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About the Presenter 
Umeet Bhachu, P.Eng, PMP, CMRP, Staff Engineer, Pembina Pipelines Corporation 

Experience in rotating equipment and turbomachinery, with a Bachelor’s degree in Chemical Engineering 
from the University of British Columbia and a Mechanical Engineering Diploma from the British Columbia 
Institute of Technology. My career has been focused largely in oil and gas plants, specializing in rotor 
dynamics, turbo compressors, gas and steam turbines, pumps, and mechanical seals design and 
troubleshooting. Been with Pembina as a Staff Rotating Equipment Engineer for over 7 years, where I’ve 
also been actively involved in applying machine learning, artificial intelligence, and condition monitoring to 
both rotating machinery and process assets. Have presented at various technical conferences and 
authored multiple technical papers throughout my career. 
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Condition Monitoring, Data Analytics, Advanced Analysis, Machine 
Learning and Deep Learning  

Learn to distinguish between basic condition monitoring – use of ASPEN, PI Vision etc. to monitor equipment. 
E.g. cases what pump is out of the curve operation, heat exchanger fouling, etc. 

Data analytics – Utilize averages, means, statistical data analysis, use of historical data to understand trends. 
E.g. cases what is a process doing is out control, SPC, making sense out of data. 

Advanced Data Analysis - focuses on diagnostics, predictive and prescriptive analysis of data. This includes 
optimization, linear/regression analysis, forecasting. This is a deeper dive into data analysis. E.g. Regression 
utilized to understand data deeper, causality vs correlation, helps in feature engineering. 

Machine and Deep Learning (AIs) – Predictions, learning, generating (LLMs like ChatGPT), Controlling and 
Discovering….. Ever developing field……. AGENTS. 



3

Condition monitoring - 2018 
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Chat GPT is what many see as AI 
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Machine Learning 

Machine learning (ML) is a type of Artificial Intelligence (AI) that allows software applications to become more accurate at predicting 
outcomes without being explicitly programmed to do so. Machine learning algorithms use historical data as input to predict new output 
values. CAN GET ADVANCED VERY QUICKLY and relies on strong mathematically modelling and programming. 

Types of machine learnings 
Supervised, Un-supervised, Reinforcement 

Supervised 
Labelled data is provided with defined variables for 
the algorithm to assess for correlation. 

• Binary classification: Dividing data into two categories.
• Multi-class classification: Choosing between more 

than two types of answers.
• Regression modeling: Predicting continuous values.
• Ensembling: Combining the predictions of multiple 

machine learning models to produce an accurate 
prediction.

Unsupervised 
Training of the model is done on un-labelled data. 

• Clustering: Splitting the dataset into groups based on 
similarity.

• Anomaly detection: Identifying unusual data points in a 
data set.

• Association mining: Identifying sets of items in a data 
set that frequently occur together.

• Dimensionality reduction: Reducing the number of 
variables in a data set.
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Machine Learning 

Semi Supervised
Mix of the first two types, part data is labelled, and 
other part is unlabeled. 

• Machine translation: Teaching algorithms to translate 
language based on less than a full dictionary of words.

• Fraud detection: Identifying cases of fraud when you 
only have a few positive examples.

• Labelling data: Algorithms trained on small data sets 
can learn to apply data labels to larger sets 
automatically.

Reinforcement Learning 
Teach a machine to complete a multi-step process 
for which there are clearly defined rules. An 
algorithm is programmed to complete a task based 
on positive or negative cues. But for the most part, 
the algorithm decides on its own what steps to take 
along the way.

• Robotics: Robots can learn to perform tasks the 
physical world using this technique.

• Video gameplay: Reinforcement learning has been 
used to teach bots to play a number of video games.

• Resource management: Given finite resources and a 
defined goal, reinforcement learning can help 
enterprises plan out how to allocate resources.
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Types of ML Algorithms 
Litslink.com
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Purpose of the Algorithm – Both Classification and Regression
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Last but not the Least – Deep Learning 
Deep learning is a subset of machine learning , which is essentially a neural network with three or more layers. These neural networks attempt 
to simulate the behaviour of the human brain—albeit far from matching its ability—allowing it to “learn” from large amounts of data. While a 
neural network with a single layer can still make approximate predictions, additional hidden layers can help to optimize and refine for 
accuracy.
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Support Vector Machine (SVM)  VS Long Short-Term Memory (LSTM)

LSTM: Backpropagation through time, loss minimized 
through Adam or SGD, Gradients are updated through W 
and b accordingly
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LSTM Architecture 

Feedforward is analogous to 
learning a skill. 

Backward propagation: Teacher 
correcting the student and 
providing reasoning so the next 
time around the skill is improved.  
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Vanishing Gradient Problem 
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A note about data – Correlation or Causality 
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PM-230A – Used Cases 1  
PM-230 vibration issue since 1998 commissioning, over $500,000K spent in RCA including expert input from OEM 
and other consulting firms. Algorithms utilized
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Scatter Plot 
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Variable Importance – Random Forest Tree Segregation
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Error Metrics – Testing the Model
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De-ethanizer Data Analytics – Case 2 
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Gas Turbine Case 3 – Anomaly detection (Unsupervised)
Including CNNs network to analyze lube oil images to understand oil quality and rank it based on condition 



20

LSTM – Autoencoders, Training and Tunning  

Epoch 
Change

Feature 
Engineering, 

LSTM –dropout 
tuning 
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Predicted Incursion – After EPOCH, 2 Layer LSTM dropout, 
Feature Engineering 
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Properly Trained Model – Training and validation loss both decrease smoothly, and accuracy increases similarly for 
both. No big gap between curves

Overfitting Model – Training loss keeps decreasing, but validation loss starts increasing after a point. Training 
accuracy is high, but validation accuracy drops

Underfitting Model – Both training and validation loss remain high, and accuracy stays low for both — the model has 
not learned the patterns well
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What is the model doing and what can be changed

Model 1: Underfitting 
due to feature set, 
algorithm, epochs, 

training strategy. Epoch!

Model 2:Still not accurate 
further improvement with 

2 Layer LSTM and 
dropout to avoid 

overfitting 

Model 2: Finally, some 
hope feature 
engineering. 

y_pred = (y_pred_prob > 0.5).astype(int) more confidence 
change to 0.7, 0.8 and carry on……
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Advantages 
Contextual Intelligence (Asset Models – 60+ 
yrs, inter-dependencies studies. 
Consistency Across Platforms 
Advanced Analytics 
Scalability 
Cross – Asset Cause and Effect Analysis
Preferential data, Footprint on rotating 
assets, system 1 data integration. 
Thermodynamics critical calcs.  

Risks 
Data sharing by organizations will impact 
model accuracy 
Flexibility for Non-Standard Assets 
Complexity in Initial Setup 
Accurate MetaData
Potential integration with external systems 
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Benefits 
WHAT is Required and WHAT it is not? 

• Data assessment and analysis before machine learning and 
AI- Good understanding of statistics/mathematics to 
understand data and analyze it and figure out what it saying. 

• Understanding Algorithm structure and what they are in the 
Machine learning/AI world and what their respective 
advantages/disadvantages. Using GRU (less gated 
architecture, more stable gradients) vs LSTM (more gates in 
architecture, relatively less stable) in achieving time series 
prediction. Both can achieve the same thing but different 
outcomes, over vs underfitting, training set and time, hardware 
requirements.

Team of experienced programmers, data analysts and SMEs 

• Data Collection, Data preparation, Choosing a type of model, 
training the model, evaluating the model 

• Turning of parameters, making predictions and optimizing and 
saving cost . 

• Decision making is made more data driven vs anecdotal. 
Including RCA process to save costs by assessing issues 
around repeat failures. 

• Business advantages in saving costs during various 
stages of development and in different disciplines. Many 
application to name. 

• Optimization of process and cost value benefits driving 
decision make to increase production, reduce 
bottlenecks and become competitive. 

• Mechanical engineering can benefit from improved 
diagnostics, data assessment and failure analysis as part 
of the reliability program. 

• Applications in emissions and energy optimization 
(optimal running conditions for equipment for lower 
emissions, data correlation, trends) .

• Safety incident predictions 
(https://www.sciencedirect.com/science/article/pii/S00981
35422001272) and risk-based assessment. 

https://www.sciencedirect.com/science/article/pii/S0098135422001272
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