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Definitions

• Model

• Control

• Online
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What does “Online” mean?

1. Automated data transfer from plant to model

2. Automated operational optimization (offline advice)

3. Automated controller tuning

4. Automated model calibration

5. Model-in-loop – true online model based control

6. Artificial Intelligence (AI)
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1. Automated data transfer from plant to model

• Possible offline (manually)? Yes.
• Copying data from Excel sheets to simulation software

• Online, automated:
• Needs software link (driver)

• Increased risk of bad data input
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2. Automated operational optimization

• Possible offline (manually)? Yes.

• Prepared scenarios or operational tables

• Choosing the best options for the objective (lowest cost)
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2. Automated operational optimization

• Industrial plant

IWAMA Gdańsk September 2018 7



2. Focus on one unit
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2. Generate “surface” based on calibrated model
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A. Influent composition changes: 
Recalibrate model

B. Generate operating surface
Airflow, TOC load

C. Choose optimum settings daily



2. Surface model example
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3. Automated controller tuning

• Possible offline (manually)? Yes.

• Calibrated model and same controller code as in PLCs

• Tuning controller gain etc. for different periods, operational 
conditions
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3. Automated controller tuning
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3. Automated controller tuning

• Online, it needs:
• Automated data transfer (1)

• Calibrated model (manual or item 4)

• Autotuning algorithms (since 1940s e.g. Ziegler-Nichols)

• Transfer of gains etc. to PLCs
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4. Automated model calibration

• Possible offline (manually)? Yes.

• Automatic data transfer
• Continuous, daily, weekly, etc..

• Selected sets of model parameters changed to minimize predefined 
objective function, i.e. 
• change (uncertain) waste rate and (unmeasured) influent RBCOD

• match MLSS and effluent TN

• real cases are much more complex
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4. Automated model calibration – complex plant
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Mixture of Processes at the same time: 

• Step Feed
• A2O
• Simultaneous Nite/Denite
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4. Model implementation
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• Calibration - control objectives
1. Dissolved oxygen control

2. Nitrate recycle control

3. Cascade ammonia - DO control

• Impact of dynamic influent

• Location of probes

• Not trivial due to interactions and the need for clean data
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4. Automated model calibration – complex plant



5. Model-in-loop – true online model based control

• Possible offline (manually)? N/A.
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5. Model-in-loop – true online model based control
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5. Model-in-loop – true online model based control

• Possible? Not yet today

• Not all inputs can be measured online

• Data reconciliation (fully automated) needed

• Risk of failure

• Large effort

• Engineer/operator brain is still needed

• Keep it as simple as possible (but not simpler)
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5. Model-in-loop – true online model based control
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Summary

1. Automated data transfer from plant to model

2. Automated operational optimization (offline advice)

3. Automated controller tuning

4. Automated model calibration

5. Model-in-loop – true online model based control

6. Artificial Intelligence (AI)
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Thank you!

Questions?
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