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Abstract. Problem statement. This research addresses the challenge of accurately determining
the fullness of the hopper within a screw press for optimal oil extraction efficiency and quality.
Existing weight or volume-based measurement methods can often struggle with determining the feed
hopper fullness due to variable oil weights during extraction stages, material heterogeneity,
environmental influences and imprecise instrument calibration. Purpose. The study proposes a novel
solution via the application of machine learning, specifically aiming to develop and validate a
technique that uses acoustic signals to calculate screw press bowl load. Methodology. To implement
this solution, the study uses quantitative research, data collection and data analysis, supervised
learning. The method is based on the processing of audio data received from microphones located
near the auger and the use of machine learning algorithms, such as sound classification. Model
training process was facilitated by ML tool Arduino. Findings. The results of this study, facilitated
by effective data analysis via ML tools, demonstrate that the evaluated filling level of the screw
press hopper can effectively be determined by the sound signals produced and corresponding
machine learning algorithms. Originality. The distinct advantage of this approach lies in its ability to
automate the monitoring and operational control process of the oil press, thereby improving device
efficiency and resource conservation. Practical value. The proposed approach allows to automate the
process of determining the fullness of the bowl and monitor the condition of the auger by its sound
characteristics. This solution can be utilized in the oil production industry to enhance the
productivity of the screw presses. This research underscores the promise of machine learning
applications and the potential for future research focusing on improving model adaptability and
developing predictive maintenance systems. These future investigative scopes could essentially
revolutionize monitoring and operational practices within the oil extraction industry.
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Introduction

Screw presses (fig. 1), which are used to extract oil from various raw materials, have long attracted
the attention of scientists and engineers due to their importance and potential in agriculture and industry
[1]. Various aspects of their functioning, including technological aspects, process optimization, and
equipment improvement, are widely discussed in the global scientific literature. Sunflowers are primarily
cultivated for food purposes [2]. For example, the central region of Italy is the most important area for
sunflower production, with a seed production of over 150,000 tons and a cultivated area of 72,600
hectares. However, the demand for sunflower oil exceeds the production capacity, leading to a significant
amount of imported sunflower oil in Italy. This has resulted in an increase in the production of cold-
pressed sunflower oil, particularly by small-scale operators such as farmers who have become oil
producers.
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Fig. 1. Oil screw press [2]

There are several factors each oil producer should consider, as these factors can strongly influence
the screw press's performance and productivity. Different materials have varied oil content and
consistency; hence, the type of seed or material can significantly affect the screw press's productivity.
Factors like temperature, humidity, and pressure can change the properties of the oil or the material to be
pressed. Then, the configuration of the screw press, including the press's speed and the clearance between
the cage bars, can also impact its performance. Fullness of seed hopper: if the seed hopper becomes too
full, it could lead to jamming or overloading of the screw press, thus hampering its productivity.
Conversely, if it is under-filled, the press could be underutilized, leading to lower productivity levels.

It is vital to monitor and control each of these aspects to optimize the performance and productivity
of a screw press effectively. While numerous studies analyse factors such as the quality of material,
environmental conditions, equipment setup, and working conditions of the screw press, the fullness of the
seed hopper has not received substantial attention.

Currently, the fullness of the screw hopper is often determined by quantifying the weight or volume
of oil squeezed out. Given this information, production operators can infer how full the hopper is based on
the amount of oil produced, considering the known oil content of the specific material being pressed. This
method, however, can present problems of accuracy due to variances in the weight of oil at different
extraction stages, potential oil loss within the system, and environmental factors that can change the
properties of the oil or material being pressed. The load of the press and the power consumed by the screw
press can also provide an indirect measure of the hopper's fullness level. Some systems may have limited
accuracy or measurement capabilities that limit their effectiveness in determining the fullness of the oil
extraction cup. The solution to these problems may include the improvement of measurement systems, the
use of more accurate devices, as well as the improvement of technologies for squeezing and processing the
seeds material.

Object of research — application of machine learning for determination of hopper fullness of smart
SCrew press.

Subject of research — the evaluation of the filling level of the screw press hopper using acoustic
signals and machine learning algorithms.

The purpose of the work — create and authenticate a technique for calculating the load of the screw
press bowl by utilizing a sound signal and employing machine learning techniques.

Problem Statement

The determination of the fullness of the screw press hopper plays a critical role in optimizing the
efficiency of oil production and ensuring the quality of the oil produced. However, current methods of
establishing this fullness, based on the weight measurement of the oil extracted, can be inaccurate due to
variable weight of oil at different stages of extraction, oil loss within the system, heterogeneity in the
texture or moisture content of the material, and environmental factors that can change the properties of the
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oil or material. There is also a lack of precise calibration of the existing measuring instruments leading to
inconsistent results, not to mention the time and resources needed for maintenance and calibration.
Additionally, these systems have limited accuracy and measurement capabilities which curtails their utility
in gauging the fullness of the oil extraction bowl. Therefore, while the use of more accurate devices and
improvements in seed squeezing and processing technologies can partially address these issues, there
remains a considerable gap in the development of dynamic, self-evolving, and automated techniques that
can accurately determine the fullness of the screw press hopper under varying conditions.

This study aims to bridge this gap by suggesting a novel approach for determining the screw press
hopper fullness using machine learning methodologies. By leveraging the characteristic acoustic signals
generated during different operational stages of the screw press, this study seeks to train a machine
learning model that can accurately link the nature of the produced noise signal to the level of the press
hopper's fullness. This approach has the potential to automate the monitoring and control process, thereby
enhancing the device's efficiency and resource conservation ability, while also setting a foundation for
predictive maintenance systems.

Review of Modern Information Sources on the Subject of the Paper

An analysis of the existing literature shows the widespread use of machine learning and sound
analysis for monitoring and control, including. In this article [3] authors propose the use of artificial
intelligence to detect traffic noise and improve data quality. The paper [4] analyses the input data for
machine learning algorithms, such as the application of different cough sounds for disease tracking. The
study [5] develops a cough detection system using sound data obtained from Arduino 33 BLE Sense and
Edge Impulse. Arduino Nano 33 BLE Sense has built-in sensors that will allow collecting information. The
cough sound read by the microphone is processed using Edge Impulse machine learning.

Based on the analysis of source [6], models trained to recognize music and sounds show potential
for application in machine diagnostics. The YAMNet network has shown the effectiveness of detecting
bearing faults. Applying knowledge of sound and music recognition for fault diagnosis is effective,
especially in conditions of limited data. The article [7] explores the use of machine learning to monitor
screwdriving and pressing processes, which allows for defect detection and reduced costs.

The microcontroller Arduino [8] allow the creation of nodes within an [oT network, the reading of
physical values, the transmission of these values for processing, and the control of electronic components
and machinery in the physical realm. In this scholarly investigation [9], the researchers explore the
advantages of combining the Internet of Things with artificial intelligence models to precisely ascertain
moisture levels in diverse circumstances.

Arduino is a good choice for a smart home controller [10] due to its versatility and cost-
effectiveness. It offers a flexible and affordable platform [11] that enables the automation and control of a
wide range of devices and systems within the home environment.

The Internet of Things (IoT) [12] presents numerous possibilities across diverse sectors. Agriculture
plays a crucial role in the economy [13], necessitating meticulous monitoring and maintenance. In this
scenario, the utilization of efficient models and the Arduino controller enables the optimization of resource
utilization and enhances productivity. Machine learning (ML) and audio analysis [14] are robust
methodologies for addressing a wide range of tasks. ML enables the examination of extensive datasets and
the identification of intricate relationships, thereby facilitating the development of predictive models and
the optimization of processes. Audio analysis [15] enables the detection of noise, monitoring of equipment
health, and recognition of events and patterns. By integrating ML with sound analysis [15], one can
achieve enhanced precision and dependability in resolving diverse tasks.

Results and Discussions

Monitoring the operation of a screw press for oil production is an extremely important task.
Effective monitoring allows you to ensure the optimal efficiency of the press, increase production capacity
and maintain the high quality of the produced oil. One of the methods of assessing the load of the screw
press is the use of acoustic signals that occur during the operation of the press. During the oil extraction
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several processes take place, such as crushing of the seeds, compression and extraction of the oil. Each of
these processes has characteristic acoustic signals that can be analysed to determine the condition and
efficiency of the press. The sound produced during the operation of the screw press can provide important
information about its condition and filling level. Comparing the audio signals obtained during different
press conditions can help to train a model to detect these conditions.

The test utilized an oil screw press, which maintained a maximum power consumption below 1500
W when operated with an alternating voltage supply of 220 V at a frequency of 50 Hz [17].

LTP200
220V
460*180%310MM

Maximum powe: 1 500W

brushed stainless steel

31 Omm product voltage

11KG

Fig. 2. Oil screw press LTP200 [16]

It is important to mention that there may be some differences in the sound generated by the screw
press, depending on factors such as load level or screw speed. For example, when the screw press is full
(Fig. 2) or overloaded, the sound may be muffled or saturated, due to the larger amount of material being
processed. By comparing the acoustic signals received during different press states (Fig. 3, Fig. 4), a
classification model can be trained to automatically determine the state of the press and detect whether it is
full. The model can analyse the characteristics of the sound signal, such as frequency, amplitude, spectral
properties, etc., and draw conclusions about the condition of the press based on this.

Fig. 3. Waveform of screw press work with seeds.

Fig. 4. Waveform of screw press work without seeds.
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In order to teach a ML model how to categorize noise from screw press the initial step is to provide
it with an audio sample that it can learn to identify (Fig. 5). The technique known as supervised learning is
employed to train the model. The model undergoes training in supervised learning using pre-existing data
and is informed whether its predictions are accurate or not during its "practice" sessions. This process is
commonly referred to as the training process. In the case of supervised learning for noise (audio)
classification, objects are labeled with their respective names in advance, which will become evident when
we delve into the audio recording section.

Sound Data = Machine Learning Model Detection Output

Sound Data

>
Detection Result

>

Sound Data = Machine Learning Model Detection Output

Fig. 5. UML diagram for Smart screw oil press hopper loudness detection

Based on sound data analysis, 2 different spectrum plots were identified (Fig. 6, Fig. 7). The first
spectrum plot represents the working sound of screw press without seeds, and second one — with seeds.
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Fig. 6. Spectrum plot of screw press work without seeds.
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Fig. 7. Spectrum plot of screw press work with seeds.
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ML tools Arduino [17] is a powerful tool that provides the ability to train machine learning (ML)
models and deploy them to Arduino microcontrollers after successful training (Fig. 8). This tool allows
developers to create intelligent devices that can perform data analysis and make decisions based on the
collected data without the need to connect to cloud services or external servers. ML tools provide a variety
of machine learning algorithms to analyse data and build models, such as classification, regression,
clustering, and more. This instrument provides a broad array of opportunities for the development of
various intelligent devices based on Arduino. It enables the utilization of machine learning's power directly
on the microcontroller, thereby enhancing their autonomy and efficiency.

Training output % cru B

[ 8/241] Creating embeddings...
[241/241] Creating embeddings...
Creating embeddings OK (took 5 seconds)

Calculating performance metrics...

Calculating inferencing time...

INFO: Created TensorFlow Lite XNMWPACK delegate for CBU.
Calculating inferencing time 0K

Calculating float32 accuracy...

INFO: Created TensorFlow Lite XMNMNPACK delegate for CPU.
Calculating intB accuracy...

Model training complete

lob completed

Fig. 8. Training output

Conclusions

Machine learning is one of the effective tools for determining the loading of the seed hopper of a
screw press for oil extraction by analysing the sound signals created during the operation of the press.
Research shows that the noise generated during the operation of the press contains useful information
about the state of the oil pressing process. The use of machine learning algorithms allows to process these
sound signals and establish a connection between the nature of the noise and the level of loading of the
press hopper.

The advantage of this approach is the possibility of automating the process of monitoring and
controlling the operation of the press, which allows to increase the efficiency of the device and its saving
of resources. In addition, the analysis of the noise from the press can serve as a basis for the development
of systems for predicting and preventing possible breakdowns or malfunctions in the equipment. Despite
these advantages, it is important to correctly configure machine learning algorithms and constantly monitor
their accuracy and reliability. It is also important to develop models that can adapt to the conditions under
which the press works.
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Anoramnin. [locraHoBka mnpoOiemu. Y LBOMY JOCTIDKEHHI pPO3IJSIIAETBCS MNpoOJieMa TOYHOTO

BHM3HAYCHHS 3aITOBHEHOCTI Yallll ITHEKOBOTO Ipeca Ui ONTUMI3allil mpoliecy BiATUCKy omii. HasBHI Meromu
BUMIpPIOBaHHS Ha OCHOBI Bard abo 00’eMy 4acTo MOXYTh JIaBaTH HETOYHI PE3YNIbTATH Yepe3 3MIHHY Bary oiii
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Ha PI3HUX eTanax eKCTpaklilii, HeOJHOPIAHICTh MaTepiasly, BIUIUB HABKOJMWIIHHOTO CEPEIOBHINA Ta HETOYHE
kaniOpyBanHs mnpwiaxy. Mera. Jlochi/DkeHHs TNPONOHYE HOBE pIillIeHHs 3a JOMNOMOIOK 3aCTOCYBaHHS
MAaIlIMHHOTO HAaBYaHHS, 30KpeMa 3 METOI0 PO3pPOOKU Ta MEpeBipKH METOIUKH, SKa BUKOPHCTOBYE aKyCTHYHI
CHUTHAJIM ISl PO3PaxyHKY 3aBaHTaKEHOCTI Yalll HIHEKOBOro mpeca. Merogomnoris. s peaiizaiii mporo
pillleHHST B JOCIIKEHHI BUKOPUCTOBYIOThCS KUIBKICHI JOCHI/DKEHHS, 30ip 1 aHami3 JaHWX, MalluHHE
HaBYaHHsA. MeTol 3acHOBaHMI Ha 00poOLI ayaiofaHUX, OTPUMAHUX BiJ MIKPO(OHIB, PO3TALIOBAHUX OLISA
IIIHEKa, 1 BAKOPUCTAHHS aJITOPUTMIB MAIIMHHOTO HaBYaHHS, TaKKX sK Kiacudikamis 3Byky. [Ipouec HaBuaHHs
MOJIelTi BiIOYBaBCs i3 BUKOPHCTaHHAM iHCTpyMeHTY Arduino. PesymbraTi. Pe3ympTaTd IBOr0 JOCHTIIKCHHS,
SIKI CIIPHUSIOTH €(DEKTUBHOMY aHali3y JaHHX 3a JOMOMOrOI iHCTpYMEHTIB ML, IeMOHCTPYIOTh, IO PiBEHb
3aIOBHEHHS Yallli ITHEKOBOTO Mpeca Moke 0yTH e()eKTHBHO BHU3HAYEHHH 3a JJONIOMOIOI0 3BYKOBHX CHI'HAJIB 1
BiJITIOBITHUX aJITOPUTMIB MallMHHOrO HaB4aHHs. HoBu3Ha. besnepeuna mepeBara 1bOro miIXoAy IOJISTac B
HOro 31aTHOCTI aBTOMATU3yBaTH MPOIEC MOHITOPUHTY Ta ONEPATUBHOTO KEPYBaHHS ITHEKOBUM IIPECOM, TUM
caMHMM TIOKpalllyloud e(eKTHBHICTh MPUCTPOI0 Ta EKOHOMiI pecypciB. [IpakTnyHa 3HAYYIIiCTh.
3anpornoHOBaHUi MiAXiJ O3BOJISIE ABTOMAaTWU3yBaTH NpOIEC BU3HAYCHHS HAINOBHEHOCTI dYamn Ta
KOHTPOJIIOBATH CTaH MIHEKa 332 HOro 3BYKOBUMH XapaKTepucTHKaMu. Lle pimeHHst Moxe OyTH BUKOPUCTaHO B
OJIHHIN MPOMUCIOBOCTI IS IiABUIIEHHS MMPOAYKTUBHOCTI IIHEKOBHX MpeciB. Lle mocmimKeHHs MiIKpecItoe
MEpPCIIEKTUBHICTh MPOrpaM MAalIMHHOTO HAaBYaHHS Ta MOTEHI[a] MalOyTHIX JOCIIDKEHb, CIPSIMOBAHUX Ha
TIOKpAIIEeHHs aallTUBHOCTI MOJIEIi Ta PO3POOKY CHCTEM IPOrHO30BAHOTO OOCIYrOBYBaHHS. Y IMOJAIBIIOMY
1Ie MOYKE PEBOJIIOLIOHI3YBAaTH MOHITOPHHT Ta OIepalliliHi MPOLecH B ONiHHIH ramysi.

KirouoBi cioBa: Arduino, BUTHCKaHHS OJlii, aBTOMAaTHU3aIlisl, pO3yMHI TEXHOJIOTil, 3BYK, MAaIllMHHE
HaBYaHHS.
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