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 إهداء

 

    ﷽ 

ُ عَمَلَكُمْ وَرَسُولهُُۥ وَٱلْمُؤْمِنُونَ وَقلُِ قال تعالى: }  { ٱعْمَلوُاْ فَسَيَرَى ٱللَّه

 النـهـار إل بـطاعـتـك  بـطي ـول ي. . .  ركـل إل بشكـي ـل ـب الـطي ـي ي ل ـهـإل

 ك وـف ــعــرة إل بـب الآخ ـطي ـول ت. . . رك ـذكـات إل بـظـح ـلــب الــطيـل تو

 ك ـت ــرؤي ــة إل بـن ـجــب ال  ــطي ــول ت

 الله جل جلاله 

 ن ـيـم ـال ـعـور ال ـي الرحمة ونـب ـى ن ـإل. . .   ةــان ــة وأدى الأمــالــرسـغ ال  ـل ـب إل مــن 

 م ـل ـه وسـي ـل ـالله ع  صـلـى مـحـمـد اـدن ـيـس

 دةـانـس ـمـم وال ـدعـم الـديـق ـن تـاً عـوم ـوا يـوانـت ـم يـن ل ـذي ـى الـإل

 ة ـصادقـم ال ـه ـواتـب ودع  ـحـال ـة ب  ـضـابـنـم الـه ـوبـل ـقـوة، ب  ـطـل خـي كـا ف ـنـب ـان ـجـوا بـفـووق

 زاء  ــا الأعــن ــدي ــوال

 ة ـرفـعـم ـم وال ـلـع ـب الـا حـن ـوسـف ـي ن ـوا ف ـرسـن غ ـذي ـى الـإل

 ــي ــم ــت ــو ال ـح ـا نـن ـقـريـي ط ـه ف ـدي بـت ـه ـذي نـراس الـب ـن ـا ال ـنـوا ل ـان ـوك  زـ

 اضل  ـالأف مدرسـيـنـا

 داً ـن ـاً وس ـون ـا ع ـن ـوا ل ـان ـن ك ـذي ـاء، الـطـعـدرب وال ــاء الـرك ـى شـإل

 ديـح ـتـد وال ـه ـجـات الـظ ـحـم لـهـع ـا مـن ـم ـاس ـقـوت

 ا ـن ـائـا وأصدقـن ـلائـزم

 ة ـن ـي ـمـة ث  ـحـيـص ـة أو ن  ـبـة طي  ـمـل ـك ـروع، بـشـم ـذا ال ـاح هـجـإن  ـيم فـاهـن سـمل  ى كـإل

 .جميعاً على ما قدمتموه لنا من دعم ومساندةشكرًا لكم 

ي  ـال ـغ ـن ال ـوطـذا الـه ـداءً لـم فـه ـوا أرواحـدمـن قـذيـرار، ال ـا الأبـنـدائـه ـش ـرذكـال ـص ب  ـخـون

 زاً  ـزيـراً ع ـى حـق ـب ـيـل

 دادـاء والأجـن، أرض الآب ـيـطـس ـل ـي فـال ـغ ـا الـن ـنـى وطـسـن ـول ن

 ود ـــصمـة وال  ـرامـك ـز الـرمف، ـري ـشـدس ال ـق ـى الـإل

 ة زيمـع ـات والـبـث ـنا روح ال ـيـث فـب ـي تـتات، الـدي ـحـتـه ال  ـي وجـدة فـصامـزة، الـعـزة ال ـى غـإل

ن  ـوط ـذا الـه ـل لـيـم ـجـرد ال لرة ـيـوة صغـط ـروع خـش ـم ـون هذا الـك ـأن يتـعـالـى أل الله ـس ـن 

. زـزيـعـال



I 
 

Abstract 

 

At the height of the renaissance of electrical engineering and electrical power systems, it is 

necessary to pay attention to the efficiency of electrical energy and give it the greatest possible 

attention, to flow power with high efficiency and reduce the losses in the network. This reduces of 

the energy generated in power plants and reduces resources such as coal and oil that used on it, to 

maintain a clean environment free of gas emissions into the atmosphere. One of the most influential 

factors on losses is the increase in current passing through the network due to a low power factor. 

Therefore, Automatic Power Factor Controller using Artificial Intelligence Technique used to 

make power factor correction and compensate from the negative effects of electrical loads such as 

motors that result in a low power factor of the network. In this project, the power factor  be 

Measured, Monitored, and controlled. If the value of Power factor becomes with negative effect 

on the Network as leading or lagging power factor, controlled it to achieved value [0.92 – 0.95] 

lagging by the use of capacitors or reactors. And measuring and displaying : “Power Factor, 

Voltage, Current, Real Power, Reactive Power, Energy, and average power factor”. Artificial 

intelligence used for improvement, control, monitoring, and taking the necessary appropriate 

measures to avoid problems in the operation of the system, obtain the best possible results, and 

facilitate the user.  
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CH 1  Introduction 

 

1.1 General background 

The spread of industrial plants has increased the 

number of electrical induction machines that 

consume two types of power: active power (P) and 

reactive power (Q). Increasing the amount of (Q) 

leads to a decrease (PF), and this effect leads to an 

increase in the Current (C) through the network, 

which affects its efficiency (η), a drop in voltage 

(V) at loads, and increase the Capacity of transformers and generators. 

This forces the electricity companies that supply the consumer with electrical energy to impose 

penalties on the consumer whose power factor is less than the value determined by the electricity 

companies, which is usually imposed if the power factors are less than (0.92) (Lag), and additional 

costs in the network also increase, such as increasing the cross-sectional area of cables (CSA) in 

transmission and feeding lines and increasing the size of protection and measuring devices. To 

avoid these additional costs, a Power Factor Controller (PFC) system implemented at loads using 

artificial intelligence (AI), by reducing the load's (Q) consumption issued by the network through 

an alternative source, such as adding capacitors in parallel with the load or using a synchronous 

motor over exited, or using the phase advance method, so reactive power consumption is reduced 

(Q), which leads to improving the power factor (PF) of the network and the current passing through 

the network decreases, which increases efficiency and increases the durability of the network 

elements.  

The method of adding capacitors in parallel with the load highlighted and adopted in this project 

as a suitable method, because it low-cost solution and an easy way for the consumer to improve 

the power factor for several reasons, the most important of which is that the capacitors are 

characterized by low losses compared to other improvement methods and lack of maintenance due 

to the absence of mechanical parts for the capacitor, on the other hand, the capacitor has 

disadvantages, including the life span of the capacitor ranges between (8-10) years, and the 

possibility of damage to the capacitor if the voltage rises more than (1.1) of the nominal value of 

Figure 1: The Power Triangle. 
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the voltage, and most important of all is the improvement of the (PF) that can the (C) is carried out 

by capacitors in steps not continuously. This means that they do not work to accurately obtain any 

value we want for the power factor. This problem will later be dealt with in the best possible way 

using artificial intelligence and microcontrollers. The method of adding capacitors in parallel with 

the load is used either manually or automatically. In manual optimization, fixed capacitors are 

added, but with changing loads, this may lead to damage at low loads. Therefore, devices must be 

available to measure and improve the power factor automatically. Power factor (PF). It is 

calculated by dividing the apparent power (P) by the reactive power (Q) because it is the angle 

between them and is equivalent to the time delay between the voltage wave and the current. It is 

measured by a zero-crossing detector circuit that transforms the form of the signal coming from 

the current transformer (CT) and the potential transformer (PT) on the load terminals from the sine 

wave to the square wave to measure and track the time of each signal and then compare it using 

the logic (XOR) gate and improve the power factor (P.F) automatically and appropriately using 

codes and artificial intelligence and show the best readings to the user. 

                                             

1.2 Problem Statement 

Increasing the industry’s electrical loads has led to a lagging power factor, resulting in increasing 

the current in the network, Extra losses in feeder cables, an increase in the size and costs of cables, 

the high voltage drop at the buses and the transformer, and Losses in the transformer. making it 

difficult to control the network parameters due to the Negative effect of the power factor, in the 

case of rapidly changing and sporadic loads. 

 

1.3 Motivation of AI 

Artificial intelligence works to provide an appropriate and satisfactory solution for developing the 

power factor in electrical power systems, as correcting the power factor is an essential part of 

saving energy, especially in industrial facilities and the loads close to them.  With artificial 

intelligence reaching a stage where it is possible to develop the power factor in a more effective 

way than before, there are several reasons, including correction of the power factor, where artificial 

intelligence can work on analyzing data with the change in the power factor at load & work to give 
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an activation order to capacitor banks effectively, and it also works to predict the maintenance date 

for each capacitor bank by analyzing data previously stored in the system in addition to the ability 

of artificial intelligence to know the age of capacitor bank, which helps it give a warning that the 

capacitor has reached the time to change it, to avoid extinguishing it, to increases the reliability of 

the system. Artificial intelligence also provides the ability to improve the distribution of capacitor 

banks effectively in a faster time based on the load curve information that is stored in the system’s 

memory and its prediction of the nature of the load and the appropriate capacitors to activate, thus 

further enhancing the system’s performance.  All of this makes artificial intelligence a more 

reliable solution in improving the power factor and reaching a stable value within an appropriate 

range that prevents the user from receiving a financial fine, increases the efficiency of the system, 

and gives the user the ability to add other inductive loads, especially in industrial facilities. 

 

1.4 Purpose 

o Design a circuit to measure the phase shift between voltage and current. 

o Using artificial intelligence to implement a control to automatically improve the power factor 

in electrical systems using capacitor banks. 

o Develop a simple and effective user interface to manage the system and monitor the power 

factor automatically. 

o Reducing dependence on imported devices such as (PLC), (SCADA) finding alternatives to 

them, and producing them locally so that the cost of production becomes less than the import 

price. 

o Improve energy efficiency and reduce energy loss by fine-tuning the power factor. 

o Providing a power factor control system characterized by flexibility and the ability to adapt to 

changing requirements in electrical loads. 

o Measure the V, I, PF, and calculate P, Q, and S. 

o Use artificial intelligence to enables us to keep pace with developments in the world, giving us 

opportunities to develop and compete in this field. 

o The system's ability to make decisions and disconnect the system in the event of errors resulting 

from high or low voltage or current. 
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1.5 Report Structure 

This project essentially studies power factor optimization using artificial intelligence in an 

effective way. It begins with an introduction that outlines the path to be taken, gives problems that 

can be addressed, and sets goals. A comprehensive literature review provides an overview by 

examining current research and methodologies.  The main body of the research presents a 

sufficient analysis of the methodology used and gives insights into power factor control methods. 

The report ends by providing recommendations that highlight artificial intelligence in power factor 

development in the future. 

 

1.6 Methods for improving power factor 

The following methods for PF improvement. 

1.6.1 Over-Excited Synchronous Motor 

The power factor can be improved by using an overexcited synchronous motor (Synchronous 

condenser, or Synchronous capacitor). The method of use is based on operating this motor without 

load. In this method, it is considered a synchronous capacitor, it draws the Q to loads, which 

reduces the reactive component (Q) (from source) and improves the power factor (PF), the 

advantage of using a synchronous condenser is step-less control power factor by varying the 

excitation, and supply high Q, in addition, this method is particularly suitable for large industries 

and is not economically feasible to improve PF less than 0.5 MVAR. 

 

Figure 2: power factor correction using Synchronous condenser. 
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1.6.2 Phase Advancer 

Also one of how the power factor is improved is Phase Advancer Which is used especially in 

induction motors, this type of motor suffers from low PF Because its stator coil draws a current 

lagging the supply voltage by an amount of 90 degrees, this method provides the phase advance 

circuit with additional ampere cycles from a separate alternating current source to compensate for 

the lagging current in the stator, it is installed on the rotor shaft of the motor and provides additional 

ampere cycles during operating cycles or low load, which enhances PF. 

 

1.6.3 Capacitor Bank 

Finally, capacitors were used in the process of improving the power factor, as they are considered 

the best method and work to store electrical energy between two metal plates separated by an 

insulating material, in which the energy storage process takes place, in addition, these capacitors 

are installed in parallel with the inductive loads, so they work to charge and discharge in the 

opposite way to the coils in the loads. The effect of this process is that the lag of the current over 

the voltage is reduced, and thus it will improve PF. 

 

 

 

 

 

 

 
Figure 4: Capacitor Structure. Figure 3: Automatic capacitor bank for power 

factor correction 
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Figure 5: Capacitor bank for substation. 
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CH 2  Literature Review 
2.1 Introduction  

The process of controlling the power factor (PF) is considered one of the most important things 

that all industrial facilities need, as it contributes to many developments and contributes to 

reducing the costs of loads’ energy consumption, in addition to the different methods used to 

improve the power factor, with the development of the world, this has become easier to achieve, 

with the revolution in artificial intelligence and the emergence of many microcontrollers of all 

kinds, it is very important to compare Finite Element Analysis (FEA) studies and theoretical 

analysis according to the American University’s guidance on controlling the power factor 

automatically, because of the diversity of the techniques used, it enables engineers to verify the 

validity and safety of the simulation results through standards that provide a guarantee of both 

efficiency and compatibility in design standards, secondly, these studies allow us to apply this 

simulation without fear because it guarantees us satisfactory results and also the ability to develop 

it, to become the best you can be, in addition, simulation programs such as Proteus have played a 

major role in the process of monitoring control and improvement in power factor with the 

possibility of harmonizing and predicting how this process will proceed. This chapter comprises 

several studies covering all the artificial intelligence methods used in automatic power factor 

control. There is a table. A literature review summary is shown at the end of the chapter. 

 

2.2 A summary of previous research 

(Mane, Sapat et al. 2020) This study aims to improve the power factor to 0.9 or higher ideally, 

and this is done through methods such as capacitor banks using an Arduino Uno ATmega328 

microcontroller as well as designing a simulation system on (MATLAB), where the system runs 

automatically, which Reduces reaction force and increases efficiency. The microcontroller 

monitors the power factor of the system and adds relays in parallel with the loads to maintain the 

desired range. This system operates at 415V, 50Hz, and displays the results on an LCD screen. 

Satisfactory results were achieved, and the power factor reached 0.9 and above automatically. 

While (Tai, 2018) this article explains how to read the current voltage and the three-phase voltage, 

using the current transformer and the voltage transformer by reducing their values to a value that 

the control device can tolerate, and Then, it processes the data entered into the processing unit and 
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issues commands to the capacitor banks to activate them in parallel with the load, where the 

capacitor reduces the QL to an acceptable value to the extent that the power factor reaches a value 

close to 1. The Arduino board was used in this project for its cheap price, appropriate and effective 

performance, and the possibility of use. In more than one place, such as factories, companies, and 

even homes, which leads to reducing traffic losses through the network and reducing fines for 

factory owners. Network simulation. The system was implemented on the Proteus program, and a 

circuit was designed that simulates the circuit that can be designed and installed by the user and 

the results are displayed on the LCD screen. The research aims to explain the effective and 

apparent power and reactive power the difference between them and the effect of raising the power 

factor on each of them. The values of the capacitor banks necessary to correct the power factor 

were also calculated and they were automatically activated using the processing unit. The result 

was an automatic power factor correction circuit that is very useful for improving the power factor 

and reducing Currents passing through the cables, thus reducing losses and fines and increasing 

the efficiency of the network, which in turn leads to reducing the amount of energy needed to be 

generated in generating stations. Also (Ishak et al., 2015) this article present an automatic 

technique for power factor correction using a microcontroller, using a current and voltage 

converter. , and zero-crossing detectors. The method is based on converting current and voltage 

signals into a square wave, then comparing the two waves to each other, calculating the time 

difference between the two waves, and sending the output to the microcontroller, which works 

through written code that converts time into an angle difference and uses the angle difference to 

activate and deactivate the connected capacitor banks. In parallel with the load to reduce the value 

of (QL), if the power factor is less than 0.9, the microcontroller activates the capacitor banks (and 

activates the most appropriate one to raise the power factor), and if it is very close to 1, it works 

to disconnect the capacitor banks to ultimately obtain a close power factor. Very much from 1 and 

not exceeding it. The research presents some of the results obtained through the practical 

experience of the project. While (Bayindir et al., 2009) this study relies on the use of the artificial 

neural network (ANN) controllers and reliance on synchronous motors to compensate for the 

reactive power and improve (PF) and the ANN using objective learning algorithms such as 

Backpropagation with Momentum (BP), Delta-bar-delta (DBD), Extensive delta-bar-delta 

(EDBD) and Directed Random Search (DRS) on the system intelligently conveys the precise 

information, hence The information issued by the ANNs is fed into the PIC 16F877 
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microcontroller, which works to control the power factor improvement process. In conclusion, it 

was shown that when the ANN is integrated with the microcontroller, this leads to a fast 

improvement process, high accuracy, durability and effectiveness of the system. It has also been 

enhanced and it has been verified that BP with momentum is more accurate. While (Wang et al., 

2015) this study aims to work on a new global performance index in improving power factor (PF), 

where different metrics are used to evaluate electrical machines, including energy efficiency Input, 

output power density, torque ripple, and power. The PF factor is such that the “quality” factor 

measures the work. The mechanical power-to-power ratio takes the "bad" factor, which is the 

overall engine loss, and also uses the Differential Evolution (DE) algorithm. This proposal is a 

useful tool for design engineers to determine the best compromised designs. While (Wei and 

Batarseh, 1998) this research aims to use the DC-DC conversion process to enhance the power of 

the PFC, but there are several types proposed, some of which cannot be used in the PFC. Through 

this research, the input characteristics of fundamental conversions are studied, focusing on 

intermediate input currents in discontinuous conduction mode (DCM). Buck Converter and 

Forward Converter were found not suitable for DCM PFC while Buck-Boost Converter and 

Flyback Converter were found suitable for DCM PFC due to their original characteristics. 

(Dhameliya et al., 2017) The aim of this research is to design and develop a single-stage power 

factor correction system using the Arduino Uno controller to enhance the efficiency of the 

electrical system and improve the quality of the AC output. The proposed system uses the Arduino 

Uno controller to accurately correct the power factor in single-phase systems. Power factor 

changes are accurately detected and capacitors are energized appropriately to compensate for the 

active power, improving the power factor towards the module, thus enhancing system efficiency 

and ensuring better quality of AC output. Proteus Design Suite was used to simulate circuits and 

analyze electrical parameters via voltage and current measurements. This helps in testing and 

verifying the functionality of the automatic power factor correction system before integrating it 

into real devices. The automatic power factor detection and correction system provides an 

economical way to significantly improve the power factor, resulting in lower energy bills and 

improved system efficiency. While (Al-Rakib, M.A., 2021) this research aims to build a 

microprocessor-based control system to improve and develop the performance of single capacitor 

banks Phase. The distinctive element of this work was the use of Internet of Things (IoT) 

technology to monitor and operate this work from anywhere via the Internet. This work is based 
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on building an Arduino uno-type device to correct and increase the power factor to a predetermined 

value. This system uses instrument transformers to measure voltage and current and convert analog 

signals to digital ones. It consists of an Arduino Ono, a Wi-Fi module, sensors, corrections where 

necessary, remote monitoring, and load control. The system monitors the power factor in electrical 

systems. When the power factor decreases, automatic corrections are made to improve it. In this 

work, the Arduino was used to write the code, and the Proteus program was used to design and 

simulate the circuit. The result of this work was an improvement in the power factor to 0.85, which 

resulted in a savings of approximately 1.7% of the targeted energy consumption. 

• Table 1 represents the summary of the literature review: 

Table 1: Literature Review Summary. 

Reference Ways to 

improve 

power 

factor 

Simulation/ 

Experiment

al 

Microcontrolle

r 

Conclusions 

(Mane, 

Sapat et 

al. 2020) 

capacitor 

banks 
MATLAB 

Arduino Uno 

ATmega328 

A power factor of 0.9 and 

above automatically 

(Tai, 2018) 
capacitor 

banks 
Proteus 

Arduino Uno 

ATmega328 

The power factor correction 

circuit automatically reduces 

the currents passing through the 

cables, thus reducing losses and 

fines and increasing the 

efficiency of the network, 

which in turn reduces the 

amount of energy needed to be 

generated in generating 

stations. 

(Ishak et 

al., 2015) 

capacitor 

banks 
______ 

Arduino Uno 

ATmega328 

If it is very close to 1, it 

separates the capacitor banks to 

eventually obtain a power 
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factor that is very close to 1 and 

does not exceed it. 

(Bayindir 

et al., 

2009) 

Artificial 

Neural 

Networks 

(ANN) and 

Synchronou

s Engines 

______ PIC 16F877 

It has been shown that when 

ANN is integrated with a 

microcontroller, it leads to a 

fast optimization process, high 

accuracy, robustness, and 

efficiency of the system 

(Wang et 

al., 2015) 
______ ______ ______ 

____________________________

__ 

(Wei and 

Batarseh, 

1998) 

DC-DC 

conversion 
______ ______ 

Buck Converter and Forward 

Converter were found to be 

unsuitable for DCM PFC while 

Buck-Boost Converter and 

Flyback Converter were 

suitable for DCM PFC due to 

their original characteristics 

(Dhameliy

a et al., 

2017) 

capacitor 

banks 
Proteus 

Arduino Uno 

ATmega328 

The power factor automatic 

detection and correction system 

provides an economical way to 

significantly improve the power 

factor, resulting in lower power 

bills and improving the system 

efficiency. 

(Al-Rakib, 

M.A., 

2021) 

Internet of 

Things 

(IoT) 

technology 

with 

capacitor 

bank 

Proteus 
Arduino Uno 

ATmega328 

The result of this work was that 

the power factor was improved 

to 0.85, saving approximately 

1.7% of the target energy 

consumption. 



12 
 

This study contains a broad evaluation analysis of the work of capacitors in the power factor 

improvement process, which applied analysis and simulation using Proteus. Due to the ability of 

Proteus to deal with various microcontrollers and because it contains all the necessary electronic 

parts that are used in the project implementation, this study aims mainly to find cheap and 

accurate alternatives to obtain the best result for improving the power factor. 
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CH 3  Methodology 

 

The scope of this project is to measure, improve, control, and show the output power factor on 

LCD by using Arduino-Uno. Artificial intelligence used to predict the loads associated with the 

controller based on the daily curve and suggest turning on some loads in times of low load or 

stopping unnecessary loads in case of maximum load. 

 

3.1 Programs we used 

 

3.1.1 Arduino IDE Program 

This program was used in this work to write the operational code of the electronic circuits that 

serve the execution of our project, to program and control the microprocessor, and to examine 

whether this code is correct and error-free. This software was selected because of its easy use of 

simple programming language which is Arduino language based on C++ language, and many other 

features. 

 

Figure 6: Arduino IDE program. 
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3.1.2 Proteus Program 

This program was used in this work for the realistic simulation of the electronic department that 

serves the implementation of our project, where we can test, design, modify, and operate the 

service before it is implemented on the ground. This software can be integrated with Arduino IDE 

software which contributes to simulating Arduino-based automatic control systems and also 

provides the possibility of writing, editing and running the code. 

 

Figure 7: Proteus simulation program. 

 

3.2 Power factor 

What is the power factor? 

It is the ratio between the real power measured in W or KW to the apparent power measured in 

KVA or VA. And equal the phase shift between the voltage and current. The power factor changes 

continuously due to the difference in the size and number of loads used simultaneously and 

deteriorates due to increased reactive power on loads used, affecting the system's efficiency. The 

decline in power factor is not a major problem for residential homes, but the most prominent 

problem that can occur in the industrial facilities.[1, 2] 
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Phase shift (θ): It is the measurement of the time when the current lags behind the voltage in the 

alternating current circle, the phase angle is measured by grades or radians. 

θ = θv - θi = (degree) 

Apparent Power (S): the total power consumed by a specific, measured by multiply Voltage by 

Current a VA unit. 

S = V ×I = (VA) 

Active power or (Real Power): (P): is what does the real work as machine operation and is 

measured by the KW unit.[1]Real power extends horizontally in the î direction as it represents a 

purely real component of AC power. True power (real power) is symbolized by the letter P and is 

measured in the unit of Watts (W). 

P = S ×cos(θ) = (W) 

Reactive power (Q): the power required to maintain the magnetic field in equipment such as 

motors and measured by the VAR unit. 

Q = S ×sin(θ) = (VAR) 

Average Power Factor (Pavg): the average value of the power factor that is calculated over a 

specific period of time based on several consecutive measurements of the power factor in that 

period. The average power factor expresses the overall efficiency of energy use in the electrical 

Figure 8: phase shift, and power triangle. 
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system during that time period. It calculated by summing reactive power energy (VAR) over 

summing active power energy (W) then take: 

PFavg = Cos [ arctan (
𝛴(𝑉𝐴𝑅)

𝛴(𝑊)
)]  

When the power factor is lagging the power is wasted, resulting in poor reliability, safety problems, 

and power expenses. Since energy has a major role to play in the technology revolution, we must 

find appropriate solutions to the problems involved. There have been many suggestions regarding 

the power factor problem, the most prominent of which is power factor correction, either using the 

Arduino Uno or PLC and since we are currently in the era of artificial intelligence, it used in the 

solutions to this problem. 

3.3 Project Components 

 

3.3.1 Indicative load: 

They are mobile devices with moving parts. They operate by using a coil or coils of electrical 

components such as solenoids, transformers, and electric motors to produce a magnetic field. By 

the nature of these loads, the current consumed lags behind the voltage, forming an angle between 

them, as in the following picture. 

 

Figure 9: The current consumed lags behind the voltage. 
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3.3.2 Source: 

AC voltage sources are devices or systems that generate an electrical voltage that changes 

periodically with time. These periodic changes are in the form of sine waves, which are the most 

common. 

3.3.3 Transformers: 

They are devices used to convert voltage and current in alternating electricity systems from one 

level to another using the principle of electromagnetic induction. 

3.3.4 Zener diodes: 

It is a special type of diode designed to allow current to flow in the opposite direction when the 

voltage reaches a certain value known as the zener voltage. These diodes are mainly used in voltage 

regulation and stabilization applications. 

3.3.5 Zero Detection Circuits (Op-Amps): 

Circuits are used to detect the moment when a voltage or current signal passes through the zero 

point, i.e. when its value is zero. These circuits play a vital role in a variety of electronic 

applications. 

3.3.6 XOR Gate:   

It is a digital logic gate that operates by touching the exception or exclusion, the working 

principle of an XOR gate can be understood from the truth table given below.   

 

Table 2: XOR Gate. 

Truth Table of XOR Gate   

Input 1  Input 2  Output  

0  0  0  

0  1  1  

1  0  1  

1  1  0  
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3.3.7 Transistors: 

They are basic electronic components used to amplify the signal. Transistors work on the principle 

of controlling the flow of electrical current by using small signals to control larger signals . 

3.3.8 Capacitor banks: 

Capacitor banks play a key and important role in the project. They store electrical power in them. 

Induction loads consume interactive power. Capacritor banks release on time the reactive power 

required to compensate for their shortage, thereby correcting the power factor, due to reducing the 

phase shift between voltage and current. 

 

Figure 10: Capacitor banks. 

3.3.9 Relays: 

It is an electromechanical device used to switch small electrical circuits.  The relay is operated by 

a small electrical current to open or close a larger electrical circuit. It is used in applications that 

require switching small to medium electrical circuits, such as automatic control systems, 

computers, and electronics. It differs from the contactor by not having main contacts. 

3.3.10 ACS712ELCTR-30A-T: 

It is a high-precision current sensor used to measure electric current, manufactured by Allegro 

MicroSystems and based on the Hall effect. It can measure alternating or direct current up to ± 30 
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amps and gives an analog output of 185mV per amp. This sensor operates at a voltage of 5 volts 

and has a reference voltage of 2.5 volts when no current is passing. 

 

Figure 11: ACS712ELCTR-30A-T. 

 

3.3.11 LCD 20×4 Screen: 

A 20x4 LCD unit is commonly used in electronic and microcontroller projects. The number 20x4 

indicates that the display has 20 columns and 4 rows, meaning it can display 20 characters per row 

across four rows. 

This screen is the user interface through which it can receive alerts or display results on it, making 

it easier for us to monitor the project. 

 

Figure 12: LCD 20×4. 
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3.3.12 Arduino Uno: 

It is an open-source development platform built on easy-to-use electronic and software 

components, intended for beginners, hobbyists, and professionals to develop electronic projects 

and embedded software. The Arduino Uno is very popular due to its ease of programming and the 

availability of many resources and tutorials. 

Arduino Uno is the main component and acts as an accurate controller of project components, 

controlling outputs, and can be used to make a user interface to show the most important data and 

output it. 

 

Figure 13: Arduino Uno. 

 

3.4 Project work mechanism: 

As mentioned earlier, the project was designed using Proteus software, and Figure 5 shows the 

summary of the entire project, after which it will be divided into small parts of the work to easily 

explain each part. 

 

Figure 14: Project design. 
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3.4.1 Load Units 

In the project, five lamps are connected as loads. Each of these lamps has an inductor coil 

connected in series with it. The values of these inductances are not equal. They are intentionally 

made differently so we can get different combinations of loads. All these loads are connected in 

parallel and have a switch that determines whether the load is connected or not. Using the keys we 

will select our preferred loading combination. Since calculating equivalent inductance follows the 

same rule as resistors, adding inductance in parallel will reduce the total load inductance value. 

In addition, when loads start operating without the presence of coils, the angle between voltage 

and current is zero. However, when coils are present for each lamp, an angle begins to form 

between voltage and current, and its amount increases when the load increases. 

 

Figure 15: Load units. 

So, if loads are turned on in this system, the capacitor bank controls and improves the power factor. 

The value of both resistance and Inductor for each load is (R1=27.5Ω, L1=151.5mH)(R2=30.8Ω, 

L2=100mH)(R3=62.33Ω, L3=123mH)(R4=28.6Ω, L4=106.33mH) (R5=33Ω, L5=92.6mH).  

In addition, a resistor of 100 ohms was placed as a resistive load only to check that the power 

factor is unity, and a resistance of 5 ohms was also placed to check the presence of a high current 

that is not needed, that is, if the system consumes more than 25A The capacitor bank is 

disconnected for protection. 
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3.4.2 Phase shift display circle 

A sinusoidal AC source of 312 V, 50 Hz is used. The RMS value of the source is about 220V. Two 

step-down transformers are used to step down the high voltage of 220 volts to a lower voltage of 

about 7 volts to measure the voltage and current. This step down is necessary because both voltage 

and current are fed to the two Op-Amps and the voltage required to operate the Op-Amps is very 

low (5V). Two transformers are called potential transformer (PT) and current transformer (CT). 

The PT is connected in parallel with the source and measures the voltage. To transformer ratio To 

convert 220V to 7V, the inductance value of the primary and secondary windings of the 

transformer has been changed. For PT, the primary inductance is set to 0.9H and the secondary 

inductance is set to 0.001H. This is done using a trial-and-error method. 

The current is measured using a CT. This transformer is connected to the circuit in series. Thus 

the current flowing through the transformer will induce a voltage in the primary coil and eventually 

in the secondary coil. The current value is too low. So we kept the transformer ratio as 1 by setting 

the inductance value of both coils to 0.001H. The secondary side outputs of both PT and CT are 

fed to two “zero detection circuits”.  

Then use the “zero detection circuit” to detect the zero crossing point of any signal. This circuit is 

made using Op-Amp. We used the LM741 Op-Amp model in the project. We used two zero-

detection circuits. One is for voltage and the other is for current. In both zero detection circuits, 

Op-Amps are used in comparison mode.  

The inverted terminals are grounded. So the voltages on the non-inverting terminals are greater 

than zero, and the Op-Amps will give 5V whenever they are at the output terminal. When the 

voltages are less than zero, i.e. in the negative half cycle, the Op-Amps output will be zero. Thus 

Op-Amps can detect zero crossings of both voltage and current. Now the Op-Amps will give us a 

square pulse of 5V when the voltage and current are in the positive half cycle. If there is a phase 

difference between the current and voltage, the square pulses will not start at the same time. The 

phase angle can be determined from the delay between the onset of the squared current and voltage 

pulses. To measure this delay, square pulses of voltage and current are passed through the XOR 

gate.  
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Two Zener diodes, which have a reverse breakdown voltage of 5 V, are connected across each op-

amp. This is done to limit the voltage level to 5V across the Op-Amps. When the voltage is higher 

than 5V, a Zener diode acts as a voltage regulator and provides a constant voltage of 5V. The Op-

Amps are limited to 5V because the Arduino runs on 5V.  

The output terminals of the Op-Amps are connected to two XOR gate terminals. The working 

principle of the XOR gate can be understood from the truth table shown below.   

When the outputs of both Op-Amps are zero, the XOR inputs are zero. So the output of XOR is 

zero. When the voltage or current of either is higher than zero, the corresponding Op-Amp output 

is 5V, i.e. one of the XOR inputs is 5V. So the XOR output is 5V. Then when the other signal 

becomes more than zero, the other Op-Amp starts giving 5V to the other input of the XOR making 

the output of the XOR zero. Thus for the phase difference part, XOR gives a square pulse of 5V. 

Finally, the XOR output is fed into the Arduino to then be used to measure the phase shift between 

voltage and current through a specific code. 

 

Figure 16: Phase shift display circle 

 

 

 



24 
 

3.4.3 Capacitor Banks Units 

Here four capacitors are connected to the loads for power factor correction. Capacitors are operated 

by relays that are energized by transistors. All transistor collectors are connected to a 5V supply 

and the emitters are connected to the four relays. The base transistors (Q1, Q2, Q3, Q4) are 

connected to the Arduino pins D1, D2, D3, D4. When the Arduino supplies 5 volts to either pin, 

the transistor base connected to that opposite pin gets 5 volts. Thus the emitter and collector of that 

transistor are shorted and 5V is passed to the relay connected to that transistor. As a result, the 

relay is energized and the capacitor corresponding to that relay is connected to the circuit. In this 

way, all four capacitors are controlled.    

 The capacitor values are chosen as follows: C1=50uF, C2=25uF, C3=38.5uF, C4=44uF. These 

values are chosen to have the advantage of increasing the capacitance value by 10uF at each step. 

When power factor correction is not needed, pins D4, D3, D2, and D1 are set to 0000 and 0V is 

supplied to the base of the transistors. The transistor remains open-circuited and no current flows 

through the transistor to the relay. So the relay is not energized and the capacitors are disconnected. 

For D4 D3 D2 D1 = 0001, a 50uF capacitor is connected in parallel with the circuit. When D4 D3 

D2 D1 = 0010, the 25uF capacitor is connected in parallel with the circuit. For D4 D3 D2 D1 = 

0011, 50uF and 25uF capacitors are connected in parallel with the circuit. In this way, there are 16 

different groups starting from 0000 to 1111.  

 

Figure 17: Capacitor Units. 

 

In addition to placing lamps parallel to the capacitors, the lamps operate when the capacitor 

connected to them operates, and thus it is distinguished which of the capacitors is active. 
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3.4.4 Current and Voltage Measurement Circuit  

• Voltage is measured by using resistors with specific values, as in picture No. 14, in order for 

the voltage to decrease and the microprocessor to be able to read it and then display it on the 

LCD screen with the original voltage value before placing the resistors via a specific code for 

that. 

• The current is also measured through the current sensor ACS712ELCTR-30A-T, where the 

sensor is connected to 5 volts in order for it to work, and the inputs and outputs to be measured 

are connected through the designated paths on the sensor. The microcontroller works to convert 

the sensor’s output from voltage to current so that every 185mV represents one ampere, and 

Then display the current value on the LCD screen. 

 

Figure 18: Current and voltage measurement circuit. 

 

3.4.5   Arduino Connection 

This project used “Arduino Uno” to measure the phase difference between current and voltage, 

to measure the power factor from the phase angle, to display the power factor value, and to 

decide which combination of the capacitors should be used to improve the power factor if it falls 

below a preset value. To do all these things, the Arduino needs to collect data from the circuit 

and send data to the LCD and capacitor banks.   
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The measuring and decision-making procedures will be discussed in the coding part. Here we 

will explain the hardware connections only. The connection of different pins of the Arduino is 

as follows:  

Pin 0: The output of the XOR gate is connected to this pin. This pin measures the duration of 

the output pulse of the XOR gate and then converts it to phase angle.   

Pin 1-4: These 4 pins are connected to the base of 4 transistors. These pins are used to turn on 

the capacitors.  

Pin 8-13: These pins are connected to the LCD and are used to control the LCD.  

Pin A0: This pin is used to measure the current in the circuit. Pin A0 is an analog input pin. It can 

measure values starting from 0 to 1023. The voltage from the CT is divided using a voltage divider 

and then passed to the pin A0. If there’s any change in the current, the voltage will change. Thus 

the change in current can be detected using this pin. This pin is mainly used to sense the open 

circuit situation. Whenever the circuit has no load, there will be no current flow. Thus voltage at 

pin A0 will be zero. Thus the Arduino can know about the open circuit situation.  

Pin A1: This pin is special for reading the load voltage value. 

 

Pin A2: This pin is special for reading the current consumed by loads when they operate. 

 

Figure 19: Arduino circuit. 
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3.5 Project code: 

//--------------------------------decalre Voids for measuring 

and calculating parameters 

void Measure_Current();//I 

void Measure_Voltage ();//V 

void Measure_Power_Factor();//PF 

void Calculate_Apearent_power();//S 

void Calculate_Reactive_power();//Q 

void Calculate_Active_power();//P 

void Check (); 

//--------------------------------decalre Voids for No load 

detect 

void No_Load_Check (); 

void Only_Capacitive_Print(); 

void Only_Inductive_Print(); 

void No_Load_Print(); 

//--------------------------------decalre Void for Over or 

Low Voltage or Over Current 

void Over_Voltage (); 

void Over_Current (); 

//--------------------------------decalre Voids for 

Monotoring 

void Print(); 

void print_power(); 

void print_Start(); 

void print_unity(); 

//--------------------------------decalre Voids for correction 

power factor  

void CB_Print(); 

void Correction(int x); 

//-------------------------------include libraries  

#include "EmonLib.h"   // Include Emon Library 

#include<LiquidCrystal.h> 

//-------------------------------LCD Pins 

LiquidCrystal LCD(13,12,11,10,9,8); 

 

 

//__________________________________________

__power factor, Angle, Phase Shift 

int dur = 0;//to measure phase shift 

float pfavg =0.0 ;//to Calculate power factor avarage  

float PF, Angle;//to calculate power factor & Angle 

int ReadDur = 6;//Connect Phase Shift sensor with pin 

6 of Arduino to Calculate Power Factor 

//__________________________________________

__Voltage 

float Voltage; //to measure AC Voltage 

const int volt = A1;//Connect Voltage sensor with pin 

A1 of Arduino 

EnergyMonitor emon1;  //Create an instance 

 

int offsetvoltage = 2500; //no of samples 

//__________________________________________

__Current 

float AC_Current;//to measure AC Curente 

const int Sensor_Pin = A2; //Connect current sensor 

with pin A2 of Arduino 

int sensitivity = 66; // Calbration for Current (use 100 

for 20A Module and 66 for 30A Module) 

//__________________________________________

__Power 

float S; //to calculate aparent power VA 

float Power;////to calculate active power W 

float Reactive_Power; //to calculate Reactive Power 

(Q)VAR 

//__________________________________________

__Energy 

float accumulated_active_Energy = 0;//to calculate 

Active Energy W.h 

float accumulated_Reactive_Energy = 0;//to calculate 

Reactive Energy VAR.h 
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//float timeElapsed = 0; //to Calculate Runing time 

//long previousMillis = 0;//to Calculate Runing time 

//__________________________________________

__No Load 

int Out_No_Load=0;//to detect No load state  

//__________________________________________

__Power Factor Correction 

int Case = 0;//for capacitor to change from case to 

case 

int R1 = 2;//Connect Relay with  pin 2 of Arduino to 

add or remove Capacitor 

int R2 = 3;//Connect Relay with  pin 3 of Arduino to 

add or remove Capacitor 

int R3 = 4;//Connect Relay with  pin 4 of Arduino to 

add or remove Capacitor 

int R4 = 5;//Connect Relay with  pin 5 of Arduino to 

add or remove Capacitor 

//float Time = 0.0; 

unsigned long start_Time; 

unsigned long end_Time; 

unsigned long elapsed_Time; 

void setup()  

{ 

Serial.begin(9600); 

start_Time = millis();  // Record start time in 

milliseconds 

emon1.voltage(volt, 166, 1.7);  

LCD.begin(20, 4);  

pinMode(volt, INPUT); 

pinMode(Sensor_Pin, INPUT); 

pinMode(ReadDur, INPUT); 

pinMode(R1, OUTPUT); 

pinMode(R2, OUTPUT); 

pinMode(R3, OUTPUT); 

pinMode(R4, OUTPUT); 

digitalWrite(R1, LOW); 

digitalWrite(R2, LOW); 

digitalWrite(R3, LOW); 

digitalWrite(R4, LOW); 

} 

void loop()  

{ 

Out_No_Load=0; 

Case=0; 

Correction(Case); 

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

print_Start(); 

delay (1000); 

LCD.clear (); 

while(Angle<-24 && Angle>-80)//this for Correction if 

PF less than 0.92 laging or angle <-24 

{ 

while (1) 

{ 

Case++; 

if (Case>15) 

{ 

Case=0; 

break; 

} 

Print (); 

CB_Print (); 

LCD.setCursor(0,3); 

LCD.print("               "); 

LCD.setCursor(0,3); 

LCD.print("Correcting~PF"); 
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Correction(Case); 

delay (100); 

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

if((Angle>=-24) && (Angle<=-18)) 

{ 

break; 

} 

while(Angle>-18 && Angle<0) 

{ 

Print (); 

CB_Print (); 

LCD.setCursor(0,3); 

LCD.print("               "); 

LCD.setCursor(0,3); 

LCD.print("Correcting~PF"); 

Case++; 

if (Case>15) 

{ 

Case=0; 

break; 

} 

Correction(Case); 

delay (100);  

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

if((Angle>=-24) && (Angle<=-18)) 

{ 

break; 

} 

} 

if((Angle>=-24) && (Angle<=-18)) 

{ 

break; 

} 

} 

if (Case==0 || (Angle>=-24) && (Angle<=-18)) 

{ 

break; 

} 

} 

while (Angle>-18 && Angle <=0) 

{ 

LCD.clear (); 

Print(); 

LCD.setCursor (0,3); 

LCD.print (" PF Close1 lag"); 

delay (500); 

print_unity(); 

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

if((Angle<=-24) && (Angle>=-18)) 

{ 

break; 

} 

} 

while (Angle<18 && Angle >=0) 

{ 

LCD.clear (); 

Print(); 
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delay (500); 

LCD.setCursor (0,3); 

LCD.print (" PF Close1 lead"); 

delay (500); 

print_unity(); 

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

if((Angle<=-24) && (Angle>=-18)) 

{ 

break; 

} 

} 

while((Angle>=-24) && (Angle<=-18)) 

{ 

print_power(); 

Check (); 

Over_Voltage (); 

Over_Current (); 

No_Load_Check (); 

if(Angle<-24 || Angle>-18) 

{ 

break; 

} 

Serial.println("after finished (1) loop "); 

} 

Serial.println("after finished main loop "); 

} 

void Measure_Voltage () 

{ 

// Measure Voltage 

for (int i =0 ; i<5 ;i++) 

{ 

emon1.calcVI(20, 2000); // Calculate all. No.of half 

wavelengths (crossings), time-out 

Voltage = emon1.Vrms;  //extract Vrms into Variable 

} 

} 

void Measure_Current() 

// Measure Current 

unsigned int temp = 0; 

float maxpoint = 0; 

for (int i = 0; i < 500; i++) 

{ 

if (temp = analogRead(Sensor_Pin), temp > maxpoint) 

{ 

maxpoint = temp; 

} 

} 

float ADCvalue = maxpoint;  

double eVoltage = (ADCvalue / 1024.0) * 5000; // 

Gets you mV 

double Current = ((eVoltage - offsetvoltage) / 

sensitivity); 

AC_Current = (Current) / (sqrt(2)); 

} 

void Measure_Power_Factor() 

{ 

//Measure instantaneous Power factor  

dur = pulseIn(ReadDur, HIGH); 

Angle = dur * 0.018; //time to angle (in degree) 

convert 

Angle = Angle-90; // (-90) is for offseting the angle 

PF = cos(Angle*0.0174533); //angle conversion from 

degree to radian, then PF calcultion 

//Measure Power factor avarage  
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pfavg = cos(atan 

(accumulated_Reactive_Energy/accumulated_active_

Energy) ); 

} 

void Calculate_Apearent_power() 

{ 

// Measure Apearent Power (p) 

S = Voltage * AC_Current;  

} 

void Calculate_Active_power() 

{ 

// Measure Active Power (p) 

Power = S*PF; 

// Measure Energy (W.h meter) 

//long currentMillis = millis(); 

//timeElapsed = ((currentMillis - previousMillis) / 

1000.0); // Time in seconds 

unsigned long Loop_Time=millis(); 

end_Time = millis(); 

elapsed_Time = (end_Time - start_Time); 

accumulated_active_Energy += (Power * 

(elapsed_Time/1000)*10) / 3600.0; // Watt-hours 

//previousMillis = currentMillis; 

Serial.print("Elapsed time: "); 

Serial.print((elapsed_Time/1000)*10); 

Serial.println(" Seconds"); 

Serial.print("Time = "); 

Serial.print((Loop_Time/1000)*10); 

Serial.println(" Seconds"); 

start_Time = millis(); 

} 

void Calculate_Reactive_power() 

{ 

// Measure Reactive Power (Q) 

Reactive_Power = S*sin(acos(PF)); 

if (Angle>0) 

{ 

Reactive_Power =Reactive_Power *-1; 

} 

// Measure Energy (VAR.h meter) 

accumulated_Reactive_Energy += (Reactive_Power 

*(elapsed_Time/1000)*10) / 3600.0; // VAR-hours 

} 

void Check () 

{ 

Measure_Current(); 

Measure_Voltage (); 

Measure_Power_Factor(); 

Calculate_Apearent_power(); 

Calculate_Reactive_power(); 

Calculate_Active_power(); 

} 

void print_power() 

{ 

LCD.setCursor(0,0); 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("V = "); 

LCD.print(Voltage); 

LCD.setCursor(9,0); 

LCD.print(" V"); 

LCD.setCursor(12,0); 

LCD.print("|"); 

LCD.setCursor(13,0); 

LCD.print("Correct"); 

LCD.setCursor(0,1); 

LCD.print("                    "); 
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LCD.setCursor(0,1); 

LCD.print("I = "); 

LCD.print(AC_Current); 

LCD.setCursor(9,1); 

LCD.print(" A"); 

LCD.setCursor(12,1); 

LCD.print("|"); 

LCD.setCursor(13,1); 

LCD.print("  Done"); 

LCD.setCursor(0,2); 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("PF= "); 

LCD.print(PF,2); 

if (Angle>5) 

{ 

LCD.print("lead"); 

} 

else if (Angle<-5) 

{ 

LCD.print("lag"); 

} 

else 

{ 

LCD.print("unity"); 

} 

LCD.setCursor(12,2); 

LCD.print("|"); 

LCD.setCursor(13,2); 

LCD.print("in Case"); 

LCD.setCursor(0,3); 

LCD.print("               "); 

LCD.setCursor(0,3); 

LCD.print("PFavg= "); 

LCD.print(pfavg,2); 

LCD.setCursor(12,3); 

LCD.print("|"); 

LCD.setCursor(13,3); 

LCD.print("       "); 

LCD.setCursor(13,3); 

LCD.print("   "); 

LCD.print (Case); 

delay (500); 

LCD.clear (); 

LCD.setCursor(0,0); 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("P  = "); 

LCD.print(Power); 

LCD.setCursor(14,0); 

LCD.print("W "); //unit for the power to be measured 

long Time = ((millis()*4.7966)/1000); 

LCD.print (Time); 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("PE = "); 

LCD.print(accumulated_active_Energy, 1); 

LCD.setCursor(14,1); 

LCD.print("Wh    "); //unit for the energy to be 

measured 

LCD.setCursor(0, 2);//-------------------------------------------

------------------------------------------- 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("Q  = "); 
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LCD.print(Reactive_Power); 

LCD.setCursor(14,2); 

LCD.print("VAR"); 

LCD.setCursor(0,3); 

LCD.print("                "); 

LCD.setCursor(0,3); 

LCD.print("QE = ");//--------------------------------------------

-------------------------------------------- 

LCD.print(accumulated_Reactive_Energy, 2); 

LCD.setCursor(14,3); 

LCD.print("VAR.h"); 

} 

void print_Start() 

{ 

LCD.setCursor(0,0); 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("V = "); 

LCD.print(Voltage); 

LCD.setCursor(9,0); 

LCD.print(" V"); 

LCD.setCursor(12,0); 

LCD.print("|"); 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("I = "); 

LCD.print(AC_Current); 

LCD.setCursor(9,1); 

LCD.print(" A"); 

LCD.setCursor(12,1); 

LCD.print("|"); 

LCD.setCursor(13,1); 

LCD.print("Start"); 

LCD.setCursor(0,2); 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("PF= "); 

LCD.print(PF,2); 

if (Angle>5) 

{ 

LCD.print("lead"); 

} 

else if (Angle<-5) 

{ 

LCD.print("lag"); 

} 

else 

{ 

LCD.print("unity"); 

} 

LCD.setCursor(12,2); 

LCD.print("|"); 

LCD.setCursor(0,3); 

LCD.print("               "); 

LCD.setCursor(0,3); 

LCD.print("PFavg= "); 

LCD.print(pfavg,2); 

LCD.setCursor(12,3); 

LCD.print("|"); 

LCD.setCursor(13,3); 

LCD.print("       "); 

delay (500); 

LCD.clear (); 

LCD.setCursor(0,0); 

LCD.print("                    "); 
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LCD.setCursor(0,0); 

LCD.print("P  = "); 

LCD.print(Power); 

LCD.setCursor(14,0); 

LCD.print("W "); //unit for the power to be measured 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("PE = "); 

LCD.print(accumulated_active_Energy, 1); 

LCD.setCursor(14,1); 

LCD.print("Wh    "); //unit for the energy to be 

measured 

LCD.setCursor(0, 2);//-------------------------------------------

------------------------------------------- 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("Q  = "); 

LCD.print(Reactive_Power); 

LCD.setCursor(14,2); 

LCD.print("VAR"); 

LCD.setCursor(0,3); 

LCD.print("                "); 

LCD.setCursor(0,3); 

LCD.print("QE = ");//--------------------------------------------

-------------------------------------------- 

LCD.print(accumulated_Reactive_Energy, 2); 

LCD.setCursor(14,3); 

LCD.print("VAR.h"); 

} 

void print_unity() 

{ 

LCD.setCursor(0,0); 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("V = "); 

LCD.print(Voltage); 

LCD.setCursor(9,0); 

LCD.print(" V"); 

LCD.setCursor(12,0); 

LCD.print("|"); 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("I = "); 

LCD.print(AC_Current); 

LCD.setCursor(9,1); 

LCD.print(" A"); 

LCD.setCursor(12,1); 

LCD.print("|"); 

LCD.setCursor(13,1); 

LCD.print("Unity"); 

LCD.setCursor(0,2); 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("PF= "); 

LCD.print(PF,2); 

if (Angle>5) 

{ 

LCD.print("lead"); 

} 

else if (Angle<-5) 

{ 

LCD.print("lag"); 

} 

else 

{ 
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LCD.print("unity"); 

} 

LCD.setCursor(12,2); 

LCD.print("|"); 

LCD.setCursor(0,3); 

LCD.print("               "); 

LCD.setCursor(0,3); 

LCD.print("PFavg= "); 

LCD.print(pfavg,2); 

LCD.setCursor(12,3); 

LCD.print("|"); 

LCD.setCursor(13,3); 

LCD.print("       "); 

delay (500); 

LCD.clear (); 

LCD.setCursor(0,0); 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("P  = "); 

LCD.print(Power); 

LCD.setCursor(14,0); 

LCD.print("W "); //unit for the power to be measured 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("PE = "); 

LCD.print(accumulated_active_Energy, 1); 

LCD.setCursor(14,1); 

LCD.print("Wh    "); //unit for the energy to be 

measured 

LCD.setCursor(0, 2);//-------------------------------------------

------------------------------------------- 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("Q  = "); 

LCD.print(Reactive_Power); 

LCD.setCursor(14,2); 

LCD.print("VAR"); 

LCD.setCursor(0,3); 

LCD.print("                "); 

LCD.setCursor(0,3); 

LCD.print("QE = ");//--------------------------------------------

-------------------------------------------- 

LCD.print(accumulated_Reactive_Energy, 2); 

LCD.setCursor(14,3); 

LCD.print("VAR.h"); 

} 

void Print() 

{ 

LCD.clear (); 

LCD.print("                    "); 

LCD.setCursor(0,0);  //setCursor(x,y)    x=column  

y=row 

LCD.print("                    "); 

LCD.setCursor(0,0); 

LCD.print("I="); 

LCD.print(AC_Current); 

LCD.print("A "); 

LCD.print("<"); //unit for the current to be measured 

LCD.print(Angle,2); 

if (Angle>5) 

{ 

LCD.print("lead"); 

} 

else if (Angle<-5) 

{ 
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LCD.print("lag"); 

} 

else 

{ 

LCD.print("unity"); 

} 

LCD.setCursor(0,1); 

LCD.print("                    "); 

LCD.setCursor(0,1); 

LCD.print("PF= "); 

LCD.print(PF,2); 

LCD.setCursor(0,2); 

LCD.print("                    "); 

LCD.setCursor(0,2); 

LCD.print("PFavg= "); 

LCD.print(pfavg,2); 

} 

void CB_Print() 

{ 

LCD.setCursor(17,3); 

LCD.print("C"); 

LCD.print(Case); 

} 

void No_Load_Check () 

{ 

while(AC_Current<0.20  && Power<35 && 

Reactive_Power<35) 

{ 

Case=0; 

Correction(Case); 

LCD.clear(); 

No_Load_Print(); 

delay(500); 

Check (); 

if (AC_Current>=0.20 || Power>=35 || 

Reactive_Power>=35) 

{ 

Out_No_Load++; 

break; 

} 

} 

while((Angle<-80 && Angle>-90) && (Power<70 && 

Reactive_Power>70))//work Q-------------------------- 

{ 

Case=0; 

Correction(Case); 

LCD.clear(); 

Only_Inductive_Print(); 

delay (500); 

Check (); 

if (Angle<=80 && Angle>=-80) 

{ 

Out_No_Load++; 

break; 

} 

} 

while ((Angle>80 && Angle<90) && (Power<70 && 

Reactive_Power>70))//work Q-------------------------- 

{ 

Case=0; 

Correction(Case); 

LCD.clear(); 

Only_Capacitive_Print(); 

delay (500); 

Check (); 

if (Angle<=80 && Angle>=-80) 

{ 
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Out_No_Load++; 

break; 

} 

} 

if ((AC_Current<0.20  && Power<35 && 

Reactive_Power<35) 

||((Angle>80 && Angle<90) && (Power<70 && 

Reactive_Power>70)) 

|| ((Angle<-80 && Angle>-90) && (Power<70 && 

Reactive_Power>70))) 

{ 

No_Load_Check (); 

} 

} 

void No_Load_Print() 

{ 

LCD.clear(); 

Print (); 

LCD.setCursor(0,3); 

LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print(" NO LOAD CONNECTED "); 

} 

void Only_Inductive_Print() 

{ 

LCD.clear(); 

Print(); 

LCD.setCursor(0,3); 

LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print("      Warning      "); 

} 

void Only_Capacitive_Print() 

{ 

LCD.clear(); 

Print(); 

LCD.setCursor(0,3); 

LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print("      Warning      "); 

} 

void Correction(int x) 

{ 

if(x==1) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, LOW); 

digitalWrite(R3, LOW); 

digitalWrite(R4, LOW); 

} 

else if(x==2) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, LOW); 

digitalWrite(R4, LOW); 

} 

else if(x==3) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, LOW); 

digitalWrite(R4, LOW); 

} 

else if(x==4) 

{ 

digitalWrite(R1, LOW); 
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digitalWrite(R2, LOW); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, LOW); 

} 

else if(x==5) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, LOW); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, LOW); 

} 

else if(x==6) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, LOW); 

} 

else if(x==7) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, LOW); 

} 

else if(x==8) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, LOW); 

digitalWrite(R3, LOW); 

digitalWrite(R4, HIGH); 

} 

else if(x==9) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, LOW); 

digitalWrite(R3, LOW); 

digitalWrite(R4, HIGH); 

} 

else if(x==10) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, LOW); 

digitalWrite(R4, HIGH); 

} 

else if(x==11) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, LOW); 

digitalWrite(R4, HIGH); 

} 

else if(x==12) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, LOW); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, HIGH); 

} 

else if(x==13) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, LOW); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, HIGH); 
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} 

else if(x==14) 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, HIGH); 

} 

else if(x==15) 

{ 

digitalWrite(R1, HIGH); 

digitalWrite(R2, HIGH); 

digitalWrite(R3, HIGH); 

digitalWrite(R4, HIGH); 

} 

else 

{ 

digitalWrite(R1, LOW); 

digitalWrite(R2, LOW); 

digitalWrite(R3, LOW); 

digitalWrite(R4, LOW); 

}  

} 

void Over_Voltage () 

{ 

while (Voltage>230 || Voltage<210) 

{ 

Case =0; 

Correction(Case); 

LCD.clear(); 

Print(); 

if (Voltage > 230) 

{ 

LCD.setCursor(0,3); 

LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print("    Over Voltage   "); 

} 

else if (Voltage<210) 

{ 

LCD.setCursor(0,3); 

LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print("    Under Voltage   "); 

} 

delay (500); 

Check (); 

if (Voltage>230 || Voltage<210) 

{ 

Over_Voltage (); 

} 

if (Voltage<230 && Voltage>210) 

{ 

break; 

} 

} 

} 

void Over_Current () 

{ 

while (AC_Current>25 ) 

{ 

Case =0; 

Correction(Case); 

LCD.clear(); 

Print(); 

LCD.setCursor(0,3); 
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LCD.print("                    "); 

LCD.setCursor(0,3); 

LCD.print("    Over Current   "); 

delay (500); 

Check (); 

if (AC_Current<=25) 

{ 

break; 

} 

} 

} 
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CH 4  Results and Analysis 

 

In this project, a complete design for the process of improving the PF was made, and the values of 

the angle between the voltage and the current at all existing loads were obtained and displayed on 

the LCD screen, in addition to the PF value. The value of the currents consumed by the loads was 

also obtained, and the voltage value was also displayed for them, all types of power and energy 

were also produced, including real power, reactive power, real energy, and reactive energy, also, 

of course, this project showed how the optimization process proceeds precisely, as the capacitor 

bank works on adding each capacitor separately until the PF value is improved to become 0.95 and 

above in order to obtain the best results, here it is presented in the form of tables how the PF and 

phase shift change before and after the optimization process with the change of loads, in addition 

to comparing the values of both real power and reactive power before and after the optimization 

process. 

In this stage, the loads were connected in several ways, as follows: 

Case 1:  A resistive load has been connected with a value of (100 Ω). 

Case 2:  Are inductive load with the value of (27.5 + j 47.5) Ω. 

Case 3:  It is a load equivalent to two loads (27.5 + j 47.5), (30.8 + j31.4) connected in parallel 

with the value of (15.17 + j 19.396) Ω. 

Case 4:  It is a load equivalent to three loads (27.5 + j 47.5), (30.8 + j31.4), (62.33+j38.64) 

connected in parallel with the value of (12.73 + j 13.6266) Ω. 

Case 5:  It is a load equivalent to four loads (27.5 + j 47.5), (30.8 + j31.4), (62.33+j38.64) (28.6 

+j 33.4) connected in parallel with value of (8.82 + j 9.685) Ω. 

Case 6:  It is a load equivalent to five loads (27.5 + j 47.5), (30.8 + j31.4), (62.33+j38.64) (28.6 

+j 33.4), (33+ j 29.09) connected in parallel with value of (6.99 + j 7.297) Ω. 
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4.1 Phase shift value and power factor before the optimization process 

 

➢ The result was obtained as in the following table: 

 

Table 3: Phase shift value and power factor before the optimization process. 

# Case Resistance(𝛺) Inductor(mH) phase 
shift(𝜃°) 

Power 
Factor 

Capacitor 
Bank 

1 100 0 -0.95 1 0000 
2 27.5 151.5 -60.35 0.49 0000 

3 15.17 61.74 -52.51 0.61 0000 
4 12.73 43.37 -47.72 0.67 0000 

5 8.82 30.83 -48.87 0.66 0000 

6 6.99 23.23 -47.48 0.68 0000 
 

In this table, the result shows before power factor improvement to notice the change in the power factor 

value., it was clearly observed that when the load increased, the power factor decreased. 

 

Figure 20: Phase shift value and power factor before the optimization process at case 6 

 

In this picture, all loads were operated within case number six without activating the capacitors, and we 

notice that the power factor value is low by 0.68. 
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4.2 Phase shift value and power factor after the optimization process 

 

➢ The result was obtained as in the following table: 

 

Table 4: Phase shift value and power factor after the Correction process. 

# Case Resistance(𝛺) Inductor(mH) phase 
shift(𝜃°) 

Power 
Factor 

Capacitor 
Bank 

1 100 0 -0.95 1 0000 
2 27.5 151.5 -23.07 0.92 0100 

3 15.17 61.74 -23.06 0.92 1010 
4 12.73 43.37 -21.57 0.93 1100 

5 8.82 30.83 -21.56 0.93 1011 

6 6.99 23.23 -19.95 0.94 1111 
 

At this stage, the capacitor bank was activated, and it was noted that when the load was gradually 

increased, the power factor value began to decrease, but the capacitor bank worked to raise the 

power factor value until it reached this range (0.92 - 0.95). From here we conclude the importance 

of connecting the capacitor in parallel with the load in order to improve the power factor. 

 

Figure 21: Phase shift value and power factor after the Correction process at case 6 
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In this picture, all loads were operated within case number six, in addition to activating the 

capacitors, so the power factor value was improved from 0.68 to 0.94. 

 

4.3 The value of real power, reactive power, real energy, and reactive energy before the 

optimization process 

 

➢ The result was obtained as in the following table: 

 

Table 5: The value of real power, reactive power, real energy, and reactive energy before the Correction process. 

# Case V(V) I(A) real  

power(W) 

reactive 

power(VAR) 

real 

energy(W.h) 

reactive 

energy(VAR.h) 

1 221.8 2.2 487.24 0 48.7 0 

2 221.8 3.98 449.05 766.63 42.4 72.44 

3 221.8 8.84 1227.34 1559.19 105.9 147.13 

4 221.8 11.67 1773.47 1914.68 150.0 181.08 

5 221.8 16.53 2491.79 2756.6 221.2 260.31 

6 221.8 21.34 3193.2 3496.02 310.6 330.2 

 

In this table, the result before improving the power factor shows the value of P and Q according to 

the following equations that explain the relationship of the phase shift with the change in the values 

of both P and Q. 

P= V*I*cos(phase shift). 

x = V*I*sin(phase shift). 

It turns out at this stage that the angle value is relatively large at each load, which results in a large 

increase in the Q value. 
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Figure 22: Value the current, power factor, and voltage before setting the capacitor bank to case 6 

 

In this picture, the capacitors were disconnected, all loads were operated in case number six, and 

the current, power factor and voltage values were displayed. 

 

 

Figure 23: Real energy and reactive energy before activating the capacitor bank for case 6 
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In this picture, the capacitors were disconnected from the system, and all loads were also turned 

on, as in case number six. We ran the system for 7 minutes, after which the values of both the real 

energy and the reactive energy were taken. There is also a screen to display the time in seconds 

and another screen to display the rest of the values. 

 

4.4 The value of real power, reactive power, real energy, and reactive energy after the 

optimization process 

 

➢ The result was obtained as in the following table: 

 

Table 6: The value of real power, reactive power, real energy, and reactive energy after the optimization process. 

# Case V(V) I(A) real  

power(W) 

reactive 

power(VAR) 

real 

energy(W.h) 

reactive 

energy(VAR.h) 

1 221.8 2.2 487.24 0 48.7 0 

2 221.8 2.2 449.05 189.15 38.6 13.5 

3 221.8 6.2 1227.34 523.81 97.5 43.07 

4 221.8 8.58 1773.47 690.59 140.0 52.63 

5 221.8 12.08 2491.79 990.19 20 .8 8 140.09 

6 221.8 15.85 3306.73 1192.85 291.8 150.81 

 

We note in this table, with the capacitor bank in particular, the value of P and Q, and according to 

the following equations that explain the relationship of the phase shift with the change in the values 

of both P and Q 

P= V*I*cos(phase shift). 

Q = V*I*sin(phase shift). 

We notice at this stage that the value of the angle becomes relatively lower with each load, and 

after adding a capacitor in parallel with the load, this leads to a clear decrease in the value of Q, 

and this matter is taken into account after the optimization process. 
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Figure 24: Value the current, power factor, and voltage after setting the capacitor bank to case 6 

 

In this picture, the capacitors are activated and all loads are operating in state number six, and the 

current, power factor, and voltage values are displayed. 

 

 

Figure 25: Real energy and reactive energy after activating the capacitor bank for case 6 
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In this picture, the capacitors in the system were activated and all loads were turned on, as in case 

number six. We ran the system for 7 minutes, after which the values of both real energy and 

reactive energy were taken. There is also a screen to display the time in seconds and another screen 

to display the rest of the values. 

 

The average power factor is considered one of the most important elements within any industrial 

facility. In this project, it was calculated by taking all the power factor values when operating each 

load and taking the average of these values, so the average power factor is taken after a long period 

of time, as it depends on the amount of real energy and reactive energy, it can be calculated through 

the following equation:  

𝑃𝐹𝑎𝑣𝑔 = 𝑐𝑜𝑐(𝑡𝑎𝑛−1(
𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑒𝑛𝑒𝑟𝑔𝑦

𝑟𝑒𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦
)) 

 

 

Figure 26: PF.avg  a period of time of 30 minutes 

 

In this picture, the first load, which represents case No. 2, was operated for five minutes, after 

which the load was gradually increased every five minutes until it reached case No. 6 In total, a 

period of time of 30 minutes was waited, and an average power factor value of 0.88 was produced 

 



49 
 

 

Figure 27: PF.avg  a period of time of 100 minutes 

 

In this picture, an excellent average power factor value of 0.92 was obtained. All loads were 

operated in case No. 6 for 100 minutes, which is equivalent to 6020 seconds, as displayed on the 

time screen. 

4.5 Waveforms of voltage and current and the time difference between them 

 

In this part, we have four cases in which the voltage waveform is displayed, which represents the 

yellow color, the current waveform, which represents the blue color, and the form of the time 

difference signal between the voltage and current, which represents the red color, and it expresses 

the phase shift. The first case shows the shapes of these waves without operating any load, while 

the second case shows the shapes of the waves with a 100-ohm load operating, which represents 

Case 1 of the load operating cases. The third case, shows the waveforms of five loads together, 

which falls within Case 6 of the load operating cases, but with separation operation of the 

capacitors finally, the fourth case, which is the same as the third case, but in which the waveforms 

are displayed while the operation of the capacitors is activated. 
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Figure 28: Waveforms with all loads separated. 

In this picture, all loads have been disconnected, as shown, the current is zero compared to the 

voltage as shown on the oscilloscope screen. 

 

Figure 29: Waveforms with 100-ohm operation. 
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In this picture, the 100-ohm resistor was turned on alone, so the power factor value should be 1, 

and the phase shift between the voltage signal and the current signal should be zero, but it turns 

out in this picture that there is a difference of 90 degrees, and this difference is the result of the 

transformer files for measuring the current. This problem has been modified in the code inside the 

Arduino, the phase shift became almost zero, as shown on the LCD screen 

 

 

Figure 30: Figure 30: Waveforms with five loads running and capacitors disconnected. 

 

In this picture, five loads were turned on with the capacitors disconnected, and we notice the 

formation of a small time difference between the voltage wave and the current, which creates a 

high phase shift, which leads to a small power factor, as shown in the picture on the LCD screen. 
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Figure 31: Waveforms with five loads on and capacitors activated. 

In this case, the five loads were turned on and the capacitors were activated. We notice in this image that 

the time difference between the voltage and the current in this case is greater than in the previous case, 

resulting in a lower phase shift and a higher power factor, as displayed on the LCD screen. 
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CH 5  Conclusions and Recommendation 

 

5.1 Conclusion 

 

In conclusion, a circuit was designed to measure the phase shift between voltage and current. 

Artificial intelligence was used to automatically improve the power factor by utilizing capacitor 

banks and monitoring the improvement process through Simulink, which was implemented using 

Proteus software. This setup allows us to display readings and results on the screen, showing the 

capacitors involved in the improvement process clearly. 

In this work, reactive power was reduced, which in turn reduces the current, while maintaining a 

constant value for real power. This work demonstrated real energy, reactive energy, and the 

average power factor, which is an important measure of energy efficiency in electrical systems. 

Improving the power factor plays a crucial role in energy conservation. After reviewing the 

simulation results using Proteus software, the power factor was enhanced to (0.92-0.95) by adding 

capacitor banks as needed. After testing the existing capacitor banks, the appropriate bank is 

selected for optimization, which is reflected on the screen. 

This intelligent power factor control system has numerous features, including an accurate 

measurement system for voltage, current, real, reactive, and apparent power, providing essential 

data for analyzing and improving system performance. Additionally, it includes an automatic 

control system that adapts to changes in electrical loads to maintain optimal energy efficiency. The 

improvement sequence is visually displayed, allowing us to monitor the system's status by showing 

the results on the screen. 

Furthermore, this system reduces the reliance on importing devices, thereby lowering costs since 

local production is cheaper than importing. 

This project incorporates artificial intelligence, which is a key driver for development and 

competition in a rapidly changing world. It opens new horizons for success and innovation in 

various fields of life. We see this system as an important step toward achieving sustainability goals 

and improving energy efficiency across different sectors. 
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5.2 Recommendation 

 

When using this project or completing it to benefit from it in an industrial facility, contactors must 

be placed instead of existing relays because relays do not operate under high loads and are easily 

damaged. Also, improve measurement accuracy by adding filters to get rid of harmonics, in 

addition to establishing a periodic maintenance system to improve the reliability of the system. It 

is possible to continue development by researching the latest technologies in the field of artificial 

intelligence and power factor control. 

5.3 Future Work 

Work on Project 2 will involve completing various tasks not completed in Project 1, starting with 

the selection and purchase of each of the following parts (Source, Transformers, Zener Diodes, 

Op-Amps, XOR Gate, Transistors, Capacitor Banks, Relays, ACS712ELCTR-30A -T, 20x4 LCD, 

Arduino Uno) and design a board on which the parts of the entire project will be mounted.  

 

In addition, the project can be developed to automatically detect and identify expected faults during 

system operation without the need to disconnect any loads or shut down the system such as a defect 

in one of the capacitors. This enhances the reliability of the system and thus increases efficiency. 

We will use special loads found in university laboratories under the supervision of our professor 

so that we can display the best results. 

 

And it also works to predict the maintenance date for each capacitor bank by analyzing data 

previously stored in the system in addition to the ability of artificial intelligence to know the age 

of the capacitor bank, which helps it give a warning that the capacitor has reached the time to 

change it, to avoid extinguishing it. 

 

Artificial intelligence also provides the ability to improve the distribution of capacitor banks in an 

effective manner in a faster time based on the load curve information that is stored in the system’s 
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memory and its prediction of the nature of the load and the appropriate capacitors to activate, thus 

further enhancing the system’s performance. 

 

Using artificial intelligence also enables efficient improvement of capacitor bank distribution 

based on load curve information stored in the system's memory and its prediction of the load nature 

and suitable capacitors for activation, thereby enhancing system performance significantly. 

 

 

Accurately measuring electrical parameters such as voltage (V), current (I), power factor (PF), 

calculating power (P, Q, S), and energy (E) using appropriate formulas, along with mastering 

communication skills to clearly and concisely transmit results to stakeholders, are essential 

aspects. 
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