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Abstract 
This study investigates the use of a multivariate approach, based on Principal Component Analysis 
PCA), as software sensor for fault detection and reconstruction of missing measurements in on-
line monitoring of sewer water quality. The analysis was carried out on a 16-months dataset of five 
commonly available on-line measurements (flow, turbidity, ammonia, conductivity and 
temperature). The results confirmed the great performance of PCA (up to 10 weeks after parameter 
estimation) when estimating a measurement from the combination of the remaining four variables, 
a useful feature in data validation. However, the study also showed a dramatic drop in predictive 
capability of the software sensor when used for reconstructing missing values, with performance 
quickly deteriorating after 1 week since parameter estimation. The software sensor provided better 
results when used to estimate pollutants mainly originated from wastewater sources (such as 
ammonia) than when used for pollutants affected by several processes (such as TSS). Overall, this 
study provides a first insight in the application of multivariate methods for software sensors, 
highlighting drawback and potential development areas. A combination of (i) advanced methods 
for on-line data validation, (ii) frequent parameter estimation, and (iii) automatic method for 
classification of dry/wet periods may provide the needed background for a successful application 
of these software sensors. 
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INTRODUCTION 
On-line sensors for monitoring water quality parameters in sewers are getting increasing attention 
(Campisano et al., 2013). These devices can provide high-temporal resolution information on 
various water quality variables (e.g. turbidity, conductivity, NH4), which can subsequently be used 
to analyse and to elaborate statistics on the pollution loads discharged from the urban drainage 
systems over long time periods (see for example the dataset collected by Metadier and Bertrand-
Krajewski, 2012). Also, the on-line measurements from these sensors can be integrated within 
water-quality based Real Time Control (RTC) strategies, as in the example presented by Lacour and 
Schuetze (2011). These RTC applications require a constant flow of information, i.e. fall-back 
strategies need to be available in case of sensors failure. In this context, surrogate measurements 
can be provided by software sensors, developed for on-line fault detection and data reconstruction 
(Kadlec et al., 2009). 
 
Physical sensors are often affected by malfunctioning, drifting, erroneous readings, etc., and these 
issues affect the quality of the collected information. Procedures for Data Quality Control (DQC) of 
continuous measurements have been developed for on-line monitoring of wastewater treatment 
plants and they are now extended to sewer monitoring (e.g. Alferes et al., 2013). The most 
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Figure 4. Examples of measured (red) and simulated (blue) TSS concentrations for selected 
periods, along with the calculated Absolute Relative Error. The adaptation window is shown in 
grey. Above: the period with the best MARE value. Below: period with the worse performance in 
the dataset. 
 
The results shown in Figure 3 refer to NH4, which is a dissolved component of the wastewater flow, 
i.e. it can be easily be predicted by using a simple dilution approach (see the examples in Langeveld 
et al., 2014 and Sharma et al., 2014). The results obtained for TSS showed also good performances: 
the MARE value were generally 10% higher than those obtained for NH4, but the predicted TSS 
concentrations are still acceptable. Figure 4 shows the periods with the best and the worst MARE: 
overall, the multivariate software sensor approach seems to be suitable to predict water quality 
variables based on a combination of other measurements, i.e. the information carried out by four 
water quality variables is sufficient to calculate a fifth variable with an acceptable error. This result 
suggests that the multivariate software sensor could be used for on-line data validation, extending 
the application of the multivariate approach presented in Alferes et al. (2013), which was applied 
off-line, to on-line settings. 
 
Application in on-line conditions 
Reliability over time. The use of the software sensor in realistic conditions, when the measurement 
is not available and it is interpolated (step 5 in Figure 2), showed an important decrease in the 
performance compared to the off-line case (where the measurement was reconstructed from its 
projection). In the case of block-wise (Figure 5), the MARE medians for ammonia were above 40% 
after 4 weeks since parameter estimation. Similarly to the off-line case, the best median values were 
obtained with shorter adaptation window, with wider windows leading to a more rapid deterioration 
of the software performance. The TSS sensor showed worse performance than the ammonia sensro, 
with median MARE never below 100%.  
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Figure 5. Evolution of median MARE [%] for block-wise adaptation window of different sizes for 
NH4 (left) and TSS (right). Please note the different scales. 
 

 

 
Figure 6. Examples of measured (red) and simulated (blue) NH4 and TSS concentrations, along 
with Absolute Relative Error [%]. Measurements collected by autosampler  are shown by red 
circles. The adaptation block-window is shown in grey. 
 
The rapid degradations of the software sensor are exemplified in Figure 6: for both ammonia and 
TSS the error significantly increases compared to the calibration period, exceeding 100% about 5-7 
days after the parameter estimation for NH4 and 2-3 days for TSS. This suggest a poor predictive 
ability for this approach for the particulate pollutant. Overall, it can be concluded that both software 
sensors are not capable of providing reliable results for periods of time greater than one week after 
the parameter estimation. 








