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ABSTRACT-
The advancement of Internet of Things (loT) technology offers significant potential for improving safety and
efficiency in various industrial applications. This project presents the development and implementation of an
automated blasting system designed for the mining industry, utilizing loT technology to remotely trigger the
blasting process. The system integrates several key components: Node MCU for wireless communication, Relay
Module for high-voltage control, a 12V Battery for power supply, and Arduino for managing the electronic
detonator. The primary objective was to create a reliable and efficient remote blasting system that minimizes
human intervention and enhances operational safety. Through rigorous testing, the system demonstrated a high
success rate of 98% in successfully initiating detonations with an average response time of 1.2 seconds. The
IoT-based approach allows for remote operation up to 200 meters, significantly reducing the risks associated
with manual triggering. The results indicate that the automated system not only improves precision and safety
but also offers substantial operational flexibility. This project underscores the potential of IoT in transforming
traditional industrial processes and sets the stage for future advancements in automated systems for hazardous
environments.
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I. INTRODUCTION

In recent years, the mining industry has witnessed a paradigm shift towards automation and
digitization, driven by the relentless pursuit of efficiency, safety, and sustainability (Zvarivadzaet al, 2024). One
of the pivotal areas undergoing transformation is blasting operations, a critical phase in mining that historically
relied heavily on manual processes. With the advent of Internet of Things (IoT) technology, there arises a
transformative opportunity to revolutionize blasting practices through automation, ushering in a new era of
precision, reliability, and environmental consciousness (JohnsonandSmith, 2022; Brown and Smith, 2021).

The mining industry continually seeks innovative solutions to enhance safety, efficiency, and
productivity. Traditional methods of initiating blasting operations involve manual processes that are not only
labor-intensive but also pose significant risks to personnel. The integration of remote-controlled systems
powered by IoT technologies presents an opportunity to mitigate these risks while improving operational
flexibility (Jo and Khan (2018).

This research aims to develop a remote-controlled blasting system using NodeMCU and relay modules,
operated by a 12V battery for power supply. The system enables operators to remotely initiate and monitor
blasting operations from a safe distance, thereby reducing the potential for accidents and optimizing operational
workflows in mining environments.

By harnessing the power of IoT, mining companies can achieve unprecedented levels of control,
insight, and performance optimization, ultimately paving the way for a more sustainable and technologically
advanced industry (Brown and Smith2021).In the conventional practice of mining, the manual initiation of
blasting operations poses substantial safety hazards and operational inefficiencies. Operators must physically
approach the blasting site to activate the detonation sequence, exposing them to potential dangers from unstable
conditions or accidental premature detonations. There is an urgent need for a remote-controlled system that
allows operators to initiate blasts from a secure location, ensuring both safety and operational efficiency.

The aim of this study is to design and implement a remote-controlled blasting system using Internet of
Things (IoT) technology in the mining industry. This achieved through development of a robust wireless
communication setup using Internet of things (IOT) for remote control and monitoring and
interfacingNodeMCU with relay modules to control the activation of blasting circuits effectively.

DOI: 10.9790/1813-14061423 www.theijes.com Page 14



Implementation of an Automated Blasting System Using Internet of Things (107).

Introduction to IoT in Industrial Applications

The Internet of Things (IoT) is a network of interconnected devices that communicate with each other
and central systems over the internet. These devices, equipped with sensors, software, and other technologies,
collect and exchange data, to improve efficiency, automate processes, and enhance user experiences allowing
for real-time monitoring, automation, and analysis (Ashton and Patel 2020). IoT is transforming various
industries by enhancing automation, efficiency, and data-driven decision-making. For example, smart home
devices like thermostats, lights, and security cameras can be controlled remotely and can interact with each other
to create a more responsive and efficient home environment. Similarly, in industrial settings, IoT sensors can
monitor machinery and processes in real-time to optimize performance and predict maintenance needs.

Overall, IoT aims to create a more connected and intelligent world by allowing devices to share
information and act upon it without human intervention.

General Application of Internet of Things (IoT)

The Internet of Things (IoT) fundamentally transforms everyday objects into interconnected devices
that can communicate and act based on data. This interconnectedness enhances convenience, efficiency, and
functionality across various applications. The general applications of IoT span across multiple sectors,
transforming how we interact with technology and manage various aspects of our lives (Hu et a/ 2020). By
connecting devices and systems, IoT enables smarter, more efficient, and responsive solutions to
everyday challenges.

IoT Applications in Mining

The advent of the Internet of Things (IoT) has revolutionized the mining industry by enabling real-time
monitoring, remote control, and predictive maintenance of equipment and processes. According to a study by
Shammar and Zahary(2020), loT-enabled sensor networks facilitate data collection and analysis across various
mining operations, including drilling, blasting, hauling, and mineral processing, leading to improved operational
efficiency and cost savings. Furthermore, research by Lietal. (2016) demonstrates the potential of IoT
technologies to enhance safety and environmental sustainability in mining by enabling continuous monitoring of
air quality, ground stability, and worker health and safety conditions.
Remote-controlled systems have revolutionized various industries by offering enhanced safety measures,
operational efficiency, and real-time monitoring capabilities (Lesi, et al, 2019). In the mining sector, the
adoption of IoT-based solutions and remote monitoring systems has facilitated:
(a) Improved safety protocols through minimized human intervention in hazardous areas.
(b) Enhanced operational flexibility to respond promptly to dynamic mining conditions.
(¢) Real-time data acquisition and analysis for informed decision-making and process optimization
Below are itemize application of Internet of Things (IOT) in the Mining Industry;

(2) Real-time Monitoring

Sensors Deployed to measure parameters such as vibration, gas emissions, and ground displacement.

(b) Automation and Control (Remote Detonation)

IoT enables remote control of blasting operations, reducing the need for manual intervention and improving
safety.

(c) Predictive Maintenance
IoT systems predict equipment failures before they occur, minimizing downtime and repair costs.

(d) Data Analysis
Real-time data helps optimize blast designs and reduce environmental impacts.

Automated Blasting System in Mining Industries

Automated blasting systems have emerged as a critical component of modern mining operations,
offering significant advantages in terms of safety, efficiency, and productivity. Research by Lee and Lee (2015)
highlights the potential of automated blasting technologies to reduce the risk of human error and minimize
environmental impact by optimizing blast design parameters and controlling explosive charges with precision.
Similarly, the work of Brown and Smith (2021)emphasizes the importance of integrating automated blasting
systems with advanced monitoring and control mechanisms to enhance fragmentation efficiency and
downstream processing operations in open-pit mines.
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Integration of IoT in Mining Blasting System

Automated blasting systems utilize [oT to improve the precision, safety, and efficiency of blasting
operations. loT sensors and devices monitor environmental conditions, equipment status, and blasting
parameters in real-time (Bhandari and Mishra 2019)

Recent advancements in IoT and sensor technologies have paved the way for the integration of IoT-
enabled devices with blasting systems to optimize drilling and blasting operations in mining. The study by
Zhang et al. (2017) explores the use of wireless sensor networks and cloud computing platforms to collect real-
time data on rock properties, blast vibrations, and environmental conditions, allowing for adaptive blast design
and optimization. Similarly, the research conducted by Wang and Liu (2022) investigates the application of [oT-
enabled drones for aerial surveying and monitoring of blast patterns, providing valuable insights into blast
fragmentation and rock mass characterization.

Technological Challenges and Future Directions

Despite the promising benefits of automated blasting systems and IoT applications in mining, several
technological challenges and implementation barriers remain. Issues such as data interoperability, cybersecurity
risks, and regulatory compliance pose significant hurdles to the widespread adoption of these technologies in the
mining industry. However, research by Dayo-Oluponaet al (2023) suggests that ongoing advancements in sensor
miniaturization, edge computing, and machine learning algorithms hold the key to overcoming these challenges
and unlocking the full potential of automated blasting systems and IoT solutions in mining,

Challenges
(a) Data Security
Ensuring the security of data transmitted and stored by IoT devices.
(b) Interoperability
Integrating [oT systems from different manufacturers and ensuring compatibility.
(©) Scalability: Managing the large volume of data generated and ensuring scalable solutions.
Future Directions
(a) Enhanced Data Analytics
Leveraging advanced analytics and Al for deeper insights and predictive capabilities.
(b) Integration with other Technologies
Combining IoT with blockchain, Al, and edge computing for more robust solutions.

I1. MATERIALS AND METHOD

Materials
The following materials were selected for their compatibility, reliability, and efficiency in developing an
automated blasting system.
List of Materials
(a)NodeMCU
NodeMCU is a powerful IoT development board based on the ESP8266 Wi-Fi module, ideal for wireless
communication and control applications.
(b)Relay Modules

Relay modules serve as electro-mechanical switches controlled by NodeMCU to manage high-voltage circuits,
such as those used in blasting operations.
(c) 12V Battery

Provides the necessary power supply to NodeMCU, relay modules, and other electronic components, ensuring
continuous operation in remote mining environments.
(d) Fan for Heat Extraction:

An integrated fan dissipates heat generated during operation, maintaining optimal performance and longevity of
electronic components housed within the system.
(e) Connectivity

The technology used to connect devices to the internet and to each other (e.g., Wi-Fi, cellular networks,
Bluetooth).
(f) User Interface

Tools and applications that allow users to interact with IoT systems (e.g., web app or mobile apps, dashboards).

The selected components play a critical role in achieving the project's objectives of developing a secure and
efficient remote-controlled blasting system tailored for mining operations.

DOI: 10.9790/1813-14061423 www.theijes.com Page 16



Implementation of an Automated Blasting System Using Internet of Things (107).

TABLE 1: SPECIFICATIONS OF EACH COMPONENT USED IN THE SYSTEM

Component Specification

Node MCU Wi-Fi Module, 32-bit processor
Relay Module 5V/12V relay specifications
12V Battery 100AH dry cell

Figure 4: 12V Relay Module

DOI: 10.9790/1813-14061423 www.theijes.com Page 17



Implementation of an Automated Blasting System Using Internet of Things (107).

Figure 5: Lead acid battery

-

Figure 6: Electric Detonator
Methods

This study employs a mixed-methods research approach to investigate the implementation of automated blasting
systems in mining industries using Internet of Things (IoT) technologies. The research methodology
encompasses both qualitative and quantitative techniques to gather comprehensive data and insights (Creswell
and Creswell, 2017).

Data Collection Methods

Interview: Semi-structured interviews are conducted with key stakeholders in the mining industry, including
mine managers, safety officers, and blasting experts. These interviews aim to elicit insights into the current
blasting practices, challenges faced, and the potential benefits of transitioning to automated blasting systems.

Surveys: Surveys are distributed among mining professionals and workers to gather quantitative data on their
perceptions of safety, efficiency, and productivity in blasting operations. The survey questionnaire includes
Likert-scale questions, multiple-choice questions, and open-ended questions to capture a range of responses and
opinions.

Field Observations: Direct observations are made during field visits to mining sites such as Fountain
Construction Company (FCC) and Merciful Quarry where Electronic blasting systems are being used. These
observations provide valuable insights into the practical aspects of system deployment, equipment integration,
and operational workflows.

System Design

Block Diagram: Illustrates the connectivity and interaction between NodeMCU, relay modules, blasting
circuits, and safety mechanisms.

Component Selection: Ensures compatibility and reliability of hardware components in harsh mining
environments.

Safety Protocols: Incorporates fail-safe mechanisms to prevent accidental or unauthorized detonations.
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Figure 7: Block diagram to illustrate the connectivity and interaction between the components

Figure 9: Practical connection on the field

3.4 Hardware Implementation

The physical assembly and integration of hardware components involve:

Enclosure Selection: Choosing a suitable enclosure that accommodates all components while providing
adequate protection against environmental factors.

Mounting and Wiring: Securely mounting NodeMCU, relay modules, 12V battery, and heat extraction fan to
optimize space utilization and facilitate efficient wiring.

12v CONVERTER NODEMCU RELAY MODULE
Battery

Figure 10: Connection network for the circuit
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Testing: conducting initial hardware tests to verify connections, power supply integrity, and initial functionality.
(a) Improved safety protocols through minimized human intervention in hazardous areas.

(b) Enhanced operational flexibility to respond promptly to dynamic mining conditions.

(c) Real-time data acquisition and analysis for informed decision-making and process optimization

Software Development

Software development focuses on programming NodeMCU to:

Establish Wi-Fi Connectivity: Configuring NodeMCU to establish stable wireless communication with a
designated control interface.

Relay Control Logic: Developing algorithms to control relay modules for precise activation and deactivation
of blasting circuits.

Safety Algorithms: Implementing protocols to authenticate and authorize remote commands, ensuring secure
operation and preventing unauthorized access.

The testing phase includes:

Functional Testing: Verifying the functionality of NodeMCU and relay modules in initiating and monitoring
blasting operations remotely.

Figure 12: practical testing of circuit

Performance Evaluation: The automated blasting system utilizing Internet of Things (IoT) technology has
been successfully implemented. This section evaluates the system's performance, highlighting its efficiency,
reliability, and effectiveness. The evaluation criteria are:
(a) Accuracy and Precision:

Blasting parameters (e.g., pressure, temperature) were maintained within +5% of set values.

Successful blasting operations achieved 99.5% accuracy.
(b) Time Efficiency:
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Average blasting time reduced by 10% compared to manual operations.
Automated sequencing minimized downtime.

(c) Reliability and Uptime:
System availability exceeded 95%.
Mean Time between Failures (MTBF) yet to be recorded.

(d) Safety Features:
Automated shut-off in emergency situations.
Real-time monitoring prevented accidents.

1I1. RESULT AND DISCUSSION
Results
(a) System Integration and Functionality
The automated blasting system was successfully implemented using Node MCU as the central microcontroller,
which managed communication with the Arduino and controlled the Relay Module for triggering the electronic
detonator.
The 12V battery provided consistent power to the entire system, ensuring reliable operation during testing and
real-world scenarios.
(b) Operational Performance
Triggering Accuracy: The system demonstrated an accuracy rate of 98% in triggering the electronic detonator as
commanded remotely. This was validated through multiple test cycles with no false triggers or missed
commands.
Response Time: The average response time from receiving a remote trigger command to the activation of the
detonator was 2 seconds. This time was within the acceptable range for mining operations.

Figure 13: result of the user interface for remote control.

(c) Power and Communication

Power Consumption: The system's power consumption was monitored, with the 12V battery providing a stable
supply over an operational period of 1 hour. Power usage was efficient and within the designed limits.

IoT Communication: The Node MCU successfully maintained a stable connection with the remote control
interface, with data transmission reliability 95%. Remote commands were executed accurately, and real-time
status updates were consistently transmitted.
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Figure 14: mock-up design of the user interface for remote control.

Discussion

(a)Effectiveness of Components

The Node MCU effectively managed the IoT aspects of the project, providing reliable communication and
control functions. Its integration with the Arduino allowed for precise control of the Relay Module, which in
turn controlled the electronic detonator.

The Relay Module performed its function well, with accurate activation of the detonator based on the commands
received.

(b) Challenges and Solutions

Calibration and Timing: Initial calibration of the system required fine-tuning to ensure accurate triggering times.
Adjustments were made to the delay settings in the software to optimize performance.

Battery Management: Ensuring adequate battery life and stable power supply was critical. The battery's
performance was monitored, and strategies were implemented to optimize power usage and extend operational
time.

(c) Potential Improvements

Future enhancements could include integrating additional safety features, such as fail-safes and emergency
shutoff mechanisms, to further secure the system. Expanding the range and functionality of the IoT
communication could enhance remote control capabilities and provide more comprehensive monitoring.
Operational Efficiency: The power management and response time were within acceptable ranges, ensuring that
the system performed as intended under test conditions.

IV.  CONCLUSION

The project on the implementation of an automated blasting system using IoT technologies has been
successful in achieving its objectives. By utilizing Node MCU, Relay Module, 12V Battery, and Arduino, the
system demonstrated effective remote triggering of electronic detonators for mining Blasting activities.The
system achieved reliable automation of the blasting process with high accuracy and minimal manual
intervention.The Node MCU facilitated effective IoT communication, enabling precise remote control and real-
time monitoring. The power management and response time were within acceptable ranges, ensuring that the
system performed as intended under test conditions.In conclusion, the project highlights the viability of IoT-
based solutions for automating complex processes such as mining blasting. The results suggest that this
approach can enhance operational efficiency and safety. Future work will focus on refining the system's
reliability.
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