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Highlights 
• Simple procedure for identifying measurement disturbances caused by sanitary solids. 
• Motif discovery is highly effective at detecting the beginning of anomalous measurements. 

 

Introduction 
Sulphurous compounds are well known to be present in sewer systems as by-products of the chemical and 
biological processes taking place during the transportation of wastewater. Among these compounds, hydrogen 
sulphide (H2S) is notorious for being dangerous to both sewer systems themselves and the workers who 
maintain them. 
 
This research was prompted by the abnormally high H2S measurements registered by one of our in-situ, online 
sewer-monitoring micro-electrochemical sensors (Figure 1). Routine maintenance of the sensor suggests that 
these anomalous measurements occur when the sensor becomes obstructed by sanitary solids in the canal 
that create a microclimate around the sensor’s receptor, leading to a rapid and steady rise in the measured 
H2S concentrations. The consequences of these faulty measurements are several. Moreover, the inability to 
effectively distinguish an anomalous measurement until the registered levels have become unreasonably high, 
reducing the overall efficacy of the sensor. 
 
Early detection of measurement disturbances allows operators/sewer network managers to obtain and 
preserve reliable liquid phase H2S measurements during monitoring. Ensuring reliable H2S data allows accurate 
implementation of H2S mitigation strategies and provides the actual sulphide load to which sewer networks 
are exposed. This paper explores the possibility of using matrix profiles and applicable algorithms to optimise 
anomaly and change point detection in liquid phase H2S measurements in a subset of our recorded time series. 
This paper ultimately seeks to establish an automated approach to differentiate between regular spikes in H2S 
levels and faulty measurements before it becomes clear to a human observer, thus increasing the overall 
measuring accuracy and reducing the time frame where inaccurate measurements are present. 
 

Methodology 
Study Site Description and Sensor Installation 
As part of an online sewer H2S monitoring study in Berlin, a micro-electrochemical liquid phase H2S sensor 
(SulfiLogger A/S, Denmark) was installed at a manhole 50 m before the inlet of Berlin Neuköln Pump Station. 
The measurement principles of the sensor are illustrated in Figure 1b. Wastewater passing this point mainly 
composes of wastewater from separate sewers as well as combined sewers during wet-weather events. During 
the monitoring period, the H2S sensor was inspected weekly and in cases where faulty measurements were 
suspected. In addition, calibration of the sensor was performed every two weeks. The periods affected by 
measurement disturbances caused by sanitary solids (e.g., as in Figure 1c) were recorded to confirm and 
validate the detection of faulty measurements using the matrix profile. 
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Figure 1. Installation of the micro-electrochemical H2S sensor (A) and measurement principles (B). Blockage of the sensor’s 
measurement tip by sanitary solids (C). 

Matrix Profile 
A matrix profile is an annotation of a time series.  It takes sub-sequences of a chosen length and calculates the 
“the z-normalised Euclidean distance between each subsequence within a time series and its nearest 
neighbour” (Law, 2019). The main aim of a matrix profile is to extract the most consequential sub-sequences 
of a time series, making it simpler for the applied algorithms to find meaningful information in the data. The 
resulting vector is plotted, with each element corresponding to what is known as a matrix profile index. The 
“highest point on the profile corresponds to the time series discord” (Yeh et al., 2016), the most unusual sub-
sequences in the time series. The smallest (tied) values in this vector denote the “locations of the best time 
series motif pair” (Yeh et al., 2016), those sub-sequences that are most similar to each other. All matrix profiles 
created during this research thus far were calculated using the STOMP algorithm (Zhu et al., 2016). All tests 
were run in the R versions of the investigated algorithms. This method was chosen to explore the time series 
data at hand because it delivers no false positives/negatives, is parameter-free and straightforward, is 
incrementally maintainable with new data, and can handle missing data without losing accuracy (Mueen, A. 
2017). Moreover, most time series analysis methods can be applied to a matrix profile and inherit its 
properties, making it an interesting and innovative choice. This matrix profile is used to supplement the 
implementation of Motif Discovery and the FLUSS algorithm, which are explained further below.  
 
Motif Discovery 
Motif discovery is predominantly used for finding repeating patterns within a time series, and more specifically, 
those of the sub-sequences with the smallest Euclidean distance to their nearest neighbour (Mueen, 2017). 
The implemented algorithm extracts the top three motifs in the matrix profile and was conducted on matrix 
profiles of the same time series with sub-sequence sizes of 5, 10, 25, 50 and 100. The aim of implementing this 
algorithm was to find repeating faulty patterns of h2s measurement. 
 
Fast Low-cost Unipotent Semantic Segmentation (FLUSS) 
Also known as “matrix profile segmentation”, this algorithm focuses fundamentally on isolating indexes of the 
matrix profile that lack a significant number of nearest neighbour sub-sequences. In essence, if a subsequence 
has a nearest neighbour that is far away, then this probably means that it is a change point (of some kind) in 
the data (Mueen, 2017). In its real-time version (FLOSS), this algorithm seems to have the best potential for 
catching periods of sensor obstruction the quickest and most accurate as they are happening. 
 

Results and discussion 
Motif Discovery 
Our ongoing research has shown that the R implementation of the algorithm as part of the “tsmp” package 
(Bischoff, 2021) is highly effective at finding the points in time where the obstructions of the sensor begin. We 
believe this to be due to the microclimate created by sanitary solid obstructions leading the sensor to detect 
similarly faulty accelerated rates of H2S increase. The accuracy varies depending on the subsequence size 
selected for the algorithm. However, since the aim is to automate this process, a fixed number of windows 
cannot be established and must instead be determined as a fraction of the total observations in the time series. 

(C) (B) (A) 



15th International Conference on Urban Drainage, Melbourne, October, 2021 

Page 3 

So far the best result detected the first anomaly shortly after it began and the subsequent two anomalies 
almost immediately after they started (Figure 2). The figure shows how the normalised H2S rate of change is 
exactly the same in all three motifs. The Z-normalised Euclidean distances between the paired indexes are 
under 0.1, meaning that the sub-sequences starting at these motif pair indexes are very similar to each other. 
The location and close proximity of all these indexes hint at very specific, commonly shared behaviour among 
obstruction anomalies in particular. This algorithm did an excellent job at separating the anomalous periods 
from average and expected spikes in the measurements; however, it was only tested in an off-line context. 

 
Figure 2: Top 3 motifs discovered by the motif discovery algorithm.  

Fast Low-cost Uni-potent Semantic Segmentation (FLUSS) 
This algorithm did not mark both the beginnings and the ends of our faulty measurements. The FLUSS 
algorithm overlooked the beginning of the anomalous measurements every time and only marked the end of 
these periods a handful of times. Further work is required to determine how and in what way this algorithm 
can detect change points in the context of anomalous H2S measurements. 

 
Conclusion and Future Work  
This research aims to develop an automated approach to correctly recognise faulty measurements in our 
sensor’s data in real-time. While the motif discovery algorithm performed immaculately on our off-line data, 
the FLUSS algorithm could not perform the task. From the literature, the FLUSS algorithm is the most suitable 
for the purposes of this research, so we will focus our efforts on optimising its implementation in the context 
of this project. A future prospect is to compute an incremental Z-normalised matrix profile for streaming data, 
i.e., create a functioning online change point detection algorithm that accurately distinguishes anomalous 
measurements (caused by sanitary solid obstructions or other issues) from the recurring spikes in H2S that are 
normal and expected for sewage systems. 
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