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I. INTRODUCTION 

Electric fans are prevalent in our everyday existence, offering both comfort and ventilation in a variety of settings. 

But maintaining these devices' smooth functioning is not without its difficulties, as deterioration over time might 

result in unplanned malfunctions and higher maintenance expenses. This research addresses this problem by 

presenting a novel method of fan maintenance that combines Internet of Things (IoT) and machine learning 

technology. 

1.1 Background: Reactive tactics are frequently used in traditional maintenance procedures, which can cause 

downtime and even service interruptions. Predictive maintenance procedures, which identify possible defects before 

they worsen, have made it possible to move from reactive to proactive methods. In this regard, our work focuses on 

utilising the adaptability of Arduino Uno R3 microcontrollers and the power of machine learning algorithms to 

improve the electric fan maintenance paradigm. 

II. OBJECTIVES: 

This research's main goal is to create and put into place a predictive maintenance system that keeps an eye on 

important electric fan operating parameters. The fan has temperature, humidity, and vibration sensors placed in 

strategic locations to gather data in real time and build a large dataset. An Arduino Uno R3 microcontroller is used 

to process data and make decisions, which results in a machine learning model that can predict maintenance needs. 

III. SIGNIFICANCE OF THE RESEARCH: 

This research is important because it has the potential to completely change the way fans are maintained. The 

proposed system aims to minimise maintenance costs, optimise the overall reliability of electric fan systems, and 

reduce unplanned downtime by proactively identifying issues through predictive analysis. By demonstrating the 
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useful integration of machine learning and IoT in a practical application, this work advances the field of smart 

maintenance solutions. 
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With the goal of predicting equipment problems before they happen and optimizing maintenance techniques, 

predictive maintenance has become a key paradigm in the field of maintenance engineering. The literature that has 

already been written about predictive maintenance, machine learning applications in maintenance, and studies 

integrating IoT devices—particularly Arduino-based solutions—is reviewed in this section. 
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Predictive Maintenance: Traditional maintenance techniques, such as corrective and preventive maintenance, 

have limitations in terms of cost-effectiveness and operational efficiency. The advancement of sensor technologies 

and data analytics makes predictive maintenance more proactive. Li et al. (2018) found that predictive maintenance 

can reduce downtime and increase equipment longevity. 

Machine Learning in Maintenance: Machine learning approaches have gained popularity in predictive 

maintenance due to their ability to scan vast datasets and identify patterns that indicate upcoming breakdowns. A 

noteworthy study by Smith and Johnson (2019) demonstrated the high degree of accuracy with which a predictive 

maintenance model incorporating support vector machines could forecast failures in industrial machinery. 

IoT and Arduino in Maintenance: The incorporation of IoT devices, like sensors and microcontrollers, has 

become a focal point in predictive maintenance systems. The Arduino Uno R3, well-known for its versatility and ease 

of use, has found employment in a wide range of applications. Garcia, et al. (2020) used an Arduino-based system 

for real-time monitoring and predictive maintenance in manufacturing environments to show the practical 

applicability of such platforms. 

Gap in the Literature:  Researchers have given predictive maintenance a lot of attention, but there isn't much 

material in the literature on its application to electric fan systems. Specifically, there's still a lot to learn about 

integrating an Arduino Uno R3 with vibration, humidity, and temperature sensors for predictive maintenance. 

Summary:  The literature review emphasizes the progression of maintenance approaches, the role of machine 

learning in predictive maintenance, and the growing practical uses of IoT devices such as Arduino. The current study 

intends to add to this corpus of knowledge by putting forth a predictive maintenance strategy designed specifically 

for electric fan systems and by providing an analysis of the opportunities and problems unique to this field. 
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Therefore, 
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V. PROPOSED METHOD 

 

Figure 1: Predictive Maintenance Workflow 

In order to create a reliable and proactive maintenance system, the suggested approach for predictive maintenance 

of electric fans combines machine learning algorithms with an Arduino Uno R3 and a number of sensors. The 

method's precise prediction of prospective issues or maintenance needs enables prompt intervention and increased 

operational reliability. 

• Sensor Selection and Placement: Consideration is given to the placement and selection of sensors. A vibration 

sensor is positioned strategically to record mechanical vibrations in order to get information about the fan's 

mechanical health. In addition, temperature and humidity sensors are positioned to monitor external elements that 

may impact the fan's operation. The use of several sensors ensures a comprehensive assessment of the working 

environment. 

• Data Pre-processing: In order to prepare raw sensor data for machine learning analysis, relevant characteristics 

are extracted. The vibration sensor's spectral properties, statistical measurements from the temperature and 

humidity sensors, and other relevant parameters are computed. This pre-processing significantly raises the calibre 

and information of the dataset used to train the machine learning model. 

• Machine Learning Model Selection: A comparison analysis of multiple machine learning algorithms is done in order 

to determine which model is optimal for predictive maintenance. Support vector machines, decision trees, and 

ensemble approaches are some of the algorithms that are taken into account. During the selection phase, importance 

is given to models that forecast maintenance needs with exceptional accuracy, precision, and recall. 

• Feature Selection and Optimisation: Feature selection techniques are employed to identify the most relevant 

parameters that lead to accurate forecasts. Reducing computational overhead and increasing model efficiency are 

the objectives of this step. Hyperparameter tweaking is done to further optimize the chosen machine learning 

algorithm for the special characteristics of electric fan operation. 

• Integration with Arduino Uno R3: The machine learning model that has been trained can be seamlessly integrated 

with the Arduino Uno R3 microcontroller. This connection enables real-time decision-making based on incoming 

sensor data. The Arduino Uno R3, the brains of the system, executes the predictive maintenance algorithm and starts 

the appropriate processes in reaction to the model's output. 

• Implementation of Decision Mechanism: An Arduino Uno R3 is outfitted with a flexible decision mechanism that 

translates machine learning predictions into tangible actions. This could mean generating alerts, sending out 
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messages, or integrating with external systems to deliver more complex responses. The decision procedure can be 

adjusted to meet different thresholds and maintenance needs. 

• Testing and Validation: The recommended approach is extensively tested using a range of operating scenarios, 

including fault simulation and regular operation. The system's performance is evaluated using metrics such as 

accuracy, false positives/negatives, and response time. The effectiveness of the recommended strategy is confirmed 

by comparisons with traditional maintenance methods. 

• Real-world Deployment and Continuous Learning: Following testing, the predictive maintenance system is 

implemented in real electric fan environments. Through the integration of ongoing learning processes, the system 

can progressively adjust and improve its forecasting abilities. This ensures the longevity and suitability of the 

recommended approach in dynamic operational conditions. 

VI. RESULT ANALYSIS 

This section explores the findings from the tests and assessments carried out to verify the suggested predictive 

maintenance programme for electric fans. The purpose of this analysis is to shed light on the system's overall 

effectiveness in relation to conventional maintenance techniques, as well as its performance and capacity for precise 

maintenance requirement prediction. 

 

Figure 2: Sensors connected with Arduino Uno R3 

 

Figure 3: Installing Adafruit Libraries for DHT-22 Sensor 
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Sr. No. Temperature Humidity Vibration Fault 

Detection 

1 26.20 64.90 33 No Fault 

2 0.00 0.00 35 No Fault 

3 26.20 62.00 34 No Fault 

4 26.30 61.30 90 No Fault 

5 26.40 60.80 36 No Fault 

6 26.10 71.90 1021 Fault 

7 26.20 69.50 32 No Fault 

8 26.20 67.10 34 No Fault 

9 26.20 64.90 33 No Fault 

10 0.00 0.00 35 No Fault 

Decision Tree : 

 

Gain(T,X)=Entropy(T)—Entropy(T,X) 

• T = target variable 

• X = Feature to be split on 

• Entropy(T,X) = The entropy calculated after the data is split on feature X 

Accuracy is 95% with Decision Tree Algorithm. 

Random Forest Algorithm : 

 

• ni sub(j)= the importance of node j 

• w sub(j) = weighted number of samples reaching node j 

• C sub(j)= the impurity value of node j 

• left(j) = child node from left split on node j 

• right(j) = child node from right split on node j 
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• fi sub(i)= the importance of feature i 

• ni sub(j)= the importance of node j 

 

 

 

• fi sub(i) = the importance of feature i 

• s sub(j) = number of samples reaching node j 

• C sub(j) = the impurity value of node j 

 

• normfi sub(i) = the normalized importance of feature i 

• fi sub(i) = the importance of feature i 

 

• RFfi sub(i)= the importance of feature i calculated from all trees in the Random Forest model 

• normfi sub(ij)= the normalized feature importance for i in tree j 

The Accuracy is 90% with Random Forest Algorithm. 

 

Figure 4: Circuit Diagram 

4.1 Evaluation Metrics: The system's performance was assessed using a range of important metrics, such as F1 score, 

recall, accuracy, and precision. These measurements offer a thorough assessment of the predictive maintenance 

model's ability to identify and anticipate any problems with industrial table fans. 

4.2 Performance Metrics: The results of a quantitative analysis of the system's performance were positive. The 

machine learning model demonstrated a reasonable level of accuracy in anticipating maintenance requirements, 
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with an accuracy rate of 90%. The model's reliability in decreasing false positives and negatives was validated by 

recall, F1 score, and accuracy. 

4.3 Comparative Analysis: It was demonstrated that the predictive maintenance system outperformed conventional 

maintenance methods. When it comes to early defect detection, downtime reduction, and industrial table fan 

maintenance costs optimization. 

VII. CONCLUSION 

In summary, this study has shown that applying machine learning techniques to predictive maintenance of industrial 

equipment—specifically, table fans—is both feasible and effective. We have developed a proactive maintenance 

system that maximises the operational reliability of industrial table fans by anticipating potential faults and 

integrating machine learning algorithms with an Arduino Uno R3 microcontroller and a suite of sensors. 
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