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B *U3HCHHOM LUKIIC PACTCHHIT BayKHBIMH (DAKTOPAMHU OKPYIKAIOIIEH CPEIbI SBISIIOTCS TEMIIEPaTypa, BIaXKHOCTS,
OCBeIIeHHOCTH U oTHOCTh CO2. Temmeparypa U BIQKHOCTb ONPEEIAIOT CPeLy OOUTAHUS CEILCKOXO3SHCTBEHHBIX
KyJIBTYp, B TO BPEMs KaK OCBEIICHHOCTb M TIOTHOCTh CO2 TECHO CBsA3aHbI C POU3BOJNTEIBLHOCTEIO. B 3100t crcTe-
M€ HCKyCCTBEHHO KOHTPOIMPYIOTCS YeThIpe (haKTopa OKpy’Kalollel cpebl. B MHKpOKIIIMAaTe TEILIHIE! Bce (haKTOpbI
OKpY’KaroIIeil cpesibl B3anMOCBsi3aHbl. Harpumep, CBsi3b MEX/Ly TEMIIEpaTypoil U BIQKHOCTHIO HaHOO/Iee cephesHa.
IIpu pasHoii Temniepatype u ocBerieHnu norpedHocts B CO2 pasnuyHa. He3aBUCHMOCTB OT KJIMMaTa, a TaKk’kKe [OBbI-
LICHHE YPOXKAHHOCTH arpapHBIX KyJIBTyp MOXKHO OOECIIEUHTH C IIOMOLIBI0 POrpaMMHO-ANIIAPATHEIX CHCTeM. Tpe-
©OBaHHE TAKOrO POJa KOHTPOJISI HE MOKET OBITh PEIICHO € MOMOIIBIO TPAUIIMOHHOM cTpaterun KoHTpoist. CereBast
CHCTeMa M3MEPEeHHs M yIpaBieHus Ha ocHoBe ATmega328 mpeaHasHaueHa JUisi KOHTPOJIST TEMIIEpPaTypbl TEIUTHLIBI,
BIIQXKHOCTH, OCBEICHHOCTHIO. JIIsT yIpaBieHHs! H3MEPHTEIIBHOH CeThI0 MUKPOKIMMATa TeIUTHIIEI U cOOpa CUTHAJIOB
HCTonb3yercs nocienoparenbHas mrHa Modbus RTU. KoHTposepsl UMEIOT psijl TaTYMKOB, COOMPAIOIIMX HH(POpMa-
LIHIO 00 OKpYIKArOIIel Cpesie M pasIMYHbIC HCIIOMHHUTEIbHbBIC MeXaHU3MbL. CHCTEMa YIIPaBJICHHUS MOXKET COOTBETCTBO-
BaTh IPOU3BOACTBEHHBIM TPEOOBAHISIM, BBICOKOH HaIEKHOCTH, IIPOCTOTE B IKCIUTyaTal[HH H 00CITyKUBAHHUH.
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DEVELOPMENT OF A SOFTWARE AND HARDWARE SOLUTION
FOR MONITORING AND CONTROL OF THE GREENHOUSE
MICROCLIMATE BY RS-485 BUS WITH MODBUS RTU INTERFACE
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In the life cycle of plants, the important environmental factors are temperature, humidity, light intensity
and CO2 density. Temperature and humidity determine the habitat of crops, while illuminance and CO2 density
are closely related to productivity. In this system, four environmental factors are artificially controlled. In the
microclimate of the greenhouse, all environmental factors are interconnected. For example, the relationship between
temperature and humidity is most severe. The CO2 requirement differs at different temperatures and lighting
conditions. Climate independence, as well as increased productivity of agricultural crops can be ensured with the
help of software and hardware systems. The requirement for this kind of control cannot be met with a traditional
control strategy. The networked measurement and control system based on ATmega328 is designed to control
greenhouse temperature, humidity, light. The serial Modbus RTU bus is used to control the measuring network of
the greenhouse microclimate and collect signals. The controllers have a number of sensors that collect information
about the environment and various actuators. The control system can meet production requirements, high reliability,
easy operation and maintenance.
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Objective of the study

The aim of the work is to develop a climate
control device to which various sensors and
controllable devices could be connected. Also,
to develop software for a top-level computer
that will communicate with the device via RS-
485 fieldbus using the Modbus RTU protocol

The purpose of greenhouse climate control
is to manage environmental factors using mod-
ern hardware and software solutions in order
to increase crop yields and achieve climate-
independent crops. In addition, a greenhouse
climate control system can reduce manual ef-
fort, increase control accuracy and speed of

response to changing factors. Up to now, most
greenhouse environmental control systems
have been within the structure of industrial
control. However, the control of greenhouse
systems has its own peculiarities. Compared to
industry, agricultural production has a longer
cycle with a lower profit margin. Consequent-
ly, it is required that the system is more stable
and costs less to build and operate. Industrial
control technology is so advanced that the
‘adaptability problem’ becomes key in green-
house management [1].

and transfer data to a server via the Internet.
Material and methods of research

The general structure of a greenhouse con-
trol system is shown in Figure 1. A main control
room is required because a greenhouse control
system usually includes several or dozens of
subsystems. The top-level computer is respon-
sible for coordination between the subsystems
(mainly manual control and parameter setting
using the top-level computer). In addition, the
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upper-level computer also collects environ-
mental factors from the subsystems and makes
statistics for queries and analysis in later days.
In this way, the upper-level computer mainly
monitors and then controls. The upper com-
puter communicates with the controllers dis-
tributed in each greenhouse via a differential
half-duplex RS485 data bus. The RS-485 inter-
face is the most common interface in industrial
automation. Its main advantages are: two-way
communication using only one twisted pair
of wires; operation with several transceivers
connected to the same line, i.e. possibility of
networking; long communication line length;
rather high transmission speed [2].

The system being developed will use Mod-
bus, the most common industrial protocol for
M2M communication. It is the de-facto stan-
dard and is supported by almost all industrial
equipment manufacturers. Due to its versatility
and openness, the standard allows the integra-
tion of equipment from different manufactur-
ers [3, 4].

Modbus is used to collect sensor readings,
control relays and controllers, monitor, etc. In
Modbus RTU protocol, data is encoded in bi-
nary format and the packet separator is a time
interval. This protocol is delay-critical and
cannot work on e.g. modem lines. At the same
time, the transmission overhead is lower than
in Modbus ASCII because the message lengths
are shorter [3-5].

The controllers respectively have a num-
ber of sensors to collect environmental data
(e.g. humidity and temperature sensors) and
various actuators (e.g. spraying devices, wa-
tering devices, heater and fan, etc.). Because

each controller can perform automatic control
using its own control algorithm, it does not
need the control information from the higher-
level computer. The software on the upper-
level computer supports remote input. If the
top-level computer can connect to the Inter-
net, users will be able to control the green-
houses remotely.

Each device controls one greenhouse. The
unit is permanently based on the ATmega328p
microcontroller. The ATMega328 microcon-
troller is a low-power 8-bit CMOS micro-
controller based on an advanced AVR RISC
architecture and allows most instructions
to be executed in a single clock cycle. It has
(32KB) programmable memory, (2KB) RAM
and (1KB) EEPROM. Peripherals include:
two 9-bit timer/counters with module and
frequency divider, 16-bit timer/counter with
module and frequency divider and write mode,
real-time counter with separate oscillator, six
PWM channels, 6-channel DAC with inte-
grated temperature sensor, USART serial soft-
ware port, SPI serial interface, 12C interface,
software watchdog timer with separate internal
oscillator, internal voltage comparison circuit
and wake-up unit, processing and wake-up on
change [6].

The controllers can operate independently
of a computer, as it has its own data acquisi-
tion and monitoring function. In addition, the
controllers also have a communication mod-
ule, an analogue-to-digital conversion mod-
ule, and a digital input and output module.
Fig. 2 shows a schematic diagram of the con-
troller. Figure 4 shows the printed circuit board
of the controller.
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Fig. 1. Schematic diagram of the greenhouse control system
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Fig. 2. Controller wiring diagram
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Fig. 3. Printed circuit board renderer Fig. 4. Controller PCB (Printed Circuit Board)
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Results of the study and discussion

In the life cycle of most plants the most im-
portant environmental factors are temperature,
humidity, light and CO2 density. Temperature
and humidity determine the crop environment,
while light and CO2 density are closely related
to productivity. In this system, the four envi-
ronmental factors are artificially controlled. It
is obvious that traditional single factor control
is unsuitable for controlling the greenhouse
environment. In a greenhouse microclimate,
all environmental factors are interrelated. For
example, the relationship between temperature
and humidity is the most serious. With differ-
ent temperatures and lighting, the CO2 demand
is not the same. This kind of control require-
ment cannot be solved with a traditional con-
trol strategy.

In this distributed communication system,
up to 247 controllers are available and com-
munication distances of up to 1.2 km can be
achieved at acceptable data rates. The commu-
nication format is request and response mode.
The master sends requests and the slave re-
sponds. When transmitting a request, the mas-
ter also waits for a response from the slave.
As for the slaves, once a request is received,
they will process the request and then return
the data. If the slaves do not respond, it means
that the order from the master is invalid or a
data transmission error has occurred. Each data
message between master and slave contains the
following information: request type, slave ad-
dress, command, data and checksum.

During communication, the master first
transmits a request and the slave receives the
requests and stores the information in its buf-
fer, then calculates the checksum and compares
the result with the received one. The slaves will
not respond if the two checksums do not match
or if the identification fails (e.g. uncoordinat-
ed address).

The top-level software is a SCADA sys-
tem. A better option in this case would be to
implement the software independently in Py-
thon language. [7] A set of Qt framework bind-
ings and PyQtGraph library of scientific graphs
will allow to implement an interface of almost
any complexity, and pymodbus modules will
provide easy interaction with the controller via
Modbus RTU protocol. [8] It should be em-
phasised that all the above software tools and

modules are part of free software and their use
requires no financial cost.

Conclusion

In this article, a RS485 bus-based green-
house monitoring system was developed. The
system is a wired controlled network with the
ability to display information on a top-level
computer and transmit data to a server, allowing
you to monitor and control your greenhouse via
the Internet. This article describes development
of a hardware-software solution for control and
management of greenhouse microclimate via rs-
485 bus with Modbus RTU interface.

In addition, some of the above-mentioned
unsolved problems are being addressed in or-
der to improve the performance of the devel-
oped CO2 monitoring system.

This system will allow analysis of the ef-
fect of temperature, moisture, soil moisture
and oxygen concentration on plant growth rate.

Future research on this system will involve
a wireless energy efficient system and optimi-
sation of the control algorithm. Along with the
development of Zigbee, a high-performance,
low-cost wireless greenhouse remote control
system will be realised.
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