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ABSTRACT  

An important step toward managing energy and costs in an effective and cost-saving manner is to monitor electrical equipment 

that consume electricity in the proper manner. The characteristics of an electrical power supply can alter in many different ways 

when electrical devices are used. During the use of electrical devices, the parameters of an electrical power system change in a lot 

of ways. These changes in the parameters required to be measured using accrued meters This paper presents the design and 

implementation of a frequency meter based on Arduino for a three-phase synchronous generator. In addition, it was used to detect 

the abnormal operation of a three-phase synchronous generator (at low and high frequencies). The proposed frequency meter 

displayed the measured parameters and the protection status of each data point directly on the LCD and took a serial print of the 

Arduino software program on the PC via a USB cable. A smart monitoring system for these operation conditions was designed 

using a Bluetooth module. One sensor has been used with the frequency meter: an AC voltage sensor type ZMPT101b. The 

frequency has been measured utilizing the ac voltage sensor signal, i.e., without using any external zero crossing detector 

hardware circuit.                                                                                                                                         
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INTRODUCTION 

The primary component of the generating system, where they provide the necessary electricity to the clients, is thought to be the 

synchronous generators.  

The generator voltage, current, and frequency will fluctuate above and below the safe limits due to the many abnormal grid 

situations, such as faults, unbalanced loads, and the inability to maintain the minimal level of power needs. The effectiveness, 

efficiency, and dependability of the power system will be significantly impacted by this unwanted work. 

Currently, digital electronics energy measurement is continuously replacing existing technology of electro-mechanical meters. A 

wireless digital power meter will definitely offer greater convenience for the meter-reading task [1]. PLC and Arduino are getting 

more and more attention in this field (i.e., measurement instruments and monitoring systems) due to their flexible features and 

rich library functions. It is user robust, fast and at the same time user friendly. Many approaches have been used to measure, 

monitor, and detect faults in electrical systems based on microcontrollers. Khan et al. designed a training system that uses both 

electro-mechanical and microcontroller-based (Arduino) relays simultaneously in such a way that the electrical system could be 

switched to either an electro-mechanical or microcontroller-based relay setup. This system also displays the current magnitude of 

the fault and the time required by the relay to clear the fault [2-7]. In [8], an experimental study had been considered to monitor 

and measure the electrical quantities using Arduino. The authors in [9] designed a system based on an Atmega328P 

microcontroller to measure the voltage of a particular phase and switch to another phase if the measured voltage is over or under 

the voltage condition with a range from 160 to 220 volts. Arduino-GSM-based power system protection has been implemented as 

an educational test pinch [10] for different electrical quantities. Shivkumar et al. [11] designed a frequency protection relay and 

power factor correction system based on Arduino. The authors in [11] have used Arduino Uno to practically implement over- and 

under-current protection for a renewable energy system. A monitoring and protection system for distribution transformers has 

been implemented practically using Arduino, GSM, and GPS; this system records the current, voltage, oil pressure, and ambient 

temperature for the transformers [13–14]. In this paper, a protection and smart monitoring system for one phase of a synchronous 

generator is designed and practically implemented. Low- and high-frequency parameters were detected. Three types of monitoring 

the data were used: a serial monitor in IDE Arduino software, a 16*2 LCD, and an Android app that reserved the data via a 

Bluetooth module. 

https://doi.org/1
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PROPOSED MONITORING & PROTECTION SYSTEM 

Figure 1 shows the proposed system based on Arduino. The system consists of three main parts: sensors, controller (Arduino), and 

monitoring part. Only one sensor has been used (the voltage sensor). Arduino-type Mega 2560, which has a built-in ATMega328 

microcontroller. It has 54 digital I/P and O/P pins, 16 analog I/P, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, 

and an Analog to Digital Converter (ADC) with 10-bit resolution. It encloses everything needed to support the microcontroller; it 

is simply programmed by the Arduino IDE software via a USB connection [15-18].   In this work, three types of monitoring 

systems are used.  

 The first uses the serial monitor property for monitoring the data on the PC, in which case the USB cable of the Arduino must 

always be connected to the PC. The second approach is achieved by using a 2*16 LCD with an I2C interfacing model for directly 

displaying the data. The last method is done by using the Bluetooth module to send all measurements to a mobile device for 

display via a mobile application (serial monitor). 

Figure 1. Proposed monitoring & protection system.

VOLTAGE SENSOR 

The ZMPT101B sensor unit is an AC-type voltage sensor based on a built-in voltage transformer. It has high accuracy and 

reliability for voltage and power measurement, and a wide range of measurement (0-250 AC voltage) [19-34]. It is very easy to 

use and build, with a multi-turn trim potentiometer for adjusting the ADC output. The module read the signal that will be 

measured (220 V phase voltage) in the current work with a peak value of 311 V [34-40]. The built-in voltage transformer reduces 

it to 2.5 V (peak). Then a 2.5 V offset has been inserted to shift the signal to a positive level where the Arduino ADC can be 

detected, as shown in Figure 2. 

 

Figure 2. Operation of single-phase ZMPT101B voltage sensor. 

FREQUENCY MEASUREMENT 

The frequency is measured based on the AC voltage signal of the zmpt101B sensor (or can be based on the AC signal of the load 

current signal of the load current sensor). Whereas the AC voltage signal is compared with the zero-reference value to convert the 

sine wave signal into a square wave (if the AC voltage signal is > 0, then the square wave signal equals 1, if the AC voltage signal 
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is < 0, then the square wave signal equals 0), as shown in Figure 3 (a). The duration of the square wave will be measured between 

each of its rising edges. The frequency is equal to the inverse value of this time duration value, as shown in the code in Figure 3 

(b). 

 

 

 

 

 

 

 

(a): Frequency measurement 

 

 

 

 

 

 

 

 

(b):  Frequency measurement code process 

Figure 3. (a) and (b) Frequency measurement. 

PROTECTION PROCESS 

After measuring the frequency of synchronous generator, the values of these parameters will be displayed on the (serial monitor 

on PC, Mobile application via Bluetooth, and 2x16 characters LCD). Then a comparison between measured and threshold values 

is made for monitoring and protecting the system as follows: 

In general; there are two main levels for acceptable frequency limits; the first one is the "Operational limit", at which the 

frequency tolerance is equal to ± 0.2 Hz (i.e. 49.8 Hz to 50.2 Hz), and the second one, is the "Statutory limit", at which the 

frequency tolerance equals to ± 0.5 Hz (i.e. 49.5 Hz and 50.5 Hz) as shown in Figure 4 [19]. 

 

Figure 4. The statutory and operational frequency limits. 
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In the current work, the second frequency criteria limit (statutory limit) has been considered. If the frequency value is greater than 

50.5 Hz, a "High Frequency" message will be displayed on the (Serial monitor on PC and mobile application via Bluetooth) and 

an "HF" message will appear on the LCD. Also, in the case of a frequency lower than 49.5 Hz, a "Low Frequency" message will 

be displayed on the (Serial monitor on PC, and mobile application via Bluetooth) and an "LF" message will appear on the LCD, as 

shown in Figure 5. 

 

 

Figure 5. Abnormal frequency values message code. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Figure 6 shows the experimental setup of the proposed monitoring and protection system for one phase of a three-phase alternator 

based on Arduino. 

 

Figure 6. Arduino board with sensors. 

The performance of the system has been tested under different conditions, and the measured frequency is directly displayed on the 

serial monitor on the PC. Figure 7.  Normal operation, high-frequency cases, and low-frequency cases are depicted in Figures 7.a, 

7.b, and 7.c, respectively. 

At the same time, a Bluetooth module has been used to send the same data to be displayed on the Android app, as shown in Figure 

8, with the same sequence of serial monitor displaying; this property adds flexibility for monitoring the system. At the same time, 

2*16 LCD characters were used for directly mentoring these data and a protection message. 

 

(a) Normal operation 
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(b) High Frequency 

          

(c) Low Frequency 

Figure 7. Serial monitor screen–shoot of measuring data at various normal and abnormal cases. 

 

(a) Normal operation     

    

(b) High Frequency   
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       (b) Low Frequency 

Figure 8. Serial Monitor (Mobile application) screen –shoot of measuring data at various normal and abnormal cases. 

CONCLUSIONS 

The proposed system based on Arduino can continuously monitor the frequency with high accuracy and detect all the abnormal 

operations of the synchronous generator. If these parameters exceeded the threshold value, which was previously set in the 

proposed software, an alarm message about the abnormal operation, in addition to a protection scheme, could operate and trip the 

load. The Arduino Mega has a wide application in controlling power systems due to its low price and simple circuitry compared to 

other controllers, in addition to its reliability, flexibility in use. In this work, only one sensor is used (voltage); the frequency is 

measured without using an external circuit (i.e., zero crossing detectors). In future work; power factor, power consumption, and 

energy measurement, in addition to abnormal states (such as unbalanced load and phase failure), can be developed for the 

proposed system (i.e., with only two used sensors). 
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