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FUDIPO faces the SPIRE-02-2016 topic: “Plant-wide monitoring and control of data-intensive processes”. To that aim, Fudipo
project is developing a system for optimisation on all levels in a factory integrating different control levels from the separate
production unit to mil level by building blocks. The system includes:
Mathematical modeling

Soft sensors

Model predictive control

Machine learning
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CASE STUDY: WASTE WATER TREATMENT
WASTEWATER TREATMENT PLANT CONTROL

ON-LINE DIGITAL TWIN

A Wastewater Treatment Plant (WWTP) consist of multiple measurements
and control parameters as can be seen in this illustration of the active
sludge treatment of the Västerås treatment plant in Sweden.

A full-scale Matlab/Simulink model has been compiled to FMU model to
run in Microsoft Azure as a digital twin of the Wastewater Treatment
Plant together with MPC models and sensor diagnostic tools.

Physical
model
(Matlab/
Simulink)

To be able to run simulation
models,
without
the
requirement of runtime
“.dlls” or licenses, in
multiple environments the
models has been compiled
using
the
Functional
Mockup Interface standard
(FMI) version 2.0 into a
single block with defined
inputs and outputs.

Secure data transfer from
control system historian to
cloud
Full waste water
treatment plant
model compiled
in to a Functional
Mock-up Unit
(FMU)

Enabling modern cloud tools

MODEL PREDICTIVE CONTROL (MPC)

SENSOR DIAGNOSTICS

The goal of the MPC controller is to reduce excessive energy used for
aeration in the active sludge treatment of the wastewater treatment plant
during times when the load of the plant is lower then what the now static
(rarely operated) set-points of DO PI-controllers can handle. The static
values used today is set to keep the quality of the effluent water below the
allowed effluent water quality limits at a fairly high load of the plant but
during each day without rain the flow-rate varies a lot over the time of day
because of human behavior.

Analyzing sensor data
from a WWTP has many
challenges. Sensors get
dirty from particles in the
water, the load of the
plant varies heavily both
during a normal day of
operation and due to
weather and even the
process
of
cleaning
sensors can have bad
effects on data quality.

MPC used to
optimize the
amount of air
being pumped in
to the water to
reduce energy
consumption

Allowing control system connectivity
with a public cloud environment
requires secure data transfer to
ensure the only the right data is
transferred and that no access or
manipulation can be made from the
outside.
The platform enables data to be
accessed and analyzed by an
unlimited set of modern cloud tools
and libraries to perform advanced
machine
learning
or
data
visualization.

Python models is used to classify and
diagnose sensor data

The KMeans algorithm is used to cluster the
data, where the cluster with the largest
number of elements is always considered to
be the normal data while the other clusters
are considered anomalous.
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