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SKLIZEN PICE
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ToSovsky!
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strnadmichal@tf.czu.cz, horejsf@tf.czu.cz, cisler@tf.czu.cz, tosovsky@tf.czu.cz

ABSTRACT: This paper presents the results of a field experiment evaulated using different mowing
machines to the drying rate of forage, second cut grass. Disc mower with conditioner and drum
mower both with rotary blades. Furthermore, the influence of the number of tedding on the forage
drying process was evaluated. The field experiment took place in the north-eastern part of the Czech
Republic during the 2022 season in August. The test field was divided into four parts (A, B, C, D).
The first two parts (A, B) were cut with a drum mower without conditioner. The third and fourth
parts (C, D) were mowed with a disc mower with conditioner. The tedding of forage took place on
all parts during day 3 and day 5. On day 4, only parts B and D were tedded. During the experiment,
samples were taken sequentially after a given activity (mowing, tedding) to compare the dry matter
content of each section. The evaluation of dry matter content was obtained from the dried residual
weight of the forage sample. The forage samples taken for the first two measurements did not show
statistically significant differences in dry matter content. Due to several rainfall events, no significant
loss of moisture content of forage was observed between the first two measurements. Significant loss
of moisture content was observed between measurements 2 and 3. The forage that was conditioned
and more times tedded showed on average higher moisture loss.

Keywords: forage, moisture loss, conditioning

ABSTRAKT: Tato prace predstavuje vysledky polniho experimentu, pfi kterém byly porovnavany
dva zaci rotacni stroje a jejich vliv na pribéh suseni pice pii druhé sklizni pice. Porovnavan byl
diskovy zaci stroj s cechratem a bubnovy Zaci stroj bez vybavy pro Gpravu pice. Dale byla zjistovan
vliv poctu obraceni pice na pritb¢h suseni pice. Pokusny pozemek se nachazi v obci Orlické Zahofi,
v severovychodni &asti Ceské republiky. Experiment byl uskuteénén béhem skliziiové sezony v
srpnu roku 2022. Pokusny pozemek byl rozdélen do ¢ty ¢asti (A, B, C, D). Nejprve probéhlo seceni
prvnich dvou ¢asti (A, B) pozemku pomoci bubnového Zaciho stroje. Nasledovalo seceni druhych
dvou ¢asti (C, D) diskovym zacim strojem vybavenym ¢echracim rotorem. Tteti den prob¢hlo roz-
hozeni fadkii na Siroko vech &asti (A. B, C, D). Ctvrty den prob&hlo obraceni pouze ¢asti B a D.
Paty den probéhlo obraceni vSech ¢tyt casti (A, B, C, D). Béhem experimentu byly po kazdém
ukonu (seceni, obraceni) odebrany vzorky z jednotlivych ¢asti pozemku. Vzorky byly ulozeny do
neprodysnych sacki pro nasledné dosuseni a urceni obsahu susiny. Odebrané vzorky pice pro prv-
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ni dvé méfeni nevykazovaly statisticky vyznamné rozdily v podilu susiny. Vzhledem k nékolika
destovym srazkam nebyl zaznamenan mezi prvnimi dvéma méfenimi ani vyrazny ubytek vlhkosti
pice. Vyrazngjsi ubytek vlhkosti byl zaznamenan mezi méfenim €. 2 a 3. U vzorkl odebranych pro
méfeni ¢. 3 zaznamenan statisticky vyznamny rozdil v podilu susiny. Pice, ktera byla ¢echrana a
vicekrat obracena, vykazovala primérné vyssi hodnoty podilu susiny, avSak na hranici statistické
vyznamnosti.

KPicové slova: pice, bytek vlhkosti, cechrani

INTRODUCTION

Forage crops are very important plant-based feed. It is an indispensable roughage that
plays a decisive role in the production and quality of meat, milk and other animal products.
The quality of harvested forage has a significant impact not only on animal health but
also on yield. A common method for preserving forage is through drying. The cut forage
is spread out over a plot, tedded multiple times, and then removed from the plot once it
reaches the desired moisture level. It can then be stored freely or in square or round bales.
The duration of time that forage is available on the land is a crucial factor and can be
impacted by abrupt weather changes. Forage exposed to rain for extended periods loses
nutritional value, so we aim to minimize exposure time. A commonly used method in
recent decades is to condition freshly cut fodder. Disturbing stems and other parts of the
plant can increase the rate of water evaporation from forage. When harvesting forage in
the form of haylage, this is often the only step between mowing and harvesting (Masek
etal 2011).

In case of adding low quality conservated forage to the feed ration, the need for grain
feed increases. Some of the forage crops can be harvested up to five times under favourable
conditions. An important factor is climatic conditions, which may be varied from region
to region. In mountainous areas the growing season is shorter and therefore the harvesting
period is shorter (Cempirkova et al. 2008).

When planning forage harvesting, it is important to consider not only the weather but
also the maturity stage of the crops to be harvested. Delaying the harvest date may lead
to a reduction in available energy of 0.26 MJ/kg dry matter for grasses and up to 0.78
MJ/kg dry matter for clovers. In this case, the losses are qualitative. Quantitative losses
may occur due to failure to mow or loss of nutritionally important parts when forage is
tedded or raked. Another significant factor in feed preservation is the dry matter content
(Horrocks et al. 1999).

MATERIAL AND METHODS

The field experiment took place in the 2022 season during the second cutting. Basic
data on a field where measurements were done: the locality Orlicke Zahori (50.2733097N,
16.4774756E) north-eastern part of the Czech Republic, altitude of 672 m a.s.l
Meteorological conditions during the field experiment are shown in the Table 1.
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Table 1 Meteorological conditions
Tabul'ka 1 Meteorologické podmienky

Day 26™ Aug 27" Aug 28™ Aug 29" Aug 30" Aug

Average
temperature” [°C]

23,85 20,65 18,51 18,77 17,91

Rainfall® [mm] 6.3 0 11,1 0 0

DPriemerna teplota, 2Zrazky

The measurements were conducted on an experimental, which was divided into four
sections (A, B, C, D) of 600 m?. The first two sections (A, B) were cut with a drum mower
without conditioner ZTR 215 of working width 2.15 m. The third and fourth sections (C,
D) were mowed with a disc mower with conditioner KUHN FC 1025 F and KUHN FC
8830 D of working width 8.73 m.
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Fig. 1 Scheme of drum mower without conditioner
Obr. 1 Schéma bubnového Zacieho stroja bez kondicionéra

YDrum mower, ?Direction of tractor driving, *Rotary cutting blade, ¥Direction of blades rotation
DBubnovy Zaci stroj, ?Smer jazdy traktora, ¥Zaci ndz, Smer rotacie Zacich nozov

Fig. 2 Scheme of disc mower with conditioner

Obr. 2 Schéma diskového zacieho stroja s kondicionérom

YDisc mower, 2Conditioner, ¥Direction of tractor driving, ¥Rotary cutting blade
YDiskovy Zaci stroj, ?Kondicionér, ¥Smer jazdy traktora, ¥Zaci n6z
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The field experiment is divided into two research parts. The first part is focused on
comparing the effect of mowing with conditioner. In this case, for the first two samplings
(26™ and 28™ August) are important samples from section A and section C. The second
research part is focused on effect of the number of tedding on the drying process of forage.
For samplings in this part (29" and 30"), samples from all sections (A, B, C and D) are
major. After mowing (26" August), the first samples of forage from A and C sections were
taken to measure the dry matter content. On the third day (28" August), all sections were
tedded for the first time. The samples were taken from section A and C. On the fourth
day (29" August) only the sections B and D were tedded and from all sections were taken
samples. On the fifth day (30" August), all sections were tedded once again. The samples
were taken from all sections. For better orientation of the experiment, the individual steps
are shown in the Table 2.

Table 2 Overview of the individual works on the given sections
Tabul’ka 2 Prehlad jednotlivych prac na danych usekoch

. Disc mower | r jding -28" | Tedding -29" | Tedding -30®
Section Drum mower with Au Au Au
conditioner : & 8
A X X X
B X X X X
C X X X
D X X X X

Fig. 3 View of the experimental field during cutting on 26" August
Obr. 3 Pohl'ad na experimentalne pole pocas kosenia 26. augusta
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Fig. 4 View of the experimental field during tedding on 28" August
Obr. 4 Pohl'ad na experimentalne pole pocas obracania 28. augusta

o

Fig. 5 Forage samples taken on 29™ August
Obr. 5 Vzorky odobrané 29. augusta
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i 4 ‘ : ,
Fig. 6 View of the experimental field with forage samples taken on 30" August
Obr. 6 Pohl'ad na experimentalne pole s odobratymi vzorkami krmoviny 30. augusta

Fig. 7 Aluminium trays with forage samples prepared for drying
Obr. 7 Hlinikové vanic¢ky so vzorkami krmovin pripravenymi na dosusenie

12
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The samples were packed in microtene bags and then placed in leak-proof plastic bags.
The evaluation of dry matter content was obtained from the dried residual weight of the
forage sample (1). The samples were placed in aluminium trays that had been dried and
weighed. Afterwards, the trays were weighed and placed in a heated drying oven. The
drying process was conducted at a temperature of 105 °C. The drying time varied between
2 and 4 hours, depending on the weight and moisture content of the sample. After drying
the sample thoroughly, it was important to weigh it quickly to prevent the forage from
absorbing moisture from the air, which could lead to measurement inaccuracies. Data
were processed by the programmes MS Excel (Microsoft Corp., USA) and Statistica 14
(Statsoft Inc.,USA).

x = wTd . 100, (1)
where x is moisture content of the forage sample [%],

m,, is weight of the wet forage sample [g],

m, is weight of the dried sample [g].

RESULTS

The first results of the field experiment are a comparison of the dry matter content of
forage cut by two types of mowing machines during the drying process. The observed
results of the average moisture content of forage samples are shown in the Table 3 and
results of the dry matter content are shown in the Figure 3. Tukey’s HSD test (honestly
significant difference) indicates that at least one group differs from the other groups. The
main idea is to compute the honestly significant difference between two means using a
statistical distribution defined by Student and called the q distribution. This distribution
gives the exact sampling distribution of the largest difference between a set of means
originating from the same population. Boxplot graphs are constructed as arithmetic mean,
standard deviation and 0.95-confidence interval. A statistically significant difference in
dry matter content was observed for the compared samples from sections B and D of the
third measurement (29" August). The results of the Tukey’s HSD test are shown in the
Fig. 1. For the last fourth measurement (30" August), there was no statistically significant
difference in the dry matter content.

Furthermore, the results of the effect of the number of tedding on the drying process
of forage were evaluated. Forage samples from sections B and D that were tedded more
times showed on average higher values of the dry matter content in comparison to sections
A and C. However, statistically significant difference was observed in the samples taken
for the third measurement (29" August) from section D. The results of the Tukey’s HSD
test that proved the statistically significant difference between section C and D are shown
on the Fig. 2
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Table 3 Average moisture content
Tabul'ka 3 Priemerny obsah vlhkosti

Moisture Moisture Moisture Moisture
Day content? [%] content [%] content [%)] content [%]
section A section B section C section D
26" Aug 61,2 - 61,8 -
28" Aug 55,2 - 56,0 -
29" Aug 348 33,2 342 31,3
30" Aug 27,7 27,1 26,6 24,5

DYObsah vlhkosti

Tukey HSD test; variable Dry matter content [g-k@f]
Homogenous Groups, alpha = 05000
Error: Between MS = 378,27, df = 4,0000

Section Dry matter content 1 2
[a'kg]
B 667 5732 =
D GB86,7174 i

Fig. 8 Tukey’s HSD test for section B, D on 29" August
Obr. 8 Tukeyov HSD test pre sekcie B, D 29. augusta

Tukey HSD test: variable Dry matter content [g-kg']
Homogenous Groups, alpha = ,05000
Error: Between MS = 378,27, df = 4,0000

Section Dry matter content 1 2
[a/kg]
c 655,0343 =
D 6867174 o

Fig. 9 Tukey’s HSD test for section C, D on 29" August
Obr. 9 Tukeyov HSD test pre sekcie C, D 29. augusta
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EVariant: Section A

EVariant: Section B +
700 | [ Variant: Section C

HEVariant: Section D + D% I% +

600 r

500 r

Dry matter content” (g.kg™")

400
300 : : : :
26th Aug 28th Aug 29th Aug 30th Aug
Dayz)
Fig. 10 Observed dry matter content of samples from individual sections
Obr. 10 Zisteny podiel obsahu susiny vzoriek z jednotlivych sekcii
YPodiel obsahu susiny, ?Den
DISCUSSION

Rotz et al. (1985) list conditions that affect the drying rate of forage. The drying rate is
primarily affected by solar insolation. They mentioned also other factors which influenced
drying included dry bulb temperature or vapor pressure deficit, soil moisture content,
and swath density. Shinners et al. (2017) compared various methods of conditioning and
tedding forage. The field experiment took place under similar temperature conditions.
However, during their field experiment did not occur any rainfall, the moisture content of
forage was on the third day below 15%. Due to the rainfall and relatively high air humidity,
the observed drying rate corresponded to their drying rate of conditioned forage without
tedding. Li et al. (2019) evaluated effect of tedding time and frequency on the drying rate
of forage. They reached similar results when more times tedded forage showed higher
moisture loss during drying. Pattey et al. (1988) found out more efficient to ted forage at a
lower dry matter content. It corresponds to observed drying process. It is evident from the
Figure 3 that the greatest moisture loss was after first tedding on 28" August. Compared to
other researches, in this case, under the given conditions, there was no significantly faster
drying process of forage that was cut with a conditioner and turned more times compared
to unconditioned and less turned forage.
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CONCLUSION

1. The results of the comparison conditioned and unconditioned forage proved on average
the higher moisture loss at conditioned forage. The differences in some cases were
statistically significant.

2. The forage that was more time tedded showed on average higher moisture loss. The
observed differences were on the border of statistical significance.

3. Additionaly from the point of view of the economic balance under the given conditions,
it would be more appropriate to use a less energy-demanding option (variant A).
Mowers equipped with a conditioner have a higher energy demand per hectare. In
addition, the number of operations (number tedding) must be included. Given the
results found, using the more energy-demand option did not significantly speed up the
forage drying process.
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ABSTRACT: In today's era, it is crucial to monitor and optimize the microclimate of the interi-
or environment to enhance the comfort and safety of drivers and passengers. When adjusting the
parameters of the cabin microclimate, several factors come into play, which affect the health and
safety of the passengers, such as the time and attention devoted to parameter settings, as well as the
selected parameters themselves. This article focuses on the design, implementation, and testing of
an infrared (IR) sensor integrated with an ESP32 module for monitoring the surface temperature of
the driver's face in the vehicle. The goal is to analyse the rate of temperature change and optimize
the airflow speed and temperature from the vehicle's air conditioning system outlets. The left lower
area of the rearview mirror was chosen for sensor placement to capture the largest possible area of
the face without obstructing the driver's view. The MLX90640 sensor with a resolution of 32 x 24
pixels was selected for its ability to record temperatures ranging from -40 °C to 300 °C. Connection
to other components was established via the I2C protocol. For signal processing from the sensor,
the ESP32 microcontroller from Laskakit, featuring Wi-Fi and Bluetooth capabilities, was chosen.
Programming was done using Arduino source code, and the results were processed using Proce-
ssing code. Measurements included experiments with various airflow speeds and their impact on the
surface temperature of the driver's face. The results revealed a positive correlation between airflow
speed and the rate of temperature change. This finding has the potential to increase the comfort and
safety of drivers and passengers in the vehicle. In conclusion, the potential of infrared sensors in
future intelligent vehicles is emphasized, highlighting their contribution to optimizing the microcli-
mate and enhancing the comfort and safety of drivers and passengers.

Keywords: microclimate, infrared thermography, thermal comfort, HVAC
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ABSTRAKT: V stcasnosti je dolezité sledovat’ a optimalizovat’ mikroklimu vntitorného prostredia
vozidiel s cielom zvysit’ pohodlie a bezpecnost’ vodi¢ov a cestujucich. Pri nastavovani parametrov
mikroklimy v kabine sa stretdvame s viacerymi faktormi, ktoré ohrozuju zdravie a bezpecnost’ po-
sadky, ako je ¢as a pozornost’ venovana nastaveniu parametrov a samotné vybrané parametre. Tento
¢lanok sa zameriava na navrh, implementaciu a testovanie infracerveného (IR) senzora integrované-
ho s modulom ESP32 na monitorovanie teploty povrchu tvare vodica vozidla. Ciel'om je analyzovat’
rychlost’ zmeny teploty a optimalizovat’ rychlost’ pridenia vzduchu a teploty z vystupov klimati-
zacného systému vozidla. Pre umiestnenie senzora bol zvoleny I'avy spodny roh spétného zrkadla s
cielom zachytit’ ¢o najvacsiu plochu tvare bez obmedzenia vodicovho vyhl'adu. Senzor MLX90640
s rozliSenim 32x24 pixelov bol vybrany pre svoje schopnosti zaznamenavat’ teploty v rozsahu od -40
°C do 300 °C. Prepojenie s ostatnymi komponentami bolo zabezpecené prostrednictvom 12C proto-
kolu. Na spracovanie signalov zo senzora bol zvoleny mikrokontrolér ESP32 od znacky Laskakit,
ktory disponuje funkciou Wi-Fi a Bluetooth. Programovanie prebehlo pomocou zdrojového kodu
pre Arduino a spracovanie vysledkov pomocou kdédu pre Processing. Merania zahrnali aj experi-
menty s roznymi rychlostami pradenia vzduchu a ich vplyvom na zmenu teploty povrchu tvare vo-
dica. Vysledky ukazali pozitivnu korelaciu medzi rychlost'ou prudenia vzduchu a rychlostou zmeny
teploty. Tento poznatok ma potencial zvysit’ komfort a bezpecnost’ vodica a cestujucich vo vozidle.
V zéavere sa zddraziiuje potencial infracervenych senzorov v inteligentnych vozidlach budtcnosti
a ich prinos pri optimalizacii mikroklimy a zvySeni komfortu a bezpec¢nosti vodic¢ov a cestujtcich.

KPicéové slova: mikroklima, infracervena termografia, tepelna pohoda, HVAC

INTRODUCTION

In recent years, the development and application of thermal vision technology have
significantly advanced, offering numerous benefits in various fields, including driver
safety. Monitoring and optimizing the microclimate inside a vehicle is essential for
enhancing the comfort and safety of both drivers and passengers. Current solutions in this
domain involve sophisticated technologies that provide real-time data on temperature,
humidity, and airflow, contributing to the overall driving experience.

A variety of approaches have been explored to address the challenges associated with
maintaining an optimal cabin environment. For instance, studies by (Yi et al. 2020) and
(Ugursal et al. 2012) have demonstrated the effectiveness of using infrared (IR) sensors
to monitor and regulate the temperature inside vehicles. These studies have shown that
precise temperature monitoring can significantly improve the comfort and alertness of
drivers, thereby reducing the risk of accidents caused by discomfort or fatigue.

The MLX90640 IR sensor, with its high resolution and broad temperature range, has
emerged as areliable tool for such applications. The sensor’s ability to measure temperatures
from -40 °C to 300 °C and its 55° field of view make it ideal for capturing detailed thermal
images of the driver’s face. The integration of this sensor with microcontrollers, such as
the ESP32, allows for efficient data processing and transmission, facilitating real-time
monitoring and control of the vehicle’s microclimate.

Existing research highlights the potential of these technologies to enhance driver safety.
For example, the work by (Shin et al. (2017) illustrated the use of thermal imaging to detect
signs of driver fatigue by monitoring facial temperature changes. Similarly, (Vavrinsky et
al. (2013) explored the use of IR sensors to optimize HVAC (Heating, Ventilation, and Air
Conditioning) systems in vehicles, leading to improved energy efficiency and passenger
comfort.
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This study builds upon these findings by focusing on the design, implementation, and
testing of a IR vision system using the MLX90640 sensor. The system aims to monitor the
surface temperature of the driver’s face and adjust the airflow and temperature from the
vehicle’s air conditioning system to maintain optimal comfort. The sensor is strategically
placed in the lower left area of the rearview mirror to capture the largest possible area of
the face without obstructing the driver’s view.

The microcontroller chosen for this project is the versatile Laskakit ESP32-Lpkit,
which offers built-in Wi-Fi and Bluetooth modules, making it suitable for a wide range
of applications, from low-power sensor networks to demanding processing tasks. The
programming of the system was done using Arduino source code, and the data visualization
was achieved using Processing code.

By conducting experiments with varying airflow speeds, this study aims to analyse the
rate of temperature change on the driver’s face. The results are expected to demonstrate
a positive correlation between airflow speed and temperature regulation, thereby validating
the effectiveness of the proposed system. Ultimately, this research aims to contribute to
the development of intelligent vehicles that use advanced thermal vision technology to
enhance driver and passenger safety and comfort.

3 4

USE cable
Programmer P Fartable
computer

1
Infrared
sensor

12C protocol
Microcontroller

Fig.1 Block scheme of a device
Obr.1 Blokova schéma zariadenia

MATERIAL AND METHODS

Infrared sensor MLX90640

The MLX90640 is an infrared sensor with a resolution of 32 x 24 pixels, capable of
measuring temperatures ranging from -40 °C to 300 °C. The sensor’s field of view is
55°, and its coverage, when placed in a specified location, is focused on the head area
of a person with sufficient overlap, as shown in Figure 3. Connection to other devices is
established through the I2C protocol. The sensor can be powered with two configurations,
3,3 Vand 5V, making it energy-efficient.

Microcontroller Laskakit ESP32 — Lpkit

The microcontroller from Laskakit was chosen for processing signals from the sensor.
This is a versatile microcontroller with built-in Wi-Fi and Bluetooth modules. It is designed
for various applications, from low-power sensor networks to demanding tasks. It is based
on the ESP32-DOWDQ6 chip with two independent CPU cores. The CPU frequency is
adjustable from 80 MHz to 240 MHz. The module supports data transfer rates of up to 150
Mbps and an antenna output power of 20 dBm. The operating current is 80 mA, and the
voltage ranges from 3 to 3.6 V.

ACTA FACULTATIS TECHNICAE, XXIX, 2024 (1): 17-27 19



Programmer LaskaKit CH90102

The universal programmer with the USB-UART converter CH9102 is designed for
uploading firmware to development boards, including those from LaskaKit. It is a simple
and affordable device that can be used with boards containing ESP or Atmel chips. The
power supply can be set to 3,3 V or 5 V. The programmer supports microUSB or USB-C
connectors for connection to devices.

Datalogger AHLBORN ALMEMO 2590-4AS

The datalogger is a device for collecting and storing data, featuring a total of four
inputs, sixteen channels (+4 internal channels) with a maximum permissible measurement
error of £0,03 %, placing it in accuracy class A. Measured values are displayed digitally
on a graphic LCD with a resolution of 128 x 64 pixels. The datalogger’s memory can store
up to 100000 measured values and can be powered by three AA batteries or an AC adapter.
The interface is provided through USB 2.0, RS232, Ethernet, or Bluetooth. Data recorded
by the device can be processed in AHLBORN’s software to create graphical or tabular
evaluations of the values. The measurement rate can be selected between 10 and 2,5 Hz.

Airflow Velocity Probe ALMEMO FVAD S120

For measuring airflow velocity, we used the ALMEMO FVAD 15 S120 probe
connected to the ALMEMO 2590-4AS datalogger, with a measurement range from 0,4 to
20 m/s and an accuracy of £1,5 % of the measured value. Measurements can be performed
at temperatures ranging from -20 to 140 °C.

Temperature, Atmospheric Pressure, and Relative Humidity Probe ALMEMO
FHAD 46-C2

Probe can measure ambient temperature, relative humidity, atmospheric pressure, and
dew point in each space. It is used exclusively with the ALMEMO 2590-4AS datalogger,
which displays the current values of all four parameters in real-time upon connection. The
measurement accuracy for relative humidity is 2 % in the first range (10 + 90 %) or = 4 %
in the second range (5 + 98 %). The temperature measurement range is from -20 to 60 °C.

Arduino Source Code

Arduino code is used for reading images from the MLX90640 IR sensor, which
communicates via the 12C interface with the ESP32 microcontroller, specifically with
the Laskakit ESP32-LPKIT development board. Initially, the code includes the necessary
library for communication with the thermal camera. It then declares an object for the
thermal camera and arrays to store temperature data for each pixel and compressed
messages.

In the “setup()’ function, which runs after startup, the code initializes serial
communication at 500000 baud and waits a short time to stabilize communication. Then it
attempts to initialize the thermal camera at its default I2C address and sets the emissivity
(0,96). If the camera is not found, it prints an error message and stops the program. If the
camera is successfully found, the code prints basic information about the thermal camera,
such as its 12C address and serial number.

It then sets the scanning mode to “interleaved chessboard” or “interleaved rows,”
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the ADC resolution, which affects the accuracy of temperature measurements, and the
camera’s refresh rate, which determines how often new temperature images are provided.
The ‘loop()" function, which repeats continuously, attempts to read an entire image from
the thermal camera. If an error occurs, it prints an error message and skips the current
cycle. If the image is successfully read, the code compresses the temperature data into
16-bit values and stores them in the message array along with a unique “MAGIC” value
at the beginning.

These compressed temperature data are then sent via the serial link to the computer.
The code also checks for any commands from the computer to set the camera’s refresh rate
and makes the corresponding change if necessary. This way, the code enables the capture
of temperature data using the MLX90640 thermal camera, its processing, and sending it
to the computer, while allowing dynamic adjustment of the camera’s refresh rate based on
commands from the computer.

Processing Source Code

Processing language is used to visualize temperature data from images obtained using
the thermal camera, which are transmitted via the serial link (USB). Initially, the code
imports the library for working with serial communication and declares several global
variables. It defines the size of temperature cells in pixels, the serial port, and a two-
dimensional array to store temperature data. Additionally, helper variables are initialized
to track the minimum, maximum, and average temperature in the image, alarm and its
filter, coordinates of cells with minimum and maximum temperatures, and other variables
for various functions.

In the “setup()” function, the basic window configuration, colour model, serial port,
and other initializations are set. It attempts to open the serial port on the first available
port at 500000 baud. If opening the port fails, it prints an error message and terminates the
program. The code also sets a custom cursor in the shape of a crosshair. In the “draw()’
function, it continuously attempts to read new data from the serial port unless the program
is paused. If new data is available, it updates the window title, clears the background,
draws the image, optionally applies a blur, and draws crosshairs on the cells with minimum
and maximum temperatures. It also displays temperature statistics and exports these data
to a file. If the mouse moves over any of the cells, it displays the temperature of that
cell at the cursor. In the *‘mouseMoved()" function, the mouse cursor position is updated
only if a sufficient time interval has passed. The smooth cursor position and coordinates
of the cell under the cursor are updated. In the “exportStatistics()" function, statistical
data are written to a file. The "keyPressed()" function allows various interactions via the
keyboard, such as changing the pause state, showing or hiding text at the cursor, changing
the size of temperature cells, setting the camera’s refresh rate, and exporting statistics. In
the ‘readlmage()’ function, data from the serial port are processed and stored in the two-
dimensional temperature data array.

The average temperature, maximum and minimum temperatures, and their coordinates
are updated. The median temperature is also calculated. In the "drawlmage()’ function,
temperature data are drawn as coloured squares in the window. The *drawExtremeCross()’
function draws crosshairs and temperature values on the cells with maximum and minimum
temperatures. The ‘drawStatistics()’ function displays statistical data such as minimum,
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average, median, and maximum temperatures at the bottom of the window. If the alarm
is activated, a warning message is displayed. Finally, the calculateMedian()" function
calculates the median of the values in the temperature array.

Placement of IR Sensor

Fig.2 Infrared device inside of a rearview mirror model
Obr.2 Infracervené zariadenie vo vnutri modelu spétného zrkadla

The placement of the infrared sensor in the lower left corner of the rearview mirror as
shown in Figure 2, was chosen to capture the largest possible area of the face while not
obstructing the drivens field of view. Figure 3, shows the car schematic with the field of
view highlighted. The entire setup consists of three main components: the infrared sensor,
microcontroller, and programmer.

Fig.3 Visualization of IR sensor field view inside a vehicle

Obr.3 Vizualizacia zorného pol'a IR snimaca vo vozidle
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RESULTS

Table 1 presents the median temperatures recorded during three separate measurements,
each conducted at different fan speed settings (first, second, and third). The measurements
were taken at 10-second intervals, up to 110 seconds.

Across all three measurements, the initial temperatures were similar for each fan
speed. There was a rapid decrease in temperature within the first 20 seconds for all fan
speeds, followed by stabilization. The third fan speed stage generally resulted in a lower
stabilization temperature compared to the first and second stages. The first fan speed stage
consistently showed a higher final median temperature compared to the second and third
stages, indicating that higher fan speeds are more effective at reducing temperatures.

Table 1 The progression of changes in median temperature values recorded during three
measurements, depending on the selected fan speed setting

Tabul’ka 1 Vyvoj zmien v hodnotach medianu tepl6t zaznamenanych pocas troch merani

v zavislosti od nastaveného stupiia ventilatora

Median of temperature from Median of temperature from Median of temperature from
first measurement” [°Q second measurement? [°Q third measurement® [°Q
First Second | Third First Second | Third First Second | Third
9 stageof | stageof | stage of " stage of | stageof | stageof " stageof | stageof | stage of
Time®[s] fan fan fan Time™ [s] fan fan fan Time s} fan fan fan
speed® | speed® | speed” speed® | speed® | speed” speed® | speed® | speed”
0 31,60 31,80 30,80 0 31,60 31,80 31,40 0 31,51 31,71 30,67
10 29,58 28,70 28,63 10 29,58 28,70 28,63 10 29,59 28,70 28,84
20 29,07 28,00 28,00 20 29,07 28,00 27,83 20 29,23 28,11 27,98
30 28,80 27,79 27,84 30 28,80 27,79 27,64 30 28,92 27,95 27,95
40 28,66 27,68 27,34 40 28,66 27,68 27,34 40 28,54 27,63 27,31
50 28,36 27,63 27,35 50 28,36 27,93 27,35 50 28,27 27,68 27,41
60 28,05 27,48 27,28 60 28,05 27,48 27,28 60 28,02 27,55 27,24
70 27,9 27,40 70 27,9% 27,40 70 27,85 27,44
80 27,94 80 27,% 80 27,9
0 27,85 0 27,85 0 27,64
100 27,67 100 27,67 100 27,81
110 27,62 110 26,62 110 27,44

P"Median teplot z prvého merania A, ?Median tepl6t z druhého merania B, *Median teplot
z tretiecho merania C, ¥Cas, ¥Prvy stupeii rychlosti ventilatora 1, ®Druhy stupei rychlosti
ventilatora 2, "Treti stupen rychlosti ventilatora 3

Figures 4 through 7 show the time-dependent temperature curves for different fan speed
settings of the interior fan. The curves are described by trend lines with corresponding
equations for all variants and measurements. In the first series of measurements, the lowest
achievable temperature of 27 °C was reached within 110 seconds at the first fan speed
setting. At the second fan speed setting, this temperature was reached within 70 seconds.
At the third, maximum fan speed setting, the local minimum temperature was achieved
within 60 seconds.

In the second series of measurements, the lowest achievable temperature of 27 °C
was reached within 110 seconds at the first fan speed setting. At the second fan speed
setting, this temperature was reached within 70 seconds. At the third fan speed setting, the
minimum temperature was achieved within 60 seconds.
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Fig.4 Graphical representation of Table 1 for the first measurement
Obr.4 Grafické spracovanie tabul’ky 1 pre prvé meranie
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STreti stupen rychlosti ventilatora
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Fig.5 Graphical representation of Table 1 for the second measurement.
Obr.5 Grafické spracovanie tabul’ky 1 pre druhé meranie
YMedian teplot, ?Cas, YPrvy stupei rychlosti ventilatora, “Druhy stupei rychlosti ventilatora,
STreti stupen rychlosti ventilatora

24 ACTA FACULTATIS TECHNICAE, XXIX, 2024 (1): 17-27



In the final, third series of measurements, the lowest achievable temperature was
reached within 110 seconds at the first fan speed setting. At the second fan speed setting,
this temperature was reached within 70 seconds. At the third fan speed setting, the
minimum temperature was achieved within 60 seconds.
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Fig.6 Graphical representation of Table 1 for the third measurement.

Obr.6 Grafické spracovanie tabul'ky 1 pre tretie meranie

DMedian teplot, ?Cas, YPrvy stupei rychlosti ventilatora, “Druhy stupen rychlosti ventilatora, ¥
Treti stupen rychlosti ventilatora

Pearson’s correlation analysis demonstrated a very strong relationship between the
measured values across different fan speed settings, as shown by the heat map in Figure 7.
he R values for all measurements were greater than 0,96.
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Fig.7 Pearson correlation of measurements in heat map
Obr.7 Pearsonova korelacia pre namerané hodnoty zobrazena v heat map
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DISCUSSION

By evaluating the results of measurements of the median value of the surface temperature
of the face under changing air flow conditions, we can conclude that with increasing air
flow speed, the surface temperature of the subject’s face cools down faster than at lower
airflow speeds. A similar pattern is described by Koukiou and Anastassopoulos; utilizing
the time dependency of temperature changes can distinguish the fan speed setting of the
HVAC unit.

The choice of HVAC fan speed depends on the current microclimate conditions of
the environment as well as the thermal comfort preferences of the subject. The device
described above is designed to monitor the rate at which the surface temperature of the
subject’s face changes. In an enclosed environment, this rate is influenced by the humidity,
the magnitude of temperature changes, and the airflow speed which also described Zhou
et al.. In a broader context, this device is purposefully designed for a system capable
of evaluating the thermal comfort of a subject in environments with rapidly changing
microclimate parameters.

As described by Vitazek, choosing extreme HVAC settings exposes the driver to an
increased risk of accidents, long-term health hazards, and, in extreme cases, death, mainly
due to heart failure caused by thermal shock. Health and other risks are also described by
LEAH.

CONCLUSION

Through experimental measurements in a vehicle, we recorded the surface temperatures
of'the driver’s face using an infrared sensor while varying the air flow speed from the HVAC
outlets. During the experiment, we monitored the air flow speed, median temperatures at
specific time intervals, and the time required to observe a decrease in temperature from
a local maximum to a local minimum, which also represented the overall minimum.

The reliability of the device is indicated by the consistent temperature drop times
across all measurements, with the same time period needed to decrease the temperature
from the local maximum to the minimum temperature of 27 °C. These findings are further
supported by Pearson‘s correlation results, which show a very strong relationship between
the measured values, with R values above 0,96. Based on these correlations, the device
can be used in vehicles to determine the selected fan speed setting. This device represents
a significant advancement for enhancing the efficiency and accuracy of autonomous
climate control in the given environment based on our published work.
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ABSTRACT: Waste management is an integral part of people's lives. With the overall growth in
wealth and population, the amount of waste that society produces is increasing. A frequently men-
tioned type of waste is plastic waste, which is generated by people's daily activities. Thus, plastic
waste forms an integral part of municipal waste. Despite the very high percentage of people who sort
plastics in the Czech Republic, the recycling of plastics does not reach similarly high percentages.
An important precursor to recycling, and an intermediate step after sorting by citizens, are sorti-
ng plants. These plants sort plastics into different types, mainly polyethylene terephthalate (PET),
polypropylene (PP) and polyethylene (PE). With three exceptions, sorting of plastics in the Czech
Republic is carried out manually, with the help of operators who pull the different types of plastics
from a conveyor belt. Manual sorting has its physical limits, and as the capacity of the input waste
increases, the sorting efficiency decreases, which has a major impact on the economics of the entire
plant. Despite the impossibility of knowing the type of plastic, these plants achieve desirable yields
of plastics for recycling. In view of the rising cost of human labour and low unemployment, it can be
predicted that manual sorting will be gradually reduced in the future and replaced by machine sorti-
ng. This phenomenon can also be observed in the more developed countries of the European Union.

Keywords: waste, waste management, waste plastic sorting, plastic

ABSTRAKT: Odpadové hospodarstvo je neoddelitelnou sucast'ou zivota I'udi. S celkovym ras-
tom bohatstva a poétu obyvatel'ov sa zvy$uje mnozstvo odpadu, ktoré spoloénost’ produkuje. Casto
spominanym druhom odpadu je plastovy odpad, ktory vznika pri kazdodennych ¢innostiach I'udi.
Plastovy odpad tak tvori neoddelitelnt su¢ast’ komunalneho odpadu. Napriek vel'mi vysokému per-
centu Fudi, ktori v Ceskej republike triedia plasty, recyklacia plastov nedosahuje podobne vysoké
percento. Dolezitym predstupiiom recyklacie a medzistupiiom po triedeni obcanmi su triediace lin-
ky. Tieto linky triedia plasty na rézne druhy, najmi na polyetyléntereftalat (PET), polypropylén
(PP) a polyetylén (PE). Az na dve vynimky sa triedenie plastov v Ceskej republike vykonava ruéne,
pomocou operatorov, ktori jednotlivé druhy plastov stahujti z dopravnikového pasu. Ruéné triedenie
ma svoje fyzikalne limity a so zvySujucou sa kapacitou vstupného odpadu klesa u€innost’ triedenia,
¢o ma vel'ky vplyv na ekonomiku celej linky. Napriek nemoznosti poznat’ typ plastu dosahuju tieto
linky ZelateI'nt vytaznost’ plastov ur¢enych na recyklaciu. Vzhl'adom na rastice naklady na 'udska
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pracu a nizku nezamestnanost’ mozno predpokladat’, Ze ru¢né triedenie sa bude v buducnosti postup-
ne obmedzovat’ a nahradzat’ strojovym triedenim. Tento jav mozno pozorovat’ aj vo vyspelejsich
krajinach Eurdpskej tnie.

KPicové slova: odpad, odpadové hospodarstvo, triedenie plastového odpadu, plast

INTRODUCTION

Waste management is an integral part of people’s daily lives (Gadaleta et al., 2020).
The amount of municipal waste in the country is on an increasing trend. In 2022, 5.2 mil-
lion tons of municipal waste was produced. Plastic waste is a significant part of municipal
waste. The global production of plastic exceeds 359 million tons per year (Nayanathara,
2024). Moreover, production is expected to double in 2045 (Bergmann et al., 2022). Plas-
tic waste is one of the most discussed waste commodities in the world. Paradoxically, it
accounts for about 1% of all waste in the world (Dearmitt, 2020). In the European Union,
about 40% of plastics are used for packaging. 20% of plastics are used in construction.
10% of plastics are used in automotive. Only 32.5% of plastic waste was recycled in the
EU in 2018. The majority share (42.6%) of the plastic waste load is energy recovery. Up
to 25% of plastic waste is landfilled (,,Plastic Waste and Recycling in the EU: Facts and
Figures®). Due to the low degradation of plastics in nature, unsustainable production, fre-
quent use and inadequate management of plastic waste, plastics have become a serious
threat to natural ecosystems and human health (Walker, 2023) . In the Czech Republic,
waste collection is mainly carried out through collection points arranged by municipali-
ties, which have this obligation under the Waste Act. The collection of plastic waste in the
Czech Republic started in 1997, with the establishment of an authorised packaging com-
pany, which finances the system on the basis of the joint fulfilment of the obligations laid
down in Sections 10 to 12a of the Packaging Act No. 477/2001 Coll. The yellow plastic
containers are then taken by collection trucks to sorting plants (Callewaert et al., 2023).

Sorting plants are an important part of the plastic waste management process. It is an
intermediate step between collection and recycling of plastics. The high variety of plastic
types ensures that they are difficult to recycle, as each type of plastic has different proper-
ties. It is therefore necessary to sort mixed plastics, preferably into individual plastic types
or groups of plastics that have similar properties (St ‘astnd, 2013). The sorting of mixed
plastics is either manual or automated (Aschenbrenner et al., 2023). Manual sorting makes
considerable use of human labour. It is a less efficient sorting method than automatic sor-
ting, using various machines. Automated sorting also achieves greater purity of the output
material (Kroell, 2024). The Waste Management Information System (VISOH2) records
76 active stationary sorting plants for mixed plastic waste in operation in the Czech Re-
public, accepting waste with catalogue number 20 01 39. Three plants are automated, in
Ostrava, Brno and Prague (Vikov, n.d.). Manual sorting plants are the most common way
of sorting plastics in the Czech Republic. These plants operate on the same principle (Lim
et al., 2023). Mixed plastics are transported by collection trucks to the storage section.
The waste is piled onto an inlet conveyor which is sunk below ground level. The piling
process involves the first stage of manual sorting, i.e. removal of oversized items, i.e. film,
carpet, PVC, etc. Oversized pieces of waste would burden the next stage of sorting by
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overlapping the waste on the belt. The waste is further taken to the sorting cabin, which is
located above the tipping boxes, by means of a conveyor belt. The sorting cab contains the
sorting belt and the drop boxes located below the cab. In the sorting cabin, workers remo-
ve and therefore positively sort selected types of plastics from the material flow and drop
them into the adjacent drop boxes. With regard to the size of the material, the sorting cabin
is arranged so that the larger, i.e. bulkier, pieces of plastic are sorted at the beginning. Va-
luable materials such as PET bottles follow, with a view to possible interception by other
workers. Less valuable materials are sorted towards the end of the sorting cabin. Currently
the following plastics are sorted: PET bottles, polypropylene and polyethylene plastics,
LDPE clear film, LDPE coloured film, HDPE plastics, PVC, beverage cartons (tetrapak),
ferrous and non-ferrous metals. Sorted raw materials are stored in boxes under the sorting
cabin. Once sufficient quantities are filled, the plastics are manually or mechanically piled
onto a recessed conveyor. This conveyor conveys the material to a baling press where it
is compacted to reduce storage space and transportation costs (Roosen et al., 2020). The
baled bales are then transported away for recycling or other uses. Plastic that is not remo-
ved from the flow in the sorting booth travels outside the sorting booth and is called reject.
This is usually used to produce a solid alternative fuel called RDF (7ripathi & Rao, 2023).
For proper setup of sorting plants and processes, it is necessary to know the composition
of the input waste, i.e. mixed plastics. This is a non-homogeneous mixture that varies over
the seasons and is different for different types of developments. In urban developments,
the population generates more plastic waste than in rural developments (Zhang et al.,
2023). Lahtela et al., (2019) states that there are non-plastic wastes in plastic waste that
are undesirable for the sorting process.

The aim of this work is to evaluate the yield of manual sorting plants and determine
their maximum yield with respect to the amount of waste processed. It can be hypothe-
sized that manual sorting plants have their limits with respect to the physical capacity of
humans and it is necessary to gradually replace manual sorting plants with machine plants.

MATERIAL AND METHODS

Four sorting plants in the Czech Republic with different input capacities in one year
were analysed. All sorting plants sort the same types of plastics, clear, blue, green and mi-
xed PET bottles, HDPE, PP and PE, coloured LDPE film, clear LDPE film, Tetrapak and
PVC. Sorting plants had same number of workers for sorting during year. The individual
fractions are recorded as output from the sorting plants in the form of compressed bales
which are sold for recycling. Bales are weighted on weighbridge for each fraction after
every sorting shift. Every bale has same measure proportion which is set by baler. Same
baler is used on all monitored sorting plants, same pressure was set. The weight of the
bales was measured at the end of the morning shifts on all sorting plants studied for one
year period of time. One year was chosen as the time period to be monitored due to diffe-
rences in the composition of mixed plastic waste during the year. The remaining fraction,
known as reject, is passed on for the production of solid alternative fuel and is weighted
in walking floor truck after every retrieval. In order to understand the yield of plastics, an
analysis of the composition of the mixed plastics was carried out by self-analysis based on
the methodology of research project No. SP/2F1/132/08. Collected data were analyzed in
MS Excel and compared. The results were interpreted as tables and graphs.
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RESULTS

Table 1 shows the quantity of plastics processed over the period under review and
the average recovery of plastics over the period. The highest yield is achieved by plant
4, which also has the lowest input capacity. Plant 3 has the lowest yield of 36,98 % with
an average annual input of 2639 tonnes. Plant 3 had the lowest yield, with an annual pro-
cessed capacity of 2639.63 tonnes. The low yield can be attributed mainly to poor manual
sorting, lack of motivation of the employees and the technical background of this plant.
Plant 3 is located in a less developed part of the country where fewer people initially sort
waste. The area has a higher unemployment rate than the average in the country and it can
be inferred that people generate less waste as their purchasing power is weaker than, for
example, in the area of plant 1 and 2, where mainly waste from larger cities is processed.
Minelgaité & Liobikiené, (2019) describes that the amount of waste or its production
strongly depends on the economic level. Table 2 shows that plants with smaller amounts
of processed waste achieve higher yields.

Table 1 Input to sorting plants and their annual yield
Tabul'ka 1 Vstupy do triediacich liniek a ich ro¢ny vynos

Annual processed capacity [t/h] Averagf) fp ;f::tli]z:g[(ey:']ecovery
Sorting plant 1 1091,51 61,66 %
Sorting plant 2 2940,82 47,57 %
Sorting plant 3 2639,63 36,98 %
Sorting plant 4 893,76 65,46 %

The individual yield of sorted plastics is monitored on the sorting palnts. The method-
ology for calculating the yields is the difference between the input quantity and the bales
of each type of plastic that are compacted. Compression is carried out to reduce storage
capacity and transport costs for recycling. Table 2 shows the average yield of each plastic
over the period under review.

Table 2 shows that the most sorted commodity is a mixture of PP and PE and coloured
LDPE film. For PP and PE, these are larger pieces of packaging materials, e.g. from phar-
maceuticals, washing powders, etc. A smaller part is taken up by yoghurt cups and other
food trays. Films are also larger pieces and easily recognisable to people. HDPE plastics,
such as garden furniture and children‘s toys, which are not commonly found in plastics,
have the lowest yields. The average recovery rate of 50.93% shows that more than half of
the plastics that people sort into yellow bins have no recycling potential. Over the course
of the year, the recovery of different types of plastics varies with the composition of the
input waste. This is dependent on consumer behaviour (Ma et al., 2018), as shown in the
following figures.
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Table 2 Average yield of each type of sorted plastic
Tabul'ka 2 Priemerna vytaznost’ kazdého druhu triedeného plastu

Type of plastic / Sorting Sorting plant | Sorting plant | Sorting plant | Sorting plant
plant 1 2 3 4
PET bottles clear 8,21% 8,74% 7,37% 5,59%
PET bottles blue 1,28% 1,53% 0,23% 1,60%
PET bottles green 1,33% 1,55% 3,78% 1,32%
PET bottles mix colours 6,04% 4,43% 2,32% 4,51%
Tetrapak 0,65% 1,46% 0,44% 2,51%
HDPE 0,66% 0,00% 0,29% 0,00%
LDPE foil clear 5,79% 7,73% 6,06% 11,91%
PP/PE 20,54% 11,77% 8,76% 16,93%
LDPE foil mix colours 15,98% 6,97% 3,74% 15,71%
PVC 1,17% 3,40% 3,99% 5,37%
Total sorted 61,66% 47,57% 36,98% 65,46%
2,50%
2,00% == PET bottles clear
=8—PET bottles blue
PET bottles green
1,50% == PET bottles mix colours
== Tetrapak
1,00% HDPE
== DPE foil clear
—e—PP/PE
0,50% =@ DPE foil mix colours
== P\V/C
0,00%
1 2 3 4 5 6 7 8 9 10 11 12

Fig. 1 Amount of sorted plastic - plant 1
Obr. 1 Mnozstvo vytriedenych plastov - zavod 1
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Fig. 2 Amount of sorted plastic - plant 2
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=@ PET bottles clear

== PET bottles blue
«0-=PET bottles green
== PET bottles mix colours
=@-=Tetrapak

«=0--HDPE

== DPE foil clear
—8—PP/PE

== LDPE foil mix colours
—e—PVC

Obr. 2 Mnozstvo vytriedenych plastov - zavod 2

Fig. 3 Amount of sorted plastic - plant 3

=8 PET bottles clear

== PET bottles blue
=0-=PET bottles green

== PET bottles mix colours
=0-—Tetrapak

«=@--HDPE

=&—LDPE foil clear
—8—PP/PE

== DPE foil mix colours

=@=PVC

Obr. 3 Mnozstvo vytriedenych plastov - zavod 3

ACTA FACULTATIS TECHNICAE, XXIX, 2024 (1): 28-37

33



2,50%

=@=PET bottles clear
2,00%
== PET bottles blue
PET bottles green
1,50% =@=PET bottles mix colours
—=0-Tetrapak
HDPE
1,00%
=—@= | DPE foil clear
—@=—PP/PE
0,50% === DPE foil mix colours
—@=—PVC
0,00%

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 4 Amount of sorted plastic - plant 4
Obr. 4 Mnozstvo vytriedenych plastov - zavod 4

Figs. 1 to 4 show the changing values in yields over the year. For example, the total
yield of PET bottles is in plant with the higher demand in summer and at Christmas.
A similar trend can be observed for LDPE films, whose production increases towards the
end of the year, which can be attributed to the higher demand for packaged goods, i.e.
gifts, etc. Table 3 show the results of our own analysis of mixed plastics.

Table 3 Analysis of plastic waste
Tabul’ka 3 Analyza plastového odpadu

Type of commodity percentage of weight [%]
PP/PE 3,00 %
LDPE clear foils 6,00 %
LDPE foils mix colours 6,00 %
PP — bottles, cups, etc. 5,00 %
HDPE bottles 3,00 %
Tetrapak 1,50 %
PET bottles clear 8,00 %
PET bottles blue and green 7,00 %
PET bottles brown, pink, red 2,00 %
PVC 2,00 %
Al metals 0,50 %
Fe metals 1,00 %
Total sortable materials 45,00 %
Not sortable materials 55,00 %
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Own analysis shows that the recovery of plastics is on average 45%. On manual sort-
ing plants, the average yield was 52,92 %. The increase compared to the actual analysis
can be attributed to the better knowledge of the operators on the sorting plants, their mo-
tivation in relation to the rewards for yield and possibly also to errors, as the quality of
the plastics sorted is not inherently monitored on the sorting plants, i.e. if there is no other
commodity in one commodity, for example. In the actual analysis, 100% control of the
sorted plastics took place and the yield can be assessed as the maximum possible when
100 % control of the quality of the sorted plastics is observed.

DISCUSSION

Manual sorting plants are proven and affordable technologies for sorting mixed plas-
tics. With regard to capacity, they achieve standard yields. Their biggest disadvantage is
the low input capacity (Robert et al., 2017). Another disadvantage is the inability of hu-
mans to distinguish between different types of plastic, as e.g. spectrophotometric techno-
logies can do. Eriksen et al., (2023) state that manual sorting plants expose people to dust,
endotoxin and mould particles, which have a negative impact on human health. Manual
sorting plants are gradually being replaced by machine plants - automatic. These plants
do not achieve higher yields, as this is not possible due to the nature of the composition of
the plastics, as shown by our own analysis, see Table 3. However, they can process many
times more material (Wahab, 2006). Lim et al., (2023) show different methods of sorting
mixed plastics, through flotation, electrostatic separation to spectrophotometry. Robotic
devices are more frequently used in plastics sorting (4schenbrenner et al., 2023). Based
on neural networks and deep learning, further improvements in plastics sorting are being
made (Pucnik et al., 2024). Greater plant capacity also yields better economic results
(Cimpan et al., 2016).

CONCLUSION

Sorting plastics is an important part of the plastics life cycle. Results from individu-
al sorting plants show that manual sorting has its uses and achieves reasonable yields.
However, it is safe to say that their capacity is limited. Furthermore, the results show
that as the capacity of the equipment increases, their yields decrease. Manual sorting is
not suitable for human health. Considering the increasing amount of waste (Bergmann et
al., 2022), it is necessary to think about the future sorting and functionality of the whole
system. Gradual automation of the sorting process, i.e. replacing manual work by machi-
nes, seems to be the solution (Lim et al., 2023). The most efficient manual sorting plants
in the country process between 6 and 8 thousand tonnes of waste per year, with yields
below 40%. The largest automatic sorting plant in the world is located in Motala, Sweden
and processes up to 200 000 tonnes of plastic waste per year (,,World‘s Biggest Plastic
Sorting Facility Inaugurated®). This plant achieves yields of up to 95% and sorts 12 types
of plastics and ferrous and non-ferrous metals. As only 42% of plastics are closed loop
under current conditions, the development of sorting plants and their improvement can be
expected (Eriksen et al., 2019).
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ABSTRACT: The present papers deal with the issue of assessing the influence of the selected
additive to automobile gasoline fuel on the power, energy and emission parameters of the selected
motor vehicle Renault Clio 1,2i. Nowadays, due to the constant development in the field of auto-
mobile transport, it is necessary to carefully monitor the impact of motor vehicle operation on the
environment. The main indicators in this area are vehicle consumption, which is followed by motor
vehicle emissions. Fuel Save Natural 95 gasoline from Shell was used for laboratory measurement.
During the entire measurement process, we used VIF Super Benzin Aditiv gasoline engine additive.
Measurements of individual parameters were carried out in laboratory conditions in the form of
simulated driving cycles on the cylinder test bench of motor vehicles. As an external measuring
device, we used the flowmeter to measure fuel consumption. A combined exhaust gas analyzer
was used to determine the representation of individual emission components in exhaust gases. The
power parameters were assessed based on a comparison of the external speed characteristics of the
motor vehicle. Performance of the speed characteristics of the vehicle engine was carried out twice
before and after the addition of the additive. Energy and emission parameters were determined in
the form of vehicle load during selected time intervals. Ten time measurements were carried out at
an engine speed of 3400 min-1 with the 4th gear engaged and according to a preselected 120 second
time interval. The value of unburned hydrocarbons HC decreased by 50 % and carbon monoxide
CO decreased more than 30 %. For fuel consumption, we found that it increased slightly due to the
increased average rpm and power. After evaluating the results, partial changes are visible in all me-
asured parameters of the vehicle which confirms the effectiveness of tested additive with the given
fuel even after a short-term use.

Keywords: additives to gasoline, gasoline, testing of automobile, consumption, emissions
ABSTRAKT: Predlozeny prispevok sa zaobera problematikou hodnotenia vplyvu zvolenej prisady

do automobilového benzinu na vykonové, energetické a emisné parametre vybraného motorového
vozidla Renault Clio 1,2i. V dnesnej dobe vzhl'adom na neustaly vyvoj v oblasti automobilovej
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dopravy je potrebné dosledne sledovat’ vplyv prevadzky motorovych vozidiel na zivotné prostredie.
Hlavnymi ukazovatel'mi v tejto oblasti su spotreba vozidiel, na ktorti nadvézuju emisie motorovych
vozidiel. Na laboratorne meranie bol pouzity benzin Fuel Save Natural 95 od znacky Shell. Pocas
celého procesu merania sme pouzili aditivum do benzinovych motorov VIF Super Benzin Aditiv.
Merania jednotlivych parametrov boli realizované v laboratérnych podmienkach formou simulova-
nych jazdnych cyklov na valcovej skusobni motorovych vozidiel. Ako externé meracie zariadenie
sme na meranie spotreby paliva pouzili prietokomer. Na zistenie zastipenia jednotlivych emisnych
zloziek vo vyfukovych plynoch bol pouzity péatplynovy kombinovany analyzator vyfukovych ply-
nov. Vykonové parametre boli hodnotené na zaklade porovnania vonkajsich otackovych charakte-
ristik motorového vozidla. Vykonavanie otackovych charakteristik motora vozidla bolo realizované
dvakrat pred a po pridani aditiva. Energetické a emisné parametre boli zistované formou zat'azenia
vozidla pocas zvolenych ¢asovych intervalov. Vykonalo sa desat’ asovych merani z toho 5 pred pri-
danim aditiva a 5 po pridani aditiva pri otackach motora 3400 min-1 so zaradenym 4. prevodovym
stupnom a podla vopred zvoleného 120 sekundového ¢asového intervalu. Meranie s aditivom uka-
zalo, ze hodnota nespélenych uhl'ovodikov HC klesla asi o 50 % a oxidu uhol'natého CO sa znizil
o viac ako 30 %. Vyhodnotené vysledky ukazuju ¢iastkové zmeny vo vSetkych nameranych para-
metroch vozidla, ¢o potvrdzuje u€innost’ testované¢ho aditiva s danym palivom aj po kratkodobom
pouzivani. Pri spotrebe paliva sme zistili, Ze sa mierne zvysila v dosledku zvySenych priemernych
otacok a vykonu.

KPicové slova: prisady do benzinu, benzin, testovanie automobilu, spotreba, emisie
INTRODUCTION

Today, due to the constant development in the field of automobile transport, it is nec-
essary to closely monitor the influence and impact of the operation of motor vehicles on
the living environment. Today, due to the constant development in the field of automobile
transport, it is necessary to closely monitor the influence and impact of the operation of
motor vehicles on the living environment. The main indicators in this area are vehicle con-
sumption, which is subsequently followed by motor vehicle emissions (Gondzar, 1990,
Vik, 2006). Various types of fuel are used in vehicles, with gasoline being one of the most
common. Automotive gasoline is a mixture of liquid hydrocarbons with a boiling point
in the temperature range from 30 °C to 210 °C. The basic requirements for gasoline are
a good evaporation at low temperatures, a low content of sulfur, which causes corrosion
of the fuel system, the absence of heavy fractions and resin, which causes clogging of
nozzles, intake pipe and valves (Semetko, 1996; Jablonicky, 2010, Kralik et al. 2016;
Syndk F.,, Synak, J., 2022). The most important harmful substances in exhaust gases are
carbon monoxide CO, unburned hydrocarbons HC and nitrogen oxides NOx. As the igni-
tion advance increases, NOx emissions and subsequently also HC emissions increase. CO
emissions are almost independent of ignition advance and are almost exclusively a func-
tion of the excess air factor. Adding the additive to a gasoline has recently become a more
and more discussed topic. Various preparations in the form of additive concentrates are
added to gasoline. These preparations are intended for addition directly to the fuel tank
during refueling or before refueling to ensure the most perfect mixing of the additive with
the fuel due to the flow of fuel entering the tank. These are substances acting to increase
resistance to detonation combustion, reduce fuel consumption, purify the fuel and intake
tract, reduce engine friction and subsequently increase its power, etc. (Matéjovsky, 2005,
Vik, 2006, Hromadko, 2011; Lendak, Jablonicky, 2015; Sarkan et al., 2017; STN EN
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228 + A1: 2018; Slovak Republic Decree no. 251/2023 Coll.). The measurements will be
aimed at achieving the best possible results when measuring consumption, emissions and
other parameters of the selected motor vehicle in laboratory conditions on the cylinder
test bench.

MATERIAL AND METHODS

Characteristic of used material

A Renault Clio passenger car belonging to the M1 category was used for the measure-
ment. The technical parameters of the vehicle can be found in Tab. 1. During the entire
measurement process, Matador MP 56 winter tires with size 175/65 R14 were used and
inflated to the prescribed operating pressure of 200 kPa. Fuel Save Natural 95 from Shell
brand was used for laboratory measurement of fuel consumption and emissions. It is 95
octan unleaded gasoline. There were approximately 25 liters of gasoline in the tank during
the test. During the entire measurement process, we used the additive for gasoline engines
VIF Super Benzin Aditiv, which was used in the ratio of 125 ml of additive to 25 litres of
fuel. The total resulting mixing ratio after adding the additive in the tank reached a value
of 1:200. The additive is intended for all spark-ignition engines with direct and indirect
fuel injection. The manufacturer declares a reduction in fuel consumption by an average of
5-7%, a reduction in friction in the engine and thus an increase in performance, maintain-
ing the cleanliness of the fuel system, improving the cold start of the engine, preserving
the full function and life of catalysts and protection against corrosion. The additive con-
tains kerosene CAS 64742-81-0, aromatic fraction CAS 64742-94-5.

Fig. 1 Tested vehicle Renault Clio 1,2i
Obr. 1 Testovany automobil Renault Clio 1,21

40 ACTA FACULTATIS TECHNICAE, XXIX, 2024 (1): 38—49



Table 1 Parameters of used automobile Renault Cio 1,21
Tabul'ka 1 Parametre pouzitého automobilu Renault Clio 1,21

Automobile Renault Clio 1,21
Type" Passenger car
Category? M1
Motor (type)® D7FG7
Engine capacity” [cm?] 1149
Maximum engine power [kW] / rpm® [min™'] 43 /5250
Overall dimensions length — width — height® [mm] 3773 - 1639 — 1417

Operational weight? [kg] 945

Maximum permissible total weight® [kg] 1445

DTyp, PKategoria, *Motor (typ), ?Objem motora, > Maximalny vykon/otacky,®Celkové rozmery
vozidla ’Prevadzkova hmotnost’, YMaximalna povolena celkova hmotnost’

Characteristic of used devices

The first and most basic device will be the MSR 500 ALLRAD (4W) cylinder test
unit from the manufacturer Maschinenbau Haldenwang (MAHA) enabling testing of 4x4
vehicles.

4

Fig. 2 Cylinder test unit MAHA MSR 500
Obr. 2 Valcova vykonova skusobina MAHA MSR 500
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An AIC - 5004 FUEL FLOWMASTER from AIC SYSTEMS AG was used as an
external measuring device to measure fuel consumption. To determine the representation
of individual emission components in exhaust gases, a five-gas combined non-dispersive
infrared NDIR exhaust gas analyzer of the brand MAHA Kombi tester MGT/MDO2 —
LON for spark-ignition and diesel engines was used, consisting of both analysis stations
in cooperation with a personal computer with MAHA Emission Software for measure-
ment and evaluation of measured data. A MAHA Air 7 radial fan with an ACA 132M - 4
electric motor with a power of P = 7.5 kW, maximum rpm = 1440 min™' and efficiency n
= 86% was used to cool the engine of the test car (Maha, 2024; Maha Emission Tester,
2024; Seka, 2024).

Characteristics of work procedures
The measurement methodology consists of the following sub-tasks:

— Fixing the vehicle in accordance with the prescribed standards,

— Connecting the flow meter to the fuel system of the vehicle,

— Insert of an oil temperature sensor instead of an engine oil dipstick,

— Checking for leaks and connecting the exhaust gas analyzer to the vehicle’s exhaust
system,

— Pairing of measuring stations (emission station and cylindrical test bench measuring
station) via LAN network

— Pairing of the vehicle with measuring stations via on-board diagnostics

The measurement procedure

— Preparing the vehicle for measurement according to the instructions in the measure-
ment methodology

— Heating up motor of vehicle to operating temperature

— Performing of engine speed characteristics of vehicle’s engine twice before and after
adding the additive

— Carrying out ten time measurements, of which 5 before the addition of the additive and
5 after the addition of the additive by starting the car to a speed corresponding to the
engine speed of 3400 min' with the 4th gear engaged and according to a pre-selected
120 second time interval of driving simulation during the vehicle reached the required
conditions, those were constantly maintained throughout the measured section and
during which the data were recorded

— Among the most important emission values, we included the values of unburned HC
and CO while the emission limits that the vehicle must meet are as follows: CO 2.30
g.km'; HC 0.20 g.km™ and parameter of fuel consumption of 6.0 1.100 km'.

— Adding the additive to the fuel, choosing a 30-minute simulation period during which
the additive was mixed with the fuel based on a certain engine load with a constant
pulling force of 150 N, and re-taking the time and power measurements.

— Saving measurement results, their analysis and conclusion, subsequent export of all
measurement results to a memory medium.

It was necessary to calculate and analyse measured parameters using the basic follow-
ing relationships:
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Calculation of performance

P=M,w=M,2.m.n [kW] (1)
where: P is performance [kW]

M, is torque [Nm]

o is angular speed

n are revolutions [min™']
Calculation of torque

P
M), = —— [Nm] 2)

2.mTn

The quantity of fuel consumed for the selected period of time
V= Vi1 — Vi [dm®.(30s)] 3)

V" is quantity of fuel consumed for the selected period of time [dm?.(30 s)]
Vi1 is volume of fuel in the tank at time t,
Vy2 is volume of fuel in the tank at time t,
Hourly fuel consumption

v ="2£3600 [kghod'] )

where: V is fuel consumption for 1 hour [kg.hod!]
Py is density of fuel [kg.m™]
tis time [h]

RESULTS

All measurements were performed in pre-agreed time intervals and number of mea-
surements to achieve the best possible results. When driving on a cylindrical test bench,
a constant tensile force of 500 N was specified for all measurements. From the point of
view of consumption, the decisive measured data is the volume of injected fuel V given in
litres. Figure 1 shows the time dependence curves of the measured data of one of the five
measurements before adding the additive, and Figure 2 shows the time dependence curves
of the measured data of one of the five measurements after the addition of the additive.
Then an average value was made from all five measurements. The values of unburned HC
decreased by an average of 4.92 ppm by volume and a difference of 0.03 % by volume of
CO before and additive addition was found out. In terms of fuel consumption, there was
found an increase of 0.319 kg.hod!, which is basically a real value due to the increased
average rpm and increased average power in the measurements after addition of additive
to the fuel compared to the values before addition of the additive to the fuel.
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Fig. 1 Time dependence of measured data (n — revolutions [min-1], P — engine power [kW],
CO — Carbon monoxide [% vol.], 02 — Oxygen [% vol.], HC — Unburned hydrocarbons [ppm
vol.], V — fuel volume [1]) without additive
Obr. 1 Casova zavislost nameranych udajov (n — otacky motora [min‘'], P — vykon motora [kW],
CO — oxid uhol'naty [obj. %], O, — kyslik [obj. %], HC — nespalené uhl'ovodiky [ppm obj.],

V — objem paliva [1]) bez aditiva

Based on the evaluation, it can be determined that after adding the additive, the engine
power parameter improved by 3.3 kW. The power loss was increased by 1.6 kW, which
is a value indicating total losses resulting from the sum of power losses, which include
losses in wheels, differentials, bearings, etc. Fig. 3 shows speed characteristic without ad-
ditive and Fig. 4 shows speed characteristic with added additive. In Table 2 can be seen the
results of measuring emissions, fuel consumption, revolutions and engine power before
and after adding additive together with standard deviation and variation coefficient and in
Tab. 3 can be seen differences in speed characteristics before and after addition of additive.
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Fig. 2 Time dependence of measured data (n — revolutions [min™'], P — engine power [kW],
CO — Carbon monoxide [% vol.], O, — Oxygen [% vol.], HC — Unburned hydrocarbons [ppm vol.],

V — fuel volume [1]) with additive
Obr. 2 Casova zavislost nameranych udajov (n — otacky motora [min'], P — vykon motora [kW],
CO — oxid uhol'naty [obj. %], O, — kyslik [obj. %], HC — nespélené uhl'ovodiky [ppm obj.],

V — objem paliva [1]) s aditivom

Table 2 Results of measuring emissions, fuel consumption, revolutions and engine power before
and after adding additive together with standard deviation and variation coefficient
Tabul’ka 2 Vysledky merani emisii, spotreby paliva, ota¢ok motora a vykonu motora pred
a po pridani aditiva do paliva spolu so smerodajnou odchylkou a variacnym koeficientom

Automobile Renault Clio Time of mea- Average Standa.rd devi- Varlatlgn co-
surement values ation efficient

) ) before addition 3467 73,49 0,021
Revolutions n" (min') —

after addition 3533 57,90 0,016

) before addition 11,97 0,29 0,024
Engine power P? (kW) —

after addition 12,20 0,29 0,023

Carbon monoxide CO» | before addition 0.083 0.025 0.303

(% of vol.) after addition 0.050 0.043 0.860

Unburned hydrocarbons before addition 9,660 5,650 0.585

HC? (ppm vol.) after addition 4.740 7,860 1.658

Fuel consumption® (kg. | before addition 4,324 0.182 0.042

hod) after addition 4,643 0.075 0.016

DOtacky za minttu, ?Vykon motora, YOxid uhol'naty, ¥Nespalené uhl'ovodiky, ¥Spotreba paliva
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Fig. 3 Speed characteristic without additive Rom? (min™")

Obr. 3 Otackova charakteristika bez pridaného aditiva
D Effective performance, 2 Revolutions per minute, > Torque
Standardized torque Mnorm [Nm], == Standardized performance Pnom [kW]
== Lossy performance Ps [kW], == Performance on wheels Px [kW]
Y Efektivny vykon, 2 Otacky za minutu, ¥ Kratiaci moment
Normovany kratiaci moment Muorm [Nm], === Normovany vykon Puorm [kW],
== Stratovy vykon Ps [kW], == Vykon na kolesach Px [kW]

Table 3 Differences in values of speed characteristics before and after adding additive
Tabul'ka 3 Rozdiely v hodnotach otackovych charakteristik pred a po pridani aditiva

Comparison of power parameters of speed characteristics
Parameter Before adding After adding
additive additive
Engine power PV [kW] 47,1 50,4
Maximum power at rpm
5460 /137 5735/ 143,7
[min] / speed? [km.h]
Torque M, ¥ [Nm] 93,2 94,3
Maximum torque at revolutions [min']
/ speed® [km.h'] 3695/92,7 4195/105,1
Maximum revolutions [min™']
/ speed? [km.h] 6105/153,3 6135/153,8

YVykon motora, ?Maximalny vykon pri otaCkach / rychlosti, ¥Kratiaci moment, YMaximalny
kratiaci moment pri otackach / rychlosti, ¥Maximalne otacky / pri rychlosti
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Obr. 4 Otackova charakteristika s pridanym aditivom
D Effective performance, 2 Revolutions per minute,  Torque
Standardized torque Mnorm [Nm], === Standardized performance Punorm [kW]
== [ ossy performance Ps [kW], == Performance on wheels Px [kW]
Y Efektivny vykon, 2 Otacky za mindtu, 3 Kratiaci moment
Normovany kritiaci moment Myorm [Nm], === Normovany vykon Pnom [kW],
== Stratovy vykon Ps [kW], == Vykon na kolesach Px [kW]
DISCUSSION

Similar research was carried out by Masyaroh et al. (2024) who researched the physi-
cochemical properties of limonene and eugenol additives in n-heptane and low-octane
gasoline to evaluate their effects on the emission characteristics and fuel consumption of
single-cylinder gasoline engines. The addition of eugenol reduced CO and HC emissions
compared with limonene, which only decreased HC emissions. Xiaoteng et al. (2023) first-
ly studied the effects of eleven unconventional additives including alcohol, ether, amine,
esters, and phenolic on the physicochemical properties of commercially available 92# and
95# gasoline and then the economic performance, emission performance, and acceleration
performance of passenger vehicle equipped with PFI engine fueled with different addi-
tives were studied by drum test simulating real road driving conditions. Behcet, Yakin
(2022) tested three different fuel types in a single-cylinder gasoline engine. The aim of
this study was to obtain alternative fuels with hydrogen-containing (NaBH,) and oxygen-
containing (ethanol, methanol) fuel additives and to test these fuels in a gasoline engine.
For this purpose, each of the NaBH, added ethanol and methanol solutions was added to
pure gasoline at a volume of 10% and mixed fuels named SE10 and SM10 were obtained

ACTA FACULTATIS TECHNICAE, XXIX, 2024 (1): 38-49 47



and found out that adding NaBH, doped ethanol and methanol solutions to pure gasoline
resulted in better combustion, reductions in CO emissions of SE10 and SM10 blended
fuels by 31.04 % and 53.7 %, but CO, emissions increased by 11.20 % and 19.51 % respec-
tively. In addition, NO_ emissions of SE10 and SM10 blended fuels decreased by 15.17 %
and 8.73 %, respectively. The authors Janosko, Feriancova (2019) assessed the impact of
the VIF additive used in diesel fuel on improving the power and emission parameters of
the vehicle and its consumption. The results of the experimental measurements of these
authors partially show the positive influence of the selected additive on the fuel consump-
tion and emissions of the tested passenger car. Measurements on the vehicle showed that
NOx emissions decreased by 4%, but fuel consumption increased by 1%. The author
Podskalan (2021) carried out similar research, where he tested the same VIF additive on
a Skoda 100 vehicle, while the author came to the same conclusion that with the help of
the fuel additive he managed to reduce NOx emissions by 11.71% and when measuring
fuel consumption, he recorded a reduction of 5,44 % after adding the VIF additive.

CONCLUSION

— The aim of the research was to assess the influence of the selected additive to auto-
motive gasoline on the performance, energy and emission parameters of the selected
automotive vehicle.

— The object of the research was a Renault Clio 1,2i automobile with an atmospheric
engine with a volume of 1.21 and the maximum engine power of 43 kW.

— The difference was visible in all measured vehicle parameters.

— Due to the effect of fuel additive, a partial difference was achieved in the parameters of
the tested motor vehicle while maintaining the same measurement conditions, which
confirms the effectiveness of fuel additive with the given fuel even after short-term
use.

— The value of unburned HC decreased by an average value of 4.92 ppm by volume,
which is a decrease in the value of unburned hydrocarbons by about more than 50 %.

— CO decreased by a value of about 0.03 % of the volume, which means that a reduction
of more than 30 % was achieved from the original value before the addition of the ad-
ditive.

— For fuel consumption, we found that it increased slightly due to the increased average
rpm and power after the addition of additive to the fuel compared to those values be-
fore the addition of additive to the fuel.

— The overall impact of the additive on the power, energy and emission parameters of the
tested vehicle after analysis is evaluated as positive.
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ABSTRACT: The integration of Synthetic Aperture Radar (SAR) with its Radar Vegetation Index
(RVI) alongside ground reference data offers a potent methodology for environmental monitoring,
particularly in the field of agriculture and precision farming. This study, conducted in April 2023
in the Czech Republic, focused on a maize field provided by the Agricultural Co-operative Dolni
Ujezd. Leveraging SAR data sourced from Sentinel-1, a satellite mission managed by the European
Space Agency (ESA), we assessed the utility of SAR imagery for delineating vegetation variability.
The SAR data were processed, including resampling at varying pixel resolutions (10, 50, and 100
meters) and subsequent speckle filtering employing methodologies such as Frost, Gamma Map, Lee
Sigma, Median, Refined Lee, and Boxcar. Terrain correction via Range-Doppler Terrain Correction
was implemented to mitigate distortions. The computation of the RVI index, formulated as (4sig-
maVH)/(sigma*VV+sigmaVH), facilitated the assessment of vegetation characteristics. Subsequent
statistical analyses were performed to validate the outcomes. From the correlation analysis, it was
determined that utilizing Cubic Convolution and resampling to a 10-meter resolution supplied the
most consistent results with the field measurements. When it comes to fresh weight samples and
plant height. However, for Ncrop measurements, Bilinear Interpolation delivered better outcomes.
This investigation offered findings demonstrating a positive correlation between SAR-derived me-
trics and ground reference data, encompassing parameters such as plant height, fresh weight, and
Ncrop measurements.

Keywords: Geoinformation, SAR, statistical analysis, speckle filtering, field variability, maize

ABSTRAKT: Spojeni radaru se syntetickou aperturou (SAR) a jeho radarového vegeta¢niho indexu
(RVI) s pozemnimi referen¢nimi daty, nabizi G¢innou koncepci monitorovani zivotniho prostredi,
zejména v oblasti zemé&d&lstvi a precizniho zem&dglstvi. Tato studie, provedena v dubnu 2023 v Ces-
ké republice, se zaméfila na kukufiéné pole poskytnuté Zem&dé&lskym druzstvem Dolni Ujezd. S vy-
uzitim dat SAR pochazejicich z druzicové mise Sentinel-1, kterou fidi Evropska kosmicka agentura
(ESA), byla zkoumana vhodnost pouziti snimkt SAR pro vymezeni variability vegetace. Data SAR
byla podrobena zpracovani, véetné prevzorkovani s riznym rozlisenim pixelt (10, 50 a 100 metrt)
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a nasledného filtrovani speckle pomoci filtrii Frost, Gamma Map, Lee Sigma, Median, Refined Lee
a Boxcar. Pro zmirnéni zkresleni byla provedena korekce terénu pomoci Range-Doppler Terrain
Correction. Vypocet indexu RVI, formulovany jako (4sigmaVH)/(sigma*V V+sigmaVH), usnadnil
hodnoceni charakteristik vegetace. K ovéfeni vysledki byly provedeny nasledné statistické analyzy.
Na zakladé¢ korelacni analyzy bylo zjisténo, ze pouziti kubické konvoluce a pfevzorkovani na roz-
liSeni 10 metrti pfineslo nejkonzistentnéjsi vysledky s terénnimi méfenimi. Pokud jde o vzorky
Cerstvé hmotnosti a vysky rostlin. Nicméné v piipadé méteni Ncrop poskytla Bilinearni interpolace
lepsi vysledky. Vyzkum pfinesl zjisténi, ktera prokazala pozitivni korelaci mezi ukazateli odvoze-
nymi ze SAR a referencnimi pozemnimi udaji zahrnujicimi parametry, jako je vyska rostlin, cerstva
hmotnost a méfeni Ncrop.

Klic¢ova slova: Geoinformatika, SAR, statisticka analyza, speckle filtering, variabilita pole, kuku-
fice

INTRODUCTION

Maize (Zea mays) is a major cereal crop with significant global agricultural impor-
tance due to its high yield potential and versatility in various uses, including food, feed,
and biofuel production. In agriculture, maize cultivation is critical for food security and
economic stability in many regions, necessitating effective crop monitoring and manage-
ment practices (El-Jubouri et. al., 2012).

In 2022, maize covered an area of 80,175 hectares, with an average yield of 7.81 tons
per hectare from 2018 to 2022 (Czech Statistical Office, 2022).

Monitoring maize growth and health is essential for optimizing yield and resource use.
Advanced techniques, such as remote sensing and vegetation indices, are increasingly em-
ployed to assess crop conditions, detect stress factors, and predict yield outcomes. These
methods provide valuable insights into maize growth patterns, nutrient requirements, and
environmental interactions, contributing to more efficient and sustainable agricultural
practices. Understanding and improving maize crop management through these technolo-
gies can enhance productivity and resilience in the face of evolving environmental chal-
lenges (Stoicea, P, et al., 2023).

The integration of Synthetic Aperture Radar (SAR) technology with ground reference
data holds significant promise for advancing environmental monitoring practices, particu-
larly in agricultural contexts. This paper explores the synergistic potential of SAR imag-
ery, Radar Vegetation Index (RVI), and field-acquired data for mapping vegetation vari-
ability, focusing on maize cultivation as a case study (Oliver, 1991), (Chris Oliver, 1998).

In this framework, the European Space Agency’s (ESA) Sentinel Application Platform
(SNAP) and the Quantum Geographic Information System (QGIS) are key tools. SNAP is
specifically designed for processing and analyzing data from Sentinel satellite missions.
It provides a range of functions for the preprocessing, visualization, and interpretation of
SAR and optical data. Its modular structure allows users to incorporate additional plugins,
making it a flexible tool for various remote sensing applications.

QGIS, an open-source geographic information system, supports the management and
analysis of geospatial data. It enables users to view, edit, and analyze spatial data across
different formats. The ability to extend QGIS’s functionality through plugins enhances its
utility for complex spatial analyses. Integration of QGIS with SNAP facilitates a stream-
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lined workflow for processing and analyzing satellite data, supporting detailed environ-
mental assessments.

The study by (Khabbazan et al., 2019), illustrates the efficacy of Sentinel-1 radar imag-
ery for monitoring critical crops such as sugar beet, potato, maize, wheat, and English rye
grass in the Netherlands. As the authors state, low-frequency radar is suitable for detecting
soil moisture, water content, and structural variations in agricultural crops.

Speckle filters

Speckle filtering is crucial for reducing noise — speckle. It arises from coherent sum-
mation of signals scattered by randomly distributed ground scatterers within each pixel
(Davis & Jain, 2019). Speckles reduce readability, complicating the accurate analysis of
the imagery. By applying speckle filtering the image has enhanced clarity and enables
more precise extraction of information.

To reduce appearance of speckles, speckle filtering applies a smoothing effect by cal-
culating a new value for each pixel based on the surrounding pixels within a kernel. A ker-
nel is a twodimensional grid of various size dependent on the filter. The kernel moves
across the image one pixel at a time, replacing the central pixel with the calculated value
until the entire image is processed (Mansourpour et al., 2000), (Kulkarni & Rege, 2020),
(Nicolas et al., 2001).

Frost

The Frost filter replaces the pixel of interest with a weighted sum of the values in
an nxn moving kernel. Weighting factors decrease with distance from the central pixel
but increase for central pixels if variance within the kernel is higher. This filter assumes
multiplicative noise with stationary statistics and follows a specific formula (Lopes et al.,
1990).

—alt

DN = Y keoe (1)
nxn
where « =(4fr152)(0'2 /fz)

k = normalization constant

{ =local mean
O =local variance

O = image coefficient of variation value

[t =X-X,[+Y-Y ], and

n = moving kernel size (Lopes et al., 1990).
Gamma Map

The Maximum A Posteriori (MAP) filter operates on a multiplicative noise model with

variable mean and variance. It assumes the original DN value is between the DN of the
pixel of interest and the average DN of the moving kernel. The algorithm works with natu-
ral vegetated areas modeled with a Gamma distribution (Frost et al., 1982).

PPt ve(-DN)=0 ()
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where I = sought value
I =local mean
DN = input value
o = the original image variance.

Lee Sigma and Lee

The Lee-Sigma and Lee filters estimate the value of a pixel by using the statistical
distribution of digital number (DN) values within a moving kernel. Both filters assume
that the noise in the image data follows a Gaussian distribution. The Lee filter specifically
operates on the assumption that the mean and variance of the pixel of interest match the
local mean and variance of all pixels within the chosen kernel. The formula for the Lee
filter is (J. Sen Lee, 1981), (J. Sen Lee et al., 2009)

DN, = [Mean] + K[DN, - Mean] 3)

Where Mean = average of pixels in a moving window
Var(x)
K= 5 4)
[Mem:] o~ +Var(x)

And 5
[I”an’mrce within u-'.-‘nd(m’] + [Mean within u-’i,'zdow]

Var (x) =
e |:‘Sigma]2 +1 %)

- [Mean within u-.-‘ndaw]

The Sigma filter uses Gaussian distribution probabilities, assuming that 95.5% of sam-
ples are within 2 standard deviations. To suppress noise, it replaces the pixel of interest
with the average of DN values within the moving kernel that fall within this range (J.-S.
Lee, 1983).

Median

The median filter is a simple method for removing pulse or spike noise. It suppresses or
eliminates pulse functions shorter than half the width of the moving kernel, while retain-
ing step and ramp functions (Mansourpour et al., 2006).

Therefore, the main aim of this article is to evaluate the suitability of Synthetic Ap-
erture Radar (SAR) data for vegetation variability mapping. Through comparison with
ground reference data, the effectiveness of SAR imagery in capturing variations in vegeta-
tion characteristics will be assessed.
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MATERIAL AND METHODS

The experimental data for this study were obtained from the field with maize
(49°50°43.3”N 16°16°27.7”E) located nearby the village Osik u Litomysle belonging to
the Dolni Ujezd agricultural cooperative (ZD Dolni Ujezd).

A ® Sampling Ponits Maize M o 100 200 m
— Boundary | I

Fig. 1 Experimental field with sampling points

Obr. 1 Experimentalni pole s odbérovymi vzorky

Maize crops were sampled in an irregular network of twenty coordinated points (Fig.
1) arranged according to the production potential map. For our experiment, samples
were taken and measured on July 3%, 2023, when the corn was in the elongation grow-
ing stage. SAR data were downloaded from server dhrl.cesnet.cz (Collaborative Ground
Segment - Czech Republic, n.d.). SAR imagery was obtained from the Sentinel-1 satellite
mission operated by the European Space Agency (ESA). The satellite data covered by
a temporal range corresponding to the study period. Ground reference data, including mea-
surements of plant height, fresh weight, nitrogen content by NCrop chlorofylmetr (Lead-
ingFarmers) and soil samples were collected using Mehlich-3 field techniques(Eckert &
Watson, 1996). The acquired SAR data underwent preprocessing using the Sentinel Appli-
cation Platform (SNAP) provided by ESA and Quantum Geographic Information System
(QGIS) software. Cubic Convolution and Bilinear Interpolation resampling techniques
were applied to the SAR imagery at pixel resolutions of 10, 50, and 100 meters.

Speckle filtering was conducted using Frost, Gamma Map, Lee Sigma, Median,
Refined Lee, and Boxcar algorithms to mitigate noise and enhance data quality. Ter-
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rain correction was performed using Range-Doppler Terrain Correction to account for
topographic variations. The RVI index was computed using the formula (4sigmaVH)/
(sigma*VV-+sigmaVH), where sigma represents the backscatter coefficients for both hori-
zontal (H) and vertical (V) polarization.

A statistical analysis was conducted to assess the correlation between SAR-derived
metrics and ground reference data. Correlation coefficients and regression analyses were
computed to evaluate the relationship between SAR imagery and field measurements. The
accuracy of SAR-derived vegetation metrics was validated against ground reference mea-
surements to assess the reliability and robustness of the methodology (Yuan et al., 2018),
(Nicolas et al., 2001).

RESULTS

The correlation analysis examined the relationship between SAR-derived metrics and
ground reference data. Different resampling techniques were assessed for their consisten-
cy with field measurements. Cubic Convolution combined with resampling to a 10-meter
resolution consistently produced accurate results for fresh weight samples and plant height
measurements, aligning well with ground reference data. Plant moisture content exhibited
the weakest correlation with SAR data, indicating challenges in accurately estimating this
parameter. Despite optimization attempts, no significant improvement in correlation was
observed, highlighting the need for further research in this area.

Bilinear Interpolation emerged as the preferred technique for Ncrop measurements,
outperforming other resampling methods in accurately estimating Ncrop levels from SAR
imagery.

As can be seen from the correlation analysis between field measurements and speckle
filtered SAR data in Tab. 1. Choosing multiple Speckle filters has given similar results
across methods in green. However, differences were in the chosen method Bilinear Inter-
polation or Cubic Convolution.

In summary, selecting appropriate resampling techniques tailored to specific vegeta-
tion parameters is crucial. While Cubic Convolution and a 10-meter resolution were opti-
mal for fresh weight samples and plant height, Bilinear Interpolation demonstrated supe-
rior performance for Ncrop measurements. These findings have implications for refining
SAR data processing protocols to enhance vegetation variability mapping in agricultural
contexts.
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Table 1 Correlation analysis of SAR and field data — green indicates statistically important results
Tabulka 1 Korelac¢ni analyza ze SAR a naméfenych dat — zelena indikuje statisticky vyznamné
vysledky

Field measurements Speckl filters
Frost Gamma_Map

Fros_10BI Fros_10CC GamM_10BI GamM_10CC
Height -0.510 -0.518 -0.510 -0.518
Fresh weight - whole plant -0.640 -0.650 -0.640 -0.650
Plant moisture content -0.088 -0.087 -0.088 -0.087
MNcrop -0.616 -0.609 -0.616 -0.609

IDANT Lee_Sigma

IDAN_10BI IDAN_10CC LeeS_10BI LeeS_10CC
Height -0.510 -0.518 -0.510 -0.518
Fresh weight - whole plant -0.640 -0.650 -0.640 -0.650
Plant moisture content -0.088 -0.087 -0.088 -0.087
MNcrop -0.616 -0.609 -0.616 -0.609

Lee Median

Lee_10BI Lee_10CC Medi_108BI Medi_10CC
Height -0.510 -0.518 -0.510 -0.518
Fresh weight - whole plant -0.640 -0.650 -0.640 -0.650
Plant moisture content -0.088 -0.087 -0.088 -0.087
MNcrop -0.616 -0.609 -0.616 -0.609

Refined_Lee Boxcar

Rele_10BI Rele 10CC boxc_10BI boxc_10CC
Height -0.510 -0.518 -0.510 -0.518
Fresh weight - whole plant -0.640 -0.650 -0.640 -0.650
Plant moisture content -0.088 -0.087 -0.088 -0.087
MNcrop -0.616 -0.609 -0.616 -0.609

Bl Bilinear_Interpolation
CC Cubic_Convolution
DISCUSSION

The research findings hold implications for agricultural practices, particularly in the
context of field monitoring supplemented by reliable radar data, offering potential en-
hancements in decision-making processes throughout the vegetational year. While tra-
ditional approaches, exemplified by (Mandal et al., 2020), typically involve monitoring
entire fields with favorable outcomes, recent studies, such as (Hernandez et al., 2022),
have explored variability monitoring at the field scale, yielding promising results. Long-
distance monitoring utilizing field data presents an opportunity to discern strengths and
weaknesses in satellite remote sensing methodologies. The study acknowledges limita-
tions due to the absence of alternative remote sensing methods for cross-validation of
satellite data. Future directions may involve employing unmanned aerial vehicles (UAVs)
or resampling data to finer resolutions, such as 5 meters, for comprehensive testing against
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field data. The significance of these findings lies in the advancement of decision-making
processes through the integration of field data with remote sensing techniques. It agrees
with our results that variability monitoring has promising results.

(Zoungrana et al., 2024) presents a method for regional-scale wheat monitoring using
Sentinell SAR and Sentinel-2 optical data. By employing a machine learning random
forest classification algorithm on the Google Earth Engine platform, the study found that
combining SAR and optical data significantly improved classification accuracy, achiev-
ing an 82.36% accuracy rate with a kappa coefficient of 0.77. These findings suggest that
integrating SAR and optical data is effective for mapping wheat areas, with potential ap-
plications in agricultural planning and policy.

The findings from (Zoungrana et al., 2024) suggest that combining SAR and optical
satellite data can significantly improve the accuracy of crop area classification and moni-
toring. This approach could be effectively applied to maize monitoring as well. Maize,
like wheat, benefits from precise mapping of growing areas and timely monitoring of crop
conditions. The integration of SAR and optical data could enhance the ability to estimate
maize growth, detect stress, and predict yields more accurately. The methodology outlined
in (Zoungrana et al., 2024) could be adapted for maize by adjusting the specific param-
eters and features relevant to maize growth and condition. In our results we cannot confirm
or disagree with the approach, further research will be done.

(Xu et al., 2022) explores the estimation of maize biomass components—total bio-
mass, leaf biomass, and stem biomass—using Sentinel-1 SAR polarizations and texture
features. The study employed multi-label k-nearest neighbor (MLKNN) and multi-output
support vector regression (MSVR) models, finding that mean texture features from SAR
data were more effective predictors of biomass components than polarizations alone.
MLKNN provided the best predictive accuracy, particularly when using texture features
from combined VV and VH polarizations.

The findings from (Xu et al., 2022) provide a concrete example of how remote sens-
ing data, particularly SAR texture features, can be used effectively in biomass estimation,
which is a critical component of crop monitoring. These insights build on the broader
themes discussed by authors, where the integration of advanced remote sensing tech-
niques with field data is emphasized as a means to improve agricultural monitoring and
decision-making. Together, these approaches underscore the growing importance of re-
mote sensing in agriculture and the need for continued research into specific applications
and methodologies, such as those explored in (Xu et al., 2022), to enhance the precision
and utility of crop monitoring systems.

In our research we cannot agree or disagree with the findings presented. This approach
will be in the future researched.

CONCLUSION

This study examined the integration of Synthetic Aperture Radar (SAR) imagery with
ground reference data for maize cultivation, focusing on the preprocessing and resampling
techniques utilized.

Cubic Convolution at a 10-meter resolution provided accurate estimates for fresh
weight samples and plant height, showing a strong correlation with ground data. This
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suggests that this resampling technique and resolution are well-suited for these specific
agricultural parameters. On the other hand, Bilinear Interpolation was identified as the
most effective method for accurately estimating Ncrop measurements, performing better
than the other resampling techniques tested.

Despite these positive results, the study also highlighted the ongoing challenge of esti-
mating plant moisture content using SAR data, which remains a complex and unresolved
issue. We did a thorough evaluation of resampling techniques and the demonstration of the
importance of selecting methods tailored to specific vegetation parameters for improving
the accuracy of SAR-based agricultural monitoring. This research provides valuable in-
sights for refining SAR data processing protocols, particularly in the context of vegetation
variability mapping in agricultural environments.

Future research should focus on addressing the identified challenges, particularly
the accurate estimation of plant moisture content. Further development and refinement
of methodologies will be important for enhancing the reliability and precision of SAR
imagery in monitoring vegetation health and variability, contributing to more informed
agricultural practices.
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