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Abstract 
In today's world, machines are essential in daily life, requiring efficient and safe 

operation. Tools have been developed to assess machine health by monitoring power usage, 

temperature, noise, and vibrations. Anomalies in these parameters can indicate potential 

defects. FFT analyzers, commonly used for vibration measurement, are often too costly for 

small businesses and may lack the ability to measure speed, temperature, or power usage. 

This project aims to create a low-cost alternative for health monitoring systems, capable of 

measuring vibrations, noise, temperature, speed, and power consumption. Integrating an 

Arduino Uno R3 with sensors and a MATLAB 2018b GUI provides an affordable solution, 

catering to small firms unable to invest in expensive FFT analyzers. 

 

Keywords: Machine health monitoring, Sensor integration, Arduino UNO R3, 

MATLAB2018b 
 

1. Introduction 
In today's industrial landscape, ensuring the optimal performance and longevity of 

machinery is crucial for maintaining operational efficiency and minimizing costs [1]. 

Machine health monitoring, a proactive maintenance approach, plays a pivotal role in 

achieving these goals by continuously assessing the condition of equipment to detect potential 

faults and issues before they escalate into costly failures [2], [3]. 

Traditional methods of machine health monitoring typically involve the use of various 

sensors to track parameters such as vibration, temperature, noise levels, and power 

consumption [4]. While effective, these methods often come with significant costs, especially 

when employing high-end diagnostic tools like FFT analyzers for detailed vibration analysis. 

Such expenses can be prohibitive for smaller enterprises, limiting their ability to implement 

comprehensive monitoring systems [5], [6]. 

To address these challenges, there is a growing emphasis on innovative mechanical 

approaches in machine health monitoring. This approach integrates advanced mechanical 

design principles with state-of-the-art sensor technologies to deliver cost-effective solutions 

without compromising on efficiency or accuracy [7], [8]. By leveraging advancements in 

sensor miniaturization, energy efficiency, and data processing capabilities, these innovative 

systems provide robust monitoring capabilities at a fraction of the traditional costs. 

The core objective of this paper is to explore and propose novel mechanical methodologies 

that enhance the efficiency and cost-effectiveness of machine health monitoring systems. By 

focusing on optimizing the mechanical components and sensor configurations, we aim to 

design a solution that not only meets but exceeds industry standards for reliability and 

performance monitoring [9]. 

Key considerations include the selection and integration of sensors that offer precise and 

real-time data acquisition across multiple critical parameters [10]. These may include 

advanced vibration sensors capable of detecting minute changes in machinery behavior, 
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temperature sensors for monitoring thermal conditions, and sophisticated data processing 

algorithms that enable predictive maintenance scheduling based on collected data trends [11]–

[13]. 

Moreover, the incorporation of cost-effective components, such as Arduino 

microcontrollers and open-source software platforms like MATLAB 2018b for data analysis 

and visualization, further enhances affordability and accessibility for a wider range of 

industrial applications. This approach not only democratizes access to advanced monitoring 

technologies but also empowers smaller enterprises to adopt proactive maintenance practices 

that were previously reserved for larger corporations. 

 

2. Research Methodology 
This section outlines the systematic approach employed to develop and validate the 

machine health monitoring system using an innovative mechanical approach. It encompasses 

the stages of requirement analysis, rapid design, prototyping, prototype testing, and initial 

user evaluation, ensuring a comprehensive and reliable methodology to achieve accurate and 

effective machine health monitoring.  

a. Requirement Analysis 

In this stage, we identify the specific needs for the machine health monitoring system. We 

determine the key parameters to monitor, such as vibration, temperature, current, and 

sound [14]. The hardware requirements include an Arduino Uno board, various sensors 

(accelerometer, thermocouple, temperature sensor, current sensor, sound sensor), and a 

battery. The software requirements include MATLAB 2018b for programing, data 

analysis and visualization the Arduino board. This ensures the system's effectiveness and 

reliability in real-world applications. 

b. Rapid Design 

In the rapid design phase, we quickly develop a preliminary blueprint for the machine 

health monitoring system. This involves creating an initial architecture that includes 

sensor placement, data acquisition methods, and signal processing algorithms. The design 

integrates mechanical components with the Arduino-based monitoring system, ensuring 

seamless interaction. Block diagrams and flowcharts are produced to visualize the 

system’s structure and workflow [15]. This phase prioritizes core functionality and system 

layout, providing a foundation for the subsequent prototyping stage. 

c. Prototyping 

During the prototyping phase, we construct a functional model of the machine health 

monitoring system based on the rapid design blueprint. This involves assembling the 

hardware components—Arduino Uno board, sensors (accelerometer, thermocouple, 

temperature sensor, current sensor, sound sensor), and power supply [16]. Preliminary 

software code is developed to facilitate data collection and processing. The prototype 

allows us to test the integration of sensors and mechanical components, enabling real-

time monitoring and initial performance assessment, setting the stage for thorough testing 

and refinement. 

d. Prototype Testing 

In the prototype testing phase, we validate the functionality and performance of the 

developed prototype. This involves running a series of tests to ensure the system 

accurately monitors machine health parameters like vibration, temperature, and current. 

We perform stress tests to check the system’s robustness and responsiveness under 

varying conditions [17]. Collected data is analyzed to identify and rectify any issues or 

inaccuracies. This phase ensures the prototype meets the defined requirements and is 

reliable for real-world application. 
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e. Initial User Evaluation 

In the initial user evaluation phase, the prototype is deployed to a select group of users, 

such as maintenance personnel, to gather real-world feedback. Users interact with the 

system, providing insights into its usability, functionality, and any encountered issues. 

Their feedback is collected through surveys and interviews. This phase is crucial for 

identifying practical improvements, ensuring the system meets user needs, and refining 

the prototype based on real-world usage before finalizing the design [18]. 
 

3. Results and Discussion 
a) Requirement Analysis 

Non-functional requirement analysis is essential for determining system specifications. 

The non-functional requirements needed to build this system consist of two categories: 

hardware requirements and software requirements. 

 

Table 1. Hardware Requirements 

No Hardware Function 

1 Arduino Uno R3 Microcontroller for connecting and processing data from all sensors. 

2 MAX6675 
K-Type Thermocouple sensor for measuring temperature and sending 

temperature data to Arduino. 

3 ADXL335 
Accelerometer sensor for measuring vibrations and machine 

movements. 

4 AC712 
Current sensor for measuring the amount of electric current flowing 

through the machine. 

5 MAX4466 
Sound sensor for detecting noise and acoustic vibrations from the 

machine. 

6 Resistor 
Limits electric current flow to protect components and ensure proper 

operation. 

7 Battery Power source for operating the entire monitoring system. 

8 Cables 
Connects components and enables data and power flow throughout the 

system. 

9 Laptop 
Processes and analyzes data from sensors, and provides a user 

interface. 

 

Table 2. Software Requirements 

No Software Function 

1 MATLAB 2018b 

MATLAB is utilized for sensor data acquisition, signal analysis, 

statistics, machine learning, data visualization, and hardware 

integration in prototyping machine health monitoring systems. 

2 Library Arduino 

Appropriate libraries for the used sensors: 

a) Adafruit_MAX6675: to acquire temperature data from a K-type 

thermocouple sensor (such as the MAX6675) connected to an 

Arduino. This library provides functions to read the temperature in 

degrees Celsius or Fahrenheit from the sensor. 

b) Adafruit_ADXL335: to communicate with the ADXL335 

accelerometer sensor. Its main function is to retrieve vibration and 

acceleration data in three axes (X, Y, Z) from the sensor. The library 

also provides functions for calibration and sensitivity adjustment. 

c) ArduinoSound: to acquire audio data from sound sensors like the 

MAX4466. Its main function is to read audio signals and convert 

them into digital data that can be processed by the Arduino. This 
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No Software Function 

allows for noise detection and frequency analysis. 

d) Library ACS712: to measures the amount of current flowing 

through a conductor and converts this measurement into an analog 

signal that can be read by an Arduino 

3 Windows 11 OS Laptop 

 

b) Rapid Design 

In this study, a rapid design was created using an Arduino Uno R3 microcontroller 

interfaced with various sensors and components to perform multiple measurements and data 

analysis tasks. The system includes a MAX6675 K-Type Thermocouple for temperature 

measurement, an ADXL335 3-axis accelerometer for detecting acceleration in the X, Y, and Z 

axes, a resistor for current limiting and voltage division, a MAX4466 microphone amplifier 

module for capturing sound, and an AC712 current sensor for measuring AC and DC currents. 

The entire setup is powered by a battery and utilizes MATLAB 2018b software for data 

analysis and visualization, with the Arduino sending data to MATLAB 2018b for further 

processing. 

  

 
Figure 1. Rapid Design 

 

c) Prototyping 

This study uses four types of cables: digital cables, analog cables, power cables, and data 

cables. Digital cables are used to connect the MAX6675 temperature sensor to digital pin D3 

on the Arduino Uno R3, ensuring proper data communication. Analog cables are used to 

connect the ADXL335 accelerometer to pins A0, A1, and A2, the AC712 current sensor to pin 

A3, and the MAX4466 microphone module to pin A4, allowing measurement of various 

parameters such as acceleration, current, and sound. Power cables are used to connect the 

battery to the VIN (+) and GND (-) pins on the Arduino, providing the necessary power to run 

the entire system. Data cables are used to connect the Arduino to a computer via the USB 

port, enabling data transfer to MATLAB 2018b software for further analysis and 

visualization. 
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Figure 2. Prototype Design 

 

d) Prototype Testing 

Prototype testing of machine health detection tools was conducted on a cam follower 

device with an involute cam profile. During this testing, the cam follower experienced 

vibrations at a single frequency and constant speed. The results of these tests were then 

compared with those obtained using the ADASH A4400-VA4 FFT Analyzer. To calculate the 

analytical frequency at 200 rpm, the formula 
2𝜋𝑛

60
= 20.13

𝑟𝑎𝑑

𝑠𝑒𝑐
= 3𝐻𝑧 was employed. 

Measurement results indicated that figure 3 displayed a peak frequency of 4.397 Hz, which 

closely matched the expected analytical frequency, demonstrating consistency between theory 

and experimental results.  

 
Figure 3. Plot of Time and Frequency 
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Furthermore, figure 4 showed excellent agreement between the forced frequency and 

system amplitude with the analysis results using the ADASH A4400-VA4 FFT Analyzer.  

 

 
Figure 4. ADASH A4400-VA4 FFT Analyzer Reader 

 

These findings indicate that the testing system can provide accurate and reliable results in 

evaluating machine performance using the involute cam follower technique. The newly 

developed gadget was compared to an off-the-shelf analyzer using the data from Figure 5. 

While the system's response time yielded limited insights, we could attribute specific 

frequency components to individual system elements, leveraging their known dynamic 

characteristics. The concentration of energy near the peak frequency reflects the variable 

motor's rotational speed when coupled with the cam jumping apparatus. Utilizing a 

commercially available ADASH 4400-VA4 analyzer, the developed system achieved 

outstanding accuracy, reaching up to 99.175%. 

 
Figure 5. Frequency Evaluation Results Between Custom-Built and Commercial Analyzers 

 

e) Evaluation 

Based on the survey results from 20 users, the prototype machine health detection tool 

demonstrated high accuracy and reliability in evaluating machine performance. Users 

expressed satisfaction with the system's ability to identify specific frequency components 

attributed to individual machine elements, highlighting its potential to advance dynamic 

machine health monitoring. Respondents suggested further research to enhance the tool's 

integration with predictive maintenance systems and to broaden its applicability across 

diverse industrial settings. 
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4. Conclusion 
Using cost-effective controllers such as the Arduino Uno, a groundbreaking health 

monitoring system was developed. Initially, sensors were employed to capture a wide range 

of machine health data, which were then integrated with microcontrollers to process real-time 

data from multiple sensors. A system was devised to convert time-domain information into 

the frequency domain for analyzing vibrations. The developed GUI continuously collected 

and displayed incoming sensor data. Following extensive testing, this advanced technique 

demonstrated exceptional accuracy, reaching up to 99.175%, comparable to traditional FFT 

analyzers. Enhancing the device's accuracy further could be achieved by improving the initial 

port and controller resolution, potentially expanding its capability to accommodate additional 

input channels for more sensors. 
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