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Abstract: 

The adoption of ESP32 microcontrollers in Industrial 

IoT (IIoT) has gained traction due to their 

affordability, power efficiency, and compatibility with 

diverse communication protocols. This survey 

explores the deployment of ESP32 devices within 

industrial settings, focusing on REST API 

implementations for remote monitoring and 

management. Key topics include comparisons 

between REST and MQTT protocols, ESP32’s energy- 

efficient operations, integration with industrial 

standards like Modbus TCP/IP, and case studies that 

demonstrate ESP32’s real-world applications. 

Challenges related to security and scalability are also 

discussed, with insights into future research directions. 

i. Introduction: 

The ESP32 microcontroller, developed by Espressif 

Systems, is widely utilized in industrial settings for its 

dual-core processing power, low-cost structure, and 

support for multiple connectivity options, including 

Wi-Fi and Bluetooth [1]. Industrial IoT (IIoT) 

applications often require robust, real-time data 

exchange and efficient remote device management. 

REST (Representational State Transfer) APIs, due to 

their stateless communication over HTTP, are 

frequently used for simple and scalable device 

management in IIoT environments [2]. This survey 

examines the ESP32’s role in industrial device 

management, focusing on REST API’s role in 

providing a standardized, platform-agnostic 

communication protocol. 

ii. Protocol comparisons: rest vs. mqtt 

In IIoT applications, protocol selection is critical. 

REST, with its straightforward, stateless HTTP-based 

communication, is advantageous for periodic data 

requests. Studies, such as those by Tsan et al. [3], 

highlight REST’s simplicity, making it an ideal choice 

for device management tasks that do not require 

continuous data flow. Conversely, MQTT (Message 

Queuing Telemetry Transport) is preferred for 

applications demanding continuous, low-latency data 

transmission. For instance, Balaji et al. [4] note that 

MQTT’s lightweight publish-subscribe  model is 

suitable for real-time monitoring in energy and 

manufacturing sectors. This comparison shows that 

while REST is more accessible and easier to integrate 

with cloud-based systems, MQTT excels in scenarios 

where consistent data exchange is necessary [3], [4]. 
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iii. Energy efficiency and power 

management 

In industrial applications, where sensors or devices 

may be battery-powered or deployed in remote 

locations, energy efficiency becomes paramount. The 

ESP32’s deep-sleep and light-sleep modes reduce 

energy consumption by allowing devices to enter low- 

power states between REST API calls. Studies by 

Javed et al. [5] demonstrated that ESP32's power 

management features can significantly extend device 

lifespan in IIoT setups. Additionally, REST’s stateless 

nature supports intermittent data exchange, reducing 

the frequency of network connections and further 

conserving power. Almaliky et al. [6] report that 

REST-based ESP32 systems can operate in the field 

for longer durations compared to continuous- 

connectivity protocols. 

iv. Integration with industrial standards 

and protocols 
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Integrating ESP32 with industrial protocols such as 

Modbus TCP/IP is essential for compatibility with 

existing machinery and PLCs (Programmable Logic 

Controllers). Research by Wongsopanakul et al. [7] 

explored using ESP32 as a low-cost gateway to 

interface with industrial devices through Modbus 

TCP/IP, enabling data acquisition from PLCs and 

forwarding it to cloud systems via REST. This 

approach provides a cost-effective alternative to 

proprietary gateways, particularly in small to medium- 

sized manufacturing setups [7]. REST’s flexibility 

allows for seamless integration with cloud platforms, 

enabling real-time data analytics and monitoring on 

platforms like AWS and Google Cloud. 

 

 

v. case studies and applications 

Several case studies demonstrate ESP32’s practical 

applications in industrial device management. A study 

by Ma et al. [8] implemented ESP32-based sensors to 

monitor environmental factors such as temperature 

and humidity in a manufacturing plant. Using REST 

APIs, data was transmitted to a cloud server, where it 

could be analyzed for optimizing production 

processes. Similarly, Zhang et al. [9] utilized ESP32 

devices with REST APIs to control automated 

machinery, significantly reducing latency and 

operational costs compared to traditional solutions. 

These examples illustrate how ESP32, coupled with 

REST, provides a scalable and cost-effective solution 

for IIoT. 

vi. challenges and future directions 

While REST and ESP32 offer several benefits, they 

also present challenges in security and scalability. 

RESTful communication over HTTP can expose 

systems  to  unauthorized  access,  especially  in 
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industrial environments with sensitive data. To 

mitigate this, studies recommend incorporating secure 

HTTP (HTTPS) and encryption mechanisms for data 

in transit [10]. Additionally, REST APIs may face 

performance bottlenecks as the number of devices 

increases. Future research directions include hybrid 

approaches that combine REST with MQTT to 

leverage the strengths of both protocols and exploring 

edge-computing architectures to distribute processing 

loads more effectively [11]. 

vii. conclusion 

The literature indicates that ESP32, combined with 

REST APIs, is well-suited for industrial device 

management, offering a balance of cost-effectiveness, 

power efficiency, and ease of integration with cloud 

platforms. REST’s simplicity and ESP32’s 

compatibility with industrial protocols like Modbus 

make them ideal for IIoT applications. However, 

addressing security and scalability challenges will be 

essential for widespread adoption in more complex 

industrial networks. Future work in optimizing 

communication protocols and enhancing security will 

further establish ESP32 as a key component in the 

evolving IIoT landscape. 
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