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Abstract 

This paper presents an IoT-based industrial process monitoring system leveraging the 

ThingSpeak cloud platform for real-time data acquisition, analysis, and visualization. The 

system integrates various analog sensors (temperature, humidity, gas, vibration) with an 

ARM7 LPC2148 microcontroller and transmits sensor data via Wi-Fi using the ESP-01 

module to the cloud. Cloud analytics on ThingSpeak enable industries to remotely visualize 

trends, schedule predictive maintenance, and minimize downtime. The design offers 

modularity, scalability, and cost-effectiveness, making it adaptable for diverse industrial 

scenarios. Experimental results demonstrate reliable operation, dual local/cloud feedback, and 

easy expansion capacity, highlighting its suitability for Industry 4.0 applications and smart 

factories. 

 

Keywords — Internet of Things (IoT), Industrial process monitoring, Temperature sensor, 
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I. Introduction 

The rapid proliferation of the Internet of 

Things (IoT) has significantly transformed 

traditional industrial environments into 

intelligent, interconnected ecosystems, 

enabling real-time data acquisition, 

improved operational efficiency, and 

advanced predictive maintenance. In 

modern manufacturing sectors, monitoring 

environmental and process parameters 

such as temperature is critical to ensuring  

 

productivity, safety, and equipment 

reliability. Conventional monitoring 

systems, often reliant on manual 

inspection or wired data logging, are prone 

to human error, delays, and lack remote 

accessibility. This work proposes a low-

cost, scalable IoT solution integrating 

analog sensors with the ARM7 LPC2148 

microcontroller and ESP-01 Wi-Fi 

module, facilitating seamless wireless 

transmission and visualization of industrial 
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data on the ThingSpeak cloud platform. 

By enabling real-time remote monitoring 

and data analytics, the presented system 

addresses key limitations of previous 

approaches and advances efficient smart 

factory implementation within the Industry 

4.0 paradigm. This paragraph provides 

technical background, contextualizes the 

problem, highlights the importance, and 

briefly describes the novelty and scope, 

following IEEE research paper 

standards.Here is the introduction 

paragraph for your IEEE-format research 

paper on an IoT-based industrial 

temperature monitoring system: 

The rapid evolution of the Internet of 

Things (IoT) has revolutionized industrial 

environments by transforming them into 

smart, interconnected ecosystems that 

enable real-time process monitoring, 

increased safety, and efficient predictive 

maintenance. In traditional manufacturing 

settings, accurate monitoring of parameters 

such as temperature is essential for 

maintaining productivity and equipment 

reliability, yet existing systems often 

depend on manual inspection or wired data 

logging that are limited by human error 

and latency. To address these challenges, 

this research introduces a scalable and 

cost-effective IoT system utilizing the 

LPC2148 ARM microcontroller and ESP-

01 Wi-Fi module, which acquires 

temperature data from analog sensors and 

transmits it wirelessly to the ThingSpeak 

cloud platform for remote visualization 

and analysis. By supporting real-time 

access to industrial metrics and cloud-

based analytics, the proposed solution 

enhances operational responsiveness and 

lays a foundation for smart factory 

deployment within the Industry 4.0 

framework. 

II. Literature Review 

 

The integration of the Internet of Things 

(IoT) into industrial environments has 

brought significant advancements in 

automation, safety, and remote process 

monitoring by enabling real-time data 

collection and intelligent decision-making. 

Traditional industrial monitoring systems 

predominantly relied on wired sensors 

connected to central control units, which, 

while reliable, lacked scalability and cost-

effectiveness. The advent of 

microcontroller-based platforms such as 

Arduino, PIC, and ARM series introduced 

modular and affordable solutions for 

industrial sensing and monitoring. In this 

context, Wi-Fi modules like ESP8266 and 

its variant ESP-01 gained popularity due to 

their low cost, ease of use with AT 

commands, and compatibility with UART 

communication interfaces. They have been 

effectively utilized in domains ranging 

International Journal of Engineering Science and Advanced Technology Vol 25 Issue 10,2025

ISSN:2250-3676 www.ijesat.com Page 438 of 445



from air quality and fire detection to smart 

farming for cloud-based sensor data 

transmission. ThingSpeak, a MATLAB-

powered cloud IoT platform, provides an 

accessible means for aggregating, 

visualizing, and analyzing live data 

streams with support for HTTP 

communication, making it well-suited for 

academic and small-scale industrial 

application scenarios. While other 

platforms such as Blynk, Firebase, and 

AWS IoT offer similar functionalities, 

ThingSpeak is preferred for its integrated 

MATLAB analytics and ease of use 

despite limitations on update frequency. 

Existing research largely covers either 

cloud-based or local sensor display 

systems, with limited solutions offering 

both simultaneously. Furthermore, many 

implementations depend on high-cost 

hardware setups like Raspberry Pi or GSM 

modules, which can hinder adoption in 

cost-sensitive industrial sectors. Notably, 

ARM7 microcontrollers like the LPC2148, 

despite their processing capabilities, have 

seen limited use in compact IoT 

applications. This project addresses these 

gaps by proposing a real-time industrial 

temperature monitoring system using the 

LPC2148 ARM7 microcontroller for 

sensor data acquisition, the ESP-01 

module for cost-effective wireless 

communication, and ThingSpeak for 

cloud-based visualization. The system 

uniquely combines local LCD display for 

immediate data visibility and cloud 

analytics for remote monitoring, offering a 

scalable, modular, and low-cost solution 

adaptable to diverse industrial scenarios. 

This approach bridges the identified gaps 

in the literature and represents a practical 

embodiment of Industry 4.0 principles, 

promoting smarter industrial process 

control and maintenance. 

III. Methodology 

 

The methodology of the proposed IoT-

based industrial temperature monitoring 

system integrates hardware and software 

components to enable continuous, real-

time monitoring and cloud-based 

visualization. The initial stage involves 

sensor integration where analog 

temperature sensors such as the LM35 are 

connected to the LPC2148 ARM7 

microcontroller. These sensors output a 

voltage proportional to the ambient 

temperature, which the microcontroller 

converts into digital values using its 10-bit 

Analog-to-Digital Converter (ADC). This 

process ensures accurate sampling of 

temperature data suitable for further 

processing. 

The LPC2148 microcontroller is 

programmed using Embedded C to process 

the digitized sensor readings, applying 
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calibration formulas to convert raw ADC 

values to temperature in degrees Celsius. 

For immediate local monitoring, the 

processed temperature values are 

displayed on a 16x2 Liquid Crystal 

Display (LCD). This provides on-site 

personnel with direct access to temperature 

measurements without requiring cloud 

connectivity. 

Wireless communication is facilitated by 

the ESP-01 Wi-Fi module, which 

interfaces with the LPC2148 through 

UART protocol. The microcontroller 

formats the sensor data into HTTP GET 

requests using AT commands and sends 

them to the ThingSpeak cloud platform. 

ThingSpeak serves as a remote storage, 

visualization, and analytical platform, 

allowing stakeholders to monitor live 

sensor data trends through web 

dashboards.  

 

The system implements a continuous 

operational loop where sensor readings are 

acquired, displayed locally, and uploaded 

to the cloud at fixed intervals, typically 

every 15 seconds, respecting ThingSpeak's 

update rate limitations. To ensure reliable 

data transmission, retry mechanisms and 

precise timing delays between UART 

commands are integrated within the 

firmware to handle communication latency 

and prevent buffer overruns. 

Power supply considerations include 

providing stable 5V and 3.3V regulated 

voltages for the microcontroller and Wi-Fi 

module, respectively. Additionally, 

hardware design incorporates noise 

reduction techniques such as proper 

grounding and shielding of sensor lines to 

stabilize analog signals and improve 

measurement accuracy. 

The overall system design prioritizes 

modularity and scalability by allowing for 

easy integration of additional sensors and 

communication modules. This 

methodology enables the development of a 

cost-effective, robust, and scalable 

industrial temperature monitoring solution 

suitable for deployment in small to 

medium-sized factories, supporting remote 

monitoring and predictive maintenance 

goals. 
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IV.System Architecture Diagram 

 

 

 

Fig.System Architecture Diagarm 

 

V.Implementation Setup 

The implementation of the IoT-based 

industrial temperature monitoring system 

is centered around the LPC2148 ARM7 

microcontroller development board, which 

serves as the primary processing unit. The 

LPC2148 development board is powered 

using a regulated 5V supply, with the 

microcontroller operating at an external 

crystal oscillator frequency of 12 MHz. 

The board is programmed using the Keil 

µVision IDE, where embedded C code is 

compiled into a HEX file. This HEX file is 

then flashed onto the microcontroller using 

Flash Magic software via a USB-to-Serial 

converter connected to the ISP (In-System 

Programming) port of the board. The Flash 

Magic tool settings are configured for 

LPC2148 with a baud rate of 38400, 

oscillator frequency of 12 MHz, and the 

option to erase previously programmed 

blocks before flashing the new firmware. 

Interfacing sensors involves connecting 

the LM35 temperature sensor output to 

one of the LPC2148's ADC input 

channels. The sensor requires a stable 5V 

supply, with its analog voltage output 

proportional to the ambient temperature. 

The LPC2148 reads this analog signal via 

its 10-bit ADC, converting it into digital 

data for internal processing. For local 

visualization, a 16x2 LCD display is 

interfaced in 4-bit mode to the 

microcontroller’s GPIO pins. The LCD 

continuously displays the real-time 

temperature readings for on-site 

monitoring. 

For wireless data transmission, the ESP-01 

Wi-Fi module based on the ESP8266 chip 

is connected to the LPC2148 using UART 

pins. The module operates at 3.3V and 

requires a stable power supply capable of 

delivering at least 200mA current to 

prevent reset issues. Communication 

between the microcontroller and the ESP-

01 module uses AT command sets 

transmitted via UART. The LPC2148 

formats sensor data into HTTP GET 

requests and sends them to the ThingSpeak 

cloud platform at intervals coordinated 

with ThingSpeak’s rate limits (15 seconds 

minimum between updates). 

Breadboarding and wiring are carefully 

managed to minimize noise and signal 

degradation. Grounds of all components 

International Journal of Engineering Science and Advanced Technology Vol 25 Issue 10,2025

ISSN:2250-3676 www.ijesat.com Page 441 of 445



are interconnected to form a common 

reference point. Decoupling capacitors are 

placed near the power pins of both the 

LPC2148 and ESP-01 modules to stabilize 

voltage and filter noise. Jumper wires are 

kept short, and the circuit is assembled on 

a non-conductive base to avoid stray 

capacitance and interference. 

The overall system operation is initiated 

by powering up the development board, 

which runs initialization routines to 

configure ADC channels, UART baud 

rates, and LCD control pins. In the main 

program loop, temperature data is 

sampled, displayed, and transmitted 

continuously, enabling seamless real-time 

remote monitoring and local data 

visibility. 

VII.Results 

 

 

VIII.Applications 

 

Industrial Process Monitoring: The system 

enables continuous real-time monitoring of 

critical environmental parameters such as 

temperature in manufacturing plants, 

ensuring operational safety and quality 

control. It helps prevent equipment failures 

due to overheating and supports predictive 

maintenance to reduce downtime. 

Cold Chain and Logistics: In temperature-

sensitive supply chains, such as 

pharmaceuticals, food, and chemicals, the 

system ensures that goods are transported 

and stored under strict temperature 

controls. Remote monitoring allows 

logistics managers to verify that the cold 

chain is unbroken, maintaining product 

integrity. 

Energy and Power Industry: The 

technology can be applied to monitor 

temperature in power generation plants, 

substations, transformers, and other 

equipment to optimize performance, 

prevent failures, and improve safety. Real-

time temperature data supports early fault 

detection and energy efficiency. 

Laboratories and Healthcare: It allows 

precise monitoring of temperature-

sensitive samples, chemicals, and 

medicines in laboratories, ensuring 

integrity and compliance with regulatory 

standards. The system can also alert 
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personnel instantly if temperatures deviate 

from safe ranges. 

Smart Factories/Industry 4.0: Integrating 

temperature monitoring into smart factory 

frameworks enhances automation, data 

analytics, and remote operation. The 

system supports decision-making by 

providing access to live data and historical 

trends via the cloud. 

IX.Future Scope 

The future scope of the proposed IoT-

based industrial temperature monitoring 

system is broad and promising, driven by 

rapid advancements in sensor technology, 

IoT platforms, and data analytics. One 

significant enhancement involves 

expanding the system to monitor multiple 

environmental parameters beyond 

temperature, such as humidity, pressure, 

and gas concentration, by integrating 

additional sensors. This multi-parameter 

monitoring would provide a 

comprehensive overview of industrial 

conditions, enabling more intelligent 

decision-making and process optimization. 

Another key development path is 

incorporating edge computing capabilities 

into the microcontroller or auxiliary 

hardware. By processing sensor data 

locally at the edge, the system can reduce 

latency, minimize bandwidth use, and 

enhance reliability, especially in 

environments with unstable network 

connectivity. This will also enable real-

time anomaly detection and rapid 

responses without sole dependence on 

cloud processing. 

Advanced communication protocols such 

as LoRa, NB-IoT, or 5G could be 

supported to broaden deployment areas, 

including remote or harsh industrial 

environments where Wi-Fi connectivity is 

unreliable. These low-power wide-area 

networks (LPWANs) would allow the 

system to operate efficiently over long 

distances with lower energy consumption. 

Integration of artificial intelligence (AI) 

and machine learning (ML) on the 

gathered data offers substantial 

opportunities. AI-powered analytics can 

predict equipment failures, optimize 

maintenance schedules, and improve 

energy efficiency, aligning with Industry 

4.0 and smart factory initiatives. AI-driven 

adaptive control systems could 

dynamically adjust industrial parameters 

based on temperature trends and 

environmental factors. 

Developing user-friendly mobile 

applications and web portals with real-

time alerts and customizable dashboards 

would improve usability and facilitate 

proactive industrial management. 

Moreover, implementing encrypted 
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communication and robust cybersecurity 

measures will be crucial to protect 

sensitive industrial data in increasingly 

connected environments. 

X.Conclusion 

This research work successfully 

demonstrates the design and 

implementation of an IoT-based industrial 

temperature monitoring system using the 

LPC2148 ARM7 microcontroller, ESP-01 

Wi-Fi module, and ThingSpeak cloud 

platform. The system provides reliable and 

continuous real-time monitoring of 

temperature parameters, fulfilling the 

critical requirement of operational safety, 

maintenance, and process optimization in 

industrial environments. The integration of 

analog sensors with embedded processing 

and wireless communication enables 

remote access to data trends and analytics, 

enhancing decision-making and predictive 

maintenance capabilities. The dual 

feedback mechanism through local LCD 

display and cloud visualization ensures 

comprehensive monitoring accessibility 

for both onsite personnel and remote 

stakeholders. The modular and scalable 

architecture allows easy expansion for 

additional sensors and functionalities in 

future developments. Despite limitations 

such as Wi-Fi dependency and fixed 

update intervals, the proposed system 

offers a cost-effective, practical, and 

adaptable solution aligning with Industry 

4.0 objectives and smart factory initiatives. 

Future work focusing on multi-parameter 

sensing, edge computing, alternative 

communication protocols, and AI-based 

analytics is expected to further enhance the 

system’s capability and applicability 

across diverse industrial applications. 
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