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Abstract—The article is devoted to the solution of the current problem of leaks in pipelines and
minimizing their consequences. A practical experiment of wireless monitoring and control of an
intelligent microgrid prototype was carried out, which was implemented using various communication
protocols based on technical requirements, such as security, data rate, coverage area and program type.
The prototype can be implemented using different communication protocols based on technical
requirements such as security, data rates, coverage area and type of application. This article presents a
methodology for the application of the Smart Water technology to detect water leakage. Analysis of real-
time data has allowed the verification of water balance and the estimation of water losses level in the
network. This data analysis methodology provides the capability to detect the pipe bursts quickly, thereby

reducing the runtime of leakage.

Index Terms—Ultrasonic sensor; humidity sensor; water presence sensor; Blynk; pipeline; leakage

detection; Arduino.

I. INTRODUCTION

The flow of modern life is too fast and there is
usually no time to solve the little things. The
solution to this problem is the so-called "smart
home". The "Smart home" system is a robotic
engineering system capable of controlling the
functionality of the system with the help of sensors.
In the simplest version, the management of
engineering communications is implemented:
heating, ventilation and air conditioning system to
provide the required parameters of the microclimate,
electrical supply, lighting control, security system.
In this article the system of automatic protection
against leaks is considered directly.

Unfortunately, no one is immune from sudden
pipeline ruptures. Reasons for leakage can be many.
For example, this could be a human factor, in the
case when a person forgot to shut off the water
supply, could be a wear and tear of engineering
networks of water supply systems and sanitary
equipment. This may be due to insufficient quality
of plumbing equipment and / or installation work, as
well as leaks may be due to clogged pipes. As
mentioned above, there can be many reasons for
leakage, but the result is always the same, and it is
always completely unwanted.

Therefore, effective detection of leaks,
knowledge of the position of the leak, and
subsequent rehabilitation of the pipe could

potentially save a large amount of water. In addition,
it will save the person a lot of money.

But the water leakage is not just an economical
issue as it is often perceived and presented but it is
also an environmental, sustainability and potentially

a health and safety issue. For example, water
entering electrical appliances or outlets can cause a
short circuit and, in the worst case, a fire. Flood and
fire at the same time is too much, isn't it? And if it
also happened while you sleep, the consequences of
all this and does seem terrible.

There are many different ready-made systems.
Among the ready-made systems can be identified
Neptune, Aqua Control, AquaStop, Gidroblock and
others. Some are wired, some are wireless. Some
more expensive, some cheaper. Advantages and
disadvantages of each of the presented system. As
for the proposed system in this article, it has a
number of advantages. First, different choice of
sensors (ultrasonic, water presence and humidity
sensors). Second, price. In contrast to the above
systems, the cost of the presented is not so great.
Third, reliability, because if one sensor does not
work, then there are two others, which means the
leak will be able to detect and react in time.

II. PROBLEM STATEMENT

The main task of this work is to create, based on
the Arduino electronic platform, a instrument for
notification of unforeseen situations, such as a
leakage or a flood, important data acquisition, then
storing and processing information. Also

1) Determine the structure and parameters of the
future system.

2) Choose a optimal set of technical means.

3) Definition significant caution levels.

4) Determine the reliability of the system.

It is necessary to create this system rely upon
reliability, and the cost level of this system must be
not significant.

© National Aviation University, 2019
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III. PROBLEM SOLUTION

The development of a smart leakage monitoring
system can be divided into two parts which are
software and hardware. The methodology involved
is discussed as follows:

A. Block Diagram

Figure 1 shows the overall block diagram of the
system. Initially, first microcontroller attached with
ultrasonic, water presence and humidity sensor will
detect the leakage level. The data will be send to
Blynk application via wireless connection. The data
also will be display in the Blynk application. At the
same time, the stored data in a CSV database be
converted into excel form, as well as being
transmitted to the microcontroller via Blynk Bridge.
This data will alert the local authority for further
action once the level reaches warning and critical
level which triggers LED.
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Fig. 1.

Using AHM (Analytic hierarchy method) we
obtain the weighs of each sensor in our system
(Table I).

Using the gain values we can prioritize the
importance of our sensors and build the caution
levels of system (Table II).

Block diagram of the system

TABLE 1. THE ANALYTIC HIERARCHY METHOD VALUES
Water presence | Humid. Ultrason. Vector weight Weight
Water presence 1 9 6 3.78 0.76
Humid. 1\9 1 14 0.30 0.06
Ultrason 1\6 4 1 0.87 0.18
sum 4.95 1
TABLE II. THE CAUTION LEVELS OF SYSTEM

Safety level 0—10 pts

Warning level 11-18 pts

Critical level 19-25 pts

Water presence -

+ (in case of activation

++ (in case of activation

15 pts) 15 pts)
Humid. 0-5 6-10 11-25
Ultrason. 0-7 8-15 16-25

B.  Blynk Application, Blynk bridge and Database and
Hardware Schematic Design

In Figure 2, the water level detection process uses
an additional component of an application via a
mobile device. Previously the user must login with
an account that has been created by the server. So it
can login to the application and receive information
provided by the server periodically and quickly. If
the water level reaches the safe threshold point, a
warning will appear immediately to the point of
location. There are details that are accompanied by
tips in certain conditions related to the condition
when reaching a certain status. In this mobile
application added with notification, so without
opening the application the user can know the
condition of the height and speed of water through
the notification received.

In the Figure 3 the measurement device and web
server monitoring are interconnected with wireless
connection using Wi-Fi shield module. In the

process of data transmission or communication
between sensors with the web using HTTP protocol
and this communication occurs in the form of
request and response. To send commands to turn on
leakage warning alarms that exist in residential
areas, the sensor will send a Get-Request command
to the web server, while the web when receiving the
Get-Request command will respond by sending http-
response command. When the water condition is in a
normal state between the sensor and the web is still
connected.

—

Sensor Device

L G

Web Server

Fig. 2. The system design
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Blynk is a platform with IOS and Android
application to control Arduino, Raspberry Pi with
access of Internet. It's a digital dashboard where it
can build a graphic interface for the user by simply
drag and drop the widgets. Blynk bridge is another
way to communicate between two ESP8266
modules or it is ESP8266 to ESP8266
Communication. It can interconnect all its projects
using the cloud Blynk server as a live central
transaction manager. At the same time, the database
also was created in this Blynk application for the
purpose of recording the leakage level sensed by the
ultrasonic and humidity sensor (Fig. 4).
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Fig. 4. The flow of database via Blynk application

Figure 5 shows a schematic diagram for
microcontroller.
Ulirasonic
LEsOT

.
Fig. 5. Schematic diagram for microcontroller

C. Flowchart

From the flowchart in Fig. 6, at microcontroller,
ultrasonic sensor will detect the amount of water;
there will be three states which are level 1, level 2
and level 3. At microcontroller, the data sensed by
the sensor will be display at the Blynk application
reflecting the level indicator as well as the distance.
Once the data being received by the microcontroller,

C‘\

Humidity sensor

when level 1 detected there were nothing happen,
level 2 LED will blink, lastly, at level 3 LED turn
ON — comes the notification on the phone that there
was a leak. If the ball valves equipped with an
electric drive are added to the system, the water will
automatically overlap when the signal is given.

=

Ultrasomie sensor at first ModeMCU wall detect flood

1

Display to LCD. and send dat to Blynk app
wia wireless commnication
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Data from the Blynk app will send to second
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Fig. 6. Flowchart of the system
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IV. RESULT AND DISCUSSION

After setting up the project has been completed, it
was ready to be tested. The measured data were
displays through the Blynk application and it can be
possible to record in database developed in this
Blynk application. This prototype was tested and the
results obtained from the experiment are discussed
below.

A.  Blynk Application

Figure 7 shows the measured data from the
ultrasonic sensor from the microcontroller in Blynk
application platform. There are three mode displays
reflects on the screen of the smart phone using
Blynk application. On the screen, it displayed level
of water either in safety, warning or critical level to
alert the person-in-charge. The congestion of the
water is also displays on the widgets which used
LED as the indicator (green for safety, orange for
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warning and red for critical). The history graph can
be used to track the flood level over the time.

Fig. 7. Blynk application

B.  Database

The database is used to store the data tracked by
the history graph. The data which in a form of CSV
will be converted in excel format as shown in Fig. 8.
All the information is required in order to monitor
the leakage level and for future improvement of the
system.

0 19Z.766.43.162 &

ESPE266 - FLOOD MONITORING

NISTANCE: 11

Fig. 9. Web-server of the system

D. Test Rig
To test the effectiveness and the accuracy of this
prototype, were it has been conducted. This

experiment was conducted in a private house (Fig.10
and Fig.11).

— SHETYLEVEL

WARNING LEVEL
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Fig. 8. The example of history graph of water level
in Blynk application

C. Web-server of Leakage Monitoring System

Figure 9 illustrates the web-server of leakage

monitoring system.

4.00 1494427680 02/16/19 10:48 Fig. 10. The response of water level

4.5 1494427740 | 02/16/19 10:49
5 1494427860 | 02/16/19 10:51
6 1494427980 02/16/19 10:53 25.2 1496474040 02/16/19 15.14
6.6 1494428100 | 02/16/19 10:55 23 1496474160 | 02/16/19 15.16
; 1494423160 | 02/16/19 10,56 20.1 1496474220 02/16/19 15.17

17.7 1496474400 02/16/19 15.20

7.3 1494428220 | 02/16/19 10:57 17.7 1496474580 02/16/19 15.23
8 1494428340 | 02/16/19 10:59 17.7 1496474880 | 02/16/19 15.28
8.6 1494428460 | 02/16/19 11:01 238 1496474940 | 02/16/19 15.29
9 1494428520 | 02/16/19 11:02 20.1 1496475060 02/16/19 15.31
9.8 1494428760 | 02/16/19 11:06 16.64 1496475180 02/16/19 15.33
10 1494428820 | 02/16/19 11:07 20.4 1496475240 02/16/19 15.34

10.8 1494429000 | 02/16/19 11:10 20.5 1496475300 02/16/19 15.35
11 1494429060 | 02/16/19 11:11 238 1496475360 02/16/19 15.36

11.7 1494429300 | 02/16/19 11:15 16.1 1496475420 02/16/19 15.37
12 1494429360 02/16/19 11:16 20.6 1496475480 02/16/19 15.38

12.7 1494429600 | 02/16/19 11:20 25.6 1496475660 | 02/16/19 1541

20.4 1496475900 02/16/19 15.45

13 1494429660 | 02/16/19 11:21 17.9 1496476020 02/16/19 15.47
14 1494429900 | 02/16/19 11:25 227 1496476140 02/16/19 15.49

14.7 1494430140 | 02/16/19 11:29 378 296476200 021619 1550
15 1494430200 | 02/16/19 11:30

15.9 1494430440 | 02/16/19 11:34 Fig. 11. Datalog of notifications about significant levels
16 1494430500 02/16/19 11:35 V CONCLUSION

16.6 1494430600 | 02/16/19 11:30

Currently, leakage monitoring technologies are
expensive, limited in their application, and for the
most part proprietary. Thus, the reality of expensive
and proprietary remote monitoring technologies
holds hostage the viability of corresponding systems
in developing countries. It is arguable that such
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systems can be developed using non-customized
hardware and open source software that can be
obtained and run anywhere in the world.

This project based on the development of a smart
leakage monitoring system using ultrasonic sensor
with microcontroller and Blynk application which
also including humidity sensor.

Refer to above data show that application can be
used as a solution for real time water level
monitoring process along with leakage alert status.
The system also easy to use and the information of
system is very useful for people to prepare any
condition from disaster effect.

By using the Blynk application, the information
can ecasily be accessed by the person-in-charge.
Transmission of information dataflow realized by
wireless connection to Blynk IoT application and
then it stored in own database. Each significant level
of water leakage can by notificated by application.

Krasnikova Katerina. Student.

The database of this system is based on the history
graph in Blynk and also in excel format form.
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K. C. KpacnikoBa, B. O. Konanes, M. II. Bacuienko. Buxopucranuss Arduino B cucTeMi MOHITOPHHIY
NMPOTiKaHb BOAONPOBOAY 3 iHTerpauicio B cepenosuii IoT Blynk

CTaTTIO NPHUCBSYEHO BHPINICHHIO aKTyalbHOI MPOOJeMH TPOTIKaHHS B TPyOONMpoOBOAax Ta MiHIMIi3alil HACIIAKIB.
3anpornoHoBaHO CHCTEMY aBTOMAaTHYHOTO 3aXHUCTY BiJ MPOTiKaHHS, BUKOHaHY Ha 0a3i Arduino i 3 BHKOpPHCTaHHSIM
wiathopmu  Blynk, sk cepemoBuma o0poOku manux. I[IpoBeneHO NPaKTUYHUI EKCIEPHUMEHT Oe3/pOTOBOrO
MOHITOPUHTY Ta KepyBaHHS MPOTOTHIIOM IHTEJIEKTYaJbHOI MIKpOMEpEXKi, SIKHH peati3oBaHO 3 BUKOPUCTAHHSIM Pi3HUX
MIPOTOKOJIIB 3B'sI3KY HA OCHOBI TEXHIYHUX BHMOT, TaKHUX SIK Oe3IeKa, NIBUAKICTh Mepeiadi JaHuX, 30Ha MMOKPHUTTS Ta THIT
nporpamu. AHalli3 JJaHWX Y PEKHUMI PeaNbHOro 4acy JI03BOJISIE TIEPEBIPUTH BOJHMI OajaHC i OLHUTU PIBEHb BTPAT
BomM y Mepexi. Lls meronornorisi ananmizy AaHux 3a0e3lnedye MOXKIMBICTD IIBUAKOIO BHSBJICHHS PO3PUBIB TPyOH, a
OT)KE€ 3MEHIIIYE Yac BUTOKY.

KirouoBi cioBa: ynbTpa3ByKOBHE NaTYMK; MATYUK BOJIOTOCTI; JaTYMK HasBHOCTI Bomu; Blynk; TpyOu; BUSBICHHS
nporikansst; Arduino.
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K. C. KpacnuxoBa, B. A. Konanes, H. IlI. Bacunenko. Ucnosn3oBanue Arduino B cucteMe MOHMTOPUHIA
NMpoTeYKeK Boaonposoaa ¢ uurerpanueii B cpeae IoT Blynk

CraTbs IOCBAIIEHA PEIICHUIO aKTyalIbHON MPOOIEMBI MPOTEKAHUS B TPYOOIIPOBO/IaX U MHUHUMU3AIMU HX TTOCIIE/ICTBHH.
[IpennoxxeHHast cucreMa aBTOMaTHYECKOW 3allMTHI OT MPOTEYEK, BHINONHEHa Ha 0a3e Arduino M ¢ HCHOIH30BAaHHEM
wiathopmbel  Blynk kak cpensl 00paGoTku naHHBIX. [IpoBeleH NPaKTUYECKHH HKCIEPUMEHT OecHpOBOIHOTO
MOHHUTOPHMHIA M YNPAaBJICHHs MMPOTOTHIIOM HMHTEUIEKTYaJbHOH MUKPOCETH, KOTOPBIH peasu30BaH C MCIIOIb30BAaHHEM
Pa3IMYHBIX TPOTOKOJIOB CBSI3W HA OCHOBE TEXHMUYECKHX TpeOOBaHWMH, TaKMX Kak 0€30MacHOCTb, CKOPOCTh Iepeiadn
JIAaHHBIX, 30HA MTOKPBITHS U THIl MPOrpaMMbl. AHAJIN3 JIAaHHBIX B PEKUME PEATbHOIO BPEMEHH IO3BOJISIET MIPOBEPHUTH
BOJHBIA OanaHC M OLEHHWTh YpPOBEHb IOTEPh BOJBI B CETH. JTa METOJOJIOTHS aHajiu3a JaHHBIX O0ecreuuBaeT
BO3MO)KHOCTB OBICTPOTO BBISIBJICHHS Pa3pbiBa TPYObl, TAKUM 00pa30M, YMEHbBIIAET BPEMS BHIIIOHEHUS YTEUKH.
KaroueBbie c1oBa: ynpTpa3ByKoBOH JaTUMK; JATUYUK BIAKHOCTH; IATYUK Hann4us Boasl; Blynk, TpyOsl; oOHapyxeHne
nporedex; Arduino.
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