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░ ABSTRACT- The traditional distribution network must be replaced by a smart grid, durable, and dependable, due to the 

rising demand for power by the customer. The smart grid will need a smart monitoring system based on the smart current sensor at 

all buildings to determine the power consumption with its costs. This paper proposed a wireless monitoring system for measuring 

the three-phase currents in the building by using three HW-666 current sensors with Arduino and ESP32 microcontrollers to transmit 

the data according to the Internet of Things (IoT) technique to the Telegram app on the mobile phone. The power consumption is 

determined by assuming the constant voltages and power factor at the building that is tested with this monitoring system. The results 

are scheduled on the personal computer (PC) by using the serial monitor of the Arduino software and also by receiving the message 

every 20 minutes on the telegram app furthermore, real-time data can be obtained immediately upon receiving transmitted 

commands from the Telegram application. In addition, this monitoring system is designed to cut off power to the building and sound 

an alarm if abnormal currents are detected. The proposed monitoring system is given the same results when a comparison with the 

ammeter with errors not exceeding 10%. 
 

Keywords: Arduino microcontroller, ESP32 microcontroller, AC smart current sensor, smart meter, and monitoring system. 

 

 

 

░ 1. INTRODUCTION   
Power monitoring systems are utilized to keep in mind the 

quantity of energy being absorbed in a certain industry. 

Traditionally, power meters and other electrical measurement 

devices have been utilized in the manufacturing industry to 

maintain a check of energy demand [1]. However, the need for 

several measurement types of equipment has made meter-based 

power monitoring devices complex. The work is made easier in 

this respect by the development of power meters into intelligent 

power meters, which measure and indicate many kinds of 

electrical information without the need for additional 

measurement instruments [2]. 
 

Furthermore, to save time, using appropriate smart technology 

to monitor power consumption rather than manually collecting 

data enables quick analysis of the electrical power trend. The 

current Internet of Things (IoT) based technological devices can 

accomplish this mission more effectively in this situation [3]. 

Using IoT tools and monitoring systems, diverse electrical 

information may be immediately collected and shown in 

graphical form. Various IoT devices, including Arduino, esp32 

microcontroller, Raspberry Pi, etc. may be utilized for 

archiving the data gathered from monitoring systems deployed 

in various industrial locations for later use [4]. 
 

Physical items may be linked to the online world, which can be 

managed directly from any place, as long as the IoT gadgets or 

equipment remain attached to the actual world. IoT gadgets are 

being utilized for a wide range of real-time purposes, including 

intelligent media, weather monitoring, intelligent 

manufacturing, educated medicine and health care, smart homes 

and buildings, power management, transport, etc. This is due to 

the wireless control of these items [5]. 
 

There are several types of IoT gadgets on offer that are 

utilized for the aforementioned purposes. The application and 

the job at hand determine which IoT gadgets should be used. 

However, because of their ease of use and simplicity of 

operation, Arduino and ESP32 are the most widely used IoT 

gadgets. Additionally, they are less expensive than other IoT 

gadgets [6]–[8]. 
 

Recently, a lot of individuals attempt to utilize an Arduino due 

to how simple C++ has been made and how easily you can 

program, erase, and reprogram an Arduino microcontroller at 

any moment [9]. Therefore, this paper is using Arduino to save 

data that can be estimated by sensors for the monitoring system 

and also uses the ESP32 microcontroller to transmit the 

received data from Arduino to the internet. 
 

This section will discuss several types of research that have 

been presented for developing various monitoring system types 
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with various uses in recent years. In [10], an Arduino 

microcontroller is used to determine a household's total power, 

voltage, current, and power factor of demand 

without transferring this data wirelessly but only used Arduino 

software to display it on a computer. 
 

To make sure that the overall consumed power of the home 

does not exceed the upper limit. In [2], the Raspberry Pi is 

utilized to obtain data for power monitoring systems with a 

variety of electrical information from the industry's current 

energy meters and saved it via PC or mobile. In [11], power 

consumption is calculated using a single-phase power 

meter and sensors for voltages and currents. the data is carried 

out and shown on the LCD and PC while voltage, current data, 

and instantaneous power calculation are captured and 

analyzed using Arduino as the control device. 
 

 In [12], is used the Zigbee Protocol with a network of wireless 

sensors for single-phase electrical monitoring devices. This 

network has three groups with two sensor units for determining 

power consumption. Moreover, in [13], a smart meter device 

with the controlling of individual loads utilizing Arduino, 

Raspberry Pi, and additional sensors is conceived and built. The 

last power monitoring device is also outfitted with many 

capabilities, including the ability to accept payments via PayPal 

or Visa and the ability to notify the customer if their 

consumption estimate surpasses a threshold (75%).  
 

Furthermore, in [14] an intelligent meter is designed and put 

into use to monitor the power consumption of the home, log data 

in actual time, display the time, and operate any connected 

devices having power outputs. Additionally, the PC receives 

data through ZigBee while the power is on and off and a zero-

cross of the AC signal is recognized to compute phase shift. 
 

According to the previous survey, the smart network combines 

a wide range of technologies, and services to electricity user-

side appliances with detecting, communication, and control 

techniques from the producing, transmitting, and distributing 

parts to control and distribute power in a more efficient, 

affordable, and secure manner. With a smart meter, every 

appliance employed in homes and buildings may be monitored 

with a schedule, remotely governed, and watched over by smart 

network technology[15]. Therefore, the monitoring smart 

system will be necessary for the smart distribution network, and 

monitoring electricity consumption may help lower customer 

demand for power by promoting a culture of increased 

electricity consumption while also outlining the associated 

costs[16]. The current article introduced a new monitoring 

system that measures the three-phase AC currents in any 

building utilizing two microcontrollers (Arduino and ESP32) 

and three current sensors. By assuming constant voltage and 

power factor and employing the Arduino C++ programming 

language, the data from the sensor is used to determine the 

total power usage. Additionally, the ESP32 microcontroller is 

utilized to constantly communicate data from the Arduino to the 

telegram app on the phone through the internet.   
 

The following sections of this article are structured as follows. 

The second portion describes the difficulties' mathematical 

model. The third section explains the suggested approach for 

achieving the research goal. The conversations and the 

simulation's outcomes are contextualized in part four. The 

results and recommendations for future works are in the fifth 

section. 

  

░ 2. MATHEMATICAL MODEL 
This section introduces the mathematical model of the AC 

current sensor which is a Current Transformer (CT) used in the 

design of monitoring systems with power consumption 

calculations. The ability of the CT to accurately reproduce the 

primary (main) current on the other (secondary) side of the CT 

in terms of both magnitude and pattern defines the CT's 

functionality [17]. The Arduino (UNO) was chosen for this 

project as the control device, and it operates with a maximum 

DC input voltage of 5V and a maximum current of 40mA 

[18],[19]. In order to demonstrate how AC analog current with 

peak value may be transformed to the DC input voltage for AC 

current measurement, the following equations will be used. The 

current sensor (HW-666) that is used in this project is shown in 

figure 1. 

 
 

Figure 1: Current sensor HW-666 
 

The HW-666's secondary terminals are attached to a 200Ω 

resistor, and it is functioning with a turn ratio of 1000/1 and a 

minimum/maximum current of 5mA/5A. 
 

𝐼1

𝐼2
=

𝑁2

𝑁1
                                                                          (1) 

 

Where I1 and I2, represent the peak currents of primary and 

secondary of the sensor.in addition, N1 and N2 represent the 

primary and secondary turns of the current sensor represent the 

current. 
 

𝑉2 = 𝐼2𝑅                                                                     (2) 
 

Where the V2 represents the peak voltage across the terminal of 

the sensor and its input to the Arduino microcontroller. R is the 

resistor in the HW-666 sensor with the value of 200Ω is used to 

convert the current in the primary to voltage. The following 

equation is used to convert the peak value to the RMS value Irms. 
 

𝐼𝑟𝑚𝑠 =
maximum(𝐼2)

√2
⁄                                (3) 

 

The measured single-phase current (I) is derived by multiplying 

Irms value by the turns ratio of 1000/1. 
 

𝐼 = 𝐼𝑟𝑚𝑠 ∗ 1000/1                                                (4) 
 

IR-line, IS-line, and IT-line are determined by repeating this process 

three times with three sensors to get the three phase RMS values 

of each phase of the building.  The power consumption (P) of 

each phase can be determined by this following formula: 
 

𝑃 = 𝐼𝑉 cos(𝜃)                                                        (5) 

https://www.ijeer.forexjournal.co.in/
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In the design of this monitoring system, (V) which refers to the 

phase voltage is considered to be constant and equal to the 220V 

used in Iraq.cos(𝜃) which refers to the power factor is also 

assumed to be constant and equal to 0.85 [20]. Therefore, 
 

𝑃𝑅−𝑙𝑖𝑛𝑒 = 𝐼𝑅−𝑙𝑖𝑛𝑒 ∗ 220 ∗ 0.85                                         (6) 
 

𝑃𝑆−𝑙𝑖𝑛𝑒 = 𝐼𝑆−𝑙𝑖𝑛𝑒 ∗ 220 ∗ 0.85                                          (7) 
 

𝑃𝑇−𝑙𝑖𝑛𝑒 = 𝐼𝑇−𝑙𝑖𝑛𝑒 ∗ 220 ∗ 0.85                                         (8) 
 

The PR-line, PS-line, and PT-line are representing the active power 

consumption in each phase. So the total power consumption in 

the building (Ptotal) with Watt unit is determined by using this 

equation [21]: 
 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑅−𝑙𝑖𝑛𝑒 + 𝑃𝑆−𝑙𝑖𝑛𝑒 + 𝑃𝑇−𝑙𝑖𝑛𝑒                                (9) 

 

░ 3. PROPOSED MONITORING SYSTEM 

DESIGN AND IMPLEMENTATION  
Regardless of the better thermal performance of new being 

built, changes in the environment and the use of electrical 

cooling and heating systems are likely to lead to a rise in 

domestic power usage in future years. Due to the fact that it 

accounts for approximately a third of total power consumption, 

a growth in it may pose serious problems for the security of the 

energy supply. Because of these factors, it is crucial to prepare 

for anticipated increases in home power consumption caused by 

modifications in technology adoption, building features, 

increased demands for thermal comfort, etc. [22].  
 

Therefore, converting the traditional network to a smart 

network is one of the most essential preparations for the coming 

years, and a smart monitoring system is one of the most 

necessary smart network devices[23]. This article describes a 

new monitoring system design and implementation that makes 

use of the IoT technique by employing two microcontrollers 

(Arduino and ESP32) with three HW-666 current sensors to 

measure load currents and power consumption in three-phase 

buildings. Furthermore, if abnormal current consumption is 

detected or if the current exceeds the high level (for example, 

100A), the proposed monitoring system is intended to notify the 

user (alarm buzzer) and cut off the building's power supply 

within 15 minutes (as design), allowing users to minimize the 

amount of power consumed. The proposed system is capable of 

transmitting data on consumption and abnormal currents in real-

time. The user, referred to in this context as the supplier, has the 

ability to commence live data transmission by providing 

commands to the system. This functionality enables on-demand 

access to real-time information, allowing for more effective 

energy management and faster anomaly identification. 

Furthermore, to ensure real-time data transmission and 

processing, the system can be set to deliver information at 

predefined intervals. The proposed system allows the supplier 

to actively limit the electricity supply to the consumer through 

the use of real-time cutoff commands. This increased level of 

control improves system responsiveness and aids in the 

implementation of efficient energy management strategies. The 

outcomes are scheduled and displayed in three methods which 

are LCD display and PC serial monitor by using the Arduino 

software, with transmitting all outcomes to the telegram 

program directly by message after connecting the ESP32 to the 

internet according to the Wi-Fi services as explained in the 

designed circuit in figure 2. 
 

The component that used in this monitor systems as follow: 

• Arduino Microcontroller. 

• ESP32 Microcontroller. 

• Three HW-666 current sensors. 

• LCD (16*2) with I2C. 

• Wires for connection. 

• 5V DC Relay. 

• Alarm (Buzzer). 

 

 
Figure 2: Design circuit of the monitoring system 

 

The block diagram in figure 3 has explained how the proposed 

monitor system reads the currents and displays the results at 

telegram program using the microcontroller. 
 

 
 

Figure 3: Block diagram of the proposed monitoring system 

https://www.ijeer.forexjournal.co.in/
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Figure 4: Flowchart of the proposed monitoring system based on 

smart current sensor 
 

The procedure for calculating the power consumption with the 

load currents measuring in each phase is described in the 

following steps: 
 

Step 1: connect the WiFi of the ESP32 to the local internet 

(router) after inserting the user’s name and password by 

programmable the ESP32 microcontroller by using C++ 

language  . 

Step 2: connect the Arduino to the ESP32 according to the pins 

(Tx and Rx) in the two microcontrollers to exchange the data 

between them . 

Step 3: Read the peak value of the currents by using three HW-

666 sensors . 

Step 4: convert the peak value of currents to the peak voltages 

by using equation (2) to use it as the input to the analog pins of 

the Arduino microcontroller . 

Step 5: use equation (3) in the programmable codes of Arduino 

to get the RMS values of the load currents . 

Step 6: to measure the real load currents in each phase, must be 

multiplied the values obtained from step 5 by the factor of the 

turns ratio of the HW-666 sensors which is equal to 1000/1. 

Step 7: check if the measured current (abnormal) exceeds the 

high level (for example100A), and execute a power supply 

cutoff to the building within 15 minutes (as per predefined 

design), enabling users to minimize power consumption. 

Step 8: turn on the alarm (buzzer) in the building to allow the 

user to reduce the consumed power.  

Step 9: if the measured current is normal calculate the power 

consumption in each phase by using equations (6, 7, and 8). 

Taking into account that, due to the small changes in the 

voltages and power factors for one building, it is assumed 

constant. 

Step 10: calculate the total consumption of power in the 

building by using eq. (9). 

Step 11: display the outcomes in LCD, Serial monitor in the PC, 

and transmitting with scheduled all measuring values to the 

telegram app as a message.  
 

All these steps are explained in flowchart in figure 4. In 

addition, the final implementation of the proposed monitoring 

system is explained in figure 5. 
 

 
 

Figure 5: The implementation of monitoring system 
 

░ 4. RESULTS AND DISCUSSION 
Three units devices - an LCD, a PC serial monitor, and a WiFi 

router with ESP32 to link it to a mobile telegram app—are 

connected to examine this monitoring system. The outcomes of 

this monitoring system are compared with the manually 

ammeter to prove the efficiency of the proposed monitoring 

system. This proposed system is tested in the electrical 

machinery laboratory at the University of Anbar using the three-

phase synchronous machine. To accomplish the objectives of 

the study, the suggested monitoring system was investigated in 

two cases as follows: 
 

Case1: Monitoring system without load 
This proposed monitoring device has measured the currents of 

the test three-phase machine by giving the same data which is 

measured in the ammeter manually in the laboratory which 

means efficient using this system. The results of currents are 

equal to zero if the test machine is not operating, this outcome 

is displayed in the ammeter and also in the LCD, serial monitor 

of the PC with a received message on the Telegram app as 

explained in figure 6. 
 

 
 

Figure 6: Monitoring system with no currents 

 

https://www.ijeer.forexjournal.co.in/
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Case 2: Monitoring system with load 
In this case, the monitoring system is reading the currents in 

each phase of the three-phase synchronous test machine the 

current in the R-Line (IR) is equal to 0.35A while the currents 

in the S-Line (IS) and in the T-Line (IT) are equal to 0.31A. 
 

After increasing, the load in the test synchronous machine will 

increase the three-phase currents to 0.45A as measured in the 

proposed monitoring system. The ammeter devices in the 

laboratory are giving approximately the same results of the 

monitoring system as shown in table 1. 
 

░ Table 1: Monitoring system with load 
 

Cases IR 

(R-

Line) 

IS (S-

Line) 

IT 

(T-

Line) 

Power 

Consumption 

 

Load 

one 

 

Monitoring 

System 

Measurement 

0.35A 0.31A 0.31A 324.3W 

Ammeter 

Measurement 

0.32A 0.31A 0.33A 310.94W 

Load 

two 

Monitoring 

System 

Measurement 

0.45A 0.45A 0.45A 434.0W 

Ammeter 

Measurement 

0.44A 0.43A 0.45A 427.54W 

 

The small differences between the designed monitoring system 

and the ammeter are normally due to the inaccuracy of the 

results of ammeters and vary from one device to another.  The 

practical results in the LCD, telegram app, and serial monitor of 

the PC for this case are explained in figure 7 while the previous 

cases are explained in figure 8 to see the comparison between 

the proposed monitoring system and ammeter. 

 

 
 

Figure 7: Monitoring system with load 
 

 
 

Figure 8: Comparison between monitoring system and ammeter 
 

░ 5. CONCLUSION 
In this work, a wireless monitoring system that uses IoT 

technology and is employed in the smart grid is developed, 

implemented in practice, and tested. Three HW-666 current 

sensors are used in the proposed system to measure the AC 

currents in the three-phase building. Arduino and ESP32 

microcontrollers are used to transfer the scheduled data to the 

Telegram app on the phone. Additionally, the power 

consumption of the building is computed on the assumption that 

its voltages and power factor are constant. The suggested 

monitoring system is designed to alert the user (via an alarm 

buzzer) and turn off the building's power supply when abnormal 

current usage is identified or if the current surpasses the high 

level. When compared to ammeter measurement, the results 

showed that deploying this monitoring technology in the smart 

grid was effective. Future modifications to the suggested 

monitoring system could involve linking multiple buildings to 

it and using a load-shedding technique between them to prevent 

the automatic cutting of emergency buildings. 
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