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Abstract 
DOA computation is a major issues in several applications. This kinds of application found in remote wireless communication 

system, radar system, radio astronomy system, sonar system and navigation system. Determination of a  DOA computation will be 

improved using a antenna arrangement by an advanced signal processing procedure techniques. These DOA techniques have 

improved array antenna arrangements to process various receiving signals at array elements. These methods possess good 

capability to find a DOA of various sources. This work can elaborate implementation of DOA computation algorithmsMUSIC 

&ESPRIT based on a ULA in existence of various environmental noises. Execution of DOA  mainly depends on various input 

parameters like snapshots, No.of array sensors, SNR ratio. Simulation results found shows MUSIC & ESPRIT performance can 

be increased efficiently as no. of snapshot, no. of array components, SNR& angle between  2 target sources are enhanced. 
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--------------------------------------------------------------------***----------------------------------------------------------------------

1. INTRODUCTION 

In following current decade’s correct perception of DOA of 

signal has discovered numerous application such as RADAR 

system & communication systems, military& various other 

applications. For an instance, in case of commercial 

application it is very essential to find directions of crisis 

phone call to send an emergency rescue team sent to the 

exact location of a crisis. In defense application it is always 

necessary to find direction of threats to help them. If we 

consider case of a communication systems, goal of DOA 

estimation is to utilize information obtained at array sensor 

exhibit with sight direction of coming signals starting with 

those specified versatile clients. Also consequently the 

directions from claiming obstruction signals. The results of 

incoming DOA calculation measures used to vary the 

weights of an adaptive beam former, provided that a power 

radiated can be enhanced towards a desired user & radiation 

nulls  sets in a directions of a arriving incoming signal 

waves. 

 

If various sources operated in mean time, each source forms 

a various multipath elements at a receiver end& thus 

receiver arrays will find the angle of incoming arriving 

signal. Other various procedures to computerange of 

incidents signals on antenna array system & incidence angle 

are as follows Capon, Min-norm, Bartlett MUSIC, and 

ESPRIT. MUSIC & ESPRIT are largely used algorithms for 

DOA estimation. 

 

2. RELATED WORK 

DOA estimation uses the information got by array elements 

to discover a DOA of arrival signal. Array arrangement can 

be a receiving antenna structure that has ability to alter beam 

patterns by using internal feedback controls during its 

operation. Directions of incoming arrival signal & 

interferers are got using a DOA algorithm. DOA 

calculations can be then utilized by array sensor elements to 

outline the beam former in a unique approachto maximize 

radiated power towards signal of interest& to stifle 

interference. Thus angular resolution subspaced techniques 

like MUSIC& Modified MUSIC algorithms most broadly 

used 

 

3. PROPOSED ALGORITHM 

3.1 Design Considerations 

• Data formulation for ESPRIT and MUSIC. 

• Covariance matrix. 

• Eigen value and Eigen matrix. 

• Signal & noise subspace. 
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3.2Description of the Proposed ESPRIT Algorithm: 

The acronym of ESPRIT is Estimation of Signal Parameters 

via Rotational Invariance Techniques is subspaced DOA 

calculation  method. This algorithm used to discover DOA 

of incoming signal of various sources. The block diagram 

for executing ESPRIT as shown below. 

 

 
Fig 1. ESPRIT block diagram 

 

3.3 Mathematical model of ESPRIT 

The steps to perform ESPRIT  given as below 

Step 1 Collecting  a samples & covariance 

𝑅𝑥𝑥 =
1

𝑘
 𝑋𝑘 . 𝑋𝑘

𝐻

𝐾−1

𝑘=0

 

2: Eigen decomposition 

𝑅𝑥𝑥𝐸 = 𝐸⋀ 
 

Where 𝐸 is diagonal matrices of  corresponding vector 

            ˄is the eigenvalues 

 

3: Smallest Eigen value  given by a taking a minimum 
calculation of  the Step 2 

 

 4: Subspaced matrix given as below 

 

𝑣𝑒𝑐𝑡𝑜𝑟 =  
𝑣𝑒𝑐𝑡𝑜𝑟1 𝑣𝑒𝑐𝑡𝑜𝑟 2
𝑣𝑒𝑐𝑡𝑜𝑟 3 𝑣𝑒𝑐𝑡𝑜𝑟 4

  

 

5: DOA  can be given as 

 

𝐷𝑂𝐴 =  𝑐𝑜𝑠−1  
arg 𝑑𝑖𝑔𝑜𝑛𝑎𝑙 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠 

𝛽𝑑
  

 

Where β is distance between each sensor 

d is total distance 

 

3.4 Description of Proposed MUSIC Algorithm 

MUSIC is acronym which means Multiple Signal 

classification. This is determination numerical space DOA 

strategy that provides calculations of fluctuate of signal 

arriving, accordingly to course of entry. The algorithmic 

principle depends absolutely on expelling Eigen form of 

info fluctuation grid.  

 

 
Fig 2. MUSIC algorithm block diagram 

 
Above calculation utilized to illustrate Experimental and 

theoretical procedure’s involved in defining parameters of 

various signal coming at antenna arrays arrangement from 

measurement made on a signal obtained at array elements. 

The steps for executing MUSIC algorithm will be 

summarized as below: 

 

3.5 Mathematical Model of MUSIC 

Step 1:samples taken as𝑋𝑘estimate covariance matrix 

𝑅 𝑋𝑋 =
1

𝑘
 𝑋𝐾 .

𝐾=−1

𝐾=0

𝑋𝐾
𝐻  

 

2:Execute Eigen decomposition on 𝑅 𝑥𝑥  
 

𝑅 𝑥𝑥 𝐸 = 𝐸Λ 
 

WhereΛ= diagonal elements of Eigen matrixE

=diag (𝑄0,𝑄1 ,…𝑄𝑀−1,)are the corresponding Eigen vector of 

𝑅 𝑥𝑥  
 

3: Calculate No. of signals 𝐿  from a multiplicity K, of a 

smallest eigenvalue 𝜆𝑚𝑖𝑛  as an equation   𝐿 =M -K 
 

4:Calculatespectrum of MUSIC by following Equation. 

𝑃 𝑀𝑈𝑆𝐼𝐶  𝜃 =
        𝐴𝐻(𝜃)𝐴  (𝜃)     

𝐴𝐻(𝜃)𝐸𝑛𝐸𝑛
𝐻𝐴(𝜃)

 

 

Step 4: Obtain the highest peaks of 𝑃 𝑀𝑈𝑆𝐼𝐶  𝜃  to get  DOA 
of arriving incoming signal. 

 

4. SIMULATION RESULTS 

We analysed performance of a DOA computation with 

several source positions & various noise levels where a 

ESPRIT & MUSIC algorithm are implemented. In all 

analysis, it is assumes the same no. of sensors used unless 

mentioned otherwise. 
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A simulation carried by using anmatlab to evaluate ESPRIT 

& MUSIC algorithms. In the simulation, we assume that 

three uncorrelated narrow band signals impinges on a linear 

array antenna at angles of arrivals -45 , 0 and 45 . The three 

signals are assumed to have power of 1W, 1.5W and 2W, 

the no. of sources considered is N=12. Detected signals 
computed using two algorithms ESPRIT &MUSIC against 

different angles are shown in  following figures for various 

conditions. It is obvious fact that the detected highest peaks 

indicating the DOA of the three incoming signals typically 

agree with the incident signals. 

 

4.1 ESPRIT Simulation Results 

DOA of Signals: The graph shown below represents arrival 

of source incoming signals with noise, In the graph high 

peaks clearly represents the arrival of various incoming 

signals at an array elements& other lower peaks represents 
noise in the surrounding environment. 

 

Fig. 3. DOA of Signals with noise of ESPRIT 

 

Spatial spectrum: The graph shown below is used for 

representing a noise in surrounding environment. As 
distance between array sensors increases gradually noise 

will also increases. 

 

 
Fig. 4. ESPRIT spatial spectrum 

Spatial covariance: The below shown figure represents 

thespatial covariance matrice of ESPRIT. In case of spatial 

covariance as no. of array sensors increases accordingly 

noise surrounding an incoming  arriving signals also 

increase gradually as shown in below graph. 

 

 
Figure. 5. Spatial covariance Matrix 

 

Coherent Spectrum: The below graph shown below 

represents coherent spectrum of incoming arriving signal.In 

coherent spectrum pseudo spectrum  increases gradually  the 

angle in degree also increase accordingly, hence the 

accuracy also increases. 

 

 
Fig  6. Coherent Spectrum 

 

DOA Estimation: The below shown graph clearly 

represents Final DOA computation using ESPRIT 

algorithm. The peaks shown in this graph clearly represents 

arrival of the incoming signals at array elements. 
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Fig. 7. DOA computation using ESPRIT spectrum 

 

4.2 MUSIC Simulation Results 

DOA of signals: In MUSIC, the graph shown below 

precisely represent arrival of arriving signal in occurence of 

white  noise, high peaks shown in graph clearly describes 

the arrival of incoming signal at array elements and 

remaining other lower peaks in graph represents noise in the 

environment. 

 

 
 

Fig. 8. DOA of Signals with noise of MUSIC 

 

Spatial spectrum: The spectrum shown below clearly used 

to represent the noise present in surrounding environment. 

As distance between array elements increases gradually 

noise also increases accordingly. 

 
Fig. 9. MUSIC spatial spectrum 

 

Spatial covariance: The below shown figure represents 

spatial covariance in MUSIC algorithm. In case of spatial 

covariance as the number of array elements  of sytem 

increases noise also gradually increases gradually as shown  

below 

 

 
Fig. 10. Spatial covariance of Matrix  

 

Coherent spectrum: In figure shown below clearly 

represents MUSIC coherent spectrum. In coherent spectrum 

as pseudo spectrum increases gradually along the axes the 

angle in degree also increase along, as describe in below fig 

hence the accuracy of incoming signal  increases. 
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Fig  11. Coherent Spectrum 

 

DOA Estimation: The graph shown below clearly 

represents the Final DOA computation of MUSIC 

algorithm. The peaks seen in this graph clearly, represents 

arrival of  incoming signals at array elements. 

 

 
Fig. 12. DOA Estimation of MUSIC spectrum 

 

5. CONCLUSION 

The ESPRIT and MUSIC performed usingEigen values and 

Eigen vectors of the incoming signal and noises to 

calculateDOA of the arriving signal. It becomes easier to 

isolate the signals from noise as the Eigen vectors for signal 

& noise subspace that are orthogonal to each other. It works 

very efficiently when  signals that are being captured on the 

array of sensors are non-coherent. Efficiency of ESPRIT and 

MUSIC estimation techniques can enhanced by increasing 

array element spacing, increasing the no. of array sensors, 

no. of snapshots and improving the incidence angle 

difference between the incoming signals. 
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