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Abstract - In signal process literature, direction of arrival 

denotes the direction from that typically a propagating wave 

arrives at some extent, wherever typically a collection of sensors 

square measure set. These set of detectors forms what is known as 

sensor array. This paper describes the survey that has the study of 

estimation of Direction of Arrival (DOA) and therefore the 

improvement of direction of arrival by numerous Evolutionary 

Algorithms (EA). It includes the study of antenna placements in 

numerous environments and their calculable parameters. 

Estimation algorithms embrace correlation, maximum likelihood, 

and MUSIC, liveliness and matrix pencil. Evolutionary 

Algorithms (EAs), square measure random search strategies that 

mimic the natural biological evolution and/or the social behaviour 

of species. These algorithms are developed to reach near-optimum 

solutions to large-scale improvement issues. The algorithms 

square measure random search, genetic algorithmic program, 

particle swarm, ant-colony systems, and shuffled frog jump. 

 

 Index Terms – Direction of Arrival (DOA), 

Estimation Algorithms, and optimization techniques. 

 

I.  INTRODUCTION 

 The need for Direction-of-Arrival estimation 

arises in several engineering applications together with wireless 

communications, radar, astronomy, and sonar, and navigation, 

chases of assorted objects; rescue and different emergency help 

devices. In its fashionable version, DOA estimation is typically 

studied as a part of the additional general field of array process. 

This field, particularly in earlier days, centred on radio direction 

finding – that is, estimating the direction of magnetic force 

waves contact on one or additional antennas. Over the last 

decade, Wireless Local Area Networks (WLANs) have 

received redoubled quality as a result of their flexibility and 

convenience. A high-speed rate is critical so as to accommodate 

the necessities of advanced services, like web broadcasting and 

conferencing. As a result of the increasing over usage of the low 

finish of the spectrum, folks began to explore the upper band 

for these applications, wherever additional spectrum is offered. 

With higher frequencies, higher rate and better user density, 

multipath weakening and cross interference become additional 

serious problems, leading to the degradation of Bit Error Rate 

(BER). To combat these issues and to realize higher 

communication capability, sensible antenna systems with 

reconciling beamforming capability have evidenced to be 

terribly effective in  suppression of the interference and 

multipath signals.  

Signal process aspects of sensible antenna systems 

have targeting the event of economical algorithms for Direction 

of Arrival (DOA) estimation and reconciling beamforming. The 

recent trends of reconciling beamforming drive the event of 

digital beamforming systems. DOA estimation employing a 

mounted antenna has several limitation. Antenna main-lobe 

beamwidth is reciprocally proportional to its physical size. 

Increase the accuracy of angle measuring by increasing the 

physical aperture of the receiving antenna is not invariably a 

sensible choice. Sure systems like a missile seeker or craft 

antenna have physical size limitations: thus they need 

comparatively wide main-lobe beamwidth.   

Consequently, the resolution is sort of poor and if there 

are multiple signals falling within the antenna main-lobe, it is 

tough to differentiate between them. Rather than employing a 

single antenna, Sensor array antenna system with innovative 

signal process will enhance the resolution of DOA estimation.  

Sensor array device system has multiple sensors distributed in 

areas. This array configuration provides abstraction samplings 

of the received wave. A device array has higher performance 

than the one device in signal reception and parameter 

estimation. 

 

II. DIRECTION OF ARRIVAL 

There is a matched relationship between the direction 

of a symbol and therefore the associated received steering 

vector. It ought to so be potential to invert the connection and 

estimate the direction of a symbol from the received signals. 

Associate antenna array so ought to be ready to offer for 

direction of arrival estimation. We have conjointly seen that 

there is a Fourier relationship between the beam pattern and 

therefore the excitation at the array. this enables the direction of 

arrival (DOA) estimation downside to be treated as comparable 

to spectral estimation. 
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Fig 1: Direction of Arrival Estimation 

 

 The problem established is shown in Fig. 1. 

many (M) signals collide with a linear, equally spaced, array 

with N components, every with direction θi. The goal of DOA 

estimation is to use the info received at the array to estimate θi, 

i = 1, . . .M. it's typically assumed that M &lt; N, although there 

exist approaches (such as most chance estimation) that don't 

place this constraint. In apply, the estimation is formed tough 

by the very fact that there area unit typically associate degree 

unknown range of signals striking on the array at the same time, 

every from unknown directions and with unknown amplitudes. 

Also, the received signals area unit forever corrupted by noise. 

all the same, there area unit many strategies to estimate the 

amount of signals and their directions. 

III.ESTIMATION ALGORITHMS 

 

The resolution of a signal Direction of Arrival (DoA) 

estimation is increased by an array antenna system with 

innovative signal process. Super resolution algorithms take 

advantage of array structures to raise the process the incoming 

signals. They also have the power to spot multiple targets. 

There are various super resolution algorithms as well as spectral 

estimation, model based , eigen-analysis. The varied DoA 

estimation algorithms are cramer-rao bound, maximum 

likelihood, MUSIC and esprit. 

 

A.MUSIC 

 

The MUSIC algorithm is one of the foremost standard and 

widely used subspace-based techniques for estimating the 

DoAs of multiple signal sources. The standard MUSIC 

algorithmic program involves a computationally exacting 

spectral search over the angle and, therefore, its implementation 

will be prohibitively expensive in real-world applications. 

Root-MUSIC algorithm enjoys a well reduced procedure 

complexity and an improve threshold estimation performance 

as compared to the spectral MUSIC approach, it is solely 

applicable to uniform linear arrays (ULA) or non-uniform 

linear arrays whose sensors area unit restricted to lie on an 

identical grid. Enhancement of DOA is by these two 

algorithms.With the use of MUSIC algorithm good antennas 

add a new risk of user separation by space through space 

Division Multiple Access (SDMA) . 

 The strategy is explicable in terms of the pure 

mathematics of complexspaces whereby the eigenstructure of 

the measured S matrix plays the central role. MUSIC algorithm 

provides asymptotically unbiased estimates of a general set of 

signal parameters approaching the Cramer-Rao accuracy 

bound. MUSIC models the data because the addition of point 

source emissions and noise instead of the convolution of an all 

pole transfer operate driven by a dissonance (i.e., autoregressive 

modeling, maximum entropy) or increasing a likelihood below 

the idea that the X vector is zero mean and gaussian (maximum 

chance for gaussian data). In geometric terms, MUSIC 

minimizes the space from the time to the signal subspace 

whereas most chance minimizes a weighted combination of all 

element distances. No assumptions are created concerning array 

geometry and the array parts could also be organized in an 

exceedingly regular or irregular pattern and should take issue or 

be identical in directional characteristics (amplitude/phase) 

provided their polarization characteristics are all identical. 

 

B. Maximum Likelihood Approach 

High resolution array processing algorithms for source 

localization known to be sensitive to errors within the model for 

sensor-array spacial response. particularly, unknown gain, 

phase, and mutual coupling are errors within the detector 

positions will seriously degrade the performance of array-

processing algorithms. The calibration formula describes the 

estimation of calibration matrix consisting of error coefficients 

furthermore because the detector positions employing a set of 

standardization sources in famed locations. The estimation of 

assorted parameters is predicated on a most probability 

approach. 

A new technique for DOA estimation within the presence 

of multipath propagation and mutual coupling for a Frequency 

Hopping (FH) system are measured. With the employment of 

pilot symbols and presumptuous good time-frequency 

synchronization for a linear array, the mutual coupling and 

multipath propagation are taken in account, and a maximum 

likelihood (ML) estimator for each the mutual coupling matrix 

and DOA estimation are represented. The formulation of an 

unvarying Alternating minimization (AM) formula for locating 

the mutual coupling and DOA parameters are utilized in an 

alternate manner. 

 

C. Cramer-Rao Bound 

 

Cramer-Rao lower-bound (CRB) expressions for the 

sensing element positions and therefore the calibration matrix 

are derived for higher accuracy and resolution in constant array-

processing algorithms. The calibration algorithmic eliminates 

the necessity to calibrate the array for the complete angular 

spectrum. it's able to compensate for time invariant and 

unknown mutual coupling, gain, and phase, yet as positions of 

the sensors. The CRB of the sensing element positions and 

therefore the parts of activity matrix comprising the mutual 

coupling, gain, and therefore the part terms of the sensors are 

derived to boost the accuracy and resolution of array process 

algorithms. 

 

 

D. ESPIRIT 

 

Its acronym stands for Estimation of Signal Paramter 

via Rotational Invariability Technique. ESPRIT is another 

parameter estimation technique, supported the actual fact that 
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within the steering vector, the signal at one component could be 

a constant section shift from the earlier component. This 

algorithmic rule is additional strong with regard to array 

imperfections than MUSIC. Computation quality and storage 

needs square measure not up to MUSIC because it doesn't 

involve intensive search throughout all attainable steering 

vectors. But, it explores the motility invariability property 

within the signal topological space created by two sub-arrays 

derived from original array with a translation invariability 

structure. it's based on the array components placed in identical 

displacement forming matched pairs, with M array components, 

leading to m=M/2 array pairs referred to as “doublets”. 

 

E. MATRIX PENCIL 

 

So far, the “adaptive” algorithms we tend to developed, the 

Maximum Likelihood Estimator, MUSIC and ESPRIT, are all 

captivated with associate estimate of the matrix R. Estimating 

this matrix may be a vital computation load as we would like a 

minimum of K samples of the info x (K snapshots) wherever K 

&gt; 2N. The inherent assumption is that each one K samples 

follow a similar statistics, i.e., the info is undiversified. In 

associate surroundings within which the weakening 

characteristics square measure speedily dynamic , this could not 

be valid. a lot of significantly, estimating the matrix is 

computationally intensive. This motivates the event of a “non-

statistical” or “direct knowledge domain” (D3) technique 

referred to as Matrix Pencil. Matrix Pencil was originally 

developed for the estimation of the poles of a system. However, 

it is applied likewise to DOA estimation. 

 

IV. EVOLUTIONARY ALGORITHM FOR 

OPTIMIZATION 

 

Evolutionary algorithms (EAs) are random search 

strategies that mimic the figure of speech of natural biological 

evolution and/or the social behavior of species. Examples 

include however ants realize the shortest route to a supply of 

food and the way birds realize their destination throughout 

migration. The behavior of such species is guided  by learning, 

adaptation, and evolution. To mimic the economical behavior 

of those species, numerous researchers have developed process 

systems that ask for quick and strong solutions to complicated 

improvement issues. The primary evolutionary-based technique 

introduced within the literature was the genetic algorithms 

(GAs). GAs were developed supported the Darwinian principle 

of the survival of the fittest’ and also the action of evolution 

through copy. Supported its incontestible ability to achieve 

near-optimum solutions to giant issues, the GAs technique has 

been utilized in several applications in science and engineering. 

Despite their edges, GAs might need long time interval for a 

close to optimum answer to evolve. Also, not all issues lend 

themselves well to an answer with GAs. 

In an effort to cut back time interval and improve the standard 

of solutions, notably to avoid being treed in native optima, 

different EAs are introduced throughout the past ten years. 

Additionally to numerous GA enhancements, recent 

developments in EAs embody four different techniques 

galvanized by totally different natural processes: memetic 

algorithms (MAs), Particle Swarm Optimization (PSO), 

antcolony systems, and Shuffled Frog Jump (SFL). A schematic 

diagram of the natural processes that the 5 algorithms mimic is 

shown in Fig. 2.In this paper, the 5 EAs given in Fig. 2. 

 

 
Fig 2: Five Evolutionary algorithms 

 

In general, EAs share a standard approach for his or 

her application to a given downside. The matter 1st needs some 

illustration to suit every methodology. Then, the biological 

process search formula is applied iteratively to reach a near-

optimum answer. A short description of the 5 algorithms is 

given within the following subsections. A number of the EAs 

area unit utilized in antenna improvement and their positioning. 

They embody genetic or generic formula, particle swarm 

improvement and random search. 

 

A. Generic algorithm 

 

GA is used as an improvement algorithm to reduce the 

DOA estimation error. Initial chromosomes consisting of 

binary numbers are created randomly to see the coordinates of 

the array parts. At all degree improvement in angle direction, 

and load each element by fifty ohm to get port current data 

induced by the sources. The array manifold of the simulated 

sample is calculated using phase amplitude and phase of the 

port current, and DOAs are estimated by the signal-subspace 

MUSIC algorithm. the root Mean square Error (RMSE) and 

side Lobe Level (SLL) is evaluated by the equation during this 

paper. 

 

B. Random search 

 

Random search could be a fair comparison and is 

carried out by evaluating 1000 freelance random samples with 

constant variety of price operate evaluations. The GA provides 

results higher than the random search and this valuate the 

efficiency of the GA method. 
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C. Particle swarm optimization 

 

 Particle swarm optimization is an algorithm capable of 

optimizing a non linear and multidimensional problem whereas 

requiring minimal improvement it reaches sensible solutions 

with efficiency. The fundamental thought of the algorithmic 

rule is to make a swarm of particles, that moves round the 

search area checking out their goal, the place that most 

accurately fits their desires given by a fitness perform. In nature, 

a bird flock flies in its setting longing for the simplest place to 

rest. The best place is a combination of characteristics like area 

for all the flock, food access, water access or the other relevant 

characteristics. PSO is additionally a procedure methodology 

that optimizes a tangle by up a candidate resolution with a given 

live of quality. It optimizes a tangle by having a population of 

candidate solutions and moving these particles around within 

the search area consistent with straightforward mathematical 

formulae over the particle’s position and rate. Every particle’s 

movement is influenced by its native best far-famed position 

and additionally target-hunting toward the simplest far-famed 

positions within the search area, that are updated as higher 

positions are found by alternative particles. This can be 

expected to maneuver the swarm toward the simplest solutions. 

 

V.CONCLUSION 

 

Since the DOA estimation is used in direction finding for 

various antenna designs and their estimation and optimizations 

are performed for better performance and to reduce the error 

caused by various estimation algorithm. The antenna positions 

are also formulated by optimization algorithm. A few papers are 

surveyed where each and every algorithm is performing better 

in their own assumptions and metric used. 
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