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Progress in SAGD, by Rahul Raveendran 

Under this IRC program, we have had the opportunity to pursue several research projects to improve the current state 
of SAGD operations. We can categorize the research projects into three categories, 1) soft-sensing, 2) monitoring and 3) 
optimization. Soft sensing projects typically include developing predictive models for difficult to measure key quality 
variables in the SAGD facilities. Monitoring projects include health monitoring of process equipment and monitoring of 
process operations for safety and abnormal condition prevention. Optimization projects include those specifically aim 
for economic and energy optimization of the SAGD facilities. Some of the on-going research projects under each of these 
banners include, 1) Soft-sensing: (i) emulsion flow soft sensor, (ii) water content soft sensor, and (iii) steam quality soft 
sensor 2) Monitoring: (i) Fouling buildup monitoring in OTSGs, (ii) Subcool control performance monitoring, (iii) Steam 
breakthrough monitoring, and (iv) ESP monitoring 3) Optimization: (i) Plant-wide water network optimization, (ii) Heat 
exchanger network optimization, (iii) Steam allocation optimization, and (iv) Diluent blending optimization. 

 
Computer Vision System for Froth-Middling Interface Level Detection in the Primary Separation Vessels, by 

Agustin Vicente 
The PSVs’ forth-middlings interface level is the most important control variable for PSV operations. Bitumen recovery 
and downstream operations are critically dependent on the measurement of the interface level and on its control 
performance. However, many traditional PSV level instruments including vision systems, have some deficient service 
factors, limiting effective implementation of automatic control. Therefore, we developed a novel robust computer vision 
system that uses image and data processing techniques to estimate the froth-middlings interface level. The algorithm in 
the computer vision system processes the online video frames of a camera mounted to the PSV sight glasses, and it 
detects the edges and the motions in a set of consecutive frames. In addition, it has a reliability analysis that handles 
abnormal scenarios in the environment. Industrial results show that the new developed computer vision algorithm is 
more accurate and reliable when compared to the other instruments, as well as more robust against the process and 
environmental abnormalities. 

 
Progress in Extraction and Upgrading, by Nabil Magbool Jan and Kirubakaran Velswamy 

Soft sensors play a key role in the oil sands industry to predict hard-to-measure process variables, which can be used for 
process monitoring and control applications. In this work, we demonstrated several soft sensor applications that have 
been successfully implemented in the extraction and upgrading units of the oil sands industry. In the extraction, the 
naphtha to bitumen (N:B) ratio is a key variable that has to be maintained at a certain level to achieve effective separation 
at a minimal cost. Since a real-time measurement of N:B is unavailable in the froth-treatment processes,  first-principles 
based soft sensors have been developed. In the upgrading units, sulfur content is one of the key variables that has to be 
monitored in real-time in the hydrotreater units to provide a sanity check on the sulfur analyzers that were sometimes 
experiencing slow drift. Further, C3 and C4 content soft sensors are important in light end recovery units to improve the 
availability of control solution. Therefore, in the upgrading units, data-driven soft sensor models for sulfur, C3 and C4 
content have been developed. 
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Imperial Oil has joined this IRC program as a new partner. We 
look forward to the collaborations with Imperial Oil along with 
other five existing partners in the new year and years to come. 
 
The IRC team thanks all of you as well as our industrial partners 
for your support over the past years and we wish you all the best 
in the New Year.  
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NIR Applications in Oil Sands, by Alireza Kheradmand 

Near Infrared (NIR) spectroscopy is widely used in the oil industry for 

different purposes such as identifying various chemical components and 

their concentrations.  In this project, NIR is used to analyze samples taken 

from different locations of oil sand tailing pond to infer their solid and 

water contents. Coagulant has been added to the analyzed samples in 

order to facilitate the settling process in Mature Fine Tailing (MFT). Soft 

sensors are built to predict online properties such as water and solid 

content. By using machine learning techniques including 

wavelength selection, feature extraction, and nonlinear classification, 

predictive models are also built to monitor contents of the coagulants.  

 

ESP Monitoring through KNet, by Mengqi Fang 

KnowledgeNet (KNet) platform is an intelligent application framework 

that can be employed to integrate various industrial process information 

to facilitate operational decision making. For instance, it can be used for 

the purpose of process monitoring using developed advanced analytic 

algorithms. With the support of OPC communication protocol, data can 

be analyzed online through the KNet online platform to provide real-time 

monitoring. Moreover, analytic algorithms written with Matlab can run as 

an executable function using the KNet platform. The presented ESPs 

failure prediction applications demonstrate how the real-time process 

variables collected from the SAGD process are passed into the software, 

analyzed by the compiled MATLAB algorithms, and interfaced with the 

graphical representations of process plants.  

 

Distillation Tower Flooding Predictive Monitoring, by Lei Fan 

Flooding in distillation columns is a major abnormality that can severely 

reduce the separation capacity and operational efficiency. Normally, 

flooding is accompanied by sharp increases of column’s differential 

pressure and differential temperature. Sometimes it is also caused by the 

high flow rate of the feed liquid. Regardless various causes, the objective 

of the presented work is to provide early warning of flooding events in 

order to enable plant operators to take corrective action aiming to 

prevent the flooding. Statistical Process Mentoring tools embedded in a 

hierarchical process monitoring framework are used in this work and a 

model update strategy is exploited to adapt to the non-stationary process 

conditions.  
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A computer vision system for interface 
level detection in the PSV,  

by Agustin Vicente 
 A computer vision algorithm was 

developed and tested in our IRC laboratory 
at the University of Alberta. The primary 
separation vessel (PSV) experimental setup 
was used during the research and 
development (R&D) stage. A factory 
acceptance test (FAT) was conducted in the 
laboratory to test the algorithm 
performance under process and 
environmental conditions similar to the 
ones in the industry. In addition, recorded 
video files from the industrial PSV sight 
glasses were employed during the FAT. 
After the R&D stage, by collaborating with 
Spartan Controls, the computer vision 
algorithm was successfully installed in two 
industrial PSVs in March 2018 and it has 
been working reliably since then. In both 
cases, site acceptance tests (SAT) were 
conducted to test the algorithm 
performance in the industrial environment. 
The algorithm was monitored during the 
past four months of operation and it 
showed a reliability service factor of 
99.88% in one of the PSVs and 99.95% in 
the second one. The algorithm is robust to 
different process abnormalities, such as 
blurred interface, level switch from one 
sight glass to other, stains in the sight 
glasses. In addition, the reliability analysis 
can handle abnormalities in the 
environment, such as people/objects 
blocking the camera visual filed, 
unintentional camera motions, lighting 
changes, and conditions that affect the 
quality of image acquisition (mist, 
condensation, ice). 
 

The figure below shows a snapshot of the 
video output of the computer vision 
application. Online stream displays with 
the level information indicator. 
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Graphics User Interface Design for Predictive Monitoring, by Fadi Ibrahim 
Failures' prediction is of high interest for the industry because it reduces process downtime caused by failed machines, 
and helps in reinforcing safety measures and minimizing the harmful impact on the environment. With this respect, we 
develop in this project a Predictive Monitoring Toolbox with the purpose of failures' prediction for a broad range of 
applications such as Gas Flare Events, Electric Submersible Pump Failure, and Tower Jet Flooding. This toolbox is designed 
to be user-friendly and can be customized to a particular application. The toolbox runs several Statistical Process 
Monitoring methods using both time-domain and frequency domain analysis for best performance. It enables the user 
to perform distributed monitoring of tailored assemblage of PVs (ex. process units) and integrate them at a hierarchical 
layer to obtain one control chart for the whole process/plant. The future development will include reporting, fault 
isolation, and root-cause analysis. 
 

AI - Reinforcement Learning: A New Approach to Process Optimization, by Rui Nian 
Lingering low commodity prices in Western Canada has pushed its local oil and gas industry to reconsider expansion 
plans in favour of optimization. One crucial area of process optimization concerns the topic of optimal control. 
Traditionally, model predictive control (MPC) is used to achieve optimal control. However, MPC requires process models 
and suffers from high computational time for non-linear systems. With rapid progress in hardware innovation, machine 
learning based controls such as reinforcement learning (RL) has become viable and effective. This presentation shows 
results comparing RL to MPC in SISO, SIMO, MISO, and MIMO systems. In all cases, RL was able to achieve performance 
similar to MPC despite having to learn the process from historical data. Moreover, RL is shown to solve problems in the 
optimal tuning of PID controllers. 

2018 IRC Biannual Workshop Presentations 

 

 

 

 

 

We have recently equipped our laboratory with Fluid Process 
Automation System referred to as FluidMechatronix from 
Turbine Technologies. The system “connects students to 
industry” through the hands-on operation and build skills on 
many aspects related to what industry does and what it 
needs. Students will learn: 
 

 Operation of Industrial Human-Machine Interface 
 

 Programmable Logic Control (AKA, Programmable 
Automation Control) 

 

 System Communication Protocols 
 

 Centrifugal Pumping 
 

 Variable Frequency Drive Operation 
 

 Storage/Process Tank Fluid Level Controls 
 

 Fluid Temperature Control (Static and System Mixing) 
 

 Process Control with Feedback Loops and Loop Tuning 
 

 Process System Automation Safety 
 

 Automation Power Supplies 

IRC Process System and Control Laboratory updates 
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Yousef Alipouri received 
his MSc and Ph.D. 
degrees in Electrical - 
Control Engineering 
from the Iran University 
of Science and 
Technology, Iran in 2011 
and 2015, respectively. 
He joined the University 

of Zanjan as an assistant professor with the Electrical 
Engineering Department, Iran from 2015 to 2016. 
Currently, he is working as a Postdoctoral Fellow in 
Professor Huang’s IRC group. His current research 
interests include process control, control 
performance assessment, system identification, 
state estimation. Part of his research results has 
been published in several referred journals such as 
IET control theory and application, IET signal 
systems, Information Science, ISA Transaction, 
ASME Journal of Dynamic Systems, Measurement 
and Control. He has also been involved in several 
industrial projects, such as performance assessment 
of Subcool control in Steam Assisted Gravity 
Drainage (SAGD), Identification toolbox, Effluent 
Exceedance Event Prediction.  
 
 

Agustin Vicente received 
his Bachelor degree in 
Chemical Engineering in 
2011 from The National 
University of La Plata 
Argentina.  
After graduation, he 
worked as a Process 

Engineer in the oil and gas industry for four years 
before moving to Canada. Agustin joined Prof 
Huang’s group as an MSc student in September 
2016, and successfully completed his program in 
November of 2018. His research has mainly focused 
on image and data analytics, image processing, 
computer vision, and state estimation.  His research 
contributed to one published paper, one submitted 
paper under peer-review, two conferences 
presentations, and to an industrial application 
development. He developed a robust computer 
vision system to detect the froth-middling interface 
level in the Primary Separation Vessels, which is 
successfully implemented in two PSV plants. In 
addition, he has actively worked in our IRC 
laboratory with different experiments, applications, 
and software development, such as the Balls-in-
Tube, the Primary Separation Vessel, the 
FluidMechatronix, DeltaV control system and KNet 
analytics. 

 

 

Atefeh Daemi received a dual degree in petroleum 
engineering and chemical engineering from Sharif 
University of Technology, Tehran, Iran, in 2014. She 
joined Prof. Huang's group as an MSc student in 
September of 2015 and successfully defended her MSc 
thesis in January 2018. She is currently working as a 
research assistant in Computer Process Control and her 
research work has mainly focused on a novel probabilistic 
modelling method based on a machine learning 

algorithm that involves Gaussian Process to achieve higher prediction accuracy 
which has been presented at the 67th Canadian Chemical Engineering Congress 
2017 and submitted to a peer-review journal. In addition, she worked on 
applications related to the oil as well as metal industry, including soft sensor design, 
process monitoring, and control modelling using data analytics and machine 
learning. 

 
 

R. Raveendran, K. Hariprasad, B. Huang*, Process monitoring using 
generalized probabilistic linear latent variable model, Automatica, Volume 
96, October 2018, Pages 73–83. 
 

 H. Kodamana, B. Huang*, R. Ranjan, Y. Zhao, R. Tan, N. Sammaknejad, 
Approaches to Robust Process Identification: A Review and Tutorial of 
Probabilistic Methods, Journal of Process Control, Volume 66, June 2018, 
68-83. 
 

Y. Alipouri, B. Huang*, H. Kodamana, Minimum Variance Bound and 
Minimum Variance Controller for Convex Nonlinear Systems with Input 
Constraint, IET Control Theory & Applications, Volume 12, Issue 6, April 
2018, 761 – 769. 
 

M. Rashedia, O. Xu, S. Kwak, S. Sedghi, J. Liu, B. Huang*, An Integrated First 
Principle Modeling to Steam Assisted Gravity Drainage (SAGD), Journal of 
Petroleum Science and Engineering, Volume 163, April 2018, 501-510. 
 

L. Fan, H. Kodamana, B. Huang*, Identification of Robust Probabilistic Slow 
Feature Regression Model for Process Data Contaminated with Outliers, 
Chemometrics and Intelligent Laboratory Systems, Volume 173, February 
2018, 1-13. 
 

Y. Ma, B. Huang*, Extracting Dynamic Features with Switching Models for 
Process Data Analytics and Application in Soft Sensing, AIChE J., Volume 64, 
Issue 6, June 2018, 2037-2051. 
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Contact Professor: Biao Huang Ph.D., P. Eng. 
CME, 12h Floor, ICE, University of Alberta, Edmonton, AB, T6G 1H9, Tel.: 780-492-9016,  

Fax: 780-492-2881, E-mail: biao.huang@ualberta.ca,  Web:  oilsandscontrol.ualberta.ca 

IRC sponsors Cenovus, Emerson, Spartan, Suncor, Syncrude, and Imperial Oil 
Newsletter prepared by Fadi Ibrahim Ph.D. P.Eng 
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