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Abstract- The Multiple Signal Classification method MUSIC 

algorithm work for direction of arrival estimation (DOA’s) with 

high resolution but fails in case of correlated sources, and the 

Bartllet algorithm work for correlated and uncorrelated with 

poor resolution also need more number of element to improved 

resolution. In this paper we introduce a modified DOA estimation 

technique based on a connected between MUSIC and Barttlet 

algorithms and modified correlation matrix using Diagonal 

Loading. 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 

signals of different incoming angles. Compared to conventional 

MUSIC and Bartllet, the results indicate that the modified 

algorithm has enhanced the MUSIC capabilities in DOA 

estimation of correlated sources and  Bartllet resolution 

enhancement up to 45%. 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- Direction of Arrival (DOA), Multiple Signal 

Classification (MUSIC). 

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]. On the other hand, 

example for the conventional  method is Bartlett estimator [2]. 

In this paper, we introduce a new modified MUSIC and 

Bartlett techniques for DOA estimation of narrowband signals 

with high resolution angles. The new concept of DOA 

estimation is described and the mathematical new concept of 

MUSIC 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 uncorrelated and correlated then compared with 

conventional MUSIC and Bartlett. MATLAB simulations are 

used to compare the proposed method performance with 

conventional  MUCIS and Bartllet DOA’s estimation methods. 

II. BARTLETT METHOD. 

Bartlett method is also referred to as the conventional 

beamforming method (CBF), the idea is to scan across the 

angular region of interest (usually in discrete steps), and 

whichever direction produces the largest output power is the 

estimate of the desired signal’s direction. “Fig. 1”, show the 

block diagram of the delay-and-sum beamforming. 

 
Figure 1. BARTLETT beamforming block diagram. 

 

The problem of maximizing the output power is then 

formulated as: 
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     where the assumption of spatially white noise is used. To 

obtain a non-trivial solution, the norm of w is constrained to 

1=w  when carrying out the above maximization. The 

resulting solution is then [2]. 
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   The above weight vector can be interpreted as a spatial 

filter, which has been matched to impinging signal. Intuitively, 

the array weighting equalizes the delays (and possibly 
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attenuations) experienced by the signal on various sensors to 

maximally combine their respective contributions. 

Inserting the weighting vector in equation (2) into equation 

(1) the output power of the beamformer is obtained by [2]: 
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This quantity is also referred to as the spatial spectrum and 

the estimate of the true DOA is the angle θ that corresponds to 

the peak value of the output power spectrum [4]. 

 

III.SIMULATION RESULTS FOR THE BARTLETT METHOD  

Computer program is constructed using Matlab to evaluate 

the performance of Bartlett method. Three signals are 

simulated and assumed to be arrived from directions 1 , 2  

and 3 . It is assumed that these signals single sources that they 

arrived from three independent sources largely separated in the 

space. This means that their angles of arrival are faraway

]40,0,30[ −=Θ . The signal to noise ratio is assumed to be 

a varying   variable during the simulation where it varies from -

10 dB to 10 dB for each signal. The array is considered to be a 

linear array consisting of 11 elements separated by half the 

wavelength. The array covariance matrix 
XXR  and the spatial 

spectrum of the Bartlett method are evaluated by 128 

snapshots. The Bartlett spatial spectrum is plotted in “Fig. 2”, 

for different values of the signal to noise ratio. 

 
Figure 3. The effect of SNR on Bartlett's method 

 
   It is clear from “Fig. 3”, that, the Bartlett Method can 

estimate the correct direction of arrival. “Fig. 3”,  indicates that 

the performance of the Bartlett method degrades as the SNR 

decreases. It is shown that in Figure 2 the DOA of the signals 

source cannot be determined exactly when SNR = -10dB. The 

performance improved as the SNR increases until SNR = 

10dB, then the performance of Bartlett method does not effect 

by increasing SNR, which indicate that the SNR does not effect      

on the resolution of Bartlett method. 

  The number of array elements is assumed to be a varying 

variable during the simulation where it varies
 
from 19 to 19 

elements. The other parameters are 128 snapshot and           

SNR = 10dB. It is clear from “Fig. 4”, that, the Bartlett Method 

depends on the increasing number of array elements to estimate 

better of the DOAs of targets, which indicate that the number 

of array elements effect on the resolution of Bartlett method.
  

 
 

Figure 4. The effect number of elements on Bartlett's method. 

 

III. MUSIC ALGORITHM 

          
The MUSIC algorithm, first proposed in 1979 by R. O. 

Schmidt [1], [4], The word MUSIC is an abbreviation of 

(Multiple Signal Classification). This method exploits the 

eigen-structure of the signals covariance matrix. 

We know that the eigenvalues of Rx  (λ0 , λ2,………. λ M-1)  

satisfy that: 

                                        0=− IR mx                                      (3) 
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Which means that the matrix [A( )RsAH( )] has the eigen-

values vm where 
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Since )(A  is composed of steering vectors which are 

linearly independent, it has full column rank. Thus the matrix 

[A( )RssAH( )] has MxM dimensions, and it has D rank, 

which means that there are M-D of the eigen-values of  [A(

)RssAH( )] equal to zeros [1]. Thus, from (5) we get, K= M-D, 

of eigenvalues of Rx are equal to the noise variance 
2

n   

                                      
=−1MD ,   2

n                               (6) 

So computing the multiplicity (K) of the smallest eigenvalues, 

one can estimate the number of signals D̂  as follows: 

                                             D̂ =M-K                                     (7) 

The eigenvector associated with m , is the vector me such that 

                                 
0e)IR( mmx =− 

                             (8) 

For eigenvectors associated with the M-D smallest eigenvalues, 

we have. 
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Since A is full rank and Rs is nonsingular, this implies 

                                        0e)(A m
H =                               (11) 

Equivalent to that we can write: 

 



463 
ICTS32830112020-CM3012 

 

                                     



















=





















−
0

0

0

)(

)(

)(

1

1

0



mD

H

m

H

m

H

ea

ea

ea







                             (12) 

 

This relation means that the eigenvectors associated with M-D 

smallest eigenvalues are orthogonal to the D steering vectors 

for )(A  as follows 

                     11110 ,,)(),(),( −+− ⊥ MDDD eeeaaa          (13) 

So we can estimate the steering vectors )(A associated with 

the received signals by finding the vectors which are most 

nearly orthogonal to the eigenvectors associated with the 

eigenvalues of Rx that are approximately equal to σn 2.  

From the orthogonality property of the steering vectors 

corresponding to the signal components and the noise subspace 

vectors we can write that 
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 Then the DOAs of the multiple incident signals can be 

estimated by locating the peaks of the MUSIC spectrum given 

by [4]. 
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As noticed from the denominator, the orthogonality between a(

 ) and En will make it minimum, and hence will increase 

fmusic( ). Hence the 


D  largest peaks of the MUSIC spectrum 

correspond to the DOAs of the signals impinging on the array. 

 

 

Figure 5. MUSIC method block diagram. 

IV.SIMULATION RESULTS FOR MUSIC METHOD 

Computer program is constructed using Matlab to evaluate 

the performance of MUSIC method. Three signals are 

simulated and assumed to be arrived from directions 1 , 2  

and 3 . It is assumed that these signals single sources that they 

arrived from three independent sources largely separated in the 

space. This means that their angles of arrival are faraway

]40,0,40[  −=
−

.  

  The signal to noise ratio is assumed to be a varying 

variable during the simulation where it varies from -10 dB to 

10 dB for each signal. The array is considered to be a linear 

array consisting of 11 elements separated by half the 

wavelength. The array covariance matrix 
xxR  and the spatial 

spectrum of the MUSIC method are evaluated by 128 

snapshots. MUSIC spatial spectrum is plotted in “Fig. 6”, for 

different values of the signal to noise ratio. It is clear from 

“Fig. 6”, that, the MUSIC Method can estimate the correct 

direction of arrival. “Fig. 5”,  indicates that the performance of 

the MUSIC method degrades as the SNR decreases. It is shown 

that in “Fig. 6”, the DOA of the signals source can be 

determined exactly when SNR = -5 dB. The performance 

improved as the SNR increases until SNR = 10dB, then the 

performance of MUSIC method does not effect by increasing 

SNR ,which indicate that the SNR does not effect on the 

resolution of MUSIC method. 

 
 

Figure 6. The effect of SNR on MUSIC method. 

 
 The number of array elements is assumed to be a 

varying variable during the simulation where it varies from 6 to 

21 elements. The other parameters are 128 snapshot and SNR = 

10dB. It is clear from “Fig. 7”, that, the MUSIC Method 

depends on the decreasing number of array elements to 

estimate better of the DOAs of targets, which indicate that the 

number of array elements effect on the resolution of MUSIC 

method. 

 

 
FIgure 7. The effect of number of elements on MUSIC 

method. 

 

 A simulation program has been carried out to verify 

the capability of the MUSIC algorithm estimator. In the 
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simulation we considered the same assumptions that we have 

taken in the previous simulation program of the MUSIC except 

that the two signals completely coherent coming from the at 

angles of arrival ]30,40[  −=Coherent
. “Fig. 7”, shows the 

spatial spectral function obtained by the MUSIC algorithm in 

the case of correlated signal. It is seen that the direction of both 

the correlated signals at -40o and -30o could not be estimated 

clearly, this means that, MUSIC algorithm cannot estimate the 

corresponding DOA of each signal. 

 
Figure 8.The MUSIC method in the coherent case. 

V.ROBUST MUSIC FOR HIGH RESOLUTION COHERENT 

DOA’S USING DIAGONAL LOADING 

         The resolution DOA's depend on SNR and closely 

separation DOA signals by calculate the array input covariance 

matrix, the covariance matrix can decompose into Eigen-

structure subspace (noise and signal). by reduce the effect the 

noise in covariance matrix, this by reduce the Eigen-values of 

noise and signal and replace with new correlation matrix 

dependent on next equation by connecting between MUSIC 

and Bartlett algorithms as shown “Fig. 9”. 

 
Figur 9. Block diagram of Bartlett-MUSIC. 

  The MUSIC algorithm depends on Eigen-value  

decomposition of XXR , the noise subspaces are 

}......,{ 321 Mdddn eeeeE +++=
and Eigen values of noise are

}......,{ 321 Mdddn  +++= . the spatial spectrum 

formula of DOA ‘s based on MUSIC and Bartlett algorithms 

are:   

1- Then the DOAs of the multiple incident signals can be 

estimated by locating the peaks of the MUSIC spectrum given 

by: 
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2- The weights vector of Bartlett algorithm is: 
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 Where the   amount of discretion is loaded. This is 

done using the DL method to improve the algorithm, to obtain 

Load algorithm, which is based on the sampling covariance 

matrix DL algorithm. This loading technique adds a fixed value 

diagonally with the correlation matrix to reduce the signal 

cancellation for direction errors. The robust correlation matrix 

is given by [6]. This technique attempts to overcome the 

adaptive approach by using the following equations to 

estimate.  

MXXDLxxR IR −=)(
                                                         (7) 

 Where α is a positive diagonal loading weights vector 

of Bartlett algorithm. I represents a unit matrix. with RXX 

replaced by the signal free correlation matrix and the loading 

factor: 

),........,,,(| 4321 Mwwwww=                                        (8) 

We know the new BMR −  generation from more robust using 

the weights vector of Bartlett  [5]. 
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Where the S  is diagonal of  XXR  Eigen-values 
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Then reconstruction the correlation matrix as: 

                                HMB VSURsvd =− )(                              (19) 

         From the orthogonality property of the steering vectors 

corresponding to the signal components and the noise subspace 

vectors we can write that: 
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VI. SIMULATION RESULTS 

 A coded simulation has been carried out to evaluate 

this method. In the simulation, we assume that three the two 

signals completely coherent s1(t) and s2 (t) respectively coming 

from the at angles of arrival 0 -40 and 40 degrees impinging a 
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linear array of number of elements (M=11). The three signals 

are assumed to have equal signal to noise ratio SNR= 0 dB, the 

number of snapshots taken from the array is N=128. The 

detected signals computed using proposed algorithm against 

angles are shown in “Fig. 10”, 

 

Figure 10. The Spatial Spectrum of the proposed method 

 It is obvious that the detected peaks indicating the 

DOAs of the two signals which typically agree with the 

incident signal. Here in “Fig.11”, the proposed algorithm gives 

accurate DOAs estimations compared with Bartlett , MUSIC 

and Spatial Smoothing MUSIC, and all the sources are detected 

even if the DOAs of the sources are coherent, whereas in the 

same Figure the MUSIC algorithm with fails to detect the three 

sources and the Bartlett method detect angles with poor  

resolution. A new modified proposed method can detect the 

two incoming signals more efficiently compared to other 

methods. The proposed method can introduce enhancement in 

incoming signal detection up to 45% compared to conventional 

algorithms. 

 

Figure 10. Compassion the Bartlett, MUSIC, and proposed for 

Coherent sources, SNR=0 dB. 

 In other case, assumed that the SNR= -5 dB, “Fig.12”, 

shows the spatial spectral function obtained by the MUSIC 

Bartlett  and proposed algorithm in case of correlated signals, It 

is seen that the direction of both the correlated signals at  -40° 

and 0° could not be estimated clearly using MUSIC Bartlett. 

and shows it is clear from simulations that, the proposed 

algorithm (Bartlett, MUSIC) can estimate the correct direction 

of arrival when the incident signals are assumed to be 

uncorrelated. 

 
Figure 12. Compassion the Bartlett, MUSIC, and proposed for 

Coherent sources SNR=-5 dB. 

VII. CONCLUSION 

 The Bartlett method can estimate the correct direction 

of arrival, but when the SNR is low the spatial spectrum 

contains large side-lobes of relatively speeded width which 

degrade the accuracy of DOA estimation process, poor 

resolution. Also needs more time processing. The MUSIC can 

resolve uncorrelated sources only. And improve by spatial 

smoothing MUSIC can work with high resolution in coherent 

case by use number of elements and large time processing. The 

drawback is its large computational requirements. In this paper, 

we introduce a modified method for high resolutions of DOA 

estimation technique based on a Bartlett - MUSIC by connect 

the output Bartlett to MUSIC and improve correlation matrix 

using Diagonal Loading, the design of new robust algorithm  is 

proposed adaptive beamformers posses flexibly configurable 

beamwidth and response ripple in the robust response region. 

Moreover, the proposed beamformer designed based on These 

robust techniques are referred to as Fixed diagonal loading, the 

mathematical modification has been explained in details. The 

modified algorithm was examined for a uniform linear array 

antenna for correlated signals of different incoming angles. The 

modified algorithm has been examined for different correlated 

signals. Compared to conventional estimator, the results 

indicate that the modified algorithm has enhanced the MUSIC 

and Bartlett capabilities in DOA estimation angles resolution 

enhancement up to 45%, simulation results have been carried 

out to illustrate the superior performance of the proposed 

methods on beam-pattern control, output SINR enhancement 

and robustness against Moreover, in cases of very high 
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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. 
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