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I.  INTRODUCTION

The relevance of the topic of the work lies in the fact
that modern companies that manufacture electrical equip-
ment tend to reduce prices for water heating systems, and
consequently, use primitive technologies without using
microprocessor technology [1]. The purpose of the article
is to create system of controlled water heating by using
microprocessor technology. Determine the best imple-
mentation options in efficient control of household water
heating devices based on the Arduino microprocessor
platform.

To achieve the goal, it necessary to accomplish
the following tasks:

e Develop existing methods of researching and
modeling systems for controlled water-heating de-
vices.

o Create a controlled water-heating system.

e Develop software for the water-heating system
and for control its settings.

e Build a system layout and customize all electrical
components.

e Develop mobile software for control system by
smartphone.

1l.  SCHEMATIC DIAGRAM OF THE ELECTRICAL DEVICE

The design of the device begins with the identification
of all the necessary peripheral devices that are used to im-
plement a system of controlled heating of water. The list
of them are:

e potentiometer [2],

e photo resister [3],

e DSI18B20 temperature sensor [4],
e  MPXV5050 pressure sensor [5],

e infrared module [6],

e solid state relay [7],

e engine driver [8],

e servomotor [9],

e  water pump,

e RGB-LED,

e sound module [10],

e LCD 2004 display [11],

e Bluetooth module [12],

e array of clock buttons [13],
e switches; wires to connect.

The peripherals are connected to the microcontroller
Arduino Uno [14] according to the schematic diagram
shown in Figure 1.

1II. CONNECTION OF ELECTRICAL COMPONENTS

It is need to connect them to the breadboard to make
sure the device is working properly. An example of pre-
connecting the clock buttons and potentiometers to
the microcontroller on the motherboard is shown in
Figure 2.
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Fig. 1. Schematic diagram of the principle
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After checking the functionality of the pre-connection
of electrical components, we connect all other peripherals
with each other. A prerequisite is to combine the earth of
each component into a common wire. The Earth synchro-
nizes the peripherals with each other and ensures the cor-
rect operation of the system. The housing layout for
the controlled water heating system is made of PVC
paper. The layout of the device is shown in Figure 3.

e  width —127 mm;
e length - 105 mm;
e height - 35 mm;

e weight-192g.

The outer part of the layout contains the following
elements:

e clock buttons;
e potentiometers;
e switches;

e photoresistor;

e sound module;
e power outlet;

e output for firmware download,

A C ++ program code was developed for the device to
function, which was downloaded to the Arduino Uno
microcontroller via an Arduino IDE compiler, developed
by the same manufacturer - Arduino.cc.

V. THE PRINCIPLE OF OPERATION OF THE DEVICE

The implemented device is able to measure in real
time the water level in 100 ml increments and the temper-
ature in 1 ° C increments. Therefore, first of all, there is
a security system that prohibits the device from operating
when the kettle is disconnected or the level of water in
kettle is less than the minimum level. Using the ability to
measure the level and temperature, the device has the fol-
lowing modes:

1. Water heating to 100 ° C

When the Start button is pressed, the microcontroller
instructs the relay to close and the temperature sensor

~ measures the state of water heating. When the tempera-
~ turereaches 100 ° C, the relay automatically unlocks, thus
~ stopping the water heating process.

2. Water heating to the set temperature.

To set the temperature, use the potentiometer knob to
set the temperature to which the water is to be heated.
Further, when the Set Temp button is pressed, the device
performs all operations as in the first mode, but the heat-
ing process will stop when the temperature sensor locks
the set value on the potentiometer. During this mode,
the potentiometer value can be adjusted to change the set
temperature.

3. Keeping the water temperature at the set point.

To keep the temperature at the setpoint, you must use
the same potentiometer as in the second mode. After set-
ting the temperature value, press the "Hold Temp" clock
button to start the temperature holding mode. When
the set temperature is reached, the heating process stops
until the water temperature is lower than that set on
the potentiometer. You can deactivate this mode by press-
ing the Stop button or switching on another mode.

4. Setting the water level to the set point.

Another potentiometer, which is responsible for
the value of the water level, set the required volume of
water that should be contained in the water heater. With
the “Set Water” button, we start the process of collecting
water. This process stops when the water level reaches
the setpoint. Water installation is only possible when
the unit is present in the system and does not heat
the water.

5. Keeping the water level at the set value.

To maintain the water level, it is necessary to set
the level value on the same potentiometer used in
the fourth mode. When the Hold Water clock button is
pressed, the unit checks the presence of the device in
the system and checks for no water heating at this point
in time. If these conditions are met and the water level in
the unit is less than the set level, the water pump pumps
the water to the setpoint.

6. Emergency stop mode
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Pressing the Stop button stops any of the above
modes. This mode is used to turn off the temperature and
water level hold modes, as well as to stop the water from
heating up or to get water to the unit.

Other technical features of the device:

e You can choose to automatically or manually
control the brightness of the LCD. When select-
ing manual mode, you can adjust the brightness
with a separate potentiometer. When selecting
automatic, the brightness changes according to
the light of the room where the system is
installed.

e The sound module generates messages about
the end of water heating and the setting of
the appropriate water level in the system, as well
as some other system signals.

e The RGB LED informs you of the current system
mode and changes its color from cold blue to
warm red according to the water temperature dur-
ing heating.

VI. DEVELOPING A SOFTWARE ENVIRONMENT
ON A SMARTPHONE TO CONTROL THE DEVICE

Controlled water heating can be controlled via
a mobile application on an Android smartphone [15]. App
Inventor development environment was used to create
the mobile application.

MIT App Inventor is an intuitive visual programming
environment that allows you to create fully functional
applications for smartphones and tablets [16]. Block-
based App Inventor 2 helps build complex applications in
much less time than traditional programming environ-
ments. The MIT App Inventor aims to democratize soft-
ware development by enabling all people to move from
technology consumption to technology creation.

App Inventor uses graphical user interface for pro-
gramming, the visual programming language is very sim-
ilar to Scratch and StarLogo TNG. A compiler that trans-
lates the App Inventor visual block language into an
Android byte code based on the GNU framework for im-
plementing Kawa dynamic languages, which implements
Scheme for the Java (Android) platform. Google using
the Open Blocks Java library, developed by MIT, devel-
oped this software product.

A small team of CSAIL staff and students, led by Pro-
fessor Hal Abelson, support this free online application
development environment, which is used by over 6 mil-
lion registered users

The mobile app graphic design was originally created
in the Designer section. The App Inventor 2 environment
interface is shown in Figure 4.

The code is created in the Blocks section, which uses
block diagrams to program individual graphic design ele-
ments. An example of a block code for an application that
can be controlled by a developed system of controlled
water heating is shown in Figure 5.
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To test the functionality of the application, we create
an APK file that we download to a smartphone and con-
nect to the Bluetooth module of a developed device of the
water heating system. Screen capture from a smartphone
with the validation of the mobile application is shown in
Figure 6.

The principle of operation of the mobile application
completely duplicates the control of the device with
the clock buttons. All information is exchanged via Blue-
tooth. When you open a mobile application, it automati-
cally searches for the device's pre-set IP address [15] and
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connects automatically. The temperature and water level
sliders match the potentiometers on the device. The but-
tons in the application trigger the respective modes of
the device, namely:

e  “Start” - Water heating to 100 ° C;

e “Set Temp” - Water heating to the set tempera-
ture;

e "Hold Temp" - Keep the water temperature at
the set point;

e “Set Water” - Setting the water level to the set
value;

e “Hold Water” - Keeping the water level set;

e "Stop" - Emergency stop mode.

CONCLUSION

The system of controlled water heating by using
microprocessor technology was created. Determined
the best implementation options in efficient control of
household water heating devices based on the Arduino
microprocessor platform. As a result, the efficient control
was developed.
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Kagenpa akycTnyHux Ta MyJIbTEeMEIHHUX EIEKTPOHHUX cUCTeM ames.kpi.ua
HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu
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Abstract—CTaTTs IPUCBSYEHA PO3POOLI CHCTEMU KOHTPOJIbOBAHOI0 HATPiBAHHSA BOJAM BHACJIII0K BUKOPUCTAHHS 32C0-
0iB MmikponponecopHoi TexHiku. HaBeaena Halikpama peaJjizauii B njiani ¢gyHKuioHaIbHOCTI, BAPTOCTI NPHCTPOIO Ta 3ara-
JILHOTO Pe3ybTaTy /151 MOAATLIIOr0 3aCTOCYBAHHS B MOBCSIKIACHHOMY KHUTTIi. A came fK:

- OnpamoBaTH icHyI04i Coco0H A0CJTiIZKeHHsI TA MOJeJIIOBAHHS CHCTeM JJIsl KOHTPOJIbOBAHOT0 HATPiBAHHS BOJH.

- CTBOPHTH CHCTeMY /151 KOHTPOJILOBAHOT0 HATPiBAHHS BOJH.

- Po3poOuTu nporpamue 3ade3neyeHHs 1J1sl CHCTeMH HATPiBaHHSA BO/AM Ta KePYBaHHs HOro HANAIITYBAHb.

- [ToOyayBaTH MaKeT CHCTEMH Ta HAJIAIITYBATH YCi eJIeKTPHYHI KOMIIOHEHTH.

- Po3poOuTH nporpaMue 3a0e3nedeHHs 1151 KepyBaHHSA MaKeTOM 3i cMapT(oHy.

Knrouogi cnosa — cucmema 600san020 onanenns, microprocessor, Arduino, MIT App Inventor.
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