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ABSTRACT
The drinking water network of Aigües del Ter-Llobregat (ATLL) has applied a
methodology to obtain a reliable data. The methodology is based on a first
phase to validate the data with six levels and a second phase that they analysis
and reconstruct the non-validate data.

INTRODUCTION
Every day, the telecontrol system supervised the whole network status. This
process needs accurate and reliable sensors data. If we work with a wrong
data, we do not able to control efficiently the network and we can not detect the
anomalous situations as faults or leakages. So, we need to analyzes the
received data and validate. If the data is non-validate, we have to replace by
well forecast.
The most important information, in a drinking water network, is captured by flowmeters.
The flowmeters measures the water consumption of the several towns and the
introduced water in the network. The flow analysis is used to differentiate the correct and
the wrong data. Moreover, the analysis is used to estimate the wrong data and their
confidence intervals. Anyway, the method needs to know the other sensors values of the
network, as valve position, pumps status and levels tank, to correlate with the flow. This
methodology is been applied in the drinking water of Aigües del Ter-Llobregat (ATLL)

(

Figure 1).
Recorded data quality is a basic requirement to determine the efficiency of a
water network and further to assess the non revenue water (A.Lambert, 2003)
and its components of real and apparent water loss of the network.
The analysis of the data quality recorded by the supervision system is a basic
task to discriminate between correct and erroneous (or questionable) data. This
task allows not only to detect an incorrect or questionable data but also to
ignore and to replace it by a good estimation in order to maintain a complete
and reliable data base of the network.

Figure 1: ATLL drinking water network.

The proposed method to detect the quality of the data apply until 6 level of
tests, following the same principles of the Spanish UNE norm 500540 (UNE,
2004) used to analyse the data quality of meteorological stations.

METHODS
The proposed methodology is divided in two phases: validation and
reconstruction. The procedure is added between the on-line database and the
historical database (Figure 2). So, the procedure only affects the historical data
and this validate data are going to make a better historical analysis.

Figure 2: The data capture diagram.

The validation methodology is inspirited in the AENOR-UNE norm 500540. The
methodology consist in associate each data a quality restrictive level. The
progressive quality levels are represented in Figure 3.

Figure 3: Validation levels.

An explation of each level are:
•

Level 0: this level takes into account simply if the data is recorded or not in
the case than the supervised system expect to collect data at a fixed
sampling time (problems in the sensor or in the communication system).

•

Level 1: The limits level checks that the data are inside the physical range.
For example, the maximum values expected of the flowmeters will be
determined by a simple analysis of the flow capacity limit of the pipes.

•

Level 2: The tend level will take into account the time changes of the data in
two or more sampling times. For example, the data of the level sensors in a
tank cannot change more than several cm by minute in a real tank.

•

Level 3: The models level is a multilevel and it checks three parallel models:
o Valve: the valve model takes into account the possible correlation
existing between the flow and the opening valve in the same pipe.
o Time series: This model take into account the time series of the data
(Blanch, 2009) of each variable. For example, analysing the historic
data of the flows in a pipe a time series model can be derived and the
output of the model is used to compare and to validate the recorded
data.
o Father-Son: the Father-Son model checks the correlation models
(Quevedo, 2009) between historical data of the same sensors located
in different but near local stations. For example, the data of the
flowmeters located in different points of the same pipe in a transport
water network allows checking the reliability of the sensor set.

We develop logical method to invalidate the data in the level 3. This logic
method detect the invalidate data from the result of the three models. Aside, the
Father-Son model is very useful not only to detect problems in the data of the
sensors but also to detect leakages in the pipe and to compute the balance of
the sectors in a transport network.
Once the data pass all the test levels if the system detects misbehaviour, the
next step is to isolate the fault combining the previous tests. For instance, if the
three tests detect misbehaviour in a set of two flowmeters, the system analyzes
the historical data and other features of both flowmeters to isolate the origin of
the problem.
And finally, the proposed method includes a reconstruction task of the
erroneous data in order to complete the data base with estimated values to
replace the bad data. For this task, the outputs of the derived models of the
level three are very useful as reconstructed data.

EXAMPLE
The proposed methodology is applied in a studied zone of the drinking water
network of ATLL. We present one pipe of this studied zone. This pipe contains
two flowmeters (H4FT07901 and H4FT00301) and one valve (H4MV07904).
The Figure 4 presents a pipe diagram.

Figure 4: Studied pipe diagram.

The Figure 5 presents a raw data of one day for both flowmeters. It can be
observed, the major part of the day, which the two flows are equal. But there
are two hours that they do not measure the same.

Figure 5: Initial data for the two flowmeters.

When the procedure analysis the data, it detects this two hours as invalidate
data. The hour 10h is invalidate in the level 3 (models) and for the both
flowmeters. The hour 20 for the H4FT007901 only pass the level 0
(communications) and for the H4FT00301 pass the whole levels.
The reconstruction is the mean of the three estimations (valve, time series and
Father-Son):
H4FT00301(20h) = 1/3·0.9262 + 1/3·0+1/3·0 = 0.3087329 m3
Before to reconstruct the 11h, the procedure has identificated which flowmeter
is the invalid. The procedure checks that the H4FT00301 is coherent with the
models of valve and the time series. So, the invalidate flowmeter is H4FT07901
and their reconstructed data is:
H4FT07901(10h) = 1/3·35.0637+1/3·31.2414+1/3·30 = 32.1017m3
The validate data with the reconstructed data is presented in Figure 6.

Figure 6: Validate data.

CONCLUSIONS
In this paper, we present a methodology to validate and reconstruct incoming
water network data. At the present, this procedure is running over an
experimental DMA in ATLL drinking water network with satisfactory results.
The proposed methodology is able to detect non-valid data and propose a good
reconstruction. The best properties are that the procedure only needs
information from the database and the test levels are simple to verify. The major
problem is that the validation and reconstruction is based on other sensors. So,
these sensors also need to be validated.
The proposed methodology can be applied to other similar network in an easy
way. Also, this methodology is able to apply in other types. It is only required to
modify the parameters and change the valve model for other sensors models.
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