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Abstract: When blasting is exposed to vibration or shock, those can be damaged partially or fully depending on the vibration
energy. Therefore, quantitative analysis of blasting vibration has become popular among researchers. In this research, vibration
sensor was developed. The SW-420 vibration sensor, manufactured by Scriptronics, is utilized in the context of monitoring
seismic activities generated by mines blasts. Mines, whether for extraction or demolition purposes, often produce significant
vibrations that can pose risks to nearby infrastructure, environment, and personnel safety. The SW-420 sensor provides a
compact and sensitive solution for detecting these vibrations in real-time.

In mining operations, precise monitoring of blast-induced vibrations is crucial for ensuring the safety of workers, nearby
communities, and structures. The SW-420 vibration sensor is designed to detect and measure these vibrations accurately. Its
compact size and robust construction make it suitable for deployment in harsh mining environments.

The sensor operates on the principle of a spring-based switch mechanism. When subjected to vibrations exceeding a
predetermined threshold, the sensor triggers an electrical signal, indicating the occurrence of a vibration event. This signal can
be transmitted to a monitoring station where it is analyzed to assess the intensity and impact of the blast.

Integration of SW-420 sensors into a comprehensive monitoring system allows mine operators to:

1) Monitor blast-induced vibrations in real-time.

2) Set customizable thresholds for triggering alarms or safety protocols.

3) Collect data for analysis to optimize blast design and mitigate potential risks.

4) Ensure compliance with regulatory standards regarding vibration levels.

L. INTRODUCTION
In the mining industry, safety is paramount, and monitoring potential hazards such as blasts is crucial for preventing accidents and
ensuring worker well-being. One essential tool for this purpose is the SW-420 vibration sensor, manufactured by Scriptronics. These
innovative sensors are specifically design to detect vibrations, making it invaluable in mining operations where blasts are common
occurrences.

A. Overview of SW-420 Vibration Sensor

1) Purpose-built Design: The SW-420 sensor is engineered to detect even the slightest vibrations, providing early warning of
potentially hazardous conditions resulting from blasts in mining environments.

2) Sensitivity: With high sensitivity, the SW-420 can pick up vibrations across a wide range of frequencies, allowing for early
detection of blasts and other seismic events.

3) Robust Construction: Recognizing the harsh conditions present in mining operations, Scriptronics has designed the SW-420
sensor to be rugged and durable, capable of withstanding the demanding environments commonly found in mines.

4) Ease of Installation: The sensor is designed for easy integration into existing monitoring systems, allowing mining operators to
quickly deploy it in critical areas without significant downtime.

5) Real-time Monitoring: By providing real-time data on vibration levels, the SW-420 enables mining operators to take immediate
action in response to detected blasts, such as initiating safety protocols or evacuations if necessary.
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6) Compatibility: The SW-420 sensor is compatible with various data logging and monitoring systems commonly used in the
mining industry, ensuring seamless integration into existing infrastructure.

7) Cost-effective Solution: Despite its advanced capabilities, the SW-420 sensor offers a cost-effective solution for blast
monitoring, helping mining companies enhance safety measures without breaking the budget.

B. Benefits of Using SW-420 Vibration Sensor

1) Enhanced Safety: By detecting blasts promptly, the SW-420 sensor helps minimize the risk of accidents and injuries to workers
in mining operations.

2) Preventive Maintenance: Early detection of vibrations can also aid in identifying potential equipment failures or structural
weaknesses, allowing for proactive maintenance to prevent costly downtime.

3) Regulatory Compliance: Many mining operations are subject to strict regulations regarding safety and environmental
protection. By using the SW-420 sensor, companies can demonstrate compliance with these regulations and avoid fines or
penalties.

4) Peace of Mind: With the SW-420 sensor in place, mining operators can have peace of mind knowing that they have a reliable
system in place to monitor blasts and other seismic activities, safeguarding both personnel and assets.
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11l. MOTIVATION AND OBJECTIVE

The objective of measuring blast-induced ground vibration using an Arduino-based SW-420 vibration sensor and comparing it with

existing vibration monitoring instruments can be multifaceted:

1) Accuracy Evaluation: One objective could be to assess the accuracy and reliability of the Arduino-based SW-420 vibration
sensor in capturing blast-induced ground vibrations compared to established monitoring instruments. This involves analyzing
whether the sensor can provide measurements that are consistent and comparable to those obtained from traditional monitoring
devices.

2) Cost-Effectiveness: Another objective might be to evaluate the cost-effectiveness of using the Arduino-based sensor for this
purpose. This involves comparing the cost of the sensor and associated Arduino setup with that of conventional vibration
monitoring instruments. If the Arduino-based solution proves to be significantly more cost-effective without compromising
accuracy, it could be a viable alternative for certain applications.

3) Ease of Deployment and Maintenance: Assessing the ease of deployment and maintenance of the Arduino-based system
compared to existing instruments could be another objective. This includes factors such as setup complexity, calibration
requirements, data retrieval and processing, and overall system reliability over time.

4) Data Analysis and Interpretation: Analyzing the data collected from both the Arduino-based sensor and existing instruments to
understand the characteristics of blast-induced ground vibrations is a crucial objective. This involves examining parameters
such as vibration amplitude, frequency spectrum, duration, and their variations under different blasting conditions.

5) Performance Comparison: Finally, the comparison aims to determine whether the Arduino-based system can provide
comparable or even superior performance in terms of accuracy, reliability, and cost-effectiveness compared to traditional
vibration monitoring instruments.

As for motivation, this project addresses several important aspects:

a) Technological Advancement: It explores the potential of using modern, low-cost hardware like Arduino-based sensors for
specialized applications traditionally dominated by expensive monitoring equipment.

b) Accessibility: By potentially offering a more affordable solution, it could make ground vibration monitoring more accessible to
smaller organizations or projects with limited budgets.

c) Educational Value: For students and educators, working on such a project provides hands-on experience with sensor
technology, data acquisition, analysis, and comparison, enhancing their skills and understanding in these areas.

d) Environmental Impact: Understanding blast-induced ground vibrations is critical for assessing their impact on nearby
structures, the environment, and human safety. Improved monitoring can lead to better mitigation strategies and reduced
environmental impact from blasting activities.

V. THEORY OF SW-420 VIBRATION SENSOR
To measure blast-induced ground vibration using an Arduino-based SW-420 vibration sensor and compare it with existing vibration
monitoring instruments, you need to follow these steps:

A. Understanding Blast-Induced Vibration (BIV)
Learn about the principles of blast-induced ground vibration, including its causes, propagation, and effects on structures and the
environment.

B. Sensor Selection
Choose the SW-420 vibration sensor for your Arduino-based system. Understand its specifications, such as sensitivity, frequency
range, and output format.

C. Arduino Setup
Set up your Arduino board with the necessary components, including the SW-420 sensor and any additional circuitry required for
power and signal conditioning.

D. Calibration
Calibrate your SW-420 sensor to ensure accurate measurements. This may involve determining its sensitivity and adjusting any
scaling factors in your Arduino code.
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E. Data Acquisition
Develop code for your Arduino board to read data from the SW-420 sensor. This code should include sampling techniques, data
storage, and possibly real-time monitoring capabilities.

F. Field Testing
Conduct field tests where blasts are induced. Place your sensor at strategic locations to capture ground vibrations accurately.

G. Data Analysis
Analyze the data collected by your Arduino-based system. Calculate parameters such as peak particle velocity (PPV), frequency
content, and duration of vibration events.

H. Comparison with Existing Instruments

Obtain data from existing vibration monitoring instruments used in similar scenarios.

Compare the results obtained from your Arduino-based system with those from the existing instruments. Look for correlations,
differences in accuracy, and any limitations or advantages of each method.

I.  Documentation and Reporting

Document your methodology, including sensor specifications, calibration procedures, data acquisition techniques, and analysis
methods.

Prepare a report or presentation detailing your findings, including the comparison between the Arduino-based system and existing
instruments. Discuss the strengths and weaknesses of each approach and make recommendations for future improvements or
applications.

This process involves a combination of theoretical understanding, practical implementation, data analysis, and critical evaluation
of results. It's essential to ensure the accuracy and reliability of your measurements and interpretations when comparing many
measurement systems.

V. PROBLEMS

When measuring blast-induced ground vibration using an Arduino-based SW-420 vibration sensor and comparing it with existing

vibration monitoring instruments, you might encounter several challenges:

1) Sensor Calibration: Ensuring the SW-420 sensor is accurately calibrated can be tricky. Factors such as temperature variations
and sensor aging can affect calibration over time, leading to measurement inaccuracies.

2) Signal Processing: Processing raw vibration data from the sensor may require advanced signal processing techniques to extract
meaningful information such as peak particle velocity (PPV) and frequency content.

3) Noise Interference: External noise sources, including electrical interference and environmental vibrations unrelated to the blast,
can introduce noise into your measurements, affecting data accuracy.

4) Data Synchronization: If you're comparing data from multiple sensors or instruments, synchronizing the data timestamps can
be challenging but is crucial for meaningful comparisons.

5) Field Conditions: Field testing in real blast environments introduces practical challenges such as sensor placement, weather
conditions, and safety considerations.

6) Instrument Limitations: Existing vibration monitoring instruments may have limitations in terms of their frequency range,
sensitivity, or data resolution, which can impact the accuracy of comparisons.

7) Data Analysis Complexity: Analyzing and interpreting vibration data, especially from multiple sources, requires expertise in
data analysis techniques and statistical methods to draw valid conclusions.

8) Reporting and Documentation: Documenting your methodology, including sensor specifications, calibration procedures, and
data analysis techniques, is essential for making the result transparency and reproducibility.

To address these challenges, consider some of the following strategies:
e Conduct thorough sensor calibration and quality checks before field testing.
o Implement noise filtering and signal processing algorithms in your Arduino code to improve data quality.
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e Use synchronized time-stamping methods for data collection from multiple sensors or instruments.

e Perform comprehensive data validation and statistical analysis to account for uncertainties and variability.
Collaborate with experts in signal processing and data analysis for complex data interpretation.

Document your procedures, challenges faced, and solutions implemented in your final report or presentation.

By addressing these challenges proactively and employing rigorous methodologies, you can enhance the reliability and validity of
your measurement and comparison efforts.

VI. METHODOLOGY
To measure blast-induced ground vibration using an Arduino-based SW-420 vibration sensor and compare it with existing vibration
monitoring instruments, you can follow these steps:

A. Selecting the Sensors
Choose the Arduino-based SW-420 vibration sensor for your project. Ensure it's compatible with your Arduino board and capable of
detecting the range of vibrations you expect from the blasting activities.

B. Setting Up Arduino and Sensor
Connect the SW-420 sensor to your Arduino board according to its datasheet or pinout instructions.
Write a program (using Arduino IDE or any compatible software) to initialize the sensor and read vibration data from it.

C. Calibration
Calibrate your SW-420 sensor to ensure accurate readings. This may involve setting thresholds for what constitutes a vibration
event of interest and what is background noise.

D. Data Collection
Place the sensor at the desired location where you want to measure blast-induced ground vibration.
Run your Arduino program to start collecting vibration data during blasting activities.

E. Data Analysis

Collect data from the SW-420 sensor during blasting events and store it in a suitable format (e.g., CSV files).

Use data analysis tools (Python, MATLAB, Excel, etc.) to process and analyze the collected data. Calculate parameters such as peak
acceleration, frequency spectrum, and duration of vibrations.

F. Comparison with Existing Instruments

Obtain data from existing vibration monitoring instruments used in your field or location.

Compare the data collected from the SW-420 sensor with data from these instruments. Look for correlations, discrepancies, and any
differences in measurement accuracy or sensitivity.

G. Evaluation and Validation
Evaluate the performance of the SW-420 sensor by comparing its measurements with those of established instruments.
Validate the sensor's accuracy, precision, and reliability for blast-induced ground vibration monitoring applications.

H. Reporting and Conclusions

Document your methodology, including sensor setup, calibration procedures, data collection, analysis techniques, and comparison
results.

Draw conclusions about the effectiveness and suitability of the SW-420 sensor for blast-induced ground vibration monitoring
compared to existing instruments.

Discuss any limitations, challenges faced, and recommendations for future improvements or research in this area.
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VIL. MATERIALS AND METHODS

A. Materials Selection
1) SW-420 Vibration Sensor Module: This is the main component. It usually comes as a small module with a vibration-sensitive
spring inside, along with a potentiometer to adjust sensitivity and some supporting circuitry.

(

2) Arduino Board: Any Arduino board has many types, such as Arduino Uno, Arduino Nano, or Arduino Mega. This will be the
microcontroller that processes the sensor data and performs actions based on the detected vibrations.

3) Jumper Wires: These are used to make connections between the SW-420 sensor module and the Arduino board. Male-to-male
jumper wires are mostly used for this purpose.

4) Breadboard (optional): A breadboard can be used for temporary connections during prototype. It makes it easier to connect and
disconnect components without soldering.
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5) Resistors (optional): Depending on the specific requirements of your project, you may need additional resistors. However, the
SW-420 module usually doesn't require extra resistors.

6) LEDs, Buzzers, or Other Output Devices (optional): You might want to connect output devices like LEDs, buzzers, or relays to
the Arduino board to indicate when vibrations are detected. These components are connected to the Arduino's digital or analog
pins.

7) Power Source: The Arduino board typically requires a power source. This could be a USB connection to a computer, a battery
pack, or a dedicated power supply.

8) Computer with Arduino IDE: You'll need a computer with the Arduino IDE (Integrated Development Environment) installed.
This software is used to write, compile, and upload code to the Arduino board.
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1) Understand the Sensor: First, make sure you understand how the SW-420 vibration sensor works. Read the datasheet or any
available documentation to understand its specifications, pinout, and how it communicates with the Arduino.

2) Gather Materials: Collect all the necessary materials as mentioned earlier: Arduino board, SW-420 vibration sensor module,
jumper wires, breadboard (optional), resistors (if needed), LEDs or other output devices (if needed), power source, and a
computer with the Arduino IDE installed.

3) Set Up Hardware: Connect the SW-420 vibration sensor module to your Arduino board according to its pinout. Typically,
you'll connect the sensor's output pin to one of the digital pins on the Arduino.

4) Write the Code: Open the Arduino IDE on your computer and start a new sketch. Write the code to read data from the vibration
sensor and respond accordingly. This could involve using functions like pinMode(), digitalRead(), and digitalWrite().

5) Test and Debug: Verify that the code is working as expected by uploading it to your Arduino board. Use the serial monitor to
debug and print sensor values or any other relevant information for troubleshooting.

6) Refine the Code: Refine your code as needed based on testing results. You might need to adjust sensor sensitivity, add
additional functionality, or optimize the code for better performance.

7) Document Your Project: Document your project by adding comments to the code, creating a wiring diagram, and writing a brief
description of how the project works. This documentation is helpful for future reference or if you decide to share your project
with others.

8) Deploy and Enjoy: Once everything is working correctly, deploy your Arduino project in its intended environment and enjoy its
functionality!

C. Arduino Program in Vibration Sensor
/I Define the pin for the vibration sensor
const int vibrationPin = 2;

/I Define the pin for the LED

const int ledPin = 13;
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void setup() {
/I Initialize the serial communication
Serial.begin(9600);
/I Set the vibration sensor pin as input
pinMode(vibrationPin, INPUT);
/I Set the LED pin as output
pinMode(ledPin, OUTPUT);

}

void loop() {
/I Read the value from the vibration sensor
int sensorValue = digitalRead(vibrationPin);

/I Print the sensor value to the serial monitor
Serial.printIn(sensorValue);

/I 1 vibration is detected (sensor value is HIGH)
if (sensorValue == HIGH) {
/I Turn on the LED
digitalWrite(ledPin, HIGH);
/I Print a message indicating vibration is detected
Serial.printIn("Vibration detected!");
delay(1000); // Delay for 1 second
}else {
/l Turn off the LED
digitalWrite(ledPin, LOW);
}
}

VIII.
A. Performance Evaluation
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RESULTS & DISCUSSION
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IX. FUTURE WORK

1) Data Analysis Techniques: Explore advanced data analysis techniques such as signal processing algorithms (like Fourier
transforms or wavelet analysis) to extract meaningful information from the vibration data collected by your sensors.

2) Integration with Geographic Information Systems (GIS): Integrate your vibration monitoring system with GIS software to map and
visualize the spatial distribution of blast-induced ground vibrations. This can help in understanding how vibrations propagate
through different geological formations.

3) Machine Learning for Predictive Modeling: Use machine learning algorithms to develop predictive models for blast-induced
ground vibrations. Train the model using historical vibration data along with other relevant parameters such as blast design
parameters, geological characteristics, and weather conditions.

4) Remote Monitoring and Control: Implementation of remote monitoring and control capabilities for your vibration monitoring
system. This involve in developing a web-based interface or a mobile app to remotely access real-time vibration data and adjust the
monitoring settings.
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5) Comparative Studies with Different Blast Scenarios: Conduct comparative studies by varying blast parameters such as charge size,
distance from the blast site, and geological conditions. Analyze how these variations impact ground vibrations and compare the
results with your existing data and literature findings.

6) Validation and Calibration: Validate and calibrate your Arduino-based SW-420 vibration sensor against standard vibration
monitoring instruments to ensure accuracy and reliability of all the measurements.

7) Environmental Impact Assessment: Expand your study to include an environmental impact assessment of blast-induced ground
vibrations. Evaluate the potential effects on nearby structures, ecosystems, and human activities, and propose mitigation measures
if necessary.
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