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Abstract - In an effort to improve dependability and 
productivity in industrial environments, this research proposes 
a real-time monitoring and visualization system for motor 
health management. The system gives a thorough picture of 
motor performance by continuously monitoring critical motor 
characteristics like vibration, temperature, speed, and 
electrical metrics. To increase accuracy, key metrics such as 
power loss, output power, and efficiency are computed with 
corrections for temperature- induced resistance variations. 
Consistent tracking and analysis are made possible by the 
regular logging of data and its storage in an Excel sheet. By 
visualizing patterns in parameters, automated graphs let 
operators understand motor status and decide on preventative 
maintenance. In order to minimize unplanned downtime and 
promote predictive maintenance, our system provides real-
time insights into motor behavior analysis. Early findings show 
improved monitoring capabilities that provide cost savings 
and increased operational efficiency. This method offers a 
workable and effective way to control motor health, which 
enhances industrial performance  
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1.INTRODUCTION  
 

Motor health has a direct impact on system efficiency, 
dependability, and operating costs in industrial systems, 
where they are essential to operations. Unexpected motor 
failures can result in a large amount of downtime and 
expensive repairs, which emphasizes how crucial ongoing 
monitoring is to preserving peak performance. The use of 
reactive maintenance techniques and sporadic inspections, 
which may miss small flaws or slow changes that could cause 
bigger problems, is a common limitation of traditional motor 
monitoring systems. 

The objective to continually monitor and visualize 
important motor parameters, this project introduces a Real-
Time Monitoring and Visualization System for Motor 

Parameter Health Management. In order to provide a 
multifaceted picture of motor health, the system uses sensors 
to monitor electrical properties, temperature, speed, and 
vibration. The system allows precise tracking of motor 
performance by computing important performance 
parameters like power loss, output power, and efficiency and 
adjusting in real-time for temperature-induced resistance 
fluctuations . 

Data is recorded at regular intervals, stored in an Excel 
sheet, and visualized in real time through automated graphs, 
allowing for immediate insights into motor behavior. This 
approach supports predictive maintenance, enabling 
operators to identify potential faults early and make 
proactive decisions. The system offers an efficient, cost-
effective solution to motor health management, promoting 
enhanced operational reliability and minimizing unexpected 
downtime. 

2. METODOLOGY 

This paper provides a real-time motor monitoring and 
visualization system uses a multi- sensor technique to 
continuously track important data and evaluate the health of 
the motors. To measure important motor characteristics, the 
system has a number of sensors.  

These include a PZEM-004T module for electrical 
parameters (voltage, current, power, power factor, and 
frequency), a non-contact MLX90614 infrared temperature 
sensor for motor surface temperature, a Hall Proximity 
Switch sensor for rotational speed (RPM), and a 3-axis 
accelerometer for vibration recording in three different 
directions.  

Data is processed and stored in an Excel sheet at one-
minute intervals when each sensor sends data via GPIO 
connections to a central processing unit. 

The technology uses real-time temperature data to 
dynamically calculate resistance in order to improve the 
analysis. In order to accurately calculate power loss using I 2 
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R, where I is the current supplied by the PZEM- 004T, the 
user first enters a baseline resistance value R0 and 
temperature T0. As the motor heats, the resistance T is 
recalculated with a temperature coefficient.  

Efficiency is measured as the ratio of output to input 
power, which is obtained from the speed data using torque 
and computed as a function of input power and power loss. 

By providing information on motor vibration, the 3-axis 
accelerometer can identify imbalances or alignment 
problems that could compromise the motor's mechanical 
stability. Operators may easily examine patterns like power 
loss, efficiency, temperature, and vibration thanks to the 
automatic graphs that are created from these real-time data 
points, which are recorded in Excel.  

Early fault detection and effective implementation of 
predictive maintenance techniques are made possible by the 
system's ability to simplify data display without the need for 
artificial intelligence. This method offers a workable way to 
preserve motor health, minimize downtime, and enhance 
industrial efficiency. 

To guarantee the health of the motor and facilitate 
predictive maintenance, the Motor Management System's 
methodology focuses on real-time monitoring and data 
visualization of critical motor parameters.  

The system incorporates a number of sensors, such 
as a 3- axis accelerometer for vibration measurement, a Hall 
Proximity Switch for speed (RPM) detection, an MLX90614 
infrared temperature sensor for motor surface temperature 
monitoring, and a PZEM-004T module for voltage, current, 
power, power factor, and frequency measurement. Through 
GPIO connections to a Raspberry Pi, which acts as the central 
computing unit, these sensors are set up and calibrated to 
deliver precise, real-time data. 

The Raspberry Pi receives continuous data from each 
sensor and applies preprocessing and filtering to guarantee 
data quality.  

This entails dynamically calculating resistance based 
on temperature changes, filtering noise from vibration data, 
and confirming sensor readings to withstand abrupt 
fluctuations.  

In order to create consistent time- series records and 
facilitate long-term trend research, the data is logged into an 
Excel sheet at one-minute intervals.  

The data is used to compute key metrics, such as 
output power (determined using speed and torque data), 
efficiency. The Excel data is automatically transformed into 
visualizations that highlight important trends, such as 
temperature increases, efficiency shifts, and vibration 
patterns, to assist operators in quickly evaluating the 
condition of their motors. 

Figure: 1: Flow diagram 

3.PROTOTYPE DESIGN DESCRIPTION AND          
IMPLEMENTATION 

  The "Real-Time Monitoring and Visualization of 
Motor Parameters for Its Health Management System" 
prototype design seeks to develop an effective, real-time 
system that continuously tracks important motor health 
indicators, including electrical characteristics, vibration, 
temperature, and speed. Early identification of performance 
irregularities that might indicate motor wear, possible 
failures, or maintenance requirements is made possible by 
this configuration. The system collects these parameters 
using a variety of sensors, interprets the data, and displays it 
for real-time monitoring and analysis using a Raspberry Pi as 
the central computing unit. 

3.1.HARDWARE 

Setting up the Raspberry Pi to serve as the main 
controller and data processor is the first step in the 
prototype's hardware configuration. Installing Raspbian OS 
(formerly known as Raspberry Pi OS) on the Raspberry Pi is 
the first step. This creates a compatible environment for 
Python programs and other required libraries to operate. 
Libraries enabling GPIO access to connect to different sensors 
and libraries for interacting with the I2C and UART protocols 
are essential. Following OS setup, you will configure distinct 
GPIO pins on the Raspberry Pi for each sensor connection: 
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the Hall Proximity Sensor and Accelerometer will connect via 
general-purpose GPIO pins, the PZEM-004T power 
monitoring module will connect via UART, and the 
MLX90614 infrared temperature sensor will use the I2C 
protocol.  

All of the sensors are connected to the Raspberry Pi 
in accordance with their connectivity needs. The PZEM-004T 
module connects via the TX and RX UART pins for serial data 
exchange, whereas the MLX90614 temperature sensor uses 
I2C and needs particular SDA and SCL connections. Both the 
analog- output accelerometer and the Hall Proximity Sensor 
are connected to GPIO pins; however, because the Raspberry 
Pi itself only accepts digital inputs, the accelerometer needs 
an Analog- to-Digital Converter (ADC). The ADC ensures 
precise vibration measurement and for real-time monitoring 
of the motor's mechanical condition by converting the 
accelerometer's analog vibration data into a digital signal 
that the Raspberry Pi can handle. Every sensor is set up to 
collect data at the proper times, delivering a constant flow of 
data for analysis and display in real time. 

3.2.HARDWARE 

 This project's software development entails writing 
a number of dependable and effective Python scripts to 
control data processing, gathering, and visualization. Each 
sensor needs a script that is specific to its protocol (for 
example, I2C for the temperature sensor and UART for the 
power module) in order to collect data in real-time with the 
least amount of delay. To handle any disconnections or 
communication problems that may occur and guarantee the 
system stays responsive and stable, these scripts must 
include strong error handling. Processing procedures are 
used to calibrate each sensor during initial setup following 
data capture, guaranteeing precise baseline values. 
Additional filtering methods, such as low-pass filtering, are 
used to the accelerometer to eliminate noise and high-
frequency fluctuations and create a clean data stream for 
trustworthy analysis. Finally, the visualization dashboard, 
which was created with LiberOffice libraries, shows real-
time data in an easy-to-understand manner, making it simple 
to spot irregularities and track trends. A LiberOffice, is 
installed on the Raspberry Pi for further versatility. This 
allows users to monitor motor characteristics remotely via a 
network from any compatible device nearby. Real-time 
monitoring and insights are supported by this integrated 
software architecture, which guarantees a smooth transition 

from data collection to visualization. 

  

 

 

 
 

 

   Figure 2:System Architecture 

 
3.3. PROTOTYPE DESCRIPTION 
 
 Tracking vital factors including voltage, current, 
power, temperature, speed, and vibration, the Motor 
Management System prototype is a fully functional, scaled-
down version of the real- time motor monitoring and health 
management system. Simulating the functionality of a full- 
scale motor health monitoring system, this prototype, which 
is based on the Raspberry Pi platform, incorporates a 
number of sensors that communicate with the central CPU to 
collect and interpret data in real time 
 
 The Raspberry Pi, the primary processing and 
control unit at the center of the system, gathers data from a 
variety of sensors. By directly measuring the motor's 
electrical health, the PZEM-004T module records crucial 
electrical data like voltage, current, and power factor. In 
order to evaluate thermal behavior and avoid overheating, 
the MLX90614 Infrared Temperature Sensor delivers non-
contact temperature readings to monitor motor 
temperature. A three-axis accelerometer provides 
information about mechanical stability and alignment by 
sensing motor vibration across several axes, while a Hall 
Proximity Switch sensor measures motor speed by detecting 
rotational pulses. A smooth data acquisition network is 
created by each of these parts interacting directly with the 
Raspberry Pi via GPIO connectors. 
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Figure 3:Component Used 

The key elements utilized in the Motor Management 
System project are depicted in the figure. These consist of a 
TTL to USB module for serial data connection with the 
Raspberry Pi, a PZEM-004T module to monitor voltage, 
current, power, and frequency, and an MCB (Miniature Circuit 
Breaker) to guard against electrical overloads. A vibration 
sensor records 3-axis vibration data to show mechanical 
stability, while a Hall proximity sensor gauges motor speed. 
The primary processing unit is the Raspberry Pi 4, which also 
stores data and interfaces with sensors. Motor surface 
temperature is measured using an infrared non-contact 
temperature sensor, and data visualization and real-time 
monitoring are facilitated by a 7-inch display. Comprehensive 
motor parameter monitoring is made possible by this 
configuration for predictive maintenance and health 
management. 

4. METHODOLOGY AND PILOT TESTING RESULTS 

 To ensure that the system is accurate and 
responsive in gathering motor health data, pilot testing was 
done on the prototype configuration. Accurate calculations 
were ensured by calibrating the sensors and setting starting 
baseline values. After several hours of motor operation, the 
Raspberry Pi successfully connected to each sensor and 
recorded data in real time. The MLX90614 temperature 
sensor identified temperature increases during prolonged 
operation, the Hall Proximity Switch recorded RPM for 
output power calculations, and the PZEM-004T module 
precisely monitored electrical parameters. By recording 
vibration data, the 3-axis accelerometer was able to detect 
imbalances at higher speeds. Data visualization made it 
simple to identify patterns and possible problems by 
displaying power, efficiency, temperature, and vibration 
trends. After a successful pilot test, the system's 
dependability for real-time motor health monitoring was 
validated, allowing for additional industrial improvement. 

4.1. PZEM_004T TESTING 

 An essential instrument for tracking motor 
efficiency and health is the PZEM-004T module. In order to 
comprehend the motor's operation and spot possible 
problems, it measures vital electrical characteristics like 
voltage, current, power, power factor, and frequency. The 
module's responsibilities in the project include efficiency 

calculation testing, power factor analysis under various 
loads, voltage fluctuation response testing, temperature-
related power loss testing, baseline testing in an idle state, 
and load testing to assess power consumption. 

⮚ Baseline testing at idle state 
⮚ Load testing to measure power consumption 
⮚ Voltage fluctuation response testing 
⮚ Temperature-related power loss testing 
⮚ Efficiency calculation test 
⮚ Power factor analysis under different loads. 

 
Baseline testing captures stable voltage and low current 
draw, while load testing observes how power consumption 
and current draw change with increasing load.  

 
Voltage fluctuation response testing ensures the 

motor operates within safe limits, while temperature-
related power loss testing observes the correlation 
between motor temperature rise and power loss. 

  
Efficiency calculation test calculates motor 

efficiency under real operating conditions, while power 
factor analysis observes changes in power factor under 
different loads. 
 

Time(sec) V I W PF Hz 

0.01 220 2.5 550 0.95 49.9 

0.02 220 2.6 572 0.94 50.0 

0.03 219 2.5 545 0.93 49.8 

0.04 220 2.4 594 0.95 49.9 

0.05 222 2.2 564 0.95 50.0 

0.06 221 2.3 592 0.93 49.9 

0.07 220 2.4 550 0.94 50.0 

0.08 217 2.6 572 0.95 49.9 

0.09 219 2.5 581 0.96 49.9 

 
                      Table 1: PZEM_004T TESTING 
                         
The PZEM-004T module's ability to provide accurate 
electrical data for monitoring motor health allows for early 
identification of potential issues, ensuring efficient motor 
operation and enhancing predictive maintenance efforts. 
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Figure 4 : Motor Parameter Measurement Over Time  

Based on the collected data the stable state was set below 
the 75th percentile, the warning state range was defined 
between the 75th and 95th percentiles. 

4.2. VIBRATION SENSOR 

 An essential part of motor systems, the vibration 
sensor recognizes and evaluates vibration patterns.  

The sensor's response to variations in motor load is 
tested, a baseline for typical motor vibration is established, 
and the sensor's capacity to identify mechanical problems is 
confirmed.  

Temperature-related vibration tests track how thermal 
variables or material expansion impact vibration as 
temperatures vary. testing for frequency response make sure 
the sensor detects vibration changes precisely, while testing 
for external interference make sure the sensor successfully 
separates motor vibration.  

These experiments  confirm  that  the  sensor  can 

identify the vibration sensor is an essential part of motor 
system. 

⮚ Baseline calibration 
⮚ load testing, fault simulation 
⮚ Temperature related vibration test 
⮚ frequency response test 

These tests make sure the sensor can identify 
mechanical problems, test how the sensor-these 
experiments confirm that the sensor can enable predictive 
maintenance plans and identify motor health metrics in real 
time. 

 

 

Time(sec) X-Axis 
Vibratio n 
(m/s²) 

Y-Axis 
Vibratio n 
(m/s²) 

Z-Axis 
Vibratio n 
(m/s²) 

0.01 125 -30 1024 

0.02 128 -33 1019 

0.03 131 -38 1022 

0.04 126 -34 1024 

0.05 124 -31 1021 

0.06 129 -35 1017 

0.07 135 -39 1020 

0.08 131 -36 1023 

0.09 124 -32 1018 

0.10 127 -35 1015 

                     
                            Table 2: VIBRATION SENSOR 

In order to test the functionality of the vibration 
alarm program and configure the alarm thresholds, 
vibration magnitude data associated with the two motors 
were collected three times respectively under stable 
operating conditions. 

4.3.TEMPERATURE SENSOR 
 

 Normal working conditions, load conditions, 
continuous operation, rapid temperature changes, accuracy 
verification using an external reference, and environmental 
conditions are all used to assess the accuracy of the 
MLX90614 temperature sensor. Temperature readings are 
taken periodically when the sensor is running at its normal 
pace without any load.  

After that, it is loaded to varying degrees and its 
temperature is tracked. 

❖ Baseline Measurement Test 
❖ Load Condition Test 
❖ Continuous Operation Test 
❖ Rapid Temperature Change Test 
❖ Ambient Condition Test 
 
Long-term evaluation of the sensor's performance 
guarantees precision and reliability. Additionally, it may 
identify rapid temperature fluctuations brought on by 
abrupt adjustments to motor operation. By contrasting the 
sensor with a trustworthy temperature measuring device, 
the accuracy of the sensor is confirmed. 
 
Real-time motor monitoring, power loss calculations, and 
efficiency all depend on the sensor's performance. 
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Figure 5 : TEMPERATURE SENSOR 

 
4.4.SPEED SENSOR 

  The accuracy of the speed sensor is 
evaluated in the following scenarios: no load, load variation, 
continuous operation, abrupt speed changes, error detection 
and noise reduction, and Raspberry Pi integration.  

The sensor's accuracy in measuring the motor's RPM 
is guaranteed by the baseline speed test. The load variation 
test evaluates how well the sensor can identify speed 
variations when the motor's load is raised. The sensor's 
accuracy is maintained throughout extended use thanks to 
the continuous operation test.  

The sensor's responsiveness to abrupt changes in 
motor speed is verified by the sudden speed change test. The 
test for error detection and noise reduction finds outside 
influences on the sensor's findings. Lastly, the integration 
test verifies that the sensor and Raspberry Pi integrate data 
seamlessly. 

 
Figure 6 : SPEED SENSOR 

Small changes in motor performance are indicated by the 
line graph's small fluctuations. This information is essential 
for tracking motor health and making sure it functions 
within safe bounds to avert possible problems. For 
applications needing dependable speed regulation, the 
constant trend in RPM indicates stable performance. 
 

 

5. CONCLUSIONS AND FUTURE WORK 

This paper presented the design and development of a real 
time condition monitoring and maintenance management 
system for low voltage industrial motors using IoT. The 
device monitors the temperature and vibration frequency 
level of industrial motors, wirelessly transmits the data to a 
logging station and sends a push notification in case of a 
spike, or once the temperature or vibrations exceed 
predefined parameters. The functionality and accuracy of the 
device were tested on two different motors and pilot testing 
results were analyzed and presented. 

This paper presented the design and development of a 
realtime condition monitoring and maintenance 
management system for low voltage industrial motors using 
IoT.  

The device monitors the temperature and vibration 
frequency level of industrial motors, wirelessly transmits the 
data to a logging station and sends a push notification in case 
of a spike, or once the temperature or vibrations exceed 
predefined parameters.  

The functionality and accuracy of the device were tested on 
two different motors and pilot testing results were analyzed 
and presented. It will be anticipated before expensive 
failures. 

 In order to decrease breakdowns and increase motor 
longevity, the system will evaluate motor efficiency, alert 
operators of anomalies in real time, and provide 
maintenance regimens that are optimum. 
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