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Ability to detect faults in manufacturing machines has become crucial in the era of Smart Manufacturing to enable 
cost savings from erratic downtimes, in an effort toward Green Manufacturing. The power consumption data of the 
machines contain valuable information, if extracted appropriately provides a myriad of information that would 
facilitate condition monitoring of manufacturing machines. In this work, we retrofit an ultra-precision CNC machine 
using an inexpensive power meter. The data collected from the power meter were streamed in real-time to Amazon 
Web Services (AWS) servers using industry-standard Message Query Telemetry Transport (MQTT) protocol. The data 
were visualized in real-time as they were transmitted to observe the machine’s status over time. The study then involves 
the generation of the training data that were then used to train machine learning models to identify different controller 
error states from the input energy data. A range of time, frequency, and time-frequency features were selected and 
extracted to enable the model development process. The error identification study is carried out in two-folds, where 
we first identify if the error has occurred followed by classifying the type of controller error. The study also develops 
anomaly detection models to identify the normal operating conditions of the machine from the anomalous error states. 
Anomaly detection was particularly favorable for manufacturing machines as it requires data only from the normal 
operating conditions of the machine. The model training process involved a 10-fold Cross-validation (CV) with the 
macro F1-score of 0.9971 +/- 0.0012 for binary classification and an average macro F1-score of 0.9974 +/- 0.0018 
for multi-class classification. The anomaly detection models were able to identify anomalous data instances with an 
average accuracy of 95%. A feature importance study was then carried out to identify the most valuable feature for 
the ML models. Feature importance study helps us identify the key features thereby reducing the data footprint for the 
models. Finally, to complete the model deployment pipeline, the trained models were containerized and hosted at 
AWS. The models were run every time a user visits a website, and the results were provided in real-time after a 
majority vote. The overarching goal of this project was to develop a complete inexpensive ML pipeline that would 
enable industries to detect operation anomalies in manufacturing machines just from the energy consumption data of 
the machine. 
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Fig. 1 The real-time inference application developed as a part of this work that updates the machine status in real-time


	Main
	Return

