
 

                         Journal of critical reviews                                                                                                                       59 

 

Journal of Critical Reviews 
 

ISSN- 2394-5125         Vol 7, Issue 9, 2020 

IMPLEMENTATION OF ADAPTIVE BEAM STEERING FOR PHASED ARRAY ANTENNAS 
USING ENLMS ALGORITHM 

 

K. Aravind Rao1, K. Sai Raj2, Rohan Kumar Jain3, Md. Zia Ur Rahman4* 

1234Department of Electronics and Communication Engineering, Koneru Lakshmaiah Education Society, KL University, Green 
Fields, Vaddeswaram, Guntur, India. 

4*mdzr55@gmail.com  
 

Received: 10.03.2020                      Revised: 12.04.2020                    Accepted: 14.05.2020 

 

Abstract 
The growing demand for wireless communications services has junction rectifier to the event of latest technologies that profit of 
abstraction property. This is often achieved through smart antenna sets and also the algorithms that form adaptive beams. Smart 
antenna systems, among alternative components, provide incentives to extend network potency and improve service performance. The 
least mean sq. (LMS) formula was the foremost common theme used for sensible antenna systems at intervals the 
belief of adjustive beam-forming algorithms. Instead of quick exploitation for standardization, the traditional square of the error vector 
is used. The length of the error vector is that the occurring varies of iterations. As a result of the size of the step is normalized 
with reference to the error, this rule is called the ENLMS formula. At intervals the ENLMS rule, the time 
varying step size is proportional to the square of the error vector instead of the pc file vector as at intervals the NLMS. The results that 
the ENLMS assembly rate and a steady state error are extra interesting than the LMS rule. 
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INTRODUCTION 
The growth of mobile communications is often delineated as 
nothing but exceptional over the years. Because the range of 
individual’s exploitation mobile phones will increase, mobile 
phone communications corporations face the matter of 
accelerating the capability and coverage of their networks to stay 
up with demand. Alternative antenna base stations had to be 
erected to try and do this. Creating a great deal of visual pollution 
and better prices. Each day from Gregorian calendar month 1999 
to Gregorian calendar month 2002, the Optus mobile network 
spent around $2,321 billion on the installation of latest base 
station. So that its customers can relish nowadays. For wireless 
communication systems, good antennas have given assurance to 
supply substantial enhancements in network power and this will 
result in higher profits for telecommunications corporations, still 
as a decrease in calls that are born or amused. Sure, blessings 
embrace larger coverage, which ensures that fewer base stations 
are required to hide identical space as ancient antennas. The on 
top is a short introduction of why smart antenna systems and 
adaptive equalizers and their telecommunications applications 
are of nice interest. The motivation behind this analysis and also 
the objectives of this project also are notable. It presents cellular 
phone systems normally and strategies to boost network 
potency, transmission mechanisms and multiple variations. A 
system that uses smart antennas changes the weight in every 
channel to realize such a pattern Ancient principles of the 
antenna pattern of beam length, side lobes and main beams 
aren't used for good antennas, since the antenna weights are 
designed to comprehend a specific performance criterion, like 
increasing the SNR output. Within the fashionable part matrix, on 
the opposite hand, we recommend during this document a 
brand-new adaptive rule to electronically direct the antenna 
beam. Because of its comparatively low process complexness, 
sensible stability properties and comparatively good hardiness 
against implementation errors, the LMS rule is often utilized in 
adaptive filters. However, the least mean square (LMS) algorithm 
incorporates a high convergence rate that reduces system 
performance. To expand the combination rate, the LMS rule is 
refreshed by standardization, called standardized LMS (NLMS). 
Normalization of the step size within the LMS rule will increase 

the convergence rate and reduces the typical square error in 
excess by exploitation NLMS algorithms to take advantage of this. 
We have a tendency to adapt the ENLMS rule during this 
document to extend the convergence rate. Several good antenna 
process ways are delineated within the literature, that isn't 
mentioned in matrix process in line with the most effective data 
of the author. Finally, we discover two received signals and three 
direction of arrivals (DOA) in our simulations. The simulation 
results indicate that the planned beam direction ENLMS is 
superior to the standard LMS rule in terms of lower error level 
and convergence rate and steady state error. 

The normalized LMS version overcomes the two disadvantages 
mentioned on top of taking into consideration the variation 
within the amplitude at the filter output and choosing the 
standardized step size parameter that ends up in a stable and 
quick confluent rule. The comparison between the error and also 
the reference output is reworked by an element adequate the 
square normal within the normalization sort of the LMS rule. A 
sort of normalization is listed here, specifically error 
normalization. The results of nonlinear Error LMS or 
Standardized Error LMS (ENLMS) are delineated below. 
 
ADAPTIVE BEAM FORMING  
The advantage of one antenna might not be adequate in sure 
applications, matrix antennas plays a massive position in such 
circumstances. In matrix antennas, the beam is frequently 
directed in two ways, they are mechanical address and electronic 
address. Using adaptive algorithms, adaptive beam formation is 
often worn out many ways. Many adaptive algorithms are given 
within the literature. Most algorithms are associated with SNR 
maximization. A practical portrayal of associate adaptive matrix 
system is shown below in figure 1. Adaptive array 
systems can comprehend and screen signals (clients and 
interferers) and adjusting the antenna design progressively to 
reinforce reception and empty obstruction with 
signal method algorithms. once the framework changes over the 
transmitted signs to baseband and digitizes them, the signal of 
interest (SOI) is thought victimization of the DOA rule and 
thus the SOI and therefore the signal of no interest (SNOI) 
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is endlessly monitored by dynamically adjusting troublesome 
weights ( amplitudes and phases of the antenna elements).The 
DOA fundamentally, decides the bearing of appearance of the 
considerable number of signs by movement the time delays 
between the reception apparatus parts at that point, using a 
worth perform, the accommodative rule calculates the 
appropriate weights that finish in associate optimum illustration. 
Since accommodative matrices are sometimes costlier in digital 
method and want a full RF section of the transceiver behind each 
antenna half, they need Associate in nursing inclination to be 
costlier than switched beam systems. Adaptive matrices use 
complicated signal process algorithms to unendingly 
differentiate and live your DOA between desired signals, multiple 
ways and meddling signals. This system perpetually updates its 
transmission theme supported changes within the desired and 
meddling positions of the signal. 
 

 
Figure 1: Practical Diagram of Associate Adaptive Array 

System 
 
Two principle strategies are recognized in adaptive beam 
development methods. The essential depends on the hypothesis 
that a piece of the predefined signal is as of now eminent through 
the work of a training grouping. This famous sign is contrasted 
with what's gotten and the loads are changed to constrict the 
Mean square Error (MSE) among prestigious and got signals. 
During this strategy, the bar design are frequently changed in 
accordance with dispose of the impedance. This methodology 
upgrades the sign to-obstruction greatness connection (SIR) and 
is appropriate to zones while not view (NLOS). As a result of 
weights are updated in line with incoming signals, it not solely 
eliminates noise, however additionally minimizes the fade of 
multiple routes. Within the second, the arrival addresses are 1st 
established from all sources that transmit signals to the matrix 
antenna. Complicated weights are organized to optimize the 
specified signal and are null for meddling signals. For sensible 
things wherever there are too several DOAs because of multiple 
ways, this system might prove ineffective and it's a lot of 
probably that algorithms cannot find them properly. This is often 
a lot of probably to occur in NLOS environments wherever there 
are several native dispersions close to the users and therefore 
the base station, leading to a wider extension of the arrival angle. 
The flexibility to share the spectrum is another vital advantage of 
the smart antenna system. Multiple users will share constant 
standard channel among the same cell because of precise 
observation and comprehensive interference rejection 
capabilities. Device potency is improved by lower patterns of 
living thing use and intracellular reuse. 
 
ADAPTIVE BEAMFORMING ALGORITHMS 
The need for associate adaptive beam-forming rule resolution is 
apparent, since the mobile communications system is never 
constant, either in terms of your time or house. For this reason, 
the MMSE technique isn't appropriate for determination the 
traditional equation directly, mobile environments are 
time-variable; the answer ought to be checked sporadically for 
the load vector. Additionally, since the info necessary to estimate 

the optimum resolution is howling, it's preferred to use associate 
update formula that uses previous weight vector solutions to rid 
the calculation of optimum response, minimizing the results of 
noise. The mean statistical procedure rule (LMS) is an adaptive 
algorithm which will update the load vector on a daily basis. 
Because of its low procedure complexness, smart stability and 
comparatively good hardiness against implementation errors, 
the LMS rule is often utilized in adaptive filtering. For these 
functions, to be used in intelligent antenna systems, this 
document can concentrate on the event of associate rule 
supported the LMS algorithm. 
 
A. Least Mean sq. (LMS) Algorithm 
The LMS algorithmic rule is that the wide used adaptive 
algorithm. The LMS algorithmic rule is employed in several 
communication systems. Thanks to its low process complexness 
and evidenced lustiness, it's become common. It will in take new 
perceptions and limits the mean square quadratic mistake. 
Bolstered the chief articulated negative plunge rule, the LMS 
algorithmic guideline modifies the heap vector w, on the path of 
the determined inclination. This incorporates new perceptions 
and limits straightly the mean sq. mistake. The LMS algorithmic 
standard changes the heap vector w, on the heading of the 
inclination estimated in accordance with the extra articulated 
negative plunge law. 

By the quadratic attributes of the mean square-blunder perform 
E2, which has only one least. The steepest plummet will 
undoubtedly combine. At adjustment list k, given a 
mean-square-mistake (MSE) perform E2 = E2. The LMS 
algorithmic rule updates the load vector in line with  
w(t + 1) = w(t) − μ/2 (∂Jw,w*)/(∂W*) 
w(t + 1)= w(t)+ μe ∗(t)x(t)  
 

 
Figure 2: Circuit Diagram of Least Mean Square Algorithmic 

Rule 
 
Where the speed of correction of the objective perform Jw,w∗ = 
|e (k)|2 has been inferred before and μ might be a scalar steady 
that controls the speed of intermingling and solidness of the 
algorithmic standard. To affirm dependability among the inside 
sq. course, the elements of the progression μ found a good pace 
among the interim zero < μ. 

0 < μ <  

Where λmax is the most extreme eigenvalue of Rxx. Then again, as 
far as the absolute intensity of the vector x  

λmax ≤ trace {Rxx} 

Where trace {Rxx} = is the total input power. 

Subsequently, a condition for the palatable combination of the 
Wiener arrangement of the LMS weight vector mean is 

0 < μ <  

Where N is the quantity of components in the matrix.A huge 
downside of the utilization of the LMS and NLMS calculations is 
their moderate union for hued commotion input signals. 
At time t + 1, the updated value of the weight vector is given by, 

 w(t+1) =w(t)-μ Δw (E[e2 (t)]) 
Where w (t + 1) denotes the new weights calculations in the 
iteration (t + 1); μ is the positive step size that controls the 
convergence rate that determines how close the estimated 
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weights approximate to the optimal weights and Δw (E [e2 (t)]) 
is an estimate of the MSE gradient. 
Differentiating with respect to w(t), the instantaneous estimate 
of the gradient vector is then given to us by, 

 Δw (E[e2(t)] ) = 2x(t)e*(t) 
 w(t+1) = w(t) +μx(t)e*(t) 

and μ absorbs the multiple 2. 
 
B. The Error Nonlinear LMS (ENLMS) Algorithm 
Rather than utilizing the immediate information vector for 
standardization, the squared standard of the mistake vector can 
be utilized. The length of the mistake vector is the quantity of 
cycles promptly. Since step size is standardized regarding the 
mistake, this calculation is known as the ENLMS calculation. In 
the ENLMS calculation, the time-shifting advance size is 
contrarily relative to the squared standard of the mistake vector 
rather than the information vector as in the NLMS. This 
calculation offers significant enhancements to dispense with 
signal bending. The upside of the ENLMS calculation is that the 
progression size can be chosen paying little heed to the sign 
quality of the information and the quantity of induction loads. In 
this way, the ENLMS calculation has a superior union rate and a 
steady state mistake than the LMS calculation. The ENLMS 
algorithm may be considered as a variable step-size algorithm in 
which the fixed step-size in the conventional LMS algorithms is 
replaced by a variable step-size. The ENLMS algorithm requires a 
small number of computations relative to other structured 
algorithms. The error value generated in the first iteration is 
squared and processed in order to calculate with minimum 
computational complexity. The error value in the second 
iterations squared and added to the previous stored value. Then, 
the result is stored in order to be used in the next iteration, and 
so on. On the other hand, some additional computations are 
required to analyze. Thus, the weight update equation of the 
ENLMS algorithm becomes 
 

 
Where 

 
 
RESULTS 
This section exhibits the outcomes made based on the 
undertaking with Matlab. The presentation of the LMS, ENLMS 
calculations is broke down regarding intermingling speed, 
number of compelling shots and shaft designs. To mimic practical 
portable conditions, each multipath reproduction has an 
alternate addition, which incorporates abundancy and stage 
segments. The examinations will be trailed by conversations on 
the perceptions and similitudes with the outcomes obtained. This 
area will show the after effects of reproductions exhibited 

The main objective of this project is to develop and study the 
results of algorithms planned for intelligent antenna systems. To 
critically examine the performance of the planned formula, the 
subsequent check cases were designed: 
 

• 1 white sign with a DOA 
• 1 white signal with 3 DOA 
• 2 white signs with 1 DOA  
• 2 white signals with 3 DOA  

 
The selection of take a look at cases permits us to hold out a 
schematic (or) discover multipath and multi user effects in 
mobile communication systems. 
 
 
 

Test Case 1: One White Signal with One DOA 
The main recreation analyzed was the gathering of a sign with a 
course that arrives at the base station at partner edge of 600. An 
addition with partner adequacy of zero.5 was acquainted with 
the flagging since it spread to the radio wire. The reenactment 
was performed for the resulting edge the executives, α, 
estimations of zero.1, 0.5 and 1.0. During this area we tend to 
consider 3 cases. These are Beam development misuse LMS 
calculation: a white sign with a DOA. The combination qualities of 
the shaft arrangement calculations are appeared inside the 
figures. From the figures, unmistakably the ENLMS union rate is 
speedier than the lms rule because of institutionalization term 
inside the encounters of extraordinary worth the denominator 
execution of 

 

 
Figure 3: Sample Intervals for LMS 

 

  0.5   1
  1.5

30

210

60

240

90270

120

300

150

330

180

0

 

 
LMS

 
Figure 4: LMS: Polar Plot 

 
ENLMS algorithm is performed with the sample interval used for 
LMS algorithm.  
 
The result of each test Case is Shown below:- 
Test Case 1:-ENLMS 1 White Signal with 3 DOA’S 
 

 
Figure 5: Received Signal Error: One White Signal with Three 

DOA for ENLMS 
 

 
Figure 6: ENLMS: Polar Plot for 1 Signal and 3 DOA’s Each 
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Test case 2:-ENLMS 2 white Signal with 1 DOA 

 
Figure 7: Received Signal Error: Two White Signals with One 

DOA for ENLMS 
 

 
Figure 8: ENLMS: Polar Plot for 2 Signals and 1 DOA’s Each 

 
 
Test Case 3:-ENLMS 2 White Signal with 3 DOA’S 

 
Figure 9: Received Signal Error: Two White Signals with 

Three DOA for ENLMS 
 

 
Figure 10: ENLMS: Polar Plot for 2 Signals and 3 DOA’s Each 

 

Test Case 4:-ENLMS 1 White Signal with 3 DOA’S 

 
Figure 11: Received Signal Error: One White Signal with 

Three DOA for ENLMS 
 

 
Figure 12: ENLMS: Polar Plot for 1 Signal and 3 DOA’s Each 

 
CONCLUSION 
In this project we have presented the concept of intelligent 
antenna systems and their impact on mobile communication 
systems. The intelligent antenna system analyzes were 
performed with the help of the MATLAB simulation package. The 
focus of the project was the implementation of the LMS algorithm 
for intelligent antenna systems. Instead of using the 
instantaneous data vector for normalization, the squared 
standard of the error vector can be used. The length of the error 
vector is the instantaneous number of iterations. In the ENLMS 
algorithm, the time-varying step size is inversely proportional to 
the squared standard of the error vector. The benefits of the 
ENLMS algorithm is that step size can be identified 
independently of the frequency of the input signal and the 
number of derivative weights. Therefore, the ENLMS algorithm 
has a convergence rate and a stable state error better than the 
LMS algorithm. 
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