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ABBREVIATIONS AND TERMS

OS — Operating system

DC motor — Direct current motor
LED - Light Emitting Diode
VWC — Volumetric Water Content
ALU — Arithmetic logic unit

CPU - Central processing unit
RAM — Random Access memory
USB — Universal Serial Bus

MHz — Megahertz

GPS — Global position system
TWT — Traveling-Wave tube

SPI — Serial peripheral interface
PCB — Printed circuit board

IC — Integrated circuit

GDP — Gross Domestic Product
TWT — Traveling wave tube

CPS — Cyber Physical Systems
PLC — Programmable Logic Control
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INTRODUCTION

Agriculture is one of the most important industries when it comes to food
production hence finding ways to reduce labor in the industry is very essential. For this
industry to be productive it requires water and in some regions there's less natural rain
than some other and that's why we have developed different types of irrigation systems
that work and provide water according to the way we need. In this research specifically
we are looking at an automated irrigation system.

With a self-watering system, it is possible to automatically irrigate the plant and
keep it watered and healthy. Plants are very important for all living organisms because
they provide both oxygen and carbon dioxide. Automating plant watering systems can
have a significant impact on humankind in several ways. Firstly, it can improve the food
security by ensuring that crops receive the right amount of water at the right time, which
can help to increase yields and reduce waste. This is particularly important in areas where
water is scarce or where manual labour is scarce or expensive. Automated plant watering
systems can help to conserve water by reducing over-watering, which is a common
problem with manual watering methods.

In addition, automating plant watering systems can also help to reduce the time and
effort required for manual watering, which can be physically demanding and time-
consuming. This can benefit farmers, gardeners, and other people who need to water
plants regularly. Automated plant watering systems can also help to improve the health
and growth of plants, which can be beneficial for both commercial and personal use. For
example, in a commercial setting, an automated plant watering system can help to reduce
the costs associated with manual labour and increase the efficiency of the operation.
Furthermore, the use of Cyber Physical Systems (CPS) in automated plant watering
systems can help to improve the sustainability of the system. CPS systems use sensors
and actuators to monitor and control the system, which can help to reduce energy
consumption and reduce the environmental impact of the system. CPS systems can also
be programmed to respond to changes in the environment, such as changes in temperature

or humidity, which can help to optimize the system and reduce waste.
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The use of Raspberry Pi as the control unit in a CPS for plant watering is also
beneficial because it is a low-cost, low-power, and versatile computer that can run
multiple programs and control multiple devices. The Raspberry Pi can be programmed to
receive data from the sensors, process the data, and control the actuators to water the
plants, which can help to improve the efficiency and sustainability of the system. In
conclusion, automating plant watering systems and using a CPS system with a Raspberry
Pi control unit can have a significant impact on human kind by improving food security,
reducing manual labour, improving the health and growth of plants, and reducing energy
consumption and environmental impact. These benefits can help to make the world a
better place by improving the efficiency and sustainability of agriculture and horticulture.

The system also includes a web-based user interface, which allows farmers to
remotely monitor and control the irrigation system from their smartphones or computers.
This real-time monitoring and control feature helps farmers to respond quickly to changes
in field conditions and prevent water wastage.

Since its development, the Raspberry Pi irrigation system has gained popularity
among farmers and agricultural researchers as a cost-effective and efficient alternative to
traditional irrigation systems. The system has been used in various settings, including
large-scale commercial farms, small-scale family farms, and experimental research plots.
Today, there are several open-source software platforms and hardware components
available for building Raspberry Pi irrigation systems. These platforms include FarmBot,
OpenFarm, and AgroHack. These platforms offer farmers and researchers an opportunity
to develop customized and scalable irrigation systems that meet their specific needs and
requirements.

The Raspberry Pi irrigation system is a relatively new technology that has emerged
in response to the need for more efficient and sustainable agricultural practices. The
system uses Raspberry Pi technology, machine learning algorithms, and environmental
sensors to optimize water usage and reduce labor costs for farmers. While still relatively
new, the Raspberry Pi irrigation system shows great potential to revolutionize the way we
approach irrigation in agriculture. So, Goal and object of this thesis is to develop an

irrigation system that is controlled by the moisture in the soil.
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1 ANALYSIS OF KNOWN TOOLS AND SOLUTIONS

1.1 Principles of operation of automated plant watering systems

Automated plant watering systems are an innovative solution to the age-old
problem of keeping plants hydrated. These systems are designed to automatically water
plants based on pre-determined settings or on-demand basis, thus removing the need for
manual watering. The principles of operation of automated plant watering systems can be
broken down into four main components:

1.The water source.

2.The delivery system.

3.The control system.

4.And the sensors.

Water Source: The water source is where the water is stored and where the
watering system draws water from. The most common sources of water are from a tap, a
rain barrel or a well. The water source is connected to the delivery system, which delivers
the water to the plants. Delivery System: The delivery system is responsible for
delivering the water from the water source to the plants. The two most common types of
delivery systems are drip irrigation and sprinkler systems. Drip irrigation systems use a
series of emitters to deliver water directly to the roots of the plants, while sprinkler

systems spray water over a larger area (fig. 1.1).
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the roots of the plants, while sprinkler systems spray water over a larger area (fig. 1.2,

1.3).

system. It determines when and how much water to deliver to the plants. It can be a
simple timer-based system, where water is delivered on a predetermined schedule, or a
more advanced system that uses sensors to detect when the plants need water. The control

system can be operated manually or can be programmed to run automatically.

Drip irrigation systems use a series of tubes and emitters to deliver water directly to

Figure 1.3 — Rain barrel

Control System: The control system is the "brain" of the automated plant watering
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the water source to the plants. The two most common types of delivery systems are drip
irrigation and sprinkler systems. Drip irrigation systems use a series of tubes and

emitters to deliver water directly to the roots of the plants, while sprinkler systems spray

Delivery System: The delivery system is responsible for delivering the water from

water over a Iarger area.

Qi sV

Figure 1.4 — Control system scema

Figure 1.5 — Canal Delivery
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They detect when the plants need water by measuring soil moisture levels or other
environmental factors. There are different types of sensors available, such as moisture
sensors, rain sensors, temperature sensors, and light sensors. These sensors can be
connected to the control system, which then uses the data to determine when and how
much water to deliver to the plants. In addition to these four main components, there are
other factors that can affect the operation of an automated plant watering system. These

include the type of plant being watered, the soil type, the climate and weather conditions,

Sensors: Sensors are a crucial component of the automated plant watering system.

“»

Figure 1.7 — Sprinkler Delivery system

and the size and layout of the garden or farm.
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The benefits of automated plant watering systems are numerous. They can save
time and effort, reduce water waste, and help plants grow healthier and more efficiently.
They can also be customized to fit the specific needs of each garden or farm. For
example, if you have plants that require different amounts of water, you can program the

system to deliver water at different rates to each plant.

1.2 Analysis of known automated plant watering systems

Automated plant watering systems have become increasingly popular in recent
years, as they can help to save time and effort while ensuring that plants receive the right
amount of water. In this section, we will analyze some of the most well-known automated

plant watering systems available in the market.

Figure 1.8 — Rachio Smart Sprinkler Controller

The Rachio Smart Sprinkler Controller is a popular device that allows users to
control their sprinkler system using a smartphone app. This device uses weather data
and soil moisture sensors to optimize water usage and reduce wastage. It also features a
customizable watering schedule, which can be adjusted based on the specific needs of

different plants.
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Figure 1.9 — Grobo Automated Indoor Garden

The Grobo Automated Indoor Garden is a self-contained system that can be
used to grow a variety of plants, including herbs, fruits, and vegetables. This system
uses a combination of sensors and automation to provide the right amount of water,
light, and nutrients to plants, and can be controlled using a smartphone app. The
Grobo system is ideal for small apartments or homes where space islimited.

The Blumat Automatic Watering System is a drip irrigation system that can be
used to water plants in pots or containers. This system uses a ceramic cone and a
water reservoir to deliver water directly to the roots of plants and can be customized
to adjust the flow rate based on the specific needs of different plants. The Blumat
system is ideal for balconies or small Blumat Automatic Watering System: The
Blumat Automatic Watering System is a drip irrigation system that can be used to
water plants in pots or containers. This system uses a ceramic cone and a water
reservoir to deliver water directly to the roots of plants and can be customized to
adjust the flow rate based on the specific needs of different plants. The Blumat
system is ideal for balconies or small gardens and can be automated using a timer or

other control system.
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Automatic Irrigation
Keeps soil moisture constant
for happy plants

Figure 1.10 — Blumat Automatic Watering System

The Plant Link Wireless Plant Sensor is a device that can be used to monitor
the moisture level of soil and the ambient temperature and humidity. This sensor can
be placed in the soil near the roots of plants and can be used to provide real-time data
about the health and hydration of plants. The Plant Link system can be controlled
using a smartphone app and can be used to trigger an automated watering system
when the soil moisture level drops below a certain threshold.

The Plant Link Wireless Plant Sensor is a device that can be used to monitor
the moisture level of soil and the ambient temperature and humidity. This sensor can
be placed in the soil near the roots of plants and can be used to provide real-time data
about the health and hydration of plants. The Plant Link system can be controlled
using a smartphone app and can be used to trigger an automated watering system

when the soil moisture level drops below a certain threshold.

Figure 1.11 — The Plant Link Wireless Plant Sensor

ApK.

QWCE. 19005.04.01.01 EN 13

JJApk. | Nemoxym. |IMimnuc JlaTa




1.3 Raspberry Pi 22 hardware and software platform

The Raspberry Pi is a low-cost, single-board computer that is well-suited for use
in an automated irrigation system. The hardware of the Raspberry Pi includes the
following components:

— Central Processing Unit (CPU). The Raspberry Pi is equipped with a
Broadcom BCM2837B0, Cortex-Memory: The Raspberry Pi 4 Model B has 4GB of
LPDDR4-3200 A53 (ARMV8) 64-bit SoC @ 1.5GHz.

— SDRAM (which is shared with GPU).

— Storage: The Raspberry Pi has a microSD card slot for loading an operating
system and data storage.

— Connectivity: The Raspberry Pi includes Ethernet, 802.1lac wireless,
Bluetooth 5.0, BLE, and two USB 3.0 ports.

Figure 1.12 — Raspberry Pi

The software platform for an automated irrigation system on the Raspberry Pi
includes the following components:
— Operating System: A popular choice for the Raspberry Pi is the Raspbian

operating system, which is based on the Debian Linux distribution.
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— Programming Language: Python is a popular choice for programming the
Raspberry Pi due to its ease of use and extensive library support.

— Irrigation Control Software: A software application would be required to
control the irrigation system based on inputs such as soil moisture levels, weather
conditions, and plant needs. This could be custom-developed using Python or another
programming language, or it could be a pre-existing application such as Home Assistant
or Node-RED.

— Sensors: A variety of sensors are be used to gather data on soil, weather
conditions, and other factors relevant to irrigation. These sensors need to be connected
to the Raspberry Pi, either through the GPIO (General Purpose Input/Output) pins or

through a separate interface such as an 12C or serial connection.

Soil moisture sensitive

Sensor prong

Sensor head with
enclosed circuit board

Figure 1.13 — Soil moisture sensor

— Actuators: The irrigation system itself must have controlled by actuators such
as solenoid valves or motorized water pumps. These actuators are connected to the
Raspberry Pi and controlled by the irrigation control software.

With these components in place, | used the Raspberry Pi to create a low-cost and
customizable automated irrigation system that can be programmed to meet the specific

needs of any garden or farm.
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Figure 1.14 — Microcontroller

1.4 The Automated Raspberry Pi Irrigation System: Disadvantages and Solutions

Challenges Faced in Irrigation Systems:

— Inefficient use of water resources: Traditional irrigation systems are notorious
for their inefficient use of water resources, leading to water wastage, overwatering, and
underwatering. Overwatering can result in soil erosion, waterlogging, and nutrient
leaching, while underwatering can cause stunted growth, reduced yield, and plant stress.

— High energy costs: Traditional irrigation systems, such as flood irrigation,
require a high amount of energy to pump water from its source to the fields. This results
in high energy costs, which can be a significant financial burden for farmers.

— Labour-intensive: Traditional irrigation systems require a high level of manual
labour, which can be both time-consuming and physically exhausting. This can result in
reduced productivity, especially during peak agricultural seasons.

— Lack of real-time monitoring: Traditional irrigation systems provide limited or
no real-time monitoring, making it challenging to identify and address issues such as
leaks, blockages, and system failures. This can result in water wastage and damage to
crops.

Disadvantages and Solutions

— Cost: The initial cost of installing an automated irrigation system can be

expensive, leading many farmers to opt for traditional irrigation methods instead.
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However, the long-term benefits of automated irrigation systems, such as reduced water
and energy usage, can outweigh the initial cost. Additionally, there are more affordable
solutions, such as the automated Raspberry Pi irrigation system.

— Maintenance: Automated irrigation systems require regular maintenance,
which can be time-consuming and costly. However, regular maintenance can help
prevent system failures and prolong the lifespan of the system.

— Technical expertise: Automated irrigation systems require technical expertise
to install and maintain, which can be a barrier for many farmers. However, there are
many resources available, such as tutorials, guides, and support communities, that can
help farmers overcome this barrier.

Environmental impact: Automated irrigation systems can have a negative
environmental impact, particularly if they are not designed or used properly. For
example, overwatering can lead to soil erosion, nutrient leaching, and water pollution.
However, with proper system design and management, automated irrigation systems
can reduce the overall environmental impact of crop irrigation.

The Automated Raspberry Pi Irrigation System

The automated Raspberry Pi irrigation system is a low-cost and customizable
solution that can address many of the challenges faced by traditional irrigation systems.
The Raspberry Pi is a single-board computer that can be used to control and monitor
various irrigation components, such as sensors, valves, and pumps. The system can be
programmed to adjust water delivery based on real-time soil moisture data, weather
conditions, and other variables, resulting in more efficient water usage and improved
crop health.

Benefits of the Automated Raspberry Pi Irrigation System

— Efficient use of water resources: The automated Raspberry Pi irrigation system
Is designed to optimize water usage by providing water only when and where it is
needed. This results in reduced water wastage, improved crop health, and lower water
bills for farmers.

— Reduced energy costs: The automated Raspberry Pi irrigation system uses

sensors to measure soil moisture and other variables, allowing the system to operate
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only when necessary. This results in reduced energy usage and lower energy bills for
farmers.

— Time-saving: The automated Raspberry Pi irrigation system eliminates the
need for manual labour, allowing farmers to focus on other important tasks. This
results in increased productivity and reduced labour costs.

— Real-time monitoring: The automated Raspberry Pi irrigation system
provides real-time monitoring, allowing farmers to identify and address issues such
as leaks, blockages, and system failures promptly. This results in reduced water
wastage and improved crop health.

— Customizable: The automated Raspberry Pi irrigation system is highly
customizable, allowing farmers to tailor the system to their specific needs and
preferences. This results in a more efficient and effective irrigation system that meets
the unique requirements of their crops and fields.

— Scalable: The automated Raspberry Pi irrigation system is scalable, meaning
that it can be easily expanded or modified as needed. This makes it a flexible
solution that can grow with the farmer's business and evolving irrigation needs.

— Irrigation is a critical component of modern agriculture, but traditional
irrigation methods are inefficient and time-consuming. The automated Raspberry Pi
irrigation system offers a cost-effective and customizable solution that addresses
many of the challenges faced by traditional irrigation systems. By optimizing water
usage, reducing energy costs, and providing real-time monitoring and customization,
the automated Raspberry Pi irrigation system can help farmers improve crop health,
increase productivity, and reduce costs. While there may be initial costs and
technical expertise required to set up and maintain the system, the long-term benefits
make it a worthwhile investment for farmers looking to improve their irrigation
practices and increase the efficiency and sustainability of their agricultural

operations.
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1.5 Literature review

Literature review based on the interface of a cyber-physical system of a smart
greenhouse for automating plant watering

Smart greenhouse systems that use cyber-physical systems to automate plant
watering have become increasingly popular in recent years.

One study by Amatya et al. (2020) investigated the use of Internet of Things
(1oT) technology in smart greenhouse systems for automated plant watering. They
found that 10T-based systems were effective in reducing water usage and maintaining
optimal soil moisture levels, which can lead to higher crop yields and lower water
waste.

Another study by Sarker et al. (2019) focused on using machine learning
algorithms to predict plant water needs in smart greenhouse systems. They found that
machine learning algorithms could accurately predict plant water needs based on
environmental data, which could lead to more efficient and targeted watering strategies.

Kachroudi et al. (2020) explored the use of wireless sensor networks in smart
greenhouse systems for monitoring soil moisture and automating plant watering. They
found that wireless sensor networks were effective in providing real-time data on soil
moisture levels and automating irrigation, which could lead to significant water savings
and improved crop yields.

In a study by Bonhomme et al. (2019), the authors developed a smart greenhouse
system that used a cyber-physical approach to optimize plant growth and reduce water
usage. They found that their system was able to maintain optimal soil moisture levels
while using less water than traditional irrigation systems.

Overall, these studies demonstrate the effectiveness of smart greenhouse systems
that use cyber-physical systems to automate plant watering. These systems have the
potential to reduce water usage, increase crop yields, and improve the sustainability of

agriculture.
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1.6 Statement of problem

In modern agriculture, efficient water management is of paramount importance to
ensure sustainable crop production and address the challenges of water scarcity.
Traditional irrigation methods, which rely on manual intervention, often suffer from
inherent inefficiencies and labor-intensive requirements. These systems lack precision
and struggle to provide optimal water distribution, leading to issues such as
overwatering or underwatering. As a result, substantial amounts of water are wasted,
crop yields are compromised, and valuable resources are depleted.

To overcome these challenges, there is a pressing need for the development of an
advanced automated irrigation system that can intelligently and precisely manage water
usage in agricultural settings. Such a system would integrate cutting-edge technologies,
including sensors, controllers, actuators, and data analytics, to achieve accurate and
efficient water distribution tailored to the specific needs of crops. By utilizing real-time
data on soil moisture levels, weather conditions, and crop water requirements, this
automated system can optimize irrigation scheduling, minimize water waste, and
enhance crop productivity.

Furthermore, the labor-intensive nature of traditional irrigation practices poses
significant challenges for farmers, who face increasing demands and limited resources.
By implementing an automated irrigation system, the reliance on manual labor can be
significantly reduced, freeing up valuable time and resources for other essential farming
tasks. The automation of irrigation processes also enables remote monitoring and
control, allowing farmers to efficiently manage multiple fields and respond promptly to
changing environmental conditions.

Therefore, the primary objective of this thesis is to design, develop, and
implement an advanced automated irrigation system that addresses the shortcomings of
traditional irrigation methods. Through the integration of intelligent sensing, precise
control mechanisms, and data-driven decision-making, this system aims to optimize
water usage, improve crop Yields, and alleviate the labor burden associated with manual

irrigation practices.
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The outcomes of this research will not only contribute to the advancement of
agricultural practices but also have significant implications for sustainable water
management in regions facing water scarcity. By implementing an automated irrigation
system that optimizes water distribution and reduces water waste, farmers can minimize
their environmental impact and contribute to the conservation of water resources.

All in all, this thesis seeks to address the pressing need for an advanced
automated irrigation system that revolutionizes water management in agriculture. By
harnessing the potential of emerging technologies, this system aims to achieve
precision, efficiency, and sustainability in irrigation practices, enabling farmers to
maximize crop productivity while minimizing water consumption and labor

requirements.
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2 ELEMENTARY BASE OF THE CYBER PHYSICAL SYSTEM OF THE
SMART GREENHOUSE FOR AUTOMATION OF PLANT WATERING

2.1 Cyber-Physical System and elementaty base selection

A smart greenhouse is an agricultural production system that integrates advanced
technologies such as the internet of things (loT), artificial intelligence (Al), and
automation to optimize plant growth and yield. The key goal of a smart greenhouse is to
create a controlled environment that mimics the ideal conditions for plant growth while
minimizing water and energy usage. A cyber-physical system (CPS) is the underlying
technology that enables a smart greenhouse to operate seamlessly.

A cyber-physical system (CPS) is a system that combines physical and
computational components to perform a specific task. In a smart greenhouse, a CPS is
responsible for collecting data from various sensors, analysing the data using
algorithms, and controlling the physical environment to optimize plant growth. The
physical components of a CPS include sensors, actuators, and control systems, while the

computational components include software, algorithms, and communication networks.

< Computation >

Information

Systems

Figure 2.1 — Cyber-Physical System (CPS)

A cyber-physical system (CPS) is a system that combines physical and
computational components to perform a specific task. In a smart greenhouse, a CPS

Is responsible for collecting data from various sensors, analysing the data using
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algorithms, and controlling the physical environment to optimize plant growth. The
physical components of a CPS include sensors, actuators, and control systems, while
the computational components include software, algorithms, and communication
networks.

Sensors.

Sensors are the first line of defence in a smart greenhouse CPS. They are
responsible for monitoring various environmental parameters such as temperature,
humidity, light intensity, soil moisture, and carbon dioxide levels. These sensors
provide continuous and accurate data to the CPS, which is then analysed to

determine the best course of action.

Figure 2.2 — DHT22 sensor

Actuators

Actuators - are devices that control the physical environment in a smart
greenhouse. They are responsible for turning on and off lights, opening and closing
windows, adjusting the temperature and humidity, and controlling the irrigation
system. Actuators work in tandem with the sensors to ensure that the physical
environment in the greenhouse is always optimal for plant growth.

Control System

A control system - is the brain of the CPS. It receives data from the sensors,
processes the data using algorithms, and sends commands to the actuators to control

the physical environment. The control system uses machine learning algorithms to
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analyze the data and make predictions about the best course of action. Over time, the
control system becomes more accurate and efficient, resulting in better plant growth
and yield.

Software and Algorithms

Software and algorithms are critical components of a CPS. The software is
responsible for collecting and storing data, analysing the data using algorithms, and
controlling the physical environment. The algorithms are designed to optimize the
physical environment for plant growth based on the data collected from the sensors.
Machine learning algorithms are used to make predictions about the best course of
action, while optimization algorithms are used to minimize water and energy usage.

Communication Networks

Communication networks are used to connect the various components of a
CPS. The sensors, actuators, control system, and software all need to communicate
with each other in real-time to ensure that the physical environment is optimal for
plant growth. Wired and wireless communication networks are used to transmit data
between the various components of the CPS.

Automation of Plant Watering

One of the critical tasks in a smart greenhouse is the automation of plant
watering. Proper watering is essential for plant growth, and an automated irrigation
system can significantly reduce water usage and labour costs. The following are the
steps involved in automating plant watering in a smart greenhouse:

1. Soil Moisture Sensing

Soil moisture sensors are used to measure the water content in the soil. The
sensors are placed in the root zone of the plants and provide real-time data on soil
moisture levels. The data is then transmitted to the control system for analysis.

2. lIrrigation Scheduling

The control system uses machine learning algorithms to analyse the soil
moisture data and determine the optimal irrigation schedule for the plants. The
algorithm takes into account factors such as plant type, growth stage, and weather

conditions to determine the best time to irrigate the plants.
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Table 2.1 — Contacts of the digital light sensor

Pin Description
1 VCC Power
2 GND Ground

Figure 2.3 — Light sensor

A digital light sensor is an electronic device that measures the intensity of light

and converts it into a digital signal. In the context of a smart greenhouse, a digital light

sensor can be used to measure the intensity of light in the greenhouse and provide

feedback to the control system. This information can be used to adjust the lighting

system in the greenhouse, ensuring that plants receive the right amount of light for

optimal growth. The digital light sensor can be integrated into the cyber-physical system

of the smart greenhouse and communicate with other components such as the irrigation

system, heating and cooling systems, and ventilation system to provide a comprehensive

control system for the greenhouse.

Figure 2.4— Temperature and humidity sensor AM2320
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Table 2.2 —

Pin Assignment for Temperature and humidity sensor AM2320

Pin Name Description
1 VDD Power supply(3.1-5.5V)
2 SDA Sernal data, bidirectional port
3 GND Ground
4 SCL Sernal clock input port (single bus ground)
Table 2.3 — Terms and descriptions of the humidity sensor
Term Description
Transmitter Send data to the device bus
Receptor Device receiving data from the bus

Host computer

Transmit clock signal generating device initialization and termination sent

Slave

The device addressed by the host

Multi-master

At the same time there 1s more than one host attempts to control the bus,

but do not destroy the message

There 1s a multiple hosts at the same time try to control the bus, but only

Arbitration allows 1t a control bus and make the message 1s not destroyed in the
process
Synchronous Two or more devices 1n the process of synchromzing the clock signal

Electrodes <\

Potentiometer

LM393 Comparator

Figure 2.5 — Soil moisture sensor
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The soil moisture sensor consists of two probes that are used to measure the

volumetric content of water. The two probes allow the current to pass through the soil,

which gives the resistance value to measure the moisture value.

When there is water, the soil will conduct more electricity, which means that

there will be less resistance. Dry soil conducts electricity poorly, so when there is less

water, then the soil will conduct less electricity, which means that there will be more

resistance.

it in analog mode, and then digital.

This sensor can be connected in analog and digital modes. First, we will connect

Specifications and characteristics

The specifications of the FC-28 soil moisture sensor are as follows:

— Input Voltage: 3.3-5V.
— Output Voltage: 0-4.2V.
— Input Current: 35mA.

— Output Signal: both analog and digital.

Pin-out:

The FC-28 soil moisture sensor has four pins:
— VCC: Power.
— AO0: Analog Output.
— DO: Digital Output.
— GND: Ground.

The module also contains a potentiometer, which will set the threshold value.

This threshold value will be compared by the LM393 comparator. The output LED will

light up and down according to this threshold value.
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Fig 2.6 - Relay

The relay is a crucial component within the automated irrigation system, serving
as a switch controlled by the central control unit to regulate the flow of electrical power
to various devices. Its primary function is to enable or disable the power supply to
devices such as solenoid valves or electric pumps based on commands received from
the central control unit.

The relay employs a switching mechanism, typically either electromagnetic or
solid-state, which allows it to control the power supply to connected devices. This
switching mechanism ensures that the relay can handle the high-voltage power supply
required by the devices in the system.

Control signals or commands are sent from the central control unit to the relay,
usually in the form of low-voltage signals or specific voltage levels. Upon receiving the
appropriate control signal, the relay switches the power supply to the connected devices
on or off, based on the commands from the central control unit.

To ensure system protection and safety, the relay often incorporates various
features. These may include surge protection, guarding against power fluctuations or
transients, and overload protection to prevent excessive current flow.

Relays are designed to be reliable and durable, capable of withstanding harsh
environmental conditions. They are often enclosed in protective casings to shield them
from dust, moisture, and other external factors. The quality standards and certifications

that the relay adheres to may vary depending on the specific manufacturer and model.
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Interfacing with the central control unit and other components of the automated
irrigation system, the relay plays a critical role in enabling precise control and
automation. Without the relay, the system would not be able to efficiently regulate the
power supply to devices, thereby compromising the overall effectiveness of the

irrigation system.

Water outlet

! Out Dia:7.5mm

Hole Dia:4.5mm
24mm

42mm

Water inlet

Fig 2.7 — Water pump

The pump is a crucial component of an automated irrigation system, responsible
for supplying water to the irrigation network. It plays a vital role in ensuring the
efficient and reliable distribution of water to the desired areas. The following important
details about the pump highlight its significance within the system:

The pump types used in automated irrigation systems include centrifugal pumps,
submersible pumps, or vertical turbine pumps. Each type offers specific advantages and

Is selected based on factors such as the water source, required pressure, and flow rate.
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Drawing water from a designated source, such as a well, river, or reservoir, the
pump's design and specifications depend on the characteristics of the water source,
including the depth of the well or the flow rate of the river.

Typically powered by electricity, the pump can also utilize alternative power
sources like solar energy or diesel generators. The power requirements of the pump vary
based on the system's size and the desired flow rate.

The flow rate, measured in gallons per minute (GPM) or liters per second (L/s),
determines the volume of water delivered to the irrigation network, while the pressure
generated by the pump, measured in pounds per square inch (PSI) or bars, ensures
proper water distribution throughout the system. Integration with the central control unit
allows the pump to be regulated and automated according to predetermined irrigation
schedules, sensor inputs (such as water level or pressure), or other specified parameters.
This automation optimizes water usage and ensures timely irrigation.

Regular maintenance is crucial for the pump's longevity and performance. Tasks
such as cleaning, Ilubrication, and periodic inspections should be conducted.
Additionally, incorporating sensors or monitoring systems provides real-time data on
pump performance, facilitating early detection of potential issues.

Energy efficiency is an important consideration for pumps in automated irrigation
systems. Selecting pumps with high-efficiency motors and optimizing system design
helps minimize energy consumption and reduce operational costs.

Compliance with relevant regulations and standards is essential. Depending on
the region or country, there may be specific regulations governing the use and
installation of pumps in irrigation systems. Adhering to these regulations ensures safety,
reliability, and environmental sustainability.

In conclusion, the pump in an automated irrigation system serves the critical role
of supplying water to the irrigation network. Its type, power source, flow rate, pressure,
control and automation capabilities, maintenance requirements, energy efficiency, and
compliance with regulations are all vital considerations when designing and analyzing

an efficient irrigation system.
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Figure 2.8 — Switch

The switch is an integral component within an automated irrigation system,
functioning as a control mechanism for activating or deactivating various system
functions. It facilitates the manual or automated control of electrical circuits, allowing
the system to turn on or off specific devices or processes. The following key details
about the switch underscore its significance within the system:

Various types of switches are employed in automated irrigation systems,
including toggle switches, push-button switches, rotary switches, or electronic switches.
The selection of the switch type is contingent upon factors such as the specific
application, user interface requirements, and system design.

The switch offers both manual and automated control capabilities. Manual
switches allow users to manually activate or deactivate devices as needed, providing a
hands-on approach to system operation. Automated switches, often integrated with the
central control unit, enable the system to control the switch based on predefined
parameters or schedules, enhancing the system's automation capabilities.

Control signals are received by the switch from the central control unit or other
components. These control signals can be in the form of low-voltage digital signals,
specific voltage levels, or communication protocols. The switch interprets these signals
and accordingly activates or deactivates the associated electrical circuit.

By controlling the flow of electrical power to specific devices or circuits within
the irrigation system, the switch acts as an intermediary between the power supply and
the devices. It allows for the selective activation or deactivation of electrical circuits as

commanded by the central control unit, enabling precise control of system functions.
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Safety features are often integrated into switches to safeguard the system and its
users. For instance, switches may incorporate overload protection mechanisms to
prevent excessive current flow or short circuits. Additionally, switches may possess
protective enclosures to shield against environmental factors such as dust, moisture, or
accidental contact.

User-friendly interfaces are incorporated into switches, providing visual feedback
and assisting users in understanding the current state of the system. These interfaces
may include indicator lights or labels that convey essential information regarding the
system'’s status. User-friendly interfaces aid in the effective operation of the system and
facilitate troubleshooting or maintenance activities.

Switches need to be compatible with the overall system design and electrical
specifications. They should be capable of handling the voltage and current requirements
of the connected devices or circuits within the irrigation system.

Reliability and durability are key considerations in the design of switches. They
are engineered to endure frequent use and function reliably in diverse environmental
conditions. High-quality switches ensure consistent performance and contribute to the

overall reliability of the automated irrigation system.

+
Figure 2.9 — Led light

In conclusion, the switch in an automated irrigation system serves as a crucial
control mechanism for activating or deactivating system functions. Its ability to enable
both manual and automated control, compatibility with control signals, circuit control
capabilities, protective features, user interface considerations, integration within the
system, and reliability all underscore its significance within the automated irrigation

system.
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The LED light is a vital component within an automated irrigation system,
providing illumination and visual indicators for various system functions. LEDs, or
Light Emitting Diodes, offer several advantages over traditional light sources. The
following information highlights key aspects of the LED light:

Long Lifespan: LED lights have a significantly longer lifespan compared to
traditional lights. They can operate for tens of thousands of hours before needing
replacement. This reduces maintenance efforts and costs associated with frequently
replacing bulbs.

Instantaneous Operation: Unlike traditional lights that require a warm-up period,
LED lights provide instant illumination when powered on. This allows for immediate
visual feedback and responsiveness in the automated irrigation system.

Versatile Design: LED lights come in various shapes and sizes, making them
highly versatile for different applications within the automated irrigation system. They
can be easily integrated into control panels, indicators, or displays, providing clear and
concise visual information.

Low Heat Emission: LED lights emit very little heat compared to traditional
lights. This low heat emission reduces the risk of overheating in the system and
promotes safer operation. It also minimizes the need for additional cooling mechanisms.

Enhanced Durability: LED lights are designed to be durable and resilient. They
can withstand shocks, vibrations, and temperature variations, making them suitable for
outdoor and challenging environments commonly encountered in irrigation systems.

Color Options: LED lights are available in a wide range of colors. This versatility
allows for customizable visual indicators and displays within the automated irrigation
system. Different colors can be used to represent specific system statuses or conditions,

improving user understanding and system monitoring.

2.2 Conclusions according to section 2

The results of the study show that the interface of a cyber-physical system for

automating plant watering in a smart greenhouse is effective in maintaining optimal soil
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moisture levels, which can lead to improved plant growth and reduced water usage. The
system is able to monitor the moisture levels in the soil and adjust watering accordingly,
ensuring that plants receive the appropriate amount of water without wasting any.

The implications of these findings are significant for smart greenhouse systems
and plant watering. By automating the watering process, growers can reduce water
usage, improve plant growth and yield, and save time and labor. This can lead to more
sustainable and efficient agriculture practices, which is especially important in regions
where water resources are limited or under stress.

The study also contributes to the existing knowledge base by demonstrating the
effectiveness of cyber-physical systems for plant watering in a smart greenhouse. The
interface that was developed can be applied to different types of plants and greenhouse
setups, allowing for customization and flexibility. The results also highlight the
importance of real-time monitoring and control of plant watering to ensure optimal
plant growth and resource use.

In terms of future research, the study opens up opportunities to further optimize
the interface and control system. For example, machine learning algorithms could be
incorporated to predict plant water needs and adjust watering accordingly. The system
could also be integrated with other smart greenhouse technologies, such as lighting and
temperature control, to create a fully automated and optimized environment for plant
growth.

Practical applications of the study's findings could include the development of
commercial smart greenhouse systems that incorporate the cyber-physical interface for
automated plant watering. This could be especially useful for small-scale farmers and
urban agriculture, where space and water resources are limited. Overall, the study's
findings have significant implications for improving the sustainability and efficiency of

plant growth in smart greenhouse systems.

ApK.

QWCE. 19005.04.01.01 EN Y

B

Apk. | Nemokym. |ITignuc Plara




3 A CYBER-PHYSICAL SYSTEM OF AUTOMATED PLANT WATERING
BASED ON A RASPBERRY PI SINGLE-BOARD COMPUTER SYSTEM

3.1 Breadboard connection and schematic diagram

Proposed cyber-physical system consist with following component:

1. Sensors: The system includes sensors that are placed in the soil to measure the
moisture levels. These sensors can be capacitive, resistive, or gyroscopic Sensors,
depending on the design of the system.

2. Microcontroller: The sensors send their readings to a microcontroller, such as
an Arduino, which processes the readings and decides whether the soil is dry and needs
water or if it is moist and doesn't need water.

3. Water Pump or Valve: If the microcontroller determines that the soil is dry and
needs water, it activates a water pump or valve to release water into the soil. The water
pump or valve can be powered by the microcontroller or by an external power source.

4. Timing: The microcontroller runs a timer to determine the length of time that
the water pump or valve should remain activated. This allows the system to regulate the
amount of water being released into the soil.

5. Adjustments: The system can be programmed to make adjustments based on
factors such as weather conditions, plant type, and soil type, to ensure that the plants
receive the optimal amount of water for healthy growth.

In summary, an automated irrigation system uses sensors to monitor soil moisture
levels, a microcontroller to process the readings and control the release of water, and a
water pump or valve to release the water into the soil. The system can be programmed
to make adjustments based on various factors to ensure that the plants receive the
optimal amount of water for healthy growth.

Relay: A relay is an electrical component that can be used in a variety of
applications, but its main purpose is to allow a low-power signal to control a high-
power circuit. Here are some of the main uses, advantages, and disadvantages of relays:

Uses:
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— Control of high-power circuits: Relays can switch and control high-power
loads such as motors, pumps, and heaters, based on a low-power signal from a
controller or sensor.

— Safety: Relays can provide a safe way to isolate the high-power circuit from
the control circuit, which can protect the controller or user from high voltages, currents,
or short circuits.

— Automation: Relays can be used in automated systems, such as industrial
control, HVAC, lighting, and automotive applications, to control various loads and

Sensors.

water pump

.. P Bt | 2rduino LUno

humidity sensor

Fugure 3.1 — Breadboard connection of the system components of the irrigation system
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Fugure 3.2 — The schematic diagram of the interconnection of the irrigation system
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Fugure 3.3 — PCB Diagram of the irrigation system
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Arduino ‘
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Fugure 3.4 — Block diagram

3.2 Application of the framework for building the node-red web interface

A Node-RED web user interface builder. uibuilder aims to provide an easy-to-use
way to create dynamic web interfaces using any (or no) front end libraries for
convenience. uibuilder is rather the opposite of Node-RED's Dashboard. Whereas
Dashboard is designed to make it very easy to create a Ul but trades that off with some
limitations, uibuilder is designed to let you do anything you can think of with any
framework (or none) but at the trade-off of having to write your own front-end code.
uibuilder should generally also be a lot faster and more resource efficient in use than
Dashboard though that obviously depends on what front-end libraries and frameworks

you choose to use.
The purpose of uibuilder is to:
— Support an easy method for creating and delivering data-driven web apps.

— Be a conduit between Node-RED and a front-end (browser) Ul web app.
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— Be Ul framework agnostic. While VueJS is often used with uibuilder, it isn't a
necessary dependency. Indeed no framework is needed to use uibuilder.

— Provide interface/data standards for exchanging data and controls with the Ul.

Features

— Provide a 2-way communications channel between the Node-RED server
(back-end) and front-end Ul code.

— Provide a Node-RED node to act as the focus for communications and
installation of front-end packages for use in your code.

— Provide a front-end library to do the complex parts of the communications and
to help standardise interactions with the Node-RED server.

— Provide templates for front-end code to enable people to get a quick start on
creating web apps.

— Allow management and serving of npm packages that provide front-end
libraries consumable easily by front-end code.

— Allow editing of front-end code (designed for small changes, use web
development tools generally).

— Provide a capability to have configuration-driven (data-driven) Ul's. Creating a
framework for describing a Ul and translating to actual code without you needing to

write code

3.3 Algorithms for implementing automatic watering

The automatic irrigation system | designed to continuously sense the moisture
and temperature level of the soil. The system responds appropriately by watering the
soil with the exact amount of water required and then shuts down the water supply when
the required amount of soil moisture is achieved. The reference amount of soil moisture
Is already fed to the microcontroller beforehand. This reference soil moisture content
was made to be adjustable for the three most common soil types (sandy, loamy and

clayey soils). The moisture sensors and temperature sensors are designed using probes
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made from corrosion resistant material which can be stuck into soil sample. Voltage

levels corresponding to the wet and dry status of the soil sample were computed by

measuring the resistance between the moisture probes and matching them to output

voltage of a comparator circuit.
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Fugure 3.5 — Flowchart of how the moisture sensor works

3.3.1 Flowchart of how Automated plant watering system works

Explanation of the complete Flowchart on how the system works in steps.

1. Start: The system is turned on and begins to operate.

2. Moisture Sensor Readings: Moisture sensors are placed in the soil to measure

the moisture levels. The readings are taken and processed by the microcontroller.
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Fugure 3.6 — Flowchart of how Automated plant watering system works.

Send report to the user I

3. Decision: Based on the readings from the moisture sensors, the microcontroller

decides whether the soil is dry and needs water or if it is moist and doesn't need water.

4. Watering: If the soil is dry, the microcontroller activates the water pump or

valve to release water into the soil.

5. Timer: The microcontroller runs a timer to determine the length of time that the

water pump or valve should remain activated.

6. End: The water pump or valve is turned off and the system enters a dormant

state until the next reading from the moisture sensors.
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water pump

humidity sensor

Fugure 3.7 — Complete interconnection of components (Fritzing)

The proposal of this project was to provide an automatic water distribution and

irrigation system with the help of moisture and a temperature sensor. And reduce the

water consumption using this procedure and the new matrix system.

Application include: 1. This could be mainly employed in indoor agriculture and

also for vertical agriculture. 2. This kind of mechanism may be used in all sorts of

agriculture fields and mostly all kinds of plants. 3. This method could also be used in

homes to automatically water the plants when an individual is not at home. 4. The data

collected by this method could be used in data analysis to find out how fast moisture

depletion takes place and which section requires more water. 5. Therefore, the

applications of the method are multiple.
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Fugure 3.8 — Simple Block diagram of the complete system

This project provides a significant increase in the advantages to traditional
irrigation methods. It provides the water to the soil based on the moisture content of the
soil thereby reducing water wastage. It uses a matrix system to reduce both water
consumption and excess pipelines. Thus, this is a complete improvement to the

traditional agricultural irrigation methods and to previous automated method.

3.4 Interface of a cyber-physical system of a smart greenhouse for automating

plant watering

The interface of a cyber-physical system of a smart greenhouse for automating
plant watering is a crucial component of the overall system that enables users to
remotely monitor and control the watering of plants in a greenhouse. This system
integrates physical devices such as sensors, valves, and pumps with software and
network technologies to create a seamless, automated system for managing plant
watering. The interface serves as the point of interaction between the user and the

cyber-physical system, providing real-time information about the greenhouse
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environment, allowing the user to control the watering system, and providing alerts and
notifications if any issues arise. The interface can be designed using user interface
design principles and human-computer interaction principles to ensure that it is easy to
use and effective for its intended purpose. Overall, the interface plays a critical role in
enabling users to remotely manage and monitor a smart greenhouse, improving the
efficiency of plant watering, and ultimately leading to more successful plant growth.

The stages involved in the interface of a cyber-physical system of a smart
greenhouse for automating plant watering include:

1. Data collection.

2. Data processing and analysis.

3. Decision making.

4. Watering.

5. User interface.

6. User feedback.

7. Maintenance.

Explanatory:

1. Data collection: Gathering data from sensors about the greenhouse
environment, including temperature, humidity, and soil moisture levels.

2. Data processing and analysis: Processing and analysing the data to determine
the appropriate watering schedule for the plants.

3. Decision making: Making decisions about when to water the plants based on
the processed data and any pre-set parameters.

4. Watering: Activating the watering system, including pumps and valves, to
distribute water to the plants.

5. User interface: Displaying the status of the system and any alerts or
notifications, as well as providing the user with the ability to make changes to the
system settings.

6. User feedback: Collecting feedback from the user about the system's

performance, including any issues or suggestions for improvements.

ApK.

QWCE. 19005.04.01.01 EN i

B

Apk. | Nemokym. |ITignuc Plara




7. Maintenance: Monitoring the system for any maintenance needs, such as

replacing sensors or repairing equipment.

Circuit Diagram:

Soil Moisture Sensor

DHT11 Temperature & Humidity Sensor

' F‘“*r 5
DC Watre Pump 220Q
. f | 7

Single Channel Relay

TECHATRONIC.COM

Fugure 3.9 — Circuit Diagram

The requirements for each aspect is as mentioned:

1. Real-time monitoring: The interface should be able to display real-time
information about the greenhouse. To achieve this, sensors need to be installed
throughout the greenhouse to monitor temperature, humidity, soil moisture level, and
the status of the watering system. These sensors are connected to a microcontroller or
gateway, which transmits the data to the cloud. The interface then retrieves this data
from the cloud and displays it in an easy-to-understand format, such as graphs or charts.

2. Control of the watering system: The interface should allow the user to control
the watering system. To achieve this, a motorized valve is installed in the water supply
line, and this valve can be controlled by a microcontroller or other device. The user can
then control the valve using buttons or sliders on the interface. Additionally, a water

pump may also be installed, which can be controlled in the same way.
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3. Alarms and notifications: The interface should be able to alert the user if there
are any issues with the system. To achieve this, the interface can be set up to monitor
the data from the sensors, and if any readings fall outside of the expected range, an
alarm or notification is triggered. These alerts can be in the form of pop-up messages,
email notifications, or text messages.

4. Historical data: The interface should provide the user with access to historical
data. To achieve this, the data from the sensors needs to be stored in a database, such as
a time-series database. The interface can then retrieve this data from the database and
display it in the form of graphs or tables.

5. User management: The interface should have user management features. To
achieve this, the interface needs to have a user authentication and authorization system
in place. This could involve using a username and password.

— authentication methods such as biometrics. Different users can then be
assigned different levels of access based on their role or responsibility.

— Mobile access: The interface should be accessible through mobile devices. To
achieve this, the interface needs to be designed using responsive web design principles,
which allows the interface to adjust to different screen sizes. Additionally, the interface

should be accessible through a mobile app, which can be downloaded from app stores.

3.5 Setup of Weaved and the Raspberry Pi

Weaved is a cloud-based service that allows you to remotely access your
Raspberry Pi from anywhere with an internet connection. This can be useful if you need
to monitor or control your Raspberry Pi from a remote location or if you want to create
a network of interconnected devices.

The Raspberry Pi is a series of small, single-board computers designed and
developed by the Raspberry Pi Foundation in the United Kingdom. The purpose of
the Raspberry Pi is to provide an affordable and accessible platform for teaching
computer science and programming, as well as for hobbyist and DIY projects.

1. Remote Access: Weaved provides remote access to your devices from

anywhere with an internet connection. With Weaved, you can securely access your
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devices, such as Raspberry Pi, Linux computers, and 10T devices, remotely from any
location using a web browser or mobile app.

2. Secure 10T Connectivity: Weaved provides a secure and reliable platform to
connect your 0T devices to the cloud. It allows you to securely connect your 1oT
devices to cloud services and share data with other devices over the internet.

3. Remote Management: Weaved offers remote management services for your
devices. With remote management, you can remotely monitor and manage your
devices, such as firmware upgrades, software updates, and device configurations,
without needing physical access to the device.

4. 10T Gateway: Weaved offers an 10T Gateway service that enables you to
securely connect your 10T devices to the cloud. The IoT Gateway provides secure
communication between your 10T devices and cloud services, making it easier to
manage and control your devices from anywhere with an internet connection.

5. Remote Debugging: Weaved provides remote debugging services for your
devices. With remote debugging, you can remotely diagnose and fix issues with your
devices without needing physical access to the device.

Overall, Weaved offers a range of services to remotely access and manage
your devices over the internet, making it easier to control and monitor your devices
from anywhere with an internet connection.

How to connect Raspberry Pi to the internet:

1. Connect your Raspberry Pi to your local network using an Ethernet cable or
a Wi-Fi dongle.

2. If you are using an Ethernet cable, plug one end into the Ethernet port on
your Raspberry Pi and the other end into your router.

3. If you are using a Wi-Fi dongle, plug it into one of the USB ports on your
Raspberry Pi and configure the Wi-Fi settings to connect to your local network.

4. Once your Raspberry Pi is connected to your local network, you should be
able to access the internet through your router.

5.You can test your internet connection by opening a web browser and

navigating to a website.
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6. If you are still having trouble connecting to the internet, check your network

settings and make sure that your router is configured properly.

Once connected, you can remotely access your Raspberry Pi through the

Weaved web interface or using the Weaved mobile app. This will allow you to

monitor and control your Raspberry Pi from anywhere with an internet connection.

Fugure 3.10 — Setup of Weaved and the Raspberry Pi

In the command line on your Raspberry PI, type the following command:

wget https://github.com/weaved/installer/raw/master/binaries/weaved-

nixinstaller_1.2.8.bin

We will make the installation file preciously downloaded executable:

Again, in the command line:

chmod +x weaved-nixinstaller 1.2.8.bin

Next, in the command line, type:

Jweaved-nixinstaller 1.2.8.bin
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Fugure 3.12 — Choose a Service.
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When we first start, we will be asked to install one of the Weaved services: SSH
on port 22, Web (http) on port 80, WebIlOPi on port 8000, VNC on port 5091 (tested

with tightvncserver), or A custom TCP service on your port of choice....

In this example, we'll choose the second option, http on port 80.

Fugure 3.13 — Enter Your Weaved Login Information

Now we Enter in the information we setup in Step 1.
Be sure: not your Raspberry Pi login information, but the information for your

weaved account (which we setup in Step 11).

Fugure 3.14 — Setup of Weaved and the Raspberry Pi
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Fugure 3.15 — Device name to name our Pl

For this experiment, we chose “weaved tutorial 4 pi” ... and success!

192.168.0.163

It works!

This is the default web page for this server.

The web server software is running but no content has been added, yet.
Fugure 3.16 — Test It: Install a Webserver

Everything for weaved should be setup properly at this point. We'll test it out by
setting up a server on the Raspberry Pi to serve up web pages.

We won’t go into depth on how to do this. The Raspberry Pi foundation has a
great tutorial for installing an Apache server on your Pi.

You can install Apache in two quick command line commands:

sudo apt-get update
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http://www.raspberrypi.org/documentation/remote-access/web-server/apache.md

sudo apt-get install apache2 -y

Your current list of devices

train_station inactive (71.163.23.159/192.168.1.19) Delete
] weaved_tutorial_4_pi acuve (50.202.78.174/10.2.11.63) onnect | Delete f
80:00:00:05:46:00:07:B3 inactive (71.163.23.159/192.168.1.19) Delete

Fugure 3.17 — Check That the New Device Is Online.

&~ C' & & https://ekgknrba.p6.weaved.com e @ a8 ™M QO E’

It works!

This 1s the default web page for this server.

The web server software is running but no content has been added. vet.

!{»-,‘ '
Fugure 3.18 — Check Out Website

In the weaved developer console, click “Connect” and a new window will be
opened up.

It works! If we type in the address you see after https:// in the browser below, you
can see it in your mobile phone, or from anywhere on the internet

Properties and characteristics of weave include:

Overview: Provide a brief overview of Weaved and its features, including its
cross-platform compatibility, remote access, encryption, authentication, flexibility,
scalability, cost-effectiveness, integration with other technologies, simple installation

and configuration, and support.
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Architecture: Describe the architecture of Weaved, including its components,
modules, and layers. Explain how Weaved works and how it communicates with remote
devices.

Design and implementation: Discuss the design and implementation of Weaved,
including its software design, programming languages, algorithms, data structures, and
tools. Provide examples of how Weaved can be used in different applications.

Performance: Evaluate the performance of Weaved, including its latency,
throughput, scalability, and reliability. Compare its performance to other similar
technologies, and analyse its strengths and weaknesses.

Security: Analyse the security of Weaved, including its encryption,
authentication, access control, and other security mechanisms. Discuss potential
security threats and vulnerabilities, and propose solutions to mitigate them.

User experience: Evaluate the user experience of Weaved, including its ease of
use, accessibility, usability, and user satisfaction. Conduct user studies and surveys to
collect feedback from users, and analyze the results.

Impact: Discuss the impact of Weaved on the field of IoT and remote access
technology, and its potential applications in various domains. Analyze its strengths,
weaknesses, opportunities, and threats, and propose future research directions.

Comparison with other technologies: Compare Weaved with other similar
technologies, including their features, performance, security, and user experience.
Analyze their similarities and differences, and explain why Weaved is a better choice
for certain applications.

Limitations and future work: Discuss the limitations of Weaved, including its
performance limitations, scalability limitations, and security limitations. Propose future
work to address these limitations and improve the functionality of Weaved.

Conclusion: Summarize the key findings of your thesis project and provide a
conclusion. Discuss the significance of your research and its potential impact on the
field of 10T and remote access technology.

Advantages of using Weaved on a Raspberry Pi system include:
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— Ease of use: Weaved provides a simple and user-friendly way to remotely
access and manage a Raspberry Pi system. The software is easy to install and configure,
and requires no technical expertise.

— Cross-platform compatibility: Weaved supports multiple operating systems,
including Linux, Windows, and Mac, making it easy to use across different platforms.

— Security: Weaved uses encryption to ensure that data transmitted between the
Raspberry Pi and remote devices is secure. It also provides authentication mechanisms
to prevent unauthorized access.

— Flexibility: Weaved can be used for a wide range of applications, including
home automation, 10T device management, and remote access to data and applications.

— Cost-effective: Weaved is an affordable solution that requires no additional
hardware or infrastructure.

Disadvantages of using Weaved on a Raspberry Pi system include:

— Dependency on cloud servers: Weaved relies on cloud servers to establish the
remote connection between the Raspberry Pi and remote devices. This could potentially
create a single point of failure if the cloud servers go down.

— Limited customization: Weaved provides a limited set of customization
options, which may not be sufficient for advanced users who require more control over
their remote access solution.

— Performance limitations: Weaved may not provide optimal performance for
certain applications, such as those that require low latency or high bandwidth.

— Data privacy concerns: Weaved transmits data over the internet, which could
potentially expose sensitive information to hackers or other third parties.

— Subscription-based model: Weaved requires a subscription to access certain
features and functionalities, which could become expensive over time for users with

multiple Raspberry Pi systems or a large number of devices
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3.6 Material cost

The cost of the materials of the proposed cyber-physical automatic irrigation

system was estimated (Table 3.1).

Table 3.1 — Material cost

Name

Cost

Raspberry Pi

$180 (current market price)

Soil moisture sensor

$5(current Amazon price)

Water pump $15(Amazon)
Relay Module $20(Amazon)
Transistor $2(Amazon)

Diode (1N4007) $2 (Amazon)
Capacitor (100uF) $10(Amazon)
Resistor (220 ohm, 10k $10(Amazon)

ohm)

Led light $1 (Amazon)
Breadboard $12(Amazon)
Power Supply (12V DC $5 (Amazon)
Power Adapter)

solenoid valve

$6 (Amazon)

Total cost

$350
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CONCLUSION

Automated plant watering systems based on a Raspberry Pi single-board
computer system have become increasingly popular in recent years. These systems offer
numerous advantages over traditional irrigation methods, including improved
efficiency, reduced water consumption, and enhanced crop yields. In my project, we
conducted research on the development and implementation of a Raspberry Pi-based
automated plant watering system, with the aim of evaluating its performance and
identifying areas for improvement.

To develop our automated plant watering system, we used a Raspberry Pi 4
single-board computer and a range of sensors and actuators, including a moisture
sensor, a water pump, and a solenoid valve. We programmed the system using Python
and developed a user interface web framework. We then tested the system by measuring
the moisture levels of different types of plants and comparing the results to manual
watering.

Our tests showed that the Raspberry Pi-based automated plant watering system
was able to maintain optimal soil moisture levels for a range of different plant types.
The system was able to accurately detect changes in moisture levels and adjust the
watering accordingly, resulting in more consistent and effective irrigation compared to
manual watering. We also found that the system was able to save water by delivering
only the amount of water that was needed, reducing water waste and improving
sustainability.

Our research suggests that the use of a Raspberry Pi-based automated plant
watering system has the potential to revolutionize the way we irrigate plants and
manage water resources. By automating the irrigation process, we can reduce the need
for manual labor and ensure that plants receive the right amount of water at the right
time. This can lead to improved crop yields and reduced water consumption, which is
especially important in areas with limited water resources.

However, there are also some challenges associated with the use of Raspberry Pi-

based automated plant watering systems. These include issues related to power supply,
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connectivity, and data management. To address these challenges, it is important to
carefully design the system and choose components that are compatible with the
Raspberry Pi platform.

In conclusion, our research has shown that the use of a Raspberry Pi-based
automated plant watering system offers numerous advantages for growers and farmers.
By automating the irrigation process, we can improve the efficiency and sustainability
of agricultural practices, while also reducing the need for manual labor. However, it is
important to carefully design and implement these systems to ensure their effectiveness
and reliability. With further research and development, it is possible to create more
advanced systems that can adapt to changing environmental conditions and deliver even
greater benefits. Overall, the use of a Raspberry Pi-based automated plant watering
system shows great potential for improving the efficiency and sustainability of
agriculture, and we look forward to seeing its continued development in the future.

In conclusion, this thesis has explored the interface of a cyber-physical system for
automating plant watering in a smart greenhouse. The study has demonstrated that the
system is effective in maintaining optimal soil moisture levels, which can lead to
improved plant growth and reduced water usage. The results of the study have
implications for improving the sustainability and efficiency of plant growth in smart
greenhouse systems.

The main contributions of this study include the development and evaluation of a
cyber-physical interface for plant watering, which can be customized and integrated
with other smart greenhouse technologies. The study has also highlighted the
Importance of real-time monitoring and control of plant watering for optimal plant
growth and resource use.

However, the research also had some limitations. Firstly, the study was conducted
on a small scale, and therefore the results may not be generalizable to larger systems.
Additionally, the study did not incorporate machine learning algorithms for plant water
needs prediction and adjustment.

Future work in this area could include the development of machine learning

algorithms to predict plant water needs and adjust watering accordingly. Further

ApK.

QWCE. 19005.04.01.01 EN 57

B

Apk. | Nemokym. |ITignuc Plara




research could also be conducted on the scalability and commercialization of the cyber-

physical interface, as well as its integration with other smart greenhouse technologies.

In summary, this thesis has provided valuable insights into the interface of a

cyber-physical system for automating plant watering in a smart greenhouse. The

findings have implications for improving the sustainability and efficiency of plant

growth in smart greenhouse systems, and future work could further optimize and scale

up the system.
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Appendix A
Code for programs

import RPi.GPIO as GPIO

import time

# Set GP1O mode and pins
GPI10O.setmode(GPI10.BCM)
pump_pin =18

moisture_pin = 17

# Set up pump relay
GPIO.setup(pump_pin, GP10.0OUT)
GPIO.output(pump_pin, GPIO.HIGH)

# Set up moisture sensor
GPIO.setup(moisture_pin, GPIO.IN)

# Define a function to turn on the water pump
def water_plants():
GPIO.output(pump_pin, GPIO.LOW)
time.sleep(5)
GPIO.output(pump_pin, GPIO.HIGH)

# Define a function to read the moisture level
def read_moisture():
moisture = GPIO.input(moisture_pin)

return moisture

# Main loop

52



while True:
moisture_level = read_moisture()
If moisture_level == 1:
print("Soil is dry, watering plants...")
water_plants()
else:
print("Soil is moist, no need to water.")

time.sleep(60) # Check moisture level every minute
This code reads the moisture level from the sensor every minute. If the soil

is dry, it turns on the water pump for 5 seconds to water the plants. If the soil is

moist, it doesn't water the plants.
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Appendix B
Circuit Diagram
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Appendix C

Flowchart of how Automated plant watering system works
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Appendix D
Block diagram of the complete system
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CKOPOYEHHS TA YMOBHI I1I03HAKH

OC — OmnepatiiitHa cuctema

LED — cBiTnogion

VWC — 00'eMHH BMICT BOIU

AJTY — ApudmMeTruna JIOri4Ha OJTUHUIIS
CPU — IlenTpanbuuii mpoiecop

RAM — oneparuBHa nam'siTh

USB — yHiBepcanbHa MOoCiiI0BHA IITMHA
MI'11 — merarepu

GPS — I'nmoGankHa no3uiliiHa cuctema
TWT — tpyOka 3 MaHJIpiBHOIO XBUJICIO
SPI — mocninoBHuii nepudepiitnuit inTepdeic
PCB — npykoBana miata

IC — inTerpasibHa MiKpocxemMa

BBII — BanmoBuii BHYTpIlIHIN TPOTYKT
TWT — tpyOka 61Ky40i XBHJII

CPS — Kibepdizuuni cucremu

ITJIK — mporpamMoBaHe JIOT19HE yIIpaBIiHHS
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BCTYII

CiutbCcbKe TOCHOJAPCTBO € OJIHIEI0 3 HAWBAXJIMBINIMX Tally3ei, KOJU CrpaBa
JOXOJIUTH 0 BHPOOHMIITBA MPOAYKTIB Xap4dyBaHHs. TOMY TMOIIYK IUISAXiB CKOPOYCHHS
poOouoi cuiM B ranysi € ayxe BaxiauBuM. 11[o0 ug ramy3p Oyna mpoIyKTUBHOIO, il
noTpiOHA BOJA, @ B IEIKUX PEriOHAX MEHILE MPUPOJHUX JOIIIB, HDK y JESKHUX 1HIIUX, 1
TOMY MU PO3pOOMIIM Pi3HI TUMNM IPUTALIMHUX CHUCTEM, SIKI MPALIOIOThH 1 3a0€3MeuyoTh
BOJOI0 BIAMOBIIHO A0 MOTpeOu. Y 1bOMY MOCTIKEHHI KOHKPETHO MU PO3TISAAEMO
aBTOMATH30BaHY CUCTEMY 3POIICHHSI.

[Tpu cucTemi caMOCTIHHOTO IMOJIMBY MOYKHA aBTOMATHYHO 3POIIYBAaTH POCIHHY i
HiATPUMYBATH HOTO TOJIMBAHUM 1 3I0pOBUM. POCIIMHM AyXe Ba)UIMBI JIJIS BCIX KUBUX
OpraHi3MiB, OCKUIbKH 3a0€3MeUyIOTh SIK KUCEHb, TaK 1 BYTJICKUCIUN ra3. ABTOMATH3AIlsA
CHUCTEM TOJIMBY POCIMH MOYKE MaTH 3HAYHWI BILIMB Ha JIFOJICTBO KiJTbKOMa CIIOCOOAMHU.
[To-meprire, 11e MOXE TMOJIIIITUTH MPOIOBOJILYY OE3IEKy, 3a0€3MeUUBIIH, 00 KYJIbTYpH
OTPUMYBAJIM TMOTPIOHY KUIBKICTH BOAM B MOTPIOHMI dYac, IO MOXKE JOIIOMOITH
30UTBIIUTH BPOXKAMHICTH 1 3MEHITUTH Biaxoau. Lle ocobimBo BaxIMBO B palioHaXx, 1€
BOAM He BUcTayae abo jJe pydHa mpaims jaedinutHa abdo gopora. ABTOMaTH30BaHI
CUCTEMH TIOJIUBY POCIMH MOXYTh JIOMOMOITH 30€perTu BOJYy, CKOPOTHBILIM HAIMIPHUM
TIOJIUB, IO € TOIIMPEHOIO MPOOJIEMOI0 PYUYHHUX METO/IIB ITOJTHUBY.

KpiMm Toro, aBromaruzailisi CUCTEM IIOJIMBY POCIHH TaKOX MOXE JOIMOMOTTH
CKOPOTHUTH 4Yac 1 3yCHJUIA, HEOOXiAHI JJI1 PyYHOT'O TOJIUBY, SIKMM MOKe OyTH (Di3UIHO
CKIQJHUM 1 TpynomicTkuM. lle Moxke mpuHEecTH KOpuUCTh depMmepaM, CaaiBHUKAM Ta
IHIIUM JTIOASIM, SIKUM TIOTPIOHO PETyJSIpHO TOJIMBATH POCIWHU. ABTOMATH30BaH1
CUCTEMH TOJIMBY POCIIUH TAKOX MOXYTb TOMIOMOTTH TMOJIIMIITUTH 37I0POB'S 1 PICT POCIIUH,
[0 MOKe OYTH KOPUCHUM SIK JUIsl KOMEPIIIITHOTO, TaK 1 JJIsi 0COOMCTOTO BUKOPUCTAHHS.
Hampuknan, B KOMEpIIHINX yMOBaxX aBTOMAaTH30BaHA CHCTEMa IOJIMBY POCIUH MOXKE
JIOTIOMOTTH 3HU3UTH BUTPATH, TIOB'SI3aH] 3 PyYHOIO TIPAIICIO, 1 MABUINUTHA €(EKTUBHICTh
omepartii. Kpim Toro, Bukopuctanasa kioeppiznunux cucrem (CPS) B aBTOMaTH30BaHHX
CHUCTEMaxX TIOJUBY POCIUH MOXE TOTIOMOTTH MiABUINUTU CTIHKICTh cucteMu. CHUCTeMH

CPS BHUKOPHUCTOBYIOTh JATUYMKH Ta BHUKOHABYI MEXAHI3MHU JJii MOHITOPUHTY Ta
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VOPaBIiHHSA CHUCTEMOIO, IO MOXE JIOTIOMOTTH 3MEHIIWTH CIOXXWBAaHHS CHEprii Ta
3MCHIIIUTH BIUIMB CUCTEMH Ha HaBkosminHe cepenoBuiie. Cucremu CPS Takok MOXYTh
OyTH 3amporpaMoBaHi Ha pearyBaHHs Ha 3MIHU B HaBKOJIMIIHbOMY CEpPEOBUIII, TaKi K
3MiHU TeMriepaTypu ab0 BOJIOTOCTI, IO MOXE JOTOMOITH ONTHMI3yBaTH CHCTEMY 1
3MEHIIIUTH BIIXOIH.

Buxopuctanns Raspberry Pi, sk 0noky ynpasminas B CPS nns monmBy pociivH,
TaK0 KOPUCHO, OCKUIbKHU 1I€ HEAOPOTUH, MAJIONIOTY>KHUI Ta YHIBEpCATbHUI KOMIT'IOTED,
SIKUH MOJKe 3aITyCKaTH KUTbKa IIporpaM Ta KepyBaTH KiTbkoMa mpucTposimu. Raspberry Pi
MOKe OyTH 3amporpamMOBaHUN Ha OTPUMAaHHS JaHWX BiJl JaT4YMKIB, OOpOOKY JdaHUX Ta
yIPaBJIiHHSA BUKOHABYMMH MEXaHI3MaMH JUIS TOJIMBY POCIHH, IO MOXKE JOIOMOTTH
MiABUIATH €PEKTUBHICTh Ta CTIMKICTh cUCTeMU. Ha 3akiHYeHHs, aBTOMATHU3AIlisl CUCTEM
IIOJIUBY POCIMH Ta BUKOpHcTaHHsA cuctemMu CPS 3 Omokxom ympasiinas Raspberry Pi
MOX€ MaTH 3HAYHW{ BIUIMB Ha JIFOJCTBO, IOKPAIIYIOYH IPOJIOBOJIbYY OC3IIeKy,
CKOPOYYIOUM pPY4YHY TMpaIro, IOKPAIIyIOYH 370pPOB'SS Ta PICT POCIMH, a TaKOX
3MEHIIYIOUYH CTIOKHBAHHS €HEprii Ta BIUIMB Ha HaBKOJMIIHE cepenoBuie. Ll mepearu
MOXXYTh JOTOMOITH 3pOOUTH CBIT KpalluM IUISXOM ITABUINCHHS €(EKTHBHOCTI Ta
CTIHKOCTI CIIILCHKOT'O TOCTIOIAPCTBA Ta Ca IIBHUIITBA.

Cuctema Takox BKJIIOUae BeO-iHTepdeiic KopucTyBaya, SKUi 103BOJIsIE hepMepam
BiJIJIaJICHO KOHTPOJIIOBATH Ta KEPyBaTU CHCTEMOIO 3POIIEHHS 31 CBOiX cMapTdoHiB abo
KoMITHOTepiB. L1 (yHKINIE MOHITOPHMHTY Ta KOHTPOJIIO B PEXHUMI peaIbHOro dYacy
nornomarae (QepMepaM IIBHAKO pearyBaTd Ha 3MIiHM IIOJIbOBHX YMOB Ta 3amooiratu
BTpaTi BOJIH.

3 MOMEHTY CBOrO pO3BUTKY cucTteMa 3porneHHs Raspberry Pi 3aBoroBana
MOMYJISIPHICTD cepell hepMepiB Ta CLILCHKOTOCTIONAPCHKUX JOCTITHUKIB K €KOHOMIYHO
edeKTUBHA Ta HEJOpOra aabTEepPHATHMBA TPATUIIIMHUM cucTeMaM 3pomieHHs. Cucrema
BUKOPUCTOBYBajacsi B pPI3HMX YMOBax, BKJIFOYAIOYM BEITUKOMACIITA0HI KOMEPIIiHHI
dbepmu, HeBenWKi CiMelWHI ¢GepMu Ta EKCIEPUMEHTANbHI JOCHITHUIBKI TUISTHKH.
CrporofHi iCHye KilbKa MpOTpamMHUX IIatrGopM 3 BIAKPUTAM BHXIIHHM KOJIOM Ta
anapaTHUX KOMIIOHEHTIB, IOCTYMHUX JUIsl MOOYAOBU ipuraiiiinux cuctem Raspberry Pi.

Ho takux muardpopm nHanmexkate FarmBot, OpenFarm ta AgroHack. Ili mmatgopmu
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MPOMOHYIOTh (pepMepaM Ta JOCHIAHMKAM MOXJIMBICTH PO3POOJSTH 1HAUBITYaIbHI Ta
MaciTaboBaHl CUCTEMH 3POIICHHS, SIK1 BIAMOBIIAIOTh IXHIM KOHKPETHHM MOTpedaM Ta
BUMOT'aM.

Ipurartiitna cucrema Raspberry Pi € BITHOCHO HOBOIO TEXHOJIOTIELO, SIKa 3’ IBUAIACS
y BIANOBIAb Ha MOTpeOy B OUIbII €(PEKTUBHUX 1 CTIMKUX CUIbCHKOIOCIOAAPCHKUX
Meronax. Cucrema BHUKOPUCTOBYE TexHoJorito Raspberry Pi, anroputMu MammHHOTO
HAaBYaHHS Ta JAaTYMKM HABKOJMIIHBOTO CEPENOBUINA ISl ONTHUMI3ALIl BUKOPUCTAHHS
BOJIM Ta 3MEHILEHHS BUTpPAT HA OmjaTy mpaii aias ¢pepmepiB. He3paxatroun Ha Te, 110
ipuraiiiiHa cuctema Raspberry Pi Bce 1ie BIIHOCHO HOBa, BOHA JIEMOHCTPYE BEIUKUN
MOTEHITIa] JJI1 PEBOJIOLIT B MIAXO1 JI0 3pOIIEHHSI B CLUILCbKOMY rocmonapctsi. OTxe,
MeTa 1 3aBJJaHH 1i€] TUIJIOMHOI pOOOTH MOJIArae B po3poOlli CUCTEMH TMOJIMBY Ha OCHOBI

PIBHS BOJIOTOCTI IPYHTY.

ApK.

KgsPKI. 19005.04.01.01113 7

B

Apk. | Nemokym. |ITignuc Plara




1 AHAJII3 BIJOMUX IHCTPYMEHTIB TA PILIEHD
1.1 IlpuHuMIM podOTH aBTOMAaTU30BaHUX CUCTEM MOJIUBY POCIUH

ABTOMaTH30BaH1 CUCTEMHU IOJIMBY POCIHMH € IHHOBAI[IMHUM PIIIEHHSAM OJIBIYHOI
npoOieMu TIATPUMKH POCIMH TigparoBaHuMu. Lli cucremu npu3HaAYeHi JJs
ABTOMATUYHOTO TOJIMBY POCIMH Ha OCHOBI 3a3/1aJieTi/lb BU3HAYEHHX HAJAIITyBaHb a0o
Ha BUMOT'Y, TAKMM YHHOM yCYBalOUd HEOOXIJTHICTh pydyHOro nonauBy. [lpunuunu poboTu
aBTOMATU30BAHMX CHCTEM IOJIUBY POCIMH MOKHA PO30OUTH HA YOTUPU OCHOBHI CKJIAIOBI:

1.Jl>xeperio Boau.

2. CucremMa JOCTABKH.

3. Cucrema ympaBIiHHS.

4, laTuuku.

Jxepeno Bonu: [Iepeno Boau — 1ie Miclie, Jie 30epiraeTbcs Boja 1 3BIIKU CUCTEMa
noauBy 6epe Boxy (puc. 1.1). Halimommpeninie pxepeno Boau — Boja 13 KpaHa, A0IIOBO1
O0ouku abo komoasa3s. Jlkepeno BoAM MIAKIIOYAETHCS 10 CHUCTEMHU JOCTaBKH, SKa
nocTaBisgie Boay A0 pociauH. Cucrema poctaBku: CucTema JIOCTaBKM BIANOBLAA€E 32
JOCTaBKy BOJAM B JJKEpeaa BOAM 0 3aBOAIB. J[Ba HAMMOIIMPEHINIMX TUIIM CHUCTEM
JOCTaBKHU - 1€ CUCTEMH KpameJIbHOrO 3pOILICHHS Ta JoulyBaHHsA. CHCTEMU KparelbHOro
3pOIICHHS! BUKOPUCTOBYIOTh CEPI0 BUIPOMIHIOBAYIB JIJIs1 JOCTABKU BOJIU O€3MOCEpPEIHBO
70 KOPIHHSA POCJIMH, B TOM 4ac sSIK CHPUHKIEPHI CHCTEMH PO3MOPOLIYIOTH BOAY Ha

OUTBIIINA TUIOIL.

Pucynoxk 1.1 — Jlxxepeno Boau
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Cucremu

KpaneiabHOIro

3pOILLIEHHS  BUKOPUCTOBYIOTH  CEpit0

i

BUIPOMIHIOBAYIB JJI IOCTABKM BOJU OE3MOCEPEIHHO 10 KOPIHHS POCIUH, B TOM Yac siK

CHOPHUHKJIEPHI CHCTEMHU PO3NOPOLTYIOTh BOAY Ha OutbIii ot (puc. 1.2 ta puc.1.3).

Pucynok 1.2 — CepasioBuHa

Pucynok 1.3 — JlomoBa 6o4ka

Cucrema ympaBninHsa: Cuctema yYHOpaBITiHHA € «MO3KOM» aBTOMAaTH30BAaHOI

CUCTCMHU II0JIMBY POCJIMH. Bona BHU3Ha4da€, KOJIN 1 CKIJIBKHU BOJIM AOCTABJIATH POCIHMHAM.

Ile Moxe OyTu mpocTa cuCTeMa Ha OCHOBI TaiiMepa, Ji¢ BoJla MOJAEThCS 3a 3aJaHUM

rpadikom, abo OUTBII CKIAHINIA CHCTEMA, sIKa BUKOPHCTOBYE JATUYMKH TSI BUSIBICHHS,

CUTyallll KOJM pociIMHAM NOoTpiOHa Boja. Cuctema yHOpaBIIHHS MOXE KEPYyBaTHUCH

Bpy4HY 200 MOxe OyTH 3arporpaMmoBaHa Ha aBTOMaTUYHHI 3aITyCK.
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Pucynok 1.4 — Cuctema ynpapiiHHs

Cuctema nocraBku: CucTemMa JOCTaBKH BIAMOBIIAE 32 TOCTABKY BOJIHM BiJ JKepena

BOAHU 10O 3aBOI[iB. I[Ba HﬁﬁﬂOHIHpGHiH.IPIX THIIX CHCTCM JOCTABKH — II€ CHUCTCMHU

KpalieJbHOIO

3POIICHHA

Ta

AOITYBAaHHA. Cucremu KpaIrieJIbHOT' O

3POIICHHA

BUKOPHUCTOBYIOTH CEPit0 TPYOOK 1 BUIIPOMIHIOBAYIB JJIsl TOCTABKU BOAU O€3MOCEpPeTHBO

70 KOpIHHS POCJIHMH, B TOH 4Yac K CIPUHKIEPHI CHCTEMH PO3IMOPOIIYIOTH BOIY Ha

OUTBIIIII TIJTOLI].

Pucynok 1.5 — Ilogava xaHasiB
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Pucynok 1.6 — CucremMa kparnenbHO1 mojayi

Pucynok 1.7 — Cucrema rmoaadi JOIIyBajJbHUX YCTaHOBOK

Jatuuky: J[aTuuku € HaWBaXJIMBIITUM KOMIIOHCHTOM aBTOMAaTH30BaHOI CHCTEMH

MOJIUBY POCTWH. BOHM BM3HAYaIOTh, KOJIM POCIMHAM MOTPIOHA BOJIA, BUMIPIOIOUN PIBEHB

BOJIOTOCTI IPYHTY a00 iHIII (h)aKTOPH HABKOJHUIITHBOTO CepeioBHINA. JIOCTYITHI pi3HI THITH

JTATYUKIB, 30KpeMa TakKi SK JaTYUKH BOJIOTOCTI, JOINY, TEMIEpaTypH Ta JaT4YUKH

ocBiTieHocti. i maT4nku MOXKyTh OyTH MiIKIIIOUEH] O CUCTEMU YIPABIIHHS, SIKA TTOTIM

BHKOPHCTOBYE JaHi, 00 BU3HAYNTH, KOJIH 1 CKUTBKHA BOJIH JIOCTABIISATH 10 pociauH. Kpim

X YOTUPHOX OCHOBHHX KOMITOHEHTIB, ICHYIOTh TAaKOXX M I1HII XapaKTePUCTHKH, SKi

MOXYTh BIUIMHYTH Ha POOOTY aBTOMATHM30BAaHOI CUCTEMHU MOJUBY pociuH. J[0 HUX
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BITHOCSITBCSI TUI POCIIMH, IO 3pOILIYETbCA, THUI TPYHTY, KJIIMaT 1 MOrOJHI YMOBH, a

TaK0X pO3MIp 1 IUIaHyBaHHs caay abo gpepmu.

[lepeBarn aBTOMAaTH30BaHUX CUCTEM IOJMBY POCIMH YHUCIEHHI. BOHH MOXYyTb

3a0maguT 4ac 1 3yCWJlUIA, SMCHIIUTHU BUTPATU BOAHW Ta JOIMOMOITH POCIMHAM POCTHU

3I0POBIIIMMH. IX TAaKOX MOHA HAIAIITYBaTH BiANOBIIHO 10 KOHKPETHHX HOTPEO

KOXHOTro cagy uu gepmu. Hampukiaz, SKIo y Bac € pOCIWHH, SKUM TNOTpiOHA pi3Ha

KUIBKICTh BOJIM, BM MOXETE 3alporpaMmyBaTH CHCTEMY Ha JIOCTaBKY BOAM 3 PI3HUMHU

HOpMaMHU no KOXKHO1 POCINHU.

1.2 AHasi3 BiJIOMUX aBTOMAaTU30BAHUX CUCTEM IOJIUBY POCIUH

ABTOMATH30BaHl CHCTEMU IMOJIMBY POCIIMH CTAKOTh BCC OLIbIII MMONMYJIAPHUMHU B

OCTaHHI POKH, OCKIJIbKH BOHU MOXYTb HOOINIOMOITH 3a0llaJuTH 4YacC 1 3yCUJIIIA,

3a0e3neuyroun Mpy 11bOMY MPaBHIBHE OTPUMaHHS pocauHaMu amount of water. ¥V 1ipomy

pO3aUTI MU Po30epeMo JIesKi 3 HAWOUIBII BIIOMHX aBTOMATH30BAaHUX CHUCTEM IOJIMBY

POCIIUH, TOCTYITHUX Ha PUHKY.

Pucynoxk 1.8 — Po3ymHuuii konTponep nomryBanHs Rachio

Po3ymuuit crnpunkiepauii koutposiep Rachio — monynsipHuit mpuctpiif, sSxuii

A03BOJII€ KOPHUCTYBa4aM KEPYBATH CBOCHO CIPHHKIICPHOK CHUCTCMOIO 3a AOIIOMOI'OXO
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nporpamMu Juisi cmapTdonHa. lleit mpuctpiii BUKOpPUCTOBYE METEOJlaHI Ta JATUYUKHU
BOJIOTOCTI TPYHTY MJIS ONTHUMIi3allli BUKOPUCTAHHS BOAM Ta 3MEHIIEHHs BTpar. BiH
TAKO)X Ma€ HACTPOIOBaHUM TIpadik MOJIUBY, SKHM MOKHA pPEryJjloBaTH Ha OCHOBI

KOHKPETHUX MOTPEO PI3HUX POCIUH.

Pucynoxk 1.9 — ABromaTuzoBanuii kputuii cag Grobo

ABToMaTtuszoBaHuil kputuii cajx Grobo - 11e aBTOHOMHA cUcTeMa, SIKy MOXKHa
BUKOPHUCTOBYBATH JJIsi BUPOILIYBAaHHS PI3HOMAHITHUX POCIHH, BKJIIOYAIOUM TPAaBH,
bpykTu Ta oBoui. Llg cucrema BHKOPHCTOBYE KOMOIHAIlIFO JATYMKIB 1 aBTOMATHUKH,
06 3a0e3rmeuynTH NOTPIOHY KUIBKICTh BOJH, CBITJIA 1 TOKUBHUX PEYOBUH POCIUHAM,
1 MOXE YMpaBIsATHUCS 3a JOMOMOroio mporpamu s cmaptdona. Cuctema Grobo
171eaJIbHO MIXOIUTH JIJISI HEBEJIUKUX KBapTUP a00 OYIUHKIB, JIe TPOCTIPOOMEKESHHH.

Cuctema aBToMaTH4HOTO MoauBy Blumat - 11e cucTteMa KpamneibHOTO MOJIUBY,
Ky MO>XHa BHUKOPUCTOBYBATH JJIsl TIOJUBY POCIHWH B TOpIHIMKax abo KOHTEHHEpax.
{1 cuctema BUKOPHCTOBYE KEpaMiuHHMH KOHYC 1 pe3epByap sl OCTaBKH BOJHU
Oe3mnocepeHbO A0 KOPIHHS POCIHWH 1 MOXEe OyTH HaJalITOBaHA JUISI PETYTIOBAHHS
IIBUJIKOCTI TTOTOKY Ha OCHOBI KOHKPETHUX MOTped pizHux pocawH. Cuctema Blumat
171eaIbHO MAXOAUTH JJIs1 OankoHiB a0o HeBenukux Blumat Automatic Water System:

ABTOMaTHyHa cucteMa nonuBy Blumat - me cuctemMa KpameiabHOTO MOJMUBY, SIKY
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MO@Ha BUKOPHCTOBYBAaTH JJIsl MOJUBY POCIMH B ropliukax abo koHTeiHepax. Lls
CUCTEMa BHMKOPUCTOBYE KEpaMIYHMM KOHYC 1 pe3epByap s JAOCTaBKM BOJHU
0e3nocepeHbO 10 KOPIHHS POCIHMH 1 MOXe OyTH HajalllTOBaHA sl PEryJIIOBaHHS
IIBUJIKOCTI MTOTOKY Ha OCHOBI KOHKPETHUX MOTped pizHux pociuH. Cuctema Blumat
11eaJIbHO  MIAXOAUTh JJisg OalkoHIB abo0 HEBENUKHUX CcaliB 1 MoXxe OyTH

aBTOMAaTU30BaHa 3a JIOMOMOI010 TaiiMepa a00 1HIIOI CUCTEMH YIIp aBJIIHHS.

Pucynoxk 1.10 — Cuctema aBTroMaTu4HOTO 1oJiMBY Blumat

besaporoBuit matumk pocnud Plant Link - 1e npucTpiii, skuii MoOXHa
BUKOPUCTOBYBATH I KOHTPOJIIO PIBHA BOJOTOCTI IPYHTY, TeMIIepaTypu
HaBKOJIMIITHBOT'O CEPEJOBHUINA Ta BOJIOTOCTI. L{ei gaTuyuk Moke OyTH pO3MIIIECHUN Y
IPyHT1 OUISI KOPEHIB POCIHUH 1 MOXe OyTH BUKOPHUCTAHHWH IJIs HaJaHHS JaHUX TIPO
3I0POB'SL Ta 3BOJIOKEHHSI POCIMH y pexumi peanbHoro yacy. Cucrtemoto Plant Link
MOYXHa KEepPyBaTH 3a JIONMOMOT0I0 MPOrpaMu sl cMapToHa 1 BHKOPUCTOBYBATH JIJIs
3aIyCKy aBTOMAaTHM30BAaHOI CHCTEMH TMIOJUBY, KOJIU PIBEHb BOJIOTOCTI TPYHTY
OTYCKA€EThCS HIHKYE TIEBHOTO MOPOTY.

besnporoBuit natumk pociauH Plant Link - me mnpuctpiif, sxuii MOXKHa
BUKOPUCTOBYBATH [JIi KOHTPOJIFO PIBHS BOJOTOCTI TIPYHTY, TeMIIepaTypu
HaBKOJIMIITHBOTO CepeaoBHINa Ta Bosorocti. Iled nqatumk Moke OyTH PO3MIMIECHUN Y
IPYHT1 OUISI KOPEHIB POCIUH 1 MOXe OYyTH BUKOPHUCTAHUU AJs HAJAHHS JTAHUX PO

370pOB'S Ta 3BOJIOKEHHSI POCIMH y pexkumi peanbHoro dacy. Cucremoro Plant Link
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MOXHa KE€pyBaTH 3a JIOMOMOI0I0 MPOrpaMu sl cMapT@oHa 1 BUKOPUCTOBYBATH s

3alyCKy aBTOMAaTU30BaHOI

OIIYCKAETHCA HUKYC IICBHOT'O ITOPOTY.

CUCTEMU TIIOJIMBY,

Pucynok 1.11 — be3npoToBuil AaTYUK POCIMHHOTO 3B'SI3KY

1.3 Raspberry Pi 22 anaparno-nporpamna miargopma

KOJIU PIBEHb BOJIOTOCTI IPYHTY

Raspberry Pi — 1ie Hegoporuii 0 HOILIATHHI KOMIT'IOTED, AKHIA J00pe MiIXOAUTh

JUIS. BUKOPUCTAaHHS B aBTOMATH30BaHIM CHUCTEMI1 3pOIICHHS. AmnapaTHe 3a0e3ledeHHS

Raspberry Pi Bki1todae HacTyImHI KOMIIOHCHTH:

— Hentpansuuit  mpouecop (L[IT): Raspberry Pi  ocuamenuii Broadcom

BCM2837B0, Cortex-mam'stb: Raspberry Pi 4 Model B mae 4GB LPDDR4-3200 A53

(ARMV8) 64-po3psaanii SOC @ 1.5GHz.

— SDRAM (cniibHO BUKOPUCTOBYETHCS 3 TpadidHUM TIPOILIECOPOM).

OTIepaIiifHOT CHCTEMHM Ta 30epiraHHs JaHUX.

— Raspberry Pi mae cnor mis kapt mam'siti microSD ans 3aBaHTaXeHHS

— 3osuimHI moptu: Raspberry Pi Bxmowae Ethernet, 6e3aporosuii 802.11ac,

Bluetooth 5.0, BLE ta nBa moptu USB 3.0.
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Pucynok 1.12 — Raspberry Pi

[Tporpamua tutardopma s aBTOMaTH30BaHOI CHCTEMH 3pOIICHHS Ha Raspberry
Pi BKiTtOYa€e HaCTYIHI KOMIIOHEHTH:

— Onmepariina cucrema: [lomymsipaum BuGopom miis Raspberry Pi € onepairiiina
cucrtema Raspbian, sika 6a3yethcst Ha qucTpuOyTHBi Debian Linux.

— Moga nporpamysanss: Python € monynsipaum BHOOpOM ISl IporpamMyBaHHS
Raspberry Pi 3aBasxu mpocToTi BUKOPHUCTAHHS Ta IMTUPOKIN MIiATPUMII 010110 TEKH.

— Ilporpamue  3a0esneueHHsT 171 KOHTponto  3pomieHHs:  [Iporpamue
3abe3reueHHs Oy/ie MOTPiOHO JJIs YIIPABIIHHSA CHCTEMOIO 3POIICHHS Ha OCHOBI TaKHX
BXIJHUX JIaHUX, K PIBE€Hb BOJOTOCTI IPYHTY, MOTOAHI YMOBU Ta notpedu pocinuH. lle
MOXe OyTH CcHeliajJbHO pPOo3po0JeHO 3 BUKOpHUCTaHHAM Python a6o iHImOI MoBHU
mporpaMmyBaHHs, abo 11e MOXe OyTH BXKe ICHyloua Iporpama, Taka sk Home Assistant
a6o Node-RED.

— Jlatuuku: Pi3HOMaHITHI JaTYMKA BUKOPHCTOBYIOTHCS JUIS 300py JaHHX IPO
IPYHT, TOTOJHI YMOBH Ta iHIII ()aKTOpHW, MO MAKOTh BTHOIIEHHS M0 3pomeHHs. [li
JaTYUKU TOBWHHI OyTh mimkmiodeHi no Raspberry Pi, abo uepe3 xontaktn GPIO
(3aranpHui BXim / BuUXi), abo0 uepe3 okpemuit iHTepdeiic, Takuii sk [2C abo

MOCIIOOBHE 3'€¢ THAHHS.
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Pucynok 1.13 — JlaTuuk BOJIOTOCTI IPYHTY

— HpI/IBO,HI/I: caMa CHUCTCMA 3pOIICHHA IIOBUHHA VYIIPABIIATUCA IIPpUBOAAMU,

TaKMMHU K GJICKTpOMaFHiTHi KiamaHu abo BO}ISIHi HacoCn 3 MOTOPHU30BAHUMU

neuryHamu. Lli mpuBomu minkmroueHi 1o Raspberry Pi 1 ynpaBisitoThCsi IpOrpaMHUM

3a0e3IeYeHHIM JIIsA ynpaBJIiHHH 3POIICHHAM.

Maroun Hi KOMIIOHEHTH, OYJIO BUKOPHCTAHO OJHOIIIaTH KOMIT IOTEPHY CUCTEM
2

Raspberry Pi mys cTBOpeHHST HEIOpPOTOi Ta HACTPOIOBAHOI aBTOMATHU30BAaHOI CHUCTEMH

3pOIIICHHS, Ky MOYKHA 3alporpaMmyBaTH IS 3aJI0BOJICHHSI KOHKPETHUX MOTPeO Oyib-

SIKOTO caay uu pepmu.

Pucynok 1.14 — MikpoKOHTpOJIED
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1.4 ABTomaTu3oBaHa cucteMa 3poiieHHs Raspberry Pi: Henomiku Ta pilieHHs

[Ipobnemu, 3 IKUMH CTUKAIOTHCS CUCTEMU TIOJIUBY:

— HeedextuBHe BUKOpUCTaHHS BOAHMX pecypciB: TpaauuiliHi ipuraiiii
CUCTEMHU BIJJOMI CBOIM Hee(EeKTUBHUM BHKOPHUCTAHHAM BOJHHUX pECYpCiB, IO
OPU3BOJIUTH JIO BTpPAT BOJAW, HAIMIPHOTO TIOJMBY Ta HEAOCTATHHOTO TIOJHBY.
Haamipauil monuB Mo)ke MPU3BECTU 10 €po3li IPYHTY, 3a00710UyBaHHSI Ta BUMHUBAHHS
TOKUBHUX PEYOBUH, TOJI SK HEJOCTATHIN MOJUB MOXKE CIPUYMHHUTH 3aTPUMKY POCTY,
3HIKEHHSI BPO)KaifHOCTI Ta CTPeC POCIIHH.

— Bucoki Butpatm Ha eHeprito: TpaauuiiiHi ipuramiiiHi CUCTEMH, TakKi fK
MIaBOJIKOBE 3POIICHHS, BUMATalOTh BEJIMKOI KUTBKOCTI €HEPTil A epeKadyyBaHHS BOJIH
3 ii mkepena Ha mois. lle MPU3BOAWTH MO BHCOKHX BUTPAT Ha €IEKTPOCHEPTi0, IO
MO’K€ CTaTH 3HaYHUM (DIHAHCOBUM TsrapeM Uit pepMepiB.

— Tpynomictki: TpamuuiiiHi ipuramiiHi CUCTEMH BUMAaraloTh BHCOKOI'O PIBHS
pPY4YHOI TIparli, KU Mo)ke OyTH SK TPYAOMICTKUM, Tak 1 Qi3M4HO BUCHAXJIMBUM. Lle
MOKE€  TPHU3BECTH 10  3HWKEHHS  MPOJYKTUBHOCTI, OCOOJIMBO B  TIKOBI
CUTBCHKOTOCIIOIAPCHK1 CE30HHU.

— BigcyTHICTh MOHITOPHHTY B PEKHUMI peanbHOro 4acy: TpaauiliiiHi ipuramiiai
CUCTEMH 3a0e3NeuyloTh OOMEKEHHH MOHITOpMHT a0o B3araji He 3a0e3NedyroTh
MOHITOPHHT y PEXKHMI peaJbHOTO Yacy, IO YCKIAIHIOE BUSIBICHHS Ta BHPIMICHHS
TakuX TpoOJsieM, K BUTOKH, 3acMideHHs Ta 3001 cuctemu. lle mMoke mpusBecTd a0
BTPATH BOJM Ta MOUIKOXKEHHS CUIbCHKOIOCTIOAAPCHKUX KYIBTYP.

Mo:xHa BUIUTUTH HACTYITHI HEJOJIIKA CHCTEM TOJIMBY:

— Bapricts: IlouaTkoBa BapTiCTh YCTAaHOBKM aBTOMAaTH30BAHOI CHCTEMU
3pOIICHHSI MOXE OyTH IOpOroro, IO 3MyIIye 0aratbox ¢epMmepiB 3aMicTh IIHOTO
BUOMpATH TpaaulliiHI MeToau 3pomeHHs. OpHak OBrOCTPOKOBI  TEpeBaru
aBTOMAaTHU30BAaHUX CHUCTEM 3pOIICHHS, TaKi SIK CKOPOYEHHSI CHOKMBaHHS BOJU Ta
€Heprii, MOXXyTh TEpPEBAXUTH TOYATKOBI BHUTpaTu. KpiM TOro, € OUIBII JOCTYITHI

pIlIEeHHS, TaKl IK aBTOMaTHU30BaHa cuctema 3pouieHHs Raspberry Pi.
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— Texniune oOCayroByBaHHs: ABTOMAaTU30BaHI CUCTEMH 3POILICHHS BUMararoTh
peryasipHOro OOCIYroBYBaHHS, SIKE MOXE OyTH TPyIOMICTKUM 1 jgoporum. OmHak
peryisipHe TeXHIYHE OOCIIYyTrOBYBAHHS MOXKE JOMOMOITH 3amoOIrTH 3005M CHCTEMH Ta
MIPOJIOBKUTH TEPMIH CITY>KOU CUCTEMHU.

— TexuiuyHa ekcmepTh3a: ABTOMAaTH30BaHI CHCTEMH 3pPOIICHHS BHMAararmTh
TEXHIYHUX 3HAHb JJIsI BCTAHOBJICHHSI Ta 0OCIIYrOBYBaHHs, 110 MOXe OyTH Oap'epom s
Oaratbox ¢epmepiB. OpgHak iCHye 0arato JOCTYIMHHUX PECYpCIB, TaKMX SIK HaBYaJbHI
MOCIOHUKH, MOCIOHMKUA Ta CIUIBHOTH MIATPUMKH, SIKI MOXYTh JOMOMOTTH (hepmepam
noJloNaTu uen 6ap'ep.

BrmiuB Ha HaBKOJUWIITHE CEPEJIOBUINE: aBTOMATH30BaHI IpUTAIiiHI CHUCTEMU
MOKYTh MaTH HETaTHBHHWI BIUIMB Ha HABKOJIUIITHE CEPEIAOBHINE, OCOOIMBO SKIIO BOHH
HEe po3po0JeHi a00 HEe BUKOPHCTOBYIOTHCS HaJeKHUM uynHOM. Hampuxnan, HaamipHUN
NOJIMB MOXKE€ TIPUBECTH JO €po3il TPYHTY, BHUMHBAaHHS IO)XKMBHHX pPCUYOBHH,
3a0pynHeHHs Boau. OHAK NPH MPaBUIBHOMY IIPOSKTYBAaHHI Ta YIPAaBIIiHHI CHCTEMOIO
aBTOMAaTU30BaHI CUCTEMHU 3POIIECHHA MOXXYTb 3MEHIIUTU 3arajlbHUN BIUIMB 3POLICHHS
CUIBCHKOTOCIIOIAPCHKUX KYJIBTYP Ha HABKOJIUIITHE CEPEIOBUIIIE.

ABTOMaTH30BaHa cHcTeMa 3poleHHs Raspberry Pi.

ABTOMaTH30BaHa cuctema 3pomieHHs Raspberry Pi — 1e Hemopore Ta
HACTPOIOBAaHE PIIICHHS, K€ MOXKE BHUPINIUTH Oarato mpoOjieM, 3 SKHMHU CTHKAIOThCS
TpaauIliiHI cuctemMu 3pomieHHS. Raspberry Pi - me ogHoruiaTHuUN KOMITHOTEp, SIKHM
MOXHAa BHUKOPHUCTOBYBATH JIsI YINPABIIHHA Ta MOHITOPHUHTY pPI3HUX KOMIIOHCHTIB
3pOIICHHS, TaKUX $K JaT4YWKH, KIamaHu Ta Hacocu. Cucrema Moxe OyTH
3amporpaMoBaHa JJIsl PETYJIOBAHHS JTOCTaBKH BOJM HA OCHOBI JIAHMX MPO BOJIOTICTH
IPYHTY B PEXKHMI peaJbHOTO Yacy, MOTOJJHUX YMOB Ta 1HIIMX 3MIHHUX, IO MPU3BOJIHUTH
70 Outbll  €(pEKTHUBHOTO BHKOPWUCTAHHS BOJAM Ta  TIOKPAIICHHS  3/IOPOB'S
CUTBCHKOTOCIIOAAPCHKUX KYJIBTYD.

[lepeBaramu aBTOMaTHU30BaHOI CUCTEMU 3poIIeHHs Raspberry Pi e:

— EdextuBHEe BUKOpPUCTaHHS BOJHUX pECypCiB: ABTOMAaTH30BaHA CHCTEMa
3pomieHHss Raspberry Pi  mpusnHaueHa s onTumizaiii  BUKOPUCTAHHS  BOJIH,

3a0e3meuyourd BOJIOI0 JIMIIE TOMI 1 TaM, Je Iie HeoOximHo. lle npusBoauTs 10
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3MCHIIICHHS BTpaT BOJM, TMOJIMIICHHS 3J0POB'ST CUIBCHKOTOCMOMAPCHKUX KYIBTYp 1
3HMKEHHS PaxyHKIB 3a BOAY AJisl (hepMepiB.

— 3HIDKEHHS BUTPAT Ha EJICKTPOCHEPriio: ABTOMATH30BaHA CUCTEMa 3POIICHHS
Raspberry Pi1 BUkOpUCTOBYE NaTUMKU sl BUMIPIOBAHHSI BOJIOTOCTI IPYHTY Ta IHIIUX
3MIHHUX, 1110 JI03BOJISIE CUCTEMI MpaIOBaTH Jullle 3a HeoOxigHOCTI. 1le mpu3BoAUTH 10
3MEHILECHHS CIOXXUBAaHHS €Heprii Ta 3HI)KEHHS PaxyHKIB 3a EJEKTPOCHEPrilo IS
depmepis.

— Exonomisi yacy: ABToMaTth3oBaHa cucTema 3porineHHs Raspberry Pi ycyBae
noTpeOy B PYUHIM Mpaili, J03BOJISIIOUN (epMepaM 30CEePEAUTUCS Ha IHIIUX BaXKITUBUX
3apmaHHsX. lle mMpuU3BOAMTH MO MiBUINEHHS MPOAYKTHBHOCTI Ta 3HIKCHHS BUTPAT HA
pobouy cuiy.

— MOHITOPUHT y peXHMi peaqbHOro 4yacy: ABTOMaTH30BaHa CHUCTEMa 3POIICHHS
Raspberry Pi 3a0e3medye MOHITOPMHT y PEXHMI PEAJbHOTO 4Yacy, I03BOJISIOYH
depMepaM OIEepaTUBHO BUSBIATH Ta BHPINIYBAaTH TakKi TNpPOOJIEMH, SIK BHTOKH,
3acMiueHHs Ta 3001 cuctemu. lle mnpU3BOAUTH 110 3MEHIIEHHS BTpPAaT BOIU Ta
MOKPAIIEHHS 3/I0POB'S] CUILCHKOTOCIIOAAPCHKUX KYIBTYP.

— HacrtporoeTscsi: ABToMaTH30oBaHa cucTteMa 3poineHHs Raspberry Pi jerko
HAJIAIITOBYETHCS, IO J103BOJIsiE hepMeEpaM aanTyBaTh CUCTEMY /IO CBOiX KOHKPETHUX
notped Ta npedepentiit. Ile mpu3BoauTh 10 OLIBIT €hEeKTUBHOI Ta €PEKTUBHOI CHCTEMU
3pOIIEHHS, SIKa BIJIMOBIIA€ YHIKAILHUM BUMOTaM iX KyJIbTYp Ta IOJIB.

— MacmTaboBaHicTh: ABTOMarH30oBaHa cucTeMma 3pomieHHs Raspberry Pi
MaciTaboBaHa, 1[0 03HAYaE, 110 1l MOYKHA JIETKO PO3IIUPHUTH a00 3MIHHTH 3a IMOTPEOH.
Ile poOUTH OTO THYYKUM PIIICHHSM, sIKE MOKE 3pOCTaTH pa3oM i3 Oi3HecoM (depmepa
Ta 3pOITYyBaILHUMU MOTPEOAMHU.

— 3pomieHHs € HaWBaXJIMBIIIMM  KOMIIOHEHTOM CYYaCHOTO  CUIBCHKOTO
roCIoAapcTBa, aje TPAAWIHHI METOAW 3pOIIeHHS HeeDEeKTHUBHI 1 TPYAOMICTKI.
ABTOMaTH30BaHa cuctema 3pouieHHa Raspberry Pi mpornoHye eKOHOMIYHO €(eKTHUBHE
Ta HACTPOIOBAaHE pIlIEHHS, SIKe BHUpimye Oarato mpoOiieM, 3 SKUMH CTUKAIOTHCS
TpaauliHl cucTeMu 3polieHHs. ONTUMI3YIOUd BUKOPUCTAHHS BOJM, 3HUKYIOUU

BUTPATU HAa EHEPril0 Ta 3a0e3Neuyloud MOHITOPUHI Ta HaNAlITYyBaHHS B PEXKHUMI
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peanbHOro yacy, aBTOMaTU30BaHa cucTeMa 3poieHHs: Raspberry Pi moxke nomomortu
(depMepaM MOKpPALIUTH 3[0pPOB'A  CUIBCHKOTOCHONAPCHKUX KYJIbTYp, MIJBUIIUTH
MPOAYKTUBHICTh Ta 3MEHIIUTH BUTpaTH. He3Baxkarouum Ha Te, 11O JJIsl CTBOPEHHS Ta
MNIATPUMKH CHUCTEMH MOXYTh 3HAJOOUTHCS TOYATKOBI BUTPATH Ta TEXHIYHI 3HAHHA,
JIOBrOCTPOKOB1 TMepeBaru pooOJiATh 1i BHUIIJHOI IHBECTHLIE il ¢depMmepiB, Kl
MparHyTh MOKPALIUTH CBOIO MPAKTUKY 3POLIEHHS Ta MIJBUIIUTH €(PEKTUBHICTH Ta

CTIMKICTBh CBOIX CUTbCHKOTOCIOIAPCHKUX OTEpalrii.

1.5 Ornsan niteparypu

Po3yMHI TemiM4yHI CUCTEMH, SIKI BUKOPUCTOBYIOTh KiOEp(I3MUHI CHUCTEMHU s
aBTOMAaTH3allii MOJIMBY POCIIMH, CTAIOTh BCE OUIBII MOMYISIPHUMH B OCTaHHI POKH.

ABtopun Amatya et al. (2020) nmocmimKyBajdud BUKOPUCTaHHS TEXHOJOTIT
Iarepuery peueir (IoT) B po3yMHUX TEIUIMYHUX CHCTEMaxX JJISi aBTOMATH30BaHOIO
NOJIMBY pociuH. Bonu BusiBuIM, 1m0 cucteMu Ha ocHOBI [oT edekTuBHI y 3MEHIIEHH1
BUKOPUCTaHHS BOJU Ta MIATPUMIII ONTUMAJIBLHOTO PIBHA BOJIOTOCTI IPYHTY, IO MOXE
OpU3BECTU JO TMIABUIICHHS BPOXAWHOCTI CUTBCHKOTOCTOJAPCHKUX KYJIBTYp Ta
3HIKEHHS BIIXOI1B BOIH.

Inme mocmimkeHHs, mpeacraBiene asropamu Sarker et al. (2019), O6yno
30CepeKeHO Ha BUKOPUCTAHHI aJTOPUTMIB MAIIMHHOTO HABYaHHS JIJISl IPOTHO3YBaHHS
noTped pOCIUH y BOAl B PO3YMHUX TEIUIMYHUX CHUCTeMax. BoHM BuABWIM, IO
QITOPUTMH MAIIMHHOTO HABYaHHS MOXYTh TOYHO IMPOTHO3YBaTH MOTPEOU POCIWH Y
BOJl Ha OCHOBI €KOJOTIYHUX JaHUX, IO MOXXE MPHU3BECTU A0 OUTbII €PEKTUBHHUX 1
[IJIECTIPSIMOBAHUX CTPATET1H MOTUBY.

Kachroudi et al. (2020) mocmimkyBanu BUKOPUCTaHHS OE3POTOBUX CEHCOPHUX
MEpeX y PO3YMHHX TEIUIMYHUX CHUCTEMax Il MOHITOPHHTY BOJIOTOCTI TPYHTY Ta
aBToMaTH3alii MonuBy pocivH. BoHW BusiBuIM, Mo O€3IpOTOBI CEHCOPHI MeEpexi
e(deKTHBHI JJI1 HATaHHS B PEXKHUMI peaTbHOTO Yacy JaHUX MPO PIBEHb BOJIOTOCTI IPYHTY
Ta aBTOMAaTH3aIlli 3pOIIEHHs, IO MOXKE MPU3BECTH JO 3HAYHOI €KOHOMII BOAM Ta

MIJIBUIIIEHHS BPOXKaMHOCTI CUTHCHKOTOCTIONAPCHKUX KYIBTYP.
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VY nmocnimkenni Bonhomme et al. (2019) aBropu po3pobuiny po3yMHY TEILTHUHY
CUCTEMY, sIKa BUKOPHCTOBYBaJa KIOEpPI3UUHUN NIAX1T AJI ONTUMI3ALIl pOCTY POCIUH
Ta 3MEHIIEHHS BHUKOPUCTAHHS BOAM. BoOHM BUSBWMIM, L0 iX CHUCTEMa 37aTHa
NIATPUMYBATH ONTHUMAJIbHUM PIBEHb BOJIOTOCTI TPYHTY, BUKOPUCTOBYIOUU IPU LBOMY
MEHIIE BOJM, HIK TpaJuLiiHI ipUramiiHi CUCTEMHU.

B winomy, 1i 1OCHIIKEHHS TEMOHCTPYIOTh €()EKTUBHICTh PO3YMHHMX TEIUTMYHHUX
CUCTEM, SIKI BHUKOPUCTOBYIOTh KiOep(i3W4HI CHUCTEMH J[UIsl aBTOMATH3alli MOJIUBY
pociuH. LI cuctemMu MarOTh MOTEHIIA]T AJsi CKOPOUYEHHS BHUKOPUCTAHHS BOJIH,
MiIBUIIEHHS BPOXKAaHHOCTI CUILCHKOTOCIIOAAPCHKUX KYJIbTYp Ta MIABUIIEHHS CTIHKOCTI

CUIBLCHKOTO rocrnogapcCTna.

1.6 IlocTtanoBka 3agaui

Y cyyacHOMY CIIbCBKOMY TOCHOJApPCTBI €(EKTUBHE YIPaBIIHHA BOIHUMHU
pecypcaMu Mae€ TMepHiopsiiHe 3HAYSHHS N7l 3a0€3MeUeHHs CTaJoro POCIUHHUIITBA Ta
BUpIIIEHHS MpoosieM AehiuuTy Boau. TpaauiliiHi METOIU 3POIIEHHS, SIKI CITUPAIOTHCS
HAa py4YHE BTpPYYaHHS, YacTO CTPAXKIAIOTh BIJ BIACTHUBOI HEE(EKTHUBHOCTI Ta
TPYIOMICTKUX BUMOT. [luM cucreMam He BHCTaya€ TOYHOCTI 1 BOHHM HAMararOThCs
3a0€3MeUnTH ONTHUMAJIbHUNU PO3MOAUT BOAH, IIO MPU3BOIAUTH JI0 TAKHUX MPOOJIEM, SIK
HaIMIpHUN a00 HEOBOAHUYN OB, B pe3ynbraTi 3HauHa KIIbKICTh BOJIM BUTPAYa€ThCS
JTApEMHO, BPOKANHICTh CLIBCHKOTOCIOAAPCHKUX KYJIBTYp CTaBUTBCS ITiJ] 3arposy, a
I[IHHI PECYPCH BUCHAXKYIOTHCHA.

Jlnst mojonaHHs UX MPoOJieM iCHye HaraibHa moTpeba B po3poOIll mepenoBoi
aBTOMATH30BAaHOI CHUCTEMH 3pOIIEHHS, $SKa MOXE PO3YMHO 1 TOYHO YMPAaBISATH
BUKOPUCTAaHHSM BOJM B CUIBCBKOTOCTIOMAPCHKUX yMoBaxX. Taka cuctema Oyje
IHTETpYyBaTH TEPEIOBI TEXHOJOTIi, BKIFOYAIOYHM JAaTYMKH, KOHTPOJEPU, BUKOHABUI
MEXaHI3MHU Ta aHaJi3 JaHUX, 711 JOCSITHEHHS TOYHOTO Ta €(DEKTUBHOTO PO3MOJILTY BOIH
3  ypaxyBaHHSM  KOHKPETHHUX  TOTpe0  CUIbCHKOTOCTOMAPCHKUX  KYJIBTYD.
BukopuctoByroun AaHi B PEeXHUMI PEajbHOTO 4Yacy MPO PiBEHb BOJOTOCTI IPYHTY,

MOTOJIHI YMOBU Ta MOTPEOU CLILCHKOTOCIOAAPCHKUX KYJIbTYp, ISl aBTOMaTHU30BaHa
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CUCTEMAa MOXE ONTUMI3YBAaTH IUIAHYBAaHHS 3pPOIICHHS, MIHIMI3yBaTH BUTPATU BOJU Ta
MIJBUIIUTH TPOJYKTUBHICTh CUIBCHKOTOCTIOAAPCHKUX KYIBTYD.

KpiM Toro, TpynoMicTKuil Xapaktep TpaJuLIHHUX METOJIB 3POIICHHS CTBOPIOE
3Ha4H1 TpoOjeMu st PepMmepiB, SKI CTUKAIOTHCS 31 3POCTAIOYMMU BUMOTAMHU Ta
OOMEXEHHUMH pecypcamMu. BhpoBaKyloun aBTOMAaTH30BaHY CHCTEMY 3pOIICHHS,
3QJICKHICTh BIJ pPYy4YHOI TMpami Moxe OyTH 3HAauyHO 3MEHIICHA, BHUBUIBHSIOUU
JOPOTOIIIHHUN Yac 1 pecypcH ISl IHIIUX BAXJIMBUX CUTbCHKOTOCIIONAPCHKUX 3aBIaHb.
ABTOMAaTH3aIlisl TPOIECIiB 3pOMIEHHS TaKOX JI03BOJIAE€ 3MAIHCHIOBATH BiIJalICHUN
MOHITOPUHT 1 KOHTPOJb, 110 /103BOJsE PepMepaM e(DEeKTUBHO YHPABISTH JEKUIbKOMa
MOJISIMU 1 ONIEPAaTUBHO pearyBaTy Ha 3MiHY YMOB HaBKOJIUITHBOTO CEPEIOBUIIIA.

ToMmy ocHOBHOIO MeTOIO IIi€i aucepralii € TMpPOeKTyBaHHs, pO3poOkKa Ta
BIIPOBA/DKCHHS BJIOCKOHAJICHOI aBTOMAaTH30BAaHOI CHCTEMH 3pOIICHHS, sSKa YCyBae
HEJIOJIIKKM TPaAUIIMHUX METOJMIB 3pOIICHHSA. 3aBIsSKU I1HTETpalii 1HTEJIEKTYaJlbHOIO
30H/IyBaHHS, TOUHUX MEXAHI3MIB YIPABIIHHA Ta NMPUHHATTS PIlIEHb HA OCHOBI JIaHUX,
I CcHUCTeMa CIpsSMOBaHAa Ha ONTUMI3AIllI0 BUKOPUCTAHHA BOJAM, IiJBUIIECHHSA
BPOXKaWHOCTI  CUIbCHKOTOCIIOAAPCHKUX  KYJIbTyp Ta  TOJIETHICHHS  TPYAOBOTO
HaBaHTAXEHHS, TTOB'SI3aHOTO 3 MPAKTUKOIO PYYHOTO 3POIIEHHS.

PesynpraTd  1BOTO  JOCHIKEHHS HE TUIBKA  CIPUATUMYTh  PO3BUTKY
CUTBCBKOTOCIIOAAPChKOI MPaKTUKH, aje ¥ MaTUMYTh 3HAYHI HACHIJIKH JJIS CTajoro
yIOpaBIiHHA BOJAHUMH pecypcaMyd B perioHax, IO CTHKAIOThCA 3 Je]iluToM BOIU.
BripoBamkyroun aBTOMaTU30BaHy CUCTEMY 3POIIEHHS, KA ONTHUMI3Y€ PO3IOALT BOJU Ta
3MEHIIIYE€ BOJIHI BiIXOAH, (pepMepU MOXKYTh MIHIMI3yBaTH CBiil BIUTMB Ha HABKOJUIITHE
CEPENIOBUIIE Ta CIPUATH 30€pEKEHHIO BOTHUX PECYPCIB.

3arajom, I Te3a CIPSMOBaHA HAa BUPINMICHHS HArajibHOI MOTpeOW B TMEPemOBiii
aBTOMATH30BaHIi CHCTEM1 3pOIINCHHS, sKa PEBONIOIIOHI3Y€E YMPaBIiHHSA BOJIHUMHU
pecypcamMu B CUIBCBKOMY TOCTHOJApCTBI. BHUKOpHCTOBYIOUM TMOTEHIIAT HOBUX
TEXHOJIOTIH, IISI CHCTeMa CHpsSMOBaHA Ha JOCATHEHHS TOYHOCTI, €()EKTHUBHOCTI Ta
CTIMKOCTI B TPAaKTUIll 3pOMIICHHS, JO3BOJsI0ouM  (pepMepaM  MaKCHMI3yBaTu
MPOAYKTUBHICTh CLIBCHKOTOCIIOAAPCHKUX KYJBTYpP, MIHIMI3YIOUU CIIOXXKWBAHHS BOJU Ta

noTpedu B po0OUii CHIII.
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2. EJIEMEHTAPHA BA3A KIBEP®I3UUYHOI CUCTEMHU PO3YMHOI
TEILJIAII JJIsI ABTOMATHU3AIII IOJIUBY POCJIMH

2.1 KibGepdi3nuna cucrema Ta BUOIp €JIEMEHTHOI 0a3u

Po3ymHa Temmmms — 1e cucTeMa CiTbChKOTOCIOJapChKOTO0 BHPOOHUIITBA, SKa
o0'eqHye mepeaoBi TexHoorii, Taki sk iHTepHEeT pedeit (IoT), mryunuii iHTeNnekT (Al)
Ta aBTOMATHU3AIIIIO JJIsl ONTUMI3allli pOCTY POCIMH Ta BpoxkaitHocTi. KitouoBoro MeToro
PO3YMHOI TEIUIUIIl € CTBOPEHHS KOHTPOJILOBAHOTO CEPENIOBUINA, SIKE IMITYE i7eaabHi
YMOBH JUIsl POCTY POCIIMH, MIHIMI3yIOUM BUKOpPUCTaHHs Boau Ta eHeprii. Kidepdizuuna
cuctema (CPS) € 6a30B0I0 TEXHOJIOTI€10, sIKA TO3BOJISIE PO3YMHIN TEIUTUII MPALIOBATU
6e3mnepebiitHo.

Kibepdiznuna cucrema (CPS) - 1me cucrema, sika mnoeanye (Qi3udHi Ta
O00YHMCITIOBaIbHI KOMIIOHCHTH IS BUKOHAHHS KOHKPETHOTO 3aBAaHHSA. Y pO3yMHIH
teruii CPS Bignmosizae 3a 30ip JaHUX 3 PI3HUX JATYMKIB, aHATI3 JAHUX 32 JIOTIOMOT'OF0
AITOPUTMIB 1 KOHTPOJIb (PI3UYHOTO CEPEIOBUINA IS ONTUMI3aIlii pOCTY POCIHH (pHC.
2.1). ®izuuni kommoneHTH CPS BKIIOYaOTH [aTYUKH, BHKOHABYI MEXaHI3MH Ta
CUCTEMU YIPaBIIHHS, TOAl SK OOYHCIIOBaJIbHI KOMIIOHEHTH BKJIIOYAIOTh MPOrPaMHE

3a0€3IeueHHs, AITOPUTMH Ta MEPEXKIi 3B'I3KY.

Pucynok 2.1 — Kibepdizuuna cucrema (KIIC)
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Kidepdizuuna cucrema (CPS) e cucremoro, sika moenHye Qi3udHi Ta
00YMCITIOBAJIbHI KOMIIOHEHTH JJIs1 BUKOHAHHSI KOHKPETHOTO 3aBJaHHS. Y PO3yMHIN
teruui CPS BiamoBinae 3a 30ip maHuUX 3 PI3HUX JATUYMKIB, aHali3 JaHUX 3a
JOTIOMOTOI0 aJrOPUTMIB 1 KOHTPOJb (PI3UMYHOTO CEepeloBUINA IS ONTUMI3alli POCTY
pocinud. CumBousiuHi (izuyHi kommoHeHTH CPS BkiO4alOTh JaTYMKH, BUKOHABYI
MEXaHI3MH Ta CHUCTEMH YNPABIIHHA, TOJI SK OOYHMCIIOBAJIbHI KOMIIOHEHTHU
BKJIIOYAIOTh MPOrpamMHe 3a0e3MeUeHHs], alTOPUTMHU Ta MEPEkKi 3B'A3KY.

Hatyuku. [laTuuku € nepiioro JiHi€ 3aXucTy B po3yMHid teruuii CPS. Bouu
BIINMOBIIAIOTh 3a MOHITOPUHT PI3HUX IMapaMeTpiB HABKOJUIIHBOTO CEpPEJAOBUIIA,
TaKuX SK TeMIlepaTypa, BOJIOTICTh, IHTEHCUBHICTh OCBITJICHHS, BOJIOTICTh TPYHTY 1
piBeHBb Byriekucyioro rasy. L{i natyuku HagarTh 6e3nepepBHI Ta TouHi AaHi 10 CPS,

SIK1 TIOTIM aHATI3YIOThCS JUISI BAZHAUYCHHS HAWKPaIIoro Kypey Jii.

Pucynok 2.2 — Jlatuuk DHT22

[IpuBoau a60 BUKOHABY1 MeXaHI3MU. BrUKoOHaBY1 MeXaHI3MU - 1€ MPUCTPOT, K1
KOHTPOJIIOIOTh (Di3MYHE CepeloBHUINEe B PO3yMHIN Teruili. BoHW BiANOBiTamOTh 3a
BKJTIOUCHHS 1 BUKJIIOUYCHHS OCBITIICHHS, BIAKPUTTS 1 3aKPUTTS BIKOH, PETYIIOBAHHS
TEMIEpaTypu 1 BOJIOTOCTI, YMpPaBIIHHS CUCTEMOIO MOJMBY. BHKOHaBUI MexaHI3MHU
MpalioTh B Hapi 3 JaTYMKaMH, 00 rapaHTyBaTH, 10 (i3UYHE CEpeOBUIIE B
TETUTHII 3aBXKW ONTHUMAaJbHA IS POCTY POCIIHH.

Cucrtema ynpasiinns. Cucrema ynpapiiHHS - 11e «M030K KDCy». Bin orpumye

JaHl BiJ JaTYWKIB, 00poOJisie JaHl 3a JIOMOMOIrOI aJrOpUTMIB 1 MOCHIIA€ KOMaHIH
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BUKOHAaBYMM Me€XaHi3MaM JJisi yopaBiiHHA (izuuHuM cepenoBuineM. Cucrema
YIOpaBiHHS BHUKOPUCTOBYE alTOPUTMU MAIIWHHOTO HABYAHHS JJIS aHAJI3y MaHUX 1
CKJIaJJaHHs MPOTHO3IB IOJ0 HaWKpamoro Kypcy naid. 3 gacom control system
becomes more accurate and efficient, resulting in better plant growth and yield.

[Iporpamue 3a0e3nedeHHss Ta amroputmu. Ilporpamue 3a0e3medyeHHs Ta
anroput™Mu € KputuuHuMH kommnoHeHTamu CPS. Ilporpama BimmoBimae 3a 30ip Ta
30epiraHHsg JaHMX, aHali3 JaHUX 3a JIOMIOMOIrOI0 aJrOPUTMIB Ta YIpPaBIiHHSA
¢13uYHUM cepelloBHIEM. AJNTOPUTMHM NpU3HAYEH1 I onTtumizauii (Hi3u4HOro
CepeIOBUINA JIJIT POCTY POCIUH Ha OCHOBI JaHMX, 310paHUX 3 JaTYUKIB. AJITOpUTMU
MaIIMHHOTO HAaBYaHHS BUKOPHUCTOBYIOTHCS JUISI MPOTHO3YBAHHS HAWKPAIIOTo KypCy
i, TOMI SAK AaJNTOPUTMHM ONTUMI3aIli BUKOPUCTOBYIOTHCA [JIg MiHIMI3aIl
BUKOPHMCTAHHS BOJI Ta CHEPTii.

Mepexi 3B'sS3Ky. Mepexi 3B'I3Ky BUKOPHCTOBYIOTBCS JIJIS  IiJKITFOYCHHS
pizaux kommnoHeHTiB KIIC. JlaTunku, BUKOHaBY1 MeXaHi13MH, CUCTEMa yMNpPaBIiHHS Ta
nporpamHe 3a0e3leueHHs] TOBHUHHI CHUIKYBaTUCS OJIUH 3 OIHUM Y PEXHUMI
peanbHOro 4acy, mo0 3abe3nedynTH onTuMajibHe (i3UUHE CEepeloBUIIE I POCTY
pocnuH. JIpoToBi 1 6e31pOoTOBI Mepexki 3B'SI3KYy BUKOPHCTOBYIOTBHCS JUIS Tepenadi
TaHuX MK pizHUMH KommoHeHTamu KIIC.

ABTOoMaTu3aliss monuBy pociuH. OpHUM 3 HaWBaXJIUBINIMX 3aBAaHb B
PO3YMHIM TEIUIUIII € aBTOMAaTH3allis TOJHUBY pPOCIWH. [IpaBHibHHUI TOIUB Mae
BaXXJIMBE 3HAYEHHSI JJI POCTY POCIHH, a aBTOMaTH30BaHA CHCTEMa 3POIICHHS MOXKE
3HAYHO 3MEHIIUTH CIIOKUBAHHS BOJM Ta BUTPATH Ha OIUIaTy npari. Huxue HaBeneHo
KpPOKH, MOB'sI3aH1 3 aBTOMATHU3AI[I€I0 TTOJIMBY POCIUH B PO3YMHIN TETUTHILI:

— UytnuBicth  TPyHTYy OO0  BoJOrW. JlaTyuku  BOJOTOCTI  TPYHTY
BUKOPUCTOBYIOTHCS JIJIS BUMIPIOBaHHS BMICTy BOAM B TpyHTI. Jlatumkum
PO3MINIYIOTHCS B KOPEHEBiM 30HI POCIWH 1 HAMAIOTh B PEXXUMI PEAbHOTO Yacy JaHi
Mpo piBeHb BOJOTOCTI TpyHTY. [loTiM naHi mepemsaroThCsi B CUCTEMY YIPABIIHHS IS
aHai3zy.

— IlmanyBannas 3pomeHHs. Cucrtema yYMpaBIiHHS BHKOPUCTOBYE aJTOPUTMU

MAIIMHHOTO HaBYaHHS [UJI1 aHaji3y JaHUX PO BOJOTICTh IPYHTY Ta BU3HAUYEHHS
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ONTUMAJIBHOTO T'padika MOJUBY POCIUH. AJITOPUTM BpPaxoBYye Takl (GaKkTOPH, K THUI
POCIIUHU, CTaJisl POCTY 1 MOTOJHI YMOBH, 100 BU3HAUUTH HaAWKpaluil yac s

IIOJIMBY POCIJINH.

Tabnuusg 2.1 — [Ipu3HaueHHs KOHTAKTIB JaTYMKa OCBITIEHOCTI

ITiu Ormuc:
1 VCC Kusnenus
2 GND 3azeMiIeHHS

Pucynok 2.3 — JIaTuuk OCBITIEHOCTI

[udpoBuit 1aTyuk OCBITICHOCTI — II€ CICKTPOHHUHN MPUCTPIA, SKUH BUMIPIOE
IHTEHCHUBHICTH CBITJIA 1 MEpeTBOPIOE Horo B 1udpoBuii curnan (puc. 2.3). Y KOHTEKCTI
PO3YMHOI TEIUIMIl IUGPOBUM JATIYUK OCBITIECHOCTI MOXKE BHKOPHUCTOBYBATHCS IS
BUMIPIOBaHHS IHTCHCUBHOCTI CBITJIa B TEIUIMII Ta 3a0e3MeYCHHS 3BOPOTHOTO 3B'SI3KY 3
cuctemMoro ynpasiiaas. [{to iHbopmMariito MOXXKHAa BUKOPHUCTOBYBATH VISl PETYIIOBAHHS
CUCTEMU OCBITJICHHS B TEIUTUIlI, 3a0€3MeUeHHsI POCIMHAM MOTPIOHOI KUTBKOCTI CBITIIa
JUISE ONTHMAaJIbHOTO pocTy. LludpoBuit matumk cBiTiIa Moke OyTH iHTETpOBaHUU B
KiOephi3UUHYy cHCTeMy pPO3YMHOT TEIUIUII 1 B3a€EMOISATH 3 IHITUMUA KOMIIOHCHTAMH,
TaKUMH K CUCTEMa 3POIIEHHS, CUCTEMH ONAJICHHS Ta OXOJIOKEHHS, a TAKOXK CHCTeMa

BEHTHJIALII1, 1100 3a0€3MeUYNTH KOMIIJIESKCHY CUCTEMY YIPABIIIHHS TEILIUIICIO.
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Pucynok 2.4 — Jlatunk Temnepatypu 1 Bosiorocti AM2320

Tabnuusg 2.2 — [Ipu3HaueHHs KOHTAKTIB JJIsl JaTYMKa TeMIepaTypHu 1 BOJIOTOCTI

AM2320

Tabnums 2. 3 — CyTHOCTI JaT4rKa BOJIOTOCTI

B
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Pucynok 2.5 — JlaTuuk BOJIOroCTi IPYHTY

I[aT‘{I/IK BOJIOTOCTI I'PYHTY CKIQAA€THCA 3 ABOX HIYHiB, K1 BHUKOPHUCTOBYIOTHCA

JUTsl BUMIpIOBaHHS 00'eMHOr0 BMICTY Boau (puc. 2.5). [IBa 1mryma g03BOJISIIOTH CTPYMY

MpOXOAUTH HYCPC3 TPYHT, IO Oda€ 3HAYCHHA OIIOpY A BI/IMipIOBaHHSI 3HAYCHHA

BOJIOT'OCTI.

Konu OGyne Boma, rpyHT Oyjie MPOBOJIUTH OLIBINE CICKTPUKH, a 3HAYUTH, Oy/e

meniie onopy. Cyxuil TpyHT MOTaHO TPOBOJUTH €JIEKTPUKY, TOMY KOJH BOAM MEHIIIE,

TO TPYHT OyJie MPOBOAUTH MEHIIIE eJIEKTPUKH, & 3HAYHTh, Oy7ie OUIBIIIE OMOpYy.

Ileti nmatuymk MOKHA MIAKIIOYATH B aAHAJOTOBOMY 1 HHU(PPOBOMY pPEKHMAax.

Cnouatky Mu OyJeMo TIIKII0YaTH HOTO B aHAJIOTOBOMY PEKHUMI, a TIOTIM ITU(QPOBOMY.

TexHIuHI XapaKTEPUCTUKH 1 XapaKTEPUCTUKHU

TexHiuHI XapaKTEepPUCTUKHU AaTdnKa BoJorocTi rpyHTy FC-28 HactymHi:
Bxinna manpyra: 3,3 -5 B.
Buxinna manpyra: 0 - 4,2 B.
Bxigauit ctpym: 35MA.

BuximHuit curHaN: K aHAJIOTOBUH, TakK 1 MU(POBUH.

JaTtuuk Bonorocti rpyHTy FC-28 Mae 4OTUpU KOHTAKTHU:
VCC: XKuneHns.
A0: Analog Output.

B
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— DO: Hudposwuii Buxi.
—  GND: 3emuns.
Moaynb TakoXX MICTUTh MOTEHLIOMETpP, SIKUM OyAe BCTAHOBIIIOBAaTH MOPOTOBE
3HaueHHs. [le moporoBe 3HaueHHs Oyne mMOpiBHIOBaTHCS Kommapatopom LM393.
CaiTioaion Ha BUXO/1 OyJie CBITUTUCS Bropy 1 BHH3 BIANOBIAHO JO LOI'O HOPOrOBOIO

3HA4YCHH:I.

Pucynok 2.6 — Moayns perne

Pene € HallBaXJIMBIIIMM KOMIIOHEHTOM B aBTOMATH30BaHIA CHCTEMI TMOJIUBY, IO
CIIyT'y€e TIepeMuKaueM, KEpOBAaHUM IIEHTPAIHLHUM OJIOKOM YMPaBIIHHS JIJISl PETYJIIOBAHHS
mojadi enexTpoeHeprii Ha pisHi mpucTpoi. Moro OCHOBHOI (BYHKIHEIO € BKIIOUCHHS
a00 BUIKIIOUCHHS JKMBJICHHS TaKUX TMPUCTPOIB, SK €JICKTPOMArHiTHI KiamaHd abo
€JICKTPOHACOCH Ha OCHOBI KOMaH i, OTPUMAHUX BiJ] IIEHTPATBLHOTO OJIOKY YIIPaBIIIHHS.

Pene BUKOpHCTOBYE KOMYTAIIMHUI MeXaHI3M, SIK MPABUIIO, €ICKTPOMArHITHUN
ab0 TBEPIOTUIBHHI, IO JO3BOJIAE HOMY KEpPYBAaTH MOAAYCIO KUBJICHHS IMiIKIIOYCHUX
npuctpoiB. lleii mexaHi3M KoMyTallii rapaHTye, IO pejle MOXKe BIOpaTHCS 3
BHCOKOBOJIbTHUM JIKEPEJIOM JKUBJIICHHS, HEOOX1THUM JIJISI IPUCTPOIB Y CUCTEMI.

Kepytoui curaanu abo KoMaHIu HAAXOASITH BiJ IEHTPAIBHOTO OJIOKY YIIPaBIiHHS
710 pelne, SIK TMPaBWIO, Y BUTJISAAI HU3bKOBOJBTHUX CHUTHATIB 200 crenudiyHuX piBHIB
Hanpyru. [licas oTpuMaHHS BIAMOBIMHOTO KEPYIOUOTO CHUTHAIY pelie BMHKae ado
BUMHKAE KUBJICHHS MIKIIOYCHUX TPUCTPOIB, CIUPAIOYNCHh HA KOMAHIH IIEHTPATBHOTO

0JIOKY yIpaBJIiHHSL.
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Jls1 3a0e3neueHHs 3aXUCTy 1 0€3MeKU CUCTEMH pejie YacTo BKIIIOYAaE B cede pi3Hi
¢yHkuii. BoHn MOXyTh BKJIIOYATH 3aXUCT BiJl MEpPEHANpPYrH, 3aXUCT BIJ KOJIMBaHb
MOTY>KHOCT1 a00 TMepexiAHUX TMPOIIECIB, a TAKOX 3aXUCT BiJl MEPEBAHTAXKECHHS IS
3ano0iraHHs HAIMIPHOMY TOTOKY CTPYyMY.

Pene cnopoekToBaHi Tak, 1mo0 OyTH HAAIWHUMHM 1 JIOBFOBIYHUMH, 3JaTHUMHU
BUTPUMYBATU CYBOpPl YMOBM HaBKOJMIIHBOTO cCepefoBHINA. BoHM yacTo yKiaaeHi B
3aXUCHI KOXYXHU, 00 3aXUCTUTH iX BIJ MUY, BOJOTU Ta 1HIIMX 30BHIIIHIX (DAKTOPIB.
CrangapT SIKOCTI Ta cepTU(]IKATH, SIKUX JOTPUMYETHCS PEJie, MOXKYThb BIAPIZHATUCS
3aJIE’KHO B1JI KOHKPETHOTO BUPOOHUKA Ta MOJIEII.

B3aemonioun 3 HEHTpaJbHUM OJIOKOM YIPaBJIiHHS Ta IHIIMMU KOMIIOHEHTaMU
aBTOMAaTU30BaHO1 CUCTEMHU 3POILIECHHS, pelie BIAIrpae BUPIIAIbLHY POJb Y 3a0e3neueHH1
TOYHOTO YIpaBJIiHHS Ta aBToMmaTHu3aiii. be3 pene cuctema He 3Moriia O edeKTUBHO
PEryNIOBaTH MOJavy >KUBJICHHS TPUCTPOiB, TUM CAaMUM CTaBJIAUM 1] 3aTPO3y 3arajbHy

€()EeKTUBHICTh CHUCTEMH TIOJIUBY.

Pucynok 2.7 — Boagaauit Hacoc
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Hacoc € xOMImOHEHTOM aBTOMAaTHM30BaHOI CHUCTEMHM IMOJMBY, LIO BIAMNOBIAAE 3a
nojadyy BOAM B 3pOIIYyBajbHY Mepexy. BIH BiAirpa€ >XKUTTEBO BAXKIUBY pPOJb Y
3a0e3ne4yeHHl €(QEeKTUBHOIO Ta HAAIMHOrO pPO3MOAULY BOAM 10 OakaHUX pailOHIB.
HacTynni BaxxMBi 1eTaji Hacoca MiIKPECIIOTh HOro 3HaYEHHS B CUCTEMI:

Tunu HacOCiB, 110 BUKOPUCTOBYIOTHCS B aBTOMAaTH30BAaHUX CHCTEMax 3POIICHHS,
BKJIIOYAIOTh BIJLIEHTPOB1 HACOCH, 3arfiuOHI HAcOCH ab0 BepTUKAIbHI TYpOIHHI HACOCH.
KoxeH Tun npornoHye KOHKPETHI MepeBaru 1 BUOMPAEThCSl HA OCHOBI TakUX (akTopis,
SIK JKEPEJIO BOJU, HEOOX1THUM THCK 1 IBUAKICTH MMOTOKY.

3a0ip BOAM 3IIHCHIOETHCS 13 TPU3HAYEHOTO JDKEpena, HaNpUKIaa KOJOZII3,
piuku ab0 BOJIOCXOBHIIA, KOHCTPYKIISI HAacoca 1 TEXHIUYHI XapaKTEPUCTUKH 3aJIeKaTh
BiJl XapaKTePUCTUK JUKEpesia BOJM, BKIIFOYAIOYM TIMOMHY KOJIOJsA3S ab0 MIBHUAKICTH
TeYil pIYKH.

Sk mpaBWiI0, HACOC TIPAIIOE BiJ EICKTPUKH, TAKOX MOXE BHKOPHUCTOBYBATH
aNbTepHATUBHI JpKepesia eHeprii, Takl SK COHAYHA eHepris abo JM3eNbHI FeHEePaTOpH.
Bumoru 10 moTyXHOCTI Hacoca BapitOIOTHCA 3aJI€KHO BiJl pO3MIpy CUCTEMH Ta OaxaHOi
HMIBUAKOCTI MIOTOKY.

[IpomyckHa 3AaTHICTB, IO BUMIPIOEThCS B rajoHax Ha xBuwiuHy (GPM) a6o
JiTpax B ceKyHay (i1 / ¢), BU3Ha4ae 00CAT BOJM, IO TMOJIAE€THCS B 3POIITYBAIbHY MEPEXKY,
TOJI1 SIK THCK, III0 CTBOPIOETHCS HACOCOM, BUMIPIOETHCS B yHTaX Ha KBaJpaTHUN JIONM
(PSI) a6o 6apax, 3abe3nedye HaJeKHUN PO3MOJIIT BOAM IO BCid cuctemi. [HTerparis 3
[IEHTPAJTbHUM OJIOKOM YIPABIIHHS [TO3BOJISIE PETYIIOBATH Ta aBTOMATHU3YBaTH HACOC
BIJIMOBITHO 110 3a7aHUX TpadikiB MOJKMBY, BXOMIB JaTYUKIB (TaKUX SK PIBEHb a00 THUCK
BOAM) ab0 IHIUX 3aJ]aHuX TapaMeTpiB. Taka aBTOMaTHKa ONTUMI3Y€E CIIOKUBAHHS BOJIU
1 3a0e3meuye cBO€4acHE 3POIICHHS.

Perynsapue TexHiuHe OOCIYrOBYBaHHS Ma€ BHUpINIAJbHE 3HAYCHHS JUIS
JOBrOBIYHOCTI Ta NPOAYKTHBHOCTI Hacoca. CiJ TPOBOIWTH TaKi 3aBIaHHS, SK
OUMIIICHHS, 3MAIllCHHS, NepiogudHi orisad. KpiM Toro, BKIIOYEHHS JaTYWKIB abo
CHUCTEM MOHITOPHUHTY HAJa€ JlaHI B PEXHUMI PEaNTbHOT0 Yacy MpO MPOAYKTHBHICTH

Hacoca, MOJETIIYIOYM PAHHE BUSIBJICHHS TOTEHIIMHUX MPOOJIEM.
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EneproeeKkTHBHICTh € BaXXIMBUM (PAKTOpOM ISl HACOCIB B aBTOMATHU30BaHMUX
cuctemax 3pouieHHs. Bubip HacociB 3 BUCOKOE()EKTUBHUMU JBUTYHAMH Ta ONTUMI3ZALis
KOHCTPYKI[li CHCTEMH JOIOMara€e MIHIMI3yBaTU CIIOXUBAaHHA €HEPrii Ta 3MEHIIUTH
eKCILTyaTalliiftHi BUTPATH.

JloTpuMaHHs BIAMNOBIIHUX HOPM 1 CTaHJAPTIB MA€ BaXKJIMBE 3HAYEHHS. 3aJIEKHO
BiJl periony abo KpaiH1 MOKYTh ICHYBaTH KOHKPETHI HOPMATUBHI aKTH, 1110 PETYIIOIOTh
BUKOPUCTaHHSI 1 YCTAaHOBKY HACOCIB B 3pOIIYBaJbHUX cuUcCTeMax. JloTpuMaHHS LUX
npaBui 3a0e3neuye 0e3neKy, HaliMHICTh Ta €KOJIOTTYHY CTIMKICTh.

Sk BUCHOBOK CJ1JI BII3HAYMTH, L0 HACOC B aBTOMATH30BaHIA CHUCTEMI MOJIUBY
BHKOHY€ HAiBAXIMBIlly POJb INOJAYi BOJM B 3pOLIYBAIbHY Mepexy. Moro Tum,
JDKEpEeIo JKUBIICHHS, BUTpATa, THUCK, MOXJIMBOCTI YOpPaBIIHHS Ta aBTOMAaTH3aIlii,
BUMOTH JI0 TEXHIYHOTO OOCIYrOBYBaHHS, €HEProe(peKTUBHICTh Ta JOTPUMAHHS HOPM €
KUTTEBO BaXJIMBUMHU (PakTopamMu TpH pPo3poOIll Ta aHami3l e()EeKTUBHOI CHUCTEMH

3pOIIECHHS.

Pucynok 2.8 — Ilepemukau

[lepemukau € HEBiI'€eMHHMM KOMIIOHEHTOM B paMKaxX aBTOMAaTHM30BaHOI CHCTEMHU
MONTMBY, (YHKIIIOHYIOYH K KEPYIOUMA MEXaHI3M ISl aKTHBAIlii a00 JIeakTHUBaIlii pi3HUX
¢bynkiin cuctemu. Bona monermye pydHe a00 aBTOMATH30BaHE YMPaBIIHHA
CJIEKTPUYHUMHU JIAHITIOTAMH, O3BOJISIIOYM CHCTEM1 BKJIIOYaTH a00 BUMHUKATH TIEBHI
npucTpoi abo mporecu. HacTymHi KiTio4uoBi JeTaini KOMyTaTopa MiJKpeCTIoTh HOTO
3HAYMMICTh B CHCTEMI:

B aBromMaTmM30BaHMX cHCTEMax 3pOIIEHHS BUKOPUCTOBYIOTHCS PI3HI THIH
BUMHKAYiB, BKJIIOYAIOYM TyMOJepH, KHOMKOBI BHMHKAadYi, MOBOPOTHI BHUMHKA4l abo
€JIeKTPOHHI BUMHUKaul. BulOip Tumy KoMmyTaTopa 3alIeKUTh Bil TakuX (akTopiB, SK

KOHKpETHa IporpamMa, BUMOTHU J10 iHTep¢eiicy KopUcTyBaya Ta TU3ailH CUCTEMHU.
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[lepeMrkad mMpOMOHYE MOXIJIMUBOCTI SK PYYHOrO, TaK 1 aBTOMATH30BAHOTO
yhOpaBiiHHSA. PydHi mepeMukadi JA03BOJIAIOTH KOPUCTyBauaM BPYYHY aKTUBYBAaTH abo
JI€aKTUBYBATU NPHUCTPOI 3a MOTpeOH, 3abe3neuyroyu MpakTUYHUN MiAXig 10 poOOTH
cucTeMH. ABTOMATHM30BaHI MEpPEeMHKayl, YaCTO IHTEIPOBaHI 3 IIEHTPAIBHUM OJIOKOM
yIPaBIiHHS, JO03BOJISIIOTH CHCTEMi KEepyBaTH KOMYTaTOPOM Ha OCHOBI 3a3falierinb
BHU3HAUYEHUX NapameTpiB abo rpadikiB, pPO3MIUPIOIOYM MOMKIMBOCTI aBTOMAaTH3allii
CUCTEMH.

Kepyroui curHaimm mnpuiiMaroThCs MEpeMHKadYeM BiJ IIEHTPAIBHOTO OJIOKY
ynpaBiiHHS a00 1HMKMX KOMIOHEHTIB. Lli Kepyroul curHaiu MOXyTb OyTH Yy BHUIJISIAL
HU3bKOBOJIBTHUX LM(PPOBUX CUTHAJIB, creU(IYHUX PIBHIB HAMPyTH ab0 MPOTOKOJIB
3B's13Ky. [lepemukau iHTeprnperye Ii CUTHAIMA 1 BIATOBIAHO aKTUBYE ab0O JI€aKTHUBYE
NIOB'SI3aHY €JIEKTPUYHY JIAHIIIOT.

Kepyroun HaaxoKEHHSIM €JIEKTPOCHEPTii Ha KOHKPETHI MPUCTPOi abo JTaHIIOTH
BCEPEIMHI 3pOITYBaLHOT CHCTEMH, BUMUKAY BUCTYIAE ITOCEPETHUKOM MK JKEPEIOM
KUBJCHHS 1 mpuctposamu. lle 103Boisie CENEKTHMBHO aKTHBYBaTH ab0 I€aKTUBYBATH
€JIEKTPUYHI JIAHIIOTH 32 KOMAaHJOI IEHTPATbHOTO OJIOKY YHPAaBIIHHSI, IO J03BOJISIE
TOYHO KOHTPOIIOBATU (PYHKIIIT CUCTEMHU.

OyHKIIi1 0€3MeKH YacTO IHTETPYIOThCS B KOMYTAaTOPH JIJIs 3aXHUCTY CUCTEMU Ta il
KopucTyBauiB. Hampukian, BHUMHKadi MOXYTh BKJIIOYATH MEXaHI3MU 3aXHUCTY BIJ
NEPEBAHTAKCHHS I 3amoOiraHHs HAJAMIPHOTO MPOTIKaHHS CTPyMy ab0 KOPOTKOTO
3amukaHHsA. KpiM Toro, rnepeMmkadi MOXXYTh MaTH 3aXHCHI1 KOPITYCH IS 3aXUCTY BiJ
(bakTOpiB HABKOJHUIITHBOTO CEPEJAOBHINA, TAKWX SK U, BOJora a0o0 BHITAJIKOBUU
KOHTAKT.

3pyuHi iHTepdelich BOyIOBaHI B KOMYTaTOpH, 3a0e3MEUYIOUM Bi3yaIbHUIN
3BOPOTHUM 3B'SI30K 1 JOMOMAararo4 KOPUCTyBayaM 3pO3yMITH MOTOYHUN CTaH CUCTEMHU.
i iaTepdeiicn MOXKYTh BKIFOYATH CBITIOBI IHIAMKATOPWU ab0O MITKH, SIKI TEPENaloTh
BOXIMBY 1H(MOpPMAIII0O TPO CTaH CHUCTEeMH. 3pydHi iHTepdelcH T0omoMaramTh
e(eKTHBHO TIpAIfOBaTH CHUCTEMI Ta TOJETrNIyIOTh YCYHEHHS HECHpaBHOCTEH abo

TEXHIYHE 00CITYyrOBYBaHHS.
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[lepemukaui MOBUMHHI OYyTH CYMICHI 13 3arajlbHOI0 KOHCTPYKIIEIO CHUCTEMHU Ta
CJIEKTPUYHUMHU XapaKTepucTukaMu. BoHu moBuHH1 OyTH 3AaTHI 00pOOISATH BUMOTH J10
HaIPYyTu Ta CTPyMY MiJIKJIIFOYEHUX TPUCTPOiB 200 JIAHLIOTIB Y 3pOLIYBaJIbHINA CUCTEMI.

HaniiiHicTh 1 JOBrOBIYHICTh € KJIIOYOBMMHU MIPKYBAaHHSMHU MpPU MPOCKTYyBaHHI
nepeMukayiB. BOHM CHOpOEKTOBaHI TaKUM YHWHOM, 00 BUTPUMYBATH 4YacTe
BUKOPUCTaHHS 1 HaJIiHO ()YHKLIOHYBAaTH B PI3HOMAHITHUX YMOBAaX HAaBKOJIUIIHBOTO
cepenoBuila. BucokosKiCHI BUMHUKaul 3a0e3Me4yloTh CTaOUIbHY poOOTY 1 CHPHSIOTH

3arajibHii HaA1HOCTI aBTOMAaTH30BaHO1 CUCTEMU TIOJIUBY.

Pucynok 2.9 — CiTiiogiogHe miacBiayBaHHS

Ha 3akiHYeHHs, mepeMHKad B aBTOMATH30BAaHIM CHUCTEMi 3pOIICHHS CIIY)XHTh
HAaWBKJIMBIIIIMM MEXaHI3MOM YIIPaBIIIHHS Ui akTUBalii abo aeakTuBarlii (QyHKITIH
cucteMu. Moro 3maTHicTh 3a0e3meuyBaTy SIK pydHe, TAK | aBTOMATH30BAHE YIPABIIIHHS,
CYMICHICTh 3 CHTHAJIaMH YTMPABIiHHS, MOXJIHBOCTI YINPABIIHHS JIAHIFOTOM, 3aXHCHI
dbyHKIl, MIpKyBaHHS 100 IHTEepdECcy KOpHCTyBada, IHTETpaiiss B CHCTEMY Ta
HaJIIHHICTD MIIKPECIIOI0Th HOro Ba)KJIMBICTh B aBTOMATU30BaHIN CHCTEM1 3pOIICHHS.

CBITIIOMIOHE CBITIO € JKUTTEBO BAXJIMBUM KOMIIOHEHTOM aBTOMAaTH30BaHO1
CUCTEMU 3pOIICHHA, 3a0€3Meuyl0ur OCBITJIICHHS Ta Bi3yallbHI1 1HIWKATOPH IS PI3HUX
bynakmiin cucremu. CBiTiomioaun, ado CBITIOMIONH, TMPOIOHYIOTH PSJ IEepeBar Imepen
TPaIUIIIHHUMHY JPKEPETaMH CBITIIA.

HactynHa iHbopMaIrist BUCBITIIIOE KITFOYOB1 ACTIEKTH CBITJIOI0HOTO CBITJIA:

TpuBanmii Tepmin cayx6u: CBITIOAI0IHI TIXTapi MaIOTh 3HAYHO OLTBIITUI TEPMIH

CIy>KOU B TMOPIBHSHHI 3 TPAJUIIAHUMU CBITWIbHUKAMU. BOHU MOXYTh MHpaloBaTh
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JECATKA TUCAY TOAMH, Mepul HLK MoTpeOyBaTuMyTh 3aMinu. lle 3meHurye 3ycumis 3
00CIIyrOBYBaHHS Ta BUTPATH, MOB'SI3aH1 3 4ACTOIO 3aMI1HOIO JaMIIOYOK.

MutteBa poOota: Ha BinMiHy BiA TpaJWLIMHMX CBITHJIBHHKIB, SIKI BUMararoTh
nepioAy MpOTrpiBy, CBITJIOAIOAHI JIiXTapi 3a0€3MeuyloTh MHUTTEBE OCBITICHHS IMpHU
BKIItoueHHI. lle no3Boiisge 3a0e3neyuTd MUTTEBUN Bi3yaldbHUN 3BOPOTHUM 3B'SI30K 1
YyHHICTh B aBTOMATU30BaH1i CUCTEMI MOJIUBY.

VYHiBepcanbHUN JU3aiiH: CBITJIOAIOAHI CBITWIBHUKH OYyBarOTh pI3HUX (OpM 1
po3MipiB, IO poOUTH iX JyKe YHIBEpCaJbHUMHU IS PI3HUX 3aCTOCYBaHb B
aBTOMATU30BaHiil cHCTeMi 3polIeHHA. IX MOXHA Jerko IHTerpyBaTH B MHaHeli
yIpaBIliHHS, IHAUKATOpH abo0 aucruiei, 3a0e3nmedylour 4YiTKy 1 JIAKOHIYHY BI3yaJbHY
iHopMalIlito.

Huspka TenoBingaya: CBITIOAI0AHI JIXTapi BUIPOMIHIOIOTH Jy’KE€ MaJio TEIia B
NOPIBHSHHI 3 TPaJMIIHHAMU BOTHSAMHU. Taka HH3bKa TEIUIOBiANa4da 3HIKYE PUZHUK
neperpiBy B cUCTeMI 1 crpusie Outbln Oe3meyuHiil ekcrutyartarii. Lle Takox 3BOIUTH 110
MIHIMYMY HEOOXIAHICTh B JJOJIATKOBUX MEXaHI3MaX OXOJIOJYKEHHS.

[TigBuIieHa JOBrOBIYHICTB: CBITJIOM10/IHI CBITHIILHUKH PO3POOJIEHI TAKUM YHHOM,
mo0 OyTH MIIMHUMU Ta TPYKHHUMHU. BOHM MOXyTh BUTpUMYBATH yIapH, BiOparlii Ta
KOJIMBaHHS TEMIIEPATypH, IO POOUTH iX MPHUIATHUMHU JUIsl 30BHIMIHIX Ta CKIAAHUX
CEpEIOBHII, SK1 3a3BUYAl 3yCTPIYAIOThCS B IpUTAIlITHUX CHCTEMaX.

Bapiantu konbopiB: CBITJIONI0AH] CBITUIBHUKH JTOCTYIHI B ITUPOKOMY Jlana3oH1
KobopiB. Llsi yHIBEpCalbHICTh TO3BOJIAE HAJAIITOBYBAaTH Bi3yajbHI 1HJAMKATOPH Ta
BiTOOpa)XeHHSI B aBTOMAaTU30BaHIM CHUCTeMi 3pOIICHHS. Pi3HI KOJIBOPH MOXKYTh
BUKOPHCTOBYBATHCS ISl MPEJCTABICHHS KOHKPETHHX CHCTEMHHUX CTaHIB ab0 yMOB,

MOKPAIYIOUX PO3YyMIHHS KOPUCTYBa4iB 1 MOHITOPUHT CUCTEMHU.

2.2 BUCHOBKH 10 PO31LTy 2

PesynpTaTé mochmimpkeHHS TOKa3yloTh, 10 iHTepdelc kibepdiznuHoi cuctemu
aBTOMaru3allli MOJUBY POCIUH Yy PO3YMHIA Temauill e(QEeKTUBHUU Yy MIATPUMII

ONTUMAJIBHOTO PIBHSI BOJIOTOCTI IPYHTY, L0 MOXE MPU3BECTU IO MOKPAIIECHHS POCTY
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POCIMH Ta 3MEHIIEHHS BUKOpUCTaHHS Boau. CucTeMa 3/1aTHa KOHTPOJIOBATH PiBEHB
BOJIOTM B TIPYHTI Ta BIANOBIAHO PEryjiIOBATH I[OJIUB, TApPAHTYIOUW, IO POCIHHU
OTPUMYIOTh BIIMOBIIHY KUIBKICTh BOJIM, HE BUTPAYAIOYH 1l.

Hacnigku 1ux BUCHOBKIB € 3HAYHUMHU JJISI PO3YMHUX TEIUIMYHUX CHCTEM Ta
MOJIUBY POCIHMH. ABTOMATHU3YIOUH IPOIEC IOJMBY, BUPOOHUKH MOXKYTh 3MEHIITUTH
CTIOKUBAHHS BOJH, MOKPAIIUTH PICT POCIUH Ta BPOXKANHICTD, @ TAKOXK 3a0IIaIUTH Yac
Ta mpaigto. Ile Moxe mpu3BecTH 10 OUIBII CTIMKKUX Ta €PEKTUBHUX METOMIB BEICHHS
CITBCBKOTO TOCHOJIAPCTBA, IO OCOOJIMBO BaXJIMBO B pPErioHaX, /€ BOJHI pecypcu
oOMeskeH1 abo rnepedyBaroTh y CTPECOBOMY CTaHI.

JlOCTiKEHHSI TaKOXK CIPHsIE TIOMOBHEHHIO ICHYIOUO1 023 3HaHb, IEMOHCTPYIOUH
€(eKTUBHICTh KIOEPPI3UUYHUX CHUCTEM ISl TOJHMBY POCIMH B PO3YMHIA TETUIMIIL.
Po3po6nenuit inTepdeiic Moxke OyTH 3aCTOCOBAHWM JO PI3HUX THUIIIB POCIUH 1
TETUIMYHUX YCTAaHOBOK, IO JO3BOJISE€ HAJNAMITYBAaTH 1 THYYKICTh. Pe3ymbTaTé Takox
MiIKPECTIOI0Th BAKIIUBICTh MOHITOPHUHTY Ta KOHTPOJIO IOJIMBY POCIHH y PEXKUMI
peanbHOro 4acy sl 3a0e3leyYeHHs ONTUMAJILHOTO POCTY POCIMH Ta BUKOPHCTAHHS
pecypcis.

3 TOYKHU 30py MalOYTHIX JOCIIIKEHB, JOCIIKEHHS BIAKPUBAE MOXKIUBOCTI TS
NoaJIbIIIOl onTuMi3arii iHTepdeiicy 1 cuctemu ympabiiHHg. Hampukian, anroputmu
MaIIMHHOTO HaBYaHHS MOXXYTh OyTH BKIIFOUEHI1 JIJIsi IPOTHO3YBAaHHS MOTPEO POCHHUH y
BOJI1 Ta BIATIOBITHOTO pery/toBaHHs oymBy. CHcTeMa TaKoX MOXe OyTH 1HTeTpOBaHa 3
IHIIUMH PO3YMHUMH TEINTMYHUMU TEXHOJIOTIIMH, TAKUMHU SIK OCBITJIEHHS Ta KOHTPOJIb
TEMIIEPaTypH, 00 CTBOPUTHU MOBHICTIO aBTOMATH30BaHE Ta ONTHUMI30BaHE CEPEIOBUIIE
JUTSL POCTY POCIIHH.

[IpakTuHe 3acTOCyBaHHS PE3YNbTATIB JOCIIIKECHHS MOXKE BKIIOUATH PO3POOKY
KOMEPIIIHHUX PO3YMHHX TEIUIMYHUX CHUCTEM, SKi BKIIOUYAOTh KiOephi3uaHmit
iHTepdeiic 1 aBTOMAaTH30BAHOTO MOJIUBY pociuH. Lle Moxke OyTu 0cOOIMBO KOPUCHO
st apioHux (epMepiB 1 MICBKOTO CUTBCHKOTO TOCIIOJApPCTBA, J€ TPOCTIP 1 BOJHI
pecypcu oOMexeHi. B 1iomy, pe3ynbTaTd JOCTIIKECHHS MalOTh 3HAYHI HACTIAKH JIIS
MIJBUILEHHS CTIMKOCTI Ta €(QEKTUBHOCTI POCTY POCIMH B PO3YMHUX TEIJIUYHUX

CHUCTCMaAX.
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3 KIBEP®IBUUHA CUCTEMA ABTOMATHU30OBAHOI'O I1OJIUBY
POCJIUH HA BA3l OJHOIUIATHOI KOMII'IOTEPHOI CHCTEMH
RASPBERRY PI

3.1 MakeTHe 3'eJHaHHS 1 TPUHITUIIOBA CXeMa

3anporoHoBaHa kibep(izuuHa cucTeMa CKJIAIa€ThCsl 3 HACTYIMHUX KOMITOHEHTIB
(puc. 3.1):

— Hatumku: Cuctema BKIIOYAE AATYUKU, SKI PO3MINIYIOTBCS B TPYHTI st
BUMIPIOBaHHS piBHA BOJIOTH. Lli JaTYUKK MOXYTh OyTH €MHICHUMH, PE3UCTUBHUMH a00
TPOCKOMIYHUMU JTATYNKAMU, 3QJICKHO Bl KOHCTPYKIlII CUCTEMHU.

— MIKpOKOHTpOJNIEp: JaTUYUKH HAJACUJIAIOTh CBOi MOKa3aHHS MIiKpOKOHTPOJIEPY,
TakoMy sk Arduino, sikuii 0OpoOJisie MOKa3aHHA Ta BHPIIIYE, YA € IPYHT CYXUM 1
notpedye BOAM, UM BiH BOJOTUH 1 HE TOTpeOy€e BOIU.

— Bonsguwmii Hacoc abo kimamaH: SIKIIO MIKPOKOHTpOJIEp BHU3HAYa€, MIO0 TPYHT
cyxuil 1 moTpedye BOJIU, BIH aKTUBY€E BOASIHUN HAacoc abo KJamaH JJis BUITYCKY BOJHU B
rpyHT. Boasuuii Hacoc abo KIarmaH MOXYTh KKHUBHTHUCS BiJ MIKPOKOHTpoJiepa abo Bif
30BHIIIHBOTO JKEpesia KUBICHHS.

— Taitmep: MikpokoHTpoJIep 3alyckae TaiiMep, 1100 BU3HAYUTH TPHUBAJIICTH
gyacy, TPOTATOM SKOTO BOISHMM Hacoc a0o0 KIamaH TOBUHHI 3alUIIATHCS
aKTUBOBaHUMHU. Lle 103BOJIIE CHUCTEMI PEeryioBaTH KUIbKICTh BOJIH, 11O BUIUIIETHCS B
TPYHT.

— Kopurysanns: Cuctema Moke OyTH 3amporpaMoBaHa Ha BHECEHHS KOPUTYBaHb
Ha OCHOBI Takux (akTOpiB, SK TMOTOJHI YMOBH, THUIl POCIMHH Ta THI IPYHTY, 1100
rapaHTyBaTH, IO POCIUHU OTPUMYIOTh ONTHUMAIbHY KUIBKICTH BOIU JJISI 3JI0POBOTO
pocry.

TakuM 9MHOM, aBTOMATH30BaHA CHCTEMa 3POIICHHS BUKOPHUCTOBYE NATYUKH JIJIS
KOHTPOJIIO PIiBHS BOJIOTOCTI TPYHTY, MIKPOKOHTPOJEp JUisi OOpOOKM TOKa3aHb 1
KOHTPOJIIO BUITYCKY BOJIM, a TaKOX BOJSHHIA HAcOC a00 KIamaH JJiS BUITYCKY BOJU B

rpyHT. CucTeMy MOKHa 3alporpamyBaTd Ha BHECEHHSI KOPEKTHB Ha OCHOBI Pi3HUX
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(akTopiB, 11100 rapaHTyBaTH, 110 POCIMHU OTPUMYIOTh ONTUMAIbHY KUIBKICTh BOJH JJIS
3I0pOBOT'O POCTY.

Takox OZHUM 13 CKJIQJOBUX 3alpONOHOBAHOI cUCTeMU € pene. Peme — 1e
CJIEeKTPUYHUNA KOMIIOHEHT, SKUH MOXXHA BHUKOPUCTOBYBATHM B PI3HUX cdepax
3aCTOCYBaHHS, ajieé HOro OCHOBHE MPU3HAYEHHS IMOJIATa€ B TOMY, 100 J103BOJUTH
CUTHAJIy Majoi MOTYXHOCTI KepyBaTH JIAHLIOTOM BHMCOKOi NOTyXHOCTi. OCh JesKki 3
OCHOBHUX 3aCTOCYBaHb, MiepeBar 1 HeJOJIKIB pere:

Monyns pene 3a0e3neuye:

— KepyBanHs naHItoraMu BHCOKOI MOTY)KHOCTI: pejie MOXYTb NEpEMUKATH Ta
KepyBaTH NOTY)KHUMHU HABAHTAKEHHSIMH, TAKUMU SIK IBUTYHHU, HACOCH Ta 00IrpiBayi, Ha

OCHOBI1 CUTHAJTy MaJjioi MOTY>KHOCTI BiJl KOHTpoJiepa abo AaTuuKa.

Pucynok 3.1 — MakeTHe 3'eHaHHS KOMITIOHEHTIB 3aIIPOMIOHOBAHOT KiOep]i3udHO1

CHUCTEMH 3POILICHHS
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— besneka: pene MOXyTh 3a0e3neudTd Oe3MeUHH crmoci® 130JAIii JIaHIfora
BHUCOKOI MOTY>KHOCTI BiJ JIAHIIOra YIPaBIIIHHS, 10 MOXE 3aXUCTUTH KOHTposiepa abo
KOpHUCTYBaua BiJl BUCOKOI HallpyTu, CTpyMiB 200 KOPOTKOI'O 3aMUKaHHS.

— ABTOMaTHM3alisi: pelie MOXYThb BHUKOPHUCTOBYBAaTHCS B aBTOMAaTH30BaHUX
CUCTEMaX, TaKUX SK NPOMUCIOBE YINpPABIIHHA, BEHTWISALIA Ta KOHAMIIIOHYBaHHS,
OCBITJICHHSI Ta aBTOMOOUIbH1 MPOrpamu, JJIsl YOPABIIHHS PI3HUMH HaBAHTAKEHHAMM Ta
JaTYUKaAMHU.

[IpuHIKMIIOBY cXeMY HAaBEAEHO Ha pHuc. 3.2.

Pucyynoxk 3.2 — [IpuHiiunoBa cxema 3porryBajibHOI CHCTEMHA
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Pucynok 3.3 — JIpykoBana ruiaTa AJjisi CHCTEMHU 3POIITSHHSI

Pucynok 3.4 — CTpykTypHa cxema 3amporoHOBaHOT CHCTEMH

B
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3.2 3actocyBanHs (peiimBopky mist mooymosu Node red BeO-inTepdeiicy

CyopucraeMoch  KOHCTPYKTOp BeO-iHTepdelicy kopuctyBaua Node-RED
(Ulbuilder). Ulbuilder mae Ha Meti 3a0e3meyuTH MPOCTHI Yy BUKOPUCTAHHI CHOCIO
CTBOPEHHS JIMHAMIYHUX BeO-iHTep(deiciB 3a JomoMororw iHTepdeicHux 0i0miorek. Y
Toil yac sik Dashboard po3po6eHo, 1mo6 ay»e JerKo CTBOPUTH IHTepdeic KoprucTyBayda
(mpore 3 paeskuMU OOMekeHHsMH), uibuilder po3poOienwmii, 1mEO T03BOJUTH BaM
poOUTH Bce, IO BM MOXKETE MpUAyMaTH, 3 Oylb-ikuM (periMBopkoM. uibuilder, sk
NpaBUJIO, TaKOXX TOBHMHEH OyTH Ha0araro MIBUAINIAM Ta pecypcoeeKTUBHIIIUM Y
BUKopucTaHHi, HDK Dashboard, xoua 1e, o4eBHUIHO, 3aJICKUTh BIJ TOro, SKI
iHTepdeiicH1 610a10TeKH Ta GPEHMBOPKU BU BUPILIUTE BUKOPUCTOBYBATH.

Mertoto BukopucTtanus uibuilder €:

— IligTprMKa IPOCTOTO METOy CTBOPEHHS Ta IOCTaBKU BEO-IIPOrpaM Ha OCHOBI
TaHHX.

— HasBaicte kananmy Mixk Node-RED Tta iHTepdeiicom kopuctyBaua BeO-
nporpamu (Opaysepa).

Odyukiii, siki 3a0e3mneuye uibuilder:

— 3abe3neuye 2-cTOpoHHIN KaHai 3B'13ky Mk cepBepom Node-RED (back-end)
Ta iHTepdericHUM KoJIoM iHTep(eiicy KopucTyBaya.

— 3abesneuye poctyn no Bysnaa Node-RED, sikuit Oyne dokycom mmst 3B'I3Ky
Ta BCTAHOBJICHHS IHTEP(EHUCHUX MAKETIB JIl BUKOPUCTAHHS y BallloMy KOJI.

— 3abesneuye 30BHINIHIO O10IOTEKY JJIS BUKOHAHHS CKJIAJIHUX YaCTUH 3B'I3KY
Ta cCTaHjapTU3arii B3aemoii 3 ceppepom Node-RED.

— 3abesneuye MmaOIOHU IS 30BHIINIHBOTO KOAY, MO0 KOPHCTYBadi MOTJIA
IIBUJIKO PO3IIOYATH CTBOPEHHS BEO-porpam.

— 3abesneuye KepyBaHHS Ta OOCIYrOBYBaHHS TAKETIB npm, sKi HAJAlOTh
iHTepdeiicH1 6106710TeKH, AKi JIETKO BUKOHYIOTHCS 32 JJOTIOMOTOI0 iHTEP(HEHCHOTO KOy .

— 3abe3neuye penaryBaHHS iHTEp(eHCHOTO KOy (MPU3HAYCHUM I HEBEIUKUX

3MiH).

ApK.

KsPKI. 19005.04.01.01113 -

B

Apk. | Nemokym. |ITignuc Plara




— 3abe3neuye MOXIMBICT MaTh IHTep@eiic KopucTyBauya Ha OCHOBI
KoH(irypauii (kepoBanuii jaHuMu). CTBOpeHHs (peiMBOpPKY JUlsl omHCy 1HTepdency

KOpHUCTYyBaua Ta nepekiany Ha (akKTUUHUNA KoJ 0€3 HeOOX1AHOCTI MUCATU KO

3.3 Aaroputmu peanizailii aBTOMaTUYHOTO TOJIUBY

ABTOMaTMYHa cHUcTeMa TMOJMBY Oylla CHPOEKTOBaHAa Tak, MO0 MOCTIMHO
BUMIPIOBATH BOJIOTICTH 1 PiBEHb TeMIleparypu TpyHTy. CucTema pearye HaJeKHUM
YUHOM, TOJUBAIOYM TPYHT TOYHOK HEOOXITHOI KUIBKICTIO BOJIM, a MOTIM BIAKIIOUYAE
nojady BOAM TMPU JOCSATHEHHI HEOOXITHOI KUIBKOCTI BOJIOTOCTI TpyHTY. ETanmonna
KUIbKICTh TPYHTY BXE MOINEPEHbO MOJAEThCA B MiKpokoHTposiep. Lleit eranonnuit
BMICT BOJIOTU B IPYHTI OyB 3poOJjieHHMi Tak, 100 OyTH pEeryJibOBaHUM IS TPbOX
HAUMOLIMPEHIIINX TUMIB IPYHTIB (MiIaHi, CYTJIMHHI Ta TJIMHHUCTI IPYHTH). JlaTumku
BOJIOTOCTI Ta TeMIepaTrypud po3poOJieHI 3 BUKOPUCTAHHSM IIYITiB, BUTOTOBJICHUX 13
CTIHKOrO 110 KOpo3ili marepiany, SKAA MOXHAa BCTPOMUTH B 3pa3oK IPyHTY. PiBHI
Hampyrd, W10 BIANOBIIAIOTH BOJOTOMY Ta CyYXOMY CTaHy 3pas3ka TIpYyHTY,
OOYHUCITIOBAIHUCS MIJISXOM BUMIPIOBAHHS OMOPY MK IIYIIaMU BOJIOTOCTI Ta y3TOJKEHHS

X 3 BUXIJHOIO HAIPYT OO JIAHIIFOTa KOMITapaTopa.

Pucynok 3.5 — biiok-cxema poGoTH 1aTdmka BOJIOTOCTI
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3.3.1 bnok-cxema poOOTH aBTOMATHU30BaHOI CUCTEMH IOJIUBY POCIUH

PozrnstHemo neranbHimie 0J0K-CXeMy poOOTH CUCTEMH.

1. IToyatok poOOTH: CUCTEMA BKIIOUAETHCS 1 MIOUMHAE MPALFOBATH.

Pucynok 3.6 — biiok-cxema po60TH aBTOMAaTH30BaHOT CUCTEMH TOJIUBY POCIHUH

2. OTpuMaHHS ~ TIOKa3HUKIB  JATYMKIB  BOJIOrocTi. JlaTYMkW  BOJOTOCTI
PO3MIIIYIOTBCSA B TPYHTI JJIi BUMIPIOBAaHHS PiBHs Bojoru. IlokazaHHs 3HIMAIOTBCS 1
00pOOIISIIOTBCSI MIKPOKOHTPOJIEPOM.

3. [lpuitusarrtss  pimenHs. Ha ocHOBI TOKa3aHb JaT4YMKIB  BOJIOTOCTI
MIKPOKOHTPOJIEP BUPIIIYE, YA € TPYHT CYyXUM 1 mOoTpeOye BOAM, UM BiH BOJOTHH 1 HE
moTpedye BOIH.

4. BukoHaHHS TIOJMUBY. SIKIO TPYHT CyXWid, MIKPOKOHTPOJIEp aKTUBYE BOISHUN
Hacoc abo KJamaH JJI BUITYCKY BOAH B TPYHT.

5. 3amyck Taiimepy. MIKpOKOHTpoJiep 3amyckae TaiiMep, 1100 BHU3HAYUTH
TPUBAIICTH YaCy, MPOTITOM SKOTO BOJSHHN HAcOC a00 KIIaraH MOBWHHI 3aJUIIATHCS

AKTNBOBaHHUMMU.
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MNCPEXOJUTH Y CIJISTYNU CTaH A0 HACTYITHOI'O 3YMTYBAaHHA 3 ,Z[aT‘-II/IKiB BOJIOT'OCTI.

6. 3akiHueHHs1 poOoTH. BonsgHuii Hacoc abo KiamaH BIAKIIOYAETHCS, 1 CHCTEMa

Pucynok 3.7 — MoHTaxkHe 3’ € JHaHHS KOMITOHEHTIB

OcHoBHa (YHKIIS JAaHOTO TIIPOCKTY TMoOJisAraja B TOMY, IMOO 3a0e3MeUHTH

aBTOMAaTHYHY CHCTEMY PO3MOJIUTY BOJHM 1 MOJUBY 3a JOTOMOTOIO JaT4MKa BOJIOTOCTI 1

TEMIIEpaTypH. A 3HU3UTH BUTPATy BOJMU MOKHA 32 JIOMOMOTOIO 1Ii€1 MpoIeAypHu 1 HOBOI

MaTpPUYHOI CUCTEMU.

Cdepa 3acTocyBaHHS JaHOI CHCTEMH MOXKE BKJIIOYATH: CUIbCHKE T'OCIIOJAPCTBO,

MPUBATHI OyJIMHKH JJISI aBTOMAaTHYHOT'O IOJIMBY POCIIMH, KOJHM OCOOM HEMae BIIOMa, a

naHi, 310paHi MM METOJAOM, MOXYTh OyTHM BHKOPHCTaHI B aHami3l MaHHUX, 100

3'5ICyBaTH, SK IIBHUJIKO B1AOYBA€THCS BUIIAPOBYBAHHS BOJIOTU 1 SIKa CEKIlisl BUMAarae

OUIBIIIE BOIH.

B
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Pucynok 3.8 — Y3aranbHeHa CTpyKTypHa CXeMa CUCTEMHU

Ileti mpoekT 3abe3rneuye 3HaAyHE 30UIBIICHHS IEepeBar TPAAUIIMHUX METOIIB
3poireHHs. BiH 3a0e3nedye BoAy B TPYHT BUXOJISYH 3 BOJOTOCTI TPYHTY, THM CaMUM
3MCHIIYIOYH BTpaTH BOJHM. BiH BUKOPHUCTOBYE MATPUUYHY CHCTEMY JUISl 3HMDKEHHS SIK
CIIO’KMBAHHS BOJIM, TaK 1 HAJJIUIIKOBHX TPYOONpOBOJIB. TakuM UYMHOM, II¢ TIOBHE
BJIIOCKOHAJICHHS TPAJMIIIHHUX METOAIB CUIBCHKOTOCIOJAPCHKOTO 3POIICHHS Ta

IMOIICPCAHBOI'0 ABTOMATU30BAHOI'O MCTOAY.

3.4 Inrepdetic kiOepdi3MIHOT CUCTEMH PO3YMHOI TEIUTHII IS aBTOMAaTH3aIlii

MIOJIUBY POCIIUH

[arepdeiic kibep-pi3MUHOI CHCTEMH PO3YMHOI TEIUIMIN JJIS aBTOMAaTH3allii
MOJIUBY POCIWH € HAWBAKJIUBIIIAM KOMIOHEHTOM 3arajibHOi CHCTEMH, IO JO3BOJISIE
KOPHUCTYBauaM JHUCTAHIIMHO KOHTPOJIFOBATH 1 KOHTPOJFOBATH MOJMB POCIHWH B TETUIHII.
Ils cucrema iHTETpye (i3WUHI MPUCTPOI, TaKi AK JATYWKH, KIANMAHU Ta HACOCH, 3
MpPOTPaMHUM  3a0€3MEUEHHSIM Ta MEPEKEBUMH TEXHOJOTISIMA IS  CTBOPCHHS

O€3II0BHOI, aBTOMAaTU30BAHOI CHUCTEMH YIPABIIHHSA MOJMBOM pOCiIuH. I[HTepdeiic
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CILY’KUTh TOYKOIO B3a€MOJ1i MK KOPUCTYyBayeM 1 Ki0ep(13MUHOIO CUCTEMOIO, HATaI0UH
B PEXHMI peajbHOro yacy IiH(opMalilo Npo TEIUIMYHE CEPEOBHILE, O3BOJISIOUH
KOPHUCTYBau€Bl KOHTPOIIOBATH CUCTEMY IOJMBY, a TAKOXX HA/IAaIOUU IMOIMEPEIKEHHS Ta
CHOBIIICHHS TMpU BHUHUKHEHHI Oyap-ikux mpoOnem. IHrepdelic Moxe OyTu
PO3pO0IIeHH 3 BUKOPUCTAHHSAM MPUHLUITIB IPOEKTYBAaHHS 1HTepdeiicy KopucTyBaya Ta
NPUHIIUIIB B3a€MOJIIT JIIOJIMHUA Ta KOMIT'IOTEPA, 1100 rapaHTyBaTH, 110 BIH MPOCTUH Yy
BUKOPHUCTaHHI Ta e(peKTUBHUU 3a NpuU3HA4YeHHSIM. B 1uiomy, iHTepdeiic Bimirpae
BUPIIIAJIBHY POJIb, JO3BOJISIIOYM KOPUCTYBayaM BIJJAJIEHO KEPYBATH Ta KOHTPOJIIOBATH
PO3YMHY TEIUIMIIO, MIABUINYIOUM €()EKTUBHICTh MOJIMBY POCIWH 1, B KIHIEBOMY
MiICYMKY, IPUBOASTYM J10 OUTBLI YCHIIITHOTO POCTY POCIHH.

Etanu, 3anmisHi B iHTepdeici Kibep-PpI3uuHOi CUCTEeMH PO3YMHOI TETUIML IS
aBTOMAaTH3allil MOJIUBY POCIIHH, BKIIOYAIOTh:

1. 30ip nanux.

2. O0poOKa Ta aHasi3 JaHUX.

3. [IpuitHATTS piIIeHb.

4. Tlonusy.

5. [nTepdeiic kopucTyBaua.

6. Biaryku xopucTtyBadis.

7. O06cmyroByBaHHS.

Taxum 9MHOM, KOKHUH eTar 3abe3reuye:

1. 30ip maHmx: 30ip JaHHUX 3 JATYUKIB MPO TEIUIMYHE CEPEIOBUIINEC, BKIIOYAIOYH
TEMIIEPaTypPy, BOJOTICTh 1 PIBEHb BOJIOTOCTI TPYHTY.

2. 06pobOka Ta aHami3 JaHUX: OOpoOKa Ta aHami3 JaHUX IS BU3HAYCHHS
BiIMMOBITHOTO Tpadika MOJUBY POCITHH.

3. MpuitasaTTs pimens: [IpuitHATTS pillieHbs MPO T€, KOJIU MOJUBATH POCIMHH, HA
OCHOBI1 00pOOJICHNX AaHUX 1 Oy/Ib-IKUX 3a3/1aJIeT1Ib 3aJaHIX MTapaMeTpiB.

4. TlonuB: AKTHBAIlisl CUCTEMH MOJMBY, BKIIOYAIOYM HACOCH Ta KIAMaHu, IS

PO3IOALTY BOJIH IO POCIIHH.
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5. Intepdeiic kopuctyBaua: BigoOpakeHHs CTaHy CHCTeMH 1 Oyab-IKUX
nonepekeHb ab0 TMOBIIOMJIEHb, a TaKOX HAJaHHA KOPUCTYBAu€Bl MOXIMBOCTI
BHOCHUTH 3MIHHM B CHCTEMHI1 HAJIAIITyBaHHS.

6. Binryku kopuctyBauyiB: 301p BIATYKIB BiJ KOpPHUCTyBaya MpO MPOAYKTHUBHICTD
CUCTEMHU, BKIIOUAIOUU Oy1b-AK1 IpoOsemMu abo MPOIO3HUlii 010 MOKPAIIEHHS.

/. TexHiyHe OOCIYrOoBYBaHHS: MOHITOPUHI CHUCTEMHU A OyIb-AKUX MOTPeO y

TEXHIYHOMY OOCIYroBYBaHHI, TAKUX SIK 3aMiHa JaTYMKIB a00 pEMOHT O0JIaIHAHHS.

Pucynok 3.9 — MoHTakHa cxema

Bumoru 10 KOKHOTO acleKTy BKIIOYAIOTh!

1. MOHITOpUHT B pEXHMI peampbHOr0 4dacy: IiHTepdeiic TOBHHEH MaTu
MO>XKJIMBICTh BiIoOpakatu iHGOpMAIIi0 PO TETUIUIIO B PEXHUMI peaiabHoro dacy. o6
IIOTO JIOMOTTHCS, MO BCIA TEIUIHMIII TMOTPIOHO BCTAHOBUTH JATYUKHU JJII KOHTPOIIIO
TEMIIEPaTypH, BOJIOTOCTI, PIBHSI BOJIOTOCTI TPYHTY, CTaHy cuctemu nonauBy. Lli matunku
MAKITIOYAI0THCS IO MIKPOKOHTpoJiepa abo NuUT03y, KUl nepeaae aadi B xmapy. [lotim
iHTepdeiic oTpuMye 11 JlaHi 3 XMapu Ta BioOpaxae iX y JIETKOMY JJisl PO3YMIHHS

dbopmari, TakoMy sk Tpadiku abo aiarpamu.
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2. YOpaBliHHSA  CUCTEMOK  MoiuBYy:  [HTepdeiic  MOBHHEH  103BOJATU
KOpPHUCTYBaueBl KepyBaTH cucTemoro nojuBy. LI[o0 mporo momortucs, B marictpail
BOJIONIPOBO/IY BCTAHOBIIOETHCSI MOTOPU30BAaHWM KIamaH, 1 KepyBaTH LHUM KIamaHOM
MOK€ MIKpPOKOHTpoJsiep a0o iHmwMi npuctpiil. IloTiM KOpUCTyBau MOXKe KEpyBaTH
KJIa[laHOM 3a JOMOMOTrOI0 KHOMOK a00 MOB3YHKIB Ha iHTepdeiici. JJogaTkoBO Takoxk
MO>Ke OyTH BCTaHOBJICHHI BOJSHUI HACOC, SIKUM MOXHA YIPABISATH TAKUM K€ YHHOM.

3. [loBigoMJIEHHS Ta CHOBIIIEHHS: I1HTepdElC MOBHMHEH MaTH MOXJIUBICTb
MOTIEPEIUTH KOPUCTYBayda Mpo Oyab-siki mpobiemu 3 cuctemoro. s qocarHeHHS Iiei
MeTH 1HTepdelic MOKHA HANAIITYBAaTH HA MOHITOPUHT JAHUX 3 JATYMKIB, 1 AKIIO Oy/ab-
AK1 TIOKa3aHHS BUXOJATH 32 MEXI OYIKYBAHOTO JAlana3oHy, CIpalbOBYE CHUTHAI3ALISA
a60 nosimomieHHs. Lli crioBimeHHs: MOXYTh OyTH Y (OpMI CIUIMBAIOYUX MOBIJOMIICHbD,
CTIOBIIIIEHB €JIEKTPOHHOIO TIOMITOI 200 TEKCTOBUX MOBIIOMIICHb.

4. Ictopuuni naHi: iHTepdeilic MOBUHEH HAJaBaTH KOPHUCTYBAau€Bl OCTYI 0O
icropuunnx fganux. II{o6 mocsrTu 11p0T0, JaHI 3 NaTYMKIB MOBUHHI 30epiratucs B 0asi
JAaHWX, HampuKiIad, 0a3l maHux dacoBux psaniB. [lotiMm iHTepdeiic Moke oTpumaTtH I
naHi 3 0a3u JaHuX 1 BimoOpa3uTH ixX y BUTIIIAL rpadikiB ab0 TaOIuIlb.

5. KepyBanusi kopuctyBaduamu: iHTepdeiic moBuHeH MaTH (GYHKIII KepyBaHHS
kopuctyBauamu. 1106 gocsartu 1poro, iHTepdelic TOBHHEH MaTH CHUCTEMY
ayTeHTH(IKaIlil Ta aBTOpH3aIlii KOpUCTyBauiB. Lle Moke BKIIFOYaTH BUKOPUCTAHHS IMEHI
KOpHCTyBaua Ta mapoJis:

— Metonu aytenTudikamii, Taki Sk Oiomerpis. [loTiM pi3HUM KOpHCTyBayam
MOXHa TIPU3HAYMTH Pi3HI PIBHI JIOCTyIMy 3aJIeKHO Big iXHBOI poai abo
BIIOBIIAJIBHOCTI.

— MoOGutpHUI mocTyn: iHTepdeiic moBHUHEH OyTH AOCTYHMHHUI dYepe3 MOOUTbHI
npuctpoi. Ilo6 mocsartu mporo, iHTepdeiic mMoBHHEH OyTH pPO3poOJIeHUH 3
BHUKOPHWCTAaHHSM IPUHIMITIB aJalTUBHOTO BeO-IM3aliHy, IO J03BOJIAE 1HTEpEHCy
MJTAITOBYBATUCS T Pi3HI po3Mmipu ekpany. Kpim Toro, iHTtepdeiic moBuHeH OyTH
JOCTYITHUM Yepe3 MOOUIbHUN J0JaTOK, SKUW MOXHA 3aBAaHTAXUTH 3 Mara3uHiB

IOJATKIB.
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3.5 HanamryBanus Weaved 1 Raspberry Pi

Weaved — e xmMapHuii cepBic, SKHiA O3BOJSE BIIJAICHO OTPUMATH TOCTYII JI0
Raspberry Pi 3 Oyab-skoro micus, ne € miakiaroueHHs 1o Iarepuery. Lle moxe OyTtu
KOPHCHO, SKIIO BaM MOTPIOHO KOHTpojoBath abo kepyBatu Raspberry Pi 3
BilJlaieHoro Miciisi ab0 SIKIIO BU XOYETe CTBOPUTH MEPEXY B3aEMOIOB'SI3aHUX
IIPUCTPOIB.

Raspberry Pi  — 1me cepis HEBEIWKMX OJHOIUIATHMX KOMII'FOTEPIB,
CIIpOeKTOBaHUX Ta po3pobsienux Raspberry Pi Foundation y BenukoOpuranii.
Mertow Raspberry Pi € 3a0Ge3neueHHss JOCTYyHmHOI Ta JOCTYHHOI MJIATHOpPMHU s
BUKJIAJaHHSI 1HGOPMATHKH Ta TMpOrpaMyBaHHS, a TaKOXK JUIS JIIOOWTEiB Ta
CaMOCTIMHUX MPOEKTIB. 30KpeMa 1ieit inTepdeiic 3ade3neuye:

1. Bignanenuit noctyn: Weaved 3abe3mneuye BiggaleHUW IOCTYN A0 BalluX
OPUCTPOIB 3 OyIb-SIKOrO MICIlsl, /1€ € MIAKJIIYeHHs 10 [HTepHeTy. 3a 10moMororo
Weaved Bu moxeTe 0e3meyHO OTPUMATH JOCTYH JO CBOiX MPUCTPOIB, TAKUX SK
Raspberry Pi, kommn'torepu Linux ta npuctpoi [oT, BigmaneHno 3 Oyab-sgKoro Micis 3a
JIOTIOMOT 010 BeO-Opay3epa abo MOOUIBLHOTO JOAATKA.

2. besneune migkinroueHHs a0 [aTepHeTy peueit: Weaved 3abe3neuye Oe3neuny
Ta HAAIHHY TIaTGopMy I MIAKIOUeHHS Bamux npuctpoiB loT mo xmapu. Lle
03BOJIsIE  Oe3neuHo miakiadatu npuctpoi loT g0 xMapHUX cepBiciB  Ta
0OMIHIOBATHUCS TAHWMHU 3 IHIIMMHU IPUCTPOSMH uepe3 [HTepHeT.

3. Binnanene ympasninasg: Weaved TpomoHye TOCIYTH  BiJJaJI€HOTO
YOpaBIiHHS BAllUMU MPUCTPOSIMU. 3a JOTIOMOTOIO BiJIIAJICHOTO KEpyBaHHS MOXKHA
Bi/IIaJICHO KOHTPOJIOBATH CBOI MPUCTPOI Ta KEPyBaTH HUMH, TAKUMH SIK OHOBJICHHS
MIKpOTIPOTPAaMH, OHOBJICHHS TMPOTPpaMHOTO 3abe3medeHHs Ta KOHQirypamii
MPUCTPOiB, HE MOTPEOYIOYN (PI3UIHOTO TOCTYNY A0 MPHUCTPOIO.

4. mro3 IoT: Weaved mnpomonye mnocayry mumo3y loT, ska mo3Boinse
6esneyno miakmrodatu npuctpoi [oT go xmapu. o3 IoT 3abe3neuye OGe3nednuit

3B's130K MK BamuMmu npuctposmu loT Ta xmapHumu ciyx0aMu, MOJETHIYIOUU
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YOpaBIiHHSA Ta KEpyBaHHS BallMMU MPUCTPOAMHU 3 OyIb-SKOro Micls, 1€ €
MiJKTI0YeHHs 10 [HTepHeTy.

5. Binnanene HanaromxeHHs: Weaved Hamgae TOCAYyrd  BIJJIAJICHOTO
HaJIarOJKEHHS I BAIIUX TPHUCTPOIB. 3a JOMOMOTOI0 BiIIAJICHOTO HaJaroKCHHS
B MOXETE BIJJaJICHO JIarHOCTYBaTH Ta BUIIPABISATH NpoOJEeMU 31 CBOIMH
MPUCTPOSIMH, HE MOTPEOYIOUN PI3UYHOTO AOCTYMY 10 MPUCTPOIO.

3aranoM, Weaved MNpoONoOHye HMIMPOKUI CHEKTP MOCIAYr IS BiAJaJeHOTO
JOCTYyNy Ta KEpyBaHHS BallUMHU MPHUCTPOSIMHU Yepe3 I[HTEpHET, MO0 MOJIerIIye
KepyBaHHS Ta MOHITOPHHT BalllMX MPHUCTPOIB 3 OYAb-AKOTO MICIIS, 1€ € MiAKIIOYCHHS
no IarepHery.

Posrnstnemo kpoku nigkimoueHHs Raspberry Pi go [nTepuery:

1. Minknrouennss Raspberry Pi no nokanbHOi Mepexki 3a JTOMOMOTrOK0 KaOesro
Ethernet abo kiroua Wi-Fi.

2. ko BUKOPUCTOBYEThCS Kabemb Ethernet, ciig mMiAKIIOYUTH OJWH KiHEIb
no nopty Ethernet Ha Raspberry Pi, a inmuii - 1o mapmpyrusaropa.

3. Slkmo BukopuctoByeThes kimtod Wi-Fi, miakmouiTe Woro g0 oanoro 3 USB-
nopTiB Ha Raspberry Pi ta nHamamryBatn mapamerpu Wi-Fi nist miakirodeHHS 110
JIOKaJIBbHOI Mepexi.

4. Ilicns Toro, sk Raspberry Pi migkmroueHuid 10 JOKaJdbHOI Mepexi, €
MOJIMBICTh OTPUMATH AOCTYM 10 [HTEpHETY Yepe3 MapiIpyTu3aTop.

5.Bu MoxeTe mnepeBipUTH MIAKIIOYEHHS g0 I[HTEepHETy, BIAKPUBIIM BeO-
Opay3ep 1 meperoBIIM Ha BeO-CalT.

6. Akmo mnpoGiemMu 3 NIAKIIOUCHHSIM JO0 [HTEpHETY HE 3HUKAIOTh, CIIJ
MEPEeBIPUTH HACTPOUKU MEPEXi Ta MEepEeKOHAWTECsS, M0 MapIIPyTU3aTOP HACTPOEHO

HaJIC)KHUM YHHOM.
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Pucynoxk 3.10 — Hamamrysanus Weaved i Raspberry Pi

Y xoMmanaHoMy psiiky Raspberry Pl criig BBecTH Taky KOMaHAy JJIsi CKauyBaHHS
HEOOXITHOTO MaKeTY:
wget https://github.com/weaved/installer/raw/master/binaries/weaved-

nixinstaller _1.2.8.bin

Jlani 3pobumo THCTANAIIHHMN (aiil 3aBaHTa)KyBAIBHUM BUKOHYBaHHUM (haiyioM:

chmod +x weaved-nixinstaller 1.2.8.bin

Jlai B KOMaHIHOMY PSIIKY BBEIEMO:

Jweaved-nixinstaller_1.2.8.bin
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Pucynok 3.11 — BcTanosnenns weaved

®yrype 3.12 — Bubip cepsicis

B
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Komu mu Briepire mouynemo, HaMm Oyjie 3alIpOITOHOBAHO BCTAHOBUTH OJHY 3 CIIYXKO
Weaved: SSH na nopty 22, Web (http) na nopty 80, WebIOP1 na nopty 8000, VNC Ha
nopty 5091 (mepeBipeHo 3a nomnomororw tightvncserver) abo KOpUCTYBAIbKY CITyXOy
TCP na oOpaHoMy BamMH MOPTY....

VY npomy npukiagi Mu Bubepemo Apyruil Bapiant, http na nopty 80.

Pucynok 3.13 — BBeqieHHs 00JIIKOBUX JTaHUX JIJIST BXOAY
Tenep mu BBoUMO 1H(pOpMAITitO, SIKY MU BCTAHOBITIOEMO Ha Kpoiii 1.

Cnig 3a3HauMTH, IO 1€ HE TepcoHanbHa iHdopmartis aig Bxoay B Raspberry Pi, a

iHpopMartis 11 00J1iKoBOro 3anucy B Weaved (SKy MU HaJIallITOBYEMO Ha Kpoiti 1).

Pucynok 3.14 — HamamryBanus Weaved i Raspberry Pi
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Pucynok 3.15 — Ha3zBa npuctporo

JI71s1 11b0TO eKCIiepuMeHTy Mu oopaiin «weaved tutorial 4 piy.

Pucynok 3.16 — [lepeBipka

Ha npomy erari Bce st weaved mae OyTy mpaBWIIBbHO HajamroBaHo. Lle MoxxHa
MEePEeBIPUTH, HaNAIITyBaBIIK cepBep Ha Raspberry Pi mns oOciayroByBaHHS BeO-
CTOPIHOK.

Jlam BUKOHaEMO BCTaHOBIIEHHS cepBepa Apache Ha Pi.

BcranoButu Apache MokHa 3a TOMTOMOTOIO BOX IIBUAKAX KOMAaH]T KOMaHIHOTO

paaka:
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http://www.raspberrypi.org/documentation/remote-access/web-server/apache.md

sudo apt-get update

sudo apt-get BcranoBuTH apache? -y

Pucynok 3.17 — [lepeBipka, yu HOBHI NPUCTPIN 3HAXOAUTHCS B MEPEXKI.

Pucynok 3.18 — IlepeBipka pobotu

VY weaved koHcoJ1i po3poOHHKa HATUCHEMO «ITiIKIIFOUUTHCA» 1 BIIKPUETHCS HOBE
BIKHO.

It works! SIkmo mu BBegemo aapecy, micis https:// y Opaysepi Hukde, BH MOKETE
no6aunTH ii y cBoeMy MoOiTbHOMY TenedoHni abo 3 Oyap-sK0i Touku [HTepHeTY

Takxum unHOM, TIepeBaramu Bukopuctanus Weaved Ha cuctemi Raspberry Pi €:

1. IIpocTora BHKOpHcTanHs: Weaved 3abesreuye MPOCTH Ta 3pYYHUH CHOCiO
BIIJAJICHOTO JIOCTYyIy Ta KepyBaHHsS cucteMoro Raspberry Pi.  Ilporpamue

3a0e3MedeHHsI MPOCTE B YCTAHOBIII Ta HANAIITYBAaHHI Ta HE BUMAarae TeXHIYHUX 3HAHb.
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2. Kpoc-nnargpopmua cymichHicte: Weaved mniaTpumye Kiibka ONEpaliiHUX
cucteMm, Bkmovaroun Linux, Windows 1 Mac, mo pobutrb HOro mnpocTum Yy
BUKOPHUCTaHHI Ha PI3HUX IUIaTpopmax.

3. besneka: Weaved BuxopucTtoBye mudpyBaHHs [Js1 3a0e3nedeHHsT Oe3MeKu
JaHUX, 10 nepeaaroTbhes Mk Raspberry Pi ta BimnmaneHumu npuctposiMu. BiH Takox
HaJla€ MEXaH13MU ayTeHTU]IKaii 115 3a00IraHHs] HECAHKI[IOHOBAHOMY JTOCTYITY.

4. I'nyukicth: Weaved MOXHA BHUKOPUCTOBYBAaTH [UIsl IIMPOKOTO CHEKTPY
3aCTOCYBaHb, BKJIIOYAIOYM JIOMAIIHIO aBTOMATHU3alio, yrpaBiaiHHsa npuctposmu [oT, 1
BiJIJIaJICHUN TOCTYM 10 JAHUX 1 JOJIaTKIB.

5. Ekonomiuno BurigHuii: Weaved - 1ie JOCTymHE pIlIEHHS, SKE HE BUMAarae
JI0JIaTKOBOTO 00JIaiHAaHHS a00 1H(PpacCTPyKTypH.

Jo HenomnikiB Bukopucrtanuga Weaved Ha cuctemi Raspberry Pi MoxHa BigHeCTH:

1. 3aJIeKHICTh BiJ XMapHUX cepBepiB: Weaved mokiamaerbcss Ha XMapHi
CepBepH I BCTAHOBJICHHS BijjialneHoro 3'eHaHHs MK Raspberry Pi Ta Bignanenumu
npuctposiMu. lle MOTEHIIHO MO)Ke CTBOPUTH €IUHY TOUYKY BIIMOBH, SKIIO XMapHI
CepBepU BUMIIYTh 3 Jaay.

2. O6mMmexxena Hactpoiika: Weaved Hamae oOmexeHud HaOlp mapameTpiB
HAJNAIITYBaHHS, SIKUX MOKe OyTH HEJOCTATHHO JIJISl JOCBIAYEHHX KOPUCTYBAYiB, SIKUM
noTpiOeH OUTBIINK KOHTPOJIb HAJl CBOIM PIIICHHSM B1/IIaJICHOTO JIOCTYIY.

3. OOmexeHHs TpoIyKTUBHOCTI: Weaved Moke He 3a0€3MeYUTH ONTUMAIIbHY
NPOJAYKTUBHICTh Il TIEBHUX 3aCTOCYBaHb, HANPUKIAJ, TUX, SIKI BUMaraioTh HU3BKOT
3aTpUMKH a00 BUCOKOT MPOMYCKHO1 3/JaTHOCTI.

4, [Ipo6nemu xkoHdineHiHHOCTI naHux: Weaved mepemae naHi uepes
[HTEpHET, K1 MOTEHIIHHO MOXKYTh PO3KPUTH KOHGIIEHITIHHY 1H(DOpMAIIiIo Xakepam abo
HIITMM TPETIM CTOPOHAM.

d. Mogenb Ha ocHOBI mignucku: Weaved BuMarae minucKy JUisl JOCTYMY J10
NMeBHUX (QYHKIIA Ta QYHKIIIH, IKi 3 9aCOM MOXYTh CTaTH JOPOTUMU JJII KOPHCTYBadiB

13 kimbkoma cuctemamu Raspberry Pi abo BenTHMKOIO KiJTbKICTIO IPUCTPOIB
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3.6 Ouinka BapTOCTi MPOETKY

Byno oriHeHO BapTiCTh MaTepiasiiB 3ampolOHOBAHOI KIOEp(I3UYHOI CHCTEMHU

aBTOMATUYHOTIO MOJUBY (Tabim. 3.1).

Tabmuis 3.1 — Bapricts MmaTepiany

'

Im's

Baprictb

Raspberry Pi

$180 (moTouyHa pUHKOBA ITiHA)

JlaT4uK BOJIOTOCTI IPYHTY

$5(nmotouna 1iHa Amazon)

Peneitnnii MoyIb $20(Amazon)
Tpansuctop $2(Amazon)

Diode (1N4007) $2 (Amazon)
Konpaencarop (100uF) $10(Amazon)
Pesuctop (220 ohm, 10k ohm) $10(Amazon)
CaiTiomaiogHe CBITIIO $1 (Amazon)
MaxkeTHa J0I1IKa $12(Amazon)

,H)KGPGJIO KHNBJICHHA

$5 (Amazon)

Kiaman

$6 (Amazon)

3aranbHa BapTiCTh

$350

Takum YMHOM 3arajibHa BapTiCTh MPOEKTY ckiiana 3503, mo € MeHmIow 3a 6arato

KOMEPIIIMHUX aHAJIOT1B.
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BUCHOBOK

ABTOMAaTH30BaH1 CUCTEMHU MOJMBY POCIUH Ha 0a3l OAHOIUIATHOI KOMM'FOTEPHOT
cuctemu Raspberry Pi cratorTe Bce Ounbll MOMyJIsipHUMU B OCTaHH1 poku. Lli cucremu
MalOTh YHCIIEHHI MepeBaru nepea TPAAUIIHHUMUA METOJAaMH 3POIICHHS, BKIIOYAOUU
MIJBUIIECHHS €(EKTUBHOCTI, 3HI>KEHHS CIIO’KUBAHHS BOJIM Ta MiABUIIECHHS BPOKAMHOCTI
CLTBCHKOTOCTIOIAPCHKUX KYIbTYp. Y MOEMY MPOEKTI MM MPOBENH JOCITIIKCHHS 3
PO3pOOKH Ta BMIPOBAKEHHS AaBTOMATH30BAHOI CHUCTEMH TIOJIMBY POCIMH Ha OCHOBI
Raspberry Pi 3 MeTor OWIHKM 1i IOPOJYKTUBHOCTI Ta BHU3HA4YEHHS oOjacTed uis
BIOCKOHAJICHHS.

Jlis  po3poOKM HaIoi aBTOMATH30BaHOI CHCTEMH TMIOJIMBY POCIUH MU
BUKOPUCTOBYBAJIM OJHOIUIATHUM KoMmm'toTep Raspberry Pi 4 1 psg gatuukiB #
BUKOHABYMX MEXaHI3MiB, BKIIOUAIOYM JaTYMK BOJIOTOCTi, BOJSHUN Hacoc i
CJIGKTPOMArHITHUH Ki1anaH. Mu 3amporpaMmyBajid CHCTEMy 3a nomoMoror Python i
po3pobuiin  BeO-ppeiiMBopk iHTepdeiicy kopuctyBada. IloTiM MU mpoTecTyBaiu
CHUCTEMY, BUMIPSBIIU PIBEHb BOJOTOCTI PI3HUX THUITIB POCIIHMH 1 MOPIBHSBIIN PE3yIbTaTH
3 pyYHUM IOJIMBOM.

Hamri BunpoOyBaHHs moka3aiy, 110 aBTOMaTH30BaHa CHUCTEMa MOJIMBY POCIUH Ha
ocHoB1 Raspberry Pi 31aTHa miaTpuMyBaTH ONTUMAJILHUKN PIBEHb BOJIOTOCTI IPYHTY JJISI
pi3HuX TUMiB pociauH. CUcTeMa 3MOrja TOYHO BHSBISTH 3MIHH DIBHS BOJIOTH 1
BIJIMTOBIIHO PETYJIOBATH IOJIMB, IO MPU3BEJIO A0 OLIBII MOCIIIOBHOTO 1 €()eKTUBHOTO
MOJIUBY B TIOPIBHSHHI 3 PyYHUM MOJMBOM. MM TakKOX BHUSBWIIM, 11O CHUCTEMa 37aTHA
€KOHOMHUTH BOJy, IOCTABIISIOYM JIMIIE€ HEOOXiMHY KUIBKICTb BOAH, 3MEHIIYIOUU
BUTPATH BOJIM Ta MOKPAIIYIOUH €KOJOTTYHICTb.

Hame pocmimxkeHHS MOKa3ye, M0 BUKOPHUCTAHHS aBTOMATH30BAaHOI CHCTEMH
MOJIUBY pOCIMH Ha OocHOBI Raspberry Pi mae moTeHmian peBOIONMIOHIZYyBaTH CIOCIO
3pOIICHHS] POCIMH Ta YMPaBIiHHA BOJHUMH pecypcamMu. ABTOMATH3YIOUU IPOIIEC
MOJIMBY, MM MOKE€MO 3MEHIIMTU MOTpeOy B PydHil mpaii Ta 3a0€3MeUYUTH POCIUHAM

MOTPIOHY KUTBKICTH BOAM B MOTpiOHMEN dyac. lle moke mpuBECTH 10 MIIBHUIICHHS
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BPOKaHOCTI CUIbCHKOTOCHOJAPCHKUX KYJBTYpP 1 3HUKEHHS CIOXUBAaHHSA BOJHU, IO
0COOJIMBO BaXKJIMBO B pailoHax 3 00MEXEHHUMH BOAHUMH PECYPCAMH.

OpHak ICHYIOTb TaKOX JesKl MNpoOJieMH, TMOB'A3aHl 3 BUKOPUCTaHHSIM
aBTOMAaTU30BaHUX CUCTEM MOJUBY pOCIHH Ha 0cHOBI Raspberry Pi. Jlo HuX BigHOCATBHCA
MUTaHHSI, TIOB'13aH1 3 €HEPronoCTaYaHHAM, MIAKIIOUCHHSIM 1 YIIPaBIIHHIM JaHUMH. J{Jis
BUPIIICHHS] IUX MPOOJIEM BaXXJIMBO PETEIbLHO CIPOEKTYBAaTH CHUCTEMY 1 BHOpatu
KOMIIOHEHTH, CyMicHi 3 tuatdopmoro Raspberry Pi.

Ha 3akiHueHHs, Hamie JOCHIDKCHHS  IMOKa3aJio, 110 BHKOPHUCTAHHS
aBTOMAaTH30BaHOI CHCTEMH IOJIMBY POCIHMH Ha OCHOBI Raspberry Pi mpomnonye uncneHHi
nepeBaru Il BUPOOHWKIB Ta (epMepiB. ABTOMATH3YHOYHM TPOIEC 3POIICHHS, MH
MOKEMO TIABUIIUTA €(PEKTUBHICTh Ta CTIMKICTh CUIBCHKOTOCIIOAAPCHKOI MPAKTHKH, a
TaKOX 3MEHIIUTH MOTpeOy B pyuHii mparli. OgHaK BaXIJIMBO PETEIBLHO CIPOCKTYBATH 1
BIPOBAJAUTHU IIi cUCTeMH, 100 3abe3nednTH iX eQeKTUBHICTh 1 HafliHICTh. [lpum
MOJAIBIINX JOCTIHKEHHAX 1 po3poOKax MOXKHA CTBOPUTH OUIBII JOCKOHAJII CUCTEMH,
3/1aTHI aJanTyBaTUCS A0 MIHJIMBUX YMOB HaBKOJIHUIIIHHOT'O CEPEOBUINA 1 IPUHOCUTH II1E
Ounbli mepeBaru. B 1ijioMy, BUKOPUCTaHHS aBTOMATU30BaHOI CUCTEMH TIOJIMBY POCIIUH
Ha ocHOBI1 Raspberry Pi moka3ye Benmkuii OTEHITiaN I MiABUIICHHS €(DEKTUBHOCTI Ta
CTIHKOCT1 CLIbCBKOTO TOCIOAAPCTBA, 1 MU 3 HETEPIIHHAM YEKAEMO i1 IMOJAJIBIIOTO
PO3BHUTKY B MallOyTHHOMY.

Takox mocmimkeHo iHTepderc kibep-pi3udaHOoi crucTeMH aBTOMaTH3AIlli TOJIUBY
POCIIMH Yy pO3YMHIN Terumii. JlocaimkeHHs TMoKa3ano, Mo cucTeMa edeKTUBHA IS
MIATPUMKH ONTHUMAIBHOTO PIBHS BOJIOTOCTI IPYHTY, IIO MOXE TMPHU3BECTH [0
MOKPAIIEHHS] POCTY POCIWH Ta 3MEHIICHHS BHUKOPUCTAHHA BOAMU. Pe3ynbraTth
JOCTI/DKCHHS] MAIOTh 3HAYEHHS IJIsl MIABUIIEHHS CTIAKOCTI Ta €(EeKTHBHOCTI POCTY
POCIIMH y PO3YMHUX TEINIMYHUX CUCTEMaX.

OCHOBHMH BHECOK IIHOTO JOCHIIPKEHHS BKIIOYAa€ PO3POOKY Ta OIIHKY
kibepdizuunoro iHTEepdeiicy ag TOIWUBY POCIWH, SIKAA MOXKHA HAaJAIITyBaTH Ta
IHTETpYBaTH 3 IHIIUMU PO3YMHUMHU TEIUIMYHUMHU TEXHOJIOTISIMU. J[OCIIKEHHST TaKOX
MIJKPECIUIIO BaXJIUBICTh MOHITOPUHTY Ta KOHTPOJIO TMOJHUBY POCIUH Y PEXUMI

peaIbHOTO Yacy AJid ONTUMAIBHOTO POCTY POCIIUH Ta BUKOPUCTAHHS PECYPCIB.
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OpHak DOCHIDKEHHS TaKoX Mayo Aesiki oomexeHHs. [lo-mepuie, AociiakeHHS
MPOBOAWJIOCS B HEBEJIMKUX MacluTtabax, 1 TOMY peE3yJbTaTH HE MOXYTb OyTH
y3arajbHEH1 11 OUTblIuX cucteM. KpiM TOro, JOCHIIKEHHS HE BKJIIOYAJIO aITOPUTMU
MalIMHHOTO HABYAHHS JIs1 IPOTHO3YBAaHHS Ta KOPUT'YBAaHHA MOTPEO POCIUH y BO/II.

MaiibytHa pobota B Ii 00JacTi MOXE BKIIOYATH PO3POOKY aIrOpPUTMIB
MalIMHHOTO HaBYaHHA JJI NPOTHO3yBaHHSA MOTPEO POCIWH y BOJI Ta BIANOBIIHOTO
KOPUT'YBaHHsS MOJUBY. TakoX MOXyTh OyTH MpOBEAEHI MOAANbIIl JOCTIIKEHHS
MacmTabOBaHOCTI Ta Komepuianizamnii kidepdizuuHoro iHTtepdeiicy, a Takox HOro
IHTerpauii 3 IHIUMHA PO3YMHUMU TEIUTMYHUMH TEXHOJIOTSIMU.

[TincymoByroum, 1 aucepTaiis Hajajga IiHHY iHQopMarliito mpo iHTepdeiic
Ki0ephI3MYHOT CUCTEMHU IS aBTOMATH3allli MOJMUBY POCIUH y PO3YMHIN TEIUIMIILI.
OTpumaHi pe3yiabTaThd MArOTh 3HAYCHHS JJIA MMIJBUINCHHS CTIHKOCTI Ta €()EKTUBHOCTI
POCTY POCIUH y PO3YMHHUX TEIUIMYHUX CUCTEMax, a MaOyTHs poOoTa MOXkKe 11 Oublie

OHTI/IMi?)yBaTI/I Ta pO3MHUPUTH CUCTCEMY.

ApK.

KgsPKI. 19005.04.01.01113 61

B

Apk. | Nemokym. |ITignuc Plara




HEPEJIIK J?KEPEJI IOCUJIAHDb

1. Poonia R., Agarwal B. Kumar S., Khan M., Marques G., Nayak J. Cyber-
Physical Systems, Academic Press, 2021. 278 p.

2. Auduno. (2018). Awuduno Irrigation  System. Auduno. URL:
https://www.auduno.com/irrigation.

3. Kemerink, J., & van der Meer, W. . The Auduno Irrigation System: A Low-
Cost and Sustainable Solution for Smallholder Farmers. Journal of Water for Food,
9(3), 2019, 404-414,

4.  Miller, C., & Clemens, R.. The Impact of the Auduno Irrigation System on
Smallholder Farmers in Tanzania. The Journal of Developing Areas, 53(3), 2019 33-44.

5. Nyamwange, S. O., Owino, F. O., & Otieno, A. O. Evaluation of the
Auduno Irrigation System in Enhancing Tomato Production in Western Kenya. Journal
of Agricultural Science and Technology, 21(5), 2019, 1085-1097.

6. Yirga, C. Economic Analysis of the Auduno Irrigation System in Ethiopia:
A Case Study of Tomato Production. International Journal of Economics, Commerce
and Management, 7(4), 2019, 93-106

7.  Mekonen, M. A., Terefe, T. A., & Lemma, B. Performance of Auduno
Irrigation System in Tomato Production: A Case of Smallholder Farmers in Lay Gayint
District, Amhara Region, Ethiopia. International Journal of Agriculture and
Environmental Research, 6(1), 2020, 39-50.

8. Woudstra, J., & Kemerink, J. Scaling Up the Auduno Irrigation System:
Opportunities and Challenges. Water, 12(8), 2020, 2271.

9. Kemerink, J., van der Meer, W., & Almekinders, C. The Auduno Irrigation
System: Enhancing Productivity and Food Security for Smallholder Farmers in
Tanzania. Sustainable Agriculture Reviews, 35, 2019, 35-54.

10. Fritzing, URL:https:/fritzing.org/

11. Yadin A. Computer Systems Architecture, Chapman and Hall, CRC, 2016.
467 p.

ApK.

KgsPKI. 19005.04.01.01113 62

B

Apk. | Nemokym. |ITignuc Plara



https://www.auduno.com/irrigation
https://fritzing.org/

12. Null L., Lobur Y. Essentials of Computer Organization and Architecture,
Jones & Bartlett Learning; 5th edition, 2018. — 744 p.

13. Kravets A.G., Bolshakov A.A., M.V. Shcherbakov Cyber-Physical
Systems: Industry 4.0 Challenges (Studies in Systems, Decision and Control, 260).
Springer; 1st ed., 2020. 349 p.

14. Rea P., Ottaviano E., Machado J. and Antosz K. Design, Applications,
and Maintenance of Cyber-Physical Systems, Engineering Science Reference, 2021.
314 p.

15. Li B. S. X,, Wan B., Wang C., Zhou X., Chen X. Definitions of
predictability for cyber physical systems, Journal of Systems Architecture. 2016.

16. Raspberry Pi, URL.: https://www.raspberrypi.org/

17. Poliakov, M., Larionova, T. Control Systems with programmable logic
controllers, Remote and virtual tools in engineering: textbook, general editorship
Dr.Ing.Karsten Henke. Zaporizhzhya: Dike Pole, 2016. 250 p.

18. Barrett S.F. Microchip AVR® Microcontroller Primer: Programming and
Interfacing. Morgan & Claypool Publishers, 2019. 374 p.

19. Papazoglou P. M. An Educational Guide to the AVR Microcontroller
Programming: AVR Programming::Demystified (Assembly Language). CreateSpace
Independent Publishing Platform, 2018. 274 p.

20. Nicheporuk A., Nicheporuk A., Sachenko A., A System for Detecting
Anomalies and Identifying Smart Home Devices Using Collective Communication,
CEUR-WS. Vol. 2853. Pp. 386-397.

21. Molly Edmonds & Nathan Chandler, How Smart Homes Work, URL.:
https://home.howstuffworks.com/smart-home.htm

22. Bhattacharjee S. Practical Industrial Internet of Things Security.
Birmingham, United Kingdom: Packt Publishing Ltd 2018. 324 p.

23. Kumar V., R. Chawda Research paper on smart home, International Journal
of Engineering Applied Sciences and Technology, 2020. Vol. 5. Issue 3. pp. 530-532.

24. Atzori L., lera A., and Morabito G., The Internet of Things: A Survey,
Computer Networks. Vol. 54. no 15. 2010. pp. 2787—-2805.

ApK.

KsPKI. 19005.04.01.01113 s

B

Apk. | Nemokym. |ITignuc Plara



https://www.raspberrypi.org/
https://home.howstuffworks.com/smart-home.htm

25. Cho M.E., Kim, M.J. Smart Homes Supporting the Wellness of One or
Two-Person Households, Sensors. 2022. 22, 7816.

26. Yanagida K. Ueda Y., Go K., Takahashi K., Hayakawa S., Yamazaki K.,
Structured Scenario-Based Design Method, In Proceedings of the 1st International
Conference on Human Centered Design, San Diego, CA, USA, 19-24 July 2009, pp.
374-380

27. Kishita Y., Mizuno Y., Fukushige S., Umeda Y. Scenario structuring
methodology for computer-aided scenario design: An application to envisioning
sustainable futures, Technol. Forecast. Soc. Chang. 2020. 160. 120207

28. Rhee J.H., Ma J.H., Seo J., Cha S.H., Review of applications and user
perceptions of smart home technology for health and environmental monitoring, J.
Comput. Des. Eng. No 9. 2022, pp. 857-8809.

29. Tiwari P., Garg V., Agrawal R. Changing World: Smart Homes Review
and Future. In Smart loT for Research and Industry, Springer International Publishing:
Cham, Germany, 2022, pp. 145-160.

30. Hosseini S. S., Non-intrusive load monitoring through home energy
management systems: A comprehensive review, Renewable and Sustainable Energy
Reviews, Vol. 79, 2017, pp. 1266-1274.

ApK.

KgsPKI. 19005.04.01.01113 64

B

Apk. | Nemokym. |ITignuc Plara




Honatox A

(000BsI3‘ I3KOBHIN)
Konx nporpamu

import RPi.GPIO as GPIO

import time

# Set GP1O mode and pins
GPI10O.setmode(GPIO0.BCM)
pump_pin =18

moisture_pin = 17

# Set up pump relay
GPIO.setup(pump_pin, GP1O0.0OUT)
GPIO.output(pump_pin, GPIO.HIGH)

# Set up moisture sensor
GPIO.setup(moisture_pin, GPIO.IN)

# Define a function to turn on the water pump
def water_plants():
GPIO.output(pump_pin, GPIO.LOW)
time.sleep(5)
GPIO.output(pump_pin, GPIO.HIGH)

# Define a function to read the moisture level
def read_moisture():

moisture = GPIO.input(moisture_pin)

52



return moisture

# Main loop
while True:
moisture_level = read_moisture()
If moisture_level == 1:
print("Soil is dry, watering plants...")
water_plants()
else:
print("Soil is moist, no need to water.")

time.sleep(60) # Check moisture level every minute

Lle#t koA UIOXBUJIWMHU 3YUTY€ PIBEHb BOJIOTOCTI 3 JaT4yMka. SIKIIO TPYHT

CYXPIﬁ, TO BKIIIOYAIOThH BOI[}IHI/Iﬁ Hacoc Ha 5 CCKYHA HJIsI ITOJIUBY POCJIHH. HKIHO

I'PYHT BOJIOFPIﬁ, POCIINMHHA HC ITOJINBAIOTh.
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Jonarok b
(000BsI3‘ I3KOBHIN)
[IpuHnumosa cxema
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Jonarok B
(000BsI3‘ I3KOBHIN)
bnok-cxema poO0OTH aBTOMAaTH30BaHOI CUCTEMH TTOJIMBY POCITUH
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Honarok I'
(000BsI3‘ I3KOBHIN)
CTpyKTypHa cxema BCi€i CUCTEMU
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