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ABSTRACT

To prevent the pollution of water resources, the measurement and the limitation of wastewater discharges are required. Despite the progress
in the field of data acquisition systems, sensors are subject to malfunctions that can bias the evaluation of the pollution flow. It is therefore
essential to identify potential anomalies in the data before any use. The objective of this work is to deploy artificial intelligence tools to auto-
mate the data validation and to assess the added value of this approach in assisting the validation performed by an operator. To do so, we
compare two state-of-the-art anomaly detection algorithms on turbidity data in a sewer network. On the one hand, we conclude that the
One-class SVM model is not adapted to the nature of the studied data which is heterogeneous and noisy. The Matrix Profile model, on
the other hand, provides promising results with a majority of anomalies detected and a relatively limited number of false positives. By com-
paring these results to the expert validation, it turns out that the use of the Matrix Profile model objectifies and accelerates the validation task
while maintaining the same level of performance compared to the annotator agreement rate between two experts.

Key words: annotator agreement, artificial intelligence, data validation, matrix profile, one-class SVM, wastewater

HIGHLIGHTS

® The subjective nature of manual validation of wastewater data limits the agreement rate between different experts.
® Artificial intelligence approaches based on binary clusterings, such as OC-SVM, are not adapted to anomaly detection in turbidity data.
® Matrix profile is being evaluated on wastewater data for the first time and shows promising results.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY-NC-ND 4.0), which permits copying and
redistribution for non-commercial purposes with no derivatives, provided the original work is properly cited (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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GRAPHICAL ABSTRACT
Validation of wastewater data using artificial intelligence tools and the

evaluation of their performance regarding annotator agreement
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1. INTRODUCTION

To limit the pollution of natural resources, the stakeholders in the water sector must be mobilized for pragmatic management
of wastewater facilities and rigorous control of wastewater discharges. Hence, it is important to know the functioning and
structural state of the wastewater system and to prevent or identify malfunctions in order to orient and implement an operat-
ing and/or investment programme that responds to a logic of continuous improvement and sustainable management (van
Daal et al. 2017). Overflow monitoring allows sustainable management based on continuous metrology (flow measurements)
or discontinuous metrology with periodicity (sampling to establish pollution balances, etc.). Information is thus obtained on
the direct discharges of the wastewater system during rainy events. Considering the number of equipped points, a large and
diversified park of sensors should be operated and maintained. The plethora of sensors in place with a high sampling fre-
quency and acquisition systems with innovative and wireless data transfer technologies leads to the integration of
wastewater systems in a smart city perspective (Dogo et al. 2019b). The goal is therefore to optimize the strategies for proces-
sing and exploiting the massive amount of measurements made within the framework of the Internet of Things (I0T) in order
to get the most out of them. This approach is part of a quality process whose aim is to ensure that the results obtained through
the instrumentation of the various facilities are appropriate.

Thus, the reliability of the data is essential, and its validation is indispensable. Despite the progress made in the field of
sensors and acquisition systems, the charged and aggressive nature of wastewater leads to problems of inconsistency or
loss of data, which invalidates some of the measures. Possible failures include clogging and fouling of the probe, displacement
of the sensor by the flow, transmission errors, and others. These problems affect the quality of the stored data. They impact the
recorded measurement and can occur in different aspects: missing data, measurement blockage or saturation, sensor drift,
noisy signal, or others (Methnani 2012). In order to ensure the quality of the measured data, they must be systematically
validated.

In the field of artificial intelligence (AI), data validation refers to fault or anomaly detection. It is a discipline of data mining
that is widely studied and deployed in different domains, such as intrusion detection, fraud detection, health monitoring, and
industry manufacturing. It consists in identifying elements or events that are significantly different from usual data.

Therefore, the objectives of this study are manifold:

* discuss the use of an automatic Al-based validation system for large sewer measurement data sets;
* provide a comparison between two state-of-the-art algorithms;
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* highlight the shortcomings and limitations of the ‘ground truth’ validation;
* recommend future research directions in this field.

This paper is organized as follows. A review of relevant work from the literature is discussed in Section 2. Sections 3 and 4
describe our proposed methodology for the validation of wastewater quality data and the different used approaches. Exper-
iments and results are discussed in Section 5, and Section 6 presents the study’s conclusion and perspectives for future work.

2. RELATED WORK

Invalid data is a straightforward consequence of system failures and harsh operating conditions. To address the problem at
the source, the measuring device must be adapted to the measurement range and placed in a position that allows accurate
measurements without significant disturbances (Campisano et al. 2013). An acquisition system capable of functioning prop-
erly under different weather conditions is also necessary. In addition, a preventive maintenance procedure and self-cleaning
systems are required whenever possible. Nevertheless, experiences have shown that despite all these routines and efforts to
optimize the reliability of sensors in sewerage networks, they remain insufficient, failures are inevitable and consequently
corrupted data as well (Saberi 2015).

Several ‘trivial’ anomalies such as sampling problems, out of range, missing data, sensor blockage, or saturation can be
detected via simple parametric tests. These tests can be implemented on specific supervision software or spreadsheets
(Van Bijnen & Korving 2008). This (pre-)validation can be completed by statistical techniques or physically based models
allowing to create and exploit a virtual redundancy (Piatyszek et al. 2000; Alferes et al. 2013). Most of these statistical
models rely on hypotheses made on the characterization of the data and assume a stationary process. This assumption
is far from being valid in sewerage networks which are highly dynamic on a daily and seasonal basis (Mourad &
Bertrand-Krajewski 2002).

Thus, the pre-validation process is often completed by an expert validation. The latter requires the intervention of an
operator to evaluate the overall likelihood of the results obtained (Mourad & Bertrand-Krajewski 2002; Branisavljevic
et al. 2010; Therrien et al. 2020). This manual procedure is mainly based on numerical models or visualization tools. The
use of numerical simulation models requires the presence of an explicit model that allows to statistically evaluate the devi-
ation between the measurement and the expected value based on the model-driven behaviour of the system
(Venkatasubramanian et al. 2003). Such models are used for the validation of hydrometric data using the network’s 1D
models, but their calibration is difficult for pollution data. Moreover, these models are time-consuming and require a thorough
knowledge of the operating conditions of the network and the correlation between these different parameters. In contrast,
visualization-based validation requires specific validation criteria that rely on prior knowledge of the measurand dynamics
and available exogenous information. Mourad & Bertrand-Krajewski (2002) formulate and evaluate seven criteria for the vali-
dation of hydrometric rainfall intensity and flow data. Zidaoui ef al. (2022) provide validation procedures for turbidity data
with material redundancy. This approach rapidly reaches its limits, especially with the increase in database volume to be pro-
cessed. This task is also daunting for the experts involved, given the time it takes and the repetitive process. A reorientation of
the workforce towards engineering tasks where its added value is valuable is more judicious. Moreover, this approach is also
subject to human error and subjectivity which are difficult to overcome (Mourad & Bertrand-Krajewski 2002). This subjec-
tivity will be discussed and evaluated later in this work (cf. Section 3.3).

All these arguments plead for the investigation of new approaches that allow to optimize the process of data validation in
sewerage networks by automating this task and reducing the time needed.

Al has already proven its efficiency for data validation in different disciplines. Consequently, it is naturally one of the levers
for action and one of the paths to be investigated. There are several examples of automatic data validation based on Al in the
field of hydrology, particularly for the assessment of the quality of rivers and drinking water (Zhang ef al. 2017; Muharemi
et al. 2019). Support vector machine (SVM), logistic regression (LR), and artificial neural networks (ANN) are some of the
most commonly used Al approaches for anomaly detection in water quality data (Dogo et al. 2019a). One-Class Support
Vector Machine (OC-SVM) is a reviewed version of the SVM algorithm, adapted to the imbalanced database where the
anomalies are a minority. This algorithm was tested on data from a drinking water treatment testbed with 51 measured par-
ameters (Inoue et al. 2017). The results are encouraging, especially for their limited computational time. Furthermore, the
latest research in the field of temporal data mining has led to the development of the Matrix Profile model which is
deemed to be ‘the state-of-the-art anomaly detection technique for continuous time series’ (Feremans et al. 2020). This
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model has so far never been evaluated for wastewater quality data. Nevertheless, being domain agnostic and given that its
results in other applications have proven its performance and its ability to identify anomalies, it seems important to test it
in our context.

3. METHODS

To summarize, this work aims to investigate Al approaches and evaluate their ability to optimize the data validation process.
The evaluation will focus on two algorithms that result from the state-of-the-art analysis, namely One-class SVM and Matrix
Profile. Their performance is compared to the results of the expert validation applied to quality data from a wastewater
network.

3.1. Proposed algorithms
3.1.1. One-class support vector machine

OC-SVM was proposed by Scholkopf ef al. (2001) for the detection of anomalies by considering that the majority of the train-
ing data are in a first class while the anomalies form a second class. Zhang et al. (2008) adapted this model to temporal data
and evaluated its performance on telecommunication network data.

The basic idea of the OC-SVM algorithm is to project the input data into a characteristic space of higher dimension than the
input data using an appropriate kernel function (see Figure 1(a)) and then build a decision function to best separate the two
classes by maximizing the distance between them (see Figure 1(b)). Two hyperparameters must be defined in order to run the
algorithm: the parameter y is the fraction between points inside the established boundary (valid data) and those outside the
boundary (anomalies) (see Figure 1(c)). The parameter o controls the nonlinearity of the decision function.

3.1.2. Matrix profile

Matrix Profile is a relatively new algorithm for time series analysis, introduced in 2016 by Eamonn Keogh (University of Cali-
fornia Riverside) and Abdullah Mueen (University of New Mexico) (Yeh ef al. 2016). Its principle is to compare subsequences
of the time series to itself by computing the Euclidean distance between each pair of subsequences of a given length. A naive
way would be to compute the complete distance matrix of all pairs of subsequences in a time series and then to evaluate the
minimum value of each column. However, this approach is not feasible due to the computational complexity and storage
capacity. Hence, the interest of Matrix Profile algorithm which optimizes these calculations and adapts the method to
large databases.

The recognition of anomalies via Matrix Profile is based on a vector of minimum Euclidean distances, called the matrix
profile, between each pair of subsequences in a time series (see Figure 2). The subsequences with the largest distances corre-
spond to anomalies. The Matrix Profile algorithm thus depends on two hyperparameters: the length of the subsequence w and
the number (or ratio) of outliers k.

2/ Defining the decision
function

© Valid data
> Invalid data

1/ Projection of data into a higher 3/ Projection de la fonction
dimensional space using a de décision dans l'espace
kernelfunction initial

Figure 1 | OC-SVM principle.
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Figure 2 | Matrix Profile principle. Large distances are anomalous events. Please refer to the online version of this paper to see this figure in
colour: https://dx.doi.org/10.2166/wst.2023.174.

3.2. Case study: wastewater quality database

In order to evaluate the Al algorithms, an urban wastewater network database was used. This database comes from a city in
France of about 46,000 PE. For confidentiality reasons, the site is anonymized. The instrumentation operation consisted in
equipping six overflow chambers since February 2021 with continuous measurement probes for turbidity and conductivity.

In general, the turbidity signal shows a significant dynamic. This dynamic corresponds to a real variability of the effluent
quality. Moreover, the signal can also be disturbed by artefacts, for example abnormal peaks, which can lead to an overesti-
mation of the average values. Thus, physical turbidity redundancy was implemented. Redundancy here means the installation
of two identical sensors in close proximity. This makes the measurement more reliable by detecting inconsistencies and, if
necessary, identifying the suspect sensor. On the other hand, conductivity probes are sufficiently reliable that no sensor
redundancy is proposed. A probe is installed in the chamber of each of the six interceptors. For operational constraints, a
value is registered every 5 min. This is an average of the values measured every 20 s (Figure 3).

The main objective of the operation is to progressively achieve the most reliable evaluation of the rejected flows by system-
atically validating the collected data which constitute the database of this work with the help of an automatic pre-validation
combined with a manual expert validation.

3.3. Ground truth

The evaluation of the performance of different Al algorithms and their efficiency in identifying anomalies implies the pres-
ence of a reference validation. This is referred to as ground truth. For this, domain experts are contracted to validate the data
manually. This validation consists in visualizing the data acquired by the different probes while varying the analysis scale
from a few hours to several weeks. Multivariate analyses can also be performed in order to compare the different measure-
ments with each other and to evaluate their coherence and their representativeness of the network functioning. Validating a
month’s chronicle of data can take up to 2 h full time for a trained expert.

This manual approach takes advantage of human skills in recognizing characteristic patterns and remembering past faults.
However, it also inherits its shortcomings which are the subjectivity of the operator and human error. To be completely free of
subjectivity, the experiment should be conducted under fully controlled conditions, where defects can be accurately tracked.
However, Versini ef al. (2015) show that the behaviour of turbidity data in experimental laboratory circumstances is different
from that of a sewer network. According to Wu & Keogh (2020), the use of synthetic data represents one of the flaws in the
evaluation of anomaly detection models. The other alternative is to use the results of the validation by the expert as the best
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1 . T2 — . C
Min 0 0 0
Mean 109.6 120.8 12478.0
Max 1000 1000 4629
Std 121.6 149.2 295.2

Figure 3 | Exploratory analysis of the measured data: the two turbidities (T1 in green and T2 in blue) and the conductivity (C in purple). Please
refer to the online version of this paper to see this figure in colour: https://dx.doi.org/10.2166/wst.2023.174.

available approximation of the ground truth. Hence, in order to evaluate the sensitivity of the ground truth to annotator’s
subjectivity, a comparison of the validation performed by two operators is conducted. Both validators are used to dealing
with pollution data and are familiar with the dynamics of sewerage networks. A pre-validation tool is set up in common
for both annotators. This tool selects suspicious periods (Zidaoui ef al. 2022). Then, the experts’ mission consists in, indepen-
dently, attributing a binary label (valid/invalid) to each period, with the possibility of segmenting it or extending it if
exogenous elements justify so. Figure 4 represents the validation results of the turbidity data such as operated by one of
the experts.

3.4. Performance metrics

Choosing the right metrics is a crucial step in evaluating the performance of a machine learning model. Often, a single metric
is not enough to truly judge a model. The most classical is accuracy. However, it makes no difference between correctly classi-
fied valid and invalid data. In our problem, data are highly unbalanced, meaning that anomalies are a minority which leads to
high accuracies even if invalid data is not identified.

Therefore, metrics suitable for binary classification of unbalanced databases (anomalies being minor) are used. The con-
fusion matrix compares the results of the algorithm (predicted class) to the reference (true class). A positive label denotes
an anomaly (invalid data). The standard template for binary confusion matrix is shown in Table 1 as a 2 x 2 matrix with
four types of results.

# Normal e Anomaly

1200

1000

§ . . o i [ ] s
. . . " .
° : .. ‘ .

F=1 = ] .
S 800 °2 .-t » i -
E ] Y B o8 = - 3 . . .
= 1 o8 5 . - iy . .
= - 8 . . ", D
= 4 ] . . . T
5 . 7 e
3 : o : .
2 Y % -
E i .
2 .
: i .
%
c
g
o

01/02/2021 03/03/2021 02/04/2021 02/05/2021 01/06/2021 01/07/2021 31/07/2021 30/08/2021 29/09/2021
Date

Figure 4 | Data validation results operated by an expert (ground truth).
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Table 1 | Confusion matrix definitions

Model
Predicted Positive (PP) Predicted Negative (PN)
Positive (P) True Positive TP False Positive FP
Reference Negative (N) False Negative FN True Negative TN

From the confusion matrix, different metrics can be calculated:
* Precision is the ratio of correctly predicted positive observations to the total predicted positive observations.

TP

Precision = TP+ FP

* Recall (sensitivity) is the ratio of correctly predicted positive observations to all observations in actual class.

TP

Recall = m—m

* F1 score is the weighted average of precision and recall. Therefore, this score takes both false positives and false negatives
into account.

2 x Precision x Recall
Precision + Recall

F1 score =

4. EXPERIMENTS

4.1. Data pre-processing

In real-life scenarios, time series coming from sensors are particularly subject to noise and outliers. The aim of anomaly detec-
tion models is to identify outliers. However, time series data requires some groundwork before it can be mapped by machine
learning algorithms. The crucial issues are temporal irregularity and missing data. When it comes to time series analysis, it is
important to have a constant timestamp. Resampling is then an important technique to ensure a round-the-clock frequency.
Consequently, before any modelling, time series are aligned to get fixed timestamps, here a frequency of 5 min is chosen,
which corresponds to the pre-set frequency for data acquisition.

Moreover, most anomaly detection algorithms are sensitive to the presence of missing data. Time series models require that
there are no gaps in data along the time index. Consequently, missing data need to be replaced with judiciously chosen values
before fitting a model. The replacement of values in this context is known as ‘imputation’. There are multiple imputation
algorithms in the literature. The aim here is to replace the gaps so that the algorithms that are sensitive to their presence
can run but still identify it as an anomaly later on. Replacement with zeros is then chosen.

As mentioned before, the original OC-SVM model was not designed for time series. Thus, a pre-processing of the data must
take place. This consists in segmenting the data into sequences of predefined length L and feeding the model with subse-
quences instead of single points. This operation adds a parameter to the OC-SVM model which is the size of the sequence
to be injected. Matrix Profile performs this operation internally without the need for pre-processing since the window size
is already one of its parameters.

4.2. Model fitting

Model fitting is used to identify the optimal parameters of the model which is used for anomaly detection. An optimization
procedure consists in defining a search space with the possible values for each hyperparameter. Different optimization algor-
ithms can be used to explore this space. Here, we use a grid search. A finite combination list of values for each
hyperparameter is specified, and all combinations are evaluated to identify the optimal combination (see Table 2).
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Table 2 | Grid search for model fitting

Parameters Grid Search N° of combinaisons
OC-SVM o linearity coefficient (start = 0.005, stop = 10, step =0.2) 2,500

A contamination rate (start = 5%, stop = 25%, step = 0.2%)

L: subsequence length [30 min, 1 h, 3h, 12 h, 24 h]
Matrix Profile w: window length (start =2, stop = 72, step =2 hours) 1,050

k: anomaly ratio (start = 5%, stop = 20%, step = 0.5%)

The algorithms are all implemented in Python. The processing time depends on the hardware and the processing optimiz-
ations. The training and testing of the models were performed on the hardware listed in Table 3.

5. RESULTS AND DISCUSSION
5.1. Annotator agreement

The objective of this section is to quantify the validation variance between two experts and their agreement rates. To do so, we
computed the lower bound on the mean classification error rate relative to the ‘true’ labels for binary classification and two
labellers according to the following equation (Smyth 1996):

e> L

— 2N

where e is the mean classification error rate, N is the length of the database, and 7; is the number of items where the two
experts disagree. If they disagree on all items, their mean error rate will be of 0.5, whereas it is of 0 if they agree on all
the elements. According to Smyth (1996), if the lower bound on e is greater than 10%, the validation is therefore inaccurate,
and the quality of the expert labelling process must be reconsidered. For the case study database, Smyth’s lower error bound
was found to be e > 3.4%. We concluded that the results of the expert validation were acceptable.

In addition, to evaluate the inter-variability among experts, we calculated the pairwise metrics (Section 3.4) between label-
lers in order to take into account the imbalanced nature of the database (Lampert ef al. 2016). Table 4 synthesizes the results.
The overall F1 score was 0.658.

The imbalance between precision and recall and the low score of the former showed that one expert was more likely to
invalidate than the other. It is a consequence of the so-called validation bias, which is the tendency of an annotator to
prefer one decision over another when there is doubt. Another cause of discrepancy is the random variation of an expert
in relation to the other or even regarding himself. As a matter of fact, a revalidation of the same data by the same expert
later does not lead to exactly the same result.

Moreover, great variability was observed between different measure sites (see Table 5).

In order to interpret these scores, the results of the validation of the two sites are shown in Figure 5. We observed that for
site 2, the anomalies were more obvious and therefore the disagreement between the two experts concerned more likely the
delimitation of the defect. As for site 1, the two experts agreed on very few anomalies, 27% abnormal timesteps only.

Table 3 | Hardware specification

CPU model AMD EPYC 7502P 32-Core Processor
RAM 16.4 GB
GPU NVIDIA GeForce RTX 3090, 24 GB

Table 4 | Overall pairwise performance metrics between labellers

Precision Recall F1 score

0.514 0.913 0.658
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Table 5 | Difference of performance metrics between labellers and for different datasets

Precision Recall F1 score
Site 1 0.274 0.892 0.420
Site 2 0.697 0.891 0.927
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1000 . | :
. ]

900 s . 5 -

800 " . —— :

700 . . : ' . o
5 : ¢ :
Z 600 s 5 - .
=4 s H . : . ) -
> . - . . a 5 'Y
5 500 M 3 P 5 IO R R 3 : ‘! 1
£ 400 M 8 : i . e gls
2 i o : It | i

300 . § s o .

< e 81 d
200 . 3 n ;
100 “
0
29/1/22 0:00 18/2/22 0:00 10/3/22 0:00 30/3/22 0:00 19/4/22 0:00 9/5/22 0:00 29/5/22 0:00
Date
Site 2

i
E
i
§
i

Turbidity (FNU)
G
o

29/01/2022 18/02/2022 10/03/2022 30/03/2022 19/04/2022 09/05/2022 29/05/2022

Date

Figure 5 | Validation of turbidity data for two different sites and by two different labellers. Colour describes the level of agreement: blue for
normal data, red for common defects and orange for unique anomalies (identified by one of the annotators only). Please refer to the online
version of this paper to see this figure in colour: https://dx.doi.org/10.2166/wst.2023.174.

For the evaluation of the performance of machine learning models, we considered the consensus between the two experts,
in such a way as to keep only the most accurate defects and to avoid introducing a human bias. For further use, this approach
would impose a permanent double validation to tune the AI model, which is very costly.

In the case of an unsupervised approach (which is the case for the two proposed models), this bias must be considered
when interpreting the performance results of the model. By contrast, the problem is more critical in the case of a supervised
approach, since the model will embed the bias introduced by human subjectivity. Indeed, supervised models use labelled data
as input for learning and adapt their parameters in order to obtain the same results as output, whereas unsupervised models
deduce functions to describe the internal structures from unclassified data. Thus, in view of the invalidity of a gold standard
validation free of subjectivity, it is more appropriate to go for unsupervised approaches.

5.2. Models’ performance

The principle of OC-SVM is to define an empirical relation which describes the normal data and consequently any element
which does not meet this property is considered as abnormal. However, if we inject the whole data set into the model, there is
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a risk of over-fitting the parameters. Thus, the data set was divided into two groups. Training data for the adjustment of the
different parameters and test data which allowed us to evaluate the generalization of the model to new data. Figure 6 shows
the results of applying the OC-SVM model to turbidity data without segmentation. It can be seen that the classification of
normal and abnormal data was based on simple thresholding (linear function). Indeed, OC-SVM did not manage to deal
with the temporal dimension, hence the interest in data windowing by using temporal subsequences instead of the raw
chronicle.

Figure 7 shows the results of the data validation for the optimal window size of 30 min. The results were less emphatic than
what we had before. Nevertheless, all rainy weather was identified as anomalous. In fact, by its principle, OC-SVM managed
to identify the majority class which in our case is the dry weather as being the normal class, but all the rest was considered to
be abnormal. Quantitatively, the F1 score in this case was 0.46 for the training data and 0.16 for the test data. As the model
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Figure 6 | Results of turbidity data validation using OC-SVM and without data windowing. Please refer to the online version of this paper to
see this figure in colour: https://dx.doi.org/10.2166/wst.2023.174.
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Figure 7 | Results of turbidity data validation using OC-SVM and with a window of 30 min. Please refer to the online version of this paper to
see this figure in colour: https://dx.doi.org/10.2166/wst.2023.174.
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could not learn the internal structure of the training data, it had trouble generalizing. The precision and recall in both cases
were lower than 0.5, which means that the model was more wrong than right. Therefore, despite its results in related work,
OC-SVM is not suitable for turbidity data in wastewater systems where the dynamics of the measurand depend on weather
conditions.

On the other hand, the decision function for Matrix Profile is already predefined; namely the Euclidean distance and there-
fore the model does not require a two-stage process: training and testing. Figure 8 shows the results of validation of turbidity
data. We observed that the anomalies were much better localized compared to the expert validation (see Section 3.3). No bias
related to date, value or event type was observed. Indeed, by its definition, the Matrix Profile model is close to the validation
by an operator, which consists in ‘memorizing’ the normal patterns and invalidating only what is out of the ordinary. There-
fore, the Matrix Profile algorithm did not filter out rainy weather data if it had already been encountered in the data record.
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Figure 8 | Results of turbidity data validation using Matrix Profile.
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Figure 9 summarizes the results obtained. The F1 score was 0.679.

We realized that the F1 score of the model was of the same order of magnitude as the inter-variability between the two
experts. It could be said that Matrix Profile obtained results equivalent to the two experts while considering their subjectivity.
But moreover, the model allowed us to make objective decisions based on a rational metric which is the Euclidean distance
between the subsequences, and this was within a much shorter duration than that required for an operator: we went from over
60 min to a few seconds.

Figure 10 compares the results of the validation done by the expert and the Matrix Profile algorithm. We observed that the
only per se false positive period identified by the algorithm was from the first of September to the third of the same month (red
frame in Figure 10). Otherwise, the rest of the false positives were rather related to the delimitation of the defects.

Figure 11 shows the chronicle of the filtered turbidity during the period in question. We could clearly see a particular pat-
tern of turbidity with more or less important sudden drops. Using domain knowledge, this behaviour can be assimilated to a
defect and therefore it may be an error of the expert who “forgot’ to identify this period as being abnormal. We, therefore, deal
with a false negative in the reference.

On the other hand, the false negatives were related to several factors, starting with the delimitation of the defects, just like
false positives. Moreover, we noted the sensitivity of Matrix Profile to its parameters. By setting a window size of 48 h, we
were unable to identify short defects. And with a fixed anomaly rate, we forced the algorithm to choose the most flagrant
anomalies, and which may not be the one identified by the expert. Moreover, it should be noted that the expert performs
his validation in a multivariable approach by analysing the measurements of the two turbidimeters as well as the
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Figure 10 | Boolean comparison of data validation by a domain expert and matrix profile. Please refer to the online version of this paper to
see this figure in colour: https://dx.doi.org/10.2166/wst.2023.174.
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Figure 11 | Zoom on a turbidity anomaly as identified by matrix profile.

Downloaded from http://iwaponline.com/wst/article-pdf/doi/10.2166/wst.2023.174/1240280/wst2023174.pdf

bv auest


https://dx.doi.org/10.2166/wst.2023.174

Water Science & Technology Vol 00 No 0, 13

conductometer. However, the model Matrix Profile only has access to the turbidity reconstructed from the two sensors
(Zidaoui et al. 2022).

6. CONCLUSIONS

In view of the environmental stakes, the reliability of the data measured in a wastewater network is crucial. However, given
the operating constraints, the remediation of this problem is tedious and costly; hence, the interest to optimize it. Today, data
validation is mainly done via automatic validation at the supervision level and/or manual validation performed by an expert.
The comparison of two Al algorithms was carried out on pollution sensor data sets. The OC-SVM model proves to be unsui-
table for the nature of the turbidity data in sewerage networks where different groups can be observed depending on the
meteorological conditions (dry weather and rainy weather with different intensities). Thus, multi-clustering models can be
better adapted to this type of data. On the other hand, the use of the Matrix Profile algorithm leads to promising results
and an F1 score of 68%, comparable to the score of one expert compared to another. In that sense, in addition to being
fast, the use of this model allows it to free from the subjectivity of the domain experts and to objectify the data validation
process. Being unsupervised, the Matrix Profile model is able to provide accurate results. However, the evaluation of its per-
formance is biased by the ground truth validation bias which is the result of a subjective approach. Thus, in reality, and given
its principle, the model can be considered to have more encouraging results.

Such results can be further optimized by considering a validation pool with more experts. The objective is to have more
consistency in the anomalies. The idea is to consider an odd number of experts in order to avoid having middle sequences
where we cannot decide on their nature: valid or invalid. Moreover, the validation of the model has been performed on a
typical site, and a generalization of the approach must be performed for different rates of anomalies. How will the model
behave on a site where the sensors are often malfunctioning? And on the other hand, would it be able to identify very
few anomalies; an anomaly rate of around 1% for example? Finally, a multivariate approach by taking advantage of conduc-
tivity and redundancy data is also conceivable: the goal is to identify certain contextual anomalies.
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