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3 Kristiyan Dimitrov

CHAPTER 1. Introduction, analysis and systematization of existing
research and practices on the topic

Nowadays, microclimate management in livestock farms is becoming increasingly important.
This is due not only to the growing demands for energy efficiency, increased productivity and
sustainability, but also to the humane attitude towards animals. Microclimate is a set of
parameters such as temperature, humidity, air speed, lighting and concentration of harmful
gases, etc. which have a direct and indirect impact on the health, productivity and well-being
of animals. Inappropriate conditions can lead to slowed growth, reduced productivity of meat,
milk, eggs, increased morbidity and mortality.

The topic is especially relevant in the context of climate change and the introduction of
increasingly strict environmental regulations. Automated systems can help to more efficiently
use resources such as electricity, water and time for farm management. In addition,
digitalization and the use of "smart" technologies fit into the trend towards building
sustainable and precision agriculture.

The introduction of automated climate control systems is a key to the modernization of farms.
They allow precise control of the internal environment through sensors and algorithms that
can manage the parameters of the environment in real time. Considering the cost of existing
climate control systems in livestock farms, it is necessary to develop new systems that are
accessible to a wider range of users.

The aim of this work is to develop a Cyber-Physical System (CPS) for microclimate
management in animal husbandry complexes and for environmental management in fish
farming based on openHAB.

The object of the research is not only the study of the possibility of implementing the CPS
with the selected software, but also the analysis of the influence of the environment on the
productivity and health status of animals.

The subject of the study includes the need to consider the various parameters of the
microclimate in livestock farms and the impact they have on the given species of animals
directly and indirectly. The influence of the parameters and quality of water when raising fish
or other aquatic animals in a closed ecosystem or so-called aquaponic system is also
considered. Different methods for controlling these parameters are considered, because the
environment affects both the health of the animals and their productivity and, last but not
least, the humane attitude towards them. Therefore, it is very important to develop systems
that can reliably control the environment, using minimal resources for this purpose.

1.1 Introduction

The main purpose of the first two chapters is to demonstrate the need for this research and to
define the problem area. Here, motivation is discussed, the goals, methodology and the tasks
of the dissertation are presented.

1.1.1 Problem definition

The first and second chapters examine the main problems that are on the agenda in modern
animal husbandry and methods and practices for its improvement and development. In
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particular, attention is paid to the methods and means for improving the microclimate in
closed livestock farms for raising dairy cows, pigs and broilers. Some basic problems in
improving the environment for growing fish and plants in aquaponic systems are also
discussed. The direct and indirect influence of the microclimate on the economic indicators of
animal farms is examined. Existing microclimate automation systems with their main
subsystems of leading companies worldwide are shown, as well as some scientific
developments from the last few years are examined, in order to get a general idea of how far
the development in the given area has come.

1.2 Influence of the environment on productivity in livestock farms
1.2.1 Influence of microclimate on milk production in a cow farm

Microclimate affects productivity both directly and indirectly. Temperature is the main factor
that must be controlled to maintain the thermoneutral zone TNZ. At temperatures above 28
°C, even at low relative humidity, cows show a state of hypertension and heat stress [1,2] in
which feed intake, milk yield, milk fat and protein production, as well as fertility rates are
reduced [3]. The effect that temperature has on animals is directly related to the relative
humidity RH. This is determined by the so-called temperature-humidity index (THI) [4]. High
values of THI have the greatest impact on milk yield after two days [5]. At THI values around
68 we have the highest milk yield, and increasing THI values from 68 to 78 reduce DMI by
9.6% and milk production by 21% [6] feed intake starts to decrease the day after the onset of
heat stress HS, while milk yield decreases on the second day after HS [7]. According to other
studies [8], THI has no effect on milk yield at values between 35 and 72. Heat stress also
affects the health of cows.

1.2.2 Impact of microclimate on meat production in pig and poultry farms

The microclimate seriously affects the health status and production of all age categories of
pigs [9,10]. The increase in temperature above the comfort zone leads to a decrease in feed
intake and, consequently, a progressive decrease in pig productivity [11]. It affects
reproductive abilities, growth and development of the body, quality and quantity of
production, the development of new diseases and mortality [12]. Deviation from the nominal
parameters of the microclimate in the room leads to a decrease in the average daily weight
gain and affects the safety of birds, especially in the autumn-winter period, as well as on
productivity [13]. The optimal microclimate in poultry farms reduces the cost of poultry
products by 15-20%. In cold, humid and poorly ventilated poultry farms, birds are up to 4
times more susceptible to disease, and their productivity decreases by 10-50%, although feed
consumption increases by 10-30% [14]. Heat stress has a negative impact on feed intake, feed
efficiency, body mass index, meat quality and mortality [15]. Despite advances in technology
and modernization of the sector, poultry farming worldwide is significantly affected in terms
of productivity, health and overall welfare of chickens by heat stress [16]. In poultry exposed
to heat stress, abnormalities in the immune system, hormonal irregularities, respiratory
difficulties and electrolyte imbalance are observed [17,18]. Ventilation has a serious impact
on all parameters of the microclimate in the building, as well as controlling the presence of
harmful gases in the premises.

1.3 Influence of the environment on aquaculture production in an aquaponic system

In connection with the increased consumption of food products in recent years, aquaculture
has also developed significantly. Over the past 20 years, aquaculture in the EU has had a
sustainable growth rate, with the share of fish obtained through aquaculture in the total
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5 Kristiyan Dimitrov

harvest increasing from around 15% in 2000 to around 20% in 2021 [19]. Attention is also
being paid to the recirculation of wastewater, which has a major impact on reducing pollution
in aquaculture [20].

In high-density aquaculture, water pollution from waste products such as excrement, food
scraps, etc. is converted into harmful substances such as ammonia NH3, nitrite NO2 and
hydrogen sulfide H2S. These can be extremely dangerous in high concentrations for
aquaculture. This can lead to large economic losses as well as negative environmental impacts
on a global scale [21,22]. One of the advantages of aquaponics is the closed loop, in which
fish waste released through the gills and as urine, which is mainly ammonia, is converted
through the processes of nitrification [23] and mineralization [24]. Solid waste is also
separated, some of which is converted to ammonia by microbial activity [23]. This reduces
biological pollution of wastewater. Aquaponic systems can be located outdoors or indoors.
There are many examples of combining aquaponics and greenhouses, and this approach is
constantly evolving [25,26,27].

1.4 Summary

After careful review and analysis of the above facts regarding the influence of the
environment and microclimate on farmed animals, we can conclude that the implementation
of control over certain environmental parameters is of utmost importance for their welfare.
Environmental management helps both to increase productivity and to improve the health of
animals and, last but not least, ensures humane treatment of them.

We can summarize that in closed livestock farms it is necessary to control the temperature,
humidity and air velocity, the presence of pollutants in the air such as harmful gases, dust
particles and microbial contamination, as well as the lighting and ambient noise. In the second
case, in an aquaponic system it is necessary to control not only the quality of the water, but
also other parameters of the environment. These are the temperature and pH of the water,
dissolved oxygen and carbon dioxide, ammonia, nitrites, nitrates and other parameters, as well
as exposure to direct sunlight.

Therefore, it is necessary to review and compare the existing methods and means of
environmental and microclimate control in animal farms and aquaponic systems. This
comparison would allow analyzing some gaps and weaknesses, proposing new methods or
more accessible ways of management.

CHAPTER 2. Research of existing methods and means
2.1 Existing methods for maintaining microclimate in livestock farms

As examples of leaders in the production of automation and control systems for livestock
farms, we can consider companies such as Big Dutchman, Fancom, SKOV, etc.

2.1.1 Executive mechanisms

They offer a variety of equipment for maintaining the microclimate. They have different types
of fresh air inlets, blinds, fresh air or circulation chimneys, fans, heating systems, sprayers for
evaporative cooling, etc. Some basic components for microclimate management on livestock
farms are discussed below.

Fresh air inlets for wall [28,29,30] or for ceiling [28,29] allow easy control by servomotors
[28,29], being equipped with a spring that keeps them tightly closed, and the servomotor pulls
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them out. The fresh air chimney for fresh air [28.29] has the advantage over other ceiling
flaps because they are not affected by wind speed.

Blinds are used when it is necessary to make the ventilation openings larger. For example, in
warmer climates, in natural ventilation, in tunnel ventilation. Their control is like that of fresh
air inlets, but some blinds are not equipped with a closing spring [28,30].

For tunnel ventilation, in addition to blinds, vertically opening flaps [29] or large panel flaps
[28] can also be used. Both have less air resistance than louvers [28,29]. In many cases, it is
more convenient and cheaper to use blinds [28] instead of flaps or louvers.

Fans used in livestock farms can be divided into several groups according to their purpose.
These are fresh or exhaust air fans (inlet or outlet), circulation fans or mixed-type fans
[28,29,30]. According to the design of the blades, fans can be divided into axial or radial
(centrifugal). There are fans with or without flaps to close the opening. They can be without
the ability to adjust the speed, with step regulation or with the possibility of stepless
regulation. In recent years, etc. smart fans have appeared [29].

Various heating systems are available on the market. In addition to conventional steam
heating with radiators or pipes, there are various methods of gas heating [28]. In recent years,
heating systems with heat exchangers [28] have been used more and more often in livestock
farms. With this, heating costs can be reduced by more than 50% [28].

Sprinkler systems [30,31] are used for air cooling and humidity control in premises, for
directly wetting animals to cool them, for loosening dried dirt on walls and floors, and for
disinfecting premises [30,31]. They can be used in poultry houses, pig farms, and cattle barns,
and their main advantage over other cooling systems is lower cost. They are most effective in
dry climates and at high temperatures. Evaporative cooling pads [28,30] are widely used in
various types of livestock operations, particularly with tunnel ventilation. They are installed at
tunnel inlets and work as follows. Water is poured over the top edge of the pads, wetting
them. As air passes through the pads, the water evaporates, cooling the air without leaving
water droplets that could wet bedding and worsen conditions inside the facility.

2.1.2 Sensors

Common sensors used to control microclimate in livestock farms monitor only some
environmental parameters. These include temperature and relative humidity RH, which is
usually a combined sensor, a sensor for ammonia NHs, carbon dioxide CO,, pressure, air
velocity and illumination. Even global leaders in automation do not use sensors for
continuous monitoring of carbon monoxide CO, methane CH,, hydrogen sulfide H,S, or fine
particulate matter [28,29,30].

2.1.3 Climate-control computers in livestock facilities

On the market, there are various solutions for managing microclimate in livestock farms. At
one end are control systems for a single room with support for several temperature sensors—
these can turn heating and cooling on or off based on temperature, and ventilation power is
adjusted manually, not based on measured temperature. At the other end are multi-zone
systems with support for numerous sensors that can control every environmental component
[28,29].
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7 Kristiyan Dimitrov

2.2 Existing methods for maintaining environment and controlling aquaponics systems

When it comes to automation in existing and commercially available aquaponics systems, it's
still in its infancy. Aquaponics systems have been thoroughly researched, yielding enough
information to create systems for controlling basic environmental parameters, but practically
few such systems exist. Commercial aquaponics solutions from reputable global brands with
long-standing experience offer minimal automation: they only monitor and regulate water
temperature in tanks, air temperature in rooms, and pH. Other environmental parameters—
water hardness, dissolved oxygen, carbon dioxide CO,, ammonia NH3z, ammonium NH;—,
nitrites NO,— and nitrates NO3s— are measured manually using reagent test kits and litmus
strips.

2.2.1 Actuators

Choosing the right air pumps is crucial to provide the necessary dissolved oxygen DO. Pumps
are mainly divided into two types based on their construction. The first are piston pumps and
the second are turbine pumps [32]. Diffusers are needed to transfer more oxygen from air
bubbles to water [23]. Diffusers [32,33] may be made from porous materials like volcanic
rock or from various types of plastic, ceramic, or metal. Those with smaller pores are more
effective but require higher air pressure, clog more easily, and need more frequent
maintenance [23]. Electric heaters are mainly used to maintain temperature in aquaponic
systems [32,33,34]. Often made of titanium due to its high corrosion resistance, heaters can
come equipped with temperature sensors and in some cases, controllers. They can be installed
submerged in tanks or in-line with circulating water [32,33,34]. In colder climates, using heat-
pump installations is more cost-effective for water heating, significantly reducing heating
costs, though initial investment is higher. Heat pumps can also cool water, which is critical for
rearing cold-water fish that cannot thrive above 18 °C [23]. Automatic feeders are used for
fish feeding and can dispense food very precisely [32,33]. Existing systems typically use
timers to schedule feeding times and durations. Vibrating feeders are suitable for all types of
food, and even oily foods pass through without clogging the feeder. Rotary roller feeders have
a very accurate feed amount, and spreader feeders are suitable for larger areas because they do
not pour the food in one place.

2.2.2 Sensors

Flow meters (for air and water) are used to monitor the operation of air pumps and water
circulation pumps [32]. Generally, these include a normally open or changeover contact that
activates when air or water passes through them. pH sensors [35] are available that can trigger
alarms if the value exceeds or falls below predefined thresholds.

2.2.3 Aquaponics system controllers

Feeders in these systems are time-controlled [32]. Timers range from simple units with
settings for on-time and duration to specialized timers capable of managing one or more
feeders [32].

Many aquaponics equipment suppliers use the Sensaphone 800 controller [32,33] for
monitoring and remote access, as it can monitor several temperatures and has inputs for
various alarms. If a threshold is exceeded or an alarm is triggered by a sensor or flow meter,
the controller can call preset phone numbers and play different recorded voice messages
depending on the alarm triggered.
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In recent years, with 10T and affordable electronic sensors, various scientific developments
have emerged for continuous monitoring and remote access in aquaponics systems, often
including partial control, though temperature is the only parameter usually controlled
automatically. Below are some examples of existing systems and research, mainly concerning
DWC systems.

2.2.4 Examples of existing research on monitoring and control systems in aquaponics

With the development of the Internet of Things (IoT) and the emergence of affordable
electronic sensors, many developments have emerged for continuous monitoring and remote
access to information, which also include partial control over aguaponic systems.

A monitoring system for an aquaponic system has been developed [36] in which it was found
that the metabolism of fish is directly related to the amount of oxygen they consume. Active
movement of fish is peaked for the period before, during and after feeding, for about 15 to 30
minutes [36]. Taking this into account, it is necessary to monitor the DO change during active
movement, and not only when the fish are at rest.

Another system measures pH, water level, temperature, electrical conductivity EC, total
dissolved solids TDS, ammonium NH4+, nitrite NO,— and nitrate NO3s—. It also measures air
temperature, relative humidity RH, carbon dioxide CO,, and light intensity. It uses a
NodeMCU controller that controls water circulation pumps, EC levels, and ammonia
concentration; however, its mechanism for achieving control is not explained. The system
also claims to control air temperature, RH, CO-, and lighting in the room [37].

Some NodeMCU-based systems monitor only pH, water temperature, dissolved oxygen DO,
and ammonia NHs. The first three parameters are measured directly by sensors, while
ammonia is assessed using a test strip submerged in water and read by a color sensor [38].

Another system for monitoring and control not only manages the water pump and lighting but
also has autonomous fish feeding capability. It measures temperature, pH, and water level,
with data viewable via a Raspberry Pi—-hosted web interface [39].

2.3 Summary

A comprehensive review of microclimate control devices and actuators in livestock farms
shows a wide variety of offerings: different wall, ceiling, or chimney ventilation flaps and
their controllers; fans; heating and cooling systems; disinfection equipment, etc. A broad
range of sensors is also available, though those specialized for livestock use come at relatively
high prices. On the other hand, climate-controlled computers are offered by various
manufacturers, but selecting them requires predefining all necessary sensors and actuator
channels. Most systems lack future expandability, and high-channel-count systems are too
expensive for the small and medium farms.

In the realm of aquaponics, commercial systems do not offer full environmental control. Only
some parameters are monitored and controlled; others are manually measured, typically with
litmus strips. Although research prototypes exist for partial control, they fall short of
achieving fully balanced, expert-free management.

Therefore, it would be beneficial to develop more modular environmental control systems,
easily expandable in terms of both the number and type of controlled parameters, and capable
of flexible control logic. This would make them accessible on a wider user base. To achieve
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9 Kristiyan Dimitrov

this goal, the first step is to create a concept outlining the necessary requirements for such a
system.

CHAPTER 3. Developing a requirements-based concept for a CPS for
intelligent management of animal husbandry facilities

3.1 Definitions of a Cyber—Physical System

The overall architecture of a Cyber—Physical System (CPS) includes models of physical
processes, software models, computational platforms, and networks. The feedback loop
between physical processes and computation encompasses sensors, actuators, physical
dynamics, computation, software scheduling, and networks with contention and
communication delays. [40]. CPS are integrations of computational and physical processes:
embedded computers and networks monitor and control these physical processes, typically
with feedback where the physical world influences computation and vice versa [41]. There are
many definitions of a CPS. It comprises multiple components and layers, intertwining
physical and virtual elements - from sensors, hardware components, actuators, to
corresponding software. Different types of telecommunications are used between the
networks through which the components are connected. Approaches from cybernetics,
mechatronics, and embedded systems are involved. Unlike them, a CPS is generally a
network of interlinked interacting elements with physical inputs and outputs.

3.2 CPS requirements

To implement a CPS suitable for managing animal farming complexes, one must consider
required components and their specific requirements. These components can be physical or
virtual, necessitating careful analysis of all external and internal influencing factors. The
following steps outline the required process to realize a CPS tailored to the specific livestock
facility.

3.3 Summary

Creating a concept for implementing a CPS in animal husbandry facilities provides clear steps
to build the system. Once component requirements are defined, one only needs to select
suitable elements and test them for compatibility.

After outlining core requirements and guidelines for CPS implementation, it's necessary to
choose and test both an operating system and compatible software. Additionally, initial
installation and configuration software with remote-access capability must be selected.

CHAPTER 4. Research and analysis of software and systems for CPS
management. Concept development for CPS management software in
animal husbandry facilities

4.1 OS and software requirements

We’ll detail software requirements prior to selection. The operating system, along with
additional software, libraries, and drivers, must work in harmony, this must be thoroughly
evaluated before deploying the system into production.

Firstly, the OS must support real-time operation (Real-Time Operating System — RTOS),
synchronization protocols like NTP or PTP, and a wide range of communication protocols
(e.g., TCP, HTTP/HTTPS, FTP/SFTP, SSH, EtherNet/IP, WebSocket, MQTT, Modbus). It
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must also support wireless networking protocols like IEEE 802.11, Zigbee, BT/BLE, Z-Wave,
6LoWPAN, LPWAN, LoRa, SigFox. The goal is to support a large volume of ultra-low-rate,
ultra-low-power wireless sensors and devices.

4.2 Operating system selection

For this research, the Linux-based system OpenHABian was chosen, which includes the
independent, Java-based platform OpenHAB.

4.2.1 OpenHAB

OpenHAB (Open Home Automation Bus) is an open-source smart-home automation
platform. It enables management and integration of various 10T devices, such as sensors,
thermostats, cameras, smart bulbs, alarm systems, controllers, and more [42]. It supports
multiple communication protocols, including Z-Wave, Zigbee, Wi-Fi, Bluetooth/BLE,
Modbus, RS232, RS485, HTTP/HTTPS, MQTT, WebSocket Thread, KNX, DMX, REST,
IFTTT, HomeKit, Hue, LIFX, Nest, Sonos, EnOcean, Xiaomi Mi Home, OpenWeatherMap,
SolarEdge, SMA, Fronius, Kodi, MySensors, DLNA/UPNP, and others [42].

4.2.2 OpenHABIan

OpenHABIan is a Linux distribution based on Raspberry Pi OS Lite (a lightweight Debian
variant), optimized for various Raspberry Pi models. It’s tailored to simplify setup and
optimization for OpenHAB. Although designed for Raspberry Pi, it can also run on other
Linux-based systems, including x86 computers.

4.3 Additional software selection

The following open-source software products were chosen. While some have paid versions,
all have free, open-source variants.

4.3.1 Eclipse Mosquitto MQTT Broker

Eclipse Mosquitto is an open-source MQTT message broker supporting MQTT versions 5.0,
3.1.1, and 3.1 [43]. In this CPS, it’s installed on the server to provide wired or wireless
communication between sensors, controllers, actuators, and the CPS server.

4.3.2 InfluxDB

InfluxDB is an open-source time-series database (TSDB) [42,44]. n this CPS, it’s used on the
server to store sensor measurements and current states of control devices and actuators. Stored
data can be used by automation algorithms or accessed on demand by users.

4.3.3 Grafana

Grafana is a cross-platform, open-source web application for interactive visualization and
analysis. It can create charts, graphs, and network alerts when connected to supported data
sources [45]. In this CPS, it’s installed on the server to visually display system parameters.

4.3.4 Samba

Samba is free software implementing the SMB (Server Message Block) protocol. It allows
access to the Linux-based CPS server’s file system from Windows or Android devices,
facilitating configuration file access during setup or operation.
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4.3.5 Frontail

Frontail is a log viewer useful during server startup, configuration, and system operation. It
provides real-time logs, error messages, and sensor/connection interruptions—facilitating
troubleshooting.

4.3.6 Amanda Backup

Amanda (Advanced Maryland Automatic Network Disk Archiver) is open-source backup
software capable of backing up data on multiple networked computers [46]. After deploying
the CPS, backing up its data, whether using Amanda or another solution is essential for
reliable recovery.

4.3.7 Visual Studio Code

Visual Studio Code is a free source-code editor available on Windows, Linux, and macOS
[47]. It’s essential for programming this CPS. Installed on an external computer, it facilitates
creating and editing system files, with extensions such as OpenHAB and OpenHAB
Alignment Tool.

4.3.8 Solar-PuTTY

Solar-PuTTY is a free standalone network terminal and file transfer tool. Installed on
an external computer, it’s used for system installation, updates, and editing configuration files
on the CPS server—allowing creation and editing of files, directories, and system
configuration.

4.3.9 Tasmotizer

Tasmotizer is software used on an external computer to flash ESP32/ESP8266-based
controllers with Tasmota firmware. Tasmota is open-source firmware enabling local control
of smart devices without cloud services [48]. In this CPS, Tasmotizer is used to flash
NodeMCU ESP8266 controllers, and Tasmota enables them to connect via Wi-Fi to the CPS
server.

4.3.10 MQTT.fx

MQTT.fx is a tool for testing loT topics during development [49]. In this CPS, it allows
viewing sensors and actuator data messages across MQTT topics. Moreover, it can publish
test data to topics subscribed by Mosquitto, enabling testing of the CPS without connected
Sensors.

4.3.11 MG Configuration

MG Configuration (Modbus Gateway Administrator Configuration — VOLISON) is software
for configuring controllers like ADM-5850G, ADM-5832G, and IDM-7842MG . For this
CPS, MG Configuration is used to configure the ADM-5832G gateway, which links Modbus
RS485 sensors to the CPS server.

4.4 Summary

Selecting software is a key step in implementing the CPS. The chosen software meets criteria
set out in the system concept and has undergone preliminary testing to verify configurability.
Full compatibility testing must wait until all hardware components are chosen and algorithms
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for managing various livestock types are implemented. Thus, the next step is to select sensors
and additional controllers.

CHAPTER 5. Research and selection of loT actuators and sensors with
required parameters for use in a CPS for animal husbandry facilities

A wide range of sensors, controllers, relays, and other devices are available for building
livestock farm control systems. The main challenge is the high cost of professional-grade
equipment. Conversely, there is a vast array of lower-cost sensors, albeit with reduced quality.
Environmental conditions also affect sensor suitability. For this project, the following sensors
were selected.

5.1 Sensors

For the purposes of this study, the characteristics of various sensors for measuring
temperature, relative humidity RH, ammonia NH3, ammonium NHj+ , carbon dioxide CO;,
methane CH,4, carbon monoxide CO, hydrogen sulfide H,S, fine dust particles 2.5um and
10um, air velocity SAF, illumination, differential pressure Ap, dissolved oxygen, DO, nitrites,
NO,—, nitrates, NOs—, hydrogen indicator, pH, and water level were examined, with some of
the sensors being combined to measure more than one quantity..

Temperature sensor DS18B20, Maxim Integrated — Analog Device [51], temperature and
relative humidity sensor AM2302, Aosong Electronics [52], temperature and relative
humidity sensors SHT31 and SHT35, Sensirion [53]. For the purposes of the study, the above
sensors are mainly used via a NodeMCU controller to measure temperature and relative
humidity RH both indoors and outdoors.

Carbon dioxide sensor MH-Z19B (MH-Z19C) - Winson [54], carbon dioxide sensor Senseair
S88 LP, Senseair [55] and carbon dioxide sensor SCD30, Sensirion [53]. For the purpose of
the study, the sensors were tested with a NodeMCU controller using the UART protocol.

Ammonia sensor KM21, KLHA [56], for the purposes of the study the Modbus version was
chosen, which connects to the system via Modbus gateway ADM-5832G.

Methane sensor MH-Z1341B, Winson [54], which uses a NodeMCU controller to
communicate with the system.

Carbon monoxide, temperature and relative humidity sensor - JXBS-3001-CO/TH-RS,
Jingxun [57] - uses Modbus gateway ADM-5832G to connect to the system.

Hydrogen sulfide sensor JXBS-3001-H2S, Jingxun [57] - uses Modbus gateway ADM-5832G
to connect to the system.

Sensor for fine dust particles (PM2.5 and PM10) RS-PM-2-EX, Renke [58]. For the purposes
of the study, the Modbus RS485 variant was chosen, and the Modbus gateway ADM-5832G
was used for connection to the system.

Ultrasonic anemometer for air speed and direction RS-CFSFX-NO01-3-EX, Renke [58], and
for connection to the system again a Modbus gateway ADM-5832G is required.

Differential pressure sensor A2G-50, WIKA [59]. For the purposes of the study, a sensor
Variant 1 with a differential pressure measurement range of -100 Pa to 2500 Pa with a
Modbus output signal via a Modbus gateway ADM-5832G was selected.
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BH1750 light sensor, ROHM Semiconductor [60] and TSL2561 light sensor, ams-OSRAM
AG [61] For the purposes of the study, the sensors are used via a NodeMCU controller.

Dissolved oxygen and temperature sensor TriOxmatic 700 1Q, YSI Incorporated [62],
ammonium and potassium sensor AmmoLyt Plus 700 1Q, YSI Incorporated [62], nitrite and
nitrate sensor NiCaVis 701 1Q NI, YSI Incorporated [62] and pH sensor SensoLyt 700 1Q,
YSI Incorporated [62]. For connection to the KFS of these four sensors, the use of an
additional 1Q SensorNet 282 or 284 controller is required.

Liquid level sensor SL-M5, NN ELEKTRONIK [63], which uses a NodeMCU controller to
connect to the system.

5.2 Controllers
5.2.1 NodeMCU Controller

The NodeMCU controller originally developed by the NodeMCU Team is an open-source
product. It is produced by various manufacturers such as Amica, Lolin, DOIT, Devkit and
many others, and there are several versions of NodeMCU such as V0.9, V1, V2 and V3.
There are also two variants with the CP2102 chip or with the CH340, and tests of the various
variants did not reveal any difference in performance or functionality. The other difference is
in the dimensions of the controller, as most are close to 48mm x 25mm, but some boards with
a CH340 chip are wider with dimensions close to 56mm x 31mm. For the purposes of the
study, NodeMCU is used to establish a connection between sensors, control buttons, relays
for controlling end devices, signal lamps, etc. on the one hand and the KFS server on the
other.

5.2.2 Controller Modbus gateway ADM-5832G

The ADM-5832G [50] is an industrial Modbus gateway that can be easily used to seamlessly
integrate devices with serial Modbus (MODBUS-RTU/ASCII) and devices with Modbus
Ethernet (MODBUS-TCP). For the purposes of the study, NodeMCU is used to establish a
connection between the sensors used with Modbus RS485 interface and the system. The two
RS-485/422 ports allow the connection of sensors with different Baud rates, as in general one
such controller is sufficient to connect all the necessary sensors that work with the Modbus
protocol (a total of up to 32 on the two RS-485/422 ports).

5.2.3 1Q SensorNet 282 and 284, YSI Incorporated

The 1Q SensorNet 282 and 284 controllers [62] provide a plug-and-play connection between
the YSI sensors and the KFS server. This connection can be made using almost any
communication protocol, including Modbus TCP, Modbus RTU, PROFIBUS and
PROFINET. The YSI IQ SensorNet 282 can connect up to 2 sensors and the 284 can connect
up to 4 sensors [62]. They meet all CPS requirements and are suitable for use in the proposed
aquaponic system.

5.3 Summary

This chapter examines a number of sensors that meet both the requirements for compatibility
of the connecting interface and the range and resolution of the functions they are required to
perform in the microclimate control algorithms in various livestock farms. The selected
sensors are part of the price-oriented sensors offered on the market. In addition to them, the
market offers a large selection of sensors from other manufacturers, with similar parameters
and affordable price, which can also be used to implement the system.
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The selected additional controllers for connecting sensors and end devices to the system
server offer different connection options. Their number for building one or another CPS
depends on the number and type of sensors and end devices, and they in turn depend on the
control algorithm. If necessary, other similar controllers can be used.

The next step in the development and testing of the considered CFS for microclimate
management in animal husbandry complexes is the development of separate algorithms
expressing the specifics and needs of different animal species.

CHAPTER 6. Development of intelligent control for the CPS in animal
husbandry based on OpenHAB

The proposed Cyber-Physical System (CPS) can be used to control the microclimate in
livestock farms intended for raising various types of domestic animals for different purposes.
To ensure energy efficiency, increase productivity, and improve animal health, the system
must meet strict criteria tailored to the animals' needs and the farming objectives. It is
essential to thoroughly study the impact of all environmental parameters on the animals,
depending on whether they are raised for meat, milk, eggs, etc. Therefore, this study examines
the rearing conditions and develops control algorithms for the most commonly raised
livestock. This includes CPS for microclimate control in dairy cow farms, meat pig farms, and
broiler chicken farms. A CPS has also been developed for environmental control in an
aquaponic system for raising fish and plants. The systems mentioned are discussed below.
The chapter also examines the installation, configuration, and setup of the system, presenting
the main nodes and how components are interconnected.

6.1 Development of intelligent CPS control for dairy cow rearing
6.1.1 Specifics and environmental requirements for dairy cow rearing

One of the key aspects of modern livestock farms is ensuring an optimal and healthy
environment, as well as increasing animal productivity through precise microclimate control,
reducing building energy consumption, and optimizing feed intake. A fundamental
requirement for any livestock building is to provide the necessary conditions tailored to the
physiological needs of the animals housed within it, through technological modeling of
natural microclimatic factors and the creation of a desired anthropogenic environment [64].
Air quality and harmful gas levels must also be monitored and controlled. The standards are
as follows: ammonia NHz < 20mg/m?® (28ppm) [65 for dairy cows and 5mg/m?® (7,2ppm) [66]
for calves up to 6 months; carbon dioxide CO, < 3000ppi [65], with people present <
2500ppm [67], and for calves up to 6 months < 3600 mg/m® (2000ppm) [66]; methane CH,4 <
500mg/m® (762ppm) [67]; carbon monoxide CO < 0,005 mg/l (4,4ppm) [65]; hydrogen
sulfide H,S < 10mg/m? (7,2ppm) [65]; temperature > 5°C, for calves > 10°C [65]. particulate
matter < 3 mg/m3 [65]; lighting depending on location > 30Ix or > 501x na in the milking
area, > 100Ix in the handling area [65]; noise < 75 dB [65]. Optimal values for temperature,
relative humidity, and air speed can be found in [65]. In high temperatures, controlling the
environment based on the Temperature-Humidity Index (THI) is more important than based
on temperature alone.

6.1.2 Sensors and control systems

Depending on the available equipment in the dairy farm, parameters to be monitored and
logged can be selected during the initial installation of the system. The system can control
blinds, circulation fans, ventilation, heating, water heating for drinking systems, sprinklers,
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and lighting. Depending on the type of environmental control system, the CPS can either
directly manage it or, if the system has its own controller, the CPS can set target control
values (via communication through various protocols) or simply turn it on and off for a set
period as needed. Based on current research, the CPS has default values for the parameters
that must be maintained. These can be modified according to specific needs, both during the
initial setup and later to enhance and optimize the system. The CPS management takes into
account the prioritization of specific actions required to ensure a safe and optimal
microclimate in the dairy farm. The developed control algorithm consists of two parts, with
the first addressing emergency mode.

6.1.3 CPS control algorithm for microclimate management in emergency mode

The developed algorithm monitors for exceeding maximum permissible levels of harmful
gases, THI, or for temperature drops below the minimum threshold. Upon detecting such an
event, it adjusts the shutter positions, ventilation status, and heating. In each case, the system
sends a message to the operator with the exceeded value.

6.1.4 CPS control algorithm for microclimate management in normal mode

The algorithm is shown in Figure 6.2. When any value exceeds the set norm, the system
switches to emergency mode.

From emergency
mode
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Figure 6.2 Algorithm for microclimate control for dairy cows in normal mode.
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6.1.5 Conducted tests of CPS for microclimate control

A prototype of the CPS was developed based on the proposed algorithms. A Raspberry Pi 4
single-board computer was used as the server, running the open-source OpenHAB server.
Sensor connections, control devices, automation rules, and more, were defined through text-
file configuration. Sensors of all types mentioned above were connected to the system via
Modbus and MQTT protocols to test compatibility and potential communication issues.
Sensor readings were used to collect data and monitor graphs. Simulated devices resembling
real farm equipment were used. The system controlled an electric heater; a PWM-controlled
fan; a simple on/off fan; standard and dimmable (PWM) LED lamps; and a small blind driven
by a DC motor. Where required by tests, a simulated sensor input was sent via MQTT Broker
for example, to simulate a high concentration of harmful chemical gases.

Testing proved that the server could handle the load for automating small to medium-sized
livestock farms. For large farms with many sensors, actuators, and automation equipment, a
more powerful PC server is recommended. Various automation scenarios are likely to occur
on actual livestock farms, the conditions of both large industrial and small family farms were
simulated and tested.

Because testing on a real farm was not possible, the following tests were conducted in a
bedroom within an apartment equipped with a recuperation unit. This unit was connected
through a relay so the system could turn it on and off. The system was set to maintain CO-
levels below 2000 ppm. It successfully kept CO, concentration below this threshold for
several days while people exhaled in the room.

Temperature control was tested in an empty, poorly insulated south-facing room by managing
an electric heater and an exhaust fan to draw air out, allowing fresh air to enter. The system
successfully maintained room temperature within the pre-set range (18 °C-20 °C), despite
varying outdoor temperatures and additional solar heating through the south-facing windows
during parts of the day.

To test the algorithm's response to an emergency (high concentration of harmful gases in the
barn), we simulated sensor inputs outside the defined safety limits for NHs, CO2, CHa, HaS,
and CO via MQTT Broker. Each time, the system reacted appropriately maximizing
ventilation and circulation fans (two test fans), fully opening the electric blind, and
immediately notifying the operator by email with the measured gas concentration. A similar
test was performed for particulate matter PM2.5 and PM10. The alert threshold was lowered
so that the system would send a message upon reading above the threshold.

6.2 Development of smart CPS for pig farming
6.2.1 Environmental specifications and requirements for pig farming

Pig farming requires strict control of environmental parameters: temperature, relative
humidity RH, air velocity, and concentrations of ammonia NH3, hydrogen sulfide H,S and
carbon dioxide CO,. H,S alone can cause respiratory diseases and even at low concentrations
can weaken pigs’ immune systems, making them more prone to viral diseases like Influenza
A virus (IAV)[68]. Pigs are kept under different conditions depending on their age and
purpose, divided into 14 categories [65]. Toxic gas concentration limits must be observed:
CO, <2500ppm [65], H2S accepted up to 5 ppm or even 10 ppm by some sources [69], though
others demand zero tolerance [65]. Relative humidity is relatively high, and on warm days
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cooling spray systems may be used. Air velocity, particulate matter, noise, and illumination
should comply with relevant regulations [65].

6.2.2 Sensors and control systems

The proposed Sensors may include indoor temperature, humidity, outdoor temperature, NHs,
CO2, H2S, PM, air velocity SAF and illumination. The first two are mandatory. Controllable
systems include blinds, fresh-air ventilation, heating, cooling (climate control), spray cooling
and humidification/disinfection, disinfectant deployment, and lighting; the first three are
mandatory. All threshold values for temperature, humidity, air velocity, and toxic gas limits
can be adjusted by the technologist based on pig breed and selection. Additional categories
beyond the fourteen default ones can be created, allowing grouped parameter settings for
different pig categories within the same room.

6.2.3 Control algorithm for CPS in pig farms

Pigs are kept in separate premises by category. Before introducing animals, cleaning and
disinfection are always performed manually. The algorithm (Figure 6.5) is divided into two
parts: initial setup and optional cleaning/disinfection cycle, followed by autonomous
environmental control until the pig category changes or the cycle is manually stopped.
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Figure 6.5 Control Algorithm for CPS in pig farms.
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6.2.4 Conducted tests of CPS for microclimate management in a pig farm

Tests were conducted in a lab model setup including many listed components: Raspberry Pi 4
server, AM2302 temperature/humidity sensors indoors and outdoors, CO, sensor SCD30. The
system controlled an electric heater, a fresh-air ventilation recuperation unit, and a blind.
Tests were conducted with the outdoor temperature about 15 °C below the target settings (for
category 5: 20/23/25 °C), and the category duration was reduced from 7 days to 7 hours for
study purposes. When the system was started in a room at 18 °C, it sent an email alert for low
temperature, closed the blind, started heating and the ventilation unit. Upon reaching 20 °C,
heater power reduced to 50% via PWM. At the optimal 23 °C, the heater switched off; when
temperature dropped to 22.4 °C, it resumed at 50%. After 15 minutes, a second, uncontrolled
heater was switched on to simulate warming; when temperature reached 23.2 °C, the shutter
opened to 30%. At 24 °C, the second heater was switched off and a window was opened for
faster cooling. Meanwhile, the system transitioned from category5 to6. When the
temperature reached 19.8 °C, the roller-shutter closed, and the window was closed; at 19.4 °C,
the system turned the heater on again.

An emergency test for high CO, was performed by lowering the maximum threshold from
2500 ppm to 1000 ppm. The recuperation unit was replaced with a variable-speed fan set at
1200 rpm under category 5; the blind was closed, and the heater kept the temperature. When
CO; exceeded 1000 ppm, fan speed increased to 2500 rpm, the blind opened fully, and the
system sent an email alert. A window was opened to reduce CO, and temperature. During
ventilation, temperature dropped below the minimum, blind partially closed to 50%, and the
heater switched to maximum.

6.3 Development of intelligent CPS control for broiler farming
6.3.1 Environmental requirements for broiler farming

Broiler farming demands more precise environmental control than other meat-producing
animals such as cattle or sheep. Even minor deviations from optimal parameters increase
mortality, especially during the early brooding stage, and subsequently reduce
productivity [70].

For broilers, the control CPS must monitor parameters including temperature, relative
humidity RH, speed of air flow SAF, differential pressure Ap and concentrations of harmful
gases like ammonia NH3 [71], carbon dioxide CO,, carbon monoxide CO and hydrogen
sulfide H,S [65,70]. Dust and microbial contamination also require monitoring [70]. Lighting
intensity and duration, as well as noise levels, are critical [65,72,73,74]. Poor lighting can lead
to cannibalism, stress, diseases, and even death [75,76,77]. Some sources recommend
16 hours of light and 8 hours of darkness [78,79], while others report better productivity with
alternating shorter light/dark periods [80,81,82]. It is also important to note that the primary
parameter defining broiler comfort is the “felt temperature” [70,83,84,85]. This often differs
from the ambient air temperature, as it depends on factors including air temperature, floor
temperature, RH, air speed (SAF), the birds’ age, and feathering. When air temperature,
humidity, and airflow are within acceptable limits, perceived temperature matches ambient
temperature. At higher ambient temperatures, increasing airflow prevents broilers from
exiting their comfort zone [70]. With the proposed methods, the felt temperature can be
calculated and used to operate the system. When the temperature zone is maintained correctly,
the energy surplus from the feed is used for growth and weight gain, rather than providing
thermal comfort for the broiler. This zone is determined by the felt temperature.
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To ensure proper CPS functioning, sensors for indoor temperature t;, indoor RH, airspeed
SAF, NH3, CO,, CO, H,S and fine particulate matter must be positioned within the birds’
living zone, approximately 20 cm above the floor. The exceptions are the sensors for
measuring the roof temperature tj,, outdoor temperature t,, outdoor RH,,: and differential
pressure Ap.

6.3.2 Ventilation types in poultry farm

The ventilation system must include a sufficient number of exhaust fans to draw indoor air
out, while fresh air enters via multiple adjustable inlets or large tunnel openings at one end of
the building. Three common types of ventilation are implemented: minimal ventilation,
transitional ventilation, and tunnel ventilation [70].

6.3.3 Sensors and Control Systems

It is necessary to monitor the following parameters: indoor temperature at bird level, ceiling-
level temperature, indoor relative humidity, outdoor relative humidity, outdoor temperature,
ammonia NHs;, carbon dioxide CO,, carbon monoxide CO hydrogen sulfide H,S, fine
particulate matter, air velocity SAF, differential pressure (indoor/outdoor), and indoor
illumination. The building must also be equipped with the necessary systems for micro-
climate control. For the geographic latitude of Bulgaria, these include heating, fresh-air
ventilation fans (referred to below as “Ventilation), circulation fans (“Circulation”), tunnel
fans (“Tunnel Ventilation”), fresh-air inlet dampers, tunnel ventilation openings (tunnel
dampers), evaporative cooling pads, and lighting.

6.3.4 CPS control algorithm for microclimate management in poultry farm

In the proposed algorithm for autonomous operation under tunnel ventilation mode, the
system regulates not the measured temperature t;, but the felt temperature t;. The system
calculates the felt temperature based on predefined relationships derived from various sources
[83,84,85,86], which are supplemented through interpolation and extrapolation. When relative
humidity RH exceeds RHnmax for the corresponding broiler age, the felt temperature increases
by predetermined values calculated based on its relationship to the Temperature-Humidity
Index THI. The felt temperature t; is obtained using the following formula:

Formula 6.1 tr=ti — tew + terH

where t., is a temperature correction factor dependent on air velocity SAF, and tery iS a
correction based on relative humidity RH.

Two control algorithms have been developed for the system. The first is for preparing the
facility before the placement of broilers, maintaining an optimal temperature in the building to
adapt floor and wall temperatures. The operational algorithm is divided into a main part and
four branches. Based on the detected environmental conditions, the algorithm transitions to
one of the branches: the first two branches correspond to minimal ventilation conditions, the
third to transitional ventilation and the fourth to tunnel ventilation. In the first three branches,
the system maintains optimal conditions for broiler rearing (temperature, relative humidity, air
velocity), periodically returning to the main section of the algorithm. f the system transitions
into the fourth branch (Figure 6.11), it enters a closed loop, where specific conditions must be
met before exiting. In this state, the CPS begins regulating based on the felt temperature t;.
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Figure 6.11 Control algorithm - tunnel ventilation branch T,.
6.3.5 Conducted tests of the CPS for microclimate management in a poultry farm

Due to the inability to create an experimental setup that includes all types of sensors and
control systems, and the fact that the system has not yet been implemented in a functioning
poultry farm, testing was carried out in two stages. In the first stage, all sensors were
connected to the system and tested for data reading and logging. The following sensors were
used: AM2302 for temperature and humidity, SCD30 for CO,, the Modbus version of the

Abstracts of Dissertations 2025 (6) 3-37



21 Kristiyan Dimitrov

A2G-50 for differential pressure, and the RS-CFSFX-3-EX for airspeed. Sensors for fine
particulate matter and illumination had been tested previously in experimental setups for
climate control systems in pig farms. In the second stage, instead of real sensor readings,
synthesized data for temperature, humidity, differential pressure, and the presence of harmful
gases were sent via an MQTT Broker. This allowed simulation of various conditions to verify
the system's response.

During the testing, the following initial conditions were set: ty; -14 days, Maximum broiler
number - N. Then the system set tyin - 24 °C, tmax - 27 °C, topt - 25,5 °C. Once the system was
started, data was transmitted to it every 30 seconds. Table 6.13 shows a partial set of rows
with some modified values.

Minute tj, °C ty, °C tin, °C Ap, Pa CO;
0' 22 5 26 25 500
4 22 15 22 25 500
8' 26 15 30 25 500
14' 25 15 30 25 500
19' 25 15 25 25 2500
24' 245 15 25 25 3500
27¢ 25 15 25 25 500

Table 6.13 — Simulated data sent via MQTT Broker.

The system started as follows. First, it opened the connected blind, acting as a fresh air inlet,
to the indicated position 2 out of a total of seven positions. It started the first fan, acting as a
fresh air fan, at the set speed corresponding to position 2 of the inlets and turned on the heater
at 100%. After 30 seconds, the system turned off the fan, closed the blind and turned on the
second fan, acting as a circulation fan.

At the 5th minute, the cycle ended, and the algorithm started a new one, and the system
checked the temperature t; and took the following actions: turned off the circulation fan,
turned on the fresh air fan and opened the blind to position 3. The heating remained at full
power. After 30 seconds, the blind was closed, and the fan stopped.

At the 10th minute, the system checked the temperature t; again and switched from the
minimum ventilation mode to the transitional ventilation mode, since the temperature t; is
higher than to,. The heater was turned off; the blind was opened to position 4 and the fresh air
fan was turned on at the corresponding power.

At the 15th minute, the system measured the temperature t; and switched from the transitional
ventilation mode to the minimum ventilation mode. The heater was turned on with a PWM of
10%, the blind was moved from position 4 to position 3, and the fresh air fan was switched to
the appropriate power for the given shutter position. After 30 seconds, the fan stopped, the
blind closed, and the circulation fan was turned on again.

At the 20th minute, the system measured temperature t; and detected a carbon dioxide CO,
level above 80% of the permissible value. The following actions followed: the blind was
opened to position 4 instead of 3, the fresh air fan was switched on at the appropriate power,
the heater remained running at 10%, and the circulation fan was switched off. After 30
seconds, the fresh air fan was switched off and the shutter was closed.

At the 25th minute, the system measured a temperature tj and a carbon dioxide level CO,
above the permissible norm and entered emergency mode for 3 minutes. After that, it sent a
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message “Warning: high CO2 level - 3000ppm”. The blind opened to position 4, the fresh air
fan switched on at the appropriate power and the heater increased its power to 50%.

At the 28th minute, the system measured a temperature t; and carbon dioxide level CO, below
the permissible norm. The shutter was opened to position 3, the fresh air fan switched to the
appropriate power and the heater was turned on at 10%.

The test above showed that the system (algorithm) can successfully switch to different
ventilation modes, as well as enter and exit emergency mode.

6.4 Development of intelligent CPS control for fish and plant cultivation in a deep-water
culture aquaponic system

6.4.1 Environmental characteristics and requirements for aquaculture in an aquaponic
system

A fundamental requirement for the proper functioning of an aquaponic system is achieving
environmental balance. One of the most critical indicators is water quality, which reflects its
suitability for specific applications. Depending on the intended use of the water, certain
parameters must be met to determine its quality. These parameters have different optimal
values for fish, plants, and the development of beneficial bacteria. Therefore, it is essential to
find the optimal balance point that allows all organisms to coexist in symbiosis [23,87]. In an
aquaponic system, maintaining balance requires monitoring water temperature, pH level,
hardness, dissolved oxygen DO, dissolved carbon dioxide CO,, ammonia NHg, nitrites NO,—,
nitrates NO3—, alkalinity, and the development of various bacterial groups [23].

6.4.2 Components of the aquaponic system

The aquaponic system, based on the deep-water culture (DWC) method, must include the
following components: fish tank, mechanical filter, biofilter, floating rafts, water circulation
pump, air pumps with air stones (aerators) and pipe network.

In addition, sensors and actuators are required to implement the proposed Cyber-Physical
System for monitoring and regulating water parameters. The system must be equipped with
sensors for measuring water temperature (in the fish tank and biofilter), dissolved oxygen DO
(in the fish tank, biofilter, and floating rafts), nitrites NO,—, nitrates NOs—, pH and
ammonium NHy4+ (in the fish tank). To determine the concentration of total ammonia nitrogen
TAN and ammonia NHg, a calculation method is applied based on the concentration of NH,+,
water pH, and temperature. Monitoring and maintaining these parameters within specific
ranges ensures the system remains in balance. Maintaining this balance through parameter
regulation defines the functional requirements for the CPS. The required actuators include:
water pump, auger for adding pH-lowering substance, auger for adding pH-increasing
substance, solenoid valve for water replenishment (in the biofilter), heater and auger for
feeding the fish (in the fish tank), air pumps (in the fish tank, biofilter, and floating rafts).

6.4.3 CPS control algorithm for environmental management in an aquaponic system

Two algorithms have been developed for controlling the system. The first ensures
proper preparation and bacterial development prior to stocking the fish and planting the crops
(Figure 6.15), while the second maintains balance within the aquaponic system (Figure 6.16).
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Figure 6.15 — Algorithm for initial startup and bacterial development in an aquaponic system.
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Figure 6.16 — Working algorithm.
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6.4.3.3 Feeding Cycle

The feeding cycle is illustrated in Figure 6.18. To maintain system balance, if levels of
NHs, NO, or NO; exceed acceptable thresholds, the system adjusts the amount of feed
dispensed and records corrections in memory for the next feeding cycle.

Reduces auger run

Check history for —» time by 20% onli for
| Feed correction next feeding

Yes, only 20%
Real clock Reduces auger run
Time 1, Time2 time by 50% onli for ———> Feedin —
Yes, 50% or —[—) ne?(t fee:iing °
T 20% and 50%
Clear history for Yes, Manual ——___,, Set new auger run
food's reduction time T
No

Figure 6.18 — Feeding Algorithm in an Aquaponic System

6.4.4 Conducted tests of the CPS for environmental management in an aquaponic
system

A test setup was implemented using a Raspberry Pi 4 (8GB) server with the OpenHAB 3.0
operating system. Software was developed for managing the aquaponic system according to
the previously described algorithms. Testing the CPS in a real aquaponic system would
require significant time and would need to be conducted in environments with varying water
hardness. Therefore, system functionality was tested under laboratory conditions. For this
purpose, software and hardware were tested using synthesized data transmitted via MQTT
Broker, instead of using actual sensor signals. The system’s performance was analyzed using
data that would realistically be measured in a real-world setting. This included synthesized
values for deviations in water temperature in the fish tank and biofilter, dissolved oxygen
levels in the fish tank, biofilter, and floating rafts, as well as nitrite, nitrate, pH, and
ammonium NHg4+ levels in the fish tank. The obtained data for ammonium NH4+ values were
converted to ammonia NH;3; and total ammonia nitrogen TAN concentrations using a
calculation based on pH and temperature. The actuators were replaced with signal lights to
record their operation times. The accuracy of the notifications sent to the operator was also
verified. When data was transmitted via the MQTT Broker, it was stored in memory and
became available for the system to read. If new data did not reach the server for any reason,
the system treated the last recorded values as current. This was necessary because obtaining
accurate readings for some water parameters can take several minutes—or even more than 10
minutes. However, this is not an issue, as aquaponic systems are inherently inert and slow to
change.

At preset intervals, the data was submitted to the system. The system was configured with the
following parameters: tysmin = 17 °C, 5 mg/L < DOyt < 8 mg/L, 6 < pH < 7, TAN and NO,—
greater than 3 mg/L, until NOs;— eaches values greater than 100 mg/L, after which they must
be reduced to values less than or equal to 0.1 mg/L, taking into account the readiness of the
system. Upon reading the stored values, the system activated the heater and air pumps in the
fish tank and biofilter, triggered the dosing auger (for ammonia addition), and the auger for
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pH reduction, all based on preset parameters. The calculated values for TAN and NHj3 can
also be checked. Monitoring the values confirmed that the system operated correctly
according to the input data. After reading the final column values, an email notification was
sent to the operator indicating that the startup cycle had been completed.

The system’s working cycle was also tested under the following initial conditions: tgmin = 12
°C, tfmax = 18 °C, NH3zmax = 0,4 mg/L, NOzmax = 0,4 mg/L, DOsmin = 4 mg/L, auger operating
time for adjusting the pH =12 min., auger operation time feeding food = 18 min., feeding
times 12:30 and 19:00. The auger run time was intentionally set much longer than actual
feeding duration to facilitate observation during testing. The test started at 10:00, with a cycle
duration of 1 hour. The system correctly controlled the air pumps in the biofilter and floating
rafts, the heater, and the pH augers. At 12:30, the feed auger activated at the designated time.
At 13:00, upon detecting a low pH level, the auger was triggered and a message with the pH
value was sent. In the next cycle, when high temperature was detected, the system also sent a
notification. At 15:00, a warning was issued for a high NO,— level, above 70% of the
acceptable limit, along with a recommendation to reduce it. A 20% correction was recorded to
shorten the feed auger’s run time. B 17:00 At 17:00, pH and NHs, levels were found to exceed
the permissible limits, and a message with their values and corrective suggestions was sent.
Additionally, a 50% correction to the feed auger’s run time was recorded. The next feeding
time was reduced by half. The system also reacted to elevated NOs;— levels and low
temperature during the final test cycle.

6.5 System Installation and Configuration

The initial setup includes installing OpenHABian on the CPS server, followed by the
installation of additional software and configuration of the system for operation. These
installations can be performed via the command line, for example using Solar-PuTTY or
another terminal, and some of the additional software can be installed directly via menu-based
interfaces. Next, existing configuration text files are edited, and new ones are created to
configure the system. These files are located in the ,,openHAB-conf* directory and its
subdirectories. Although they are accessible directly on the server or through a terminal, the
most convenient way to create and edit them is using Visual Studio Code. Key configuration
files include ,,addons.cfg®, ,,basicui.cfg®, ,,runtime.cfg among others. System configuration
requires creating at least one file of each type or, for better clarity, multiple files organized in
specific folders. These include files with the extensions .persist, .things, .items, .rules, and
others, in which the actual system definition is performed. These files describe the
connections between physical and virtual components and define the operational rules of the
system.

6.6 Summary

The developed control algorithms for various livestock farms provide a high level of
autonomy and enable environmental control to be performed without staff intervention, once
the initial settings are defined. The CPS can monitor and control different environmental
parameters depending on the installed sensor types and control devices. For maximum
efficiency, it is recommended that the system includes the full set of components listed above.

The system allows the default parameter ranges to be modified through the graphical
interface, according to specific needs. These changes may be based on the requirements of
different animal breeds or at the discretion of the farm technologist. The adjustable parameter
ranges are set during system configuration but can be updated at any time as needed. This can
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also be done remotely via the access console using Solar-PuTTY or another terminal, or
through Visual Studio Code connected to the system.

To enable user access to the system, a user interface must be developed that allows
convenient monitoring of parameters and control of the system. This will be discussed in the
following chapter.

CHAPTER 7. Research and development of a graphical interface for the
CPS for livestock farming complexes with remote internet-based
management using OpenHAB

The graphical user interface (GUI) is a type of user interface that allows users to interact with
electronic devices through visual indicators and graphical elements. In this case, the
developed GUI for the CPS in livestock farming complexes enables monitoring of
parameters, control and regulation of the environment.

For the purposes of this research, two types of GUIs were developed and tested. They can
operate simultaneously on the system without interference. These GUIs are based on
OpenHAB’s Basic UI and HABPanel. Each interface has specific advantages, which are
discussed below. In addition, a panel for graphical representation of system parameters was
developed and configured in Grafana. All mentioned elements are web-based interfaces.

7.1 GUI development based on Basic Ul

As an example, we consider the main graphical interface of the CPS for climate control in a
dairy farm, developed using the Basic Ul. Figure 7.1 shows a sample view of the interface
captured from a desktop monitor. The top panel displays real-time environmental parameters.
The second panel shows the measured concentrations of harmful gases. Depending on the
number of sensors in the facility, sensors can be added or removed from the panels, the
number of panels can be adjusted, and so on. If multiple sensors of the same type (e.g.,
temperature) are present in a premises, the system can be configured to display and operate
based on the average value.

The third panel displays actuators, their current status (on, off, position, speed, etc.),
and control buttons for configuring their operation.

©  YNIPABNEHVE HA MAKPOKIVIMATA B KPABEGEPMA
lapameTpu Ha cpeaara

Figure 7.1. Main GUI of the CPS for dairy farm climate control based on Basic Ul.
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The fourth panel is configured to access a new page that separates control of basic parameters
that do not require frequent adjustment, such as optimal temperature or maximum airspeed
limits (Figure 7.2).

< KoHTpon Ha OCHOBH napameTpu

[‘0:.

‘ OnTtumarnHa Temneparypa 19.5°C —9 MakcumarnHa ckopocTt Ha asuxe... 0.7mls ——@

Figure 7.2. Control of basic parameters

This GUI is suitable for all types of devices—from large and small desktop monitors to
tablets and even smartphones, since the page layout automatically adapts to the screen size
and resolution.

7.1.1 Configuration of the GUI Based on Basic Ul

Configuration of the main GUI page is performed by creating a text file with a .sitemap
extension in the sitemap directory on the CPS server. Each panel, element, or subpage is
described in text, with specific rules for each item. The elements include defining the page
name, panel titles, variable names to be displayed, and so on. For each element, icons, units of
measurement, value format, and display name are specified.

7.2 GUI development based on HABPanel

The GUI developed using HABPanel (Figure 7.6) has some advantages and disadvantages
compared to the Basic Ul. Multiple versions can be designed with different layouts for
various use cases. HABPanel is better suited for large screens, though it can be configured for
smaller ones as well. Besides displaying system parameter values, HABPanel allows setting
up a color-coding scheme. For example, green for normal values, orange for elevated, and red
for values exceeding safe limits.

= [lapaMeTpu Ha cucTemara

K®C Kp epepma
MAPAMETPU HA CUCTEMATA
W3MBb/IHUTENHN
MEXAHU3MU

KOHTPOJ/1 HA OCHOBHMU
MAPAMETPU TeMﬂepaTypa BbTpellHa TeMnepaTypa BbHLUHA

Yo Y

RH oTBBH

Figure 7.6. Switching between views and settings in HABPanel.

Selecting “ACTUATORS” displays the same controls and data as in Basic Ul but with a
different presentation (Figure 7.7).
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Figure 7.7. Actuator display in HABPanel.
7.2.1 Configuration of the GUI Based on HABPanel

HABPanel offers much greater flexibility in designing the interface. In addition to standard
component selection options, users can create and customize templates through direct coding.
This allows full control over each component—such as font, text size and color, button size,
color and shape, sliders, and other components. Elements can also change color or appearance
dynamically based on their status (e.g., on/off), making the interface more intuitive and
interactive.

Conclusion

The dissertation work develops algorithms for microclimate management in various livestock
farms, as well as for environmental control in an aquaponic system. Similar systems from
world-renowned manufacturers and other innovative developments are examined, and a
comparative analysis is made with advantages and disadvantages compared to the proposed
system.

During the tests, components such as sensors, controllers and a control computer were
selected that met the technical requirements for building the system. They were also tested for
an extended period of time to establish their suitability and durability.

Different software was selected and tested to verify its suitability for creating the proposed
CPS, and it was found that it can work in real time, without visible delays. It has been found
that the system can be used for small or medium-sized livestock farms, and as such it is not
suitable for very large farms.

Two types of graphical user interfaces have been developed that can work simultaneously
without interfering with each other and allow for easy operation of the system from different
devices such as a personal computer, tablet or smartphone. The graphical interface can be
modified by adding or removing elements, depending on the equipment available on the
livestock farm.

Mayjor scientific contributions

e A new method for managing the microclimate in a poultry farm has been developed,
which is based on calculating the birds’ felt temperature, which is different from the room
temperature and depends on the temperature, humidity and air velocity, as well as the age
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of the chickens. Publication "Algorithm for Autonomous Management of a Poultry Farm
by a Cyber-Physical System™ in the journal Animals -IMPACT FACTOR - 2.7;
CITISCORE -4.9; SIR - Q1

A new method for automatic control of nitrates, nitrites and ammonia in an aquaponic
system has been developed by controlling the amount of food supplied to the automatic
feeder. Publication "Concept of a Cyber—Physical System for Control of a Self-Cleaning
Aquaponic Unit" in the journal AgriEngineering - IMPACT FACTOR - 3.0; CITISCORE
—-4.7,SIR-Q1

Major scientific and applied contributions

CPS have been developed for microclimate management in a cow farm, a pig farm and a
poultry farm, built with cost-oriented components, with the final price being significantly
lower than existing solutions on the market. This makes it easily accessible to small and
medium-sized farms for which the initial investment for existing systems is prohibitive.
The developed CPS for microclimate control in a poultry farm allows for fully
autonomous control, in which the system independently changes the parameters of the
environment according to the age of the chickens and switches between the three
ventilation modes without the intervention of personnel. Existing similar systems only
offer switching from minimum to transitional ventilation and vice versa. The proposed
system also allows switching to tunnel ventilation mode, thanks to the introduced method
for recording the temperature felt by the birds.

A CPS has been developed for environmental management in an aquaponic system that
offers autonomous control of a much wider range of parameters compared to existing
similar systems, while at the same time being able to send recommendations to staff to
regulate the amount of fish and plants to achieve and maintain its balance.

Major applied contributions

The developed CPS for microclimate management in a poultry farm was implemented and
tested in a poultry farm in collaboration with Thracian University in Stara Zagora,
contributing to reducing electricity costs and improving the conditions for the birds being
raised.
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“Algorithms for Cost Oriented Cyber Physical System (COCPS) for intelligent control of
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I'TABA 1. OG6G3op, aHaiu3 W CcHCTeMATH3alMsl Ha CbIIECTBYBAaIIH
U3cJIeIBAHUSA U IPAKTUKM 110 TeMaTa

B Hamm qHM ynpaBieHHETO Ha MUKPOKJIMMATa B )KUBOTHOBBIHHUTE (hepMU MPpUI00HBa
BCE MO-TOJISIMO 3HaueHue. ToBa ce NBIDKM HE CaMO HAa HApPACTBAIIMTE M3UCKBAaHUA 34
€HeproeeKTUBHOCT, MOBUIIIABaHE HA MPOAYKTHBHOCTTAa U YCTOHYHMBOCT, HO U HA XYMaHHOTO
OTHOLIEHHE KbM IKUBOTHUTE. MUKpPOKIUMATBT € CBBKYIHOCT OT IIapaMeTpU KaTo
TEMIIEpaTypa, BIAJKHOCT, CKOPOCT Ha ABUKEHUE HA Bb3yXa, OCBETCHOCT U KOHIICHTPALIMs Ha
BpEIHU Ta30B€ U Jp. KOUTO OKa3BaT IPSAKO M KOCBEHO BB3ICHCTBUE BBPXY 3/paBETo,
IPOAYKTUBHOCTTA M OJAaroChbCTOSHUETO Ha KUBOTHUTE. Henmoaxonsdmure ycioBus MoraT aa
JI0BeIaT 10 3a0aBEH pacTek, HaMaJeHa MPOU3BOIUTETHOCT HA MECO, MIISKO, SHIa, MOBHUILIEHA
3200J1€Ba€MOCT U CMBPTHOCT.

Temata e o0coOeHO dKTyaJlHA M B KOHTCKCTa Ha KIMMAaTUYHHUTC IIPOMCHHU U
BBBCIKAAHCTO Ha BCC IIO-CTPOTHUTC CKOJIOTUYHU PETYyJIalluH. ABTOMaTI/ISI/IpaHI/ITe CHUCTEMH
MoOrart aa ImomMor’Har 3a HO'e(beKTI/IBHO H3I0JI3BAHE HAa PECYPCU KATO CICKTPOCHCPIUs, BOAa U
BpPEMC 3a YIPaBJICHHUC Ha CTOIAHCTBOTO. OcseH TOBA, IIH(prBI/BaHI/IfITa M1 H3II0JI3BAHCTO Ha
,,YMHI/I“ TCXHOJIOTHU CC BIIMCBAT B TCHACHIUATA KbM U3IpaXKIaHC HA yCTOfI‘-IPIBO " MPEUHU3HO
3CMCICINC.

BeBexganero Ha ABTOMATU3WpPAaHHU CHCTCMHU 3a YIHPABJICHUC Ha MUKPOKJIMMATa €
KIIFOYOBO 3a MOJACPpHH3AlMATa Ha (l)epMI/ITC. Te mno3BonsBar IOpCIU3CH KOHTPOJ Ha
BBTPCLIIHATA Cpe€lia YpEC3 CCH30PU U AJITOPUTMH, KOUTO B p€AJIHO BPEMC MOIr'aT a ylIpaBJIsgBaT
MnapaMCeTpUTC HaA Cpchaarta. Karo ce uma npeaBu neHara Ha CbUICCTBYBAIIUTC CUCTCMHU 3a
YIpaBJICHUEC Ha MUKPOKJIMMATA B )KUBOTHOBBJIHUTC (1)epMI/I c HCO6XOI[I/IMO pa3pa60TBaHeTo Ha
HOBH CUCTCMHU, KOUTO Ca NOCTHITHU 3a MO-IIUPOK KPbI' HOTp€6I/IT€J'II/I.

Ilenta Ha TO3M Tpya € ma ce pazpabotu Kubep-puszuuna cucrema (KDPC) 3a
yIpaBJIieHUEe HA MUKPOKJIMMaTa B KOMILIEKCUTE 32 OTIJICKIaHe Ha KUBOTHH H 32 YIIPABICHHUE
Ha cpeJiaTa IpH OTIUIeXk1aHe Ha puba Ha Oa3zata Ha openHAB.

OOeKT Ha M3CIEeBAHETO € HE CaMO MPOYYBAHETO HAa Bb3MOXKHOCTTA 32 pealu3upaHe
Ha KOC c usbpanus codpryep, HO M aHAIM3MPAHETO Ha BIUSHUETO Ha cpelaTa BbpXY
MPOAYKTUBHOCTTA U 3/IpaBOCIOBHOTO ChCTOSIHUE Ha )KUBOTHUTE.

[IpenMera Ha u3ciIeIBaHETO BKIIIOUBA HEOOXOAMMOCTTA Jla C€ pasriieaT pa3iuuyHuTe
napamMeTpu Ha MUKPOKJIMMATa B )KUBOTHOBBJIHUTE (PEPMH U BIMSIHUETO KOETO OKAa3BaT BBPXY
Ja7IeHUs] BUJI )KUBOTHHU JUPEKTHO M MHAUPEKTHO. Pasriexa ce u BIMSIHUETO HA TapaMeTPUTe
M KaueCTBOTO Ha BOJiaTa MPH OTIJICKIaHE HAa pUOM WM IPYrd BOJHU KMBOTHHU B 3aTBOpPEHA
eKOCHCTeMa WJIM T.H. aKBallOHMYHa cucTeMa. Pasrmexnar ce pa3iuyHu crocoOu 3a
KOHTPOJIMPAHETO Ha Te3W I[apaMeTpH, 3allloTO CcpeJara OKa3Ba BIMSHUE KakTO Ha
3IPAaBOCJIIOBHOTO CBHCTOSIHUE Ha KMBOTHUTE, Taka W HA MPOU3BOJUTEITHOCTTa UM U HE Ha
MOCJIETHO MSACTO W Ha XyMAaHHOTO OTHOIIGHHWE KBbM TAX. 3aTOBa € MHOTO Ba)XHO Ja C€
pa3paloTsAT CHUCTEMHU KOMTO MOTaT HAJAEKIHO Jla KOHTPOJIMpaT cpeiara, Karo 3a IeNTa ce
M3M0J3BaT MUHUMAIHHU PECYPCH.
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1.1 BbBeaenue

OCHOBHa IIeJ1 Ha ITBPBUTE JIBE IVIaBU € Jla Ce MOKaXe HyXKIara OT TOBAa U3CIICABAHE U
na ce nepuHUpa mpobiemHata obmact. Tyk ce pasriexga MOTHUBAIUATA, MPEACTABAT CE
EJIUTE, METOMOJOTHATA U PA3TIICKIAHUTE 3a/1a41 Ha JUCEPTALUATA.

1.1.1 lepunupane Ha npodiaema

B mppBa u BTOpa TNaBa ca pasrieiaHd OCHOBHUTE IMPOOJIEMU KOWTO CTOST Ha JTHEBEH
pen B CBBPEMEHHOTO J>KMBOTHOBBJICTBO W METOAM M TPAKTUKH 3a TMOJOOPSIBAHETO U
pazButuero My. [lo KOHKpeTHO € OOBpPHATO BHUMAaHHE Ha METOJUTE U CpPEICTBaTa 3a
noio0psiBaHe Ha MUKPOKJIMMATa B 3aTBOPEHU JKUBOTHOBBIHH CTOITAHCTBA 32 OTIJICXKTaHE HA
JOWHU KpaBH, Mpacera W Opoinepu. Pasrmemanu ca W HSIKOM OCHOBHU MPOOJIEMHU IPHU
nooOpsiBaHe Ha cpefara 3a OTIJIeKIaHe Ha pUOM M PACTCHHS B aKBAlOHUYHU CHCTEMHU.
Pa3rnenano € IMPEKTHOTO U KOCBEHOTO BIIMSIHME HA MUKPOKJIMMATa BbPXY HKOHOMUYECKUTE
MOKa3aTeJIM Ha CTONAHCTBA 3a OTIVIXKJaHe Ha >XUBOTHU. [lokazaHu ca chluleCTBYBallU
CHUCTEMHU 3a aBTOMAaTH3allMsl Ha MUKPOKIMMAara C OCHOBHUTE MM IOACUCTEMH Ha BOJCIIH
¢dbupmu B CBeTOBEH Maiad, KakTo U ca pasrielaHd HAKOW HayYHH pa3paboTKU OT MOCIETHUTE
HSIKOJIKO TOJIMHU, C IeN Ja ce AoOue o0Iua mpeactaBa 10 KbJAE€ € CTHUTHAJIO Pa3BUTHETO B
JaneHara ooJacT.

1.2 Bausinue Ha cpeiaTa BbPXY NPOAYKTHBHOCTTA B ’KHBOTHOBBIHH (hepMH
1.2.1 Bnousinue Ha MUKpPOKJIMMATa BbPXY MIIEKOHAI05 B KpaBedepma

MukpokiauMaTa BiIMsie KaKTO JUPEKTHO, TaKa U MHIUPEKTHO Ha IPOU3BOIUTEIHOCTTA.
Temmneparypata € OCHOBHHUS (akTOp KOWTO TpsiOBa Ja ce KOHTPOJIMpA 3a Ja ce MOJbpiKa
TepMo HeyrpanHata 30Ha TNZ. Ilpm temmeparypum Han 28 °C, nopu M NIpHU HHUCKA
OTHOCHUTEJIHA BJIAXHOCT KpaBUTE IOKAa3BaT CHCTOSHUE HA XUIEPTOHUS U TOIUIMHEH CTpEC
[1,2] mpu xoero mpuema Ha Qypax, MICKOHAIOS, MPOU3BOJCTBOTO HA MJICYHA Ma3HHHA U
NPOTEUHH, KaKTO M CTEMEeHTa Ha IUIOAOBUTOCT HamaisiBar [3]. BiawusHuero koero
TeMIepaTypara OKa3Ba Ha )KMBOTHHUTE € B MpsKa 3aBUCUMOCT C OTHOCUTENIHATa BiaxxHocT RH.
ToBa ce ompezens OT T.H. TeMIepaTypHo - BIaxxHocteH uHAekc THI (temperature-humidity
index) [4]. Bucokure croitnoctn Ha THI oka3Bar Haif-roisiMo BIMSHHE HA MIICKOHAIOS CIIE]
nBa guu [5]. Ilpu croitHoct Ha THI okomo 68 wumame Hal-TONSIM MJICKOHAIOH, a
noBuiaBaneTo Ha croitHoctTa Ha THI oT 68 Ha 78 nHamanssa DMI ¢ 9,6% u npon3BoaACTBOTO
Ha MIIKO ¢ 21% [6] mpuemMbT Ha XpaHa 3armodBa Ja HamajsBa Ha CIIEABAIIUS JCH CIel
3aroyBaHe Ha TOIUIMHHHUA cTpec HS, nokato moOMBBT Ha MIIIKO HamalsiBa Ha BTOPHsS J€H
cien HS [7]. Cnopen npyru uscnensanus [8], THI He oka3Ba BiusiHHE Ha MJICKOHAOS TMPU
cToiHOCTH Mexay 35 u 72. TOmMHHUS CTpec oOKa3Ba BIMSHME M Ha 3pPaBOCIOBHOTO
CHhCTOSIHUE Ha KPAaBUTE.

1.2.2 BiusHue Ha MHKpPOKJIMMaTa BbpPXY HPOHM3BOJICTBOTO HAa MeCO B CBUHepepMH H
nTunedepmMu

MUKpOKIIMMAaThT OKa3Ba CEPHUO3HO BIMSAE BBPXY 3/PAaBOCIOBHOTO CBCTOSIHUE M
NPOM3BOJCTBOTO HAa BCHYKK Bb3pacToBu Karteropuu cBuHe [9,10]. TloBumaBaneTo Ha
TeMIeparypara HaJl 30HaTa Ha KoM(pOpT BOJM J0 HaMalsiBaHE IpuUeMa Ha XpaHa U OT TaBa
IOPOTPECHBHO HamalsiBa M TNPOM3BOJAUTENHOCTTa Ha mpacero [l11]. Ts Biuse Ha
PENpPOAYKTUBHUTE CIIOCOOHOCTH, pacTeka W pa3BUTHETO HA TSIOTO, KayecTBOTO U
KOJIMYECTBOTO Ha MPOIYKLHUATA, Pa3BUTUETO HAa HOBH 3a00NsBaHUS M CMBbpPTHOCTTa [12].
OTKJIOHEHHETO OT HOMUHAJIHUTE [apaMeTpU Ha MHMKPOKJIMMAaTa B IOMEIICHHETO BOAM 10

Asmopegpepamu Ha ducepmavuu 2025 (6) 39-79



41 Kpucrusau JumuTpos

HaMaJIIBaHE Ha CPEJHOJAHEBHOTO HAJJIaBaHE Ha TErJ0 W BiMsEe BbpPXYy O€30MacHOCTTa Ha
OTHIIUTE, OCOOCHO TMpe3 €CEHHO-3UMHHS IEPHUOJ, KAaKTO W BBbpPXY mnpoaykrtuBHata [13].
OnTUMaHUAT MUKPOKIMMAT B mNTuledepMUTe HamMaisBa II€HATA HA MPOAYKTHTE MPH
nrurmre ¢ 15-20%. B cTynenu, BIaKHU U JIOMIO BEHTUIIUPAHU NITUIIEEPMH MITULIUTE ca A0 4
OBTH TO-TIOJATIMBA Ha 3a00JIsiBaHWs, a TSIXHATa MPOAYKTUBHOCT HamansBa c¢ 10-50%,
BBIIPEKH Y€ KOHCyMalmsara Ha ¢ypax ce yBenuuana ¢ 10-30% [14]. TommuHHUSAT cTpec uMa
OTPHIIATEIIHO BB3/ICHCTBHE BHPXY NOTPEOICHNETO Ha Qypaxku, eheKTUBHOCTTA HA (pypaxkure,
MHJIEKCA Ha TeJIeCHA Maca, KayeCTBOTO HAa MECOTO U cMbpTHOCTTA [15]. Berpeku Hanpeabka
HA TEXHOJOTMHTE W MOJCPHU3AIUUTE CEKTOpa, MTHUIEBBACTBOTO B CBETOBEH Mamad €
3HAYUTEIHO 3aCErHATO OT TJIE[HA TOYKA Ha MPOU3BOAUTEIHOCTTA, 3[PAaBETO M LSJIOCTHOTO
0JarochCTOSHME HA MUJIEeTaTa OT TOINIMHHMS cTpec [16]. [Ipu nomamHuTe NTHLIK, W3TI0KEHU
Ha TOIUIMHEH CTpec ce HaOIoJaBaT OTKJIOHEHHS B HMYHHAaTa CHUCTEMa, XOPMOHAJIHU
HEPEIHOCTH, JUXATCIHUTE 3aTPYIHCHHUS ©  CJICKTPOJUTHUS  aucOamanc [17,18].
BenTunanusra oka3Ba CEpUO3HO BIMSHHE HAa BCHUKHM MapaMeTpH Ha MHKpPOKIUMaTa B
crpajara, KaTo ¥ KOHTPOJIMpa HAIMIUETO Ha BPETHHU ra30BE B IOMEIICHUSATA.

1.3 Bausinue Ha cpeaara BBPXY IPOU3IBOACTBOTO Ha AKBaAKYJITYPH B aKBAaIllOHUYHA
CUCTEMA

BbB Bpb3Ka ¢ moBHUIIIEHATAa KOHCYMAIlUsl HA XPAHUTEIHU MPOIAYKTH MPe3 MOCIETHUTE
TOJIMHU OTIJICK/IaHETO HA aKBAKYJITYpPHU ChHIIO ce pa3BuBa 3HauuTedHo. [Ipe3 mocneqnute 20
rogquuu B EC akBakynTypute MMar ycTOMYMB TEMI Ha pacTeX Karo JoOuBa Ha puba upe3
aKBaKyJATypH OT 0o0uIus A0O0UB, € HapacHal OT okoio 15% mpe3 2000r go oxono 20% mpe3
2021r [19]. Obpbiia ce BHUMaHWE W Ha PEUUPKYIAlMITa HA OTHAIbUYHU BOJIU KOETO MMa
roJIsIMO BB3/ICHCTBHE BHPXY HAMaIIBAHETO HA 3aMbPCABAHETO B akBakyaTypure [20].

[Tpu oTrnexmaHe Ha aKBaKYJITYpH C BUCOKA IUTBTHOCT, 3aMbPCSBAHETO HA BOJATA OT
OTIAIBPYHA MPOJIYKTH KAaTO SKCKPEMEHTH, OCTAThIM OT XpaHa W JPYTH ce MPEeBpPHINA BHB
BpeaHU BemiecTBa kato aMoHsiK NHs, autputu NO; u cepoBonopon H,S. Te morar na Obaat
U3KJTFOYNTETHO OTTACHHW BBB BUCOKHM KOHIICHTPAITUH 32 OTTJICKIAaHU aKBaKyaTypu. ToBa MOXke
Jla JIOBEJE IO TOJIEMU MKOHOMUYECKH 3aryOH, KaKTO U JIO OTPHUIATEIHU BB3JCHCTBUS BBPXY
OKOJIHATa cpena B riobaneH mamad [21,22]. EmHo oT mpeawMcTBaTa Ha akBallOHUKATa €
3aTBOPCHUSAT IMKBJ, TPH KOWTO PHOHUTE OTHAIABIH, OCBOOOJECHU Tpe3 XpHJIETe U KaTo
ypHHa, KOUTO ca OCHOBHO aMOHSK, Ce Ipeodpa3yBar upes3 mnpoiecute Ha HuTpudukamms [23]
1 MuHepanm3anus [24]. OTnensT ce W TBBPAHU OTIAIBIM, YacT OT KOUTO C€ MPEBPHIIAT B
aMOHSK upe3 MHKpoOHa akTuBHOCT [23]. ToBa HamansiBa OMOJOTMYHOTO 3aMbpCSIBaHE Ha
OTMAbYHUTE BOAU. AKBAMIOHUYHUTE CUCTEMH MOTAT Jla CE€ Pa3IoJIoKaT Ha OTKPUTO WM Ha
3aKpuTo. FiMa MHOTO MpUMeEpH MPH KOUTO c€ KOMOMHHpPA aKBAIOHUKA M OPAHXKEPHUH U TO3HU
TIOJIXO/]] C€ pa3BUBa HempeKkbcHaTo[25,26,27].

1.4 O6001mIeHne

Crnen BHHMAaTEIICH operjicq W aHajlu3 Ha IIOKa3aHHUTE IO-TOpe (i)aKTI/I OTHOCHO
BIIMAHUCTO Ha Cp€aarta MW MHUKPOKIMMATAa BbBPXY OTINICKIAHUTE XKHUBOTHHU, MOXEM [a
3aKIII0YHUM, Y€ OCBIICCTBABAHCTO HA KOHTPOJI Ha OMPCACICHU IMapaMETpu Ha cpcaara € OT
M3KIIIOYUTEIHO 3HAYEHHE 3a 0JaroChbCTOSHUETO HM. praBHCHI/IeTO Ha cCpclaTta cromara
KaKTO 3a YBCJIMYAaBAHC Ha IMPOAYKTHUBHOCTTA, TaKa WU 34 HOI{OGpHBaHC Ha 3ApaBOCIIOBHOTO
CBCTOSAHUC HA )KUBOTHHUTEC U HEC Ha IOCJICIHO MsACTO OCUTYpsAiBa XyMaHHO OTHOIICHUC KbM THX.

Moskem na 006001mHMM, Y€ B 3aTBOPEHHU )KMBOTHOBBJIHM CTOTIAHCTBA € HEOOXOAUMO Ja
Cce KOHTpOJIMpAT TeMIlepaTypara, BIQXHOCTTAa W CKOPOCTTa Ha JBFMDKCHHE Ha BB3yXa,
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HAJINYMETO Ha 3aMbPCUTENH BbB Bb3/yXa KaTO BPEIHU Ta30B€, IPAXOBU YACTUIM U MHUKPOOHA
KOHTaMHHalMsl, KaKTO M OCBETEHOCTTAa M OKOJHHUS IIyM. BbB BrOopusa ciayyail B eaHa
aKBaIlOHMYHA CUCTEMA € HEOOXOIMMO /1a c€ KOHTPOJIMpa HE caMO KaueCTBOTO Ha BOJATA, HO U
JpyTU IapameTpu Ha cpefara. ToBa ca TeMreparypa u pH Ha BojaTa, pa3TBOPEH KHCIOPOA U
BBIVIEPOJEH JUOKCHUJ, aMOHSIK, HUTPUTH, HUTPATH U JIPYI'H NApaMeTpH, KAKTO U U3JIaraHETo
Ha MpsKa CI'bHYEBA CBETJIMHA.

3aroBa € HEoOXOAMMO Ja ce pas3[iieJaT U CPaBHAT ChIIECTBYBALIUTE METOAU U
CpeAcTBa 3a KOHTPOJ Ha cpelaTa M MUKpPOKJIMMAara B XKMBOTHOBBAHWUTE (epMH M IpU
aKBAaIlOHWYHUTE CUCTEMHU. ToBa cpaBHEHHME OW JJaJl0 BB3MOYKHOCT Jla C€ aHAJIW3HUpaT HIKOU
IPOMYCKH M c€1a00CTH, KaTo ce MNpPeJIoKaT HOBU METOAM WM IO-IOCTHIIHUM HAYMHM 32
yIpaBJICHUE.

I'JIABA 2. U3ciienBaHe HA ChIECTBYBAIIA METOIU U CPeACTBA

2.1 CpumecTByBalld MeTOAM 32 NOJAbpPKAHE HA MHUKPOKJIHMATA B KUBOTHOBBIHHU
CTONMAHCTBA

Karo nmpumepu 3a nuaepu B NPOM3BOACTBOTO HA CUCTEMH 3a aBTOMATH3alUs W
KOHTPOJ Ha >KMBOTHOBBAHH (GepMu MOXe na pasriemame ¢upmm karo Big Dutchman,
Fancom, SKOV wu ap.

2.1.1 I3osaHuTenHn MEXaHU3MU

Te npeanarar paznooOpasue ot 000pyABaHe 3a MOJAbPKaHe Ha MUKpokinMata. Mmar
pa3IMYHU BUOBE KJIAMHU 32 CBEXK BB3/YX, Kaly3u, KOMUHH 32 CBEX BB3AYX WIH HUPKYyIaIus,
BEHTWJIATOPH, OTOIUJIUTEIHM CUCTEMHU MPBCKAUKH 32 U3MNAPUTENIHO oxjaxaane u ap. Ilo-momy
ca pasrjielaHd HSKOM OCHOBHM KOMIIOHCHTH 3a YIpaBisBaHE HAa MHUKPOKIMMAara B
JKUBOTHOBBIHUTE CTOIAHCTBA.

BenTunanuonnute kinanu 3a cteHa [28,29,30] ninu 3a taBas [28,29] mo3BossIBaT JIECHO
yImpaBiieHue upe3 cepBoMoTop [28,29], kaTo ca 00OpyABaHU C MPYKUHA KOSATO TH IBPKH
IUTBTHO 3aTBOPEHM, a CEpBOMOTOpa TW u3aAbprBa. Kmamute Ttunm komuH [28.29] wumar
NpeaAuMCTBOTO NPEa APYTUTEC TaBaHHU KJIAIIH, 3alllOTO HE CC BJIMAAT OT CKOPOCTTA HAa BATHpPA.

XKanysure ce U3Moa3BaT KOraTo € HeOOXOIUMO BEHTHJIAIIMOHHUTE OTBOPH Ja ca Mo-
rojemMd. Hampumep mnpu mMmo-Tomba KIMMaT, NPU €CTECTBEHA BEHTHJIALUS, NpPU TYHEIHA
BEHTHJIAIMS. YTIPABIEHHETO UM € MOJO00HO Ha TOBAa Ha KIIANMTE, HO HAKOW JKAIy3d HE ca
cHab/ieHH ¢ npyxuHa 3a 3arBapsiae[28,30].

3a TyHeNHa BEHTHJIAIMS, OCBEH JKally3M, MOTaT Ja Ce€ H3IMON3BaT M KIAMU C
BEpTHKATHO oTBapsiHe [29] wimu ronemu maHenHu kianu [28]. U nBete mmar mo-Manko
BB3/AYIIHO CHIPOTUBIIEHHE crpsMo sxamysure [28,29]. B mHoro ciydam e mo-ymoOHO U
€BTHHO J1a CE€ U3IOJI3BAT IIOpH [28] BMECTO KITAIK MJIH YKaTy3H

Bentunatopute U3Moa3BaHU B )KUBOTHOBBIHHUTE CTOIMIAHCTBA MOTAT Ja ce pa3ielisiT Ha
HSKOJIKO TPYIH CHPSMO TpeIHAa3HAUYCHUETO WM. ToBa ca BEHTWIATOPH 33 CBEX WU
0oTpaboOTeH BB3IYX (HArHETSABANIWM WJIM HM3CMYKBAIH), ITUPKYJIAIMOHHU BEHTUJIATOPH HITH
BenTwiaatopu ot cmecen tun [28,29,30]. CropsMo KOHCTpYKHIHMSATA Ha TEPKUTE,
BEHTWJIATOPUTE MOTAT Ja CE pa3leisaT Ha aKCHAJHA WIM paauainHu (neHtpobexnu). Mma
BEHTWJIATOPH C WK 0€3 KJIalM 3a 3aTBapsHE Ha OTBOpa. Te Morar ga 0baaT 6e3 BH3MOXKHOCT
3a peryJupaHe Ha CKOPOCTTa, ChC CTHIIKOBO PETYJIMPAHE WU C BH3MOXHOCT 32 O0€3CTETIeHHO
peryaupane. B mocjaeqHuTe TOAMHU CE MOSIBMXA M T.H. CMapT BeHTUiIaTopH [29].
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Ha mazapa moraT na ce HaMepsT pa3jiudyHU CHUCTeMH 3a oToruieHne. OCBeH
KOHBEHI[MOHAITHOTO TAPHO OTOIUICHHE C PagvaTOpH WM JUPU, UMa Pa3jIMdHd METOIU 3a
ra3oBo ortoruieHue [28]. [Ipe3 mocieaHUTE TOJMHA BCE MO-YECTO CE W3IOJ3BAT CUCTEMHU 3a
OTOIUICHHE C TOII00OMeHHUIM [28] B xkuBOTHOBBAHHTE (epmu. [Ipm TAx pasxomurte 3a
OTOIICHHE MOJXKE J1a ce HaMmaysT ¢ Hax 50% [28].

[Mpbckaukute [30,31] ce u3mos3Bar 3a OXJaXIaHE HA BB3AyXa U KOHTPOJIHMPAHE Ha
BJIQKHOCTTA B IMOMEIICHHSATA, 32 JUPCKTHO HAMOKPSIHE HA )KHUBOTHUTE C IIeJ OXJIaXKIaHe, 3a
pa3KMCBaHE Ha 3aChXHAJAa MPBCOTUS O CTCHHTE M I0/a, KaKTO M 3a Je3WH(EKIHs Ha
nomernieHusta [30,31]. Morat na ce uznonspat B ntuiiedepmu, cBuHehepmMu u KpaBehepmu
KaTO OCHOBHOTO MM MPEIMMCTBO CIPSIMO JPYTH CUCTEMH 3a OXJIAXKJIAHE € MO-HUCKAaTa IeHa.
Te ca Haii-epekTUBHU TpH CyX KIMMaT M BHUCOKH TeMIiepaTypu. 3napurtenHure
oxyaautenau mutd [28,30] HamMupar MUPOKO MPHIOKEHUE B Pa3IMYHA BUIOBE CTOIAHCTBA,
KaTo Ce M3I0JI3BaT NPU TyHEIIHATAa BEHTWIAUsA. Te ce MOHTHpAT Ha TYHEITHHTE BXOJ0BE KaTO
NPUHIUIIA UM Ha paboTa € ciefHus. B ropHus uM kpail ce o0imMBar ¢ BoJa, KaTO Taka ce
YMOKPST 1enuTe nmuTd. [lpu mpeMrHaBaHe Ha Bb3JyXa Mpe3 TIX, BojaTa ce M3MapsBa U ce
NoJly4aBa OXJIaXKJIaHe Ha BB3AyXa 0e3 B HEro Ja OCTaBaT BOJHHM KalKd KOUTO MOTaT Ja
HAMOKPST MOCTENISITA U JIa BIIOMIAT YCIOBHUATA B IIOMEILIEHHETO.

2.1.2 Cenzopu

CeH30pUTE KOUTO MAacOBO C€ H3IOJI3BAaT 3a KOHTPOJIUpPAHE HAa MHKPOKIMMAaTa B
YKUBOTHOBBJIHH (PEPMH CIICISAT CAMO HSKOM OT MapaMeTpuTe Ha cpepara. ToBa ca ceH30pH 3a
TEMIIepaTypa U OTHOCHTEIHA BIaXXHOCT RH, kaTo 0OMKHOBEHO € euH KOMOMHUPAH CEH30D,
ceH3op 3a amoHsak NHj 3a Berueponen auokcun CO,, 3a HalsiraHe, 3a CKOPOCT HA JIBIYKEHUE
Ha BB3JIyXa M 3a OCBETEHOCT. [[opy CBETOBHU JHUJCPU B aBTOMATH3AIMATA HE HW3IOJI3BAT
CEH30pH 3a TMOCTOSIHHO HaOmrozeHue Ha BbriepojseH okcua CO, meran CHa, cepoBomopon
H,S u ¢punn npaxosu vacturm [28,29,30].

2.1.3 KomntoTpu 3a ynpaBlieHHE Ha MUKPOKJIMMAaTa B )KUBOTHOBBJIHU (pepMu

Ha nasapa chinecTByBaT pa3HOOOpa3HH PEIICHUS 3a YIPaBICHUE HA MUKPOKIMMATA B
KUBOTHOBBIHHTE (epmu. B emHara KpallHOCT ympaBlieHHsSTa BapupaT OT CHUCTEMH 3a
yhpaBjieHue Ha | TOMEIIEHHEe ¢ BB3MOXKHOCT 3a BKIIIOYBAHE Ha HSIKOJIKO CEH30pa 3a
TeMIeparypa, Ipu KOETO CIPSIMO Hesl MOKE Ja ¢e BKIIOYBA WM HM3KJIIOUBA OTOIUICHHE U
OXJIaXK/IaHe, a MOIIHOCTTa HA BEHTHJIAIMATA CE HACTPOWBAa PHYHO W HE CE€ KOPUTHpA OT
u3MepeHaTa TeMmieparypa. B japyrara KpalHOCT ca CHCTEMH C MHOTO30HOB KOHTPOJI,
BB3MOKHOCT 3a BKJIIOYBAHE HA MHOXKECTBO CEH30pH, KOMTO MOTAT Ja YIPaBIIIBAT BCEKH
KOMITOHEHT Ha cpenata [28,29].

2.2 CepmecTByBalld MeTOAH 32 MNOJABbP:KAHe Ha cpeAaTa W YNpPaBJeHHe Ha
AKBAaIIOHUYHHU CUCTEMHU

Koraro cTaBa BBIpOC 32 aBTOMaTH3aIUs B CHIICCTBYBANIUTE M TPEJIaraHy Ha ma3apa
B MOMEHTA aKBAaIIOHMYHUTE CHCTEMH, MOKEM JIa KaKEM , Y€ TS € B Ha4aJOTO Ha Pa3BUTHETO
CU. AKBallOHMYHUTE CHUCTEMH Bede ca OOCTOMHO W3CJe/IBaHM, KaTo € ChOpaHa JocTaThuHA
nH(GOPMAIIHS, KOSITO TIO3BOJIABA J1a OBJIAT CH3/IaJICHH CUCTEMH 3a YIPaBJICHUE HA OCHOBHUTE
nmapaMeTpy Ha cpejaTa, HO Ha TPAaKTHKa TAaKWBa IOYTH HE ChilecTByBar. CHUCTEeMHTE 3a
aKBallOHUKAa KOUTO C€ IMpeajiaraT OT PEHOMHUPAHU CBETOBHH MapKH C JBJITOTOAMILIEH OIMUT
npeiaraT MUHUMalHa aBTOMAaTU3allks KaTo MapaMeTpUTe KOUTO CE CIEAST aBTOMAaTU3UPaHO
ce M3YepmBaT ¢ M3MEpBaHE W pEeryjlupaHe Ha TemIepaTypaTa Ha BojaTa B pe3epBOapure U
TeMIepaTypara Ha Bb3AyXa B momenieHuero u cieieHe Ha pH. Ocrtananurte mapameTpu Ha
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cpenara KaTo TBbPAOCT Ha BOJaTa, pa3TBOPEH KUCIOPOJ, BerieposaeH auokcua CO2, aMOHSK
NHs, amonuii NHs—, nutputn NOy;— u mHutpatu NOz— ce cieasar pbyHO 4pe3 TECTOBH
KOMILIEKTH C PEaKTUBU U JJAKMYC JICHTH.

2.2.1 I3osnHuTeIHn MEXaHU3MU

MHOro BaKHO € BB3AYIIHUTE IOMIIM Ja ce MojadepaTr IPaBUIIHO, 33 Ja OCHUIYpST
HEOOX0AUMOTO KonmdyecTBO pastBopeH kuciopona (Dissolved Oxygen — DO). Ilommute
OCHOBHO Ce JIeJIAT Ha JBa BUJA CIPSIMO KOHCTpyKIMsTa uM. [IbpBuTe ca OyranHu, a BTopure
ca Typounnu [32]. snon3Banero Ha audy3epu € HEOOXOAUMO 3a Ja MOKE [TOBEUYEC KUCIOPOJT
Jla MpeMUHAaBa OT OaJoHYeTaTa Bh3yX BB Bojara [23]. JJudysepure [32,33] morat na Obnar
HalpaBeHH OT PA3JIMYHU MOPECTH MATEPUAIM KaTO BYJIKAaHMYEH KaMbK Harmpumep. Morar na
ObJat n3paboTeHu CHIIO OT Pa3IMYHU BHIOBE IJIacTMaca, KepaMuka mwin metai. ludysepure
C TO-MaJIKi OTBOPHU ca MO €(PEeKTHBHHU, HO 32 TSIX € HEOOXOJMMO TO-BUCOKO HallsITaHe Ha
Bb31yxa. OCBEH TOBa CE 3alyIlBaT M0 JICCHO M € Heo0XoanMa 1o-4ecta npoduiaktuka [23].
3a mogabpkaHe Ha TeMIlepaTrypara B aKBAalOHWYHUTE CHCTEMH OCHOBHO C€ H3IIOJI3BAT
enekTpuuecku Harpesarenu [32,33,34]. Uecto ca n3paboTeHU OT THUTaH, 3apaJy BHCOKATa My
KOpO3MOHHA YycToitumBocT. HarpeBatemurte morat na ObaaT oOOpyABaHHM ChC CEH30pH 3a
TeMIIeparypa, a HsIKoi ca 00opylIBaHU M C KOHTposiep. MoXe Ja ceé MOHTHUPAT MOTONEHH B
pe3epBoapuTe WM Ha TPHOHHS BT Ha HUPKyIupamarta Boga [32,33,34]. Ilpu mo-crymen
KJIMMAT € I0-U3rOJHO Ja Ce€ M3IO0J3BaT TEpMO IMOMIEHHM MHCTAJAllMM KOETO I103BOJIABA
pa3xo/1a 3a OTOIJIEHHE Ha BOJA J]a C€ HaMaJIM 3HAYUTENIHO, HO MPU M0-BHCOKA II'bpBOHAYAIHA
uHBecTULMA. TepMonmoMmuTe MOrar M Ja OXJIAXJIAT BOJAaTa, KOETO € OT ChIIECTBEHO
3HAYEeHUE MpPHU OTIVISKJAHE Ha CTYJIEHOBOJAHM pUOM KOUTO HE MOrar Ja ce OTIJIeXkJar
edextiBHo mpu Temmeparypu Han 18°C [23]. 3a xpaHeHeTo Ha pHOHMTE Ce HW3MOJI3BAT
AaBTOMATUYHU XPaHWIKH KOMTO MOraT MHOTO TOYHO Ja jgo3upar xpanara [32,33]. Ilpu
CBIIECTBYBAIUTE CUCTEMU XPAHUJIKUTE C€ YIpaBisBaT caMO IO TaiiMep KOHTO 3ajaBa
4yacoBeTe OT JEHA M NPOJBIDKUTEIHOCTTa Ha I10/1aBaHETO Ha XpaHa. BuOpanuoHHuUTE
XPaHWIKU ca MOJXOMASIIM 32 BCIKAKbB BUJ] XpaHa, KaTo JIOPU U MO-Ma3HU XpaHU NIPEeMHUHABAT
0e3 na 3amymBaT XpaHWIKaTa. XPaHWIKUTE C POTALMOHEH BalIK MMaT MHOIO TOYHO
[oJjaBaHe Ha KOJMYECTBOTO XpaHa, a XPAHWIKUTE C pa3NpbCKBad ca MOIXOJAIM 3a IO-
roJIeMH IUIOIIH, 3al[0TO HE U3CHUIIBAT XpaHaTa Ha €IHO MSCTO.

2.2.2 Cenzopu

3a HabmioneHne Ha paboTaTra Ha BB3AYyNIHATa TIOMIIA M HAa BOAHATA IIMPKYyIalMOHHA
nomma ce u3non3par aebutomepu [32]. B oOmmst ciaydait Te ca obopyaBaHu ¢ eauH Opoit
HOPMAJTHO OTBOPEH WM TPEBKIIOYBAIl KOHTAaKT, KOWTO CpaboTBa TNpU MpEeMUHABAHE
CHOTBETHO HA BB3JIyX WJIH BOJA MPE3 THX.

[Mpennmarar ce cpmio U ceH3opu 3a cienere Ha pH [35] KoMTO UMaT BE3MOXKHOCT 3a
NoJjaBaHe Ha ajapMa Korato CTOMHOCTTA MPEBUILHN WU MaJHe MO0J] OIpe/iesieHa CTOWHOCT.

2.2.3 KomntoTpu 3a yrnpaBi€HUE HAa aKBATOHUYHU CUCTEMU

TaiimepuTe 3a ympaBieHHe Ha XpaHWIKUTE [32] KOUTO ce M3MOA3BAT ca Pa3HOBH/IHH,
KaTo Morar Ja ObJaT OOMKHOBEHHM TaliMepH C BB3MOXKHOCT 32 HACTPOWKa Ha BPEMETO U
NPOJBDKUTETHOCTTa Ha BKJIIOYBAaHE, 1O CIENUAIM3UPAHA TaliMepd KOWUTO MoOrar Ja
YIIPaBJSIBAT €IHA WIIN HIKOJIKO XpaHHIKH [32].

Kato cucrema 3a MOHUTOPUHT M OTAAJICUEH JOCTHII TOJISIMA YacT OT JTOCTAaBYMIIUTE Ha
obopyaBaHe 3a aKBaloOHHMKaTa HW3Moi3BaT KoHTposep Sensaphone 800 [32,33] koiito mma
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BB3MOKHOCT 3a CJICJICHE Ha HSKOJKO TEMIepaTypd M BXOJOBE 3a pa3iudHu amapmu. [Ipu
NPEBUIIIABAHE HAa HACTPOCHHS JIMMUT WM IOJIydaBaHe Ha ajgapMa OT KOHKPETCH CEH30p,
nebutomMep WM JIPYro, KOHTpoJiepa MOXe Ja ce 00amu mo TenedoH Ha MpeaBapUTEITHO
HAaCTPOCHU HOMCpA, KaTO U3IpPAaTU pa3JIMIHU 3alIMCAHU I''TACOBU C'bOGH_IeHI/IH, B 3aBUCHUMOCT OT
ajapMara KOsITO TO € 3a/IelcTBaa.

[Ipe3 mocieaHuTe TOAMHU C Pa3BUTHETO HA CEH30PHUTE CE MOSBHUXA JIOCTA HAYYHH
pa3pabOTKH KOUTO CIEAIT aBTOMATH3MPAHO IMapaMEeTpUTEe Ha cpelata B aKBAIIOHHYHHUTE
cUCTeMH, HO 0e3 Ja ce mpujara aBTOMAaTHYHOTO MM pEryliupaHe ¢ M3KIIYCHUE Ha
temneparypara. [lo-mony ca TOKa3aHM HSKOM NPUMEPH 3a ChHIICCTBYBAIM CUCTEMH U
pa3paboTku oTHacsM ce ocHoBHO 32 DWC cucremure.

2.2.4 Tlpumepu 3a CHIIECTBYBAIIM HAyYHU pPa3paOOTKH HA CHUCTEMH 3a MOHUTOPHHT U
KOHTPOJI B aKBallOHUKAaTa

C paseutuero Ha wHTepHeT Ha Bemute (0T — Internet of Things) u mosBara Ha
JIOCTBITHH €JIEKTPOHHH CEH30PH CE TOSBHMXA JIOCTa Pa3pabOTKH 3a HEMPEKbCHAT MOHUTOPUHT
U OTHaJedyeH JOCTHI J0 HMH(POPMALHUATa, KOMTO BKIIOYBAT M YaCTHYEH KOHTPOJ BBPXY
AKBAIIOHMYHHUTE CHCTEMH.

Pazpaborena e cucrema 3a MOHUTOPHHI Ha aKBalmoHWYHA cucTema [36] B KOSTO €
YCTaHOBEHO, Y€ MeTa0oIM3Ma Ha pUOUTE € TMPSKO CBBP3aH C KOJIMYECTBOTO KHUCIOPOJ KOETO
KOHCYMHpaAT. AKTHBHOTO JABHUXKXCHHUEC HaA pI/I6I/ITe € IMKOBO 3a Iepuoaa OT Npcau, o BpeMe u
cien xpaHeHero, 3a okoio 15 mo 30 muuytm [36]. Kato ce B3eme ToBa B mpenBun €
HeoOxoaumMo HOBOTO Ha DO na ce cienu 1o BpeMe Ha aKTHBHOTO IBIDKEHHE, a HE CaMo
KOTaTo pHOUTE ca B MMOKOM.

Ilpu npyra cucrema 3a KOHTposll W MoHUTOpHHr [37] ce wu3mepBar pH, HuHBO,
Temneparypa u enektponposoauMoct EC Ha BonmaTta, 0o0IIO KOJUYECTBO PAa3TBOPEHHU COJU
TDS, amonuneBu NH+, autputiu NOo— u HuTpatHu NO3z— ionu. Cucremara ChIllo U3MepBa
U TeMIleparypa, oTHocutenHa BiaaxxHocT RH u Beraeponen nuokcnny CO; Ha Bb3ayxa, KaKTO
u ocBereHocT. Ts wmsnomBa NodeMCU koHTpoiep 3a OTYMTaHE U YIpaBICHHE.
VYmpaBieHneTo ce€ CBeXAa A0 KOHTPOJ Ha LMPKYJIallMOHHATa IIOMIIA, KOHTPOJ Ha
€JIEKTPONPOBOMMOCTTa Ha BOJAaTa, KAKTO M KOHLEHTpalusATa Ha aMOHsAKAa, KaTo HEe €
00SICHEHO KakK € peaJu3upaHo caMoTo yrpasieHue. ClIOMEHATo €, ue Ta3u CucTeMa MOXe Ja
KOHTpPOJIMpa CBIIO TeMIlepaTrypara, OTHOCHUTENHaTa BiaxkHOcT RH, BbrieponHus auokcui
CO,, KakTo M OCBETEHOCTTA B IIOMEII[EHUETO.

[lpy HiKOM cucTeMHM peanu3upaHu cbc cblug KoHTposiep NodeMCU [38] ce
Ha0JroaBa €IMHCTBEHO MOHMTOPMHI Ha mapameTpu kato pH, temmeparypa Ha Bojara,
pa3tBopeH kuciopox DO u koHuentpauusita Ha amoHsk NHjz. Jlokato mbpBuTe TpH
napaMeTbpa c€ OTYUTAT JUPEKTHO Ype3 CEH30PH, aMOHSKA CE OTYMTA MOCPEJCTBOM TECTOBA
JIEHTa TMOTOIIEHA BbB BOJIaTa KAaTo ce Ha0JII0/1aBa OT CEH30p 3a ONpe/IeNIsIHE Ha [[BETa.

Jlpyra cuctema 3a KOHTPOJ U MOHUTOPUHT [39], OCBEH e yIpaBlisiBa BOJHATA ITOMIIA
U OCBETEHOCTTAa WMa BB3MOXKHOCT M 3a aBTOHOMHO XpaHEHe Ha puourte. Ts oTumTa
Temreparypara, pH u HUBOTO Ha BoJaTa, KaTo JAaHHWUTE MOTAT Jia CE MpErNIekKIaT oT yed
CTpaHHUIa moabpkana ot Raspberry Pi.

2.3 O0o001IeHNE

[Ipu oOcTOiHMS Tperieq Ha W3MOJI3BAHUTE B XHUBOTHOBBIHWUTE (epMHU pa3IUuHU
TUIOBE KpPaHU YIPaBISABAILK YCTPOMCTBA M M3IBJIHUTEIHA MEXAHU3MHU 32 YIPABICHUE Ha
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MUKPOKJIIMAaTa, C€ YCTaHOBH, Y€ Ha Ia3apa ce Tmpejajara rojsiMo pa3HOoOpa3we OT TsX.
OcBeH, 4e ¥Ma MHOTO MPOU3BOJUTEIN HA TaKoBa 00OpyJBaHE, BCEKU €IUH OT TAX Ipeisiara
MIMPOKAa ramMa OT HOMEHKJIATYpH 32 M3I'BJIIHEHHE Ha Pa3InYHU MpoeKTH. ToBa BKIIOYBA
pa3NYHU BUIOBE CTEHHH, TABAHHW M KOMHHHU BEHTWJIALIMOHHH KJIAMK KAaKTO M YCTPOMCTBA
3a yIpaBJICHUETO UM, BEHTUJIIATOPHU, CHCTEMH 32 OTOIICHHE U OXJIaXKAaHe, 3a Ae3uH(peKuus u
ap. Vima cbI10 ¥ rofsiMo pasHooOpas3ue OT CeH30pH, KaTo CHEIHATN3UPAaHUTE 32 U3M0I3BAHE B
KUBOTHOBBIHM (pepMH ce TpeasaraT Ha CpaBHHUTEIHO BHCOKM IeHH. OT apyrara cTpaHa ca
KOMIIIOTBPHUTE CHUCTEMM 3a YIpPaBJICHHE Ha MHUKPOKIUMAara. Pa3lnyHuTE NPOW3BOAMTENN
npejyiaraT mMpoKa rama OT TakuBa, HO MpH M300pa Ha MOBEYETO OT TAX € HeoOXOAUMO
IpeBapUTEITHO J]a C€ MPEABHUIAT BCHUKM KaHAIM 332 CEH30PH U KpailHU yCTPOICTBAa KOUTO 1€
ca HeoOxoaumu. CUCTeMuUTe HAMAT Bb3MOXKHOCT 32 JIOITBJIHUTEIHO pa3lIupsiBaHe B ObJelle, a
[ICHaTa Ha MHOTOKAHAJTHHUTE CUCTEMH € TBBPJC BUCOKa M € MPEYKa 3a BHEAPSIBAHETO UM B
MAaJIK{ ¥ CPETHOTOJIEMH CTOIIAHCTBA.

[lpu npernena Ha CHINECTBYBAIIUTE CHCTEMHTE 3a YIpPaBICHHE Ha cpenara B
aKBallOHWYHA CHCTEMa CE YCTAaHOBM, Y€ Ha Ia3apa HE Ce NpeJiaraT TaKhuBa KOWUTO Jia
npejiaraT IbJIeH KOHTPOJI, a C€ M3IOJI3BAT CUCTEMH 3a CJIEZCHE Ha YacT OT HEOOXOIUMHTE
napametpu. OCTaHaIHTE Ce CIEAAT He aBTOMATH3UPAHO, Ype3 U3MEPBaHE HAN-UeCTO C JJaKMyC
JeHTU. BeIpekn ye nMa HIKoW pa3paboTKH 3a CUCTEMH 3a YaCTHUYEH KOHTPOJ Ha cpejara B
AKBAallOHWYHM CHUCTEMH, T€ Ca Jajied OT JKEJIaHWs pe3ylTarT 3a IOCTUTaHe Ha OajaHc u
yIpasiieHue 0e3 J1a ca He0OOXOJMMHU CTICIMATM3UPAHN TTO3HAHUS 32 AKBAIIOHUKATA.

B Ta3u Hacoka O0u OuiI0 z[o6pe Ja c€ p83pa6OT${T IMOBEYC CUCTCMHU 3a YIIPABJICHHUC HaA
cpeaara, KOUTO Ca MOAYJIHH, MOraT JICCHO Ha CC€ HAaArpaXXAaT KAaKTO C pa3lIupCHUC 6p0$[ u
BUJa HA YIPABJIKIBAHUTC MapaMETpH, TdKa U C BB3MOXHOCT 3a IMPOMCHAIIA CC JIOTMKa Ha
yipaBJICHHUC. Tora me ru HaIlpaBu JICCHOAOCTBIIHU W 34 MO-IIUPOK KpPbI' HOTpe6I/ITeJ'II/I. 3a
Ta3u 0OCjiI € HCO6XOI[I/IMO II'bpPBO A€ CC€ CHh3Aa/lC KOHLCIIIUA C HCO6XOI[I/IMI/ITC HN3HUCKBaHHUA 3a
PCATN3UPAHETO HA TaKaBa CUCTCMaA.

I'JIABA 3. Pa3paGorBane Ha KOHUIENUHS ¢ U3UCKBAHHMS 3a Cb3aBaHe HA
K®C 3a MHTEJHMIeHTHO YyINpaBJIeHHE HA KOMILUIEKCH 32 OTIVIe:KIAHE Ha
JKMBOTHH

3.1 le¢punnunu Ha Kubep pusnyna cucrema

Obmara apxutektypa Ha Kubep-pusmunara cucrema (KOC) BrmouBa Mozaenu Ha
¢u3uUecky mporecu, MoJesiu Ha coTyep, U3UUCIUTENHH IaTGopMu U Mpexu. Bepurara 3a
oOpaTHa Bpb3Ka MEXIY (GU3MYECKUTE TPOLECH M U3YHCICHHMATAa O0XBalla CEH30pH,
3a/IBIDKBAI MEXaHU3MH, (QHU3UYecka TUHAMHKA, W3YUCICHHs, COPTYEepHO TIIaHUpaHE U
MpEXU ¢ KOHKYpeHIusl U 3abaBsiHe Ha komyHuKanusTa [40]. Kubep-pusuunure cucremu ca
WHTETPAllii Ha W3YUCIUTEIHU W (PHU3MYECKH MPOIECH. BrpaieHuTe KOMITIOTPH U MPEXKH
HaOII0IaBaT M KOHTPOIHPAT (GU3UIECKUTE TIPOIIeCH, OOMKHOBEHO ¢ oOpaTHa BPB3Ka, KBJETO
buznYeCKUTE NPOIECH BIUAAT HA U3UHCIeHUsATa U 00paTHO [41]. UMa MHOTrO onpenensiHus 3a
ToBa KakBO npexactasisiBa eqHa KOC. Ts BkiItouBa MHOKECTBO KOMIIOHEHTH U clloeBe. B Hes
ce mperuTarT (U3NYECKH U BHUPTYaJHU KOMIIOHEHTH, KAaTO C€ 3all0YHE CbhC CEH30pH,
XapAyepHU KOMITOHEHTH, W3MBIHUTEIHH MEXaHW3MH, CHOTBETHO W TOAXOIANI codryep.
W3non3Batr ce pa3IuyHU BUJOBE TEIEKOMYHUKALIMOHHU MPEXH Upe3 KOUTO CE OChIIECTBABA
Bpb3Ka MEXIY KOMIIOHEHTHTE. BKilouBaT ce pa3iuyHd MOAXOAM OT KuOepHEeTHKarTa,
MexaTpOHMKaTa W BrpajgeHuTe cucreMu. Ho 3a pasnmka ot Tax enHa KOC oOMKHOBEHO
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MIPEICTABIISIBA MpPEXa OT B3aUMOCBBP3aHH B3aMMOJICHCTBAIIN €IEMEHTH C (PU3NYECKU BXOJI U
HU3XO0/I.

3.2 U3uckBanusa koM KPC

3a peanusupanero Ha KOC npurojHa 3a yrnpaBieHHe HAa KOMIUIEKCH 32 OTIJICXKIaHE
Ha XKMBOTHHU € HEOOXOIMMO Ja ce pasriieflaT HeOOXOAMMHUTE KOMIIOHEHTH C KOHKPETHUTE
M3HUCKBaHUS KbM TAX. KommnoHeHTuTe MoraT Aa ObaaT (GU3MYECKU WM BUPTYAJIHH, KaTo 3a
nenTa TpsioBa Ja ObIaT BHUMATEIHO aHAJU3UPAHU BCUUKHU (DAaKTOPHU HAa BHHIIHO U BBTPEIIHO
BJIMSTHUE BBPXY TSX. 3a Ta3u Iie]l omnpeesiMe pell pyu KOHTO MOXKEM J1a peau3upame eaHa
K®C 3a Hyxaure Ha CbOTBETHOTO >KMBOTHOBBJHO cTomaHcTBO. [lo mony ca omnucaHu
HEOOXOUMHUTE CTHIIKU.

3.3 00001I€HHE

C’LSI[aBaHCTO Ha KOHNCIIIHA 3a pPCAIM3UPAaHCTO Ha K®C 3a YIIpaBJICHHUEC Ha
KOMIIIICKCUTC 3a OTTJICKIAHC Ha )KUBOTHHU HHU JaBa IO-ACHHM HAaCOKHM KaKBHU CTBIIKHA Tp5I6Ba Ja
CC ImpcamnpueMar 3a pCaiu3UpPaHCTO Ha CHCTEMATA. Cnez[ KaTo BC€YC Ca OIpCaAcCICHU
H3HMCKBAaHUATA 3a BCHUYKHM CICMCHTH OT CHCTEMATa OCTaBa CaMO TC Oa CC€ HO)I6€paT I10
3aJ1aICHUTC KPUTCPHUU U 1a CC TCCTBAT 34 CbBMCCTUMOCT.

Crnen oyepTaBaHe Ha OCHOBHHUTE M3UCKBAaHM W HACOKH 3a peanusupaneto Ha KOC e
HE00X0IMMO J1a ce moadepe M TeCTBa KaKTO OINepallMOHHA CHCTEMa, TaKa U CbBMECTHUM C Hesl
coptyep HeoOxomum 3a paborara u. OcBeH ToBa TpsiOBa ma ce u3zbepe u codtyep 3a
I'bPBOHAYAITHA WHCTAJIAIMS U HACTPOIKA KOWTO Ja UMa Bb3MOXKHOCT JHMCTAHIIMOHEH JTOCThII
JI0 cHCcTeMara.

I'JIABA 4. U3cnenBaHe U aHAJIU3 HA cOPTyep M CHCTEMH 3a yIIpaBJIeHUE HA
K®C. Pa3zpaborka Ha KOHUeNuMs 3a copryepHa cucreMa 3a ynpabJieHUE
Ha K®C B KOMIUIEKC 32 OTIJIEKIAHE HA *KUBOTHH

4.1 U3uckBaHusi KbM ONIEPALIMOHHATA CHCTeMA U coPpTyepa

Tyk me pasriegaMe Ho-moJpoOHO HM3UCKBaHMATA KbM coTyepa, Mpeaud HEeroBHs
u360p. OnepalmoHHaTa CUCTEMA, 3a€JHO C JOII'BJIHUTENHUS cOPTyep, KAKTO U OMOIMOTEKHUTE
U JipaiiBepuTe KbM HEro TpsOBa /1a paboTAT B cMMOMO3a, KaTO TOBa TpsOBa Jia ce o0Ociensa
00CTOWHO Ipear BHEAPSBAHETO HAa CHCTEMATa B peaHa cpefa.

Ha mppBO MsicTO, omeparimoHHaTa cHcTeMa TpsiOBa Na Moabpka paboTa B peaHO
Bpeme (Real Time Operating System - RTOS),nipotokonu 3a cuuxponuzarust NTP wiu PTP |
TpsiOBa ma moaabpka ToJsIM HAO0Op OT KOMYHHKAIIMOHHH TPOTOKOJIHM Kato Hampumep 1CP,
HTTP/HTTPS, FTP/SFTP, SSH, EtherNet/IP, WebSocket, MQTT, Modbus. ITpotokomnu 3a
peanu3upaHeTo Ha Oekmunm Mpexu kato |IEEE 802.11, Zigbee, BT/BLE, Z-Wave,
6LOWPAN, LPWAN, LoRa, SigFox. llenTa Ha aBeTe CHCTEMH € Ja MOJIbPIKAT OrPOMEH
Opoit 0e3’KUYHH CEeH30PH U YCTPOMCTBA C yATPa HUCKA CKOPOCT H YJITPa HUCKA MOIIIHOCT.

4.2 N300p Ha onepaniOHHA CHCTEMa

3a 1enTa Ha wW3cieABaHeTO e u3Opana Linux Oasmpanata cucrema OpenHABian,
KOSITO BKITIOYBa B ceOe cH He3aBHCUMarTa ruiatdopma, 6asupana Ha java - OpenHAB.
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4.2.1 OpenHAB

OpenHAB (Open Home Automation Bus) e mnardpopma 3a HMHTEIMICHTHA
aBToMaTru3anusa Ha AoMa € OTBOPCH KO. Tsa mo3BongBa YIIPABJICHUC W HHTCrpanuda Ha
pasznuuHu |0T ycTpoiicTBa, KaToO CEH30pH, TEPMOCTATH, KaMEpPH, YMHHM KPYIIKH, ajJapMEHU
CHCTEMH, KOHTPOJIEpH MW JApyrH momobnu ycrpoiictBa [42]. Ts mombpka ClOCIHUTE
KOMYHHKaIMoHHK mpoTokomn: Z-Wave, Zigbee, Wi-Fi, Bluetooth, Bluetooth Low Energy,
Modbus, RS232, RS485, HTTP/HTTPS, MQTT, WebSocket Thread, KNX, DMX, REST,
IFTTT, HomeKit, Hue, LIFX, Nest, Sonos, EnOcean, Xiaomi Mi Home, Open Weather Map,
SolarEdge, SMA, Fronius, Kodi, MySensors, DLNA/UPNP u npyru [42].

4.2.2 OpenHABIan

OpenHABian e Linux cucrema Ga3upaHa Ha omepaiMoHHara cucrema Raspberry Pi
OS Lite, k0oATO BCBIIHOCT € OJIEKOTeHA Bepcus Ha Debian, onTumu3sHpaHa 3a pa3jiMYHHTE
BEPCUH Ha eIHOIIaTKOBUSA KoMmioTsp Raspberry Pi. OpenHABIan e cnennanno agantupana,
3a J]a OCHTYpH JIECHa HACTpoWKa W onrtuMmusanms 3a padora ¢ OpenHAB. Bwnpeku, ue e
npeaHa3HaueHa 3a paborta ¢ yctpoiictBa kato Raspberry Pi, OpenHABian moxe nma ce
U3M0J13Ba U Ha IpyTU LiNUX-0a3upaHu CUCTEMH, KaTO U Ha KOMITIOTPH C X86 apXUTEKTypa.

4.3 U300p Ha 1oMbJIHHTEIEH cOPTyep

3a peamusupane Ha npemnoxkeHata KDOC ca wusnomsBaHu M30POCHUTE IMO-I0JTY
coryepHu mpoaykTu. BbIpeku, e HAKOM OT TSIX UMAT U JIMIEH3UPAHU BEPCUHU, BCUYKH
MIPHUTEKABAT OE3IIATHU BEPCHUU C OTBOPEH KOJI.

4.3.1 Eclipse Mosquitto MQTT Broker

Eclipse Mosquitto e 6pokep Ha chOOIICHHS C OTBOPEH KO, KOWTO M3mbiaHsBa MQTT
npotokost Bepcuu 5.0, 3.1.1 u 3.1 [43]. 3a uenure Ha uzcnensanero Eclipse Mosquitto MQTT
Broker ce wuucrammpa Ha cbpBbpa Ha K®C u ce u3moi3Ba 3a jXKMYHA WIKM Oe3KUYHA
KOMYHUKAIMsI MEX/y CCH30pH, KOHTPOJICPU M YIPABISBAIM YCTPOHCTBA OT €/HA CTPaHA M
CBPBBpA OT JIpyTa.

4.3.2 InfluxDB

InfluxDB e 6a3a manuu 3a Bpemesu cepuu (TSDB - Time Series Database) ¢ otBopen
kox [42,44]. 3a nenute Ha u3cneasaneTo InfluxDB ce nHcTamupa Ha cbpBbpa Ha KOC 1 ce
U3M0JI3Ba 32 ChXPAHCHHE HAa H3MEPEHHTE OT CEH30pUTE CTOMHOCTH, 3a 3alKCBaHe Ha
TEKYIIOTO ChCTOSHUE HA YIPABJISBAIIN YCTPOMCTBA M MEXaHU3MH, KaTO HH(POPMAIIHATA MOXKE
Jla ce M3I0JI3Ba OCBEH OT CHCTEMaTa 3a U3BbPIIBAHE HA aBTOMATH3MPAHOTO YIpaBIICHHUE, TaKa
U OT MOTPEOUTEIIS IPU TIOUCKBAHE.

4.3.3 Grafana

Grafana e mynrumiatrgopmeHo yed npuioxeHue ¢ 0TBOpPeH Koj. [IpenHasHadeHo e 3a
WHTEpaKTUBHA BH3yaju3allMs W aHalu3u. To MOXe Ja cb3/laBa JuarpaMu, rpaQukd u
NpeaAynpexKIACHUA 3a MpEXKara, KOrato € CBbp3aH KbM MMOAABPKAHU HM3TOUYHHUIMWM Ha AaHHU
[45]. 3a nenute Ha u3cnenBanero Grafana ce mHcramupa Ha chpBbpa Ha KOC u ciayxu 3a
rpaguyHa BU3yanu3aiys Ha MapaMeTpUTe Ha CUCTEMara.

4.3.4 Samba

Samba e 6e3mnaren codryep, KOWTO BHEAPSABA U3ITBIHEHUETO HA MPEIKOBHSI TPOTOKOJT
SMB (Server Message Block). Toit mo3BomsiBa moctena a0 (aitoBara cucrema Ha Linux
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Oasupanus chpBbp Ha mpeminokeHatra KOC, kakto ot kommioTep ¢ Windows, Taka u oT
yerporictBo ¢ Android, kato cmaptdon win Tabner. Taka JeCHO MOXKE Ja Ce JOCTBIIH
CHCTEMaTa, M Jia CE IPOMEHSAT KOH(PUTypannoHHuTe (hailioBe MpH HACTPOiKa Win pabora Ha
crcTeMara.

4.3.5 Frontail

Frontail e Log viewer koiiTo € HCOOXOAMM KaKTO MPH IMyCKAHETO M HACTpoOiKara Ha
CBPBBpA, Taka u 1o BpeMe Ha paborara Ha KOC. Toit Hu naBa mHpoOpMaIus 3a TEKYIIUTE
JIOTOBE Ha CHCTEMaTa, HaJWM4Yhe Ha TPEIIKH, MPEeKbCHATH BPB3KU ChC CEH30pU WIIM JAPYTU
KOMITOHEHTH, KaTO TOBA YJIECHSBA OTCTPAHSBAHETO HA MPOOJIEMHU O CUCTEMaTa.

4.3.6 Amanda Backup

Amanda (Advanced Maryland Automatic Network Disk Archiver) Backup e codtyep
C OTBOPCH KOJ 3a apXHMBHPAHC HA KOMIIKOTPH, KOUTO € B CHCTOSIHUE Ja apxXuBHUpa JaHHU,
HaMupaliu ce Ha MHOXECTBO KOMIIOTPH B Mpeka [46]. 3aab/DKuUTenHo € clen
peaiu3upaHCcTO Ha OIPCACIICHA K®C Ja CC HallpaBu PC3CpBHO KOIIKUC HaA IOAHHUTC,
HE3aBHCUMO OT TOBa Jaiu ce u3noia3sa Amanda Backup wim apyr mogoben codryep, KOWTO
Jla IO3BOJIsIBA KOPCKTHO U JICCHO Bb3CTAHOBABAHC HA CUCTCMATA.

4.3.7 Visual Studio Code

Visual Studio Code ¢ pemaktop Ha mporpamMeH KO KOHTO MOKe Ja paboTH IOJ
Windows, Linux u MacOS u e mambnno Oesmiaten[47]. Toii 3aemMa OCHOBHA pOJs B
nporpamupaneTo Ha npemiokeHara KOC. Mucranupa ce Ha BbhHIICH 32 KOC KOMIIOTHD,
KaTo 4Ype3 HEro Hal-JIECCHO M 4YeTHMO MOrar jJa Ce Ch3JaBaT M peaakTupar (aiinoBere
yIpaBJsiBalll CHCTEMaTa. 3a peajr3upaHeTo M ca W3MOoJI3BaHu pasinupenus kato OpenHAB
u OpenHAB Alignment Tool.

4.3.8 Solar-PuTTY

Solar-PuTTY e camocrosiTenieH Oe3IIaTeH MPEKOB TEPMHHAIICH, KOWTO MO3BOJISIBA U
npexBbpisiHe Ha Qaitnose. Solar-PUTTY ce nHcranupa Ha BbHIIEH 32 KOC kommorsp. Toi
ce M3M0J3Ba 3a JIOCTBHI /0 cHcTeMaTa 3a HWHcTanupaHe, update W upgrade KakTo Ha
MHCTaJIMpaHus copTyep Taka U Ha OlepallMOHHATa cUcTeMa. 32 HACTPOWKM M pelaKklMU Ha
KOH(pUrypallMoHHM (haillioBe Ha CbpBbpa. Upe3 Hero MoraT Ja ce Cbh3/aBaT M pelaKkTUpaT
¢aiinoBe U IUPEKTOPUH U J1a ce KOHPUTypHpa caMaTa CUCTEMA.

4.3.9 Tasmotizer

Tasmotizer ce u3Moyi3Ba Ha BBHIIEH 3a cHcTeMara KOMIIOTHp. ToBa e codryep ¢
MIOMOIIITa HAa KOMTO MOXKE J1a Ce 3aMEHH OPUTHHATHUA (bpMyep Ha KOHTPOJIEPH OT TUIA Ha
ESP32 u ESP8266, ¢ ¢pbpmyep Tasmota [48]. Tasmota e ¢pbpmMyep ¢ OTBOPEH KOJ, KOWUTO
NI03BOJISIBA JIOKAJICH KOHTPOJI Ha CMapT ycTpoicTBa 0e3 Hyxaa oT oOnaunu yciuyru [48]. 3a
nenute Ha npeioxkeHara KOC Tasmotizer ce u3non3sa npu (ramiBaHe W MperBapUTEIHA
noaroroBka Ha KoHTposiepu NodeMCU 6asupanu na ESP8266, a Tasmota xato ¢pbpmyep
OCBHIIECTBSABA Bpb3KaTa MEX/y pa3nudHu KoHTposiepu upe3 Wi-Fi MpexxaTta kbM ChpBBpa Ha
K®C.

4.3.10 MQTT.fx

MQTT.fXx e wmHCTpymMeHT 3a TectBane Ha |0T Mapmpytd B pa3pabOTBaHETO H
npousBojacTBoTo [49]. Toit ce u3noa3Ba 3a ch3gaBaHeTo Ha mnpemiokeHata KOC, kato
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MO3BOJISIBA Ja CE€ BUASAT HU3MpAIIaHUTE OT CEH30pUTEe M KpalHWTE YCTpOICTBa JaHHH U
dopmara um kato otaeiana tema npe3 MQTT mnporokona. Oceen ToBa upes MQTT.fX morar
Jla ce Mo/aBat JaHHU Tpe3 Onpe/esieHa TemMa 3a KosTo ¢ abonupan Mosquitto MQTT 6pokepa
U 10 TO3W HauyuH ce TecTBa paborara Ha KDC, 6e3 na mMmame pealiHu CEH30pHU KOHMTO ca
CBBbp3aHH KbM Hel.

4.3.11 MG Configuration

MG Configuration (Modbus Gateway Administrator Configuration — VOLISON) e
copryep 3a KoHpurypupane Ha KoHTposiepu karo ADM-5850G , ADM-5832G u IDM-
7842MG. [50]. 3a wuemute Ha wuscinenBaneto MG Configuration ce wusmon3Ba 3a
KoH(uryprpane Ha KoHTposiepa ADM-5832G u3non3BaH 3a Bpb3Ka Ha pa3IMuHU CEH30PH (C
unrepdeiic Modbus RS485) cse cupBbpa Ha KOC.

4.4 O0001IEHHE

N360pa Ha codryep e eaHa oT crhOkuTe 3a peanusupaHero Ha KOC. M36panus
co(ryep oTroBaps Ha U3MCKBAaHUATA 3aJI0’)KEHH B KOHLENIMATA 32 U3rPaKJaHe HA CHCTEMaTa.
B cb110TO BpeMe MbpBOHAYAIHO € YaCTUYHO TECTBAH, KAaTO Ca IPOBEPEHU Bb3MOXKHOCTUTE MY
3a KoH(uUrypupane Ha cucremara. Ho KbM peasHOTO My TeCTBaHE 32 CbBMECTHMOCT MOKE Ja
ce MPHUCTBIM €/1Ba CIIe/ KaTo ca MoJ0paHN BCUYKH XapAyepHU KOMIIOHEHTH Ha CHCTeMaTa U
ca peaJu3upaHy NPEeABUICHNUTE B TOBA U3CJEIBAHE AITOPUTMU 3a paboTa IpU OTIJIEKIaHE Ha
pa3IMYHUTE BUAOBE >KMBOTHH. 3aToBa cJelBamiata CThIIKA € u300pa Ha CEH30pU U
JOII'BJIHUTENTHU KOHTPOJIEPH.

I'TABA 5. U3caensane U u3doop Ha loT m3nmbJHMTENHM YCTpPOCTBA H
CEH30pH C HeOoOXOAMMHUTE MapaMeTpH 3a u3noj3BaHe B KuOep-¢puznunara
CHCTEMA 32 yIPaBJeHHE HA KOMILIEKC 32 OTIJIeXK/IaHe Ha sKHBOTHH

Ha nasapa mma rojisim I/1360p OT IPOU3BOAUTCIIN HA CCH30pH, KOHTPOJICPH, PCIICTA U
Apyru yCTpOﬁCTBa, KOHUTO Ca CIICHUATIU3UPAHU B U3BIPAKAAHCTO Ha CUCTEMHU 3a KOHTPOJI Ha
JKHBOTHOBBJIHH (bepMI/I OcHOBHUSA HpO6J’I€‘M € BbB BHCOKATa ILICHA Ha TC3W MaTCpHUAIIH. Or
Apyra cTpaHa € HAJIMYUECTO Ha OTPOMHO pa3H006pa31/Ie OT CCH30pH C HUCKA I€CHA U CbOTBETHO
MO-HUCKO KadecTBO. OT 3HaUYCHHE € U cp€aaTa B KOATO C€ HU3IIOJI3BAT CCH3OPUTE. 3a
peaIM3upaHe Ha IMPEAJIOKCHATA CUCTEMA Ca I/I36paHI/I I/136pOCHI/ITe MO-A0Jy CCH30pH.

5.1 Cen3zopu

3a nenuTe Ha TOBA WM3CIENBAHE ca pasliIeaHU XapaKTEPUCTHUKUTE HA Ppa3InYHU
CEH30pHU 3a U3MEpPBaHE Ha TEMIIEpaTypa, oTHocuTenHa BiaxkHocT RH, amonsk NHs, amonnit
NH4+ , Beraepoaen auokcun CO,, meran CHy, Beriepoaen okcua CO, cepoBomopon HjS,
¢uHM paxoBu yacTuim 2,5um 1 10pm, ckopocT Ha ABMXKEHHE Ha Bb3ayxa SAF, ocBereHocT,
nudepeHIanHo Hamsrane Ap, pa3tBopeH kuciopon, DO, uutput, NOo—, Hutpatu, NO3z—,
BOJIOPOJIEH Moka3aTel1, pH, 1 3a HMBO Ha BojaTa, KaTo HSIKOHM OT CEH30pUTE ca KOMOWHUPaHU
3a U3MEPBAHE Ha MOBEYE OT €1HA BEJIMYHHA.

Cenzop 3a Temreparypa DS18B20, Maxim Integrated — Analog Device [51], cerzop
3a TeMIiepatrypa U OTHocuTenHa BiaakHocT AM2302, Aosong Electronics [52], censopu 3a
Temriepatypa u oTHocutenHa Biaxknoct SHT31 m SHT3S5, Sensirion [53]. 3a menute Ha
W3CIICIBAHETO TOPHUTE CEH30PH C€ M3MON3BaT OCHOBHO 4pe3 KoHTposep NodeMCU 3a
U3MEpBaHe Ha TeMIIepaTypa U OTHOCUTENIHA BIaXKHOCT RH kakTo BhTpe B MOMEIIEHUsTA, TaKa
Y OTBBH.
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Censop 3a BbriaepoaeH muokcuag MH-Z19B (MH-Z19C) - Winson [54], censop 3a
BbIJIepoeH auokcua Senseair S88 LP, Senseair [55] u CeH3op 3a BBIJICPOJICH JAMOKCHU]L
SCD30, Sensirion [53]. 3a menuTe Ha U3CIIEIBAHETO, CCH30PHUTE Ca TECTBAHH C KOHTPOJIEP
NodeMCU, kato ce uznon3sa UART mnpotoko.

Censop 3a amonssk KM21, KLHA [56], karo 3a 1enuTe Ha U3CIeIBAaHETO € M30paHa

BepcusaTa ¢ Modbus, kosTo ce cBbp3Ba ¢he cucTemara mocpeacrsom Modbus gateway ADM-
5832CG.

Censop 3a meran MH-Z1341B, Winson [54], koiiTo 3a Bpb3Ka ¢ CHCTEMAaTa U3I0JI3Ba
koHTpoJsiep NodeMCU.

CeH3op 3a BBIVIEPOJICH OKCHUJI, TEMIIEpaTypa U OTHOCUTENHA BiaxkHOCT - JXBS-3001-
CO/TH-RS, Jingxun [57] — wusmomsBa Modbus gateway ADM-5832G 3a Bpb3ka CbC
cucremara.

Censop 3a cepoogopoa JXBS-3001-H2S, Jingxun [57] - u3non3Ba Modbus gateway
ADM-5832G 3a Bpb3Ka CbC cucTEMATA.

Censop 3a ¢unu npaxosu yactuim (PM2.5 u PM10) RS-PM-2-EX, Renke [58]. 3a
LIEJIUTE Ha u3cieaBaHeTo ¢ n3opan Bapuanta ¢ Modbus RS485 kato 3a Bpb3ka ChC cHCTEMaTa
otHoBo ce uznomsa Modbus gateway ADM-5832G.

VATpa3ByKOBHAT aHEMOMETBD 3a CKOPOCT M IMOCOKA Ha JBH)KEHHE Ha Bb3ayxa RS-
CFSFX-NO01-3-EX, Renke [58], kaTo 3a Bpb3Ka ChC cHCTEMaTa OTHOBO € Heobxoaum Modbus
gateway ADM-5832G.

Censop 3a gudepennumanHo Hamsrane A2G-50, WIKA [59]. 3a unenure Ha
u3cieBaHeTo € u30paH ceH3op Bapuant 1 ¢ oOxBaT 3a u3MepBaHe Ha AUQEPEHIUATHO
Hanarane ot -100 Pa o 2500 Pa ¢ Modbus u3xonen curnan npe3 Modbus gateway ADM-
5832CG.

Censop 3a ocBerenoct BH1750, ROHM Semiconductor [60] u cersop 3a ocBeTeHOCT
TSL2561, ams-OSRAM AG [61] 3a menure Ha HW3CIIEABAHETO CEH30PHTE CE H3MOJI3BAT
nocpenictBoM koHTposiep NodeMCU.

Cen3op 3a pa3TBOpeH Kuciaopoa u Temmeparypa TriOxmatic 700 1Q, YSI Incorporated
[62], censop 3a amonwmit u kamuit AmmoLyt Plus 700 1Q, YSI Incorporated [62], censop 3a
autputr u HEuTpatn NiCaVis 701 1Q NI, YSI Incorporated [62] u cenzop 3a pH (BogopoaeH
nokazaren) SensoLyt 700 1Q, YSI Incorporated [62]. 3a Bpb3ka ¢ KOC Ha Te3u uerupu
CeH30pa € HeoOXO0IMMO HM3IOJI3BaHETO Ha JombiIHUTeNIeH KoHTposiep 1Q SensorNet 282 wm
284.

Cen3op 3a HuBo Ha Teunoctu SL-MS5, HH EJIEKTPOHUK [63], koiiTo 3a Bph3Ka C
cucreMara usnoissa KoHTposiep NodeMCU.

5.2 KontpoJjepu
5.2.1 Konatponep NodeMCU

Kourpoaepsr NodeMCU mepBonavanuo pazpadoren or NodeMCU Team e mpoaykT
¢ orBopeH kox. IIpomsBexma ce OT pasnuuHu mpousBoautenu karo Amica, Lolin, DOIT,
Devkit u MuOro Apyru, katro uMa Hsakoiako Bepcuu Ha NodeMCU kato V0.9, V1, V2 u V3.
Nma u nBe pasnoBunnoctu ¢ yun CP2102 unu ¢ CH340, kato npu TECTOBETE HA PA3IUYHUTE
BapUAHTH HE C€ YCTAaHOBU pa3jiiKa B MPOHM3BOIAMTEIHOCTTa WM (YHKIIMOHATHOCTTA HM.
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JpyraTta pasnuka € B pa3MepUTe Ha KOHTpOJepa KaTo IOBEYETO ca C pa3MepH OJIM3KH J0
48mm x 25mm, Ho Haxou miaTku ¢ yun CH340 ca mo-mmpoku ¢ pazmepu OJau3KU 10 S6mm x
31mm. 3a nenure Ha uscaensaHeto NodeMCU ce m3mon3Ba 3a OChUIECTBABAHE HA BPbB3Ka
MEX/y CEH30pu, OyTOHM 3a YIpaBlICHHE, peleTa 3a yIpaBICHUE Ha KpailHM ycTpoiicTBa,
CUTHAJIHU JIAMIIM U Jp. OT €[Ha cTpaHa u cbpBbpa Ha KOC ot apyra.

5.2.2 Kontponep Modbus gateway ADM-5832G

ADM-5832G [50] e unaycrpuanea Modbus gateway koiTo Moke jJecHO aa Oble
U3I0JI3BaH 3a 0e3MpoOIEMHO MHTErpUpaHe Ha ycTpoiicTBa ¢be cepuen Modbus (MODBUS-
RTU/ASCII) u ycrpoiictea ¢ Modbus Ethernet (MODBUS-TCP). 3a wuenure Ha
u3cnensanero NodeMCU ce u3moni3Ba 3a OCHIIECTBSIBAHE HA BPB3Ka MEXKIY H3IOJI3BAHUTE
censopu ¢ untepgeiic Modbus RS485 u cucremara. J/Iara mopra RS-485/422 mno3BonsiBat
BpB3KaTa Ha CCH30pU ¢ pa3iuyeH Baud rate karo B oOuus ciy4ail eJMH TaKbB KOHTPOJIEP €
JIOCTaThYCH 3a Jla Ce CBBPXKAT BCHUYKH HEOOXOIMMH CEeH30pH ¢ KouTo paborsat mo Modbus
poToko (0010 10 32 Opos Ha aBara nmopra RS-485/422).

5.2.3 IQ SensorNet 282 u 284, YSI Incorporated

Kontponepute 1Q SensorNet 282 u 284 [62] ockiiecTBsiBAaT Bpbh3KAaTa MEKITY
cenzopure YSI, (karo Bpb3kata ¢ plug and play), u cepBbpa Ha KOC. Tasu Bpb3ka OT CBOS
CTpaHa MOXe Jia ObJe OCHIIECTBEHA C TIOYTH BCEKM KOMYHHUKAIIMOHEH IPOTOKOI,
BirounTeiHo Modbus TCP, Modbus RTU, PROFIBUS u PROFINET. YSI 1Q SensorNet
282 rMa BB3MOXKHOCT 3a Bpb3Ka C 710 2 ceH3opa, a 284 ¢ 1o 4 censopa [62]. Te orroBapsT Ha
Bcuuky m3uckBanus Ha KOC 1 ca moaxoasiy ca u3Moji3BaHe B MPeI0KeHATa aKBAIIOHUYHA
cucrema.

5.3 O0o001IEeHNE

B Ta3u riaBa ca pasriieaHu peauia CeH30pu KOUTO 10 XapaKTEPUCTUKUA OTTOBAPAT KaKTO
Ha M3HMCKBaHUATA 3a CbBMECTHMMOCT Ha CBbp3Balllusl I'M HHTEpdeic, Taka U Mo o0XBaT U
pe3omonus cupsAMo (YHKIUMUTE KOMTO C€ HM3UCKBAa Jla W3MBJIHSABAT B AJITOPUTMUTE 3a
ylpaBjieHUE Ha MHKPOKJIMMAaTa B pa3jIMYHUTE >KMBOTHOBBJIHHM CTOMaHCTBa. I30paHuTe
CEH30pHU Ca YacT OT MpeJiaraHUTe Ha Ia3apa IIEHOBO OpHUEHTHpaHU ceH30pu. OCBEH THAX, Ha
maszapa ce Ipeajara rojisM HM300p Ha CEH30pM Ha JPYrd NPOU3BOAMTENH, C MOJOOHU
napaMeTpu M JOCTBIIHA II€Ha, KOUTO ChUIO0 MOTaT Aa ObAAT M3MOJI3BaHU 33 peau3upaHe Ha
CUCTEMATa.

N306panuTe IOMBIHUTENIHM KOHTPOJEPH 3a Bpb3KAa Ha CEH30pUTE M KpalHUTe
YCTPOMCTBA ChC ChPBBPA HA CUCTEMAaTa IpearaT pa3uiyHU Bb3MOKHOCTH 3a Bpb3Ka. bpos
UM 3a u3rpaxaane Ha eana wiu apyra KOC 3aBucu ot Opost ¥ BUJ1a HA CEH30pUTE U KpaitHUTE
YCTpPOMCTBa, a T€ OT CBOSI CTpaHa 3aBUCAT W OT alropurbma 3a ympasieHue. Ilpu
HE00XOIUMOCT MoraT J1a ObJIaT U3MO0JI3BaHU U APYTU MOJ00HU KOHTPOJIEPH.

Karo cnegsamia cTernka B pa3pab0oTBaHETO M TeCTBaHETO Ha pasriexnanata KOC 3a
YIOpaBJICHUEC Ha MHUKPOKJIMMAaTa B KOMIUICKCUTC 3a OTIVICKIAHE Ha JXHUBOTHHU €
pa3pabOTBaHETO HA OTACIHH aJTOPUTMHU W3pa3sBaild crenudukata W HYKJIUTE Ha
Pa3IMYHUTE BUAOBE )KUBOTHHU.
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I'/IABA 6. Pazpa0oTBaHe Ha HMHTEJMIeHTHOTO ynpabjeHue Ha K®C 3a
OTIJIeKAaHe HA ;KUBOTHHU Ha 0a3aTta Ha OpenHAB

[Tpennoxenata KOC moxke na ce u3Noi3Ba 3a YINpPaBICHUE HA MUKPOKIMMAra B
JKHUBOTHOBBJHU CTOIIAHCTBA npeaHa3Ha4CH 3a OTIVICKAAHC Ha pPa3IM4YHU 110 BHUO U
npeaHa3Ha4CHrue AJOMallHWu JKUBOTHH. 3a aa 6’[:,[16 eHepFOe(beKTI/IBHa, Ja IIOBHIIIaBa
NPOAYKTHBHOCTTa W TOJ0OpsBa 3IpaBOCIOBHOTO WM CBhCTOSHHE, CHCTeMara TpsOBa [1a
OTroBapsi Ha CTPOTH KPHUTEPHH CHOOpa3eHH C HYXIUTE Ha J>KUBOTHUTE W LEJIUTE HA
OTIJIeKIaHETO. MHOTO BaXHO € Jla Cce MPOy4Yd OOCTOWHO BIMSHUETO BHPXY JKUBOTHUTE Ha
BCUYKH [1aPAMETPU Ha CPeJaTa, KaTo € OT 3HAUECHUE JJJIU CE OTIVIEkKAAT 32 MECO, MIISKO, LA
U T.H. 3aTOBa B TOBA M3CJICJBAHE Ca IPOYYECHH YCJIOBUATA 3a OTIVIEXKJAHE U ca pa3paboTeHU
ITOPUTMHU 32 yIPaBJICHUE Ha Hali-MacOBO OTIVIEKAAHUTE JOMAIIHH )KUBOTHU. ToBa BKIIIOYBA
K®C 3a ynpasineHue Ha MUKPOKJIMMATa B >KMBOTHOBBJHHU CTOIIAHCTBA 3a OTIVIEKIAHE Ha
JOWHU KpaBM, 3a Ipacera OTIVIeKJAaHU 3a Meco, W 3a Opoiliepu OTIJIeKAAHU 32 MECO.
Pazpaborena e u KOC 3a ynpasieHnue Ha cpejiaTa B akBallOHMYHA CHCTEMa 3a OTIVISKJaHE Ha
puba u pacrenus. [lo-nony ca pasrienanu u3dpoeHure cucteMu. B riasara e pasrienan u
HauMHA Ha WHCTaJMpaHe, KOHQUrypalus W HAcTpolKa Ha cHUcTeMara KaTo ca IOKa3aHU
OCHOBHHUTC BB3JIM U OCBIICCTBABAHCTO HA BPpB3KaTa MCKAY OTACITHUTC KOMIIOHCHTH.

6.1 Pa3padoTBaHe Ha MHTEJMIeHTHOTO ynpasienne Ha K®C 3a orriexaane Ha J0iiHH
KpaBu

6.1.1 Cneun¢uky 1 U3UCKBAHUS KbM OKOJIHATA Cpea MPH OTTIICKIAHETO Ha JOHHH KpaBU

Enun or BaxkHHWTE acnekTH Ha (DYHKIIMOHHUPAHETO Ha ChBPEMEHHUTE KUBOTHOBBIHU
depMu € OCHUTypsIBAaHETO Ha ONTHMAJIHA M 3[PAaBOCIOBHA Cpefa, KaKTO M TOBHUINABAHETO HA
NPOJYKTUBHOCTTA HA )KUBOTHHUTE Ype3 MPEIM3CH KOHTPOJ Ha MHUKPOKJIMMATA, IIOCTUTAHEe Ha
NO-HHUCKA CHEprHiiHa KOHCYMAIlUsl Ha CIPaJIMTe U ONTUMAITHH KOJIUYECTBA XpaHa, IpUeMaHa
oT kuBOTHHTE. OCHOBHO M3WCKBaHE KbM BCSKa JKUBOTHOBBJHA CTpaja € TS Ja OCUTypsiBa
HEOOXOJMMHUTE YCIIOBHS, ChOOpa3eHH ¢ (U3UOJIOTHYHUTE HYKIM HA HACTAHCHHTE B HEs
KMBOTHHU Ype3 TEXHOJOTMYHO MOJICIMPAHE Ha €CTECTBEHUTE MHKPOKIMMATHYHH (HAKTOPH U
MOCTUTAHE Ha KellaHaTa TeXHOTeHHa cpexa [64]. TpsOBa u ma ce HaONIOIaBa U KOHTPOJIHPA
Ka4yeCTBOTO Ha Bb3/lyXa U HHMBaTa Ha BpeaHU razoBe. Hopmute ca kakTo cieiBa: amoHsIk NHj
< 20mg/m® (28ppm) [65] 3a mieunu kpasu u 5mg/m® (7,2ppm) [66] 3a Tenera 1o 6 Mecena;
Bbriaepoauus auokcua CO, < 3000ppi [65], npu Hanmuwme Ha xopa < 2500ppm [67], mpu
Tenera 10 6 Mecera < 3600 mg/m® (2000ppm) [66]; meran CH4 < 500mg/m® (762ppm) [67];
BbrieposeH okcua CO < 0,005 mg/l (4,4ppm) [65]; cepoBomopon H,S < 10mg/m?® (7,2ppm)
[65]; Temneparypa > 5°C, 3a tenera > 10°C [65]. ®unu npaxosu yactuim < 3 mg/m3 [65];
ocBeTeHOCTTa crmopen msactoro > 30Ix wmmm > 50l1x Ha Msacroto Ha moene, > 100lx 3a
MaHUIyJaoHHa 3ana [65]; mym < 75 dB [65]. OntumanHuTte Temmneparypu, OTHOCUTEIHA
BJIQXKHOCT U CKOPOCTTA Ha JBMJKEHHE Ha Bh3Jyxa MoraT Ja ce BUIaT B [65]. [Ipu BucokH
TEMIepaTypu € TO-BaXHO cpeaara jga ce ympasimsBa copsmo THI, a He cmpsamo
TeMIIepaTypara.

6.1.2 CeH30pH 1 CUCTEMH 3a YIPaBIECHUE

B 3aBucumocT 0T HamM4HOTO 00OpynBaHE B KpaBedepmara, IO Bpeme Ha
I'bpBOHAYATHATAa MHCTAJIAINS HA CUCTEMaTa € Bb3MOXKHO Jia ce n3bepaT mapaMeTpuTe, KOUTo
na ce HaOmronmaBar W 3amucBar. Cucremara MoOXe Ja yIOpaBisiBa wIOpU  (Kaly3u),
[UPKYJIAUOHHU BEHTUIATOPH, BEHTUJIAIUS, OTOIUIEHHUE, TOrPsIBaHEe HA BOJATA 33 MOUJIKUTE,
IPBCKAuKK U OCBETJIEHUE. B 3aBUCMMOCT OT THIIa Ha cucTeMara 3a KOHTpoJl Ha cpenata, KOC
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UMa BB3MOXKHOCT Jia s yNpaBiisiBa AUPEKTHO, WIM B CIydaid, 4e cUcTeMaTa MMa COOCTBEH
koHTpoiiep, KOC moxe na 3aiaze 1eneBu KOHTPOIHU CTOMHOCTU (Upe3 KOMYHHUKAILIMS 4pe3
Pa3IUYHU IPOTOKOJIM) WIK CaMo J1a sl BKJIFOUBA U M3KJIKOYBA 3a ONPEJEIEHO BpEME, KOraro €
HeoOxoauMo. Bb3 ocHOBa Ha HactosmuTe u3cienBaHus U npoyusanus B KOC ca 3ananenu
CTOMHOCTH MO ToApa3z0HpaHe 3a MapaMeTpuTe, KOUTO TpsAOBa Ja ce mojabpxkar. Cropen
KOHKPETHUTE HYXIH, IapaMEeTpUTE MOraT Ja C€ MPOMEHAT, KaKTO IIPU IIbpPBOHAYaJIHATA
uHcTananus Ha KOC, Taka u BIOCIEACTBUE 32 HAATPAXKIaHE U ONTUMHU3UPAHE HA CUCTEMATA.
VYupasnennero Ha KOC B3uma npenBui NpUOPUTU3UPAHETO HA KOHKPETHU JAEUCTBUS, KOUTO
TpsiOBa Ja ObJAT MPEANpPHETH, 32 J1a C€ OCUTYpH O€30MaceH M ONTHMAaJeH MHKPOKIMMAT B
KpaBedepmara. PazpaboTeHus alropuTbM Ce ChbCTOM OT JBE YacTH, KaTO ITbpBaTa ce OTHACSH
3a aBapHEH PEXUM.

6.1.3 AnroputbMm 3a ynpasinenue Ha KOC 3a KOHTpOJ Ha MUKpOKJIMMaTa B KpaBedepma npu
aBapueH PEKUM

Pa3pabotenuss anropuTbM cieau 3a NPEBHUILIABAHE HA MAaKCUMAJIHO JOIYCTUMUTE
CTOWHOCTH Ha BpenHuTe rasose, |HI wim nanane Ha Temneparypara nox MuHuMainHarta. [Ipu
YCTaHOBSIBAHE Ha TaKbB Cllydail, ce MpealpueMa MNpoMsiHAa B IOJIOXKEHUETO Ha IIOPUTE,
CbhCTOSIHUETO Ha BEHTUJIALMATA U OTOIUIEHMETO, KaTO BbB BCEKHU Cllyyall cucTeMaTa u3lparia
ChOOILIEHHE J0 OllepaTopa chC CTOMHOCTTA MPEBUILNIIA.

6.1.4 AnroputbMm 3a ynpasinenue Ha KOC 3a KOHTpOJ Ha MUKpOKJIMMaTa B KpaBedepma npu
HOPMAJICH PEXUM

AnropuTbMa € MoKa3aH Ha ¢urypa 6.2, KaTo MpH MPEeBUIIaBaHE HA JaJIeHa CTOMHOCT
HaJ HOpMaTa IPEMHUHABA B aBapUEH PEXHM.

OT aBapueH
pekim

Nposepka NH3, ppm Kem aBapueH Kem asapueH
pesmm peHmMM
Beutunauws = Z +10%, o
cobBiljeHre "BHCOKa Liopn = 100%,
Ako 15 < NH3 < 26 Lnpiynauus = X%,
KOHUEHTPEUMA Ha XoHOAF) SAF 2.3
NH3 - __ppm” i) 92 -~
Ako NH3 < 15 BerTwnauws = 100%, ——){ Taiimep t4 4
Mpsckauki = ON, —_—
Mposepka THI cuobueHite “Bucok
THI-..."
¥ Axo THI > 90
Mposepia COZ, ppm KM, asapuen Ako 80 < THI < 90 Wiop# = 100%,
Padum Lupkynauus = X%,
Ako > 2500 @ 7 e10% Ako 72< THI < 80—  X=f(SAF) SAF 1-1,2 —»{ Taiimep t5
T o |
Ako 1750 < CO2 < 2500 i Ako 66 < THI <72 —— Mpckaykn = ON,
KOHUGHTPALMA Ha
Aka < 1750 Bl Ako THI <66 —
Liopk = 100%,
Linprynauus = X%, —»{ - oy
> X=f(SAF) SAF 0,5-0,7 . Taiimep 16
¢ Benmnauws = 0%,
Mposepka CO, ppm s, amapuay
pexvm
o=l Bewunauus = Z +10%,
cwobuweHne "Brcoka L
Ako3<CO <44 KOHUEHTRALMA Ha — Kum asapuen
- " UM
Ako <3 EYarfm B
Lopu = 0%,
Liupkynaums = X%,
X=f(SAF), SAF 0,2-0,3
¢ Mposepxa BeHTunauma = 0%, ~
Mposepka H2S, ppm Kem asapuen e HE eI Oronnesine = ON, —;{ Taimep 17 1
pexvM Moarpseare Ha
Bona = ON, chobuieHve
BeHTunauyua = Z +10%, "Hucka Temnepartypa
- -15<tin<+5 e
P p——— cvobuenme "Brcoka | tin-..°C
KOHUGHTPALMS Ha
H2S - ....ppm" +5 < tin < +10
Ako <5
tin > +10 LWopu = 20%,
Linprynauus = X%, 4'{ - L
X=H{SAF), SAF 0,2-0,3 | I | 7
I BerTunaupn = 0%
Ksm aBapueH
Mposepra CH4, ppm
posep s pexam
Ako >700 Berunauus = Z +10%, n LWopn = 50%)@ R
cbobLueHne "Brcoka MPRYTEIRE = 25, Taimep 9 —
ake 200 < CH4 < 700 KOHUBHTRALMA Ha X=f(SAF}, SAF 0,2-0,3 -
5 BeHTunauws = 0%
CH4 - ....ppm!
ako <200 —l

3a JOMHU KpaBU IIPU HOPMAJIEH PEXHM.
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6.1.5 IlpoBenenu Tecrose Ha KOC 3a ynpaieHrne Ha MUKPOKIMMaTa B KpaBedepma

Bb3 ocHOBa Ha mpeUIoKeHUTE anroputMu Oermre pazpadorer nmporotun Ha KOC. 3a
CHpBBp Oellle M3MOJI3BaH €IHOIUIATKOB KoMIoThp Raspberry Pl 4, uznon3saiiku OpenHAB
CBPBBP C OTBOPEH KOJI. Upe3 koHpuUTypanuss Ha TEKCTOBH (halioBe Ce ONMUCBaT
BPB3KUTE KbM CEH30pUTE, YIPABIISIBALIUTE yCTPOICTBA, ITpaBUjaTa 3a aBTOMaTHU3alus U JIp.
CeH30pH OT BCUYKHU OIUCAHM MO-TOpEe TUIIOBE OsiXxa CBHP3aHU KbM CHCTEMara ¢ IIOMOIITa Ha
nporokoin Modbus 1 MQTT, 3a na ce TecTBa ChbBMECTHMOCTTa M BB3MOXKHHU HpOOJIeMH B
KoMyHuKanuure. [lokasaHusTa oT ceH3opuTe Osixa M3MOJ3BaHU 3a ChOMpaHE HA JaHHU U
HaOmoseHue Ha rpaduku. bsxa wu3moN3BaHM, UMUTHpALIM YCTPOMCTBa, MOJOOHM Ha
UCTUHCKUTE KOUTO TpsAOBa Ja ce ynpaBisiBaT B pealiHa cpela BbB (hepma 3a MIIEYHU KpaBH.
KbM cuctemara 6sixa cBbp3aHu €JIEKTpUUECKH Harpesaren, BeHtunatop ¢ [LHIMM ynpasnenue,
BEHTUJIATOP C BB3MOXKHOCT 32 BKJIIOYBAaHE W M3KIIOYBAHE, OOMKHOBEHM U TUMHUPYEMHU (C
[IMM) LED namnu m Majka mopa, 3aJIBMbKBaHa OT IMOCTOSSHHOTOKOB aBuraren. Korato ce
U3UCKBAIIIC OT TECTOBETE, Oelle U3MOI3BaH CUMYJIHpaH ceH3opeH Bxoj nmpe3 MQTT Brocker,
HallpuMep 3a CHUMYJIMpPAHE Ha BUCOKAa KOHIIEHTPALMs Ha BPEAHM XHMMHYECKH Ta30BE B
cucreMara.

TecTBaHHMsT CBPBBpP JO0Ka3a, Y€ MOXKE Ja CE€ CIpaBd C HAaTOBApBAHETO OT
aBTOMAaTH3UpPaHE HA MAJIKU JI0 CPETHO TOJIEMH KUBOTHOBBIHH (epMu. 3a rojgeMute pepMu ¢
rojsiM Opoil CeH30pH, M3MBIHUTEIIHA MEXaHU3MH U JPYro oOOpyJBaHE 3a aBTOMATHU3AIUS
TpsiOBa /a ce M3MOoJI3Ba MO-MOIIEH MEePCOHANIEH KOMIIOTHP 3a ChpBBP. bsixa cumynupanu u
TECTBAHU DPA3JMYHU CLEHApUM 3a aBTOMATHU3alMsA KOUTO MOraT Ja Bb3HUKHAT B peajHa
JKUBOTHOBBAHA (epMa, NPUIOKUMHU KaKTO KbM TrolieMd (epMd 3a HHTEH3UBHO
KUBOTHOBBJICTBO, TaKa U 3a MAJIKU CEMEIHU QepMHu.

[Topagu HeBB3MOXHOCTTAa paboTaTa Ha CHCTeMara Ja Cce IpPOBepH B peaiHa
00cTaHOBKa 0siXxa W3BBPIIECHU CICAHUTE TECTOBE. 3a mpobdara Oelie M3MOJ3BaHA CIATHS B
arapTaMeHT, KOMTO HMa pPEKyNEepaluoOHEH MOJYJ, BKapBall 4YUCT BB3AyX B CTadTa.
Pexymieparopa Gemie cBbp3aH KbM CHCTEMATa Ype3 pelie, Taka ue TS J1a MOXKe J1a TO BKIIFOYBA U
u3kmouBa. Cucremara Oemie HacTpoeHa na moaabpxka HUBOTO Ha COz mox 2000ppm.
Cucremara ycrs aa nmoanbpka HuBoto Ha CO; B criamHsATa MO MPEABAPUTEITHO 3aj1a/IeHaTa
CTOWHOCT, B TIPOAB/DKCHHAE HAa HIKOJIKO JHH JIOKATO Tpaexa TECTOBETE, IOKATO HAMHUPAIIUTE
ce B ctaara xopa m3auiBaxa CO; ¥ KOHIIEHTpAIKATa My B CTasiTa ce MOBUIIIABAIIIE.

KontponbT Ha Temmeparypara Oelie TeCTBaH B IIpa3Ha, HE J00pe M30JMpaHa CTasi C
IIPO30PLH C FOKHO M3JI0KEHHE, YpE3 YIPABICHUE HA €JIEKTPUUECKH HAarpeBaTell U BEHTHIIATOP
KOMTO M3CMYKBa Bb3/yXa OT CTasiTa, KaTo [0 TO3M HaYMH B HESl HABJIM3a CBEX Bb3AYyX OT BBH.
B Tto3m Tect cucremara ycns Ja MNOAABp)KA YCHEIIHO CTailHaTa TeMIeparypa B
npeaBapuTenHo 3amaneHus auanazoH (mexay 18°C u 20°C), BBIOpEKH JOMPUHACSIIUTE
(dakTopu KaTO MPOMEHJIMBY BHHIIHU TEMIEPATypa U JTOMBIHUTEIHO OTOIUIEHHE OT CITbHLIETO
IIpe3 MPO30PLUTE C F0KHO U3JI0KEHHUE B HAKOU YaCTH Ha JICHS.

3a na TecTBaMe peakUusATa Ha alropurbMa B aBapuiiHa CHUTyauus (BHCOKa
KOHIIGHTPALUsl HAa BPeITHU XMMUYECKH Ta30BE B 000pa), CUMYJIMpaxMe BXOJHH CTOMHOCTH Ha
CEH30pa M3BBH NPEABAPUTEIHO 3a/1aJCHUTE O€30MacHU T'PaHUIM 33 PA3TUYHUTE CEH30pH -
NHs;, CO,, CH4, H,S, CO ¢ momomra Ha MQTT Broker. Cucremara Bceku mbT pearuparie
CBHOTBETHO, Ype3 HACTPOIBaHEe Ha BEHTWJIAMATA M Ha LUPKYJIAIMOHHUTE BEHTUJIATOpU (B
ciydast Ha 2 Oposi TECTOBM BEHTWJIATOPA) HA MAaKCHMaJlHAa MOIIHOCT, OTBapsIle HAI'BIHO
3aBecute (1 Opoil enekTpuyecka mopa) 1 He3abaBHO WH(pOPMHUpAIIIE ONepaTopa 3a aBapHiitHa
CUTYyallMs, KaTo M3Mpallaiie UMes choOILIeHHe ChC KOHIEHTpalMATa Ha ChOTBETHHS Tas.
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[TogoGen Tect Oerie M3BBPILICH 32 HUBOTO HAa (PMHU MPaXOBH YAaCTUIIM C pa3MepH 10 2.5um u
10 10 pm (@MY, 5 u @IIY30). 3a ma ce m3mpobOBa cucTeMaTa HUBOTO 33 MPEIYMPEKICHUE
Oellre HaMaJIeHO KaTo MPHU OTYMTAHE HA HUBO HAJI 33J]a/ICHOTO CUCTEMATa U3MPATH ChOOIICHUE
ChC CTOMHOCTTA.

6.2 PazpaboTBaHe Ha MHTEJUIeHTHOTO ynpasJjeHue Ha K®C 3a oTriexnane Ha cBUHe
6.2.1 Cneun¢uky 1 U3UCKBaHUS KbM OKOJIHATA CPeJa MPH OTTIICKIAHETO Ha CBUHE

[Tpu oTrnexxnaHe Ha CBUHE € HEOOXOAMMO CTPOrOTO ChOIII0IaBaHe HA MTapaMeTpHUTE Ha
OKOJIHATa Cpeia KaTo TeMIeparypa, OTHOCHTEeNHA BiakHOCT RH, ckopocT Ha aBMkeHHE Ha
Bb3/IyXa, KakTo M KoHIeHTpauusTa Ha amoHsk NHs, cepoBomopon H,S u Bbriaepoaen
muokena  CO,. CepoBojopora  MOXKE Ja IPUYUMHU CaMOCTOSITENIHO PECHUpPATOPHU
3a00NsBaHMsI, a JOPM M IPU MHOTO HHCKAa KOHIEHTpamMs cliomMara 3a oTciaOBaHe Ha
UMYHHAaTa CHUCTEMa Ha IpaceTara IpH KOETO TO-JIECHO ce pa3doisiBaT OT BUPYCHHU
3abossBanus tuin A (IAV - Influenza A virus) manpumep [68]. TIpacerarta ce oTriexaar npu
pa3JIMYHM YCIOBHS B 3aBUCHMOCT OT Bb3PacTTa UM U IpeHa3HaYeHUETo uM. Te ce pazuensT
Ha 14 kareropuu [65]. He TpsiOBa 1a ce A0mycka BHCOKA KOHIICHTPAIMS HA TOKCHYHH ra30Be
KakTo ciensa: amoHsk NHs < Sppm, Bwriepogen muokcua CO, < 2500ppm [65], a 3a
cepoBoziopoaa HyS cropen HSKOM M3TOYHHMIM € JIOMYCTHMa KOHICHTpAlMs O Sppm WiH
nopu g0 10ppm [69], a ciopen Apyru He TpssOBa 1a ce qomycka Bpooie [65]. OtHocuTenHaTa
BII&XXHOCT criopes [65] e cpaBHUTETHO BHCOKA, 3aTOBA B TOIUIUTE JHU 3a OXJIAXKIaHE MOXKE J1a
CE M3IOJI3BAT CHCTEMH 3a OXJIaXKJIaHe ¢ Mpbckadku. CKOpPOCTTa Ha JBIDKEHHE Ha BB3IyXa,
(GUHHTE TPAXOBU YACTUIM, OKOJIHHUS IIYM M OCBETEHOCTTA CHIO MOTaT Jla c€ MPOBEPSAT B
ChOTBETHHTE Hapeaou [65].

6.2.2 CeH30pH U CUCTEMH 3a yIPABIICHUE

[Tpennoxxenara KOC wnma BB3MOXKHOCT 3a I'bPBOHAYAJICH M IOCIenBall H300p
OTHOCHO HQJIMYHUTE CUCTEMH 3a YIPaBJICHHE, KAKTO U HAa HAJIMYHUTE CEH30PH 3a U3MEPBaHE
Ha HEOOXOAMMUTE MapaMeTpH, KaTo € Bb3MOXKHO MOCIEABAII0 Pa3lINpEeHHe ¢ HOBU CUCTEMHU
u cenzopu. CeHzopuTe Morar Ja ObAar 3a BbTpElLIHa TeMIepaTypa, OTHOCUTEIHA BIaXKHOCT B
MIOMEILEHUETO, BRHIIIHA TeMIeparypa, aMoHsk NHj, Beraepoaen nuokcun CO2, cepoBOIOpOLT
H>S, ¢dunM npaxoBu yacTHIM, CKOPOCT Ha JBI)KEHHE Ha Bb3ayxa SAF M ocBeTeHoCT, Karo
OBPBUTE JBa ca 3aIbDKUTENHU. CHCTEMUTE KOUTO MOXKE Ja YIpaBisBa ca >Kaly3H,
BEHTWJIALIMS 32 CBEX BB3AYyX, OTOIJICHHE, OXJaKJaHe (KIMMaTU4YHA CUCTEMA), IPBCKAYKU 32
OXJIAXKJJaHE M KOHTPOJI Ha BIAXKHOCTTA, MPBCKAYKU 32 YMOKPSIHE/pa3KUCBaHE U Ae3MHPEKINs,
3aJeficTBaHe Ha JIe3MH(EKTAaHT U OCBETJICHHWE, KaTO MbpPBUTE TPHU Ca 3aJbDKUTEIHH 32
paboTaTa Ha cucremara.

Bcuuku croitHOCTH 3a TEMIICPATYypPa, BJIA)KHOCT, CKOPOCT Ha ABUKCHUC HA BB3AYyXa,
MAaKCUMAJIHO AONYCTHUMHU KOHHICHTPALMKM HA BPCAHHW Ta30BC MOrar na €€ HNPOMCHAT II0
YCMOTPCHHUE HA TCXHOJIOIa B 3aBUCUMOCT OT IOpOoAaTa U CCICKIUATA Ha CBUHCTC. OcBeH ToBa
Morar aa ¢ Cb3aaBaT AOIBIHUTCIIHU KaTCrOPHUU U3BBH ITOCOUYCHUTC 14 6p0$[, B KOHUTO Ja CC
HACTPOAT MapaMCTPU MOAXOAANIN 3a OTIIICKAAHE Ha ITPACCTa OT pa3JIMYHU KAaTCropruu B €IHO
nomemnieHue. Taka Morar Ja ce€ MOJ3BaT T'OTOBU HaCTpOﬁKH 0e3 Ja € HCOGXOZ{I/IMO Ja C¢€
IMPOMEH BCCKHU MMapaMeThp IO OTACIHO.

6.2.3 AnroputbM 3a ynpasinerue Ha KOC 3a KOHTpos Ha MUKPOKJIMMATa B CBUHE(hepMa
IIpaceraTa ce OTrieXIaT B pa3IMYHU IIOMEIIECHHUS, CHOPSIMO KaTEropusira B KOSTO

nomnaagar. Hpe;u/l BCAKO BBBCKIAHC HA XMUBOTHH B AAaJCHO IOMCIHICHUC, 3aABJIZKUTCIIHO CC
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U3BBPIIBA PHYHO MMOYKCTBAHE M Ae3uH(eKnusA. YCIoBHO aqropurbMa (Purypa 6.5) Moxe aa
ObJIe pa3ziesicH Ha JIBE.

W36op Ha
nomeLlleHue

M360p Ha Kareropws TaWMep t1' n'prOHa"laﬂHa npoeepka Ha I'Ipl/u'laraHe Ha
Bposy Ha axm Temnepatypara tin,°C, 3a ——>» HaCTPOIKM 33 —_

Karteropusi 1 - 6 v3bpaHaTa KaTeropua u3bpaHaTa KaTeropus

Kareropus 2 7

[esuHchekuna OTtonnenue - OFF, OTtonnexue - OFF,
OxnaxgaHe - OFF, Talimep t2, OxnaxaaHe - OFF,
Bentunauwms - OFF, Benrtunaums - ON,
Mpbekavkn 2 - ON Mpbckavku 2 - OFF

Tarimep t5,
MuryTn

Otonnexune - OFF, Otonnenwue - OFF, P1YHO NoYNCTBaHE U MUEHE
Oxnaxnanre - OFF, OxnaxpaHe - OFF, Ha NomeLLeHuaTa, cnej "
BeHTunauma - ON, TMMHGF;:" BeHTunayms - ON, KOBTO ce HaTucka ByToH 3a T?\m":’if’
Mpbekaykm 2 - OFF, Y Mpbokadku 2 - ON, 3apeiicTBaHe Ha Y
NesnHcperuus - OFF HesuHdekums - ON neanHgekyusaTa
/ Taiimep 16, )1
v \_ MuHyTH /<€

Mpoepka
NHgprOgy H2S ManpawjaHe Ha cboblleHue Wanyau-100% wnu SQ% - f(tout), YBenuqaBaHe Ha
Axo NH325 RNEETIECREIICH SEIENTE] | senTunauvaTa fo SAF=f(tin) 150 - 200% 3a choTseTHaTa
K?;0222_5§5 o XXX - YYYppm" kbaeTo XXX e kaTeropusi, OTonnenne/OxnaxaaHe - NoAbpKaHe Ha
BT R NH3 unn CO2 nnn H28 Temnepatypara, MNpbckadkn1 - OFF, Mpuokaduku?2 - OFF
wnn H2S=5ppm

Ako NH323 5ppm ManpawyaHe Ha cboblueHue Wanyau-100% unu 50% - f(tout), YeenuuasaHe Ha
unu C0O221750ppm "Bucoka KoHLEeHTpaums Ha XXX - BeHTUNauusaTa o SAF=f(tin) 120 - 150% 3aa ckoTBETHATA
nnu H2S23,5ppm YYYppm" kbgeto XXX e kaTeropus, OtonneHne/OxnaxaaHe - nogbpxaHe Ha
NH3 unu CO2 unn H28 Temnepatypara, [pbckaqkul - OFF, Mpbekadku? - OFF

Axo NH3<5ppm
1 CO2<2500ppm

| Mposepka aa pruen CTOM
1 H2S<5ppm | poep P
HE
| oA
lMNpoeepka Taimep 1 [MpemMWHK KbM cneggeawiara
Ako Taiimep 1 > oT BpeMeTo KaTeropus. Ako ce 4oCTUrHe Kanyau - 0%, BeHTunaums -SAF=
Ha Tekyllla kaTeropus Ao kateropus 7 - Gea 50% cnpsMo kaTeropusaTa, QTonnexue -
Ako Taiimep 1 < oT BpeMeTo npomsHa max, Mpbckadkal - ON

Ha Tekyllla kaTeropus

Tanmep 17,
MuHyTU

¥anyan - 0%, BeHTunauus -SAF=
MpoBepka oTHoCKUTENHA 50% cnpsmo kaTeropwsaTta, OTonneHue -
enaxHoct RH max, Mpkekadkal - OFF
Wanpatn AR IR < () Gl AKanyau - 0%, BeHtunauwms - SAF
cbobleHne Ako RH > RH min —» CApAMO KaTeropuaTa, Otonnetue -
"Hucka perynupaHo, lNpbckaukal - ON Taiimep 18
TEMMepaTypa ’
Yyypogp Hanyaw - 0%, BeHtnnauna - SAF A
[NpoBepKa OTHOCUTENHE cnpamMo kateropusita, Otonnexnes -
Mposepka BnaxHocT RH perynuparo, Npbekaykal - OFF
Temnepartypa tin )
paryp Ako RH < RH min }— XKanyan - X%, X=f(tout), BeHtunaums -

| Ako tin <t min SAF cnpsmo kateropusta, OTonneHue -

Ako RH > RH min OFF, Oxnaxgane - OFF, Mpbckaukn1 - ON

Ako t min < tin < t opt

- X9 = -
Ako topt <tin <tmax — > [poBepka OTHOCUTeNHa Sﬁ?:“gﬁnm);ﬁ’ai(e:go: gt)r’aB%HTTOMnTeiZZ R
enaxHoct RH p P i

Taimep 19,
MuHyTH

| Ako tmax <tin OFF, OxnaxpgaHe - perynupaHo,
Ako RH < RH max Mpbekadknl - OFF
Ako RH > RH max }* Kanyaun-100%, Bentunaumna - SAF=f(tin)

Wanpath 100 - 150% cnpsimo
NereHpa: e peHme rareropusTta, Otonnenue - OFF,
PKanyau - 100% - . Mposepka oTHocHTenHa OxnaxkaaHe - ON, Mpbekadki1 - ON
HarsnHo 0TBOpEHN Bucoka BnaxHocT RH Tanmep 10,
Temneparypa MuHyTH
DKanyau - 0% - YYY oC" Ako RH < RH max Xanyan-100%, BenTtunauus - SAF Y
cnpsamMo kateropuata, Otonnexue - OFF,
HanbnHo saTsopeHy [ Ako RH > RH max Oxnaxaare - ON, Mpbekadkul - OFF

@urypa 6.5 AnropursM 3a ynpasneHue Ha KOC 3a KOHTpOI Ha MUKPOKJIMMATa B
cBuHe(depma.

B mepBara yacT ce u3BbpIIBAT HAYAITHUTE HACTPOWKHU U CE€ U3MBJIHABA IIUKBJIA 3a TIOYNCTBAHE
1 ne3uHpeKIus Korato € n3bpan. BpB BTOpara yac ce u3BBHpIIBa aBTOHOMHOTO TOAIbPIKaHE
Ha cpefaTa JOKaTo He Ce MPOMEHU KaTeropusATa Ha IpaceTrara WIHM IUKbIa He Oble CIpsH
PBYHO.

6.2.4 Tlpoeaenu tecroBe Ha KOC 3a ympaBieHne Ha MUKpOKIIMMaTa B CBHHEGepMa

bsixa mpoBeneHn TecTOBE ¢ M3rpajeHa OMHWTHA MOCTAaHOBKA B JIa0OpaTopusi, KaTto 3a
nenta 6emre usrpagaesa KOC BkirouBaia 9actT OT BCHYKUA BB3MOXXHU KOMIIOHEHTH U30pPOCHH
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mo rope, a umenHo Raspbery Pi4 karto cbpBBp, CEH30pH 3a TeMmIeparypa W BIaKHOCT
AM2302 B mnomemieHuero u 0oTBBH, ceHzop 3a CO,; — SCD30. Cucremara umaiie Ha
Pa3MoJIOKEHUE 32 YIPABJICHHE EJIEKTPUUYECKH HarpeBaTes, PEeKyIlepaTop 3a CBEX BbB3IYX
KOUTO U3IBJIHSBA POJISITA HA BEHTHJIALIMS, U POJIETHA 1I0pa (BMECTO >KaJIy3U) KOSITO MOXE Ja
Ce TO3WIMOHMpA B pA3IMYHO ToJoKeHue. TecroBere Osxa HaMpaBeHW TPU BHHITHA
TEeMIIepaTypa Mo-HUCKa C OKOJo 15 rpamyca OT 3aaficHUTe CTOMHOCTH KOUTO TpsiOBa Ja ce
NOabpKAT @ UMEHHO 3a Kareropust 5 — 20/23/25°C, xato Taiimepa 3a kareropusra Oere
HaMaJieH OT 7 JHU Ha 7 4Jaca 3a LenuTe Ha usciensaHeTo. [Ipu 3amaBaHe Ha Karteropusara u
CTapTUpaHE Ha CUCTeMara, TeMIeparypara B jaboparopusira oeme 18°C. Cucremara usnpatu
ChOOIIEHNE 110 UMENJT 32 HUCKA TeMIlepaTypa, MO3ULMOHUPa IIopaTa B 3aTBOPEHO ChCTOSHUE,
CTapTHpa OTOIUICHUETO M BKIIOUM PEKylepaTropa, KaTo MpU JOCTUTaHE HAa MUHUMAaHaTa
temriepatypa ot 20°C Hamanu MOIIHOCTTa Ha HarpeBatens Ha 50% upe3 u3non3BaHe Ha
[INM. Ilpu gocturnara ontumainHa temieparypa oT 23°C cuctemaTa U3KIOYH HarpeBarTess.
Temneparypara cnanna a0 22,4°C npu koeto HarpeBaTesns nak ce Bkiatoun Ha 50%. Cnen 15
MUHYTH B TIOMEUICHHETO Oelle BKJIIOYEH BTOPU HArpeBaTell, KOMTO HE € CBBbpP3aH ChC
cucTemara, 3a Jla cuMmyiupa 3aTtorvisHe. Ciea KaTo TemieparypaTa NpeMuHa ONTHMalHaTa
cbe 3amaneHa crbnka ot 0,2°C a umenno 23,2°C, mopara ce otBopu Ha 30%.Koraro
Temneparypara gocturHa 24°C, BTOpusAT HarpeBaten Oelle W3KIIOUEH W TeMIleparypara
3aroyvHa Jia cnajaa. 3a mo Obp30 oxyaxaaHe Oelle OTBOPEH MPO30pel], KaTo TeMIeparypara
3aroyvHa Ja craja mno 0bp30. MexayBpeMeHHO crucTeMaTa Oellle MpeMHHala OT KaTeropus 5
Ha kareropus 6. Ilpu nocturane Ha 19.8°C cucremara 3atBopu poJieTHata uiopa. Torasa
Oellle 3aTBOpPEH U MPO30pela 3a Ja ce CIpe MHTEH3WBHOTO oxyaxaaHne. [Ipu mocturane Ha
19.4°C, cucremara OTHOBO BKJIIOUM HarpeBaTessl.

beme u3BbpIlIeH U TECT 3a aBapuiiHa CUTyalus ¢ BUcOKa KoHueHTpauus Ha CO;. 3a
HenTa MakcuMaiHata cToiHocT Oeme HamaneHa ot 2500ppm Ha 1000ppm. Pexymneparopa
Oelie 3aMEHEH OT BEHTUJIATOP Ha KOMTO MOKeM Jia ynpasisBaMme obopotute. beie 3ananena
KaTeropusi 5, KaTo Harpemareis MOANbpXKAlle 3a/JaZieHaTa TeMIepaTypa, Iopara Oere
3aTBOpeHa, a BeHTwiaropa ce Bbpreme ¢ 1200prm. [Ipu nocrurane na CO, Hax 1000ppm,
o0opoTuTe Ha BeHTHWJaTopa ce moummuxa a0 2500rpm, mopara ce otBopu Ha 100% u
cucTeMaTa M3IpaTH UMein 3a Bucoka koHueHTpanus Ha COz. 3a 1a OCTUTHEM MOHMKaBaHe
Ha KoHueHTpauusata CO,, KakTO M Ha TemIeparypara Oemie OTBOpeH mpo3zoper. Jlokato
Tedelle HUKbJIa Ha IPOBETPsIBaHEe, TEMIIepaTypaTa ce MOHMKH, [10Jl MUHUMAJIHATa, IPH KOETO
njopata ce 3aTBopu Ha 50%, a HarpeBaTels ce BKIOYH Ha MaKCUMaJlHa CTOWHOCT.

6.3 PaspabGorBaHe Ha HHTEeJIMIeHTHOTO YymnpapiieHue Ha K®C 3a orriexkaaHe Ha
Opoiiepu

6.3.1 Creunduku 1 U3UCKBaHUS KbM OKOJIHATA Cpejia MpU OTTIIeKIaHETO Ha Opoiiiepu

Otrnexnanero Ha Opoijepu H3HCKBAa IOBEYE KOHTPOJ BBPXY OKOJHATAa cpena,
OTKOJIKOTO OTIJIEKJAHETO Ha JIPYrM MECOAaiHU KMBOTHHM KaTO KpaBU WM OBIIE, HAIIpUMEp.
Bedko OTKiIOHEHHE OT ONTHMAIHMTE MapaMeTpu YBelIHYaBa CMBPTHOCTTA, OCOOEHO B
'BPBHUTE THU HA OpYJHMHTa, a B TIOCJIEICTBIE HaMaIsiBa Mpo yKTuBHOCTTA [ 70].

[Tpu otrnexxgane Ha Opoiliepu cucTemara 3a KOHTPOJ TPsOBa Ja Clequ MapameTpu
KaTro TemIepaTypa, OTHOocuTeldHa BiaxxHocT RH, ckopoct Ha aBmkeHue Ha Bb3ayxa SAF,
TuQepeHIIMaTIHO HalsraHe Ap M KOHIIGHTpAIlMK Ha BPEIHH Ta3oBe karo amoHsk NHjz [71],
BbriepoaeH auokcua CO,, BbriepoaeH okcung CO u cepoomopon H,S [65,70]. IIpaxbr u
MHUKpPOOHOTO 3amMbpcsiBaHe CbhIIO TpsiOBa nga ce HaOmomaBar [70]. Baxuu dakropu ca
WHTEH3UTETHT W MPOABDKUTETHOCTTA HA OCBETIIEHHETO B MOMEIICHUSATA U HUBOTO HA IIIyM
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[65,72,73,74]. HenpaBuiaHata OCBETEHOCT MOXE Ja JOBEAE 10 KaHHOAIM3bM, ymMopa Ha
nujIeTara, pa3jIndHu 3a00JsIBaHUS U 10pU CMBPT [ 75,76,77]. Hakou aBTopu npenopruBar 16
yaca cBemiMHAa M 8 yaca TbMHHUHA [78,79], mokaro apyru cbhoOIIaBaT 3a IO-BUCOKA
NPOJYKTUBHOCT C pelyBaHE Ha MO-KpaTKU cBeTin ¥ ThMHU nepuou [80,81,82]. Chiro Taka e
Ba)XHO J1a ce O0TOCNEkKH, ye Hali-BaXKHUAT MapaMeThp, KOMTO ornpeaesns 30HaTta Ha KoM(popT Ha
nuierara, € ycemanarta temmneparypa [70,83,84,85]. Uecto e pa3znuuHa OT TemmepaTypaTa Ha
Bb3JyXxa B IIOMEUICHUATA W 3aBHCH OT MHOro (akrtopu: TeMmmepaTypa Ha BbB3AYyXa,
TEMIIepaTypa Ha Mo/ia B OMEIIEHUETO, OTHOCHTENHA BIaXHOCT RH, ckopocT Ha Bb3MyLIHHS
notok SAF, BB3pact um omnepenue Ha mnuierata. Korato Ttemmeparypara Ha Bb3AyXa,
BJIQXKHOCTTa M CKOPOCTTa Ha BATHpPa Ca B JOMYCTHMMH TPAHMIM, yCETE€HATa TemIleparypa
CHOTBETCTBA HA TeMIlepaTypaTa B momMenieHusTa. [Ipu mo-Bucoku temmeparypu, 3a Ja He ce
U3JIM3a OT 30HaTa Ha KOMQOPT, TpsOBa J1a Ce YBEIMYM CKOPOCTTAa Ha JIBIDKCHHE Ha Bh3JlyXa B
nomerienueto [70]. C mpemnoxeHUTEe METOIM ycCellaHaTa TeMmIeparypa MoXe jaa Obje
W3YKCIICHA M M3IMOJI3BaHAa 3a pabota Ha cucremara. Korato TtemmepaTypHaTa 30Ha ce
NO/UIbPKA TPABHIIHO, CHEPrHHHUAT M3IHUIIBK OT XPaHEHETO C€ W3IO0JI3Ba 3a pacTex H
Ha/IJJTaBaHe Ha TEIJIO, a HE 3a OCHTypsiIBAaHE Ha TeMiepaTypeH komdopt Ha Opoiuiepa. Tasu
30Ha Ce OIpEe/IeIis OT yCellaHaTa TeMIeparypa.

3a nma paboTH cucTeMaTa MpPaBUIHO, CEH30pUTE 3a BBTPEIIHA TeMmmeparypa tj,
BBTpPEIIHA OTHOCUTENHA BiaxHocT RH, ckopocTra Ha aBmxeHue Ha Bb3ayxa SAF, amoHsAk
NHs, Berieponen nuokcua CO,, Beraeponen okcua CO, cepoBogopoa HoS u hunu npaxosu
JacTUIM TpsAOBa Ja ca MOHTHUPAHU B JKM3HEHATa 30Ha Ha MWiIeTara, Koeto 3Hauu g0 20
CaHTUMeETpa OT nojaa. M3kiroueHue mpaBsAT AATYMLKATE 32 U3MEPBAHE HA TEMIlEpaTypa IOJ
IIOKpUBA Ha crpajara tj,, KaKTO M TE3H 3a BBHIIHA TEMIIEpaTypa to, BBHIIHA OTHOCHUTEIIHA
BIaXKHOCT RHoyt 1 Tudepennnanto Hansrane Ap.

6.3.2 Bunose BeHTUalMs B ITHLIehepMa

Benrtunanuonnara cuctema TpsioBa Ja ChIbprKa ONpe/esieH Opoil BEHTUIIATOPU KOUTO
M3CMYKBAT Bb3/yXa OT BBTPELIHOCTTA Ha Crpajara, MpH KOETO CBEXHUS BB3IbX MOCTHIIBA
Ipe3 MHOXECTBO Pa3NpelesIeHN KU C PEryJupyeMo OTBapsiHE WU Ype3 TOJIEMU TYHETHHU
OTBOPM B €AMHMSI Kpall Ha crpajgara. MoraT ga ce 000coOAT Tpu THUIA BEHTUJIALMS:
MHUHUMAJIHA BEHTHIIANKS, TIPEX0/IHA BEHTUIIANUS U TyHenHa BeHTaaus [70].

6.3.3 CeH30pu 1 CUCTEMH 32 YIpaBJICHHE

Heobxonumo € ja ce cieadT BBTpELIHAa TeMIlepaTypa Ha HHUBOTO Ha IMJIETara,
BBTpPEIIHA TEMIIEpaTypa /10 TaBaHa, OTHOCHUTEIHA BJIAKHOCT B IMOMEIIEHHETO, OTHOCUTEIIHA
BJIQKHOCT OT BBH, BBHIIHA Temmeparypa, aMoHsk NHs, Bbraepoaen amokcug COo,
BBIIepoieH okcua CO, cepoBomopoa HpS, puHM mpaxoBu yacTuim, CKOPOCT Ha IBHKEHHE HA
BBb31yxa SAF, nudepeHnnanHo HaisraHe BbH/BbTPE, OCBETEHOCT B moMenieHuero. Crpaaara
TpsiOBa Ja pasmojara M ¢ HEOOXOIUMHTE CHCTEMHM 3a KOHTPOJI Ha MHKpPOKIMMaTa. 3a
reorpapckuTe MMUPUHU Ha bbirapus ToBa ca OTOIJICHHE, BEHTUJIATOPU 3a CBEX BB3AYX
(Hapu4aHU 3a KpaTkocT ,,BeHTunauus‘), MupKyIalMOHHN BEHTWIATOpU (HapU4yaHU IO 10Ny
»LIUpKyIanus‘), TYHeIH! BEHTUIATOPU (HapU4yaHH ,, ] yHellHa BEHTUJIALMA ) KJIAlU 32 CBEX
BB3/lyX, TYHEJIHU BEHTWJIALMOHHU OTBOPH (TYHEJIHM KJalH) , W3MAPUTEIHU OXJIAAUTEIHU
MIUTH U OCBETJICHUE .

6.3.4 AnroputhbM 3a ynpasierue Ha KOC 3a KOHTpOJ Ha MUKPOKIUMATa B TUIiegepma

B Taka npenyoxeHus: anrOpUThbM 3a aBTOHOMHO YIpaBi€HHE B PEKHUM Ha TyHEIIHA
BEHTWJIALIUS CE KOHTPOJHMpa HE M3MEpeHara TemIepaTypa tj, a ycelllaHaTa TemIeparypa tr.
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Cucremara H34YMCIISIBA yCellaHATa TeMIIepaTypa CIOpeA MPEIBAPUTEIIHO 3aJaICHUTE
3aBHCHMOCTH, KOUTO ca B3eTH OT pa3inunu u3toununu [83,84,85,86], karo nanHuTte ca
JMOMBIHEHW 4Ype3 WHTEpIoNanus ¥ eKcrpamonanus. [Ipu CTOWHOCTH Ha OTHOCHTENHA
BrnaxkHocT RH, mo-Bucoku oT RHpyax 32 chOTBETHaTa BB3pacT Ha Opoiliepure, ycemiaHaTta
TeMreparypa t; HapacTBa C MPEABAPUTEIIHO HW3YUCICHW CTOWHOCTH, OTPEICIICHHU Ype3
Bpb3kara uMm ¢ THI. Moxem ma momydyuMm CTOMHOCTTa Ha ycellaHaTa TemIeparypa ti 1o
ciennara opmyna:

®opwmyna 6.1 tr =t — tow + teru
Kbnero tew € TemmeparypHa KOpekLus 3aBHUcella OT ckopocTTa Ha Bb3ayxa SAF, a try €
TeMIlepaTypHa KOPEKIUs 3aBHCEIa OT OTHOCUTETHATa BiIaxxHOCT RH.

l
wnanpatu

Wauuncnu ti=f(ti, ts1, RH)

cbobLieHue &
Mpoeepka Ha NH3, CO2, H2S, CO gty 3a Makc. SAF=f(ts1) Mposepka Ha RHout
Axo NH3<12ppm u CO2<2400ppm KonUeHTpacdn ’ Ako tmax < tf |
1 H2S=0ppm 1 CO<3.5ppm Ha XXX’ Ako RH<80% -

KNLF?;TO X)((;)ég Axo tmin < tf < t max
Axo NH3>5ppm unu CO2>3000ppm A Ako RH>80%
wnu H2S nnn ‘

wnu H2S>0ppm unu CO>4.4ppm co Axo tf <tmin ’-‘

v v

Oronnenue - OFF, Knanu - 3atBopenu, Oronnenue - OFF, Knanu - 3atBopeHu, : . =
Bentunaums - OFF, ts2=5 min, Bentunaums - OFF, ts2=5 min, He(ast::an t-sg:: 'rz:"?rz;g?;'?g{sv_sgnf::on i
TyHenHu knanu - OTBOpeHU, TyHenHu knanu - OTBOpEHU, i K ¢ pon,
Wanaputento oxnaxaaHe - OFF, WanaputenHo oxnaxaaue - OFF, Eyapofalive coollng e O
- 5 - 3 A DR
TyHenHa BeHTunaums - ON Y%, TyHenwa BenTunauus - ON Y%, il Vsntélil;_o: Zggx\;ﬁzis:)“SAF) L
Y=f(SAF) aa SAF = Zop =f(ts1) Y=f(SAF) sa SAF = Zmax =f(ts1)

Tanmep ts4 [ Tanwvep ts4 Tanmep ts4 \
1 Yeenuin 3 Yeenuiun Yeenuiun
TyHenHata TyHenHata TyHenHaTa
BeHTMNauusaTa l BeHTUNauusTa BEHTUNauusTa

Y% Y% Y%
Mposepka SAF = Zm/s Mposepka SAF = Zm/s Mpoeepka SAF = Z,m/s
Zop = fi(th) Taimep ts5 | Zmax = f(ts1) [ Taiimep ts5 | Zmax = fits1) [ Taitmep ts5
. ts5=ts2-ts4 | ts5=ts2-ts4 | ts5=ts2-ts4
Axo Z < 0.9Zop Ako Z < 0.9 Zmax Ako Z < 0.9 Zmax
Axo 0.9Zop < Z < 1.1Zop Hamanu Axo 0.9Zmax<Z<1.1Zmax Hamann | Ako 0.9Zmax<Z<1.1Zmax Hamanu

TyHenHara Ty Ty

Axo 1.1Zop < Z BeHTMNaunsTa Ako 1.1 Zmax < Z BeHTMNauusTa Ako 1.1 Zmax < Z BeHTUNauusTa
Y% Y% Y%

I

Co—

KbM i € Wauucnu tf=f(ti, ts1, RH)
|—| 3a Max SAF=f(ts1)
el

[AKO tf < tmin

Ako tmin < tf <tmax

Timer ts drying Ako tmax < tf
l l Ysenuun —| l l l Ysenumun l l Yeenuun
TyHenHara TyHenHata TyHenHara
Mposepka SAF = Z m/s BeHTUNauvaTa Mposepka SAF = Z,m/s BeHTUNauMATa Mposepka SAF = Z,m/s A —
Zop = f(tf) Y% Zop = f(tf) Y% Zmax = f(ts1) Y%
<0. Wanaputento <0, G <0. R
ool oxnaxaaHe - DRESEORER I’H Taiimep ts2 ——— MOS8 Taiimep ts2
\ —
Axo 0.9Zop<Z<1.1Zop OFF, Axo 0.9Zop<Z<1.1Zop Axo 0.9Zmax<Z<1.1Zmax
Hamanu Hamanu Hamanu
Ako 1.1Zop < Z -—l TyHenkaTa Ako 1.1Zop < Z TyHenuarta Axo 1.1 Zmax < Z TyHenHaTa
BeHTUNnauusta Ta BeHTUNauuaTa
Y% Y% Y%

l Mpoeepka NH3, CO2, H2S, CO

Wauncnm ti=f(ti, ts1, RH)
3a Max SAF=f(ts1) <«———

nanpartu cbobLieHne
g Mposepka RHout *OnacHo BucoKa Ako NH3<12ppm n CO2<2400ppm
Ako tmax < tf KOHLEHTpaLus Ha 1 H2S=0ppm 1 CO<3.5ppm

8 Ako RH<80% XXX" kbaeto XXX e
Axo tmin < tf < t max

NH3 unu CO2 unu If NH3>5ppm or CO2>3000ppm
1 Axko RH>80% H2S unu CO or H2S>0ppm or CO>4.4ppm
'y Axo tf <tmin

®urypa 6.11 AnropuTsM 3a ynpaBjieHUE - KJIOH 3a TyHEJIHa BeHTwiaus T\.
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Pa3paboTenu ca aBa anropuThMa 3a yIpaBlIeHHE Ha CHCTEMara, KaTo MBbPBUAT € 3a
MOJTrOTOBKA HA MOMEIICHUETO, IPEAN HACTaHsIBaHE HA MHJIETaTa, KOUTO MOIbpkKa ONTHMAaIHA
TEMIIepaTypa B Crpajara 3a ajanTtaiys Ha TeMmIeparypara Ha Mojaa ¥ cTeHute. PaGoTHHST
QITOpUTBM MOXe Jaa Oyae pasfelneH Ha OCHOBHA 4YacT M 4eTHpu KioHa. Crpsimo
YCTAaHOBEHUTE YCJOBUS B Crpajara, allfOpUThMa MpEeMUHaBa B €IUH OT KJIOHOBETE, KaTo
IBPBUTE JIBa CHOTBETCTBAT HA YCJIOBUS 33 MUHUMAalHA BEHTWJIALUS, TPETHs 3a IPEXOIHa
BEHTHJIAIIMST M YETBBPTUS 3a TyHEJNHAa BEHTWIANMA. B mbpBUTE TpU KJIOHA CHUCTeMara
NObpKa ONTHMATHUTE YCIOBHUSA 32 OTIIICK/IAaHE, KATO TEMIIepaTypa, OTHOCUTEIIHA BIaKHOCT
U CKOPOCT Ha JABWKCHUE Ha Bb3JlyXa, KaTO Mpe3 IPEIBAPUTEIHO ONPEIEIICHO BpEME C€ BPbIa
B HayajJHATa 4acT Ha JITOpUThbMa. AKO CHUCTeMaTa NMpPEMHHE B YETBBPTHS KJIOH (Purypa
6.11), s 3amouBa Ja pabOTH B HOB 3aTBOPEH IUKBJ MpPHU KOHUTO TpsOBa Ja C€ W3IBJIHAT
OIIpEJIeTICHN YCJIOBHS Mpenu M3im3aHeTo oT Hero. OcBeH TOBa cHCTeMaTa 3aloydBa Ja ce
yIIpaBisiBa CIPSAMO yCellaHaTa Temreparypa ty.

6.3.5 IlpoBenenu tectoBe Ha KOC 3a ynpapineHue Ha MUKpOKIMMAaTa B ntuiedepma

[Topaan HEBB3MOXKHOCTTA J]a CE€ Ch3/lajle eKCIEPUMEHTATHA MOCTAHOBKA BKJIIOYBAIIA
BCUYKM BUJOBE CEH30PH M YNPAaBISABAIM CHUCTEMH, KaKTO W TOBa, Y€ HE € BHEIPEHA B
pabotema nrunedepma, TECTBAHETO HA CHCTEMaTa ce MpoBe/e Ha JBa erana. B mbpBus eran
BCUYKHU CEH30pH 0sixa CBBpP3aHH KbM CHCTEMaTa U TECTBAHU 3a YETEHE W 3aliC Ha JTaHHHU.
N3non3Banu ca cnennure censopu: AM2302 cenzopu 3a temneparypa u BiaaxHoct, SCD30
cen3op 3a CO,, Modbus Bepcusita Ha A2G-50 ceH3op 3a audepeHmanno Hausra€e u RS-
CFSFX-3-EX 3a ckopocT Ha BATbpa. CeH30pH 3a (UHU MPAXOBU YACTUIM U OCBETEHOCT ca
TECTBAaHU B MpPEIUIIHM EKCIEpUMEHTAJIHU IMOCTAHOBKM HAa CHCTEMHUTE 3a YIpaBJICHHE Ha
MUKpOKJIMMAaTa B CBUHE(hepMa.

BvB BTOpHsS eram, BMECTO pealHM JaHHH OT CEH30pHUTe, OsXa W3MpallaHu
CHUHTE3MpaHU JaHHU 3a TeMIleparypa, BIaKHOCT, TU(GEPEHIMATHO HaJsIraHe W HaJU4due Ha
Bpeanu rasoBe upe3 MQTT Broker. ToBa mo3Boiu aa ce CUMYJIHUPAT pa3iHyHU YCIOBHUS 32
IpoBepKa Ha paboTaTa Ha CHCTeMaTa.

[To Bpeme Ha M3MUTBaHETO Osxa 33aJaJCHU CIECAHUTE HAYAIHU YCIOBUSA: ts1 -14 AHU, U
MakcuMasieH Opoii Ha Opoiinepute - N. Ciien ToBa cucreMarta 3aaane tmin - 24 °C, tmax - 27 °C,
topt - 25,5 °C. Ilpu crapTupaHe Ha cUcTeMaTa JaHHMUTE C€ M3IIpaIlaT KbM Hes Ha Bceku 30
cekynau. Tabmuma 6.13 moka3Ba caMo 4YacT OT PEAOBETE, KbJIETO HIKOM OT JaHHUTE ca
MIPOMEHEHHU.

MI/IHyTa ti, °C to, °C tih, °C Ap, Pa COZ
1) 22 5 26 25 500
4 22 15 22 25 500
8' 26 15 30 25 500
14 25 15 30 25 500
19' 25 15 25 25 2500
24 24.5 15 25 25 3500
27¢ 25 15 25 25 500

Tabnuua 6.13 Cumynupanu ganuu nmogasanu upes MQTT Brocker.
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Cucremara craptupa MO cjleJHHS HaduH. [IBpBO OTBOpHM CBBp3aHaTa MIOPA,
U3MBJIHABAINA POJIATA Ha Kiama, 10 oO0O3HaueHaTa MO3MLUsA 2 OT OO0 CeleM IO3UIHH.
Craptupa mbpBUS BEHTHJIATOP, M3MBJIHSABAIL POJIATa HAa BEHTWJIATOP 3a CBEX BB3IAYyX, Ha
3aJjajileHaTa CKOpPOCT, ChOTBETCTBAI[A HA MO3UIMSA 2 HA IIOpaTa M BKJIIOYM HarpeBarens Ha
100%. Cnen 30 cexyHaM cUCTEMara M3KJIIOYM BEHTHJIATOpA, 3aTBOPU ILIOpaTa U BKIIOYU
BTOPHS BEHTHJIATOP M3ITBJIHSABAIL POJISATA Ha UPKYIAlMOHEH BEHTHUIATOP.

Ha 5-ta MuHyTa UUMKBIBT NPUKIIOYU U aNTOPUTBMBT CTapTHpa HOB, a CHUCTeMara
IpOBEpH TemrepaTypara ti U Hpeanpue ClIeIHUTE ACUCTBUS: HM3KIIOYM LHUPKYIALUOHHUS
BEHTWJIATOpP, BKJIOYM BEHTHJIATOpA 32 CBEX BB3JIYyX M OTBOpU IOpara A0 MO3UIMS 3.
OtomnenueTo ocraHa Ha mbjaHa mouHocT. Crex 30 cekyHau miopara Oeie 3aTBOpeHa U
BEHTWJIATOPHT CIIPS.

Ha 10-ta MunyTa cucremMara OTHOBO MPOBEPHU TeMIIepaTypa tij U MPEBKIIOYU OT PEKUM
Ha MUHUMAaJHAa BEHTHJIALMS KbM PEXHUM Ha MPEXOJHA BEHTWIALUS, Thil KaTO TeMIeparypara
tj € mo-BucoKa 0T topt. HarpesarenaT Oenre n3kioden, mopara oenie 0TBOpeHa 10 no3unus 4
Y BEHTHJIATOPBT a CBEXK BB3/yX Oellle BKIIOUYEH HAa CbOTBETHATA MOIIIHOCT.

Ha 15-ta MuHyTa cuctemara u3MepHu TeMIepaTypara tj U MPEeBKIIIOYU OT PEKUM Ha
MPEeX0IHa BEHTHJIAIMSA KbM PEKMM Ha MUHMMAaJIHa BeHTHJIanWs. HarpeBaTemsT ce BKIFOYH C
[IINM nHa 10%, mopara ce npeMecTd OT No3ulMsa 4 Ha MO3ULUs 3, @ BEHTWJIATOPBT 3a CBEXK
BB3/yX MPEBKIIOYM Ha ChOTBETHATa MOLIHOCT 3a JAajeHara no3unus Ha moparta. Cuex 30
CEeKYHIM BEHTWJIATOPBT CHpsA, IIOpaTra ce 3aTBaps U UUPKYJAUOHHUAT BEHTUIATOP Ce
BKJIIOYBa OTHOBO.

Ha 20-Ta MmuHyTa cucTemMara u3Mepy TeMIieparypa tj 1 yCTAaHOBH HHBO Ha BBIICPOJICH
nuokcun CO; Hag 80% ot momyctumara ctoHocT. [locnenBaxa cieqnuTe qeHCTBUS: MopaTa
ce OTBOpU N0 TO3UIMA 4 BMECTO 3, BEHTHUJIATOPHT 3a CBEX BB3AyX Oe€lle BKIOUYECH Ha
ChOTBETHATa MOIIHOCT, HarpeBarenst ocraHa Aa paboru Ha 10%, a UUPKYITAMOHHUST
BeHTHWiIaTop Oemre wm3kmoueH. Cnen 30 cekyHAM BEHTUJIATOPHT 3a CBEX BB3AYX Oele
U3KJIFOYEH U I0paTa 3aTBOPEHA.

Ha 25-Ta MuHyTa cucTemMaTa H3MEpH TEMIIepaTypa tj 1 HUBO Ha BBIVIEPOJICH JAUOKCH]
CO, Hag nomycTumara HOpMa ¥ Bie3e B aBapHeH PEXuM 3a 3 MUHYTH. Cliell KOeTO M3IpaTH
cpobmenue ,,[Ipenynpexnenue: Bucoko HuBo Ha CO, - 3000ppm*. [lopara ce oTBOpH O
no3uisi 4, BEHTWIATOPHT 3a CBEX BB3AYX C€ BKIIOYM Ha CHOTBETHATAa MOIIHOCT U
HarpeBaTelAT yBEJIUYU MoLHOCTTa cH 10 50%.

Ha 28-ta MuHyTa cuctemara u3Mepu Temreparypa ti 1 HUBO Ha BBIJIEPOACH AUOKCH]
CO; mnon nomycrumata Hopma. Lllopara ce oTBOpM Ha mo3uuus 3, BEHTUIATOPHT 3a CBEX
BB3/yX IPEBKIIIOYM HAa CbOTBETHATA MOIIHOCT M HarpeBaressT ce Bkimoun Ha 10%.

TecTbT IMo-rope mokasa, 4€¢ CuCreMara (aJIFOpI/IT’LM’BT) MOZKC YCIICHIHO Oa MPCBKIIIOYBA
KbM pa3IM4HU PCKUMU Ha BCHTWIALWA, KAKTO U J1a BJIM34a U U3JIM3a OT aBAPpUCH PCIKUM.

6.4 PazpaGoTBaHe HA MHTEJIUTeHTHOTO ynpasjienne Ha K®C 3a oTriexnaane Ha puda u
pacTeHHus B aKBAIIOHUYHA CHCTEMA 110 MeT0a HA IbJI00KOBOIHUTE KYJITYPH

6.4.1 Cneundukn M HU3UCKBAHUS KbM Cpela MNpPU OTIVIEKAAHETO Ha AaKBaKylATypH B
aKBaIllOHWYHA CHCTEMa

HMma enHO OCHOBHO M3HUCKBaHE 3a HOpMaJiHa pa60Ta Ha ¢aHa aKkBallOHWYHAa CUCTEMA, U
TOBA € IIOCTUTAaHE Ha OajaHC Ha cp€aara. Enun oT Hali-Ba)KHUTE MOKA3aTeIu € Ka4eCTBOTO Ha
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BOJIaTa, KOETO Ce M3pa3siBa B HEWHaTa FOJHOCT 3a ONpeJeNeHH NpuilokeHus. B 3aBucumoct
OT TpeAHA3HAYCHWETO Ha BOJAaTa, MMa ONpEACICHH MapaMeTpH, KOMUTO TpsOBa Aa Obaar
JIOCTUTHATH, 3a Jla C€ OINpEAeSu KayecTBOTO Ha BojaTa. Te3u mapamMeTpu MMaT Pa3IuyHU
CTOMHOCTH 3a puOWTe, 3a pACTeHHATA W 3a MPABUIHOTO pa3BUTHE Ha OakTepuuTe.
CrnenoBarenHo € HEOOXOIMMO J1a Ce HaMepH 3J1aTHAaTa Cpefa, MPU KOETO BCUYKU OPTaHU3MH
CBHKUTEJICTBAT B cuMOmo3a [23,87]. B eqna akBanmoHW4YHa CHCTEMa 3a MIOCTUTaHE HA OanaHc €
HEo0XO0IUMO J1a ce ClIeIu TeMIIepaTypaTa Ha BoAaTa, BOAOPOJHUS noka3aTten pH, TBbpaocTTa,
pastBopeHusaT kuciopoxa (DO), pastBopenust BwriepogeH auokcun (COz), HAIMYUETO Ha
amoHsik (NHjz), nutputu (NOy—), mutrpatn (NO3z—), alkaJHOCTTa, KaKTO M Pa3BUTHETO Ha
paznuyaK OakTepraaHu rpymnu [23].

6.4.2 KoMrmoHeHT! Ha aKkBallOHMYHATAa CUCTEMA

AKBanoHWYHaTa cHCTeMa, 0a3upaHa Ha MeToJa Ha IbI00KoBomHUTE KynTypu DWC,
TpsiOBa 1a ChABpPXKA CIEAHUTE KOMIIOHEHTH: pe3epBoap 3a puba, MeXaHWueH QUITHP,
OonounTHp, KOPUTA 3a OTTICKIAHE HA pacTeHHs (TUIABAIIH JICXH), TIOMITA 33 UPKYJIAIUs HA
BOJIaTa, Bb3/YIIHU IIOMIIM C BB3AYyLIHU KaMbHHU (aepatopu) u TpbOHaA Mpexa. OCBEH TOBa ca
HEOOXOIMMHU CEH30PH M 3aJBIDKBAIlM MEXaHM3MHU 3a BHEApsBaHE Ha mpemioxkeHata Kubep-
¢u3nyHa cucTeMa 3a M3MEpBaHE U peryiupaHe Ha mnapameTpure Ha Bojara. Cucremara
TpsiOBa J1a MMa CCH30pHU 3a M3MEpBaHe Ha TeMIlepaTypaTa Ha Bojara (B pe3epBoapa 3a puba u
ouoduntbpa), pazrBopenus kuciopoa DO (B pezepBoapa 3a pubda, 6nopuiTspa u rniaBaiiuTe
nexu), autputu NO,—, autpatt NO3—, pH u amonwuii NHy+ ( B pe3epBoapa 3a puba). 3a 1a ce
orpezeny KOHIEHTpalusaTa Ha o0 amonsyeH a30T TAN u amonsika NHs, B To31 cnyyaii e
U3IOJI3BaH METOJI 32 M3YMCIIeHHEe, 0a3upaH Ha KOHIeHTpanusaTa Ha NHa+, B 3aBUCHMOCT OT
pH u Temneparypara Ha Bonxara. MI3MepBaHETO M KOHTPOJIMPAHETO HA TE€3U MApaMETPU B
OTIpefieNieH! TPaHUIM ompezens OanaHca, KOWTO TpsOBa Ja ce MOAIbpPKA B aKBAIOHMYHATA
cuctema. [lognbppkaneTo Ha To3u OanaHCc ype3 KOHTPOJIHMpPAHE HAa TOPHHUTE MapaMeTpu Ha
cBOI pen ompenens uznuckBanusaTa kbM KOC. HeoOxonuMuTe M3MBIHUTEIHA MEXaHU3MH Ca
KaKTO clie[iBa: BOJHA TIOMIIa, ITHEK 3a qo0aBsHe Ha pH—, mmHek 3a mobaBsHe Ha pH+ u
eJIeKTPOMAarHuTEeH BEHTWJ 3a JOMbIBaHe ¢ BoAa (B OmoduinThpa); HarpeBaTenl U IIHEK 3a
MoJilaBaHe Ha XpaHa 3a puoute ( B pesepBoapa 3a puba); Bb3yIIHA Momna (B pe3epBoapa 3a
puba, 6HoGUITHPa U IIIABALIKUTE JIEXH).

6.4.3 AnroputsMm 3a ynpasiienue Ha KOC 3a KOHTpoJI Ha cpefjaTa B akBallOHUYHA CHUCTEMA

Pa3pa60TeHH Ca JIBa ajiropuTbMa 3a YIIPABJICHUEC Ha CHUCTEMATa, KaTO II'bpBUA
ocurypsBa 1nmoAroToBkara u 6aKTCpI/IaJ'IHOT0 Pa3sBUTHA NPCaAn 3ap1/16;1BaHeTo H 3acaXJaHC Ha

pactenusita (Purypa 6.15), a Bropus noappska OanaHca B akBalloHMYHara cucrema (Purypa
6.16).
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CTAPTUPAHE HA

NOAroTOBKA

BoaHa nomna - ON
BwsaywHa nomna ft - ON

l

™ Tposepka tbf °C

ako thf < 17 °C }—'

aKo tbf > 17 °C e, Harpesaren -

Harpesarten -
ON

]

Mpoeepka DObf

ako DObf < 5mg/l

ako 5mg/l <DObf < 8mg/l

o

Bw3aywHa nomna ft - ON
BbanywHa nomna bf - ON L

BbagywHa nomna ft - ON
BbaayliHa nomna bf - OFF A

o

A Mpoeepka NO3

ako NO3 > 100mg/l

ako NO3 < 100mg/l

i

Mposepka TAN, NO2

‘ ako TAN > 3mg/l or NO2 > 3mgl/|

ako TAN < 3mg/l and NO2 < 3mg/| —» [oGasa NH3

—

Mposepka thf °C

ako thf < 10 °C }—I

ako thf > 10 °C 1, Harpesaten - |
OFF

Harpesaten -

I

Mpoeepka DObf

Taiimep t1=3h

ON I A

ako DObf < 5mg/l

ako 5mg/l <DObf < 8mg/l

o

ako DObf > 8mg/l

—

OFF
BbaaywHa nomna ft - OFF
1 (Bl > G BwagywHa nomna bf - OFF
[Mpoeepka pH [poeepka pH
< <
DR <$E _l—) Nobass pH+ —— Nobssa pH+ (—,_ ARl SE
akoB6<pH<7 3 akoB6<pH<7
HoBaea pH- —— 4 Lo6saea pH-
ako pH>7’—,_> <_|— ako pH=>7

Mposepka NH3, NO2

Talimep t2=1h

BbagywHa nomna ft - ON
Bwsaywha nomna bf - ON

BuaaywHa nomna ft - ON
Buaaywxa nomna bf - OFF

BuaaywHa nomna ft - OFF
BuzaywHa nomna bf - OFF

ako NH3 > 0,1mgfl or NO2 > 0,1mg/I

ako NH3 < 0,17mg/l and NO2 < 0,1mg/l

|

rOTOBO 3A
WU3NON3BAHE
Msnpalwa crobLieHve

L
l v

MpoBepka
3a pbYeH cTon

OA

CUCTEMATA

HE

@urypa 6.15 AnroputsM 3a cTapTUpaHe U OaKTEPUAIHO Pa3BUTHE HA aKBAIIOHUYHA CHCTEMA.
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v
MLPBOHAYANHM HACTPOMKN Mposepka tft °C
Hactpoiika: tftmin, tftmax, T 5 VICKA
NH3max, NO2max, DOftmin, aKo tft < tfitmin - 2°C ———> Harpesaten - ON —)‘ SO el "|7
XpaHeHe, Bpeme 3a xpaHeHe TEMMEPATYTA - nsonupaiite cuctemara

ako tft < titmin —— Harpesaten - ON

A

<

ako tftmin < tft < tftmax ——» Harpesaten - OFF

_ Manpatu ceobuleHmne "BUCOKA
REleEze = OIAF 4’[ TEMMEPATYTA - saceH-ete cucremara"

Wanpatn crobuleHue "Bucoka koHueHTpauua NH3 - Hamanu
PegyunpaHe Ha 3
Bpos Ha pubuTe MK Hamanu NogaBaHaTa xpaHa Unu NoYNCTH
XpaHeHeTo ¢ 20% "
duntpute

Mznpatn cboblieHre "OMNACHO B1ucoKa KOHLIEHTRaXKWUA Ha
NH3 - Hamanu Gpos Ha pubvTe unv Hamanu XpaHeHeTo unm
MOYUCT hUNTPUTE UNK MMa Npobnem ¢ BudunTbpa”

WanpaTi cboblienne "BUCOKA koHueHTpauus Ha NO2
PegyunpaHe Ha A4
o - Hamanw 6pos Ha pubuTe MNK1 Hamanv NoAaBaHaTa xpaHa
SEENIEED © 207 vn NoYucT punT "
puTe

WManpaTtn cbobluenune "ONACHO BUCOKA KoHUeHTpauusa Ha
NO2 - Hamanu 6pos Ha pubuTe unv HaManu xpaHeHeTo Unu
NOYUCTH HUNTPUTE UNKA UMa Npobnem ¢ BucunTLpa”

w.
«

MadncnsisaHe NH3 <

ako NH3 < 0,7 NH3max

<

axo 0,7 NH3max < NH3 < NH3max

ako NH3 > NH3max

PeayuwpaHe Ha
xpaHeHeTo ¢ 50%

A

MpoBepka NO2

ako NO2 < 0,7 NO2max

ako 0,7 NOZmax < NO2 < NOZmax

ako NO2 > NO2max

Pegyuupaxe Ha
xpaHeHeTo ¢ 50%

lNposepka NO3

ako NO3 < 140 mg/l

Pe T WManpatn ceobwenne "BUCOKA koHueHTpauuns Ha NO3
ako 140 mg/l < NO3 < 200 mg/| e - Hamanu 6pos Ha puBuTe UNKM HaManu NnofaeaHaTa xpaHa Y
XpaHeHeTo ¢ 20% >
WK yBesnu4u Bpost Ha pacTeHusTa
Wanpatu ckoblierne "ONACHO BUCOKA koHueHTpauus Ha

NO3 - Hamanu 6posi Ha puBUTEe UNKM HamManu XpaHeHeTo
1nu yeenu4un Bpos Ha pacteHusTa"

ako NO3 > 200 mg/|
Penyunpanre Ha
XpaHeHeTo ¢ 20%

Mpoeepka DOft <

ako DOft > 1.2 DOftmin —————» Mposepka DObf u DOfr
BbagywHa nomna bf - OFF,

ak0 DObf > 5 mgl a0 DOfr > 4 mg/e——| | _Buaaylia nowna fr - OFF |

ako DOftmin < DOft < 1.2 DOftmin

BrvagywHa nomna bf - OFF, |
BwanywHa nomna fr - ON

ako DObf < 5 mg/l ako DOfr > 4 mg[)—\_> BbaaywHa nomna bf - ON,
BbagywHa nemna fr - OFF

ako DOfr < 4 rngﬂ—l_,
BbagywHa nomna bf - ON, N

BwanywHa nomna fr - ON

ako DOfr < 4 mg/—————>»

ako DOft < DOftmin

MNpoBepka CbCTosSHWE: Mposepka DOfr
Bb3aywHa nomna br |
BbaaywHa nomna fr ako DOFF > 4 mg/l > BbaaywHa nomna bf - ON, |

BbaaywHa nomna fr - OFF

ako Bbagywina nomna bf - OFF
vnu BragywHa nomna fr - OFF BwaaywHa nomna bf - ON,
Bta3gywHa nomna fr - ON

ako BragylwHa nomna bf - ON
1 BbagywHa nomna fr - ON

&

» BbaagywHa nomna bf - ON, A 4
BnagywHa nomna fr - ON

WManpaTtu cbobleHue
" HUCKO HuBo Ha DO "

ako6 <pH<7

’ ako pH=>7 H fo6aswn npenapat pH— }—)[Msnpam chobenve " BUCOKO pH"

®urypa 6.16 PaboTeH anroputsm.

» Taimep t2=1h

6.4.3.3 [luxkba Ha XpaHeHe

HukbeneT Ha XpaHeHe e mokazaH Ha Purypa 6.18. 3a mocturane Ha OamaHc Ha
CUCTeMarTa, ako ce ycTaHoBH mpesuinaBane Ha HopMutTe Ha NH3, NO; mm NOj cuctemara ru
KOHTPOJIMpa 4Ype3 MpoMsHA Ha KOJWYECTBOTO IMOJaBaHA XpaHa W 3alUcBa B MaMeTTa CHU
KOPEKIIMH 3a CJICJIBAIIOTO XpaHEHE.
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Hamans Bpemeto 3a paGoTta Ha

MNpoBepka Ha nameTTa 3a LIHeKa 3a nogasaHe Ha xpaHa ¢ 20% —
peAyumpaHe Ha xpaHaTta camo 3a CrefBalloTO XpaHeHe
~HESENT: LA, camo 20% -

Tanmep 1,
Tanmep 2

Hamans BpemeTo 3a paboTa Ha

LHeka 3a nogasaHe Ha xpaHa ¢ 50% ———»| XpaHeHe —
A% it G -—,_> camo 3a CrefBallioTO XpaHeHe
20% 1 50% —
MNaunctBaHe OA, Peuba —1__y, 3apasa HoBO Bpeme 3a pabota Ha |
ncTopusTa 3a LIHEeKa 3a nogaBaHe Ha XpaHa
peayumpaHe Ha T
XpaHata HE

@urypa 6.18 AnropursM 3a XpaHEHE B aKBallOHUYHA CHCTEMA
6.4.4 IIpoBenenu tectoBe Ha KOC 3a ynpaBieHue Ha cpeiata B aKBallOHUYHA CHUCTEMaA

3a TeCTOBETE Ha CUCTEMaTa € pealn3upaHa OlMUTHA MOCTAaHOBKA ChC ChbpBBp Raspberry
Pi 4, 8GB u omnepannonna cucrema OpenHAB 3.0. Paspaboten e codryep 3a ynpasieHue Ha
AaKBallOHMYHATA CUCTEMA CBIVIACHO ropHUTE anroputmu. TectBaHero Ha K®PC B peanna
aKBaIlOHUYHA CHCcTeMa OW OTHEJI0 MHOTO BpeMe, KaTo TECTOBETe TPsiOBa Ja ce M3BBPIIBAT Ha
MeCTa C pa3lu4yHa TBHPAOCT Ha BojaTa. 3aToBa Osxa HampaBEeHU TECTOBE 3a paboTaTa Ha
cuctemara B JabOpaTOpHH YCIOBHUS. 3a Ta3u Ied copTyepbT U XapAyepbT Osixa TeCTBAaHU
ype3 npeaBaHe Ha CMHTe3upanu Aanuu upe3 MQTT Broker, BMecTo M3moi3BaHe Ha CUTHAIN
OT CHOTBETHUTE ceH30pH. EQeKkTuBHOCTTA Ha cucTemara Oellle aHalu3upaHa ¢ JaHHU, KOUTO
Ouxa OWJIM M3MEpPEeHU B peajHa CHUTYyalus, BKIIOYBAIIM MOJTYYEHH CUHTE3MpPAHU JAaHHU 3a
OTKJIOHEHHE Ha TeMIlepaTypara B pe3epBoapa 3a pubda u 6nounrbpa, CTereHTa Ha pa3TBOPEH
KHCTIOPOJI B pe3epBoapa 3a puba, 6uoduiaThbpa M IMIABAlIUTE JIeXH, KaKTO W HUBaTa Ha
HUTpUTH, HUTpatH, pH u amonuit NHs+ B pesepBoapa 3a puba. Ilomydenute naHHM 3a
amonuii NHs+ ce nmpeoOpa3yBaT B KOHIEHTpauus Ha aMoHsika NH3z u o011 amoHsiueH a3or
TAN upe3 u3umcieHne. YNPaBIgBAlIUTe MEXaHU3MU Osixa 3aMEHEHU ChC CUTHAJIHU JIaMIIH,
OTUMTAIlM BpeMEeTO Ha paboTa Ha Bcgka OT TsX. lIpoBepeHa € M KOpPEKTHOCTTa Ha
U3MNpaTeHuTe CchoOIeHus: 10 omneparopa. Koraro manuute Osixa msnparenu upes MQTT
Opokepa, Te Osixa 3alMcaHd B AMETTa M CTaHaxa JIOCTBIIHU 3a 4eTeHe OT cucrtemara. [Ipu
nojaBaHe Ha HoBH JaHHM upe3 MQTT Broker, ako mo HsikakBa nmpuynHa, T€ HE JOCTUTHAT JI0
ChpBbpa, CUCTEMATa OTYUTA IOCIIETHUTE 3allMCaHU CTOMHOCTU KaTO akTyajdHU. ToBa Oemie
HAIPaBEHO, 3al[0TO BPEMETO 3a OTUWTAHE HA TOUYHU CTOMHOCTHU 3a HAKOU OT HAOJI0/IaBaHUTE
napaMeTpH BbB BOJIaTa MOKE Jia IOCTUTHE HAKOJIKO MUHYTH WX JOopHU noBeue oT 10 MUHYTH.
Ho toBa He npezacrapinsiBa mpoOieM, Thil KaTO aKBallOHMYHATA CHCTEMaA € I0CTa UHEePTHA.

[Ipe3 onpeneneH UHTEpBAl OT BpeME JaHHUTE Ce€ MOoJaBaT KbM cucteMara. Cucremara
e HacTpoeHa Ha tpmin = 17 °C, 5 mg/L < DOy < 8 mg/L, 6 < pH <7, TAN u NO,— no-rosiemu
or 3 mg/L, nokaro NOs— gocturae croitHoct, mo-rojgemu ot 100 mg/L, cien xoero Te
TpsiOBa Ja OBJAT HAMaJICHW JO0 CTOWHOCTH, MO-Mayku win paBHu Ha 0,1 mg/L, mpu xoero
TpsIOBa Ja Cce OT4YETe TOTOBHOCTTa Ha cucTemara. [Ipum deTeHe Ha 3amucaHuTe JaHHH,
cUcTeMaTa BKJIIOYBA HarpeBaTeNsi W BB3AYIIHUTE TIOMIIM B pe3epBoapa 3a puba u
OonodunThbpa, akTUBMpa 3axpaHBallMs IIHEK ( 3a IoJaBaHE Ha AaMOHSAK) M IIHEeKa 3a
HamansBaHe Ha pH cnopen 3amanenurte napamerpu. M3uucnenure croitnoctr 3a TAN 1 NHj
CBhIIO MoraT jaa ObgaT mpoBepeHH. Upe3 mpociensBaHe Ha CICIHUTE CTOMHOCTH Ha
napameTpuTe Oellle YCTaHOBEHO, Y€ CHCcTeMara paboTH MPAaBUITHO CIIOPE] 3aAaICHUTE JaHHHU.
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Crnen mpouynTaHe Ha CTOWHOCTUTE B TOCIIEAHATA KOJOHA JIO OlepaTopa Oemie W3MpaTeHO
CHOOIICHHE TI0 UMEHJI, Y€ MUKBJIBT Ha CTAPTHPAHE € 3aBBPIICH.

PaGoTHHMAT IMKBI HA CHUCTEMara ChIIO MOXE Ja ObJie MPOCIENEH ChC CICTHUTE
3a/1aJIcHN Ha4aIHH YCJIOBHS 32 IENHUTE Ha U3CIeABAHETO: timin = 12 °C, timax = 18 °C, NHamax
= 0,4 mg/L, NOzmax = 0,4 mg/L, DOsmin = 4 mg/L, Bpeme Ha paboTa Ha IIHEKA 3a IOIaBaHe
Ha mpernapatu 3a perynupane Ha pH =12 MuH., BpemMe Ha paboTa Ha HIHEKa MOJaBaHE Ha
xpaHa = 18 MuH., 4acoBe B KoUTO ce mojaBa xpana 12:30 u 19:00 gaca. Bpemero 3a pabota
Ha IIHEKa € HACTPOEHO Ja ObJie MHOTO IO-IBJITO OT JAEUCTBUTEIHOTO, Taka ye paboraTta Ha
cCUCTeMaTa Jla MOXKE Jla Ce CJIe[M MO-JIECHO M0 BpeMe Ha TecToBeTe. TeCThT € CTapTUpaH B
10:00, ¢ Bpeme Ha uKkbI OoT 1 yac. Cucremara KOHTPOJIHMPA KOPEKTHO BB3IYIITHUTE TOMIIA B
OmoduITHpa U IIaBanUTe JIexu, HarpeBarens u pH mHekoBere. B 12:30 miHeka 3a momaBaHe
Ha XpaHa ce 3ajeiicTBa B 3afanenus yac. B 13:00 yaca, korato Gelie OTKPUTO HUCKO HUBO Ha
pH, B nombiHeHHME KbM 3a/IeiCTBAHETO Ha MIHEKa, Oellle M3MPaTeHO CHOOIICHHE ChC
croiiHocTTa Ha pH. Ilpu crnegBamms HHMKBI, KOraTo C€ yCTaHOBH BHCOKA TeMIEpaTypa,
CUCTeMaTa ChIIO W3MpaTH ChoOIIeHHe che cTorHocTTa U. B 15:00 yaca Gemie u3mpareHo
choOIeHre 3a BUCOKo HUBO Ha NOy— Haja 70 mporeHTa oT A0ImycTUMaTa CTOMHOCT ChC ChbBET
3a HAMAJISIBAHETO MY.

OcBeHn ToBa Oelle 3amucaHa KOPEKIMs 3a HaMalsiBaHEe Ha BpPEeMETO Ha paboTa Ha
nIHeKa 3a nojaBaHe Ha xpaHa ¢ 20%. B 17:00 yaca 6sixa oryeTeHu HuBaTa Ha pH u NHs,
KOHUTO Ca MO-BUCOKH OT JOMYCTHUMHTE, U Oellle U3MPaTeHo ChOOLIEHHE ¢ TEXHUTE CTOMHOCTH
ChC CBBET Kak Jia ce kopurupaT. OcBeH ToBa Oemre 3amucana 50% KOpeKIus Ha BpEeMETO Ha
paboTa Ha IITHEKa 3a 1oJIaBaHe Ha XpaHa. BpeMeTo 3a cienBamoTo XpaHeHe Oelle HaMaJIeHO
HanonoBrHa. CUcTeMara ChIIo Taka pearupa KakTo Ha BUCOKHTE cToiHOCTH Ha NO3—, Taka u
Ha HUCKaTa TeMIlepaTypa B MOCIEAHUS UK HA TPU MPOBEEHUTE TECTOBE.

6.5 Mucranupane u KOHQUIYpHPaHe HA cUCTeMAaTa

[TbpBUuHaTa WHCTANAIMs BKIOYBA MHCTanupane Ha OpenHABian Ha chpBbpa Ha
K®C, cien koeto € HEOOXOIUMO JIa € MHCTAJIMPA JOMBIHUTEICH COPTyep U Ja Ce HACTPOU
cucTemara 3a pabota. Te3u MHCTamalMyU Morar Ja ObJaT HalpaBeHU MpPe3 KOMaHICH pel,
Harpumep npe3 Solar-PuTTY, unu Apyr TepMUHAJ, KaTo 4acT OT JOMBIHUTEIHUS cOPTyep
MOJe Ja Objie HHCTAIUPaH AUPEKTHO mpe3 MeHro. Ciieq ToBa ce peJakTHpaT ChIIECTBYBAIIN
TEKCTOBHM (haiijloBe W Ce Ch3IaBaT HOBHM TaKWBa 3a Ja ce KOH(purypupa cucremara. B
mupektopusi  openHAB-conf u moaaupekTopun B Hes ca HaAMUpPAT U Ch3aaBatr (ailioBere
KOWTO KOH(UTYypHpaT cucremMara. BbIpeku, e Te ca JOCTHIIHH TUPEKTHO B ChPBbPa HIIH
npe3 TePMUHAI, Hail-yTOOHUS HAUMH 3a TSIXHOTO Ch3JlaBaHe U penakius ¢ npe3 Visual Studio
Code. OcHoBuu (aiinoBe 3a KoHpurypamus ca ,,addons.cfg, ,basicui.cfg”, ,,runtime.cfg” u
npyru. 3a KOHQUTYpUPaHe Ha CUCTeMaTa € He0OX0AUMO Ch3JIaBaHe Ha 10 €AWH (aiiil OT B
WK 3a TI0 TPETJIeTHO MHOKECTBO (aiyioBe, KOUTO Ca MO3UIIHOHUPAHU B ONPEICIICHHU MAIKH.
Tosa ca (aiinoBe ¢ pasmmpenus persist, things, items, rules u gpyru B KOUTO ce M3BBPIIBA
CBITMHCKOTO JAeHUHUpaHEe Ha cHcTeMara. B TAX ce OmMcBa BPB3KUTE MEKIY (QHU3UUESCKUTE U
BUPTYAIIHUTE KOMITIOHEHTH M TIpaBUIIaTa 3a paboTa Ha CHCTeMara.

6.6 O0001mIEHHE

Pazpaborenure anroputMu 3a yOpaBlIeHHE Ha PA3IUYHUTE IKUBOTHOBBIHH
CTOMMaHCTBA UMAT BUCOKO HHUBO Ha aBTOHOMHOCT W MO3BOJIABAT YIIPABJICHUCTO Ha Cpclaara Aa
ce M3BbpILIBA 0€3 HamMecaTa Ha MepcoHalla, cae/ KaTo ce BbBelaT MbPBOHAYAIHU HACTPOUKH.
K®C moxe na cienu u ynpapiisgBa pa3iMyHU MMapaMeTpu Ha cpelara, KaTo TOBA 3aBHCH OT
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WHCTaJUPAHUTE PA3JINYHU BUJOBE CEH30PM M KPAalHM YCTPOWCTBA 3a YNpPAaBIIEHHE, KATO 3a
Hail-rosiMa e()eKTUBHOCT € HEeoOXOIMMO TS Ja ChAbpKa IBJIHUS HAOOp KOMIIOHEHTH
n30poeHu Mo-Tope.

Cucremata WMa BB3MOXHOCT 3aJaJCHATC MO TMOApa30MpaHe IHana3oHd Ha
HOABPKAHUTE TMapaMeTpH Ja ObJaT NPOMECHSHHM Mpe3 TpaduuHHs HHTEPQENC, CIpsSMO
KOHKPETHUTE HYXIWu. ToBa MOXe Ja Objie TMPOJAUKTYBAHO OT M3MCKBAHMSA KBbM PA3INUHHTE
HOPOIM JKMBOTHH WM II0 YCMOTPEHHE Ha TexHojora. Jlhama3oHmTe Ha MpOMsAHA Ha
apaMeTpUTe Ce ONPEICAT NPH KOH(QHUIYpUpaHe Ha CHCTeMaTa Karo BHHArM MOTar Jia Ce
IPOMEHAT TpH Hykaa. ToBa Moxe J1a Objie H3BBPIICHO M JAUCTAHIIMOHHO TPe3 KOH30J1aTa 3a
nocteil ¢ Solar-PuTTY wnm apyr tepmunan, win npe3 Visual Studio Code koiito e cBbp3an
KbM CHCTEMATa.

3a ochlecTBIBaHE Ha JOCTHII HAa MOTPEOMTENs [0 CUCTeMara € HeOoOXOAUMO
pa3paboTBaHETO HA MOTPEOUTEIICKH MHTEPPEIC, KONTO Ja T03BOJIsBA YI00HO HAOI0IEHHE Ha
napaMeTpHUTe U yIpaBJieHHEe crucTemara. ToBa € pas3rieiaHo B Clie/IBaliara riiaBa.

I'JTABA 7. U3caenBane u pa3padorka Ha rpa¢uden unrepgeiic 3a KOC 3a
HHTEJMTCHTHO yIIPaBJIeHHE HA KOMILUIEKCHTE 32 OTIJIeKAAHE HA JKUBOTHH C
BB3MOKHOCT 32 JMCTAHIMOHHO ynpaBJ/jieHue mnpe3 NHTepHer, 0a3upan Ha
OpenHAB

I'paduunust norpedutencku wuntepdeiic (GUI - graphical user interface) wim
HaKpaTko  rpaduuHusi uHTEpdeiic € BHI NOTPeOUTENCKH HUHTepdeic, dYpe3 KOUTO
NOTPEOUTENTUTE B3aUMOJIEHCTBAT C €JIEKTPOHHU YCTPOMCTBA, Upe3 MPeICTaBIHE Ha BU3YaIHU
uHaukaTopu. B cimyuas, pazpaborenuss GUI 3a KOC 3a ynpaBneHue Ha KOMILJIEKCUTE 3a
KUBOTHHU cIloMara 3a HaOJIOJCHHWE Ha MapaMeTpUTe, KOHTPOIMpAHE U peryaupaHe Ha
cpenara.

3a nenuTe Ha U3CIeBaHETO ca pa3paboTeHu u TecTBaHM ABa Buaa GUI, kouro morar
Ja paboTAT eTHOBPEMEHHO Ha cucTemata, 0e3 aa cu mpedar. Te ce 6asupar Ha Basic Ul u
HABPanel B OpenHAB. Beeku ot TX uMa pa3inyHH MIPeIUMCTBA KaTo T ca pa3riieJaHHt Io-
nony. OcBeH ToBa € pa3pa0OoTeH M KOHQUIypUpaH MaHesn 3a rpaduyHO IOKa3BaHE Ha
napaMmeTpuTe Ha cuctemara B Grafana. BcuukuTe criomMeHaTu elneMeHTH ca 0a3upaHu Ha yeo
uHTEpdeiic.

7.1 Pa3padorka na GUI Ha 6a3aTa na Bacic Ul

3a mpuMep pasriexaaMe oCHOBHUAT rpaduueH untepgeiic Ha KOC 3a ynpasieHue Ha
MHKpOKJIMMaTa B KpaBeepma pa3padboreH Ha O6azara Ha Basic Ul. Ha ¢urypa 7.1 e nokazan
IpUMeEpeH U3IriIe] Ha uHTepgeiica cBajieH OT MOHUTOP Ha MEpCOHAJeH KOMITIOTHP. B ropHus
naHeJ Morar Jia ce BUAAT HaONI0JaBaHUTE MapaMeTpH Ha cperaTa B MOMeHTa. BbB Bropus
IaHeN € MoKa3aHa M3MepeHaTa KOHIICHTpAIMs Ha BPEOHU ra3ose. B 3aBucumoct ot Opost Ha
CEH30pUTE B MMOMEIIECHUETO, B IIAHEJINTE MOTaT Jja ce J00aBAT U IIpeMaxBaT CEH30pH, Opos Ha
MaHEJINTE MOJKE JIa ce TIPOMEHs U T.H. [Ipn Hammume Ha HAKOJIKO CEH30pa OT €IMH BUJI B €IHO
HOMEIIeHNe, HallpUMep 3a TeMIlepaTypa, CHCTeMaTa MOKe Ja ce KOH(UTypHupa Taka, 4e Ja
MOKa3Ba cpe/lHaTa CTOMHOCT M J]a ce YIPAaBJIsABa CIIPSIMO Hesl.

B Tperus manen ca moka3aHW W3MBIHUTEIHUTE MEXaHU3MH, TAXHOTO CHCTOSHUE
(BKJIFOUEHO, U3KIIIOUYEHO, MTO3UIIMS, CKOPOCT U T.H.) M OYyTOHM 32 HACTPOMKHU Ha paboTara UM B
cucremara.
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& VYNPABNEHWE HA MUKPOKIIVMATA B KPABEGEPMA

MapameTpu Ha cpepara

L pam Thursday 03.04.2025 r. 09:24:48 Varpes CriuHeTo uje uarpee 8 06:07 Yaca W 3anes CrmuHeTo we 3anese 8 18:53 waca
§  Tewneparypa s xpasecepuara 232°C ()  Omocurenna enaxwoct RH 99.9% 4 Buwna temneparypa 1.8°C

(') Omnocurenna enaxmoct RHout 58.0 % § TemnepaTypHO BNAXHOCTEH Haexc THI 738°C CKOpOCT Ha [HGDKEHNE Ha Bb3yXa 04mis

N
¢
7

.
< Ocaerenoct 804 lux
1

Bpeurm rasose v aambpcutenu

CO, BumeponeH anokcwa 920 ppm BbImepoaeH okeua 2 ppm 35, Amonsi 2.0 ppm

g‘é MeTaH 100.0 ppm Ceposofopos 0.0 ppm @  Npaxosu yacTi 2.54m 28.8 pgim*
°

9 Mpaxosw YacTum 10pm 54.4 pgim?

M3anbnHUTeNnHn MeraHnamm

o Oronnesme OFF 0 Otonnexue B MoMeHTa OFF UWopu O=3aTBOpEHD, 10=100% OTBOPEHO

LLjopH - nosMuMR 4 O Mpboxasin OFF 0 MPLCKa“I B MOMEHTa OFF
= Bewtwaums 40.0% = Unprynaums 0.0%
KoxTpon

&  KoHTpon Ha OCHOBH NapameTpu >

®urypa 7.1 Ocnoern GUI Ha KOC 3a ynpapienre Ha MEKpPOKIIMMaTa B KpaBedepma Oazupan
Ha Basic Ul.

YeTBbpTHS NaHEN € KOH(MUTYPUPAH 3a BXOJ B HOBA CTPaHMIIA KOSITO OTIEIN KOHTpoJia
Ha OCHOBHM IapaMeTpu KOUTO HE € HEOOXOJMMO Jla ce MPOMEHAT YeCTO, KaTo ONTHMaIHaTa
TeMreparypa WJId OrpaHMYaBaHe Ha MaKCHUMajHaTa CKOpPOCT Ha JIBWXKEHHE Ha Bb3AyXa
(®urypa 7.2).

<  KOHTpOn Ha OCHOBH NapameTtpu

Iﬂu

5 OnTtumanHa Temneparypa 19.5°C —9 MakcumanHa ckopocT Ha Asuxe... 0.7mls —@

@urypa 7.2 KoHTpoJs1 Ha OCHOBHM MapamMeTpu

To3u GUI e moxxonsin 3a BCIKAKBU YCTPONCTBA, OT TOJIEMHU M MAJKH MOHUTOPH Ha
MEPCOHATHA KOMITIOTPU, TaOJEeTH WIM JOpU CMApTPOHH, KATO CTPAHUIATA C€ TPOMEHS
aBTOMATUYHO CIIPSMO TOJIEMUHATA U PE3OJIIOLUATA HA €KpaHa.

7. 1.1 Koudurypupane va GUI 6a3upan na Basic Ul

Kondurypanusra nHa crpanunara Ha ocHoBHUs GUI ce u3BbpmIBa upe3 ch3gaBaHe Ha
TEKCTOBH (hailsl ¢ pa3mmpeHue .sitemap B namnka sitemap Ha cbpBbpa Ha KOC. [Ipu Hero upes
TEKCT ONMCBAME BCEKM IaHEJ, €JIEMEHT WJIM I0J CTPAaHUIa, KaTo 32 BCEKH E€JIEMEHT HMa
OlpeNielieHH TpaBuiIa 3a omnucBaHe. EnemeHTHTe BKIIOYBAT JeUHHpAaHE HAa UMETO Ha
CTpaHMLaTa, UMETO Ha OTIECJIIHUTE IAHEJIM, UMETO Ha NPOMEHJIMBATa KOSTO HCKaMe Ja ce
NoKa3Ba M T.H. 3a BCEKM €JIEMEHT ca JAe()UHUpaHU HMKOHA, MEpPHa eAMHHuIA, (popmaT Ha
NIOKa3BaHE Ha BEJIMYMHATA U UME 32 IIOKA3BaHe.
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7.2 Pazpa6orka Ha GUI na 6a3ara na HABPanel

I'paduunus unTepdeiic, paspadboren Ha 6azara Ha HABPanel (®urypa 7.6) uma
HSKOW TPEJUMCTBA, HO M HEJOCTaTBIM MPea OCHOBHHS MHTepdeiic pasrienan mo-rope. U
IIPH HETO MOXE Ja c€ pa3paboTAT HAKOJIKO BapHaHTA C PA3IMYCH M3TJICI U PA3IOJIOKCHHE,
Taka 4e J1a € yao0HOo u3non3BaHeTo 3a pasnmmunu nenu. GUI va 6a3zara na HABPanel e no-
MOAXOSI 33 TOJIEMH €KpaHH, HO MOJKE J1a c€ KOHPUTYpHpa U 3a 1o Majku. [Ipu Hero ocBeH
CTOMHOCTHTE Ha MapaMeTPUTE Ha CHUCTeMaTa, MOXKe Ja Ob/ie HACTPOCH U LBETEH KOJI, KaTo 3a
CTOMHOCTH B HOpMa IIBETa HampuMep Ja ObJe 3€JIeH, MPHU MO-BUCOKH CTOMHOCTH Jia CTaBa
OpaH’KEB, a IPU CTOWHOCTU HAJl HOpMATa Jia € YepPBEH.

= [lapameTpu Ha cucTemara

K®C Kpasedepma
NAPAMETPY HA CUCTEMATA

W3MBbIHUTENHN
MEXAHU3MU

)\

Temnepatypa BbTpeLUHa Temnepatypa BbHLUHA

o\
A

KOHTPO/1 HA OCHOBHM
MAPAMETPU

RH oTBBH

5:19:03PM &

A

ITpu u360p Ha ,, U3IIBJIHUTEJIHU MEXAHU3MU* ce moka3Bar ChIIUTE KOHTPOJIH
u 1aHHu kakTo B Basic Ul, Ho moka3anu mo pasianyeH Hauud (Purypa 7.7).

@urypa 7.6 IIpeBxirouBane Mex 1y NPO30pLH C MOKa3aHUSA U HACTPOMKH.

= U3nb/HUTENHU MeXaHU3MM

fonoxesue wiopw: 0=3arsopeno, 10=100% oTBopeHo
PeXxum Ha oTonieHueTo i
U3knoyeHo/ABTOMaATUYHO Oronnese 8 MoMexTa 9
8
7

MpeBKnOYM
BeHnTunaumsa

Pe)xum Ha oTonneHumeTo
U3knouyeHo/ABTOMaTU4YHO TIphCKasKH B MoMeNTa

MpeBKNOYMN

Linpkynaums

@urypa 7.7 M3nbaaurennu mexanuzmu HABPanel.
7.2.1 Koudurypupane va GUI 6azupan na HABPanel

[Ipu xondurypupanero Ha HABPanel wnmame MHOro mnoseuye cBoOoAa mpu
odopmsaeTo manena. OCBeH CTaHAAPTHUTE OIIMH KOWUTO Tpejiara cucremMara 3a m300p Ha
KOMITOHEHTH 3a TOKa3BaHe, MOXeE Ja ce u30epe u pa3padoTH mabaoH, KOMTO ce KOHPUTypHpa
ype3 HallMCBaHE Ha KOJ IMpU KOMTO MMaMme MIbJiHa cBoOOJa Ha M300p 3a BCEKH E€IUH
KOMITOHEHT Karo mpudTt, pasmMep W LBAT HA TEKCT, pa3Mep M MBAT U ¢GopMa Ha OYTOH,
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IIp3rady WiIkd JOpyr KOMIIOHCHT, IIPOMCHAIL CE€ IBAT Ha TCEKCT, 6YTOH WiIn HaJlnucC B
3aBUCUMOCT OT CbCTOSAHUCTO MY (HaHpI/IMep BKJIFOUCHO HJIN I/ISKJ'IIO‘ICHO) U T.H.

3akJIloueHue

B nucepraumonHuss Tpynq ca  pa3paboOTeHM ANITOPUTMU 32 YOpaBJIeHHE Ha
MHUKPOKJIMMAaTa B Pa3JIMYHMA XUBOTHOBBIHM (PepMH, KaKTO M 3a KOHTPOJ Ha cpenara B
aKBallOHWYHA cHcTeMa. Pasrmegann ca TOAOOHM CHCTEMH Ha CBETOBHOM3BECTHHU
NPOM3BOUTENN U IPYTH WHOBATUBHU pa3pabOTKH, KaTO € HAIpaBEeH CPAaBHUTENCH aHAJH3 C
IPEIUMMCTBA U HEAOCTATBIM CIPSIMO MpeI0KeHaTa CUCTEMA.

HpI/I IMPOBCACHUTC TCCTOBC Os1xa HOI[6paHI/I KOMIIOHCHTH KaTO CCH30pU, KOHTPOJICPpU U
yrpapisiBalll KOMIIOTbP KOUTO OTTOBAPAT HA TCXHUYCCKUTC U3UCKBAHUA 34 U3IrPAKIAAHC Ha
cucteMmaTta. OcBeH ToBa 0sgXa TECTBAHHU 3a MNPOABJLDKHUTCIICH IIEPpUOA OT BPEMC, B KOWUTO Ja CcC
YCTAaHOBHU TAXHATA NPUTOAHOCT U U3APBKIUBOCT.

bemre n30pan u TecTBaH pasnuyeH codryep, 3a J1a ce MPOBEPH TN € MOAXOJSN 32
ch3naBane Ha mnpemioxeHata KOC, kaTto ce ycTaHOBH, Y€ C HEro TS MOXKe Aa paboTu B
peasiHO Bpeme, 0e3 BUAMMH 3a0aBsiHUsS. belre ycTaHOBEHO, 4e cHUCTeMara MoOXKe na Obiae
H3II0JI3BaHa 3a MAJIKU HUJIKW CPCAHOI0JICMH KUBOTHOBBIAHH (bepMI/I, KaTO B TO3U U BUA HC €
MOJXO/IAI] 32 MHOTO ToJieMH (pepMu.

Pa3zpabotenu ca 1Ba BHJa MoTpedUTENCKH TpapuuHu HHTepdeiica, KOUTO MoraT Ja
palboTAT eqHOBpeMeHHO Oe3 Ja CH IpeyaT M JaBaT BB3MOXKHOCT 3a JiecHa paboTa Cbhe
cucreMaTra OT Pa3JIM4YHU YCTPOMCTBA KaTO MEPCOHAIEH KOMIIOTHD, TalleT WU cMapTdOH.
I'padmunus uHTEpdeiic Moke na ce MPOMEHs Karo ce J00aBsAT WM MpPEeMaxBaT €JIEMEHTH,
CHPSMO HAIMYHOTO 00OpY/BaHE B )KMBOTHOBBAHATA (hepma.

ABTOpCKa cIIpaBKa
OcHoBHH HAYYHH IIPUHOCH

e Pa3paboTeH € HOB METOJ 3a yNpaBJICHHWE HA MUKPOKIMMara B NTHIEPepMa KOWTO ce
OCHOBaBa Ha M3YHCJICHUE Ha ycelllaHaTa OT NTUIUTE TEMIIepPaTypa, KOSATO € pa3iIuyHa OT
TeMIlepaTypaTa B MOMEIICHUETO U 3aBUCH OT TEMIIEpaTypaTa, BIAKHOCTTa U CKOPOCTTa
Ha JIBIDKCHHE Ha BB3]lyXa, KaKTO M OT Bb3pacTTa Ha muierata. [lyomukanus ,,Algorithm
for Autonomous Management of a Poultry Farm by a Cyber-Physical System* B criucanue
Animals -IMPACT FACTOR - 2.7; CITISCORE —4.9; SJR - Q1

e Pa3paboTeH € HOB METO]| 33 aBTOMATHYCH KOHTPOJI Ha HHUTPATH, HUTPUTH U aMOHSK B
aKBAIllOHMYHA CHCTEMa, 4Ype3 VIpaBlICHHE Ha T[O0JABAaHOTO KOJIMYECTBO XpaHa Ha
aBTOMaTtuyHata XxpaHwika. [lyomukanums ,,Concept of a Cyber—Physical System for
Control of a Self-Cleaning Aquaponic Unit* B cnucanue AgriEngineering - IMPACT
FACTOR - 3.0; CITISCORE —4.7; SIR - Q1

OCHOBHY HAYYHO-NIPUJIOKHH IPHUHOCH

e Paspaborenu ca KOC 3a ynpapneHne Ha MHUKpOKJIMMaTa B KpaBedepma, cBuHedepMa U
nTunedepma, U3rpajieHu ¢ IICHOBO OPUEHTHpPAHW KOMIIOHCHTH, KaTO KpaifHaTa IIeHa €
3HAQYUTEIIHO IIO-HHMCKA CIpPSMO CBILECTBYBAIMTE pELICHUs Ha masapa. ToBa s mpaBu
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JECHO JOCTBIIHA 3a MAJKH M CpeIHO ToieMd (epmH, 3a KOUTO MbpBOHAYAIHATA
WHBECTHUIMS 3 ChIIECTBYBAIUTE CUCTEMH € HETTOCHITHA.

Pazpaborenata K®C 3a ynpaBieHue Ha MHKpOKJIMMaTa B mTHIedepma IMO3BOJISABA
HAI'bJIHO ABTOHOMHO YIpaBJ€HHE, NpPHU KOETO CHUCTEeMaTa CaMOCTOATEIHO MPOMEHs
[apaMeTpUTE Ha Cpejaara CIpsSMO Bb3pacTTa Ha MUJIETaTa U MPEBKIIOUBA MEXIY TPUTE
peKMMHU Ha BeHTWIalus Oe3 HaMmecaTa Ha mnepcoHana. ChlIecTBYBalUTE MOJOOHU
CUCTCMU IIpcjiarat caMoO NPEMHUHABAHC OT MHHHMAJIHA KbM IPCXOJHA BCHTUJIALIUA U
obOparno. [Ipennoxkenata cucrema MO3BOJISIBA NpPEMHUHABaHE U B PEXHUM Ha TYHEJHA
BCHTHUJIallU, 6J1aro;[apeHI/Ie Ha BbBCACHUA MCTO 3a OTYUTAHC HA yCCUIaHATA OT HTHULUTC
TeMIeparypa.

Pazpaborena e KOC 3a ynpaBieHue Ha cpejaTa B akBallOHMYHA CUCTEMa KOSTO Ipejyiara
ABTOHOMEH KOHTpPOJI Ha MHOIO IO-IIMPOKAa Trama IapaMeTpu CpPaBHEHO CbC
CBHILIECTBYBAIIUTE MMOJOOHN CUCTEMHU, KaTO ChLUIEBPEMEHHO MOKeE J1a U3Mpalia IpernopbKu
Ha MepCcoHaja 3a peryJupaHe KOJUYECTBOTO Ha pubaTa U pacTEHUsATA 3a OCHILIECTBSIBAHE
U TIoJAbpKaHe Ha OaaHca u.

OcHoBHHU MNPUJIOKHHA IIPUHOCHU

e Pazpaborenara K®C 3a ympaBieHue Ha MHKpOKIMMara B mnrunedepma Oere
BHEJ[pEHA U TECTBaHa B NTHUIledepMa ChbBMECTHO ¢ Tpakuiicku yHuepcuteT rp. Ctapa
3aropa, Karo [JONpUHECE 3a HaMaJsBaHE pa3XxOJUTe 3a EJIEKTPOEHEprus M
no100psiBaHe Ha YCIOBUATA 32 OTIJICKJAHUTE HA NTHIIUTE.

baaromapuocTu

bnacooapss ma ceosn mayuen pwkosooumen npogh. 0-p Haitioen [llusapos, 3a

cvoelicmeuemo U HacoKume npes yeaus nepuod Ha mosAama ()OKmopaHmypa, KAkmo u 3a

nomowima npu npoee:)fC()aHe HA U3CNE06AHUAMA U NOO20MOBKAMA HA MAa3u 0uC€mell/ﬂ/l}l.

Anpobauusi Ha pe3yJTaTuTe

Paznuuam 4gactm oT MNOJIYYCHHUTC pPE3YyJITaTh Ca AOKJIAaJABAHU Ha CICOHUTEC (bOpYMI/I,

KOH(I)GpCHI.IPIPI U CCMUHAapU:

» PEeTH HHTEPAMCUUIUIMHAPEH JOKTOpPAaHTCKU ¢opyM 6-7 ronu 2022r. Ilapk-xoren
,,Kroctenaun”, rp. Krocrenaun®, ,,Kubepdusudna cucrtema 3a UHTEIUTEHTHO YIpaBIeHUE
Ha KpaBedepma“

IFAC Workshop on Control for Smart Cities., June 27-30, 2022, Sozopol, Bulgaria,
“Algorithms for Cost Oriented Cyber Physical System (COCPS) for intelligent control of
animal husbandry farms*

IFAC International Conference on Technology, Culture and International Stability - 21st
TECIS 2022, October 26-28, Prishtina (Kosovo) - Online ,,Cost Oriented Cyber-Physical
System algorithm for pig farm microclimate and air quality control”

4th Interdisciplinary PhD Forum  with International Participation, 16 — 19 May
2023,Sandanski, Bulgaria ,,Cyber-Physical System algorithm for pig farm microclimate®
5th Interdisciplinary PhD Forum with International Participation 16 — 19 April 2024
Kyustendil, Bulgaria “Poultry farm microclimate management by calculating felt
temperature”

XXXIII MEXAYHAPOJHA HAVYYHO-TEXHUYECKA KOH®EPEHIIUA -
ABTOMATU3ALNA HA IUCKPETHOTO ITPOM3BOACTBO “AJIT — 2024”7 27 - 30
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tonu 2024 r., baza Co3omon Ha TY- Codus ,,Kubep pusnuna cucrema 3a ynpasieHue Ha
MHUKpPOKJIMMATa B )KUBOTHOBBIHU (hepmu‘*

Hayuyen cemmnap nwa HWHKT — BAH B cekuus “KuGep-¢umsnunm cucremu”, Ha
06.12.2024r. 15:00 yaca B 3ama 228 B Om. 2. IlpencraBeHa mpe3eHTallds Ha TeMma:
»KoHuenus 3a KOC 3a KOHTpoI1 Ha caMOIIOYHCTBAL] CE aKBAaIIOHUYEH MOAYIN .

Ily6aukanuu no aucepTamuoHHATA TeMa

Hayuynn nyOiaukanum B u3gaHusi pedepupaHM M MHACKCHPAHM B CBETOBHOM3BECTHH
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e Stefan Chivarov, Kristian Dimitrov, Nayden Chivarov; ,,Algorithms for Cost Oriented
Cyber Physical System (COCPS) for intelligent control of animal husbandry
farms“,IFAC-PapersOnLine Volume 55, Issue 11, 2022, Pages 31-36,
https://doi.org/10.1016/j.ifacol.2022.08.044

e Kiristian Dimitrov, Stefan Chivarov, Nayden Chivarov; ,,Cost Oriented Cyber-Physical
System algorithm for pig farm microclimate and air quality control “,  IFAC-
PapersOnLine Volume 55, Issue 39, 2022, Pages 336-341,
https://doi.org/10.1016/j.ifacol.2022.12.047

e Nayden Chivarov, Stefan Chivarov, Kristian Dimitrov; ,,Algorithm for Autonomous
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Hayuna ny0smmkanus B He ped)epHpaHu CIMCAHMSA C HAYYHO PeLiCH3HPaHe.

Kpuctusn dumutpoB ,,Kubep ¢usnyna cuctema 3a ynpaBieHME Ha MUKpPOKIMMAaTa B
KUBOTHOBBIAHU (hepMu‘“‘, ABTOMAaTH3aIlUsl Ha AUCKPETHOTO MPOM3BOACTBO, bpoil 6 ronu
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