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This document is the continuation of case study 212, and it’s about a new release of the software by Microsoft. The functionality of the model, and predictive precision and accuracy are the same as in the first release, however the current implementation is based on Azure Machine Learning 

Services and databricks that significantly reduces time-to-solution, while simplifying the end-user’s administration task, since the entire application runs in Azure. Therefore, the desk-top front end, “Azure Machine Learning Workbench” which was a required component in the first release, 

has been removed. 
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USE CASE 
The Predictive Maintenance model described in this report is open source and can be applied to different equipment types for which telemetry data and maintenance data records are available. The implementation described herein assumes 
an Azure cloud subscription and some operating knowledge on Azure. 
 
4 machine types are considered, each machine has 4 components, and there is telemetry data available on voltage, vibration, speed, and pressure, as well as maintenance records (indicating when last a component was replaced on what 
machine), error logs (not necessarily implying failure), machine characteristics, and how long each machine has been in service. The model is built in 4 stages each of which is implemented in a Jupyter notebook running Python version3: 
 

1. Data ingestion 
2. Feature engineering 
3. ML model 
4. Operationalization 

 
Notebook 1, Data ingestion is about accessing the datasets from blob storage, cleaning the data, and storing the data as a SPARK dataframe in cluster for further processing by the next notebooks. 
 
Notebook 2, Feature engineering loads the data sets created in the Data Ingestion notebook and combines them to create a single data set of features (variables) that can be used to infer a machine health condition over time.  

 
The goal is to generate a single record for each time unit within each asset. The record includes features and labels to be fed into the machine learning algorithm. 

Predictive maintenance takes historical data, marked with a timestamp, to predict current health of a component and the probability of failure within some future window of time. These problems can be characterized as a classification 
method involving time series data. Time series, since we want to use historical observations to predict what will happen in the future. Classification, because we classify the future as having a probability of failure. 

 
 
Notebook 3, The ML model uses the labeled feature data set constructed in notebook 2, it loads the data and splits it into a training and test data set. We then build a machine learning model (a decision tree classifier or a random forest classifier) to predict 

when different components within our machine population will fail.  
 
Two different classification model approaches are available in this notebook: 
 

• Decision Tree Classifier: Decision trees and their ensembles are popular methods for the machine learning tasks of classification and regression. Decision trees are widely used since they are easy to interpret, handle categorical features, extend 
to the multiclass classification setting, do not require feature scaling, and are able to capture non-linearities and feature interactions. 

• Random Forest Classifier: A random forest is an ensemble of decision trees. Random forests combine many decision trees in order to reduce the risk of overfitting. Tree ensemble algorithms such as random forests and boosting are among the 
top performers for classification and regression tasks. 

 
 

Notebook 4, Operationalization is about loading the model from the Code/3_model_building.ipynb Jupyter notebook and the labeled feature data set constructed in the Code/2_feature_engineering.ipynb notebook in order to build the 

model deployment artifacts. 

The notebook is used to deploy and operationalize the model and is built on the Azure Machine Learning service SDK. 

 
 
There are 4 appendices at the end of this report, each of which containing the code and computation output from the 4 notebooks listed above. 
 
AZURE Machine Learning SDK on Azure Databricks 
The ML SDK and databricks are options to implement custom AI which require custom data and model training. 
The Azure ML SDK defines a workspace that contains compute and storage resources, as well as models, experiments (i.e. all attempts with different parameters), and deployment services such as docker images 

https://github.com/Azure/AMLSamples/tree/master/predictive_maintenance
https://docs.microsoft.com/en-us/python/api/overview/azure/ml/intro?view=azure-ml-py#experiment
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Databricks is an architecture for SPARK environments that provides out-of-the-box support for common interfaces and supports at-scale ML deployment 
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My SYSTEM ARCHITECTURE 
The following has been implemented: 

• A workspace in Azure  

• A development environment for ML  

https://docs.microsoft.com/en-us/azure/machine-learning/service/quickstart-get-started
https://docs.microsoft.com/en-us/azure/machine-learning/service/how-to-configure-environment
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• An Azure Databricks cluster deployed with the following configuration: 

o Databricks Runtime version: (latest stable release)(Scala 2.11) 

o Python version: 3 

o Driver/Worker type: Standard_DS13_v2 

o Python libraries installed: 

ipython==2.2.0, pyOpenSSL==16.0.0, psutil, azureml-sdk[databricks], cryptography==1.5 
 

In my implementation the following was set: 

• Azure workspace 

• Databricks workspace 

• Databricks cluster, including 2 to 8 nodes that are DS3_v2 virtual machines 

• Libraries on databricks cluster 
 
The screen dumps below provide additional detail to the above. 
 

https://docs.microsoft.com/en-us/azure/machine-learning/service/how-to-configure-environment#aml-databricks
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Figure xxx Azure Machine Learning Workspace; use the forum to ask Microsoft product managers 
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Figure xxx databricks Workspace 
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Figure xxx databricks cluster; set the terminate flag to avoid being charged after the job is done; enable autoscaling to allow databricks to grow or shrink according to job requirement 
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Figure xxx Libraries on databricks cluster. Left: User’s guide, Right: my configuration 
 

https://docs.databricks.com/user-guide/libraries.html#workspace-libraries
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Figure xxx PyPI package on databricks cluster. Left: User’s guide, Right: my configuration 
 
RESULTS 
 
The result of this study is an enhanced demo version. If you have an Azure subscription, you can build it yourself starting here. 
If you need a step-by-step tutorial on how to deploy Azure ML SDK and databricks, you can use this youtube video. 

https://docs.databricks.com/user-guide/libraries.html#workspace-libraries
https://github.com/Azure/AMLSamples/tree/master/predictive_maintenance
https://www.dataplatformgeeks.com/azure-machine-learning-sdk-parashar-shah-recorded-webinar-resources/
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PERFORMANCE BENCHMARKING 
The previous release was tested on a single DSVM with 4 vCPUs and 16 GB RAM; 

The current release is on a databricks cluster with 2 to 8 nodes that are Standard_DS13_v2 
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Release Notebook 2 Time-to-solution Notebook 3 Time-to-solution 

previous 71 minutes 10 minutes 

current 27 minutes 21 minutes 

 

The above figures only give a qualitative indication because I did not use the “run all” feature as recommended in the comments in the code (see appendix). 

 
CONCLUSION & RECOMMENDATIONS 
Compared to the previous release, the current one provides: 

• Same accuracy, recall, F1 

• Shorter time to solution 

• Easier administration 
 

If you are interested to implement predictive maintenance using ML, I offer a discovery workshop and Scope of Work service. Please approach me at joepareti54@gmail.com 

 
Case Study Authors – Joseph Pareti and Yassine Khelifi 
 

 

Appendix: data ingestion 
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Appendix: feature engineering 
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Appendix: model building 
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Appendix: operationalization 
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Thank you for your interest in our free and voluntary UberCloud Experiment 
 
If you, as an end-user, would like to participate in an UberCloud Experiment to explore hands-on the end-to-end process of on-demand Technical Computing as a Service, in the Cloud, for your business then please register at: http://www.theubercloud.com/hpc-
experiment/. 
 
If you, as a service provider, are interested in building a SaaS solution and promoting your services on the UberCloud Marketplace then please send us a message at https://www.theubercloud.com/help/.  
 

2013 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2013/ 
2014 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2014/ 
2015 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2015/ 
2016 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2016/ 
2018 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2018/ 

 
The UberCloud Experiments and Teams received several prestigious international Awards, among other: 

- HPCwire Readers Choice Award 2013: http://www.hpcwire.com/off-the-wire/ubercloud-receives-top-honors-2013-hpcwire-readers-choice-awards/  
- HPCwire Readers Choice Award 2014: https://www.theubercloud.com/ubercloud-receives-top-honors-2014-hpcwire-readers-choice-award/  
- Gartner Cool Vendor Award 2015: http://www.digitaleng.news/de/ubercloud-names-cool-vendor-for-oil-gas-industries/  
- HPCwire Editors Award 2017: https://www.hpcwire.com/2017-hpcwire-awards-readers-editors-choice/  
- IDC/Hyperion Research Innovation Excellence Award 2017: https://www.hpcwire.com/off-the-wire/hyperion-research-announces-hpc-innovation-excellence-award-winners-2/  

 
If you wish to be informed about the latest developments in technical computing in the cloud, then please register at http://www.theubercloud.com/ and you will get our free monthly newsletter. 
 
 

                               
 

http://www.theubercloud.com/hpc-experiment/
http://www.theubercloud.com/hpc-experiment/
https://www.theubercloud.com/help/
https://www.theubercloud.com/ubercloud-compendium-2013/
https://www.theubercloud.com/ubercloud-compendium-2014/
https://www.theubercloud.com/ubercloud-compendium-2015/
https://www.theubercloud.com/ubercloud-compendium-2016/
https://www.theubercloud.com/ubercloud-compendium-2018/
http://www.hpcwire.com/off-the-wire/ubercloud-receives-top-honors-2013-hpcwire-readers-choice-awards/
https://www.theubercloud.com/ubercloud-receives-top-honors-2014-hpcwire-readers-choice-award/
http://www.digitaleng.news/de/ubercloud-names-cool-vendor-for-oil-gas-industries/
https://www.hpcwire.com/2017-hpcwire-awards-readers-editors-choice/
https://www.hpcwire.com/off-the-wire/hyperion-research-announces-hpc-innovation-excellence-award-winners-2/
http://www.theubercloud.com/
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