
My Project Name :
Predictive Maintenance(PdM) Of BLDC motor and anomalies using  Machine Learning 
























Summary research paper's:
--------------------------------------------
Paper 1: Analysis of Brushless DC Motor Sounds with Machine Learning Methods Using Wavelet Transform Based Features.
This Paper proposed a method to detected mechanical faults of Brushless DC motor at early stages from its sound , 89% accuracy achieved by training ensembled ML learning models called bagged trees . the features extracted from sound using Wavelet Transform and for real time inferencing the paper highlighted limitation due to the ambient noise and suggested adding filtering to overcome the limitations.
------------------------------------------------------------------------------------------------------------------
Paper 2: Dataset of audio signals from brushless DC motors for predictive maintenance.
In order to train ML algorithms accurately clean data must be available which what this paper afford. A2212 Brushless DC motors is common motor for robotics and areal robotics is used to record the sound of its status in three conditions 1- healthy 2- faulty bearing 3-faulty propellers . the author mention that data is collected in controlled environment which is the limitation of this data to used directly.
------------------------------------------------------------------------------------------------------------------
Paper 3: Low-Cost IoT-Based Predictive Maintenance Using Vibration
Vibrations and Acoustic signals is used in this paper to achieve detection accuracy of 73% of fault conditions of motors. RMS and FFT techniques are used to processed the data and then Machine Learning Isolation Forest algorithm is utilized to detect anomalies. microcontroller processing limitation is mentioned so the MCU used is to relay the data for analysis in computer. This work resulted in solution capable of detecting healthy and faulty conditions with accuracy of 0.729.
----------------------------------------------------------------------------------------------------------------
Paper 4: Predictive Maintenance System to RUL Prediction of Li-Ion Batteries and Identify the Fault Type of Brushless DC Electric Motor from UAVs
This paper suggest an architecture of 3 layers to detect motor defects of uav motor faults as well as remaining useful life of batteries.the three layers are edge computing layer , cloud computing layer and sensor layer.
-------------------------------------------------------------------------------------------------------
Paper 5:Finding fault types of BLDC motors within UAVs using machine learning techniques
this paper used and compared 3 ML learning Algorithms to identify 4 motor conditions 1- healthy, 2-chipped propeller, 3-eccentric shaft, and a 4- faulty electronic speed controller (ESC).achieving highest score of  accuracy (96%).the limitation is that the model in not generalizing as the data is specific for the setup used in the experiment .
------------------------------------------------------------------------------------------------------
Paper 6 : Machine Learning Framework for Industrial Machine Sound Classification in Predictive Maintenance
This paper proposes a machine learning framework for classifying anomalous sounds in industrial machinery to enable Predictive Maintenance (PdM) utilizing CNN using an IoT-connected microphone for data acquisition achieving 97% accuracy on the MIMII dataset.the Drawback is that model struggles to distinguish between anomalous and normal operational sounds due to their acoustic similarity














Critical Analysis:
The research landscape for ML-based Predictive Maintenance is characterized by a significant lack of standardization, which complicates direct comparison and replication of results. Methodologies are highly fragmented, with studies employing different data types such as sound, vibration, and temperature; deploying diverse architectures from edge and fog computing to cloud-centric models; utilizing a wide array of algorithms from traditional Machine Learning like XGBoost to Deep Learning models like CNNs; and relying on various sensors and feature extraction techniques. This heterogeneity, while demonstrating the field's breadth, underscores its current immaturity and highlights the challenge of determining the most effective and practical approach for real-world deployment.


















Connections:
1- All Papers uses ML or DL to classify status or detect anomalies
2- Data processing hardware is used by all authors
3- All papers highlighted the need for data for training the algorithms 
4- All authors uses sensors for data acquisitions 






















Conflicts between the findings:
1- Cloud computing vs local computing
2- Classification vs anomalies detection
3- ML approach vs DL Approach























Synthesis Matrix for Literature Review:
	[bookmark: _Hlk214294576]

Study

	Authors
	Year
	Research Design
	Methodology
	Limitations

	Analysis of Brushless DC Motor Sounds with Machine Learning Methods Using Wavelet Transform Based Features
	Bilal Tekin
Turgay Kaya
	2024
	
	method to detected mechanical faults of Brushless DC motor at early stages from its sound
	ambient noise

	Dataset of audio signals from brushless DC motors for predictive maintenance

	Rommel Stiward Prieto Estacio

Diego Alberto Bravo Montenegro
Carlos Felipe Rengifo Rodas

	2023
	
	Data to train ML Algorthisms
	data is collected in controlled environment which is the limitation of this data to used directly.


	Low-Cost IoT-Based Predictive Maintenance Using Vibration
	Peter Kolok
Michal Hodoň
Peter Ševčík
Léo Hotz
Nicolas Remy
	2025
	
	Vibrations and Acoustic signals is used in this paper to achieve detection accuracy of 73% of fault conditions of motors
	microcontroller processing limitation is mentioned so the MCU used is to relay the data for analysis in computer

	Predictive Maintenance System to RUL Prediction of Li-Ion Batteries and Identify the Fault Type of Brushless DC Electric Motor from UAVs

	Dragos Alexandru Andrioaia
Vasile Gheorghita Gaitan

	2025
	
	architecture of 3 layers to detect motor defects of uav motor faults as well as remaining useful life of batteries
	

	Finding fault types of BLDC motors within UAVs using machine learning techniques
	Dragos Alexandru Andrioaia
Vasile Gheorghita Gaitan

	2025
	
	compared 3 ML learning Algorithms to identify 4 motor conditions
	the model in not generalizing as the data is specific for the setup used in the experiment

	Machine Learning Framework for Industrial Machine Sound Classification in Predictive Maintenance

	Nur Fatinah Md Hafiz
Syamsiah Mashohor
Mohammad Habib Shah Ershad Mohd Azrul Shazril
Azizi Mohd Ali
Mohd Fadlee A. Rasid

	2025
	
	machine learning framework for classifying anomalous sounds in industrial machinery to enable Predictive Maintenance
	model struggles to distinguish between anomalous and normal operational sounds due to their acoustic similarity
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