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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, Brkić & Ćojbašić 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 k-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 k, 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 k value, there will be a large variation in classifica-
tion. Higher k 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 k 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. 

 

 
Fig. 1. Principle of the k-NN method for different neighbourhood values 
Rys. 1. Zasada działania metody k-NN dla różnych wartości sąsiedztwa 

If we consider k = 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: 

 2),( pxpxD   (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 Qhmax. 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 Qm, corre-
sponding to the output variable DN, that is, the nominal diameter. 
Nominal diameters were adopted as follows: 
 DN90, DN110, DN160, DN225 for PE100 polyethylene pipes of the 

SDR17 series (EN 12201-2:2011), 
 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 k-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 k = 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 wyników klasyfikacji średnic rurociągów 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 wyników klasyfikacji średnic rurociągów dla k = 5 

 In total Accurate Incorrect Relevant (%) Invalid (%) 

DN110 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 0.3 
DN350 323 309 14 95.7 4.3 
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 wyników klasyfikacji średnic rurociągów dla k = 10 

 In total 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 2.9 
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 pomyłek dla sąsiedztwa k = 5 dla podzbioru testowego  

 
DN 
110 

DN 
160 

DN 
225 

DN 
250 

DN 
300 

DN 
350 

DN 
400 

DN 
450 

DN 
500 

DN110 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 k-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 k-NN method obtained, shows 
a high accuracy index in the classification of the diameters of the pipes in 
the k = 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 średnic przewodów wodociągowych 
za pomocą metody k-Najbliższych Sąsiadów  
w obliczeniach systemów dystrybucji wody 

Streszczenie 

Systemy dystrybucji wody dostarczają wodę w miastach i na terenach 
wiejskich. Podstawowym elementem, przez który woda dociera do odbiorców 
są przewody wodociągowe, stąd niezwykle istotne jest ich poprawne zaprojek-
towanie. Dobór średnic rurociągów wymaga przeprowadzenia obliczeń hydrau-
licznych. Programy komputerowe mogą automatycznie dobierać średnice, ale 
najczęściej zadanie to należy do projektanta. Obecnie opracowuje się metody, 
które wspomagałyby projektantów w realizacji powyższych zadań. W niniejszej 
pracy zaproponowano klasyfikator oparty na metodzie k-Najbliższych Sąsiadów 
(k-NN), który na podstawie przepływu miarodajnego Qm będzie oceniał po-
prawność dobranej średnicy. W tym celu sporządzono 11961 przykładów uczą-
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cych zawierających zmienną wejściową w postaci przepływu miarodajnego Qm 
oraz odpowiadającą mu zmienną wyjściową zdefiniowaną jako średnica nomi-
nalna DN. Na podstawie zestawu przykładów uczących skonstruowano klasyfi-
kator za pomocą metody k-Najbliższych Sąsiadów, stosując różne wartości 
sąsiedztwa. Uzyskana metoda k-NN pokazuje wskaźnik wysokiej dokładności 
w klasyfikacji średnic rur dla wartości sąsiedztwa 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 Qm, 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 k-NN method 
obtained, shows a high accuracy index in the classification of the diameters of 
the pipes in the k = 5 neighbourhood. 
 
Słowa kluczowe: 
system dystrybucji wody, obliczenia hydrauliczne, metoda k-Najbliższych  
Sąsiadów, średnice rurociągów 

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [481.890 680.315]
>> setpagedevice


