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Abstractt 
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Beam forming is a signal processing technique used for directional signal transmission or reception, and it requires the antenna array to change the directionality during transmission. The beam forming improves the throughput for a great extent by matching the parameters of transistors to the time-invariant channels. The multiple-input multiple-output (MIMO) systems are well known in providing gains for spectral efficiency and reliablity during beam forming. The MIMO is set up based on the knowledge of transmitter and receiver to obtain steering vectors and the weight of the 

channels. The formation of channel setup is important for improving the quality of signal transmission However, the existing models failed to 
determine the accurate channel due to time-variant distortions that resulted optimization problem. This research overcomes such problems by proposing chaotic binary crow search algorithm (CBCSA) which is an efficient algorithm for handling both time-variant distortions and optimication 

problems. In this research work, artificial neural network ANN) is tested and trained for the generation of steering vectors to select the particular 

channel for beam forming. The proposed CBCSA effectively predicts various channels for beam forming. The proposed CBCSA achieves better values 

of steering vectors, and these vectors are trained into ANN to achieve better signal-to-noise ratio (SNA) compared to other existing methods 

Keywords 
Artificial neural network 

Beam forming 

Chaotic binary crow search algorithm 

Multiple-input multiple-output 
Steering vectors 
Time variant 

1. Introduction 
Beam forming is a radio frequency management technique in which an access point makes use of various antennas to transmit the same signal Beam 

forming is considered a subset of smart antennas or advanced antenna systems. In general, beam forming uses multiple antennas to controd the 

direction of a wave front by appropriately weighting the magnitude and phase of individual antenna signals in an array of muitiple antennas The 

applications of beam forming are found in numerous fields such as radar, seismology, sonar, and wireless communications [2.21 Ihe MIMO radar 

performs mutiple transmisions and has receiving antennas that has received enduring attention from researchers due to its capaxity of prowdn 

diversity to enhance system performance I1. One of the most important types of radar is the MIMO 1adar that has infuenced many reseres 

choose this topic for research in recent years [4.5). The collocated MIMO radar recognizes number of targets which is having a texbe nu 

transmit antennas for transmitting beam patterns in both uniform and directional beam patterns 61 The omnidirectional beam patem o ansmitted 



for independent orthogonal waveforms, while the generated beam patterns are depending on the transmit wave feature [&. 9) Consequently, the data 

rate of the signal decreases due to the side information of the receiver antenna, and the transnitted signals cannot be correctly reconstructed if the 

transmitted side information is corrupted [ 101. Some of the well-known methods for channel detection in MIMO bean forming are est1mated by using 

covaniance matrix and steering vector, joint beam forming. space-time block cades (STBC9) with the pilot symbots tacked radar target The AQ1 
performance degradation is obtained because of the finite number of training iterations, and the signal steering vector was mismatched with the desired 

signal bty cormrupting the training data | 111. However the beam forming technique in MIMO is a challenging process as it creates dificuty during non 

convex optimzation due to the non-convex constraints imposed by the phase shifters In addition to this, the design of such beam formers for frequency 

selective channels is very difficult 121 

The present research overcomes time-variant distortions by developing an efficient algorithm called as CBCSA. In this work, artificial neural network 

ANN) is tested and trained for the generation of steering vectors. The dimension of the virtual steering vector of the MIMO radar is relatively large, and 

thus, the autocorrelated matrix is estimated by using a low-complexity method which improved the computational efficiency of the adaptive beam 

forming algorithm[7]. The generated steering vectors are evaluated for determining the particular channels for beam forming. The proposed chaotic 
binary crow search algorithms (CBCSA) effectively predict the various channels for beam forming, and also it resolves the optimization problems(16,171 

This research paper is organized as follows. In Sect. 2. numerous research papers on channel estimation in MIMO radars using beam forming techniques 

are discussed. The detailed explanation about the proposed system is given in Sect. 3. In adition, Sect. 4 illustrates the quantitative analysis and 

comparative analysis of the proposed system. The conclusion is made in Sect. 5. 

2. Literature Review 
The existing models that were involved in channel estimation using the beam forming in the MIMO radars are given as follows 

Qjan 231 developed a robust adaptive beam former design for multiple-input multiple-output (MIMO) radar systems. The beam former system was 

designed with the help of beam forming weight vector. The desired signal was analyzed with the help of steering vectors, and the shrinkage estimator 

computed the interference due to plus noise covariance matrix. This model estimated the covariance matrix using rank-constrained minimization method 
for beter performance. However, an average run time consumed by the developed method was more when compared to the existing methods. 

u4] developed a joint optimization of hybrid beam forming in two stages for multiuser masive MIMO system in frequency division duplexing (FoD) 
mode. The weighted conditional average mean square error minimization (WAMMSE) algorithm was developed under the kronecker channel. The 

kronecker channel model showed the strongest eigenbeams of the receive correlation matrix. The optimal analog combiner maximized the intra-group 
interface to intergroup interface with addition to noise ratio. The advantage of the developed scheme was it showed the best performance even at the 

lower frequencies. However, the base station does not know the instantaneous information of the intergroup interference. 

Zhou (15] deveoped a colocated MIMO radar waveform optimization with receive beam forming. An optimization process was performed for the 

receiver end of MIMO radar to analyze the beam forming operation. The receiver end of the system showed optimization criteria during beam forming 

operation. The models showed that correlation side lobes at the receiver end were suppressed for lower side lobe level. The Doppler problem was not 
examined for the system even when the generalization of the criterion case was not much dificult. However, the waveform optimization algorithm could 
be integrated with the hybrid algorithm for a better performance output. 

3. Proposed Method 
The aforementioned problems in the existing methods are overcome by proposing an efficient CBCSA optimization algorithm in this research. The 

wireless channels are predicted accurately on the basis of statistical fading past value and linear filter that predicts the channels for evaluation. In this 

section, the ANN is used for optimization with the chaotic binary crow search algorithm (CBCSA) to determine the accuracy of the channel and 

overcomes the optimization problem present in the process 181. 

3.1. Feature Selection Using Chaotic Binary Crow Search Algorithm 

Crow search algorithm is the most important existing optimization algorithm that suffers from low convergence rate and entrapment in the local 

optima. The research work considered a novel metaheuristic optimizer, namely CBCSA to overcome the optimization problem. The steering vectors 

from the downlink and uplink channels are adjusted to obtain maximum signal-to-noise ratio (SNR). 
The output is achieved by minimizing the entire interference at the output array by eliminating the entire unwanted array and thereby it continually maintains a constant signal of interest. The flowchart of the proposed chaotic binary crow search algorithm is shown in Fig. 1 In Fig. 1. NP is known 
as the new position, MP is known as memory position, and AP is the awareness probability. 

Fig. 1 

Flowchart of the proposed chaotic binary CSA 
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In this section, the randomly generated variables are used for updating the crow position and are substituted by chaotic variables The optimal sohstion 

is influenced by variables substitution that updates the crow position. The convergence rate, chaotic sequence, and chaotic maps are used for 

generating optimal solution and a combination of such chaos is used for CBCSA The research uses 10 different chaotic maps for performing 

optimization process such as Chebyshev, sinusoidal, circde, sine, tent, gauss, piecewise, singer, logistic, and iterative. The different chaotic maps used are 

improved significantly for the convergence rate, and performance of CSA is explained in the following section The chaotic sequences are combined 

with the CSA approach as described in Eq. 1 

yt +0 x f4 x (N -y), C2 Ap 
Choose a rand position, otherwise 

Here. Cis the chaotic map value atjth iteration. 

Cis the chaotic map value obtained at zth iteration. 

AP is the awareness probability. 

The proposed CBCSA optimization algorithm is a feature selection algorithm that optimizes the generated steering vectors. in CBCSA, binary form is 

obtained as the solution pool where the results obtained are in the form of (0, 1. The agents are transferred continuously to the binary space by using 

the equations as shown in (2) and (3) 

-{ if ( (+1)) 2 rand) 
otherwise 

where 

s ( )= 14elo-05) 
Here, 

rand0 is the randomly generated number from uniform distribution (0.1] and y is the binary position updated at the t teration for s steering 
vector. The proposed CBCcS algorithm is designed based on wrapper method and implemented as a feature selection algorithm. The chaotic sequence 

is embedded in the iterations generated during binary searching. The dataset is described by using the optimal feature using CBCSA The feature 

selection is used for improving the dassification performance, reduction in the computation cost, and length of the feature subset The detailed 

description is as follows. 

3.2. Parameter Initialization 

The proposed CeCSA is used to obtain optimal parameters which are given in Table 1. The cBCSA starts at the begining and adusts the parameters 

and initializes the crow positions randomly in the search space. Each position of the feature subset consists of different number of features having 

distinct length. The CBCSA is initialized by setting the parameter in Table 1 

Table 1 

Parameter settings for CBCSA 

Parameter Value 

Number of crows ( 30 

Awareness probability (AP) 

Flight length 0 

Lower bound 
Upper bound 
Maximum number of iterations (Max) 

Random number (R) 0. 11 

Total number of dimension (D) Total number of features 



Ftness function 

Te crow positions at exh iteration are computed using the fitness function FThe data are randomly divided into two different parts such as 

testing and training The proposed C8CSA sets M to 10 that ensures the stability of the obtained results The proposed model aims for two main 

objctves namely evaluating cdassification accuracy and the selecting number of features The adopted fitness function combined two objectives into 

one weight factor as shown in Eq 4 

he cassification accuray calkulates the number of correctly classified sequences to the total number of instances The KNN cdassifier is used for the 

poposed model wherein 3 having mean absolute distance 

Where L is the selected feature subset length 

Ldenotes the number of features used totally 

weighted factor having t01) value that controls the number of selected features and classification accuracy 

The main aim of the research is to increase thhe accuracy. so it generally sets the weight factor value to 1. But in the proposed method, the weight factor 

is set to 08 The best solution for the proposed method is obtained by maximizing the accuracy and by minimizing the number of selected features 

axiniae (Acuracy +uyx(1)) 
The crow position is updated using proposed CBCSA, and termination criteria are performed. The optimization process terminates when the iterations 

are reached to the maximum number which leads to the best solution. 

3.3. Training and Testing the Data Using Artificial Neural Network 
The ANN uses one continuous function for its description that is obtained as the small error using the training process. ANN values are updated for 

peroeming redution in erors by obtaining posible values The error result is obtained by analyzing the difference between the target attributes and 

the ANN output value. 

The ANN has many distinct nodes set parallel for processing simple units that are structured and is used in network topology The ANN has thee 
diferent layers such as input hidden and output layers, where each layer consists of nodes linked with weights. The AQ2 weights are linked to the 

next later nodes and likewise form stacked network for all the nodes of ANN. The bias nodes comsist of single output node which is connected to that 

of remaining leftover nodes The nodes are having connections with the bias nodes which are obtained from leftover nodes and are known as bias 

weights 
The generated weights are connected to each node x and are summed to indicate the activation function for input value of the node such as sigmoid 

function sign function, and step function. The sigmoid function is most commonly used activation function which is shown in Eq. S 

)1+e 
Here, the emror is computed by using Eq 2 which measures the differences for obtaining actual output (0) and desired output (n and gives rse to a 

feedforward which is shown in Eq 

Error (T-o) 

Figure 2 shows the block diagram of the beam forming. The outputs generated from the CBCSA feature selection algorithm are the steering vectors 

and the generated array output is shown in Eq. Z. The average total output power P for ith array is expressed in Eq Z 

RE (El ():()" ()wa (n) 
Fig.2 

Block diagram of the beam forming 
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where the e indicates the weights of steering vector for the th user index and H is the Hermitian conjugate transpose 

(n) is an output array output signal and E is the mean operator defined in Eq. 8 

R E (n)z(n)"| 

The autocomrelation matrix () which corresponds to an input signal receives an output power averagely for an array as shown in Eq 9 

P=wR (n) 
The final steering weight of the vector maximizes SNR of the output array and minimizes the problem as per Eq. 10 

10 
Wi,1.. Wik,P1,...F Subject to SNR 2 , 

where is the SNR value having lower dB, P is the transmission power for the ith user, and w,is the optimum weight value of beam forming vector 

for ith user. This proposed research aims to obtain steering vectors with minimum power during entire transmission and maintains the SNR above the 

threshold. Thus, beam forming is obtained from antenna arrays, and optimum weights are computed by using adaptive beam forming algorithms The 

better performance and capacity are provided based on MIMO beam forming. From the setup of the proposed method, beam forming adjusts steering 

vectors for obtaining a maximum SNR. 

4. Result and Discussion 
This section detailed about the experimental result and discussion of the proposed algorithm. In this research, MATLAB (version 2019) was utilized for 

experimental simulations with 8 G8 RAM, 3.0 GHz Intel i5 processor, and one TB hard disk. In this section, cBCSA algorithm is evaluated for vañous 

parameters such as bit error rate (BER), standard deviation (SD), symbol error rate (SER), and signal-to-noise ratio (SNR) 

4.1. Performance Measures 

Bit Error Rate: 

Bit error rate (BER) is a measure of the number of the bit errors OCcur in a given number of bit transmissions. The expression for BER is shown in Eq 11 

11 Total number of error bits 
BER Total number of bits transmitted 

Standard deviation: 

The standard deviation is a measure of the amount of variation or dispersion of a set of values. The expression for the standard deviation is expressed 

in Eq 12 
12 

N 

is population standard deviation, is the size of the population, , is each value from the population, and is the population mean 

Symbol Error Rate: 

Symbol error rate (SER) is defined as the number of changes in symbols, waveform, or signaling events across the transmission nmedium per time unit 

using a digitally modulated signal or a line code. The SER is expressed as shown in Eq 13 
13 

Number of symbols in error 
D1 Total number of Transltted symbots 

Signal-to-Noise Ratio: 

gnal-to-noise ratio is defined as the ratio of the signal power to the noise power such as background noise or unwanted input. The SNR Is expre>>eu 

as shown in Eq. 14. 14 



4.2. Quantitative Analysis 

The performance measures SNR, SER, and BER are calculated for the proposed CBCSA 

The proposed CBCSA optimization algorithm performs the optimization process and thus generates the steering vectors for the determining the 

significant channel for beam forming. The symbol error rate across all channels is calculated across SNR, and bit error rate is also calculated across all 

the channels. Table 2 shows the performance measures BER and SNR obtained for the proposed CBCSA, and the performance measures SER and SNR 

obtained for the proposed CBCSA are tabulated in Table 1. Tables 2 and 3 show an improved SNR of 23.96 de when the BER is 10 and the SNR of 

34.95 when the SER is 10-10 

Table 2 

Performance measures BER and SNR obtained for the proposed CBCSA 

10 10 10 10 10 10 
SER 

-10 -5 L09 9.89 20 3495 
SNR (dB) 

Table 3 

Performance measures SER and SNR obtained for the proposed CBCSA 

BER 10 10 10 10 10 

SNR (dB) 1145 14.07 18.7 23 26 

The tabulation of amplitude values obtained for the proposed CBCSA method is shown in Table 4, and Fig. shows the graph obtained for maximum 

erors for the proposed method. 

Table 4 

Tabulation of amplitude values obtained for the proposed CBCSA method 

Samples 10 15 20 30 40 

Amplitude 7 

Fig.3 

Maximum errors obtained for the proposed CBCSA method 

AhA 

4.3. Comparative Analysis 
he proposed CBCSA and the existing particle swarm optimization and bacterial foraging optimization (PSo-BFO) algorithm are 4or yaious parameters. The steering vectors obtained from the proposed CBCSA algorithm showed better performance than BFO techniques dor came computational load. Ihe comparison graph for existing PSO-BFO and the proposed CBCSA against SER is shown in Fig. 4. From the results, it is observed that the SNR has receved higher dB of noise and is plotted against BER 

Fig. 4 

Comparison graph for SNR against BER 
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Figure 5 shows the graph of the maximum errors obtained in the proposed method. The tabulation of maximum errors obtained for the proposed and 

existing method is shown in Table 5 

Fig. 5 

Graph obtained for the maximum errors in the proposed and the existing methods 
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Table 5 

Maximum errors obtained for the proposed and existing method 

Samples 10 15 20 25 30 35 45 

Amplitude (BFA) 
Amplitude (CBCSA) 

1.56 3.58 2.48 3 -1.5 

- 13 3.06 -13 

The amount of SNR obtained at the receiver end for the modulated signals shows the quality of the received output. The SNR performance obtained 

higher values at the receiver when the proposed model is developed. The proposed CBCSA showed better SNR values when compared with the 

existing models. The graph for the existing and the proposed model is shown in Fig. 

Fig.6 

Graph obtained for the received SNR performance measure for the proposed and the existing methods 
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The standard deviation obtained from the existing and the proposed model is shown in Fig. 7. The standard deviation performance obtained higher values at the receiver when the proposed model is developed. The proposed CBCSA showed better standard deviation values when compared with the existing models. 

Fig.7 

Graph obtained for the standard deviation for the proposed and the existing methods 
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The comparison graph for the existing PSO-BFO and the proposed CBCSA is plotted against SNR. From the results, it was observed that the actual SNR received is 2% higher when compared to SER. Figure B shows the comparison for SNR against SER. The comparison analysis for the SNR against SER for the proposed and the existing methods is shown in Table s. The SNR values are plotted against the SER values ranging from 10 to 10-10 As the value of SER decreases, the SNR will increase. 

Fig. 8 

Comparison graph for SNR against SER 
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Table 6 

Comparison 
of SNR against SER for the proposed and the existing model 



10 10-
EXisting BFO (SNR dB) TS]| -4.8 

S6 1054 23.7 3546 3653 
Proposed CBCSA (SNR dB) 

-14.75 -10 -4.56 -109 7.78 9.89 34 59 From the results obtained from the proposed system, it shows that the proposed system has better SNR when compared to the existing BFO-, PSO-
based system. The importance of the proposed CBCSA was that it achieved better values of steering vectors and also these vectors were trained into 

ANN to achieve better SNR values. The proposed CBCSA research handles both time variant distortion and also overcomes the optimization problems 
to reduce the complexity of the system. As the SER decreases, the SNR was increasing in dB which gives improvement in the convergence speed and 

decreases the time consumption. 

5. Conclusion 
The main objective of the beam forming is to obtain steering and weight vectors that maximize the SNR rate The beam forming for the MIMO system 
provided better results for the determination of suitable channel during signal transmission. The proposed CBCSA algorithm is manly focused on 

channel selection of the MIMO wireless transmission system, and it is important to train the CBCSA with ANN parameters to effectively producing 
channels for beam forming. The limitation of optimization problem during time-variant distortions in existing model BFO-PSO is overcome by CBCSA 
algorithm that obtained steering vectors as features and those trained into ANN for channel determination. The optimization is performed usinga 
proposed CBCSA algorithm that improved the convergence speed, and the accuracy of the neural network was obtained by training the steering vectors 
during the feature selection process. The obtained results show that the proposed CBCSA achieved better SNR ratio when compared to the evisting PSO 
and BFO algonthm. The future work can be extended by implementing hybrid PSO and CSA algorithm for overcoming optimization problem. References 
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