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Technological progress is characterized by the continuous expansion of automation across all areas
of human activity, transitioning from partial automation to comprehensive automation, and then from
comprehensive automation to full automation, which ensures the highest technical and economic efficiency.

This work develops a generalized concept for implementing a microprocessor-based temperature
monitoring and control system for greenhouse complexes. It is characterized by high adaptability to the size
and needs of greenhouse enterprises, as well as high flexibility in applying primary temperature measurement
transducers from different types and manufacturers. The mentioned microprocessor system is designed for use
as both a subsystem for automated climate control of a greenhouse complex and as a standalone system for
monitoring the temperature distribution gradient within the greenhouse.

The architecture and a generalized prototype of the software for the temperature monitoring system
in greenhouse complexes have been developed. This system can be used in the construction of climate control
systems for greenhouse complexes. In each section of the greenhouse, the air temperature is controlled at 6
measurement points, and the soil temperature is monitored at 6 measurement points. The data from the sensors
are processed according to several algorithms — for each sensor, for a group of sensors, autonomously by the
microprocessor controller (with only alarm messages transmitted to the operator station), or by the operator
station, with continuous transmission of real-time data from the microprocessor controller.

The system's modular design allows for easy scaling and integration with other greenhouse
management technologies, making it suitable for various agricultural applications.

Key words: greenhouse complex, measurement, temperature, measurement control, microprocessor
system, software.

F. 2. Fig. 4. Ref. 11.

1. Problem formulation

The 21st century is often called the Information Age because the main achievements in technological
progress are currently observed in the implementation of information technologies into various tools and
automation systems [1]. Automation, however, is impossible without control and measurement equipment.
Therefore, the development of control and measurement technology for automation systems is largely
determined by advances in related fields of science and technology, such as microelectronics, computing
technology, solid-state physics, and others [2].

Temperature measurement and control devices have long occupied a leading position in automated
control systems for many processes. The increasing complexity of these processes leads to the need for a sharp
rise in the number of measurement channels to ensure the necessary level of informational support. Thus,
microprocessor-based subsystems for temperature control in winter greenhouse blocks are similar to complex
industrial automation systems [3]. Considering that the temperature regime of greenhouses, as a microclimate
parameter, directly affects the efficiency of plant growth [4], the development of a generalized approach
suitable for building an automated temperature control system for such complexes is a relevant scientific and
applied task.

Comprehensive control of the greenhouse microclimate (temperature, humidity, ventilation and
heating modes, CO, concentration, etc.) allows greenhouse enterprises to significantly save resources and
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provide optimal conditions for plant growth and the activation of physiological processes in plants [5]. For this
purpose, control and measurement equipment such as temperature, humidity, light, and pressure sensors is
installed in different zones of the greenhouse, while a meteorological tower is typically set up outside the
greenhouse.

The share of manual control in the technological systems of greenhouses, based on microclimate
monitoring, is constantly and steadily decreasing [5, 6]. Automated greenhouse climate control systems
(AGCCS) have become an integral part of modern greenhouse complexes [6, 7]. Different sizes and purposes
of greenhouses require different levels of complexity and cost for their AGCCS.

Thus, the creation of a modern AGCCS that considers the diverse needs of greenhouse enterprises is
a complex scientific and technical task, which can only be solved through the application of advanced
information technologies, scientific theories of technical cybernetics, and modern industrial automation tools.

2. Analysis of recent research and publications

The design of the structure of a microprocessor-based system (MPS) for monitoring the temperature
parameters of greenhouses, particularly winter greenhouses, should begin with an analysis of various options
for organizing the internal channels for data input from sensors to the central microprocessor device (CPD).

Currently, there are many methods and tools for measuring temperature, as well as industrial devices
based on them [3, 8]. To justify the selection of a measurement sensor for the new control subsystem, it is
necessary to study these methods and tools, considering the following additional requirements:

- ease of implementation for electrical measurements, meaning the ease of obtaining electrical
output signals for their input into the MPS;

- measurement range limited to the most common temperatures in greenhouse environments: from
0°C to +50°C;

- unified output signal;

- temperature measurement tools should provide high reliability, noise immunity, and have small
dimensions, weight, and cost.

The output signals of most temperature sensor ICs currently available on the market are standardized
for use in microprocessor and computer systems. Among these, analog, pulse, and digital output signals are
the most widely used [9].

Digital signals are generated by sensors with a serial port that implements a special interface
(e.g., SMBus or 12C). These sensors currently have the highest cost, which significantly increases the overall
price of the MPS when used in large quantities.

Another type of signal that is well-suited for use in MPS is pulse signals (in the form of a square wave),
where the frequency or period is proportional to the measured temperature. One of the typical representatives
of this class of sensors is the MAX6577 from MAXIM [9], which is designed for an air temperature range
from -40°C to +125°C. For this range, the frequency of the TTL-level output pulses varies from 0 to 8 kHz.

Processing pulse signals is performed using relatively simple software tools, and the cost of such
sensors is an order of magnitude lower compared to digital ones. Therefore, in the following implementation
example of the MPS, we will choose the MAX6577 temperature sensor chips from MAXIM, noting that if
sensors of other types are used, the communication interface between the sensor and the numerical processing
unit can be easily modified.

To input data from frequency-based temperature sensors to the CMD, the instantaneous value of the
pulse frequency needs to be converted into a digital code. Two methods of this conversion have become the
most widespread [1, 11]:

- by counting the periods of the measured frequency over a reference time interval;

- by counting the periods of a reference frequency over the period of the measured frequency.

Both of these methods have their advantages and disadvantages. The first method is very easy to implement,
and the conversion result in the form of a digital code will be directly proportional to the measured frequency. The
drawback of this method is the increase in measurement error as the measured frequency increases.

The second method of converting frequency to code involves some complexities when implemented
in a microprocessor system because the resulting digital code is inversely proportional to the measured
frequency. Therefore, to obtain the measurement result in the CMD, it is necessary to additionally provide for
complex arithmetic operations. Moreover, this method is characterized by an increase in measurement error as
the frequency of the measured signal decreases. All of this makes this method of converting the frequency of
the temperature sensor signal into a code impractical for use in the designed MPS.
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For the implementation of the first method of conversion, several approaches are known. One of the
most widely used is realized with the help of digital counters, both for counting the periods of the measured
frequency and for generating the reference time interval.

Figure 1 shows the structural electrical diagram of the designed MPS, which is built based on this
principle.
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Fig. 1 Electrical structural diagram of the designed microprocessor system

First, all temperature sensors are divided into groups, with three sensors in each group. This means
that each group can measure the temperature in a local zone of the greenhouse section. Second, the sensor
groups are combined into sections, with eight groups per section. This results in 25 sensor sections. Third, the
addressing of the sensors is performed so that three sensors (i.e., one group) are connected simultaneously.

The structural diagram also includes frequency-to-code converters (604-606). To connect sensor
groups (one of the 25 groups) to the circuit, three multiplexers (601-603) are used, which switch channels
according to the addresses coming from the CPU address bus. Each of these multiplexers has 25 single-bit
inputs, allowing all three sensors in a group to be connected simultaneously to their respective "frequency-to-
code" converter. The conversion process begins with the "Start" signal. After the frequency codes are obtained
(which are stored in the buffer registers of the converters), the codes are sequentially transferred to the CPU
via the data bus under the control of the "CS1" — "CS3" device selection signals.

Additionally, a serial port (10S 609) has been introduced into this scheme, designed for organizing
data exchange between the MPS controller and the operator's ASUMT computer.

This organization of the MPS is quite economical in terms of the number of devices required for its
implementation.

3. The purpose of the article

The purpose of the study is to develop and substantiate the concept of a microprocessor temperature
control and monitoring system for greenhouse complexes, which ensures high adaptability to the size and
needs of greenhouse enterprises, as well as flexibility in the use of primary temperature sensors of various
types and manufacturers.
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Research objectives: conduct an analysis of modern methods and means of temperature measurement,
determining the most suitable for use in a microprocessor control system; develop the architecture of a
microprocessor temperature monitoring system taking into account the requirements for adaptability and
scalability for greenhouse complexes; create a structural electrical diagram of the system using frequency
temperature sensors and justify the choice of signal type for their connection.

4. Results of the researches
Figure 2 shows the developed diagram of the main program operation for the numerical converter of

the microprocessor subsystem for control.
Information gathering?
1
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( Start )

Initialization |
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and processing?
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0 Are there any interruptions? Sensor interrogation and initial information
processing
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Fig. 2 Block diagram of the main program of operation of the digital converter of the
microprocessor control subsystem

Setting the "SLEEP" mode

The operation of the microcomputer (micro-EOM) begins with the initialization procedure, during
which the main variables and constants of the program are assigned, as well as the addresses of the MPS
devices. Internal devices of the micro-EOM, such as the serial port and timers, as well as external devices —
the "frequency-to-code" converters — are also initialized.

After completing all the operations of the initialization procedure, the micro-EOM transitions into a
special low-power mode called "SLEEP." The micro-EOM will remain in this mode until it receives a data
byte from the operator's PC through the serial port in the greenhouse climate control system.

The interrupt handling subroutine from the serial port is executed. This subroutine involves decoding
the received byte, which is interpreted as a command. If the received command is to check the connection with
the MPS, a control code (one byte) is sent through the serial port to the server.
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If the command is to collect information from the temperature sensors, the subroutine for polling all
the temperature sensors and transmitting the results through the serial port to the server is executed.

If the received command is for a more complex procedure of information collection, which involves
preliminary processing of data from the sensors, the system performs a sequential collection of information
from each sensor group (sensors from one section), calculates the average temperature value based on the data
from these three sensors (the average temperature in the local area of the greenhouse section), and then
transmits the average temperature value to the server.

If the received command is for a full reset of the MPS, the system transitions to the initialization
procedure for the micro-EOM and all MPS devices.

Let's take a closer look at the algorithmic structure of individual subroutines in the main program.

Figure 3 shows the diagram of the subroutine for collecting information from the temperature sensors.
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Fig. 3 Flowchart of the subroutine for collecting information from temperature sensors

It represents a polling loop for all sensor sections and all sensor groups within these sections. The total
number of sections is recorded in register RO (value 19H). The total number of sensor groups in each section
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is recorded in register R1 (value 08H). The address 0100H of the first sensor group in the first section (address
of the first channels of the first section of the multiplexers) is written to the DPTR register pair of the micro-
EOM. A formal operation of writing the value 00H is performed at the established address. In this process, the
address is written into two buffer address registers of the MPS. This is done to ensure reliable operation of the
address decoders connected to these registers during all multiplexer switching and "frequency-to-code"
conversion processes. After a time, delay of 50 ns, the counters of the "frequency-to-code" converters are reset
by the "Reset" signal from the CPU. After that, the "Reset" signal is deactivated, and the "Start" signal is
activated to begin the operation of these counters. The main subroutine of the measurement process is then
executed — the subroutine for generating a reference time interval (referred to in the program text as “MEAS”).

It begins with the subroutine TSO_INIT, which allows preliminary setup of the micro-EOM's
timer/counter operation mode for the selected method of measuring the frequency signal from the temperature
sensors. Its description is provided below after the detailed development of the "MEAS" time interval
generation subroutine, which controls the counters of the "frequency-to-code".

Let's calculate the main numerical characteristics of the reference time interval implemented by this
subroutine.

The formation of the reference interval in the “MEAS” subroutine is performed by counting the
number of periods of the reference frequency using the micro-EOM timer's counter.

There are several possible configurations of this counter, which differ in the number of its bits and the
input reference frequency [11]. We choose a configuration where the number of bits in the timer's counter
equals eight.

The input frequency of the temperature sensors ranges from 0 to 8 kHz for a temperature range from -
40°C to +120°C. In our case, for the temperatures typical of winter greenhouse rooms, this temperature range
can be significantly narrowed, for example, to a range of 0 °C to +50 °C. In this case, the frequency range of
the sensor signals will be from 1.94 kHz to 4.364 kHz. It is these signals that are counted by the counters of
the three “frequency-to-code” converters during the reference time interval formed by the “MEAS” subroutine.
These counters also have eight bits of output code.

Thus, the maximum value of this code Nmax at the maximum frequency fmax Of the temperature sensor
for the selected range with a reference time interval AT (which equals the overflow time of the timer counter
with the reference frequency fo, i.e., the time it takes to pass 256 periods of the reference frequency) is:

Nmax = fmax AT = 236 fmax : (1)
fo

For an 8-bit frequency-code converter counter, this maximum output code value can be equal to 255.
Then the required sample frequency for the timer counter will be:

256-f .
f, TR fox - 2

Thus, for the implementation of the program for generating a reference time interval, a 4.364 kHz
reference frequency generator needs to be implemented programmatically.

The reference frequency is implemented by configuring the operation mode of timer/counter TO. This
counter in mode 3 is divided into two parts: the lower part TLO (eight bits) and the upper part THO (eight bits).
The upper part receives pulses from the microprocessor's clock generator (12 MHz), which are divided by 12.
This means the pulse counting frequency is 1 MHz. When the counter overflows, the flag TF1 is set. Thus, the
overflow time of the THO counter is 256 ps. However, the required reference time interval AT is
256/4364 = 0.05866 s = 58.66 ms = 58660 us. Therefore, one overflow of the THO counter is not enough to
form the reference time interval. The necessary number of overflows is 58660/256 = 229. In binary, this
number of overflows is E5H.

Before the “MEAS” subroutine, the “TCO_INI” subroutine for initializing the timer/counter T/CO is
executed, which works in mode 3 (both timer/counter registers are cleared). In the "MEAS" subroutine, an
additional register R5 is used, where the number of overflows of the THO timer is accumulated. The moment
of overflow is recorded when the TF1 flag is set. After 229 overflows, corresponding to the required reference
time interval, the THO counter is stopped with the TR1 bit. The measurement result (the number of pulses from
the sensor during the reference time interval) is stored in the counters of the corresponding “frequency-to-
code” converter.

After the formation of the reference time interval is completed, the "Start" signal is reset. A "WRM"
signal is issued, causing the contents of the counters to be written into the corresponding buffer registers. The
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contents of these three registers are then sequentially entered into the microcomputer and transmitted to the
operator's computer.

The address of the next sensor group is modified. The conditions for matching the specified number
of sections and the number of groups within those sections are checked. If these conditions are met, the data
collection process is repeated for the next sensor group. If the addresses exceed the set boundaries, it means
all sensors have been polled. The subroutine ends, and the microcomputer returns to the "SLEEP" mode.

Appendix J shows the diagram of the subroutine for collecting and performing initial processing of the
data from the sensors. It differs from the previous one in that, when entering codes from the converters, they
are not transmitted to the central computer, but are stored in the R2, R3, R4 registers of the microcomputer.
After they are entered into the microcomputer, their average value is calculated, and this value is then
transmitted to the operator's computer.

The software architecture will consist of two forms: the execution form (task form) and the graphical
form (display form).

The execution form will be responsible for the hardware reception of data from the MPC controller,
their preliminary processing and analysis, as well as data transmission for display to the operator.

The graphical form (display form) will be responsible for the graphical representation of information
to the operator in the form of temperature indicators in each greenhouse section of the complex. For example,
in one greenhouse section (in six points — air temperature and in six points — soil temperature). This form will
also be used to input commands from the operator for controlling the MPC controller.

The execution form can be conveniently organized as two separate tasks ("TASK1" and "TASK2").
The "TASK1" task will perform hardware data reception from the MPC controller via the computer's COM1
serial port, carry out preliminary processing and analysis based on the nature of the data for each section, and
also send commands through the COML1 serial port to the MPC controller.

The "TASK2" task will perform secondary processing of data from all the temperature sensors in the
control system, i.e., analyzing the signal from each sensor in each section of the greenhouse and transmitting
the results of the analysis to the graphical display form.

The results of data processing from the execution forms "TASK1" and "TASK2" will be output to the
graphical form, that is, to the operator's interface.

This graphical form will represent the main screen "DISP1" — the main operator interface screen,
through which the operator will provide commands to the MPC controller and receive overall information
about the temperature status in the greenhouse blocks.

Figure 4 shows the external appearance of the designed main screen "DISP1" in the SCADA system
Genie display form editor.
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Fig. 4 Main screen appearance “DISP1”
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The screen displays simplified images of 16 greenhouses grouped into 4 blocks. Each greenhouse is
divided into three sections, where the air temperature (6 sensors on a blue background) and the soil temperature
(6 sensors on a brown background) are measured.

To display the statuses of these sensors, a "Color Indicator” type display form is used. There are 574
such indicators (24 spare sensors are not shown), meaning each indicator represents the temperature status at
a specific control point in the section: green indicates normal temperature (within set limits), blue indicates the
temperature is below the minimum set threshold, and red indicates the temperature exceeds the maximum set
threshold. The indicators are linked to the corresponding algorithmic blocks in the execution form "TASK1,"
specifically blocks "T1.1" —"T100.6."

At the bottom of the main screen, there are also display forms in the form of four virtual buttons:
"TEST," "START DATAL," "START DATAZ2," and "STOP," through which the operator inputs commands
to the MPC controller as described above. To the left of the "TEST" button is a graphical indicator of the "Text
Output by Condition™ type, which is linked to the algorithmic block "LINK ALARM" of the "TASK1"
execution form. If the connection between the controller and the PC is working properly, the message
"Connection is established" will be displayed in green letters. Otherwise, the message "No connection" will
appear in red letters with flashing text.

5. Conclusions.

As a result of the research, a generalized concept of a microprocessor temperature measurement system for
greenhouse complexes was created, which is based on the principles of adaptability and flexibility. This allows you
to effectively adapt the system to different sizes of greenhouses and use temperature sensors of different types and
manufacturers. This approach increases the versatility and functionality of the developed system.

The developed architecture of the system and the created test prototype of the software demonstrate
the possibility of effective integration into modern climate control systems. The implementation of these
solutions ensures accurate monitoring of temperature both in the air and in the soil, contributing to the
improvement of the microclimate management of greenhouses.

Prototype testing confirmed the system's ability to process large volumes of data with high accuracy
and reliability. The use of the developed system allows you to automate temperature control processes, which
reduces energy costs, reduces manual labor and creates optimal conditions for plant growth and development.

The system provides scalability and can be used in greenhouses of various sizes. This allows meeting
the needs of both small and large agricultural enterprises, ensuring the efficiency and economic feasibility of
its implementation.

Thus, the developed microprocessor system for temperature monitoring and control is an actual and
scientifically based solution for improving climate control in greenhouse complexes.

References
1. Shambhavi, R., Clinton, D., & Manish, A. (2023). Fundamentals of Information Technology. Tampa;
University of South Florida. [in English].
2. Yeremieiev, I. S., & Kyselov, V. B. (2022). Avtomatyzovani systemy upravlinnia tekhnolohichnymy
protsesamy [Automated control systems of technological processes]. Zaporizhzhia: Helvetica [in

Ukrainian].

3. Aloui, F., Varuvel, E. G., & Sonthalia, A. (2023). Handbook of Thermal Management Systems. Elsevier.
[in English].

4. Villalobos, F. J., & Fereres, E. (2024). Principles of Agronomy for Sustainable Agriculture. Springer [in
English].

5. Mefferd, A. (2017). The Greenhouse and Hoophouse Grower’s Handbook. Chelsea: Chelsea Green
Publishing. [in English].

6. Osorio-Luna, D.F., & Molina-Ruiz, P.A. (2019). Automation and control of greenhouse implemented
technologies: a review. Vision Electrénica, 2 (2), 381-394 [in English].

7. Sharapa, O.V., & Berdnikov, A.G. (2020). Model of process control system in greenhouse agro-
industrial complex. Bulletin of V.N. Karazin Kharkiv National University, Series «Mathematical
Modeling. Information Technology. Automated Control Systems», 47, 86-92. [in English].

8. Liptak, B.G. (2022). Temperature Measurement. Boca Raton: CRC Press. [in English].

9. Pertijs, M.A.P. (2006). Precision Temperature Sensors in CMOS Technology. Springer. [in English].

10. Raghavendra, N.V., & Krishnamurthy, L. (2013). Engineering metrology and measurements. Oxford:

98


https://digitalcommons.usf.edu/cgi/viewcontent.cgi?article=1018&context=dit_tb_eng
https://digitalcommons.usf.edu/do/search/?q=bp_author_id%3A%22e3d74a02-c0de-4515-95df-1ef8c43b6a1e%22%20OR%20%28author%3A%22Manish%20Agrawal%22%20AND%20-bp_author_id%3A%5B%2A%20TO%20%2A%5D%29&start=0&context=1022861
https://link.springer.com/book/10.1007/978-3-031-69150-8#author-1-0
https://www.chelseagreen.com/writer/andrew-mefferd/

Ne 4 (127) / 2024 TexHika, eHepreTuka,

t?ﬁ P % _ Tpancnopt AIIK

Vol. 127, Ne 4 / 2024

Oxford University Press [in English].
11. Goossens, G. (2023) Guide to Computer Processor Architecture: A RISC-V Approach, with High-Level
Synthesis. Springer [in English].

PO3POBKA KOHIENIII PEAJIIBAIIIT MIKPOITPOIIECOPHOI CUCTEMH
BUMIPIOBAJIBHOI'O KOHTPOKO TEMIIEPATYPU TEIJIMUHUX KOMIIJVIEKCIB

Texniunuii npoepec Xapaxmepuzyemvcs Oe3yNUHHUM DPOUWUPEHHAM agmomamu3ayii ycix eanysell
OisbHOCMI TIOOUHU, NEePeX00oM 8i0 HACMKO80I agmomamusayii 00 KOMNIEKCHOL, a NOMiM 8i0 KOMNAEKCHOL
asmomamu3zayii 00 NOBHOI, AKa 3abe3neyye HatgUULy MEeXHIKO-eKOHOMIUHY eqheKmugHicme.

B pobomi pospobneno y3zacanvheHy Kouyenyio peanizayii  MIKpONpoOYecopHoi  cucmemu
BUMIPIOBATLHO20 KOHMPOIO MeMNepamypu MmenaudHux KOMNIEKCI8, WO Xapakmepuzyemocs BUCOKOI0
aoanmugHicmio 00 po3Mipie ma nomped MenIUYHO20 20CNo0apcmea ma BUCOKOK 2SHYYKICMIO 00
3aCMOCYBAHHST NEPEUHHUX BUMIDIOBATILHUX NEPEemEoplo8ayie memMnepamypu pisHuxX munie¢ ma GUpOOHUKIE.
3asznauena mikponpoyecopna cucmema NpUHAYEHA 0N GUKOPUCIAHHA 8 SKOCMI AK niocucmemu
aBmMoMamu308aH020 YNPAGIIHHA MIKDOKIIMAMOM MENIUuyH020 KOMNAEKCY maxk 1 OKpemoi cucmemu
MOHIMOpUH2Y 2padicHny po3N0OLLYy MeMNePamypu y Mexcax meniudHo2o 20Cno0apcmad.

Pospobneno apximexmypy ma mecmosuil y3acanvHeHutl NpoOmMoOmun HpoSPpAMHO20 3a0e3neyents
cucmemu 8UMIPIOBATLHO20 KOHMPOIO MeMNePamypu meniudHux KOMIIEKCIi8, o Moxce OYmu UKOPUCIAHUL
npu no6yo08i cucmemu KIiMam-KOHMPONO MENIUYHUX Komniekcis. Ilpu yvomy 6 KOodCHOMY 6I00ineHHi
menauyi KOHMpPOIIOEMbC MeMnepamypa nosimps 6 6 KOHMPOIbHUX MOYKAX ma memnepamypa IpyHmy 6 6
KoHmponvHux mouxax. Oopodaenns ingopmayii 3 OAMUUKIE BUKOHYEMbCA 34 KITbKOMA AN2OPUMMAMU — HO
KOJCHOMY OQmMYUKY, No epyni 0amuuxis, asmoromHo konmpoaepom MIIC (3 nepedagannsam Ha onepamopcoKy
CMAaHYi0 MIbKU MPUBONCHUX NOBIOOMIEHb) ADO ONEPamopCbKo CMAHYIEN NpU NOCMIIHOMY NePeOdsanHi
nomounux oarux 3 konmponepa MIIC.

Mooynbna koHcmpyKyia cucmemu 00360JIA€ e2KO Macumadyeamu ma iHmeepygamu ii 3 iHUUMU
MEXHONO2IAMU — YNPAGNIHHA — Menauyimu, wo pobums ii  npudamuorw  ONd  PI3HOMAHIMHUX
CibCbKO20CNOO0APCHKUX 3ACHOCY8AHb.

Knrouoei cnoea. mennuunuil KOMNIEKC, SUMIPIOGAHHS, MEMNEpamypd, UMIPIOGATbHUL KOHMPOb,
MIKpONpoyecopra cucmema, npocpamue 3a0e3neyeHHs.

@. 2 Puc.4. Jlim. 11.
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