'MIDDLE POMERANIAN SCIENTIFIC SOCIETY OF THE ENVIRONMENT PROTECTION
Q SRODKOWO-POMORSKIE TOWARZYSTWO NAUKOWE OCHRONY SRODOWISKA

Annual Set The Environment Protection
Rocznik Ochrona Srodowiska
Volume/Tom 20. Year/Rok 2018 ISSN 1506-218X 528-537

Assessing the Diameters of Water Pipes Using
the k-Nearest Neighbours Method
in the Calculations of Water Distribution Systems

Jacek Dawidowicz*, Wojciech Kruszynski *,
Dariusz Andraka’, Andrzej Czapczuk™™
"Bialystok University of Technology
“F.B.I. TASBUD S.A., Science and Research Division

1. Introduction

Water distribution systems provide water in cities and in rural ar-
eas. The basic element through which water reaches the consumer are the
water pipes, hence their correct design is extremely important.
The choice of pipe diameter requires hydraulic calculations. Computer
programmes may choose diameters, but usually, it is the designer's task.
The aim of the work is to assess the correctness of the selection of water-
pipe diameters assuming that the flows on the calculated sections have
been determined correctly. This paper proposes a classifier, based on the
k-Nearest Neighbours method, which, on the basis of a reliable flow, will
assess the appropriateness of the diameter chosen. For this paper, calcula-
tions with a steady-state model, were carried out during the maximum
water consumption times of the aforementioned consumers. Flows for
these conditions are the basis for gauging the dimensions of the diameters
of the water supply pipes (Knapik & Bajer 2010, Lansey & Mays 2000).
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2. An overview of the application of artificial intelligence
methods in the design of water distribution systems

The design and calculation of technical objects requires knowl-
edge-based activities that are difficult to describe, using the classical
computational algorithm. Artificial intelligence methods could become
a great support in this type of task. Artificial neural networks, expert sys-
tems and the k-Nearest Neighbours method, or the Support Vector Ma-
chine are worthy of mention here. Computer programmes, used in calcu-
lations, may support the designer in his/her task, to some extent, through
appropriate suggestions and prompts. In this article, the possibility of
using the k- Nearest Neighbours method, to assess the diameters of water
pipes, is analysed. The above method was used to assess pressure losses
during the hydraulic calculations of water distribution systems
(Biedugnis & Czapczuk 2018). In this article, (Oliveira & Boccelli 2017)
the k- Nearest Neighbours method was used to forecast short-term, water
demand periods. The k&-NN approach is a pattern-recognition algorithm,
where the predicted values are directly determined by previous observa-
tions which were most similar.

A review of artificial intelligence methods, in the design and op-
eration of water supply systems, is provided in the article (Czapczuk et
al. 2015). In the calculation of hydraulic water distribution systems, arti-
ficial neural networks are usually used. Suggestions for using them in the
calculations themselves (Czapczuk et al. 2017, Brki¢ & Cojbasié¢ 2016,
Besarati et al. 2015, Bubtiena et al. 2011), in taring simulation models
(Meirelles et al.2017), as well as to evaluate the results of the hydraulic
calculations obtained, (Dawidowicz 2017) are to be found. A method for
estimating the diameter of water pipes using artificial neural networks of
the multilayer perceptron type is presented in the paper (Dawidowicz
2018). One can also cite examples of expert systems used in the design
stage (Dawidowicz 2012) as well as the actual operation (Changa et al.
2011). The application of RBF neural networks for the assessment of the
water flow rate in the pipework is presented in the paper (Czapczuk &
Dawidowicz 2018).
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3. Introduction to the k-Nearest Neighbours Method

The k-Nearest Neighbours algorithm (k-NN) is used to predict the
value of a random variable or classification (Triantaphyllou & Felici
2006). The method belongs to the group of lazy algorithms, that is, those
algorithms which do not form the internal representation of the training
data but look for a solution, only when a test pattern appears. In this
work, the ~-NN method was used to classify the diameter of water pipes.
The task is to classify a new object, based on information as to which
object or objects the new object is adjacent to. An important parameter in
the method, is the value of £, that is, the number of teaching examples in
the immediate environment. In the case of classification, the method
takes into account, the values of most of the examples in the neighbour-
hood, that is, it sets the value of a new example by voting.

Choosing a neighbourhood, that is, the value of the k& parameter, is
essential. With a low & value, there will be a large variation in classifica-
tion. Higher & values allow areas to be divided up, smoothly and noise to
be removed; however, they can also lead to errors in the classification of
rarer patterns. The problem then arises of generalising them, correctly.
On the basis of the analyses, a & value must be chosen to minimise the
likelihood of mis-classification. The k-Nearest Neighbour method pro-
poses an optimal k value, based on the Cross-Check method.
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Fig. 1. Principle of the £-NN method for different neighbourhood values
Rys. 1. Zasada dziatania metody k-NN dla roznych warto$ci sgsiedztwa

If we consider £ = N, where N is the number of all the elements of
the set of teaching patterns, then the result of the classification will al-
ways be determined by the class most-represented in this set of teaching
examples.
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The Euclidean measure is usually used to evaluate the distance
between the points describing the teaching examples:

D(x,p)==+/(x-p) (1)

where:
x — the new case to be classified,
p — one of the teaching cases.

4. Training examples for the assessment of the diameters
of water lines by the k-Nearest Neighbours method

To use the k-Nearest Neighbours method, a set of teaching pat-
terns is required, containing input data which define the object and are
stored in vector X, as well as target values d. This corresponds to the
teaching strategy under supervision.

A set of teaching examples was obtained on the basis of the hy-
draulic calculations of examples of water distribution systems. Diameters
for the pipelines were chosen for conditions of maximum water con-
sumption Qnmax. Hydraulic calculations were made, taking into account
the internal diameters of the pipelines. Each calculation option was
checked and corrected where calculation irregularities appeared. Due to
the large amount of data, a procedure was developed, in order to convert
the results of the calculations of individual segments to an appropriate
format and then to save them as a set of teaching examples.

11961 training examples were obtained containing the input vari-
able in the form of a nominal flow, through water supply line Q., corre-
sponding to the output variable DN, that is, the nominal diameter.
Nominal diameters were adopted as follows:

e DN90, DN110, DN160, DN225 for PE100 polyethylene pipes of the
SDR17 series (EN 12201-2:2011),

e DN250, DN300, DN350, DN400, DN450, DN500 for ductile iron
pipes (EN 545: 2010).

The amalgamated teaching examples have been divided into two
subsets: teaching (75%) and testing (25%). The test group in the teaching
process is not used at all; rather, it is intended for the independent deter-
mination of the accuracy of the A-NN method.
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5. Development of the k-Nearest Neighbours model
to assess the diameter of water pipes

On the basis of the set of teaching examples, a model was con-
structed and the diameters of the water pipes were classified using the k-
Nearest Neighbours method, using various neighbourhood values.

The calculations for the neighbourhood in the scope of k = 1-10
were made in the work. Tables 1-3 summarise the results of the classifica-
tion of the pipe diameters for the neighbourhood, where £k = 1, k = 5 and
k= 10. The Euclidean measure was used to calculate the distance between
teaching examples; the best results are obtained in the vicinity of k= 5.

Detailed classification results are included in the Confusion Ma-
trix. This is a square matrix, in which information, as to which classes the
individual examples actually belong, are given in rows, as well as infor-
mation as to which classes they were classified into, by the classifier, are
given in columns. The diagonal contains examples that were correctly
categorised, while those located beyond the diagonal were classified in-
correctly. At the same time, examples lying beyond the diagonal, point to
those classes which were incorrectly classified.

The matrix of classification errors, established by the k-Nearest
Neighbours method, for neighbourhood & = 5, is shown in Table 4. Analy-
sis of the results indicates the high quality of the classifier, which can se-
lect or assess the diameter of the pipeline, on the basis of the flow.

Table 1. Summary of the results for the classification of k£ = 1, pipe diameters
Tabela 1. Podsumowanie wynikow klasyfikacji srednic rurociggéow dla k = 1

In total Accurate Incorrect |Relevant (%) | Invalid (%)
DN110 651 632 19 97.1 2.9
DN160 456 442 14 96.9 3.1
DN225 383 378 5 98.7 1.3
DN250 365 354 11 97.0 3.0
DN300 304 296 8 97.4 2.6
DN350 326 310 16 95.1 4.9
DN400 204 203 1 99.5 0.5
DN450 200 200 0 100.0 0.0
DN500 101 101 0 100.0 0.0
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Table 2. Summary of the results for the classification of k = 5, pipe diameters
Tabela 2. Podsumowanie wynikow klasyfikacji srednic rurociagébw dlak =5

In total Accurate Incorrect |Relevant (%) | Invalid (%)
DNI110 652 635 17 97.4 2.6
DN160 457 445 12 97.4 2.6
DN225 380 377 3 99.2 0.8
DN250 370 360 10 97.3 2.7
DN300 296 295 1 99.7 03
DN350 323 309 14 95.7 43
DN400 211 207 4 98.1 1.9
DN450 200 200 0 100.0 0.0
DN500 101 101 0 100.0 0.0

Table 3. Summary of the results for the classification of k = 10, pipe diameters
Tabela 3. Podsumowanie wynikow klasyfikacji srednic rurociggéow dla k = 10

Intotal | Accurate | Incorrect |Relevant (%) |Invalid (%)
DN110 651 632 19 97.1 2.9
DN160 461 443 18 96.1 3.9
DN225 381 375 6 98.4 1.6
DN250 364 357 7 98.1 1.9
DN300 300 297 3 99.0 1.0
DN350 315 306 9 97.1 29
DN400 217 212 5 97.7 2.3
DN450 201 200 1 99.5 0.5
DN500 100 100 0 100.0 0.0
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Table 4. Matrix of errors in the test subset for the k = 5 neighbourhood
Tabela 4. Macierz pomytek dla sgsiedztwa k = 5 dla podzbioru testowego

DN | DN | DN | DN | DN | DN | DN | DN | DN

110 | 160 | 225 | 250 | 300 | 350 | 400 | 450 | 500
DNI110 | 635 5 0 0 0 0 0 0 0
DN160 | 17 | 445 0 0 0 0 0 0 0
DN225 0 7 377 1 0 0 0 0 0
DN250 0 0 3 360 0 0 0 0 0
DN300 0 0 0 9 295 3 0 0 0
DN350 0 0 0 0 1 309 4 0 0
DN400 0 0 0 0 0 11 | 207 0 0
DN450 0 0 0 0 0 0 0 200 0
DN500 0 0 0 0 0 0 0 0 101

6. Conclusions

The above method for classifying the diameter of water pipes was
developed for the purposes of calculating hydraulic water distribution
systems. Based on the data from hydraulic calculations, the A~-NN algo-
rithm can evaluate the diameter of the ducts on individually calculated
sections of the water supply network and can then propose an appropriate
value or accept the existing value. The A&~-NN method obtained, shows
a high accuracy index in the classification of the diameters of the pipes in
the £ = 5 neighbourhood. It should be remembered, however, that there
may be cases of incorrect classification, hence the solution should be
treated as an additional tool in the selection or assessment of the diame-
ters adopted. The final decision on the selection of the diameter, is down
to the person performing the calculations.

The method is also quite simple from the point of view of theo-
retical assumptions; this is undoubtedly one of the advantages of this
solution. The method for classifying water pipe diameters may only be
used, however, for the automatic selection of pipe diameters, prior to
undertaking the appropriate hydraulic calculations or evaluating the re-
sults obtained, because the target levels of pressure losses in the pipelines
have not been achieved. Undoubtedly, this kind of module would be an
interesting addition to any computational programme.
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Metoda oceny Srednic przewodow wodociggowych
za pomocg metody k-Najblizszych Sasiadow
w obliczeniach systemow dystrybucji wody

Streszczenie

Systemy dystrybucji wody dostarczajg wode¢ w miastach i na terenach
wiejskich. Podstawowym elementem, przez ktory woda dociera do odbiorcow
sa przewody wodociagowe, stad niezwykle istotne jest ich poprawne zaprojek-
towanie. Dobor $rednic rurociaggéw wymaga przeprowadzenia obliczen hydrau-
licznych. Programy komputerowe moga automatycznie dobiera¢ srednice, ale
najczgsciej zadanie to nalezy do projektanta. Obecnie opracowuje si¢ metody,
ktore wspomagatyby projektantow w realizacji powyzszych zadan. W niniejszej
pracy zaproponowano klasyfikator oparty na metodzie k-Najblizszych Sgsiadow
(k-NN), ktory na podstawie przeptywu miarodajnego Q,, bedzie oceniat po-
prawnos¢ dobranej Srednicy. W tym celu sporzadzono 11961 przyktadow ucza-
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cych zawierajacych zmienng wejSciowa w postaci przeptywu miarodajnego Qp,
oraz odpowiadajaca mu zmienng wyjsciowa zdefiniowang jako $rednica nomi-
nalna DN. Na podstawie zestawu przykladow uczacych skonstruowano klasyfi-
kator za pomoca metody k-Najblizszych Sasiadow, stosujac roézne warto$ci
sasiedztwa. Uzyskana metoda k-NN pokazuje wskaznik wysokiej doktadnosci
w klasyfikacji $rednic rur dla warto$ci sasiedztwa k = 5.

Abstract

Water distribution systems provide water in cities and in rural areas.
The basic element through which water reaches the consumer are the water
pipes, hence their correct design is extremely important. The choice of pipe
diameter requires hydraulic calculations. Computer programmes may choose
diameters, but usually, it is the designer's task. This paper proposes a classifier,
based on the k-Nearest Neighbours method, which, on the basis of a reliable
flow, will assess the appropriateness of the diameter chosen. In the work 11961
training examples were obtained containing the input variable in the form of
a nominal flow, through water supply line Q,,, corresponding to the output vari-
able DN. On the basis of the set of training examples, a model was constructed
and the diameters of the water pipes were classified using the k-Nearest
Neighbours method, using various neighbourhood values. The £-NN method
obtained, shows a high accuracy index in the classification of the diameters of
the pipes in the k = 5 neighbourhood.

Stowa kluczowe:
system dystrybucji wody, obliczenia hydrauliczne, metoda k-Najblizszych
Sasiadow, $rednice rurociggdw

Keywords:
water distribution system, hydraulic calculations, k-Nearest Neighbours Method,
diameters of water pipes
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