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Smart, digitalized, real-time monitoring
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‘ Expensive hardware

‘ High maintenance

Getting high-quality sensor ‘ Sensor malfunctioning
data can be difficult! ‘ T ——

‘ Clogging, debris, etc.

‘ IT communication failure




DTU
= What is a software sensor?

Hardware sensor = physical component measures
a variable in the system

ot o

Software sensop Just a model??

Virtual sensor

Software sensor = model that indirectly "measures” a variable
and thus mimics a hardware sensor
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DIU Three software sensor examples
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“Monitor” NH,* loads [kg/hr] at WWTP inlet
Input data: Flow
Method: Conceptual model

200 4

100

NH4-N load [kg/hr]

— 0.2 m

“Monitor”/validate water levels at upstream location
Input data: Downstream water level
Method: Data assimilation into MU model -96m

— -13.2 m
- -17.3 m

“Monitor”/predict water levels when sensor is unavailable

‘ Input data: Antecedent water level, ToD, rain
@ Method: LSTM neural networks
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01U Use flow sensor to “monitor” NH,* concentration
o
o
Measured NH4+ load for every day in a year Train software sensor on all dry weekdays
5 L EVAY | ‘ Daily load profiles (weekend) Vet Days
i; 200
Tats P Ty oty
e Daily load profiles (weekday)
Moving window of historical data
Model parameters
N
Fyu+(t) =pu+ ) (ajsin(2mkt) + B, cos(2mkt))
Trained relationship for load — =1

Real-time “monitored” concentration oo ut (6) Real-time flow observation
(t) 00—
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Get distributions of parameters for different days
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NH4-N load [kg/hr]
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Estimated value [kg/hr]

—_—

2
Fypr(®) =p+ Z(ak sin(2mkt) + 3, cos(2mkt))
k=1
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Flow measurements:

Trained on 2 weeks of data:

Trained on 16 weeks of data:

DTU Environment
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Example of software sensor with uncertainty estimate

b 12e+04

8.0e+03 -

Flow [m3/hr]

4.0e+03 -+

0.0e+00 =

26/1

| | ] 1 1
1/18 27M11/18 28/11/18 29/11/18 30/11/18 01/12/18

d 100
754

50 =

NH4+ [mg/L]

25+

V\

0

]
26/11/18

| |
271118  28/11/18

] 1 1
29/11/18 30/11/18 01!12;’&

75

50 =

NH4+ [mg/L]

25+

w/

0
26/1

| | | 1 1
28/11/18 29/11/18 30/11/18 01/12/18
Time

] |
118  27/11/18

Not trained for
rain periods

20 May 2021



=
—]
—

W

Long-term results

~8 weeks of training data = good median estimate ~12-16 weeks of training data = good uncertainty estimate
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Reconstruction of corrupted datasets from ammonium-ISE sensors at )
WRRFs through merging with daily composite samples s

Jonas Wied Pedersen®#, Laura Holm Larsen? Carsten Thirsing®, Luca Vezzaro®¢

DTV Environment, Technical University of Denmark, Bygningstorvet, Building 115, 2800 Kgs, Lynghy, Denmark
Y BIOFOS AS. Refshatevej 250, 1432 Kebenhavn K. Denmark
“Kriiger A/S. Veeolio Water Technologies. Gladsaxevej 363, 2860 Saborg, Denmark

ARTICLE INFO ABSTRACT
Article history: Long-term, continuous darasers of high quality are imporrant for insrrumentarion, conrrol, and automa-
Regeived 25 April 2020 rion efforts of Wastewarer resources recovery facility (WRRFs). This study presents a methodology o in-

Revised 6 July 2020
Accepted 23 July 2020
Available online 24 july 2020

crease the reliability of measurements from ammonium ion-selecrive electrodes (ISEs). This is done by
correcting corrupred ISE dara wirh a dara source rthar often is available ar WRRFs (volume-proportional
composite samples). A yearlong measurement campaign showed thar the existing standard prorocols for

Keywords: Sensor maintenance might still creare corrupred daraser, with poor sensor recalibrarions responsible for
Ammonium abrupt and unrealistic jumps in the measurements. The proposed auromaric correcrion methodology re-
Ton-selective elecrrodes moves both recalibration jumps and signal drift by using informarion from composite samples rhar al-

Data merging ready are raken for reporting o legal aurhorities. Resulrs showed rhar the developed methodology pro-
Software sensor vided a continuous, high-quality time series withour the major dara quality issues of the original signal.
Sensor maintenance In facr, the signal was improved for 87% of days when a reference sample was available. The effect of cor-

recring the data before use in a data-driven software sensor was also investigared. The corrected daraser

| 109 CIUNCT S NERLEN water Science & Technology | 81.1 | 2020

Evaluating the performance of a simple phenomenological
model for online forecasting of ammonium concentrations
at WWTP inlets

Luca Vezzaro A, Jonas Wied Pedersen, Laura Holm Larsen,

Carsten Thirsing A, Lene Basse Duus and Peter Steen Mikkelsen A

ABSTRACT

Luca Vezzaro W, (corresponding author)

A simple model for online forecasting of ammonium (NH; ) concentrations in sewer systems is ic ;: :
Krigger A/, Viealia Water Technologies,

proposed. The forecast model utilizes a simple representation of daily NHi profiles and the dilution Gladsaxevej 363, 2860 Seborg,
approach combined with information from online NH; and flow sensors. The method utilizes an E—e:;?:mmm

ensemble approach based on past observations to create model prediction bounds. The forecast model Luea

was tested against observations collected at the inlet of two wastewater treatment plants (WWTPs) over Janas “dm Pedersen
Laura m Larsen

an 11-month period. NH, data were collected with ion-selective sensors. The model performance Peter Steen Mikkelsen (86,
Depal of Fnvis i ing (DTW

evaluation focused on applications in relation to online control strategies. The results of the monitoring Environment,

. . " " - . - - © = " Technical University of Denmark,
campaigns highlighted a high variability in daily NH, profiles, stressing the importance of an uncertainty- i 115, 2800 Korgers Lymsb.

based modelling approach. The maintenance of the NH4 sensors resulted in important variations of the Denmark
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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
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