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Abstract: This article develops the principles of building 
an intelligent home microprocessor subsystem to control 
the multi-channel irrigation of houseplants. The relevance 
of this topic has also been substantiated. Currently, there is 
a small number of devices in demand with a comfortable 
user interface and timer, which allows to adjust the 
watering at any time of day. The advantages over other 
available analogs and the need to create a customized 
system have been investigated. The developed structural-
schematic diagram of the irrigation control system of 
houseplants based on the Arduino Nano microcontroller 
and a diagram of the algorithm of the subsystem has been 
proposed and given. As a result, there has been an example 
of the development of a subsystem that aims to improve 
and simplify the care of houseplants, which will save time 
and water resources. 

Index Terms: Computer System, Smart Home, Multi-
channel Watering, Microprocessor. 

INTRODUCTION 
Modern development of science and technology 

allows to automate and improve life in many areas of 
human activity, including in everyday life. Today, many 
devices save time and make people's lives at home and at 
work more comfortable, convenient, and cheaper. 
Houseplants are in almost every home. In this case, the 
condition of houseplants depends on timely watering and 
care. The main thing that plants need during your 
absence - water. Automatic watering systems are 
indispensable if the plants need to live independently for 
three weeks or more. The system of automatic watering 
of houseplants allows to provide various plants with 
water in time, to save both time, and water resources, 
however care of plants relates to difficulties of a choice 
of an optimum mode of watering. Thus, the need to 
develop intelligent irrigation systems determines the 
relevance of this work. 

Currently, many automatic irrigation systems 
have many disadvantages, some do not save water well, 
while others use soil moisture sensors, which quickly 
oxidize and become unusable. Also, irrigation canals 
cannot supply water separately for each plant [1]. In 
smart home systems, built-in automatic watering systems 

for houseplants are rare, because these systems are 
usually made for cultivated plants [2]. Other smart home 
systems are installed in large homes, and they are not 
quite suitable for small spaces [3]. Before developing 
such systems, it is also necessary to investigate the 
conditions under which the system will exist, namely 
humidity, temperature and other indicators. convenient 
for plants in the room or the house [4]. 

The design of the new subsystem includes soft-
ware development [5], structural study of the microcont-
roller to be used [6] and its interaction with other sensors 
[7]. It is also necessary to provide a user interface to 
adjust each plant's specific channels and watering time 
[8]. Furthermore, it is important to investigate the best 
connection of this interface to the microcontroller [9] 
and control channels that should exist independently, as 
well as to explore the most comfortable input device for 
future subsystem [11,12]. Such devices may be used as a 
unit in cyber-physical systems [13, 14]. 

A review of literature sources creates the 
relevance and feasibility of research on the development 
of a subsystem of automatic irrigation of houseplants 

STATE OF THE PROBLEM 
Most systems of automatic watering of house-

plants have the following disadvantages: 
· there is no possibility to adjust the water 

supply to each houseplant separately; 
· lack of a convenient interface, where each 

houseplant is identified and the amount of water and the 
period of supply are indicated; 

· not all systems are well enough suitable for 
small houseplants; 

· high cost. 
Many other systems use a humidity sensor, which 

causes inconvenience when a large number of plants, 
because it must be placed in the soil of each dew. Also, 
the sensors are rapidly oxidized in plants that require 
excessive watering, which leads to improper operation 
[1]. 
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This work is devoted to the development of a 
subsystem of a smart home automatic watering of 
houseplants, which allows for timely watering of plants 
in accordance with the specified parameters. 

FORMULATION OF THE PROBLEM 
The paper is aimed at developing a subsystem of 

an intelligent home automatic watering of houseplants, 
which allows to water plants in time following particular 
parameters. 

SOFTWARE FOR THE IMPLEMENTATION  
OF THE SMART HOME SUBSYSTEM 

Intelligent home subsystems are automated 
control subsystems for various components of home 
infrastructure. With the help of special equipment, the 
system can recognize typical situations and respond to 
them by connecting specific components. In this case, 
the subsystem fully controls the operation of the device 
and prevents its irrational use. Thus, due to the 
"synergistic effect," the subsystems of an intelligent 
home allow to ensure the optimal use of the entire set of 
devices in the house. Moreover, this allows to create the 
most comfortable living conditions for people with the 
most economical consumption of resources [2-3]. 

The whole system of the "smart home" consists of 
three main components: 

· Control point. Modern technologies allow to 
provide control of system components using the most 
various devices. It can be a simple switch, touch panel, 
or iPad. The remote control is provided by mobile 
phone, SMS, and other similar solutions. 

· Central controller. This is, in fact, the brain of 
the whole system; all the information about the work of a 
module comes from. In addition, the central controller 
receives and processes commands received from the 
control points. With regard to the functions of the central 
controller, it became possible to control the harmonious 
operation of all components effectively. 

· Executing devices. The irrigation system has 
a precise setting for when and when it is necessary to 
turn it on. Firstly, however, it is necessary to consider 
some nuances: the temperature of the water, the 
humidity of the air, and the ground, when it turns off. 
Furthermore, if we have several zones on the site that 
require humidification, we need to set a particular time 
for watering. 

To set the appropriate level of irrigation, it is 
necessary to know in which zone this or that humidity is 
needed, so special sensors with a specific sensitivity will 
be installed. Then, due to a special controller, humidity, 
temperature, and, when necessary, water zone will be 
analyzed. Then, it is necessary to check the tank, a speci-
al compartment for filling water, if such is installed [4]. 

Fig. 1 shows a block diagram of a multi-channel 
irrigation control subsystem, which shows the connec-
tions between all subsystem components. 

Multichannel is implemented by a switch, which 
can be like a standard decoder. If 16 channels are 
required, a 4-bit binary code must be applied to the 
control input. 

In the first stage, the system is initialized with all 
stored values. 

After starting the system, the mode of operation 
after starting the system describes the block diagram in 
Fig. 2.  
 

 

Fig. 1. Block diagram of the subsystem  
of multi-plant irrigation of plants 

   

Fig. 2. Block diagram  
of the settings reset 

The successor step checks whether the encoder 
button was pressed during initialization. The reset – if 
this system is easy. If the encoder button has been 
pressed, all settings are reset to default values. However, 
if the button was not pressed, the system starts working 
with the latest settings 

After the start-up and the settings for each water 
channel have been made, the subsystem is ready for 
operation. If the watering period and time for the 
channels are the same, then watering will take place 
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sequentially, pausing the watering period. This feature 
ensures stable operation of the system and helps to avoid 
overvoltage. The block diagram of the subsystem after 
the settings is shown in Fig. 3. 

The software implementation of this system is 
written in C ++ in the integrated environment Arduino 
IDE, because this environment has the following 
advantages: 

· quick code filling into the Arduino board; 
· in order to mark a specific port pin as input or 

output, it is enough to write the pinMode function (Port 
name, OUTPUT / INPUT); 

· quick assignment of a port number to a 
certain variable; 

· quick indication of port signals status (LOW 
or HIGH) [5]. 

 

  

Fig. 3. Block diagram of the subsystem algorithm 

The purpose and characteristics of the libraries 
that have been used below. 

EEPROM: memory whose values are stored when 
the board is disconnected (like a small hard drive). This 

library allows to read and write these bytes. The library's 
purpose is also to support other standard data types: it 
currently implements write and read to int, long, float, 
and double. 

LCD_1602_RU: the library allows to use Cyrillic 
when using LCDs connected by an I2C interface. 
Maximum it is possible to show 8 Cyrillic characters 
(e.g., W, D, Y, etc.). Characters identical to English (A, 
B, C, O, P, etc.) are used with the English character set. 
Additionally, the built-in feature displays the value of 
degrees Celsius. In-text programs, we must enter the 
UTF-8 code (Alt + 0176). 

GyverEncoder: this library is designed to work 
with encoders, including KY-040 modules. The main 
functions are the following: working out of turn of the 
encoder, working out of the pressed turn, work with two 
types of encoders. Practice pressing or holding the 
button without rattling. 

LiquidCrystal: this library allows the Arduino to 
control LiquidCrystal displays (LCDs) based on the 
Hitachi HD44780 (or compatible) chip, which can be 
found on most text LCDs. The library operates in 4- or 
8-bit mode (i.e., using 4 or 8 rows of data compatible 
with RS, Enable, RW) [12]. 

HARDWARE IMPLEMENTATION  
OF THE SMART HOME SUBSYSTEM 

Thus, for optimal watering of the plant, it is 
necessary to calculate two parameters that depend on the 
above factors: the amount of water that must provide to 
the plant; the time at which it is necessary to water the 
plant. In this case, a timer will be used that will indicate 
a specific time and frequency of watering for a particular 
plant. Therefore, during the system design, the following 
main components have been selected, the list of which is 
given below: 

· Arduino NANO 328p; 
· LCD1602 display; 
· KY-040 module with button; 
· I2C module; 
· relay module for 4 channels with a capacity 

of 5V. 
Arduino Nano is a small, full-featured board 

adapted for work with a mock-up board, which is based 
on the ATmega328 or Atmega168 microcontroller. It has 
the same functionality as the Arduino Duemilanove but 
it is smaller. It differs only in the absence of a power 
connector and operation via mini-USB. Arduino Nano is 
designed and manufactured by Gravitech. 

Power in the Arduino Nano is via a mini-B USB 
connection, an external unstabilized 6-20V power 
supply, or a stabilized 5V power supply. The power 
supply with the highest voltage is selected automatically. 

ATmega328 has 32 kilobytes (of which 2 
kilobytes as well used by the bootloader). In addition, 
ATmega328 contains 2 kilobytes of SRAM and 1 
kilobyte of EEPROM. 
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Each of 14 digital pins of the Arduino Nano can 
be used both as an input and as an output, using the 
functions pinMode (), digitalWrite () and digitalRead. 

They operate at a voltage of 5 volts. Each output 
can pass a maximum current of 40 mA and has an 
internal resistor (default disabled) 20-50 kО.  

A detailed board pinout is shown in Fig. 4 [12]. 

 

Fig. 4. Arduino Nano board pinout 

Also, some outputs have special functions: 
· serial port: 0 (RX) and 1 (TX). Outputs are 

used to receive (RX) and transmit (TX) serial data with 
TTL levels. These outputs are connected to the 
corresponding pins of the FTDI chip USB converter. 

· External interrupts: 2 and 3. These outputs 
can be configured to trigger an interrupt at the front or at 
a pulse drop or by changing the level at the output; 

· PWM: outputs 3, 5, 6, 9, 10, and 11.  
· SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 

(SCK). These outputs communicate via SPI; 
· LED: 13. The built-in LED is connected to 

digital output 13. At a high level, the output LED lights 
up; when low – it goes out; 

· I2C: A4 (SDA) and A5 (SCL). Maintain 
communication via I2C (TWI) by using the Wire library. 

Arduino Nano is programmed using the Arduino 
IDE. ATmega328 on Arduino Nano already comes with 
a stitched bootloader, which allows to download new 
code to the controller without additional programmers. 
The bootloader works with the STK500 protocol [6-7].  

LCD1602 is a liquid crystal display with I2C 
interface. The integration of the LCD display greatly 
facilitates the project's interactivity, allowing the user to 
read some of the output parameters directly. These 
values can be both plain text and numeric, such as 
temperature or pressure, or even the number of cycles 
performed by the Arduino. Pinout of LCD1062 is 
mentioned in Fig. 5 [8]. 

However, these displays have a small problem. 
When connected to a microcontroller (such as an 
Arduino), these displays require many PIN connections, 

occupying almost all available I / O, and leaving few 
outputs for any other devices and sensors. This problem 
was solved with regard to the connection on the I2C bus. 
The LCD1602 display has an integrated microchip that 
controls this type of connection, and then all input and 
output information is limited to only two PIN codes 
(without power supply). 

 

Fig. 5. LCD1602 pinout 

I2C is a serial bus developed by Philips that uses 
two directional lines called SDA (Serial Data Line) and 
SCL (Serial Clock Line). Both must be connected by 
retractable resistors. Usage voltages are standard as 5V 
and 3.3V. The LCD1602 module consists of two parts. 
The backlight can be green or blue. With this display, we 
can see our settings, select a specific houseplant, and set 
the required time and frequency for watering [9]. 

The relay has three high voltage terminals (NC, C, 
and NO) that are connected to the pump. On the other 
side, three low voltage outputs (ground, power, and 
signal) connect to the Arduino microcontroller. A relay 
is a gateway that allows to connect electrical circuits 
with different parameters. The relay turns on or off 
external devices, in some way closing or opening a 
separate electrical network to which they are connected. 
With the help of Arduino and relays, we control the 
process of turning on or off our pumps by giving a 
command to close or open.  

The designed subsystem used a normally closed 
configuration in which a high signal opens the switch 
and interrupts the current of 120-240 volts. A low signal 
closes the switch and allows current to flow from 
terminal C to terminal NC.  

Therefore, a high signal interrupts the current 
[10]. 

Inside the KY-040 module, there are two switches 
and a separate sensor with three outputs (A, B, C). The 
first switch connects output A to output C, and the 
second connects output B to output C. In each fixed 
position of the sensor, both switches are either open or 
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closed. Each click means to switch the state as follows: 
if both switches are closed, turning the axis clockwise or 
counterclockwise to one position will move both 
switches to open, and if both are open, turning the axis 
clockwise or counterclockwise to both positions to one 
position switches in the closed state. The module is 
designed so that a low logic level appears when the 
contacts are closed and high when the contacts are open. 
The low signal is generated by shorting contact C to the 
common wire, and zero is fed at this time to the output 
CLK and DT when the switch is closed. A high level is 
generated by supplying a supply voltage of 5 volts 
through a resistor. In this case, the outputs CLK and DT 
will be ones when the encoder contacts are open. 
Similarly, this encoder has a button, an integral part of it. 
If we press the button, the normally open contact of the 
button will close [11].  

Because the LCD 1602 requires many 
microcontroller inputs, this number has been reduced by 
serial communication (I2C module), which sends data 
packets one after the other using only two inputs of our 
microcontroller, A5 and A4. First, the I2C module was 
connected to the LCD, as it is shown in Fig. 6. Next, 
connect the I2C module to the inputs of our 
microcontroller, connecting the power and ground 
inputs. Fig. 7 shows the connections between Arduino 
and I2C module. The SDA input of the I2C module is 
connected to the A4 input and the SCL input to the A5. 

Each I2C bus consists of two signals: SCL and 
SDA. SCL is the clock signal, and SDA is the data 
signal. 

 

Fig. 6. Wiring diagram of the LCD1602  
display with the I2C module 

The 4-channel relay is connected to the 
microcontroller by connecting the signal inputs of the 
relay and the digital inputs of the microcontroller. The 
input of the relay is inverted, so a high level at the input 
excludes the coil, and a low – includes it. It can be noted 
that it is possible to increase the number of pumps. Take 
an 8- or 16-pin relay and connect it to other free digital 
and analog inputs of our microcontroller. 4-way relay is 
connected to Arduino in Fig. 8. A maximum of 14 

pumps can be connected to the relay. Digital inputs D4, 
D5, D6, and D7 were used in the designed work. 

 

Fig. 7. Wiring diagram of the Arduino  
Nano with the I2C module 

 

Fig. 8. Wiring diagram of the Arduino  
Nano display with the Relay module 

 The connection of the encoder module is 
straightforward: power to power (GND and VCC), logic 
pins CLK, DT (clock pins of the encoder), and SW (pin 
of the button) to any pins of the Arduino (D or A). For 
round modules, the encoder pins are labeled as S1 and 
S2, and the button pin as Key is connected in the same 
way. The "direction" of its operation depends on the 
order of connecting the clock outputs of the encoder, but 
this can be corrected in the program. For example, the 
KY-040 encoder module was connected using the inputs 
of the microcontroller pins D0 (RXD), D2, and D3. An 
example of these connections is shown in Fig. 9. It is 
also possible to use other digital and analog inputs. 

 
Fig. 9. Wiring diagram of the Arduino  

Nano display with KY-040 module 
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In the end, after all the subsystem elements were 
connected, the basic electrical circuit was designed, as it 
is shown in Fig. 10. 

 

Fig. 10. Schematic diagram  
of the subsystem 

CONCLUSIONS 
The main result of research was the development 

of principles for building a microprocessor subsystem of 
a smart home to control multi-channel irrigation of 
houseplants. The subsystem was tested on 16 channels. 
In addition, both the hardware and software of the 
system were developed.  

The main advantage of this system compared to 
existing analogs was that watering is multi-channel. 
Therefore, there was an opportunity to adjust watering 
separately to each channel after all plants on various are 
exacting to water. Furthermore, the Arduino NANO 
microcontroller made the system very compact and 
convenient. The user had the opportunity to name each 
channel uniquely for himself, which made the use of the  

subsystem very comfortable. Interaction with the system 
was via an LCD screen that was connected to the I2C 
module. With the help of the created user interface and 
the encoder module KY040, it was possible to make 
adjustments to watering and its period. 
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