrees, 
SNR= 0 dB, and BW=50%. 

 

 

Figure 5. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 5 degrees, 
SNR= 0 dB, and BW=50%. 

Accordingly, for the case =10, the normalized spatial 
spectrum computed using these two algorithms are re-
calculated and plotted in Fig. 4”,. From the figure, we can 
claim that the conventional and modified ML algorithms can 
estimation can detect the two incoming signals. However, the 3 
dB resolution angle band is 12 degree in case of conventional 
ML estimator while it is only 6 degrees in the modified ML 
algorithm estimator. This means approximately 50% 
enhancement in the resolution angles.  

For the case =5, the normalized spatial spectrum 
computed using these two algorithms are re-calculated and 
plotted in Fig. 5. Similar to the data presented in Fig. 5”, the 
conventional ML estimator fails to detect the two incoming 
signal and detects only one incoming signal at incident angle = 
zero and 3 dB resolution angle raging from -10 to 10 degrees.  
On the other hand, the modified ML algorithm can detect two 
incoming signals with 3 dB resolution angle range of about 5 
degrees. However, the drop in the spatial spectrum at the 
middle angle is approximately 3 dB. 

A more intensive study for correlated and uncorrelated 

signals assuming different DOA angles, signal bandwidths, and 

SNR are investigated for the sake of good testing the modified 

ML estimator capabilities.  

As shown in Fig. 6”, the normalized spatial spectrum 

computed using our modified ML algorithm versus the 

conventional one for the case of the case =5, and fractional 
bandwidth = 30% is plotted in Fig. 6. As shown in the figure, 

the modified ML algorithm is able to detect the two incident 

signals with 3 dB resolution angle of about 3 degrees and the 

spatial spectrum drops down to less than -10 dB at the middle 

angle (Zero). On the other hand, the conventional ML 
estimator fails to detect the two incoming signal and detects 

only one incoming signal at incident angle = zero and 3 dB 

resolution angle ranging from -10 to 10 degrees.  
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Figure 6. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 5 degrees 
SNR= 10 dB, and BW=30%. 

    For the case of increasing the fractional bandwidth the 

70%, and for the case of =10, 6, the normalized spatial 
spectrum computed using our modified ML algorithm versus 
the conventional one is plotted in Fig. 7. Similar to the results 
shown earlier in Fig. 3”, Fig. 5”, and Fig. 6”, for the conditions 
associated with them, the modified ML algorithm can detect 
the two incident signals with 3 dB resolution angle of about 5 
degrees and the spatial spectrum drops down to less than -5 dB 
at the middle angle (zero). On the other hand, the conventional 
ML estimator fails to detect the two incoming signals and it 
shows only one detected signal at zero angle with very high 3 
dB resolution angle from -10 to 10 degree 

 

Figure 7. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 10 degrees 
SNR= 10 dB, and BW=70%. 

 

For the sake of comparison, completeness of study, and 
confirming the SNR effect on the modified ML algorithm, the 
computed normalized spatial spectrum for fractional bandwidth 

=50%, and incident angles =10 are plotted in Fig.8”, for SNR 
= -10 dB. As shown in the Figure, we can observe that the 
modified ML algorithm cannot introduce further improvement 

over conventional one for =10.  
To investigate the limitation of modified algorithm versus 

the SNR, the computed normalized spatial spectrum for 

fractional bandwidth =50% and incident angles =5 are plotted 
in Fig. 9”,. As shown in the figure, both of the modified and 
conventional ML algorithm introduce poor DOA estimation 
since both of them failed to detect the two incoming signals 
with 3 dB resolution angle. Approximately, both can detect 
only incoming signal at zero.  

 

Figure 8. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 10 degrees, 
SNR= -10 dB and BW = 50%

 

Figure 9. The spatial spectrum of the ML and modified-ML 

estimator for correlated signals from angles = 5 degrees and 
SNR= -10 dB. 
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IV. CONCLUSION 

A new modified maximum likelihood has been presented 
for DOA estimation of high resolution wideband incident 
signals. The modified algorithm has been examined for DOA 
estimation of two correlated signals with different SNR, signal 
bandwidth, and incident angles. The results has illustrated that 
our modified ML algorithm estimator can detect the two 
incoming signals more efficiently compared to conventional 
ML algorithm. The modified ML algorithm can introduce 
enhancement in incoming signal detection up to 66% compared 
to conventional ML algorithm. The modified ML algorithm 
can differentiate between two incoming signals with incoming 
signal up to 5 degrees and down in SNR to 0 dB.  
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