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ABSTRACT 

 Industrial Equipment Health 

Monitoring Using Sensors is an 

intelligent and cost-effective system 

developed to continuously monitor the 

health and safety conditions of industrial 

machinery. The system employs a 

Raspberry Pi Pico microcontroller 

integrated with LM35 temperature, LDR, 

and flame sensors to detect abnormal 

operating conditions in real time. The 

LM35 sensor measures equipment 

temperature to identify overheating 

issues, while the LDR sensor monitors 

light intensity variations that may 

indicate machine status changes. The 

flame sensor detects fire hazards and 

sparks, enhancing industrial safety. 

Sensor data is continuously processed by 

the controller and displayed on an LCD 

screen for easy monitoring. Whenever 

abnormal conditions exceed predefined 

thresholds, a buzzer alert is activated to 

notify operators immediately. The system 

minimizes equipment failure, reduces 

downtime, and improves workplace safety  

 

through continuous monitoring. It also 

supports predictive maintenance by  

enabling early fault detection before 

major breakdowns occur. The proposed 

solution is reliable, scalable, and suitable 

for small- and medium-scale industries. 

Overall, the system improves operational 

efficiency, equipment lifespan, and 

industrial productivity through smart 

sensor-based monitoring. 

Keywords: Raspberry Pi Pico, LM35 

Sensor, LDR Sensor, Flame Sensor, 

Industrial Monitoring, Predictive 

Maintenance, IoT, LCD Display, Buzzer 

Alert, Equipment Health Monitoring. 

INTRODUCTION 
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 Industrial machinery plays a vital 

role in manufacturing and production 

environments where continuous operation 

is essential for achieving maximum 

productivity. Unexpected equipment 

failures can result in production losses, 

increased maintenance costs, and safety 

hazards. Therefore, monitoring equipment 

health has become an important 

requirement in modern industries. 

Traditional maintenance methods often 

rely on manual inspections, which are 

time-consuming and prone to human 

errors. Recent advancements in embedded 

systems and sensor technologies have 

enabled automated monitoring solutions. 

Industrial Equipment Health Monitoring 

Using Sensors is designed to continuously 

observe critical machine parameters and 

detect faults at an early stage.   

LITERATURE SURVEY 

 The rapid development of IoT and 

embedded technologies has significantly 

improved industrial monitoring systems. 

Researchers have proposed various sensor-

based monitoring solutions to enhance 

equipment reliability and workplace 

safety. Many studies utilize Raspberry Pi 

platforms because of their low cost, 

flexibility, and capability to interface with 

multiple sensors. Temperature monitoring 

systems have been widely implemented 

using sensors such as LM35 for detecting 

overheating conditions in industrial 

equipment. Researchers demonstrated that 

continuous temperature monitoring helps 

prevent machinery failures and extends 

equipment lifespan. Several works also 

incorporate LDR sensors for monitoring 

environmental conditions and machine 

operational status. Fire detection systems 

using flame sensors have gained 

importance due to increasing industrial 

safety requirements. Many industrial 

monitoring systems combine multiple 

sensors to improve fault detection 

accuracy and system reliability. IoT-based 

solutions allow real-time data acquisition, 

remote monitoring, and automated alert 

generation.  

EXISTING SYSTEM 

 Traditional industrial equipment 

monitoring systems primarily rely on 

manual inspections and standalone 

monitoring devices. Operators periodically 

check machine conditions and record 

observations manually. Temperature 

measurements are generally performed 

using separate thermometers or digital 

indicators. Fire detection systems operate 

independently and provide only local 

alarm notifications. Existing systems lack 

continuous real-time monitoring and 

depend heavily on human intervention. 
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Standalone sensors function independently 

without centralized data processing 

capabilities. Fault detection is often 

delayed because inspections occur only at 

scheduled intervals.  

  PLC and SCADA-based 

monitoring systems provide automation 

but involve high installation and 

maintenance costs. Data storage and 

historical analysis capabilities are limited 

in conventional approaches. 

Communication and remote monitoring 

features are often unavailable. These 

limitations reduce efficiency, increase 

downtime, and make predictive 

maintenance difficult. Therefore, existing 

systems are not suitable for cost-effective 

and intelligent industrial health monitoring 

applications.  

PROPOSED SYSTEM 

 The proposed Industrial Equipment 

Health Monitoring System provides a real-

time and automated solution for 

monitoring machinery conditions. The 

system integrates LM35, LDR, and flame 

sensors with a Raspberry Pi Pico 

controller. Sensor data is continuously 

collected and analyzed to detect abnormal 

operating conditions. The LM35 sensor 

monitors machine temperature and 

identifies overheating issues. The LDR 

sensor detects changes in light intensity 

related to machine status or environmental 

conditions. The flame sensor provides 

early fire detection to improve workplace 

safety. An LCD display shows real-time 

sensor readings and system status 

information. When any parameter exceeds 

predefined thresholds, a buzzer alert is 

immediately activated. The system 

eliminates manual inspection requirements 

and supports predictive maintenance. 

Continuous monitoring helps reduce 

downtime and prevent equipment failures. 

The proposed system is cost-effective, 

reliable, and suitable for industrial 

environments requiring intelligent 

monitoring solutions.  

ARCHITECTURE  

 

Fig: 1 Architecture of Industrial Equipment 

Health Monitoring Using Sensors 

 The architecture of the proposed 

system consists of a Raspberry Pi Pico 

controller connected to multiple sensors 

and output devices. The LM35 sensor 

continuously measures equipment 

temperature and sends analog data to the 
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controller. The LDR sensor monitors light 

intensity variations and provides 

environmental status information. The 

flame sensor detects fire-related signals and 

forwards them to the processing unit. 

Raspberry Pi Pico acts as the central 

controller responsible for data acquisition, 

processing, and decision-making. Sensor 

readings are continuously compared with 

predefined threshold values.  

  The LCD module displays 

real-time parameter values and warning 

messages. A buzzer serves as the alert 

mechanism whenever abnormal conditions 

are detected. The system processes all 

sensor inputs simultaneously to provide 

comprehensive equipment monitoring. The 

modular architecture allows future 

expansion through additional sensors and 

IoT connectivity. This architecture ensures 

efficient fault detection, improved safety, 

and enhanced equipment reliability.  

MEDHOLOGY DISCRIPTION 

 The methodology begins with the 

collection of environmental and 

equipment-related parameters using 

multiple sensors. The LM35 sensor 

measures temperature variations within 

industrial machinery. Simultaneously, the 

LDR sensor monitors light intensity levels, 

while the flame sensor detects fire hazards. 

All sensor outputs are connected to the 

Raspberry Pi Pico microcontroller. The 

controller continuously acquires sensor 

data through its input interfaces. 

Predefined threshold values are stored in 

the system for each monitored parameter. 

The collected sensor readings are 

compared against these threshold values in 

real time.  

  If any parameter exceeds 

the permissible limit, the system identifies 

it as a fault condition. Corresponding 

warning messages are displayed on the 

LCD screen. A buzzer alert is activated to 

notify operators immediately. The 

monitoring process runs continuously 

without human intervention.  

HARDWARE AND SOFTWARE 

REQUIREMENTS 

 

Fig: 2 Raspberry Pi Pico 

  The Raspberry Pi Pico is 

the central processing unit of the proposed 

Industrial Equipment Health Monitoring 

System. It is based on the RP2040 

microcontroller, which provides high 

performance and low power consumption. 

The Pico collects data from the LM35 
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temperature sensor, LDR sensor, and 

flame sensor through its input pins. It 

continuously processes the sensor readings 

and compares them with predefined 

threshold values. When abnormal 

conditions are detected, the controller 

generates appropriate control signals for 

the output devices.  

 

Fig:3 LCD display 

  The LCD display is used to 

provide real-time information about 

equipment health and sensor readings. It 

receives processed data from the 

Raspberry Pi Pico and displays 

temperature, light intensity status, and 

flame detection information. The display 

allows operators to monitor system 

conditions easily without requiring 

additional equipment. It provides clear and 

immediate visualization of machine 

parameters. During abnormal situations, 

warning messages are displayed to alert 

maintenance personnel.  

 

Fig:4 Humidity Sensor 

  The buzzer is an audio 

output device used to generate warning 

alerts whenever abnormal conditions are 

detected. It is controlled directly by the 

Raspberry Pi Pico microcontroller. When 

the temperature exceeds the safe limit or 

when a flame is detected, the buzzer is 

activated automatically. The audible alert 

helps operators respond quickly to 

potential equipment failures or safety 

hazards. The buzzer ensures that warning 

notifications are noticeable even in noisy 

industrial environments. It enhances the 

effectiveness of the monitoring system by 

providing immediate feedback. Therefore, 

the buzzer plays a crucial role in 

improving industrial safety and fault 

response. 

 

Fig: 5 LDR Sensor 
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  The LDR sensor is used to 

detect variations in light intensity within 

the industrial environment. Its resistance 

changes according to the amount of light 

falling on its surface. When the light 

intensity increases, the resistance 

decreases, and vice versa. In the proposed 

system, the LDR sensor monitors the 

operational status of equipment through 

light-based indicators. The sensor 

continuously sends data to the Raspberry 

Pi Pico for processing and analysis.  

 

Fig:6 Flame Sensor 

  The flame sensor is 

designed to detect the presence of fire or 

flame in industrial environments. It works 

by sensing infrared radiation emitted by 

flames and converting it into an electrical 

signal. In the proposed system, the flame 

sensor continuously monitors the 

surrounding area for fire hazards. 

Whenever a flame is detected, the sensor 

immediately sends a signal to the 

Raspberry Pi Pico controller.  

 

Fig: 7 LM35 

  The LM35 is a precision 

temperature sensor used to monitor the 

operating temperature of industrial 

equipment. It provides an output voltage 

that is directly proportional to the 

temperature in degrees Celsius.  

 

 

A. Arduino IDE 

The Arduino Integrated Development 

Environment (IDE) is utilized for 

developing, compiling, and uploading the 

embedded program to the NodeMCU 

(ESP8266). It provides a user-friendly 

platform for writing code in Embedded C 

and supports a wide range of libraries for 

sensor interfacing and device control. The 

IDE enables efficient implementation of 

data acquisition, processing logic, and 

actuation control within the system. 

RESULTS AND DISCUSSION 

 The proposed Industrial Equipment 

Health Monitoring System was 

successfully implemented and tested under 
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different operating conditions. The LM35 

sensor accurately monitored temperature 

changes and detected overheating 

conditions. The LDR sensor effectively 

responded to variations in light intensity. 

The flame sensor successfully detected 

fire-related events and generated 

appropriate alerts. Sensor data was 

processed efficiently by the Raspberry Pi 

Pico controller. Real-time readings were 

displayed on the LCD module without 

noticeable delay. Whenever threshold 

limits were exceeded, the buzzer activated 

immediately to warn operators. The system 

demonstrated reliable performance during 

continuous monitoring operations. 

Experimental results confirmed accurate 

fault detection and quick response times. 

The implementation reduced manual 

monitoring efforts and improved safety. 

Overall, the results validate the 

effectiveness of the proposed system for 

industrial equipment health monitoring 

applications.  

CONCLUSION 

 Industrial Equipment Health 

Monitoring Using Sensors provides an 

effective solution for real-time monitoring 

and fault detection in industrial 

environments. The integration of LM35, 

LDR, and flame sensors enables 

comprehensive observation of equipment 

and environmental conditions. Raspberry 

Pi Pico serves as an efficient controller for 

data acquisition and processing. The 

system continuously analyzes sensor 

readings and detects abnormalities at an 

early stage. Real-time LCD displays 

provide clear information to operators. 

Immediate buzzer alerts ensure rapid 

response to critical situations. The 

proposed system minimizes equipment 

damage and reduces maintenance costs. It 

enhances workplace safety through 

continuous monitoring and fire detection 

capabilities. The implementation supports 

predictive maintenance and improves 

machinery reliability. Overall, the system 

offers a low-cost, reliable, and intelligent 

monitoring solution for modern industries.  

FUTURE SCOPE 

 The proposed system can be further 

enhanced by integrating IoT technologies 

for remote monitoring and control. Cloud 

platforms can be used for storing and 

analyzing historical sensor data. Machine 

learning algorithms may be incorporated to 

predict equipment failures more 

accurately. Additional sensors such as 

vibration, humidity, gas, and pressure 

sensors can be integrated for 

comprehensive monitoring. Wireless 

communication modules like Wi-Fi and 
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GSM can enable instant notifications to 

maintenance personnel.  

  Mobile applications can be 

developed for real-time monitoring 

through smartphones. Advanced analytics 

can be used to identify performance trends 

and maintenance requirements. Integration 

with industrial automation systems can 

improve operational efficiency. Data 

security mechanisms can be implemented 

to protect industrial information. Future 

enhancements will transform the system 

into a fully intelligent Industry 4.0-based 

predictive maintenance platform. 
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