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Abstract

The purpose of the study is to provide rationale and describe the process of designing an
automated system for determining a damage class for sections of a wastewater disposal network using one
of the up-to-date algorithms of data mining. The current stage of development of society requires the
introduction of mathematical methods and mining models and the latest developments in the field of IT
technology, even in such a well-established industry as public utilities. The proposed automated system
provides the user with the opportunity to distribute sections of the network by clusters with the
determination of their centers with the subsequent prioritization of repair work. The paper proposes a new
approach to determining a damage class for sections of a wastewater disposal network using clustering
algorithms with the option of choosing one of two metrics (Manhattan distance and Euclidean metric).
The software component implemented in the Java programming language with the use and within the
operation of the system allows determining by a number of section’s criteria their affiliation with a certain
class with the option of further ranking and prioritization of renovation work. The software is a web
application which, on condition of good Internet connection, can be useful for professionals engaged in
maintaining trouble-free operation of wastewater disposal networks at any time and at any location.

Keywords 1
Damage class, wastewater disposal network sections, clustering, web application

1. Introduction

Among the challenges faced by public utilities in cities and localities across Ukrainian, it is the
issues of ensuring the smooth operation of wastewater disposal networks that head the list [1-3].
Sewer canals, the surfaces of which are constantly exposed to aggressive substances, over time suffer
from typical damage, which results in the failure of certain sections and the occurrence of an
emergency situation. A timely diagnostics of the most vulnerable sections and the network as a whole,
followed by preventive measures to maintain the reliable operation of the system may significantly
reduce the cost of repair in the event of an accident and ensure the provision of quality services to
consumers [4-6].

Automating the processing of survey data about the condition of canals and ranking sections by
the nature and extent of their damage is a relevant task at the moment, which will minimize the
associated labor costs. Involving the latest developments in mathematical modeling, data mining and
IT technology in solving practical problems, in particular in the construction, renovation and
maintenance of complex systems [7-8] is a common practice among modern researchers trying to find
optimum solutions and reduce costs through implementation of high technology [8-10].

The authors of a number of papers [5-10] suggest different approaches to deal with the issue. For
instance, the paper [5] considers the issues of the strategy of selection of potential objects for
rehabilitation of water supply networks based on the analysis of the results of technical diagnostics of
the condition of the sections according to a number of appropriate criteria. In this case, the criteria are
the dynamics of changes in the reliability of particular sections, the presence of external destabilizing
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factors, age, technical condition and repairability of pipelines, likely residual useful life period,
preliminary costs of rehabilitation, the ratio of the actual cost of pipelines to the required costs in case
of their rehabilitation, restrictions on financial costs.

The method and information system proposed in the paper [6] for determining the classification
of the sewer network sections by condition allows determining the condition class of a sewer section,
rating points, and lists of both individual sections and entire sewers that need priority rehabilitation.
Unfortunately though, the effective use of this method requires special training and a high level of
mastery of special software tools, which often does not allow fully applying it in the practice of
planning repair and rehabilitation work.

The information and technical support offered by the authors allows storing the results of the
technical diagnostics of the condition of sections in the data bank and, retrieving, if necessary, the
necessary data on request to evaluate the listed criteria and determine the area of the urban water
supply network or the area with the highest accident rate in pipelines (according to the diameters,
materials and service life selected for analysis) [5, 6].

Attempts made by domestic researchers to assess the condition and elaborate a priority list for
rehabilitation of wastewater disposal network facilities have been quite successful [7-10]. The
information system proposed by the authors allows automating the process of elaborating a list of
priority facilities of a wastewater disposal network to be rehabilitated, and visualizing, based on the
data about the condition of the sewer network, the network section which the user is interested in with
all its appropriate parameters [9].

2. Materials and methods of research

The reviewed studies do not give the unambiguous and general description which would allow
determining the classification of the sewer network sections, being guided by their technical
condition. Therefore, it is of relevance to consider the existing methods for determining the
classification of sewers by condition. Moreover, at the moment there are no automated programs for
determining the damage class using cluster analysis [11-13].

The relevance of the study and the development of a software application based on the study’s
findings are confirmed by the permanent interest of researchers in the issue [1-10] and involve the
need for creating an automated system for determining the damage class of the wastewater disposal
network sections. This application will be useful to specialists in the area of maintenance of trouble-
free operation of the wastewater disposal network and will provide an opportunity to best develop
repair plans based on the analysis of large amounts of information and classification of sections
according to the level of their damage.

The study aims at providing rationale and describing the process of designing an automated
system for determining a damage class for sections of a wastewater disposal network using a
clustering algorithm [14-16]. The automated system is meant to distribute the wastewater disposal
network sections by clusters (with the determination of their centers) with the subsequent
prioritization of repair work [16-17]. The object of research is a software application for the
implementation of clustering algorithms to differentiate sections of the wastewater disposal network
according to the extent of their damage. The subject of research is the technology for implementing
algorithms of analysis for the wastewater disposal network sections with the use of the IntelliJ Idea
integrated development environment tools and Java programming language.

3. Research findings

According to the results of the analysis of the subject area, the input data for the automated
system for determining the damage class of a wastewater disposal network section included the name
of the section and parameters of cross section reduction, cracks, deformation, pipe ruptures,
reinforced concrete corrosion, and the output data included the affiliation of the section with a
particular cluster according to the appropriate parameters of its center. The user is given the
opportunity to initiate, according to the input data, the calculation process, review and download the
data to a file. In the course of loading the input data, the input information is prepared in a certain way
and loaded into the system for further analysis and identification of consistent patterns.



The initiated calculation process activates the data clustering process, during which the user
selects the metrics, the number of clusters and iterations and receives the distribution of sections by
clusters [18-20]. The calculation results in the form of a file with information about each section with
the indication of the damage class, and the coordinates of the centroids of clusters are stored and can
be reviewed at the user’s request and used in the future to make decisions on prioritization of repair
work[20-23].

An activity diagram shows the sequence of actions of the automated system and the division of
sections into clusters (Fig. 1).
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In the course of operation, the system performs the algorithmic and mathematical calculations as
follows:

e Forming a file from the output data;

e  Cluster distribution of sections selected for review using the k-means clustering method

[24-25];

e  Searching for cluster centroids using Euclidean metric [26] and Manhattan metric [27].

To perform data clustering using the k-means clustering method, the number of clusters and the
number of iterations are set automatically. Each object is represented by a sequence of standardized
attributes, i.e. the values of all parameters (attributes) are reduced to the interval [0,100]. In the course
of operation the algorithm of the object is given the cluster to which centroid it appears to be the
nearest. The described operations are performed until the number of operations exceeds the maximum
allowable number. An additional prerequisite to exiting the loop is to reach a state when objects are
no longer assigned to new clusters. At the output of the algorithm, the user is provided with a set of
objects divided into clusters, the centroids of which are equidistant from each other.

The diagram of the classes is shown in Fig. 2
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The classes of the web application are placed in 5 packages, which are responsible for calculations,
configuration, display and application layers, such as Model, Service and Controller (Fig. 4).
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Figured: Batch structure of the application

The following tools were used to create the web application:

e Apache Maven framework, designed to automate the collection of projects based on the
description of their structure in files in the POM (Project Object Model) language;.

e Tomcat open source servlet container, which allows running web applications and contains a
number of self-configuring programs;

o Java TestNG programming language testing system;

e  Library for modular testing of software in Java JUnit and its extension DBUnit;

e A set of Bootstrap tools for creating websites and web applications;

e  Spring Boot Java-based open source environment.

To start working with the web application, the user should go to the main page of the website

(Fig.5).
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In this form, the user can choose the number of clusters, the number of iterations, calculate or not
the centroids, apply the Euclidean or Manhattan metrics. Also, a .txt file with calculation data must be
uploaded.

The uploaded file must contain in the lines the numerical data of the section in terms of 5
parameters (cross section reduction, crack, deformation, pipe rupture, and reinforced concrete
corrosion) and its text name, separated by commas. If any parameter is missing, it is acceptable to
replace it with the number 0.

Clicking the “Calculate” button after uploading the input data will get the result. For ease of
further use and analysis, the data can be presented in tabular form using the Excel program built-in
tools (Fig. 6).

4. Discussion of the findings

The developed automated system is used to determine the damage class for sections of a
wastewater disposal network. The system is based on the main criteria, principles and methodological
tools for classifying potential objects for renovation, which are covered in the research papers [2,3]
and cluster analysis algorithms, the area of application of which is wide enough and discussed in the
papers [11-14].
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1. Conclusions

According to the findings of the study, using the example of well-known automated systems for
determining the damage class for the wastewater disposal network sections, approaches to dealing
with the issue were considered, the subject environment was analyzed and an activity diagram was
plotted, which was the basis for designing an automated system. Based on the analysis of the subject
area, the input and output data for the system were selected; a cluster analysis was chosen as the
method for determining the priority of repair work.

A system has been designed and implemented, the software component of which is a web-
application with client and server parts that automate the determination of the damage class for the
wastewater disposal network sections.

The user is given the opportunity to store the results of calculations in the database and perform
their further processing using spreadsheets. The system was tested and showed high speed of
statistical data processing and 100% accuracy of distribution of sections by clusters on the test
sample. In the future, it is planned to use the designed system for the analysis of sections of a
wastewater disposal network both in real time and for drawing up plans for renovation work.
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