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Abstract 

Machine learning (ML) is significant advancements in computer science and data processing systems that may be 
utilized to improve almost all technology-enabled services, goods, and industrial applications. Machine learning is a 
branch of computer science and artificial intelligence. It emphasizes the use of data and algorithms to mimic the learning 
process of machines and improve system accuracy. To extend the life of the cutting tools used in machining processes, 
machine learning algorithms may be used to forecast cutting forces and cutting tool wear. In order to improve 
productivity during the component production processes, optimized machining parameters for CNC machining 
operations may be obtained by applying cutting-edge machine learning algorithms. Furthermore, the appearance of 
Advanced machine learning algorithms can forecast and enhance machinable components to raise the caliber of 
machinable parts. Machine learning is applied to prediction approaches of energy consumption of CNC machine tools in 
order to analyses and minimize power usage during CNC machining processes. The use of machine learning and artificial 
intelligence systems in CNC machine tools is examined in this paper, and future research projects are also suggested in 
order to offer an overview of the most recent studies on these topics. As a result, the research filed can be moved forward 
by reviewing and analyzing recent achievements in published papers to offer innovative concepts and approaches in 
applications of machine learning in CNC machine tools. 

Keywords: Machine learning; CNC; Neural Network Tool; Optimization; Surface Roughness; Cutting force 

1. Introduction

One of the most crucial methods for producing parts is CNC machining, which is sometimes referred to be the heart of 
contemporary manufacturing techniques. The CNC machining processes are used to produce parts in a variety of 
applications by the automotive and medical industries, aerospace, gas and oil and warehousing services [1]. Every 
machine, moulded component, and final product are often manufactured using CNC machining, which is one of the most 
significant manufacturing processes. CNC equipment pioneered the way in manufacturing and machining, enabling 
companies to meet their objectives in a number of different ways. The future of CNC machining processes must be taken 
into account, nevertheless, as production techniques are always changing and new technologies are being introduced 
[2, 3]. 

Due to applications of artificial intelligence (AI), where the algorithms are connected with "learning" nonlinear 
correlations between input and output data, more and more satisfying outcomes are becoming apparent. One of the 
main AI applications in machining, for instance, is the prediction of tool wear or surface roughness based on machining 
phenomena, such as cutting forces, vibrations, or acoustic emission. The relationship between those quantities and tool 
wear enables real-time tool identification while also eliminating unnecessary downtimes. Machine learning is one of the 
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divisions of artificial intelligence. [4,5,6,7,8] Because of its simple structure, it is possible to create autonomous expert 
systems by designing unambiguous rules. Some engineering problems cannot be solved using traditional regression 
models, and the correlation coefficient is too low to use diagnostic inference. The relationship between those quantities 
and tool wear enables real-time tool identification while also eliminating unnecessary downtimes. Machine learning is 
one of the divisions of artificial intelligence. Because of its simple structure, it is possible to create autonomous expert 
systems by designing unambiguous rules. Some engineering problems cannot be solved using traditional regression 
models, and the correlation coefficient is too low to use diagnostic inference. Therefore, a more sophisticated paradigm, 
like machine learning, is appropriate for handling challenging problems. The rapid advancement of new technologies, 
such as material engineering, makes it possible to select the ideal material while yet meeting strict standards [9} 

Although they forecast by using one or more input factors to obtain the output parameters, metal cutting predictive 
models offer certain good properties. The number of factors has an impact on modelling and forecasting the cutting 
force during the turning process [10]. Another factor making the development of the model difficult is obtaining the 
electricity required for the machine tool. The complete model was developed over the past few years using a variety of 
prediction techniques [11,12]. Cutting force plays a bigger role in the matching process through the right parameter 
selection. Since all input factors are combined, the problem is correctly simulating the specifics. To cut down on 
mistakes, every traditional equipment has begun incorporating intelligent technologies. To reduce money, time, and 
enhance total profit each production cycle, the CNC machining operations must be optimized [13]. By tying production 
data, such as machine performance and tool life, to CNC machine tool structures, artificial intelligence can estimate 
repair and equipment intervals. AI data will also show how long a machine can run without needing maintenance. 
Therefore, the AI's predictive data suggests fewer tool failures, a longer tool life, less downtime, and faster machining 
[14,15], all of which can result in cost savings in component manufacturing. In order to build the monitoring systems of 
machining processes utilizing deep learning and neural network systems, applications of deep learning in CNC 
machining and monitoring systems are studied [16]. 

2. The methodology for reviewing data extraction in CNC turning typically involves the following 
steps 

 Define the objectives: Clearly identify the purpose of the data extraction review. Determine what specific 
information or metrics you are interested in extracting from the CNC turning process. 

 Identify the data sources: Determine the relevant data sources where the required information is stored. This 
may include CNC machine logs, production databases, sensor data, or any other sources that capture relevant 
information during the CNC turning process. 

 Develop a data extraction plan: Create a plan that outlines the specific data extraction methods and 
techniques you will use. Consider the data format, data structure, and any limitations or challenges you may 
encounter during the extraction process. 

 Extract the data: Use appropriate tools or programming languages to extract the data from the identified 
sources. This may involve writing scripts or using data extraction software to retrieve the relevant information. 

 Validate the extracted data: Check the accuracy and integrity of the extracted data. Verify that the extracted 
information matches the expected results and ensure there are no errors or inconsistencies. 

 Analyze the extracted data: Once the data extraction is complete, perform the desired analysis on the 
extracted data. This may involve statistical analysis, visualization, or other techniques to derive insights or 
identify patterns from the CNC turning process. 

 Interpret and report the findings: Interpret the analyzed data and draw meaningful conclusions based on the 
objectives of the review. Prepare a comprehensive report that presents the findings, including any 
recommendations or insights gained from the data extraction process. 

 Iterate and refine: Review and refine the data extraction methodology based on the results and feedback 
received. Continuous improvement is important to ensure the accuracy and relevance of the extracted data for 
future analyses. 

It is important to note that the specific details and tools used in the data extraction process may vary depending on the 
organization, the CNC turning setup, and the nature of the data sources. 

Optimization in  
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Figure 1 Methodology of CNC turning steps 

2.1. Tool wear prediction using ML Techniques: 

The authors propose a method for tool wear monitoring in CNC turning using hidden Markov models (HMMs) and 
multiple sensor signals. The approach demonstrates the effectiveness of machine learning techniques in detecting tool 
wear during the machining process.[21] This paper explores the use of genetic algorithms (GAs) for optimizing cutting 
parameters in CNC turning. The authors present a methodology that combines machine learning techniques with 
optimization algorithms to improve machining efficiency and quality.[22] The authors propose a tool condition 
monitoring system for CNC turning based on support vector machines (SVMs) and fuzzy C-means clustering. The study 
demonstrates the effectiveness of machine learning in identifying tool wear patterns and predicting tool failure.[23] 
This paper investigates the use of artificial neural networks (ANNs) and multiple regression models to predict surface 
roughness in CNC turning. The study compares the performance of different machine learning techniques and provides 
insights into their accuracy and reliability [24], The authors present a fault diagnosis system for CNC turning based on 
machine learning techniques such as decision tree, random forest, and support vector machines. The study 
demonstrates the capability of these methods in detecting and classifying different types of faults in the turning 
process.[25], This review paper discusses the application of support vector machines (SVM) for machining tool wear 
monitoring. It provides an overview of the SVM algorithm and its variants, as well as case studies and experiments 
demonstrating the effectiveness of SVM in tool wear prediction. [26]This study proposes an artificial neural network 
(ANN) model for predicting tool wear based on cutting parameters. The authors present a methodology for training and 
validating the ANN model using experimental data and demonstrate its accuracy in tool wear prediction [27]. 

This comprehensive review paper presents an overview of various machine learning techniques used for tool wear 
monitoring in turning operations. It covers algorithms such as decision trees, support vector machines, artificial neural 
networks, and ensemble methods, discussing their advantages and limitations in tool wear prediction. .[28] This paper 
focuses on tool wear monitoring in drilling operations using machine learning techniques. It explores the application of 
algorithms such as decision trees, random forests, and neural networks in predicting tool wear based on cutting 
parameters and drilling conditions [29]. 
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Figure 2 Neural network computational model 

2.2. Reducing machine tool downtime in CNC turning by ML techniques 

This paper presents a deep learning-based approach for condition monitoring and remaining useful life prediction of 
machine tools. The authors propose a Long Short-Term Memory (LSTM) network to predict tool wear and tool breakage 
in CNC turning.[30] The paper introduces a predictive maintenance framework for CNC machine tools that utilizes 
machine learning methods. The authors apply Support Vector Regression (SVR) and Random Forest Regression (RFR) 
algorithms to predict the remaining useful life of critical components and optimize maintenance schedules.[31], This 
study presents a machine learning-based approach to estimate the remaining useful life of CNC machining centers. The 
authors employ a Support Vector Machine (SVM) model to predict the remaining useful life and optimize maintenance 
strategies [32], This review article provides an overview of machine learning techniques for predictive maintenance of 
machine tools, including CNC turning machines. It discusses various algorithms and their application in predicting 
failures and optimizing maintenance strategies.[33], Reducing machine tool downtime in CNC turning through machine 
learning involves utilizing data-driven models and techniques to identify patterns, predict failures, and optimize 
maintenance schedules. Here's an outline of the methodology: 

 Data collection: Gather historical data from CNC machines, including sensor readings, operating parameters, 
maintenance logs, and downtime events. This data will serve as the basis for training and validating machine 
learning models. 

 Data preprocessing: Clean and prepare the collected data for analysis. This step involves removing outliers, 
handling missing values, normalizing variables, and transforming the data into a suitable format for machine 
learning algorithms. 

 Feature selection: Identify relevant features or variables that may contribute to machine downtime. This can 
be achieved through exploratory data analysis, domain expertise, or feature selection algorithms. 

 Model development: Apply appropriate machine learning algorithms to develop predictive models. Common 
techniques used in this context include supervised learning methods such as regression, classification, and time 
series analysis. Algorithms like decision trees, random forests, support vector machines, or neural networks 
may be employed. 

 Training and validation: Split the dataset into training and testing sets. Train the machine learning models using 
the training data and evaluate their performance on the testing data. Use appropriate evaluation metrics such 
as accuracy, precision, recall, or mean squared error to assess the model's effectiveness. 

 Failure prediction: Deploy the trained machine learning models to predict machine failures or downtime events 
in real-time. Monitor incoming data from CNC machines and apply the models to make predictions based on 
the observed patterns. 

 Maintenance optimization: Utilize the predictions to optimize maintenance schedules and minimize machine 
downtime. Predictive models can help identify potential issues in advance, allowing for proactive maintenance 
instead of reactive repairs. 
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 Continuous improvement: Regularly update and retrain the machine learning models using new data to 
improve their accuracy and adapt to changing machine conditions. Monitor the performance of the deployed 
models and refine them as necessary. 

 

Figure 3 CNC turning by ML techniques 

It's important to note that implementing machine learning in optimization of CNC machine tools requires access to 
relevant data, suitable algorithms, and expertise in data analysis and model development. Collaboration between 
domain experts, data scientists, and CNC engineers is crucial to ensure the successful integration and deployment of 
machine learning approaches in optimizing CNC machine tools. 

3. Application of machine learning in the optimization of CNC machine tools 

This paper presents a methodology for optimizing cutting parameters in CNC turning using a combination of genetic 
algorithms and neural networks. The authors propose an approach that integrates both optimization techniques to 
improve machining efficiency and surface finish.[34]This paper presents an approach that combines artificial neural 
networks (ANNs) and particle swarm optimization (PSO) for optimizing cutting parameters in CNC turning. The authors 
demonstrate the effectiveness of the proposed approach in improving machining performance.[35] This study focuses 
on the optimization of machining parameters for CNC turning using the Taguchi method and regression analysis. The 
authors apply the Taguchi method to design experiments and regression analysis to develop mathematical models for 
predicting the machining performance.[36] This paper proposes a combined approach of artificial neural networks and 
genetic algorithms for optimizing surface roughness in CNC turning. The authors present a model that predicts the 
surface roughness based on cutting parameters and use genetic algorithms to find the optimal parameter settings.[37] 

3.1. Machine learning approaches can be utilized to develop cutting force models in machining processes 

It's important to note that the success of the machine learning approach in cutting force modeling depends on the 
availability of high-quality and representative training data, as well as the appropriate selection and tuning of the 
machine learning algorithm. Collaboration between domain experts and data scientists is: 

This paper presents a study on the prediction of cutting forces in milling operations using machine learning techniques. 
The authors compare the performance of different algorithms, including artificial neural networks, support vector 
regression, and random forests, and discuss their effectiveness in modeling cutting forces.[38]This study proposes an 
approach that combines artificial neural networks (ANNs) and genetic algorithms (GAs) for predicting cutting forces in 
turning operations. The authors demonstrate the effectiveness of the proposed approach in accurately modeling cutting 
forces and optimizing machining parameters.[39]This paper investigates the use of machine learning techniques, 
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including support vector regression and random forests, for predicting cutting forces in ball-end milling operations. The 
authors compare the accuracy and efficiency of different algorithms and discuss the factors influencing cutting force 
prediction.[40] This study proposes a cutting force modeling approach using artificial neural networks and genetic 
algorithms in face milling. The authors present a methodology for training the neural network model using genetic 
algorithms and demonstrate its effectiveness in predicting cutting forces.[41]This paper investigates the use of support 
vector machines (SVM) for modeling cutting forces in end milling. The authors propose an SVM-based model and 
compare its performance with traditional regression models, demonstrating the accuracy and robustness of the SVM 
approach.[42] 

 

Figure 4 Cutting force models in machining processes 

4. Surface Roughness Prediction Using Machine Learning Techniques 

This review paper provides an analysis of various machine learning techniques used for surface roughness prediction 
in machining processes. It discusses the strengths and limitations of different algorithms, such as artificial neural 
networks, support vector regression, decision trees, and random forests.[43] This study presents an investigation into 
the prediction of surface roughness in turning using machine learning techniques. The authors compare the 
performance of different algorithms, including artificial neural networks and support vector regression, in accurately 
modeling surface roughness based on cutting parameters.[44] This paper explores the use of support vector regression 
and artificial neural networks for surface quality prediction in end milling. The authors investigate the influence of 
cutting parameters on surface roughness and develop predictive models using machine learning techniques.[45] This 
study focuses on surface roughness prediction in milling processes using machine learning algorithms. The authors 
compare the performance of different algorithms, including artificial neural networks, support vector machines, and 
genetic algorithms, in accurately predicting surface roughness.[46] This research paper presents an approach for 
surface roughness prediction in milling using ensemble learning and feature selection techniques. The authors combine 
multiple machines learning models, including random forests, gradient boosting, and AdaBoost, to improve the accuracy 
of surface roughness prediction [47-57]. 

5. Conclusion 

Machine learning and artificial intelligence are being used in a variety of industrial applications to improve the 
performance of industrial processes. Various applications of machine learning and artificial intelligence systems are 
researched in various research efforts to boost accuracy and efficiency during CNC machining processes. Machine 
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downtime reduction, CNC machine tool optimization, and cutting tool Machine lenient applications in the development 
of CNC machining processes include wear prediction, cutting force models, CNC machine tool maintenance, monitoring 
of machining operations, surface quality prediction, and energy prediction systems. Recently, machine learning 
techniques have been used to energy consumption prediction models in order to reduce energy consumption during 
CNC machining processes. Recently, machine learning techniques have been used to energy consumption prediction 
models in order to reduce energy consumption during CNC machining processes. When compared to traditional 
techniques of energy usage prediction during CNC machining processes, the accuracy and radiality of energy 
consumption models are greatly improved utilizing ML methodology. 

This study examines the uses of machine learning and artificial intelligence systems in CNC machine tools by analyzing 
current successes from published papers. The primary goal of this research is to present an overview of current studies 
on machine learning and artificial intelligence approaches in CNC machining processes in order to provide a valuable 
study for researchers in the area. NC machines can be linked via a network of sensors and cloud data sources. 

Together, they may be used to offer intelligent CNC machine tools. The machining industry's efficiency may be boosted 
when it converts to smart machining processes, which enable self-optimization and adaptation to uncontrollable 
situations. However, as a result of the mix of physical, computer, and networking processes, developing applications of 
advanced machine learning systems in CNC machining operations caused issues and difficulties with the safety and 
security of the data web. Network security should be improved in order to allow safe and sophisticated connections 
between multiple CNC machine tools. 

Future scope 

Using machine learning systems, advanced data gathering, data mining techniques, data fusion neural networks, 
virtualization, and smart decision-making methodologies in computer-aided process planning may be used to enhance 
accuracy and performance in the component manufacturing process. To boost the power of simulation and analysis of 
CNC machine tools in virtual environments, virtual machining systems may be produced by applying machine learning 
applications in CNC machining processes. Machine learning system applications may be used to modify cutting tool 
routes, cutting tool selection, and error compensation procedures during CNC machining processes. The machine 
learning system may be used to develop the design process of work-holding fixtures in order to deliver correct fixtures 
during CNC machining operations. Deep machine learning networks are capable to applied to the cutting tool paths 
during machining to enhance accuracy of machined parts by error compensation methodologies. 

Optimized cutting tool routes may be obtained utilizing ML and AI applications to change collision detection systems 
during CNC machining processes. ML and AI solutions may also be used to create sophisticated operation training 
systems for CNC machining operators. ML and AI may be used on industrial robots.in order to make robots smarter and 
more cooperative. under addition, decision making may be extended to robots utilizing ML and AI to improve 
performance under flexible working settings. Furthermore, automation throughout the part production process may be 
built as a result of applying ML and AI to big data analysis of the production process in terms of part manufacturing 
productivity increase. Integration through the internet. 

ML applications in cloud manufacturing systems may be used to develop and describe machining resource capabilities. 
ML applications in virtual manufacturing may be used to showcase advanced cyber manufacturing systems that use CNC 
machining procedures. Intelligent machine tools may be shown employing AI applications in CNC machining processes 
to demonstrate autonomous optimization, decision-making, and control and execution during machining operations. 
Bottom of Form. 

Applications of the internet of things in the development of smart CNC machine tools can be researched in order to 
improve machining process monitoring capabilities. The use of powerful machine learning algorithms in CNC machining 
processes can help to establish sustainable smart manufacturing in industry 4.0. Smart machining systems may be 
created by combining modern machine learning and artificial intelligence technologies to provide industry with smart 
production processes. 4.0. In terms of modern lean production systems, ML and AI may improve accuracy in the process 
of part manufacturing utilizing CNC machine tools, reducing waste materials and cost per unit for businesses. Advanced 
computer-aided process planning may be demonstrated utilizing ML and AI applications in CNC machines. 

Tools in order to enhance the efficiency of process planning in the flexible conditions and parameters of part 
productions using CNC machine tools. The integration of the fuzzy technique in applications of ML during CNC 
machining operations can be studied in order to enhance efficiency of part manufacturing using the optimized 
procedures of machining operations. These are suggestions for future research works in the research of machine 
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learning and artificial intelligence in CNC machine tools. As a result, performance and reliability of part manufacture 
can be improved by using advanced ML and AI systems in order to enhance productivity of part manufacturing using 
CNC machine tools in order to enhance the efficiency of process planning in the flexible conditions and parameters of 
part productions using CNC machine tools. The use of the fuzzy approach in ML applications during CNC Machining 
operations can be examined in order to improve the efficiency of component manufacture through the use of optimized 
machining methods. These are recommendations for future research projects in the field of Machine learning and 
artificial intelligence are used in CNC machine tools. As a consequence, integrating sophisticated ML and AI systems to 
increase component production productivity using CNC machining procedures can improve performance and 
dependability. 
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