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Abstract

Objective: Today, Internet of Things (IoT) technology has a significant impact on overcoming the
challenges of water loss. The IoT also helps the reducing of these challenges. This study aims to show
how can by reducing the water working pressure, water saving happened through IoT.

Methods: In this work, water loss in the distribution network was investigated for smart water. Smart
water systems can be achieved by advanced pressure management. The water pressure changes during
the day and night can lead to water losses. In this work, the network pressure variations were recorded
by IoT through geospatial modeling. The difference between the present work and the previous works
was the emphasis on advanced techniques including networked sensors, remote sensing, geographic
information systems (GIS), and the [oT. The pressure changes analysis was carried out by WaterGEMS
software and ArcGIS-ArcMap software.

Results: The results showed the average water saving in 6 days after the completion of the work.
The water saving was reported as 527.66m’ per day equivalent to 1.22L/h noticeably more than half
41.83% of the water which was stored during the time of extra pressure. It happened especially from
4:00 midnight to 6:00 a.m. when Minimum Night Flow decreased to 405 cubic meters per hour.

Conclusion: The amount of water entrance to the network and the saving percentage were assumed as
dependent and independent variables for regression analysis. The results showed the power function
had a suitable correlation due to the scatter diagram and P-value.
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1 INTRODUCTION

Due to population growth, expansion of industry,
improvement of health and public welfare and water
consumption in the world, the amount of renewable
water resources per capita is decreasing. Based on these
reasons, it is necessary to use water facilities based on
new methods. Consumption management brings proper
performance, useful production and cost reduction. The
implementation of consumption management along
with pressure management in the water industry reduces
water consumption and water loss. Water losses are
considered as non-revenue water (NRW). The benefits
of implementing the pressure management project in
the context of geographic information system (GIS) in
district metering area (DMA) can be summarized as
follows!

e Reduction in urban water losses.

e Setting the consumption pattern of consumers.

e Providing the required pressure at different hours.

e Reduction in accidents.

e Avoiding excess pressure in the network during low
consumption hours.

1.1 Why GIS?

The water and energy saving is one of the priorities
of the water industry management, which is considered
based on the intelligent exploitation method. During
their useful life, water facilities should have proper
function, useful efficiency and minimum cost. The
purpose of operation is the proper use of equipment
within the range of their useful life. Due to the large
amount of operational information, by updating the
facility map information in GIS format, different data
can be extracted from it in minimum time. First, maps
of urban facilities should be scanned, edited and layered.
In addition, it is necessary to reflect the subsequent
changes on these maps so that they do not lose their
effectiveness over time. A strong and efficient database
of facilities as the main server can solve many problems.
If the information about the facilities is only in the
memory of professional people, it will be out of reach
of the system with the passage of time. GIS is not just
a software, but a science that categorizes and places
geographic information and urban planning by different
software. This science has also found its place in urban
science and is used by urban science specialists and city
planners. Today, water pressure management is one of
the most important topics to be considered in order to
save water and energy.

The criteria for selecting a region with the potential to
implement a pressure management project in the context
of GIS include the following items™"":

e Choosing an area with a large height difference.

e The necessity of installing a pressure relief valve to
adjust the pressure.
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e Control the water entrance and exit of the desired
area.

e A reservoir and pressure zone cover the area.

e The amount of flow at the entry and exit points can
be measured.

e [nstallation of data logger for remote reading of
pressure in the form of Internet of Things (IoT).

® Preparation of GIS to make it ready for the imple-
mentation of the pressure management project.

1.2 Whatis IoT?

The IoT includes any device that can be turned on
and off with a switch and connected to the Internet.
The IoT includes equipment that connects information
through the internet and establishes good and complete
communication between them. The very important
thing about this technology is that the history of the IoT
goes back to the last few years and it does not have a
very long history. Since the telegraph was developed
in the 1830s and 1840s, machines have been able to
communicate directly with each other.

The first radio transmission known as the “wireless
telegraph” was produced on June 3, 1900, providing the
necessary components for the development of the IoT.
This continued with the development of computers in
the 1950s. In reviewing the history of the IoT, it should
be noted that the development of the internet itself is a
very important part of the history of the IoT technology.
The internet first started working in 1962 and was
officially introduced to the world in 1969. It was not
until the 1980s that commercial service providers began
supporting public use of the technology, allowing it to
evolve into the modern internet of today. Satellites and
fixed lines provided the initial communication in the [oT
platform in today’s form.

In addition, global positioning system (GPS) satellites
became a reality in early 1993, providing a stable and
highly functional system and providing today’s internet.
In addition, by placing commercial satellites with private
properties, the internet began to grow faster than usual,
providing a very suitable platform for the IoT.

Kevin Ashton was the first to introduce the term [oT.
He believed that Radio Frequency Identification is a
prerequisite for the IoT, and this theme has been repeated
many times throughout the history of the IoT. He
believed that if all devices were tagged, computers could
manage, track and control them. Today, to a large extent,
this labeling operation can be done using technologies
such as digital watermarks, barcodes, and QR codes.

In 2002, the first technology in the field of IoT was

produced. This product was actually a smart doorbell
that provided a great example of the IoT. This success
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happened in 2011 and it can be considered as the first
version of modern IoT products. Throughout the history
of the 10T, we find many interesting uses of it. Smart
cities can be considered one of the biggest demands in
the world of IoT. It was in 2012 that the Swiss Federal
Energy Administration started a pilot program called
Smart City, which attempted to use IoT technologies to
control a city. Traffic monitoring, weather monitoring,
smart transportation, and smart parking were among the
important features of this city.

1.3 Industrial IoT and GIS for Smart Water System

In the 10T, especially in the type of Industrial IoT,
smart actuators and sensors are used for industrial
applications. The purpose of using the Internet of
Industrial Things is to improve the efficiency of
industries ™"

The use of IoT in the water industry helps to save
costs due to water loss through the implementation of
the pressure management project. In general, the water
industry has always faced many pressure management
challenges since the distant past and has been looking for
effective solutions to overcome these challenges. Among
the most important challenges, the following items can
be mentioned":

e Determining the functional index of water loss.

e Estimating the effectiveness of implementing pressure
management plans.

e Providing solutions to the implementation of the
consumption management.

e Action plan design for pressure control management.

e Investigating the effect of pressure control on con-
sumption.

e Determining the pattern for reducing field leakage by
water facility accident control.

e Analysis of pressure changes by WaterGEMS and
ArcGIS-ArcMap software.

2 MATERIALS AND METHODS

The performance of the distribution network should
be investigated by the hydraulic model. Today, the
model calibration is dependent on flow and pressure
measurement based on GIS. The GIS is used as a
powerful tool for querying, layering, recording, and
intercommunication geospatial data. The internet
helps in collecting information related to water system
activities. The information on the internet is recorded
by humans. Humans are very slow in real-world data
collection and recording on the computer. The IoT and
GIS technologies help to collect and record information
with the highest level of accuracy and in the least time
in comparison with human activity. In the management
of the water distribution network, the internet plays an
important role. Based on these reasons, the purposes of
implementing smart pressure management in this work
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were as the following items:
e Measurement of operational performance.
e Reduce system downtime.
e Reduction of operating costs.
e Save water and energy.

This work was conducted in 2016 regarding the
intelligent pressure management of a water distribution
network in a mountain site. The main source of water
was the spring. Water was transmitted from the spring
to the main reservoir of the distribution network. Based
on the variation of the elevation code of the water
distribution base, three independent pressure zones
formed the distribution network. In this method, the
water distribution can be configured by main a reservoir
and many independent pressure zones. In the present
work, each independent pressure zone was connected by
a transmission line directly to the discharge line of the
main reservoir. Each independent pressure zone had an
independent reservoir exposed to atmospheric pressure.
Each of the independent reservoirs simultaneously fed
its water distribution network without any connection
to the downstream pressure zone. The independent
pressure zones were equipped with a control valve and
relief valve in appropriate georeferenced coordinates.
The pressure and flow data were monitored and detected
by remote sensing (RS) and the IoT. These data were
transmitted to the control unit of the water system. The
scaled model was investigated based on the GIS.

2.1 IoT and GIS Ready

The experiences of other researchers in water pressure
management indicate that any change in network pressure
should not exceed the standard schedule and satisfaction
of water consumers"”'”. The ToT and GIS Ready make
possible compliance with the standard schedule. The
spatial data and non-spatial data queries for making GIS
Ready should be provided. The data queries include
all facilities of water systems such as pressure pipes,
relief valves, shut-off valves, air valves, butterfly valves,
pressure maintaining valves, fire hydrant valves, one-
way valves, pumps and reservoirs. In this work, first of
all, maps were implemented for water features in the GIS
Ready process. The hydraulic analysis of the network
parameters such as pressure and speed were also checked.
With online access to the flow and pressure drop in the
pipes, the output pressure of the pumps, and the water
level in the reservoirs were recorded. The entrance water
flow was investigated for saving the water level of the
main water reservoirs. These procedures led to reducing
the water pressure entering the water distribution network.
By reducing the water working pressure, water saving
happened through consumption management.

2.2 Research Tools
In this work, a pressure control project was carried
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out by using networked sensors, data loggers, advanced
modems, GIS, RS, and IoT. The pressure variations and
pipe breakage were investigated through the hydraulic
model based on ArcGIS-ArcMap and WaterGEMS
software.

2.3 Regression Analysis

The regression analysis was used as a quantitative
research method to study, model, and analyze the
relationship between variables. These relationships
included a dependent variable and one or more
independent variables. This quantitative method was used
to test the nature of the relationship between a dependent
variable and one or more independent variables.

The basic form of regression models included unknown
parameters [, independent variables X, and dependent
variable Y. The regression model specified the relationship
between the dependent variable Y and the functional
combination of independent variables X and unknown
parameters f3 (1):

Y =f(XpB) (1)

Regression Equation (1) was used to predict y values.
For the regression equation formula, the following
function was derived (2):

y=a+bx(2)

2.4 Curve Fitting

Curve fitting is the process of finding equations to
approximate straight lines and curves that best fit a set
of data. The most common method for fitting curves
to data using linear regression involves polynomial
terms, such as squared or cubic predictors. This linear
regression fit shows the suitability of using a line to
fit a curvilinear relationship. In regression analysis,
curve fitting is the process of determining the model
that provides the best fit for specific curves in a data
set. Curvilinear relationships between variables are
not as easy to fit and interpret as linear relationships.
Often the relationship between two variables appears
as a straight line. However, not all data have a linear
relationship and the model must fit the curves in the data.
Logarithmic function forms can be very powerful. Many
combinations cannot be detailed in this work. For data
that flattens as the prediction curve increases, a semi-
logarithmic model of the corresponding prediction can
be appropriate. Nonlinear regression can be a powerful
alternative to linear regression because it provides the
most flexible curve performance. Thus, the nonlinear
function can be found that best fits the particular curve
in the research data. In this work, the regression model
for the parameters of the water flow entering the network
and the water saving percentage were examined during
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the curve fitting process with an independent variable (3):

Q=fB

Q - Independent variable: saving percentage.
S - Dependent variable: volume of water entering the
network (cubic meters).

The regression analysis of the scatterplot and the
fitting of the curves for the volume of water entering the
network and the percentage of savings were checked.

3 RESULTS AND DISCUSSION

In the target area, the range of DMA included 1670
water consumers. The city’s distribution network was
fed by a water transmission system through spring.
Water entered the distribution network by the main
reservoir, and intermediate reservoirs in compliance with
pressure control valves installed on the main pipeline.
Network pressure changes were recorded by data loggers
and modems related to sensors, advanced modems, data
loggers, and IoT (Figure 1).

In three independent DMA based on the maps in CAD
and SCAN format separately, the DMA implementation
was determined. Then, for the CAD and scanned maps,
the GPS coordinates of two points were taken from
the pilot. After preparing the Shapefile, all the maps
were georeferenced and the spatial and non-spatial data
queries and fields were created. Based on the results
of the hydraulic analysis in WaterGEMS software and
ArcGIS - ArcMap software and according to the remote
reading data by flowmeters and pressure gauges, the
scaled network model was calibrated with the hydraulic
analysis model. The city’s water distribution network
includes the main reservoir, and intermediate reservoirs
in the division of networks. The main source of water
supply in this work included spring outside the city. The
spring water directly entered the distribution network.
The results showed the minimum night pressure, the
value of pressure reduction, and consumption saving
were affected by the following items!*"":

e Checking and measuring the flow after installing
the pressure controller in DMA and comparing it with
the time before installation.

® Analysis by WaterGEMS software and ArcGIS-
ArcMap software.

3.1 Operational Process and Research Results

In the operational process all valves were checked
on the border of the DMA and the correctness of their
performance was checked. Then by installing advanced
modems, data loggers, and networked sensors, pressure
curves were provided at different hours of the day and
night. The installation locations of advanced modems,
data loggers, and networked sensors were selected based
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Figure 1. Smart water system-control system of DMA by
advanced modems, data loggers, RS & loT.

on the network analysis. The installation position of
advanced modems, data loggers, and network sensors
was recorded in the field of each complication in the
GIS software (Table 1). The location of the recorded
information indicated the existence of an area with a
pressure drop equal to 23m during peak consumption.
Although the pressure in the other parts of the DMA
isolated area was more than 34m. The pressure drop of
the mentioned area fluctuated from 34m to 10m with a
range of 24m during the night. Due to the installation
of the data loggers in the DMA, this area was declared
as one of the suitable areas for investigation. Pressure
curves were drawn based on the data received from
networked pressure sensors in compliance with the GIS
platform (Figure 2).

The average Minimum Night Flow was recorded
at about 87 cubic meters per hour. Then, to check the
pressure control system, a pressure relief valve was
installed in the area, and consumption regulation started
through pressure control. The changes in the flow rate
entering the network before and after the operation of the
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pressure control project, based on the data received from
the remote reading flowmeters, in the form of volume
and percentage of water saved, are given in (Tables 2-3).

The regression analysis includes the scatter diagram
and curve fitting for the volume of water entering the
network and the saving percentage showed a good
correlation between the data of the dependent variable
(volume of water entering the network) and the
independent variable (saving percentage) (Figure 3).
The amount of water loss was investigated according
to pressure changes during the day and night. In the
midnight hours, when the consumption of consumers
was reduced to a minimum level, the water working
pressure increased. This increased pressure caused the
network to experience additional load (shock load).
The results showed that the average saving in water
consumption in the 6 days after the completion of the
work was 527.66 cubic meters per day. This amount
was significantly more than half of the 41.83% of water
during the time of additional pressure, especially at 4:00
p.m. It was from 4:00 midnight to 6:00 a.m. The result
showed the reduction of NRW and saving the drinking
water.

Based on the regression analysis and experimental
results, if the P-value is less than the significant value, it
can be shown that if there is no acceptable relationship
between the manipulated variables, the probability of
experimental results will be very low.

In this work, the P-value values for two variables (the
amount of water entering the network and the saving
percentage) were as follows (Table 4).

(1) P-value for the volume of water entering the
network:
e The value of P was equal to 0.1.

(2) P-value for saving percentage:
e The value of P was equal to 0.955.

According to the P-value and the scatter diagram for
the volume of water entering the network and the saving
percentage, and according to the functions resulting
from curve fitting (Figure 3) in the modeling process, the
Power function had a suitable correlation (4):

y = 695.417x%143 (4)

4 CONCLUSION

In this work, the amount of water loss was investigated
according to pressure changes during the day and night. In
the midnight hours, when the consumption of consumers
was reduced to a minimum, the water working pressure
was increased. This increased pressure caused shock
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Table 1. Network Analysis by ArcGIS-ArcMap and WaterGEMS Software; Field Data

ID Label Start Node End Node
30 pipes-804 J-1 J-2
33 pipes-1792 J-3 J-4
36 pipes-641 J-5 J-6
39 pipes-548 J-7 J-8
42 pipes-543 J-9 J-10
45 pipes-643 J-11 J-12
48 pipes-546 J-13 J-14
51 pipes-257 J-15 J-16
54 pipes-1206 J-17 J-18
57 pipes-863 J-19 J-20
60 pipes-920 J-21 J-22
63 pipes-384 J-23 J-24
66 pipes-1802 J-25 J-26
69 pipes-402 J-27 J-28
72 pipes-926 J-29 J-30
75 pipes-837 J-31 J-32
78 pipes-1575 J-33 J-34
81 pipes-785 J-35 J-36
84 pipes-1804 J-37 J-38
87 pipes-1283 J-39 J-40
90 pipes-705 J-41 J-42
93 pipes-1217 J-43 J-44
96 pipes-1384 J-45 J-46
99 pipes-481 J-47 J-48
102 pipes-1448 J-49 J-50
105 pipes-1803 J-51 J-14
107 pipes-1315 J-52 J-53
110 pipes-1487 J-54 J-55
113 pipes-486 J-56 J-57
116 pipes-970 J-58 J-59
119 pipes-708 J-60 J-61
122 pipes-248 J-62 J-63
125 pipes-473 J-64 J-65
128 pipes-265 J-66 J-67
131 pipes-680 J-68 J-69
134 pipes-1694 J-70 J-71
137 pipes-1260 J-72 J-73
140 pipes-256 J-74 J-15

waves and the network experienced additional load. The
implementation of a smart pressure management project
by IoT and GIS in this work showed saving in drinking
water. The results showed that the average saving in
water consumption in 6 days after the completion of the
work was reported to be 527.66 cubic meters per day.
It was significantly more than half of 41.83% of water
at the time of additional pressure, especially from 4:00
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midnight to 6:00 am. The result of this work showed the
saving of drinking water. The comparison of the results
before and after the implementation of the work led to
the profitability of the project as follows:

e Night discharge decreased to 405 cubic meters per
hour, which was equivalent to 1.22L/h. Therefore, excess
pressure at critical points was removed.

e The average saving in water consumption in 6 days

J Mod Ind Manuf2023; 2: 5
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Figure 2. Nodes of network - Network analysis by ArcGIS-ArcMap and WaterGEMS software.

Table 2. Hourly Flow Rate Changes Table 3. Water Saving Due to the Pressure Control
Project
Date Total Flow Date Total Flow
(m?3) (m?3) Day Saving (m?) Saving (%)
2017/7/15 1500 2017/7/22 901 Friday 599 39
2017/7/16 1464 2017/7/23 890 Saturday 574 39
2017/7/17 1231 2017/7/24 743 Sunday 988 80
2017/7/18 981 2017/7/25 779 Monday 202 20
2017/7/19 992 2017/7/26 699 Tuesday 293 29
2017/7/20 998 2017/7/27 488 Wednesday 510 51

Total flow (m3)
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Figure 3. Curve estimation - Curve fitting for dependent variable (volume of water entering the network) and independent
variable (saving percentage).
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Table 4. Statistics Test Based on the Regression
Analysis and Experimental Results

Saving Water (%) Total Flow (m®) Parameters
0.667 0 Chi-Square
4 5 df

0.955 1 Asymp. Sig.

after the completion of the project was 527.66 cubic
meters per day, which noticeably saved more than half
of the water, 41.83%, during the time of extra pressure
(especially from 4:00. at midnight to 6:00 a.m.).

e Communication between the GIS, RS, and the
10T for rapid exchange and registration of pressure data
changes in the distribution network.

According to the functions of IoT, suggestions were
made to compensate for the deficiencies in the present
work. This work led to the following suggestions for
future research to improve modeling to evaluate pressure
changes in the water distribution network:

e Definition of conceptual modeling to predict pressure
and flow changes in the distribution network.

e Improving the quality of RS facilities equipped with
data loggers, IoT, and the communication process between
the georeferenced database.

e Definition of Relationship class for water system
complications to achieve an intelligent method to access
leakage points in the calibration process of the distribution
network.
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DMA, District metering area
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0T, Internet of Things
NRW, Non-revenue water
RS, Remote sensing
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