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Smart, digitalized, real-time monitoring
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Expensive hardware

High maintenance

Sensor malfunctioning

Difficult locations

Clogging, debris, etc.

IT communication failure

Getting high-quality sensor 
data can be difficult!
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What is a software sensor?
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Hardware sensor = physical component measures 
a variable in the system

Software sensor = model that indirectly “measures” a variable 
and thus mimics a hardware sensor
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“Monitor” NH4
+ loads [kg/hr] at WWTP inlet

Input data: Flow
Method: Conceptual model

“Monitor”/validate water levels at upstream location
Input data: Downstream water level
Method: Data assimilation into MU model

“Monitor”/predict water levels when sensor is unavailable
Input data: Antecedent water level, ToD, rain
Method: LSTM neural networks

Three software sensor examples
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Use flow sensor to “monitor” NH4
+ concentration
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𝐹𝐹𝑁𝑁𝑁𝑁4+(𝑡𝑡) = 𝝁𝝁 + �
𝑘𝑘=1

2

𝜶𝜶𝒌𝒌 sin 2𝜋𝜋𝑘𝑘𝑡𝑡 + 𝜷𝜷𝟐𝟐 cos 2𝜋𝜋𝑘𝑘𝑡𝑡

𝑆𝑆𝑁𝑁𝑁𝑁4+(𝑡𝑡) =
𝐹𝐹𝑁𝑁𝑁𝑁4+(𝑡𝑡)
𝑄𝑄(𝑡𝑡)

Measured NH4+ load for every day in a year Train software sensor on all dry weekdays

Trained relationship for load

Real-time “monitored” concentration Real-time flow observation

Model parameters
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Get distributions of parameters for different days

𝐹𝐹𝑁𝑁𝑁𝑁4+(𝑡𝑡) = 𝝁𝝁 + �
𝑘𝑘=1

2

𝜶𝜶𝒌𝒌 sin 2𝜋𝜋𝑘𝑘𝑡𝑡 + 𝜷𝜷𝟐𝟐 cos 2𝜋𝜋𝑘𝑘𝑡𝑡
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Flow measurements:

Trained on 2 weeks of data:

Trained on 16 weeks of data:

Not trained for 
rain periods

Example of software sensor with uncertainty estimate
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Long-term results
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~8 weeks of training data = good median estimate ~12-16 weeks of training data = good uncertainty estimate



DTU Environment20 April 202120 May 2021 10

Article available at (subscription):

https://www.sciencedirect.com/science/article/pii/S0043135420307648

Or get a copy by sending Jonas a request via LinkedIn or email:

jowi@env.dtu.dk

https://www.linkedin.com/in/jonaswied/

Article freely available at:

https://iwaponline.com/wst/article/81/1/109/72455/Evaluating-the-
performance-of-a-simple

https://www.sciencedirect.com/science/article/pii/S0043135420307648
mailto:jowi@env.dtu.dk
https://www.linkedin.com/in/jonaswied/
https://iwaponline.com/wst/article/81/1/109/72455/Evaluating-the-performance-of-a-simple
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