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Simulation study

Water treatment plant operators want to apply models online as a digital twin. ! gg‘ﬁrate data of 7 days of dry weather using
To be useful, these models need to be able to make accurate predictions and
extrapolate to unknown data. The currently used techniques either lack e Tfa/'x“n:zzz:l‘;?ceﬁOU;TS‘JJV*I‘;;?r?cts;e;lete
accuracy (mechanistic models) or fail to extrapolate (data-driven models). domain knowledge

* Adata-driven model

* Ahybrid model with incomplete domain

- knowledge
Mechanistic models Data-driven models
To simulate incomplete domain knowledge,
+ Encorporate physical and empirical « Search for relationships in available dat the mechanistic {subJmode’s do not account
p pny p carth TOTTELTionSNIps I availdbie ddld for anoxic growth in heterotrophs
knowledge * Different machine learningtechniques,
(e.g. mass balances, conversion rates, ...) e.g. artificial neural networks, random 3. Simulate 7 days of wet weather
* E.g.Activated Sludge Models (ASM) forests
* Formulated as differential equations * Here formulated as neural differential
. Results
equations
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+ Interpretable - Black-box E
+ (an extrapolate to unseen data - Fail to extrapolate to unseen data N

+ No domain knowledge needec L tmee -
+ Leverage all available data The mechanistic model predicts the
+ Accurate general trends, but lacks accuracy due to

incomplete domain knowledge.

- Domain knowledge is incomplete and a

simplification of the underlying system
E.g., CSTR instead of mixing,

simplifying microbial communities, ...

«  Dataset
— Model

Hybrid models

NH, effluent concentration (mg/L)

Combine a mechanistic and data-driven model The strengths of both models are combined:
* The data-driven part fills in the gaps in
domain knowledge of the mechanistic
model
mechanistic  data-driven e The mechanistic model fills in the gaps in
the dataset of the data-driven model
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The data-driven model fails to extrapolate

dX;
— = f(X,) + nn(X,) to wet weather.

dt

- Dataset
—— Model

* Hybrid models can make accurate predictions, without complete
domain knowledge or a representative dataset.

 The data-driven part learns the dynamics not incorporated by the —

mechanistic part. The hybrid model accurately extrapolates
{0 wet weather.

h o

NH, effluent concentration (mg/L)

L=

IMATH > Eoreiee FWO =

ward.quaghebeur@ugent.be B




