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Introduction

• The electricity distribution concessionaires have an Integrated

Operations Center (IOC);

• Smart Antenna Arrays have electronically controlled antenna feeds

so that the main beam can be pointed to different directions

without having to mechanically move the antennas.
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Introduction

• A beamforming circuit with 4 branches is used to control the

direction of the main lobe by properly feeding the antennas, whose

individual amplitude and phase are adjusted by a digitally controlled

circuit;

• Three different optimization algorithms were selected for

comparison and definition of the most efficient one, for the set of

magnitude and phase parameters of the array;
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Introduction

• A beamforming circuit with 4 branches is used to control.
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Introduction

• Such algorithms are Evolution Strategy (ES), Genetic Algorithm (GA)

and Particle Swarm Optimization (PSO), and the parameters were

configured using the tangential vector finite elements technique of

the Ansys High Frequency Structure Simulator (HFSS) software;

• To verify the accuracy of the system, packet loss was measured

continuously for 14 hours. Packet loss and regression tests were

performed on the collected samples in this paper.
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Comparison of Optimization

Algorithms
• Evolutionary optimization techniques are effective in solving

function optimization problems and have already been applied in

antenna design and expanded to Yagi-Uda antenna array design.

– Evolution Strategy (ES)

• ES optimization techniques are evolutionary

algorithms inspired by biological evolution. Such candidate

solutions are applied in a loop, whose iteration ends when a

final criterion is met.
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Comparison of Optimization

Algorithms
– Genetic Algorithm (GA)

• GAs are algorithms belonging to the field of evolutionary

computation, inspired by the concepts of natural selection

and heredity.
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Comparison of Optimization

Algorithms
– Particle Swarm Optimization (PSO)

• The PSO algorithm is a optimization method inspired by the

social and biological behaviour of bird flocks. In this algorithm,

individuals are referred to as particles and fly through the

search space in search of the best global position that

minimizes, or maximizes, a given problem.
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System Setup

• The antenna array used is composed of 4 identical Yagi-Uda

antennas. It is able to operate from 440 up to 470 MHz.
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System Setup

• Diagram of the smart antenna system used in UFPE
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System Setup

• Positions of the ERB and the three remote stations (here called 

CAC, BIB and CCEN) installed on the UFPE campus.
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System Setup

• Photograph of the two Yagi – Uda antenna arrays installed on top 

of CTG.
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System Error Rate

– Test and Results

Table 1. Mean values measured with PRTG during the experiment.

Uptime

statistics

(14hs)

Ping time in 

dark

blue (436 ms)

Marked in

brown packet

loss (1%)

Percentage of

downtime mark

ed in red (0%)
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System Error Rate

• Measurement of Smart Antenna System packet loss. On the 

horizontal axis, uptime statistics (21:45h-11:45h).
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System Error Rate

• Variation of attenuation versus duration for sending packets.
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System Error Rate

• Correlation matrix between values measured during the test.
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System Error Rate

• Histogram of Error technique Decision tree between real packet 

loss and predicted packet loss.
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System Error Rate

• Decision Tree Result.

– Accuracy, Mean Absolute Error (MAE) and Mean Square Error (MSE)

results.

Regression Accuracy 0.9208100433033936

R2 square 0.9208100433033936

MAE 0.0636074511585642

MSE 1.272149023171285
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System Error Rate

• Histogram of Error Technique Random Forest regression between 

real Packet Loss predicted packet loss.
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System Error Rate

• Random Forest Regression Result.

– Accuracy, Mean Absolute Error (MAE) and Mean Square Error (MSE)

results.

Regression Accuracy 0.9063156981269461

R2 square 0.9063156981269461

MAE 0.23228532485233988

MSE 1.5049937907011965
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The Smart System Full

• Arrangement of Antennas and the control system installed at

NEOENERGIA's BS.
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The Smart System Full

• Positions of the ERB and the remote stations
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Conclusion

• Three stochastic techniques were tested using the HFSS

electromagnetic simulator and the PSO presented

better computational performance when simulation time

is concerned;

• As a result of robustness tests performed continuously for 14 hours

on the smart antenna system, subject to a large attenuation

variation (-20dB to -32dB) on its digital attenuators, the system

showed a very promising result of only 1% packet loss average.
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Conclusion

• With the values of packet sending time, attenuation applied to the

attenuators and transmission rate, two regression techniques were

applied;

• It was found that the Decision Tree has a better prediction of loss

packets than Random Forest Regression.
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