Failure Prediction using Machine Learning Techniques
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ABSTRACT
It is referred to as a "machine failure" or a "equipment failure" if a piece of industrial machinery fails to work as it should, whether entirely or partly, or when it stops to function as it should have been able to. The breakdown of equipment leads in the loss of asset availability, a departure from protocol, a failure to meet quality and quantity expectations, a harm to time, labor, and resources, and the elimination of an integrated system. Failures in equipment may happen very fast if it is not cleaned, oiled, and maintained in the appropriate manner. Mining for data is a common practice these days, and it's used to handle massive volumes of data. Researchers examine vast volumes of complicated data using a range of data mining and machine learning technologies. This helps equipment professionals estimate when machines may break down. After combining a number of different methods, the most accurate model is used to provide a prediction of the outcome.
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INTRODUCTION

There are typically three probable outcomes when working with machinery that need routine maintenance. One, you can regularly maintain a machine. In other words, when it is not essential, the machine accepts maintenance. In this case, you are squandering resources and tossing money out the window by performing unneeded conservation [1][2].

You could, for instance, change the oil on your car every single day. You will spend a lot of money on unneeded upkeep because this is not ideal. Two, you don't regularly repair your equipment. Failure to maintain a machine results in disruptions when it is in use[3][4]. The expenses in this case could be high. You must also factor in the costs of missed production in addition to the repair costs. The assembly line cannot create anything if a machine breaks down. Lack of production equals lost revenue. If injuries resulted from the failure, you will also be responsible for the associated legal and medical expenses. Three, when a machine need maintenance, it receives it[5]. This is without a doubt the superior of the three. Please take note that timely maintenance is still expensive [6].


1.1 Objectives of the study	

Equipment failure as a result of software difficulties, a lack of usage of AI/ML techniques on current data to anticipate failures, and the presentation degradation of industrial kit are some of the challenges and tests that are encountered in this sector[7].
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Figure1: Spindle Test-bed at tech Solve

The project's goal is to reduce mistakes and improve prediction outcomes by integrating machine failure with computer-based forecasting. This recommendation has promise since data modeling and analysis techniques, such as data mining, have the ability to create a knowledge-rich environment that can considerably reduce the damage of cost resulting from machine failure [8][9].

For predictive maintenance and equipment tracking, manufacturers have been considering using more contemporary machine learning approaches. Due to the accessibility and affordability of strong computing resources, the enormous amounts of industrial data sets from their own factories, and deep-learning AI/ML algorithms, it is viable to attempt developing these complex systems [10].

Methodology	

In this instance, the purpose of the research is to illustrate, via the use of computer-based prediction and machine failure, how the number of errors may be reduced while simultaneously improving prediction results. This strategy has a good chance of being successful due to the fact that data modeling and analysis technologies, such as data mining, may provide a knowledge-rich environment, which can significantly cut down on the financial loss caused by a machine breaking down. In recent years, manufacturers have started looking at the possibility of adopting more contemporary techniques of machine learning in order to perform predictive maintenance and track equipment. Because powerful computer capabilities are readily available and relatively inexpensive, enormous quantities of industrial data sets collected from the company's own facilities, and deep-learning AI/ML algorithms may make the construction of these complex systems a doable and worthwhile endeavor[11][12].



1.3 Basic Concepts 
Machine Learning:

The field of research known as machine learning (ML) refers to the study of computer algorithms that may improve on their own via repeated use. The field of artificial intelligence includes it as one of its subfields. Machine learning algorithms, in order to create predictions or decisions without being explicitly instructed to do so, develop a mathematical model based on sample data, which is often referred to as "training data." This allows the algorithms to learn on their own.

Classification: 

The problem of classification in machine learning and statistics is to determine which of a collection of categories (subpopulations) a new observation belongs to. This may be seen of as an attempt to assign a label to the observation. This conclusion is reached by using a training set of data, which consists of observations (or instances) whose category membership is already established as the foundation for the analysis. In the context of machine learning, classification is considered an example of supervised learning, which may be defined as learning that takes place in the presence of a training set of comments that have already been correctly recognized [22].

Logistic Regression :

Logistic regression is one of the Machine Learning algorithms that is used in the Supervised Learning category the majority of the time. It makes use of a predetermined group of independent factors in order to provide a prediction for a categorical dependent variable. Logistic regression is a statistical technique that may be used to forecast the value of a categorical dependent variable. Because of this, the result must take on a discrete or categorical value. Rather than providing the exact numbers that are between 0 and 1, it provides the probabilistic values that fall somewhere in that range. It may either be True or False, 0 or 1, Yes or No. These are all possible answers. Logistic regression and linear regression are very comparable, with the primary difference being in the manner in which each is used. In order to solve classification problems, logistic regression is often utilized, however linear regression is preferred for solving regression problems [13].

Naïve Bayes Algorithm :

The classification issues that need to be solved are handled using the Nave Bayes method, which makes use of supervised learning and the Bayes theorem. Because it has such a big training set, the majority of its applications are in text classification. The Naive Bayes Classifier is both one of the most straightforward and one of the most powerful classification algorithms that are currently known. It speeds up the process of creating machine learning models that are accurate in their prediction abilities thanks to the assistance provided by this. Because it makes use of a probabilistic classifier, the foundation of its forecasts is the probability that a certain event will take place [14].


Decision Tree : 

The method of supervised learning known as a decision tree may be used to address classification and regression problems; however, the strategy described here is the one that is most usually recommended. It is a classifier that is constructed like a tree, with leaf nodes representing the result of classification and inside nodes representing the attributes of a dataset. The "Decision Node" and the "Leaf Node" are the two nodes that make up a decision tree. Leaf nodes are the results of choices and do not have any more branches, but decision nodes are used to create decisions and contain many branches [15].


 Decision nodes also have numerous branches. Using the characteristics of the dataset that was supplied, either the test is carried out or judgments are formed. It is a graphical depiction that may be used to locate every conceivable solution to a problem or choice depending on the criteria that have been set. The term "decision tree" is used to refer to this kind of structure since it begins with a root node and builds outward on successive branches to form something that resembles a tree.

Support Vector Machine :

Classification strategies are used by a supervised machine learning model referred to as a support vector machine (SVM), which is used to tackle issues involving two-group classification. After acquiring sets of labeled training data for each category, SVM models are able to classify incoming text into those categories. It is certain that hyper plane safe options that aid in the classification of the data points will surface. It is feasible to assign numerous different classifications to different data points that fall on her side of the hyper plane. There will be a direct correlation between the number of features and the size of the hyper plane. If there are just two input characteristics, then the hyper plane can only be represented by a line. If there are three input characteristics, the hyper plane will transform into a plane that only has two dimensions. When there are more than three components, it is difficult to get a mental picture of the whole [16].
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Figure2: Support Vector Machine

Module Diagram:
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Figure 3: Module Diagram


LITERATURE SURVEY  

It may be difficult to accurately predict when machines in an industrial production process would break down by using data from many time series variables. This article will provide a method for preparing data to be used in the training and testing of a prediction model. Its implementation is extensible and modular, which allows it to adapt alterations to both the data that is collected and the production processes that are underlying it. The effectiveness of convolutional neural networks and recurrent neural networks-based prediction models is evaluated using data from a sophisticated machining process that is used to carve complicated patterns into metal components. This technology is used to carve intricate designs into metal parts [17].

We evaluate several machine learning approaches by applying them to a challenging task based on the real world: forecasting the failure of computer hard drives based on internal variables measured by individual drives. The challenge here is to identify unusual occurrences within a data stream that is both noisy and dispersed across time. We build a novel technique that is particularly built for the low false-alarm condition, and it is demonstrated to have promising performance. This approach is based on the multiple-instance learning framework and the naïve Bayesian classifier (mi-NB). Support vector machines (SVMs), unsupervised clustering, and non-parametric statistical tests (rank-sum and reverse arrangements) are some of the other approaches that are being evaluated and compared. While retaining a low number of false alarms, the failure-prediction performance of the SVM, rank-sum, and mi-NB algorithm is much better than the threshold approach that is presently employed in drives [18]. This is the case even though the SVM, rank-sum, and mi-NB algorithm all have the same name. Our findings lead us to believe that nonparametric statistical tests need to be taken into consideration for solving learning issues that involve locating infrequent occurrences in time series data. In this article, we provide a method for monitoring the performance of optical networks and predicting when they will break that is based on machine learning. This strategy primarily makes use of the support vector machine (SVM) and the double exponential smoothing (DES) approaches. The protection strategy that has been offered focuses primarily on determining how to assess the chance of an equipment failure, with a particular emphasis on risk-aware models in optical networks [19]. To the best of our knowledge, this very important factor has not been taken into consideration in an appropriate manner. When it comes to forecasting the failure state of optical equipment, our method has been shown to have an average prediction accuracy of 95%, based on the results of several experiments. Based on these findings, it seems that our system is able to properly forecast the possibility of a machine malfunction. Our DES-SVM technique is able to effectively augment traditional risk-aware models, which will both protect services from the possibility of failure and increase the stability of the optical network. The K-means technique was used to build the system's observation state, and the linear regression method was used to forecast the system's distinctive characteristics [20]. This approach successfully resolved, to a certain extent, the prediction analysis of the system parameters on the time series by using both of these methods. P. Kumar proposed a data mining clustering approach that is based on HMM as a potential solution to the cloud computing security problem. However, the initial cluster centre decision had a considerable influence on the result of the clustering, and it is possible that the intended goal of the clustering will not be achieved. Because of the increasing size of today's data centres and the increased emphasis placed on maintaining continuous availability, hardware management is becoming an increasingly challenging task. This objective was intended to be accomplished by the development of the Self-Monitoring, Analysis, and Reporting Technology, which provides information on the general health of hard disc drives. Recent years have seen a proliferation of new techniques for the prediction of failures in hard disc drives, all of which are based on the monitoring data described above. However, the majority of approaches simply consider this problem as a static job. This is the reason why they train a static machine learning model using a specified training set and then evaluate its effectiveness using a test set [21]. It is required, however, owing to model ageing and changes in failure patterns to update previously taught prediction models during runtime. This requires a time-dependent assessment to be performed. As a consequence of this, we provide four techniques for maintaining machine learning models, four algorithms for machine learning, and many models for estimating the likelihood of hard disc drive failure. After that, we evaluate the efficacy of the different machine learning algorithms and model update techniques in terms of the accuracy of their predictions. In this article, we present a machine learning model that analyses logs in virtual machines (VMs) that are utilized in network function virtualization (NFV) settings in order to anticipate problems before such failures really take place. The suggested model makes use of something called a convolutional neural network (CNN), and it also incorporates pre-processing and pre-failure labeling methods. In order to verify the validity of the suggested model, we gathered log data from Open Stack virtual machines. We constructed a CNN model to anticipate VM failures and categorized failures based on the early fault reports they generated. The findings of the experiments demonstrated that the suggested model has the ability to anticipate failures 5 minutes in advance, with an F1 score of 0.67. In order to prevent the deterioration of service and disruptions brought on by failures, the suggested architecture would be employed for proactive live migration of virtual machines. The power transformer is the single most important component of the power system; its failure may lead not only to disruptions in the flow of electrical power but also to significant financial losses. Therefore, it is essential to do daily checks on the condition of the transformer. DGA is one of a large number of diagnostic methods that may be used for this goal; among these methods, it has been an essential method. Despite the fact that DGA is an effective method, a significant amount of reliance is placed on the human experts involved. In order to forecast the fault status of a transformer using DGA data, the authors of this research make use of both the Multilayer Artificial Neural Network Model and the Support Vector Machine Classifier Model. The Support Vector Machine Classifier has shown findings that are around 81.4% more accurate than those produced by the Multilayer Artificial Neural Network, which provide approximately 76% accurate prediction results.

PROBLEM IDENTIFICATION  

3.1 Existing System

Brushless excitation systems have increased the operating pressures placed on the mechanisms of the excitation system while simultaneously minimizing the need for maintenance and the number of failures in synchronous machines that are caused by brushes. Because the rotating excitation system is inaccessible, it is difficult to spot faults with the excitation system, such as open circuit diodes or open armature windings, in order to prevent deterioration in the machine's presentation and dependability. When it comes to testing or repairing the inaccessible brushless exciter components used in synchronous machines, the process is very challenging and expensive. In order to improve the diagnostic process and get more accurate results while looking for problems with brushless exciters, we suggested adding extra tests. It is hoped that the various testing strategies that have been offered would provide a speedy method of locating faults.

Proposed System

The creation of a model based on machine learning is the strategy that is recommended for failure prediction. The first thing that has to be done for the project is collecting the dataset that has all of the historical information in it. After the data have been collected, they are subjected to pre-processing in order to remove any data that is superfluous. After then, the data is analyzed, and then the training may begin. Learning by machine is currently a feasible technology that is widely employed across all areas in which it may reduce the amount of time spent on manual labor. During training, a variety of algorithmic approaches are used, and the most effective one is ultimately chosen. The one that is selected is then utilized to create a model file, which is used to the task of estimating the new data.
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Figure 4: Architecture or Model

3.3 System Design and Architecture:  

A set of guidelines that outline the creation and assembly of software is known as software architecture. A software system's architecture outlines its organizational and structural layout. In addition, the links between the various software system components, degrees of abstraction, and other factors are spoken about.

 Architecture is a tool that may be used to either outline the goals of a project or to lead the development of an entirely new system. The design and building of software are both covered by the software architecture, which is a set of design and construction guidelines. The architecture describes the overall organization and structure of the software system. In addition, there is a discussion of the connections that exist between the different components of the software system, as well as degrees of abstraction and other topics. The objectives of a project can be established using architecture, as can the design process for a brand-new system.

Algorithms Implementation  : 

The term "software architecture" refers to a set of guidelines that outline the proper procedures for developing and assembling software programs. The architecture lays out the framework for the software system and determines its basic components. In addition to that, it discusses the different degrees of abstraction, several other features, and the linkages between the various software system components. 
Architecture may be used to either specify the aims of a project or to guide the development of an entirely new system. Either option is possible. It is essential to conduct accurate evaluations of the performance of a variety of machine learning algorithms, and it will undoubtedly be possible to construct a test framework in Python by making use of scikit-learn in order to evaluate and contrast a wide range of machine learning algorithms. 

When you use it to your own machine learning problems, it may utilize this test harness as a model and add more and other algorithms to subordinate. There will be some variation in the demonstrated features from model to model. You may acquire a rough approximation of how accurate each model may be on data that has not yet been seen by using resampling strategies like cross authentication. It has to be able to make use of these approximations in order to choose one or two of the greatest models from the suite of copies that you have sculpted. When you get a fresh dataset, it is a good idea to envision the data using several approaches in order to look at the data from a variety of perspectives. This can help you better understand the data. 

The same thinking may be used to the choosing of models. In order to choose the one or two machine learning algorithms to validate, you need first look at the evaluated correctness of all of your algorithms using a variety of methods and then pick the most accurate ones. Using a variety of visualization approaches to display the average accuracy, variance, and other features of the distribution of model accuracies is one strategy for accomplishing this goal. Another strategy is to utilize this information to refine the model. In the next part, you will learn the specific steps that you need to take in order to accomplish this goal using scikit-learn and Python. The protection that each algorithm be tested in the same manner on the same data is essential to ensuring that machine learning algorithms are judged fairly. This may be accomplished by requiring that each algorithm be evaluated on a trustworthy test harness.

RESULTS
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INPUT: Assigning the values to the particular attributes to predict the output.
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OUTPUT: Dependingontheinput values,either Failureor NoFailurewillbethe outcome.



Test Cases and Results:
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CONCLUSION

The initial step in the analytical process was the preparation and processing of the data, followed by an examination of missing value, exploratory analysis, model creation, and model assessment. On the basis of the results of the public test set, an evaluation will be carried out to decide which algorithm has the greatest accuracy score. The founded one is used by the program that may provide assistance in determining the machine failure predictions.
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