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Abstract— Handwritten character recognition remains a  letters. Lightweight CNNs have shown that small network
fundamental problem in pattern recognition, with applications  can achieve competitive accuracy with significantly fewer
ranging from digital document processing to historical parameters [6], [7]. For multilingual datasets, efficient niede
manuscript digitization. Multilingual handwritten character  are particularly valuable because large pretrained networks
recognition introduces additional challenges due to vari@ns in often fail on small binary datasets, as confirmed in

scripts, diacritics, and handwriting styles. In this work, we experiments with MobileNet on the T-H-E dataset [8].
explore lightweight convolutional neural networks (CNNs) for

recognizing handwritten characters across multiple language Multilingual datasets, such as T-H-E, extend this concep
using the merged T-H-E dataset, which combines visually by including multiple alphabets and special characters
identical upper- and lower-case characters into 54 classes. Four providing a benchmark for evaluating models on English,
CNN architectures, as LeNet-5 (baseline), Simple CNN, Hungarian, and Turkish scripts. The merged version of T-H-E
Depthwise-CNN, and MiniVGGNet, are evaluated based on reduces ambiguity by combining visually identical upped a

their efficiency, number of parameters, training time, and lower-case characters, resu|ting in 54 classes.
misclassification behavior. Experiments were conducted unde

standardized hyperparameters and using a fixed random seed In this study, we evaluate four CNN architectures on the
to ensure a fair comparison. Our analysis shows that lighteight ~ merged T-H-E dataset: LeNet-5 (baseline), Simple CNN,
networks can achieve competitive performance while requiring Depthwise-CNN, and MiniVGGNet. All models were trained
minimal computational resources, and the study provides using a fixed random seed and early stopping to ensure
insights into common misclassification patterns related to reproducibility and fair comparison. We analyze not only
visually similar characters and diacritics. These findigs accuracy but also training efficiency, parameter requiresnent
establish a fast and resource-efficient baseline for multiligual and patterns of misclassification among visually similaeist
handwritten character recognition on small binary datasets. and diacritics. By comparing these architectures, we aim t
identify accurate, fast, and resource-efficient networks
suitable for multilingual handwritten character recognitio
low-resource settings.

Keywords—deep learning, handwritten character recaig,
convolutional neural network, lightweight CNNs

I.  INTRODUCTION

_ N _ [I. RELEATED WORKS
Handwrltten character recognition (HCR) is a COr€  Handwritten character recognition (HCR) has been
problem in document analysis and pattern recognition

Automated recognition of handwritten characters enablee)(tens'\/e'y studied, particularly for Latin scripts. Early

L . : - approaches relied on feature extraction combined with
applications such as digital document processing, hiatoric

ot diqitizati tal sorti d educatiooals classical classifiers such as k-nearest neighbors gosup
manuscript digitization, postal sorting, and educatiooals. - o machines [9], [10]. With the advent of deep learning
While recognition of digits and single-language alphabets h

b tensively  studied il | HCR introd %onvolutional neural networks (CNNs) became the dontinan
een extensively - studied, multiingua INrOGUCES a0, starting with LeNet-5, which achieved state-ef-th

additional challe_nges due to variations in scripts, handwritin%rt results on MNIST [3], [4]. Subsequent works extended

styles, and diacritics. CNNs to larger and more complex datasets, including
Deep learning, a subfield of machine learning, involvesEMNIST, which includes both letters and digits [5]. EMNIS

multilayered neural networks that can learn complex patterrgffers multiple splits such as ByClass, ByMerge, Lettans,

in large datasets. This enables the development ditiaiti Balanced, providing a range of challenges for character

intelligence systems that surpass human performanceks tagecognition systems.

such as image and document recognition [1]. Other MNIST-like character datasets include KMNIST
Deep learning, and in particular convolutional neural(Kuzushiji-MNIST), which consists of 28x28 grayscale
networks (CNNs), was introduced in 1998 by Frenchmages of classical Japanese cursive characters [11]. These
researcher Yann LeCun as an extension of the neocognitrelatasets provide benchmarks for evaluating CNNs on non-
model [2] and have become the standard approach for HCRatin scripts and demonstrate the importance of handling
Classical architectures such as LeNet-5 [3] have detrated ~ diverse character shapes and writing styles. The Teldt&set
strong performance on MNIST [4], and extensions such &8§] expands this concept by providing a multilingualagat
EMNIST [5] provide large-scale benchmarks for handwritterwith 54 classes, merging visually identical upper- and lower-
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case characters, thus reducing misclassification and claasboth overall and per-class levels, with attentiozotomon
imbalance. misclassification patterns and resource use.

A deep learning model using convolutional neuralp. Dataset

networks (CNNs) forEml:!tilri]ngll_J'al d.hand(\:/{vriéten clharac_ter For this study, we used the merged and augmented version
recognition covering English, Hindi, and Bengali scripts e : : :
achieved 92.47% accuracy, outperforming individual single-5 of the T-H-E dataset [8]. This version merges vigual

| dels [12]. Thi t stud hasized t ~identical upper- and lower-case characters, reducing thle tot
anguage models [12]. This recent study emphasize UNINY mber of classes to 54 and minimizing misclassifications

hypferparameter(sj dand atcti\t/actjiqp f#nctt.ions o imprﬁ_v aused by case differences. The dataset contains 152,000
pe[)lqumancel "’t‘)? d etmor:s rated Its eftectiveness on muilip nary (pixel values 0 or 255) handwritten character samples
publicly avarlable datasets. spanning English, Hungarian, and Turkish scripts. Eaelge

Offered a model for multilingual character recognition, is 28x28 pixels.

introducing a robust convolutional recurrent neural network The dataset was loaded from CSV, normalized to the [0,1]
(CRNN) model to accommodate the vagaries of both TamUange, reshaped to 28x28x1 for CNN input, and one-ﬁot

and En%h(s:r:?,\fl\gndwrrﬁterl charalctgr recognltlcl)nt_ [13|]' Thecoded for classification. A stratified 90/10 tréast split
propose architecture inciudes a convolutional NeUrai,q, g pajanced representation across classes.

network, a long-term short-term memory network, and a gate
recurrent unit for feature extraction. Using a comprehensivB. Experimental Setup

dataset of more than 60,000 images, the model distinguishes a experiments were conducted on Google Colab using a

Tamil alphabet characters with 92% and English alphabety Gpy. To ensure reproducibility across models and runs,
characters with 95% recognition rate. random seeds were fixed for NumPy, TensorFlow, and

Multilingual handwritten character recognition presentsPython’s random module. All images were binary and 28x28
additional challenges due to diverse scripts, diacyiiesl ~ Pixels, and no color channels or grayscale normalization
handwriting styles. Existing approaches include classicd?eyond scaling to [0,1] were applied.

CNN architectures trained from scratch, as well @srgits to Hyperparameters were standardized across all models to
apply transfer learning from pretrained models such agnsyre a fair comparison: a learning rate of 3x10!", bateh si
MobileNet or ResNet [14], [15]. However, transfer leamingyf 128 and early stopping with patience of 8 epochs, restoring
often fails on small, binary datasets due to difference®ut  he pest weights. Models were trained from scratch using
channels, image resolution, and feature distribution. OWategorical cross-entropy loss and the Adam optimizith, w
experiments  confirm  this  limitation, with MobileNet ;15100 epochs. A 10% validation split from the training set
achieving only ~30% accuracy on the merged T-H-E datasefyas ysed for monitoring early stopping. Training time per

Lightweight CNN architectures have recently gainedmodel was recorded to compare computational efficiency.
atteption for their efficiency and.suitability for onv-resource C. Baseline Model
environments. Small networks with few convolutional layers,

including LeNet-5 (baseline) [3], Depthwise-CNN [14], LeNet-5 [3] serves as a classical _be”Chm?‘fk for
MiniVGGNet [16], and simple CNNs [17], provide fast handwritten pharacter recognition. Its archltecture includes
wo convolutional layers with average pooling, followed by

training and reasonable accuracy on MNIST, EMNIST, an 9
KMNIST [18]. Such models have been applied to real-timdUlly connected layers and a softmax classifier for the 54
erged character classes. LeNet-5 provides a baseline

OCR on mobile devices and embedded vision application®' ; ;
[19], [20]. reference in terms of both accuracy and computational

efficiency on small binary images.

Using small CNNs is particularly advantageous for the T-_ ) )
H-E dataset because the input images are binary, 28x28 Lightweight CNN Architectures
pixels, and the dataset size is moderate, reducing owerfitt The Simple CNN is a minimal, two-convolution-layer
while enabling rapid experimentation. Inspired by thesearchitecture designed for speed and efficiency. Each
works, we evaluate multiple lightweight CNNs on the nedrg convolutional layer is followed by batch normalizatiand
T-H-E dataset, achieving competitive accuracy with minimaimax pooling, and the dense head consists of a single fully

computational cost. connected layer with 128 units and a dropout of 0.5 bdfere
softmax output. This architecture is intended as a fadband
IIl. MATERIAL AND METHODS parameter reference.

This section describes the dataset, experimental setup, Depthwise-CNN [7] employs three blocks of depthwise
model architectures, and evaluation metrics employed in th§eparable convolutions with 32, 64, and 128 filters. Max
study. The goal is to provide sufficient detail for pooling follows the first two blocks, while global average
reproducibility and critical evaluation of the methodedifor  pooling follows the third block. A dense layer of 128 units
multilingual handwritten character recognition. The ddtasewith dropout of 0.3 precedes the softmax output, maintaining
preparation includes merging and preprocessing steps lightweight yet expressive architecture suitable for small
designed to reduce class ambiguity while preservindinary inputs.

representational integrity across English, Hungarian, and MiniVGGNet is a deeper variant inspired by VGG16 but

Turk_lsh gcnpts.- Experiments were standardized acroSgmaller in scale. It consists of two convolutional blocks with
multiple lightweight CNN architectures to compare theirg, o, g4 filters, each block containing two convolutional

accuracy and computational efficiency under consistentyers hatch normalization, max pooling, and dropout. The
training conditions. Evaluation metrics focus on performanc@ense head has 512 units with batch normalization and
dropout, followed by a softmax output. While larger than
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LeNet'S, DepthW'Se'CNN, and the S'mple CNN, Tra|n|ng Test Accuracy
MiniVGGNet provides stronger representational power at the ~ M°d®! Parameters | ripne (s) (%)
cost of increased parameters and longer training time. .
MiniVGGNet 3,091,302 238.387 94.30
To ensure a fair comparison, all architectures were trained Depthwise-
using the same hyperparameters and fixed random seed. CNN 287,204 131.93 92.80
E. Metric Evaluation LeNet-5 62,938 363.453 89.50

Confusion matrices were computed to visualize per-class
performance and identify patterns of misclassification.

Models were evaluated on the held-out test set using acc“ra%pressive accuracy at a fraction of the training tihgeeper
precision, recall, and F1-score [21]. networks. Depthwise-CNN, with the smallest number of

Accuracy measures the overall proportion of correcparameters among high-performing models, demonstrates tha
predictions among all instances, providing a straightforwardepthwise separable convolutions efficiently capture
estimate of the model's general correctness. discriminative features while remaining computationally

Precision quantifies the fraction of true positiveIIght
predictions over all positive predictions, thus indicating t Simple CNN achieves nearly the same accuracy as
model's reliability in identifying positive instances. Depthwise-CNN but with slightly more parameters and

. . slightly shorter training time. LeNet-5, despite its siicip},
_ Recall (or sensitivity) measures the ability of the model (Geqyires longer training, likely due to fewer convolutional
find all relevant positive cases by calculating theorefitrue  fjiers and less expressive capacity for capturing subtle

positives to all actual positives. variations in handwritten characters.

The Fl-score, the harmonic mean of precision and recall, pegajled analysis of misclassifications reveals syate
balances these two metrics to provide a single vafleetieg  haiterns in the errors, particularly among visually similar
model performance in cases where class imbalance Hitters or those with diacritic marks. Certain merged or
asymmetric costs of errors may exist. upper/lower-case characters, such as é/e, w/W, #/b/énd

The top misclassified class pairs were analyzedveate Were frequently confused across all models. These
Cha”enges in mu'ti"ngua' Character recognition’ parady m|SC|aSS|f|Cat|OnS are ||ke|ydue to I_nsuffIC|ent Iearr"ng Of
for visually similar characters and merged upper- androwe Subtle strokes and diacritics in binary images, compouryled b
case letters. Training times were recorded to allow diredh€ inherent ambiguity in merged classes.
comparison of computational efficiency versus accuracy

The results show that lighter architectures achieve

oS the four architectres. TABLE II. ANALYSIS OF MISCLASSIFICATIONS
IV. RESULTS True Fr,(\a/lc(])usént
The proposed lightweight CNN models were evaluated on Class | Misclassi Count Notes on Visual Simiarity
the merged T-H-E dataset, consisting of 54 classes obtained fication
by merging visually identical upper- and lower-case 8 () 10 (j) 12 Descender similarity

characters. The dataset comprises binary handwritten j
character images, which were converted to floating-point 13 m-my | 32 (i-0) 15 Uppe”'owemz?*e merging causes
format and reshaped into 28x28x1 arrays. Stratified tratn/te ambiguit

splits were applied to maintain class distribution acidbs 17(a) 36 (Q) 15 Subtle differences in tail shapes
sets. To ensure a fair comparison, the same random seed (42),, ® 59 (T) 18 Capitalization confusion
was used for all experiments, making the input splits and

training initialization identical. Early stopping with a feaice 28 ($) 53 (&) 15 Diacritic not consistently learned

of 8 epochs and restoration of the best weights wasedpl Handwriting variations resemble

all models, allowing efficient training while preventing 34 ) 3400 7 o)
overfitting. 8 (h) 27 0) 12 Descenders/hooks create
confusiol
Table 1 summarizes the parameter count, training time, 30 (-4 8 (h 14 Stroke similarity in compact
) (h) handwriting

and test accuracy for the four models. Simple CNN an
Depthwise-CNN achieved competitive accuracy with minimal
computational cost, while MiniVGGNet, a deeper network,
achieved the highest accuracy but required almost double tna
training time. LeNet-5, the classical baseline, had thedge
parameters but longer training time, highlighting the érad
offs between model depth, parameter efficiency, andirigain
speed in small binary datasets.

These misclassification patterns indicate that while
htweight CNNs efficiently learn general shapes and coarse
features, fine-grained distinctions, particularly diacritesl

merged letters, remain challenging. MiniVGGNet shows
some improvement in resolving these subtle distinctions, but
at the cost of longer training and a threefold increase in

rameters. Th f fix random r Il
TABLE I. NUMBER OFPARAMETERS, TRAINING TIME AND TEST paa eters € use ol a ed a dO Seed across a

ACCURACY OF THEMODELS experiments ensures that these comparisons are fairl as al
models were exposed to the same training and validation
Model Parameters -'I;'ri?r:gl r(g Test ﬁ%uracy splits.
: Overall, these results demonstrate that lightweighN&N
Simple CNN 421,702 119.669 91.70 such as Simple CNN and Depthwise-CNN, provide a highly
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efficient and reasonably accurate baseline for multitshgu
handwritten character recognition. While deeper netwoeaks
slightly improve accuracy, the efficiency gains of compacLB]
models make them especially suitable for low-resourc
environments or rapid prototyping on binary handwritten
datasets. The misclassification analysis further provides
insights into which character groups present the greatest
challenge, guiding potential improvements such as targetqd
data augmentation or refined preprocessing for diacritics.

V. CONCLUSION
(8]

In this study, we explored the performance and efficiency
of four CNN architectures LeNet-5, Simple CNN, Depthwise
CNN, and MiniVGGNet on the merged T-H-E multilingual
handwritten character dataset. By using a fixed randeed s [9]
across all experiments, we ensured a fair comparison of
training dynamics, parameter efficiency, and predictive
performance. Our results show that lightweight architectureﬁo]
such as Simple CNN and Depthwise-CNN achieve
competitive test accuracy while requiring minimal
computational resources and training time, making therhtll
highly suitable for small binary datasets and low-resource
environments.

Detailed analysis of misclassifications revealed that
visually similar characters, merged upper- and lower-casé?l
letters, and diacritics remain challenging across all nsodel
While MiniVGGNet slightly improved accuracy in resolving
these subtle distinctions, it did so at the cost of subatignti [13;
increased parameters and longer training times. LeN&t-&
classical baseline, demonstrated the lowest pararcetsit
but relatively slower training and lower accuracy compéred
the lightweight CNNs.

Overall, this study demonstrates that careful design 54]
compact CNN architectures can balance efficiency and
accuracy for multilingual handwritten character recognition.
Our findings provide a practical reference for future retear
on lightweight models, highlighting the trade-offs betaee [15]
model depth, parameter count, and the ability to capture fine-
grained character details. Future work may focus on targeteg;
data augmentation, diacritic-aware preprocessing, or hybrid
architectures that further improve recognition of visually
similar classes while maintaining computational efficiency.
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Abstract—This study presents an explainable surrogate
modeling approach for predicting the absorption behavior of
broadband THz metamaterial absorbers based on vanadium
dioxide (VO2) by a Multi-Layer Perceptron (MLP) network.
The proposed model was trained on an electromagnetic full-
wave simulation dataset, which included design parameters and
frequency, with the corresponding absorption as output. The
MLP-based surrogate model was evaluated using performance
metrics such asthe coefficient of determination (R?) Mean
Absolute Error (MAE), and Root Mean Squared Error
(RMSE). Additionally, explainable artificial intelligence (XAl)
methods were used to understand how the input parameters
affect the absorption. Thus, the proposed model offers
important clues regarding the physical relationship between
design parameters and absorption performance. The results
obtained indicate that the MLP model achieves high prediction
accuracy. This approach offers a promising alternative for the
design and optimization of next-generation THz absorber
devices.

Keywords—absorption, XAIl, metamaterial, MLP, SHAP,
surrogate modeling, Terahertz.

I. INTRODUCTION

With the development of wireless communication
technologies, especially 6G networks, TeraHertz (THz)

However, the use of simulation approaches in the design
process can make these absorbers costly and time-consuming.
Machine Learning (ML) has become a useful technique for
addressing these problems by providing faster and more
reliable prediction capabilities. A dataset was introduced in
[12] to analyze THz metamaterials and train ML models. A
data-driven surrogate-assisted model for the design
optimization procedure of a metamaterial-based filtenna using
deep learning was presented in [13]. Data-driven approaches
in metamaterial design have been highlighted in recent
research [14], which shows that ML techniques can be osed t
effectively predict the bandwidth and gain of metamaterial
antennas.

A new strategy is needed to build trust in artificial
intelligence and ML models. Despite progress in recent
decades, interpretability and black box issues remain
pervasive [15]. Due to their “Black Box” structure with
limitations on their interpretability, ML models are often
criticized [16]. Explainable Artificial Intelligence (XAl)
addresses these challenges. Understanding the impact of input
parameters on the modelpredictions is crucial to ensure
interpretability and facilitate effective debugging of the
surrogate model [17].

In this work, a Multi-Layer Perceptron (MLP) model

frequency components have received attention fronntegrated with SHapley Additive Descriptions (SHAP), a
researchers owing to their potential for ultra-high data rates ghethod from XAl, was used for the interpretable prediation

up to 1 Thps and low latency [1], [2]. Metamaterial absorbershe absorption performance of a metamaterial absorber. SHAP
have emerged as crucial components due to their ability tenalysis was used to identify the critical input parameters and
selectively absorb electromagnetic waves, thereby enhancinigeir interactions that affected the single output prediction. An
signal quality and reducing interference [3]. They provideMLP model was then developed using this information to
control over wave absorption, which is essential folimprove the prediction performance. The developed model
applications in security, imaging, sensing, and privacyot only makes accurate predictions but also explains their
technology, as well as in communications [4] - [6]. Among theunderlying logic, enabling the design of advanced
various materials used in metamaterial component desigfmetamaterial absorbers for 6G and other THz applications.
vanadium dioxide (VO#} notable for its exceptional phase-

transition properties [7]. VO# experiences a reversible metal Il. UNIT CELL AND DATASET

insulator transition near room temperature, thus allowing the  The unit cell geometry and design parameters presented

electromagnetic response of the absorber to be dynamically [12] are shown in Fi ; :
o . g. 1. The design parameters of the unit
tuned [8], [9]. Due to thetunability, VO# based metamaterial o)\ of the metamaterial absorber are important to achieve the

absorbers can be good candidates for smart communicatica% . . . .
. sired electromagnetic response. The unit cell design has a
systems and adaptable THz devices [10], [11]. periodicity of @ 13 um and a dielectrisubstrate thickness
(h) of 6 um. The metallic and VO# layers follow the standard
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thicknesses defined in [12]. The structure consists of twaature. Understanding the influence of input features o

concentric rings: the outer ring has an outer radr) (of
6.5um and an inner radiufk() of 5.5um, whereas the inner
ring has an outer radiuKRk¢) of 2um and an inner radius
(Ri") of 1 um. Thegap between these rings has a wiehdf

1pum.

THz incident wave

Fig. 1. Schematic of the metamaterial absorber (a) petisp view of the

unit cell, and (b) top view [12].

model decisions is important because it affects overall
confidence in model outcomes. Moreover, it is crucialieirt
applicability, especially in complex or high-risk fields [16].

In this study, SHAP [23] technique was applied to analyze
feature contributions and interpret the predictions produced by
MLP models. In this technique, all possible feature sulasets
comprehensively evaluated, and a contribution/importance
value is assigned to each feature [24]. This assigned value,
known as the Shapley value, is the average marginal
contribution of a feature value for a specific prediction task
[25]. Each feature may have a positive or negative impact on
model predictions depending on its SHAP value.

V. EXPERIMENTAL STUDIES

In this work, the Python programming language on the
Google Colab platform was used to implement MLP network
models for predicting the performance of THz metamaterial
absorber. Pandas, Matplotlib, Sklearn, TensorFlow, Keras,
and Shap open-access libraries were used. The dataset was
split into two parts for training and testing at the most
common split rate of 70/30. All data were normalized using
the StandardScaler() function.

The dataset [18] used in this study was generated through As shown in Table IlI, six different MLP models were
electromagnetic simulations by performing a parameteimplemented and tested to determine the best possible
sweep on the design parametgira metamaterial absorber’'s network architecture (max. 200 epochs). Adam optimizer was
unit cell design, as described in [12]. It is publicly availablechosen to minimizethe loss function “MSE” during the

on Kaggle [18] under thditle “Metamaterial Absorber

training of the models, and early stopping was applied as a

Dataset” The dataset contains three input parameters, gsgactical and efficient approach to prevent overfitting.

listed in Table I, and an output (absorptance). It comprises a

total of 9,018 data points. The presented MLP-based TABLE II. MLP NETWORK CONFIGURATIONS
surrogate models were trained on this dataset to predict the Model Network Structure
absorptance in the operational THz frequency band.
MLP-N1 Dense (64) - Activation = ReLU
TABLE 1. INPUT FEATURES OF THEDATASET [12] Dropout (0.2)
Dense (32) - Activation = ReLU
Feature Symbol Range Unit Dense (1) - Activation =ibear
: — MLP-N2 Dense (64) - Activation = ReLU
Patch Width, p a 11-14 pm Dropout (0.2)
Dielectric Thickness, m h 3-8 pum Dense (1) - Activation = ibear
MLP-N3 Dense (64) - Activation = ReLU
Frequency f 0-18 THz Dense (32) - Activation = ReLU
Dense (1) - Activation =inear
Il MLP MLP-N4 Dense (32) - Activation = ReLU
Artificial Neural Networks (ANNs) were developed Dropout (0.2)
inspired by biological neural networks [19]. MLP is a type of Dense (1) - Activation = ihear
ANNs and consists of fully connected neurons, which MLP-NG Dense (128) - Activation = ReLU
communicate with each other in a feedforward manner. MLP Dense (32) - Activation = ReLU
networks can perform a wide range of classification and Dropout (0.2)
regression prediction tasks with high accuracy or low error. Dense (1) - Activation =inear
On the other hand, owing to the complex architecture of MLP __
networks, the internal logic of the network is not MLP-N6 %ee”nssee((lszg)_' /fc‘i}\'/‘:t‘}g’n”_‘geelf
understandable or explainable. Black box models are defined Dense (1) - Activation = inear
as these systems that, when given the correct input, produce

the correct output without providing any explanation of how

they operate inside [19] - [21].

IV. SHAP

Popular metrics (MSE, RMSE, MAE, and?Rwere
utilized to assess these network models’ performanhakle
Il presents the prediction results for the MLP models. All the

The interpretability or comprehensibility of ML models is \1 p models performed well despite the small number of

as important as their predictive accuracy in several fields [22}
MLP neural networks can deliver superior accuracy
predictions but lack interpretability due to their black box
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TABLEIIl.  COMPARATIVE EXPERIMANTAL RESULTS Table IV gives a comparison of the prediction models for

Model RZ MSE RMSE MAE the same dataset. Analyzing Table IV, it is concluded that this
study achieved better results (the highesand the lowest

MLP-N1 | 0.9972| 0.0004 | 0.0201 0.0148 error values) than the best results reported in [12].

MLP-N2 | 0.9611| 0.005569| 0.074627| 0.059645 SHAP analysis was applied to the MLP models to quantify
the feature contributions. Fig. 3 illustrates the SHAP summary

MLP-N3 | 0.9987) 0.000190 | 0.013767] 0.007489 plot for the trained MLP-N6 model. In the plot, thelazo

MLP-N4 | 0.9182| 0.011723| 0.108273| 0.090534 gradient, ranging from blue (low) to red (high), indesathe
feature values. Frequency had the highest impact on the model

MLP-N5 0.9968 | 0.000459 | 0.021433| 0.015662 predictions, followed bﬁ andh.

MLP-N6 | 0.9989| 0.000164 | 0.012809| 0.007241

High
Fig. 2 (a) and (b) show the training/validation MSE (loss)
and training/validation MAE curves for the MLP-N6 model,

Frequency

Feature value

respectively. Both the training MSE and MAE values steadily n I

decreased across epochs (see Fig. 2), indicating that t a

model learned effectively. In addition, the parallel decreas .
in the training and validation MAE curves confirmed the 04 02 0.0 02 04

SHAP value (impact on model output)

generalization ability of the model.
Fig. 3. SHAP summary plot.

Training & Validation Loss

0.06
SRS el Fig. 4 presents the SHAP bar plot for a test sample. This
0051 plot visualizes the contribution of each feature to absorbance
prediction. A positive SHAP value indicates that the feature
improves prediction. All features contributing to the
absorption prediction had positive SHAP values, and
frequency had the largest positive contribution. By ptiog

s transparency in model decision-making, the black box

k\ challenge of MLP was addressed.

0.00 1

Loss (MSE)
(=3
(=]
w

0 10 20 30 40 50 60

+0.3
epnths Frequency
@
Training & Validation MAE h +0.07
0.175 4 —— Training MAE
— Validation MAE
0.150 1 a +0.03
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mean(|SHAP value|)
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Fig. 4. SHAP bar plot for a sample.

0.075 7

Mean Absolute Error

0.050

CONCLUSION

In this work, the absorption performance of THz
metamaterial absorbers was predicted using a simulation-

0.025 7

0.000 -

0 1o ST 50 60 driven dataset. We investigated an explainable surrogate
’ model that integrates SHAP and MLP. Six different MLP
O k model d, and SHAP techni
Fig. 2. Training and validation a) loss and b) MAEvesrthroughout network models were tested, an 1AP technique was
epochs for MLP-N6 leveraged to understand MLP model decisions. Explainability

can be used to improve model structure and performanee. Th

contribution of this study lies in the proposed methduickv
TABLE IV.  PERFORMANCECOMPARISON highlights the impact of physical design parameters on
absorptance. These findings suggest that the use of

Ref. Model R? MSE / L o
explainable frameworks may also be effective in designing
This study MLP-N3 09987 | 0.000190 other electromagnetic components. This suggests that, during
the design process, researchers can benefit from integrating
MLP-N6 0.9989 [ 0.000164 XAl-enhanced machine learning methods to enable rapid
[12] Bagging 09985 | 0.000212 evaluation, reduce development time, and ultimately carry out
Regressor a more efficient workflow.
Random Forest| 0.9984 | 0.000226
Regressor
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In future work, the predictive performance of the currenf12] N. Anjum and R. Hasan, “Performance benchmarking of mach

surrogate model can be further

neurons per layer, activation functions (RelLU, tanh), an

refined by applying
hyperparameter tuning for the MLP architecture, includin

learning models for terahertz metamaterial absgrtetiction,”arXiv
preprint, arXiv:2508.08611, 2025

3] P. Mahouti, A. Belen, O. Tari, M. A. Belen, S. Kaaahand S. Koziel,

optimizers (Adam, SGD), etc. In addition, future studies may

focus on the inverse design and various analyses of XAl.
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0, _ *Q _ T (\* * * *1( 10/ * ok _Jr_S*
e A e o BT ) 10692 480> 14T+ 4-82968 <0~ IR 1
SR &-1%7-&8*5('+*PABIQ*<%>-$1*28%<*OZZ[*+%* N [E)Z*
=0(+%&'()* 0(>* 1%(+&%$* %2* @-8* 70&'0G$-1* UBRSBDS0H+7-*/%(+&%S*0##&Y%0/,-1*0/, - 7->¥R<"A-9/6(*
1%(7-81'Y%(*-22'/'-(I8B*AIL*1%(/-(+8&0+%(B*0(>*&BHB&-*0&-*G5+*-1+0GS$'1,->*+,-* 2965 (>0+' %6 (* 268> (+-$& ) /oHEQROSE*
1&5/'0%* 8-+* /,08$-()'()* >5-* +%* ,'),* +-<#-&O+5&MBI-ERE  17-&*+,-*2%$$%:;'()*>-/0>-1B*0//580/8* <#&Y T ->5Br:05*
1%5#$'()B* 0(>* 1-(1%&* $'<'+0+%(1E* C&O>' HIMQFHBEEL +,-* ' (+&%6>5/+'%6(* %62* (-5&0$* (-+%&@ 1 B* -(1- (B OS0&(
<%6>-$1*062+-(*20'$*+%6*/0#+5&-*>8(0<*(%(I-0&'+-1  ,8G&>* >--#* $-0&(()* 0&/,+-+5&-1E* 6-/-(+* >-<Wfi+&
S 7% 1% 0 Y% * (k% 'k
6-/-(+*0>70(/-1*' (*0&+'2'0$*'(+-$$")-(/- P.3QU'(B>'()* i%lg(g'(z-(-g—/(;&()/ 1* 0##8&%0/,'()* ZZb* '(* >8(0<'/* 4&*
<0/,'(-* $-0&('()* P=VQB* >--#* $-0&('()* PIVQB* 0(>*38G&
0##&9%60/,-1U,07-*-(0G$->*>0+0M>& 7-(*W1%62-HAHUCEZLX *'-(4) #8#(</$H+09=):5'/0%8#)'+5)>#2-'()I<+0-<(
%21 <0+()5(<-0158->* 700G IO <HEATHFE ¢ .0g$-14% IME-S0+->* 469* [%(+&U6S* -22068+ ;01* (
1%(+&%3$*0//5&0/8E 25(('(),0<* S\TB* ;, %6* O##$'->* 0>0#+7-* % (+&%$*GBRL+0
C,'1* &-T7"-* 1%(1%$>0+-1* 1+0+-M%2M-+,-MO&A 831 -08P05 1 #8906/ 11*%#-&0+'%(1*0(>*' <#8&% 7-*1 56258 85 S8 E*
+/,(Y5-1% '(* 4691* O(>* 1'<$0&* /-<10$* #&%/-11* $O>*+,-*)&%5(>%&@* 2%&* >0+0M>&"7-(* #&YBAA(E“ B+ %<0+
-(7'8%(<-(+1B* ), $),+()* #&%)&11* 28%<* -0&$EI$Y-5&*-0&$8*\[[]11B*N%&+5(0%-+*0$E*ScT #&%o# Yot AE@EOSM
(-+;%8@1* +%* <%>-&(* +80(12%&<-&MG01->* 0J&{ (R 0(15QME* 1%62+* 0(0$8R-&1* 296&* &-0FM+'<-* - 1 R<OFIH(H62* 5(
280<-;%&@1 '(*+,-*8-0& 1*OZZ[M\\'E 70&'0G$-1B* >-<%(1+&0+()* +,-* 2-01'G'$+8 %+ '(+-$%)
<U(+%&(E C,-1-* #%(--&()* -22%&+1* -1+0GHIE->* + -
1%(/-#+50$* GO1'1* 296&* '(+-)&0+()* .3* ;'+,* #H&Y(+KI% o
181+-<1E
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C.AVI*3E* 61a6!4!HC.C3_1*4C9J3!14*IH*3  M.413* 469 *HJ* a6l?144* 4INC*4IHA43Hd *

+$)@ 1$7*%| J-,'AKLBM$,32.$% N$3#-:KN-:$(% 0$/%J21:2194% 8-13*2B'32-1%3-%CD%21%.

S\T* | OZZ[*| 3<#&%7-*469*%#-&0+'%(* SO0#+T7-*1%(+&%$*0$)%&'+,<| J-<%(1+&0+->*&%G51+*#8&%/-1| VO'>*+,-*2%5(>0+'%(*2%&*
1+0G'$'+8*0(>*15$258+*8'-$> &-)5$0+'%(*7'0*0>04#+'7-*/%(+&Y '(+-$$)-(+*/%(+&%$* (*4691H

ScT*| \llc* | J-7-$%#*&-0$M+'<-*0(0$8R-{ H-5&0$*(-+;%8&@MGO01->*19% !(0G$->*0//5&0+-*-1+'<0+%(*%2 3(+&%>5/->*1%2+*1-(1'()*+Y
2%&*#&%/-11*<%('+%&'()E*| 0(0$8R-&1E* 5(<-015&->*469*70&'0G$-1E* 469*#8&%/-11*/%(+&%SE*

S[T* | \JO[* | !1+'<0+-*%#+'<0$*15$2'(%$* 4+0G'$'R->*=Va*;'+* 3<H&NT7->*&%G51+(-11*0(>*0//5 J-<%(1+&0+->*(-5&0$*<%>-4
1%(/-(+&0+%(* (*)01* &-)5$0& RO+ %(E* %2%)01*+&-0+<-(+*<%>-$'()E* | 0>0#+0G'$+8*0##$/0GS-*+9
+&-0+<-(+E* 4691E*

SAT*| \JOM | 1(,0(/-*/,-<'/0$*#&%/-11* 4-3-/+7-*-(1-<G$-*%2*$%/0$] 3<#&YT->*#&->'[+'U(*0//5&0/8* | a&%7'>->*-(1-<G$-*<%>-$'()]
Y50%$'+8*#&->'/+'%(E* aV4*<%>-$1E* 5(>-&*70&8'()*/1%(>'+'%(1E* 1+&0+-)'-1*2%&*469*1%2+*

1-(1%&1E*

SeT*| \JOf* | J-1')(*0>0#+7-*1%2+*1-(1%4& d0511'0(*a&%/-11*6-)&-11'%(} !(,0(/->*0>0#+0G'$'+8*+%*>8(0<| 1(0G$->*>8(0<'/*<%>-$'()*
2%&*+'<-M70&8'()*#&%/-11-] ;'+,*+'<-M>-$08*&-/%(1+&5/+'" #&%/-11*/,0()-1E* 0##8&%0/,-1*2%&*4691E*

SIT* | \]Og* | =%('+%&*469*Y50$'+8*5(>-& =5$+'M4+0+-MJ-#-(>-(+* 1-7->*0//5&0+-*1%2+*1-(1'()*2% 4+8&-()+,-(->*0>0#+'7-*Y50$'+
1,00"0*1%(>"+'%(1E* a080<-+-8&*<%>-$E* 15$258*&-/%7-&8E* <%(‘+%&'()*'(*4691E*

SgT*| \|OZ* | 3<#8&%7-*&-2'(-&8*Y50$'+8* | 6-)&-11'%(*H-5&0%*H-+;%8&@ !(,0(/->*<%>-$*0//5&0/8%;'+,* >70(/->*>0+0M>&'7-(*Y50%'4
<%(‘+%&'()*;'+,* 3E* %ott+'<'R->*+&0'('()E* -1 +'<0+%(*&-$-70(+*+%*469

SZT* \|JOZ* | 1#+'<'R-*469*%#-8&0+%(*0(>] =5$+M%UGh-/+'7-*%#+'<'RO+| ='('<R->*(-8&)8*/%(15<#+%(* | 4,%;->*%ptt+'<’RO+%(*G-(-2'H
&->5/-*-(-&)8*51-E* i+, *&-0/+'%(*@'(-+'/1LE* ' $-#<0'(+0'("()*/%(7-&1'%(* 51'()*.3*<%>-$'()*' (*4691E*

-22'/-(/8E*

SOITT \\* | a&->'/+*(>51+&'0$*Y50$'+8*| 4+0/@->*1(,0(/->* 1"+&0/+->*>--#*(%($'(-0&*2-0+58&] .>70(/->*>0+0M>&'7-(*2-0+5§
70&'0G$-1E* 5+%-(/%>-&E* 29%&*0//5&0+-*#8&->'/+'%(E* $-0&('()*2%8*469*1-(1%&1E]

SO0 \\J* =%>-$*469*1%2+*0(0$8R-&] 4+0/@->*31%<%&#,'* a&%7'>->*&-$'0GH-*-1+'<0+'%(*q H#H#H$'->*>--#*0&/,'+-[+5&-1*+9
(2> #4$-0& () E* 5+%-(/%>-&E* 469*@-8*#8%/-11*#0&0<-+-&1E| 469*1%2+*0(0$8R-&*>-1")(E*

SO\T} \\O* | 3<#&%7-*(+-&#&-+0G'$'+8*Y 17%$5+'%(0&8*=5$+'M%Gh-/i ./,'-7->*G0$0(/->*+&0>-M%22* 1(,0(/->*-"#$0'(0G$-*.3*
1%2+*1-(1%&1E* I#+'<'RO+'%(E* G-+;--(*0//5&0/8*0(>* 2&0<-;%&@1*2%&*469*

+&0(1#0&-(/8E* <%>-$'()E*

SOcT \\O* | J-7-$%#*>8(0<'/*1%2+*1-(1% !/, %M4+0+-*H-+;%&@*P!4HQ ?0#+5&->*+-<#%&0$*/%&&-$0+] 3(+&%>5/->*&-1-&7%'&*
2%&*4691E* 469*>8(0<'/1E* [%<#5+'()*2%&*469*70&'0GY

#&->'[+'%(E*

SO[T} \\O* | .11-11*1%2+*1-(1%&* 6HH*0(>*V4C=*0&/,'+-/+5&-1F _0$">0+->*&-510G'$'+8*0(>* a&%<%+->*/&%11M#&%/-11|
+&0(12-&0G'$'+8*0/&%11* 0>0#+0G'$'+8*0/&%11*>0+01-+]1 )-(-&0$'RO+'%(*2%&*4691E*
#&%I/-11-1E*

SOM \|\e* 4'<#t$'28*KLA*+,-&<0$* =0/,'(-M$-0&('()*&->5/->* a&%7'>->*201+*0(>*0//5&0+-*#& ##$'->*=VMGO1->*@'(-+'/*
1%(7-8&1'%(*@'(-+/1E* @'(-+'1*<%>-$E* 1'<5$0+'%(E* <%>-$'()*+%*469*&-0/+%& 1H

SOeT \]\c* =06>-$*<5$+'70&'0+-*1%2+*1 A0$O(/->*=""+5&-MY2M!"#-&+ 3<#&%7->*2-0+5&-*$-0&('()*0(>* !(,0(/->*469*1%2+*1-(1%&*
&-$0+'%(1,'#1E* P=%!QE* 1%8&&-$0+%(*,0(>$'()E* #-&2%&<0(/-*;"+,*=%p!*

280<-;%8&@E*

SOfT} \\¢* | 3(+-)&0+-*>%<0'(*@(%;$->)-| 29%(+-"+50$*=""+5&-M%2M | 3(/&-01->*#&->'/+%(* a&%<%+->*,8G&">*@(%;$->
i+ *=VE* I"#-&+1E* '(+-&#&-+0G'$'+8*0(>*&-$'0G'$'+ >0+0M>&'7-(*<%>-$'()*'(*

4691E*

SOgT \\[* | 4+5>8*0>7-&10&'0$*0++0/@)| ='&8%&*I5+#5+* ++0/@*i* | 3>-(+'2'->*753(-&0G'$+-1*(*HHY 4+&-()+,-(->*.3*<%>-$*
'(>51+&'0$*1%2+*1-(1%&1EY C&O(1$0+'%(*='&&%&*I5+#54 GO1->*1-(1'()*181+-<1E* 1-/5&'+8*2%&*4691E*

.++0/@E*

SOZT \\[* | !(,O0(/-*+&0(12-&*$-0&('()*2%8 a08&0$$-$*4.1%;+ *+&0(12-&M| 3<#&%%7->*0>0#+0G'$+8*+%*7( .>70(/->*/%(+'(5%51*$-0&('()]
#&%/-11*<%>-$'()E* '(/&-<-(+0%$*$-0&('()E* 469*/%(>'+'%(LE* 2%8&*469*%#+'<'RO+'%(E*

ST \\[* | J-1)(#&->'+T-*1%2+* =5$+'M1+-#M0,-0>*KO(@-$* | !(,0(/->*469*#&->"/+"%(* 1(0G$->*#&%0/+'7-*#8%/-114
1-(1%&1E* JB(0<'/*=%>-* 0//5&0/8*0(>*/%(+8&%$*&-0>'(-11] /%(+8&%$* (*4691E*

J-1%<#%1'+'%(E*

S\OT} \\[* =%>-$*/%<#%1'+-*>8(0<'/* | V08-&M;'1-*&-1'>508M>&'7-(*| ?0#+5&->*201+*0(>*1$%;*#&%/{ 3<#&%7->*<5$+'M1/0$-*4697
181+-<1E* $-0&('(E* >8(0<'/1*-22-/+'7-$8E* #&%/-11*<%>-$'(E*

SWT*| \\[* | 1(,0(/-*VAC=*&-$'0G'$'+8*2%d 3(2%&<0+%(*N'$+-&'()*I(+M 3<#&UN7->*&%G51+(-11*(*1')(04 4+&-()+,-(->*+'<-M1-&'-1*
(%'18*>0+0E* GO01->*V4C=E* #&%I-11'()E* $-0&('0* (*469*1%2+*1-(1%&

S\ \\[* | KO(>$-*$0G-$*1/0&/'+8*(*464 344.M_=IM!4H*1-<'M A,=7->%"),*0//5&0/8%;'+,* I"+-(>->*3*510G"'$'+8*' (*$%0;N
<%>-$'()E* 15#-&7'1->* 8G&'>E* $'<'+->*15#-&7' 1'% (E* >0+0*469*-(7'&%(<-(+1E*

S\[T*| \\[* | 3<#&%7-*(%($'(-0&*<%>-$'()| J'1+&'G5+->*H%($'(-0&*A'M | !(,0(/->*&#&-1-(+0+'%(*%2* STO(/->*>--#*&-[5&&-(+*
2%8*1%2+*1-(1'()E* VAC=E* (%($'(-08*469*2-0+58-1E* <%>-$'()*2%&*469*H#8->'1+'%

S\WTH A\* 3(+-)&0+-*3MGO1->* 4+0+-MJI-#-(>-(+*a0&0<-+-&*j| 6->5/->*#8&%/-11*/%(+&%$*-&8&Y 3<#&%7->*469*1+0G'$'+8*0
&-1%(/'$'0+'% (*' (+%*469* 6-)&-11'%(*N'$+-&E* 1$%1->M$%%6#*#-&2%&<0(/
1%(+&YSE*

S\eTH \\[* =%>-$*1#0+'%+-<#%&0O$* k(%;$->)-MJ0+0*d5">->* ?0#+58&->*+-<#%&0$*/0510$* HHP'->*6V*2%E&*0>0#+'7-*46)
/0510%$'+8*'(*'(>51+&'0%* 6-'(2%&/-<-(+*V-0&(‘'()E* >-#-(>-(/'-1E* 19%(+&%$*0(>*9%#+'<'RO+%(f
181+-<1E*

S\T*| \\[* a&->'[+*41L*-<'11'%(1*'(*469% .3MGO01->*2%&-/01+'()*<%>-§ .//5&0+-$8*#&->'/+->*-<"11'%(* A5##%&+->*151+0'(0G$-*464
"(I'(-80+%&1E* #0++-&(1E* -<'11'%(*/%(+ &Y $E*

S\gT4 \\[* =%>-$*>8(0<'/*#&%/-11-1*29% C?HM?A.=MV4C=*8G&">* 3<H#H&AT->*+-<#%&0O$*2-0+5&-* | 4+&-()+,-(->*1-Y5-(+'0$*
1%2+*1-(1'()E* <%>-$E* -"+&0/+'%(E* $-0&('()*2%&*4691E*

S\ZTH \I\* | J-7-$%#*+80(12-&0G$-*1%2 d&0#,MGO01->*a&->'/+0G$-*J1 ./,'-7->*1+&%()*/&%11M>%<0'(* | .>70(/->*@(%;$->)-*+&0(12-§
1-(1%&1E* C&0(12-&*H-+;%&@E* 0>0#+0G'$'+8E* 2%&*469*.3*<%>-$1E*

ScITy \I\™* | 1"+&0/+*)$%G0$*>8(0<'/* 5+%-(/%>-&*;'+,*,'>>-(*$08-&} 3<#&%7->*>8(0<'/*2-0+5&-* 1(,0(/->*>0+0M>&'7-(*
2-0+5&-1*28%<*(>51+&'0$*] -(,0(/-<-(+E* &-#&-1-(+0+%(E* >8(0<'/*<%>-$'()* (*4691E*

ScOT \|\* >>&-11%(%($'(-0&*+'<-M>-$0 V.441*C&O(12%&<-&*H-+;%8&| 3(/&-01->*(+-&#&-+0G'$'+8*0(>*| ##$'->*+&0(12%&<-&MGO01-

#&%/-11-1E*

2%&-101+ () #&-"1'%(E*

>-4#*$-0&( ()*+%*4691E*
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SOT[ IV | 3<#$-<-(+*.3M>& 7-(/%(+&A .3*45&8&%)0+-*=%>-$E 3<HEIT->*oth-&0+%6(0%*-22'1-(] 3(+&%6>5/->*>'&-I1+* 3*%(+&
%o#+'<'RO+'06(E 0(>*/%(+&%$*1+0G'$ +8E 280<-:%&@1*2%&*4691E
SccT| IV | 3<#&%7-"%($ (*1-(1'()* SOH+T-*=5$+'$-7-5* 1, T->*&-0SM+'<-*-&&Y&* 1(,0(->*469*#8&%/-11*
0//580/8E 6-)&11'%( 3(+-)&0+'%(E 1%<#-(10+'%(E 0>0#+0G'$+8*0(>*<%6(+%6&
SC[T| IV | 2%(+ (5%51$8*#8&->'/+* J—-#C-<H%&O$*N-0+5&* | =0'(+0'(->*0//5&0/8*5(>-&* 3<H#&IT->*0>0H+7-*469%
(>51+&'0$*Y50$+8%(>-1E | I"+&O0/+%(%;+ *I(1-<G$-* >8(0<'/*#8%/-11%>&2+E <%>-$*5#>0+'()*<-/,0( 1<1E
=%>-$'()E
SCAT| WY | d-(-&O0+*T'&+508*1-(1%&*>0 4-$2M ++-(+%(*I<G->>->* | 2&-0+->*&-0% 1+/*18(+,-+/*>0+0 I"#0(>->*469*>0+01-+1*2%&
4+8$-d.HE +&0'(E 89%G51+*.3*$-0&( )E
SceT| W' | J-1)("&%G51+*1%2+*1-(1%4 N'(+-M+'<-*>-$08*0(>*&-)&1] 3>-(+2->*%#+<0$* (#5+*&-)& 1] 6-2'(->*.3MGOL->*469*1-(1%
5(>-&*'(#5+*/%$$'(-0&+8E | ">-(+'2/0+'%(E 2%8&*<%>-$'()E >-1')(*1+&0+-)"-1E

=Varr<5$+$08-&H-&/-#+8Y6(11aVAH0&+0$*$-01++1Y 508 16 HH:*6-/58.&-(VRIBROBEEFS6()*1, Y& +M+-&<*<-<I6&B*(-+:%&@I*4.1+4+0/@->* 5+%-(1%>-& 11 344, *3<H#EY6T->*1#0&&Y *1-08/,*0$) %4,
_=J%_0&'0+%6(0$*<%>-*%<#%1'+'U6(| C2H:*C-<HU&OS$/%6(7%$5+%(0$*(-+%&@*2A. = * P TFHIBBIOHAOF Vo(*<V6>5$- 1%V 441 +V-01++0G 1%$5+-+1,&'(@0)-*0(>*1-$-/+' U6 (*o-BIEAR* + &0(12%&<-
d-(-80+7- 0>7-8108'0$*(-+%8@

'<5%+0(-9 * Opt+'<! +'0, >&'7-(* 3* *<1* G-
C,-* (-"+*#,01-* 2%/51->* % (* 1%2+* 1-(1%&1U7'&+B0$* D' <RO+%(* +%6* <'(<'R-* 469* -(-&)8* 51-* '+ 0p5+*
-1+'<0+'()*>'22'/5$+M+%M<-015&-*70& ' 0G$-1%5& (P$1>0+0h<#&%6<'1'()* 1%(7-&1'%(*-22'/-(/8B*;,'$-* m50(*-$ED SOOT
d0&<&%%>"* .1'$*0(>*4,0,1070(>* S[T 0(>*4,0%* (> T'0( F+896>5/->*1+0/@->*05+%-(/%>-&1*+%6*/0#+5&-$O--FH(W&
>-7-$%#->* <5$+'$08-&* #-&/-#+8&%(* 0(>* -(1-<GSEB&-15-+;--("#&%/-11*70&'0G$-1E*C,-1-*1+5>"-1*>-<4, 0&03*
<%>-$1*+9%0*' <H&IOT-*&AOGEL+(-11*(*/,-<'/0S* HEIHYAEE. |0(*%05+#-&2%&<*+&0>"+%(0$*-<#'&'0$* YR AMIHS
A>0&* -+* OSE* SIT -"+-(>->* +,"1* [9%0(/-#+* +%* 1BF2E8* &-/(*0>>&-11'()*>0+0M>&'7-(*(%($'(-0&'+-1E
<%('+%&'()* 7'0* <5$+M1+0+-M>-#-(>-(+* #0&0<-+&RBEYo>-
0/,-7'()*'<#&Y 7->*0>0#+0G'$+8E*J--#*$-0&('() *08+5&-1*
15/, 01* d0511'0(* a&%/-11* 6-)&-11'%(* SeT 0(>* 05+&A(/%
SOJTB*SOOT 25&+,-&*-(,0(/->* (%($'(-0&* 2-0+384/(* B(&H/
>8(0<'/*<%>-$'()E

Prediction Accuracy (%)

100] e 2025 (Transformer, Graph-based DL)
95| e 2024 (Transfer-Incremental SAE, Bi-LSTM)
90 | e 2023 (Hybrid LASSO, Ensemble Learning)
85| e 2021 (ESN, Multi-objective Optimization)

80| e 2018 (SDP Models, Adaptive GPR)

75| e 2014 (Regularized MLP, Stabilized Networks)

70| ® 2009 (Fuzzy + ANN Hybrid Models)

65 | e 2003 (Early Neural Networks in SRU)

60 |e 1994 (Adaptive Control)

55 |

1994 1999 2004 2009 2014 2019 2024
Year of Publication

N)EHNE  a896)&-11'%(*062*H#8&->'I+'T-#-8&2%&<0HOTENE$258*&-/%7-&8*5 (' +*PA69Q*<%6>-$1* &9 ZZ[*+

VAS\CT -"-(>->% (+06%+, 4896 GS$-<*%62*$0G - B BIB&IY8*
1-<MI5#-&7'1->* 8G&>* 08/, +/+5&1* 0>* -(,0(->*
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Abstract—This paper presents the development of an - Implement selective recording based on motion and
intelligent video surveillance software designed to performeal- zone definitions.
time processing of security camera footage. The system ) ) o )
combines motion detection, object detection, and trackingo - Provide a user interface for monitoring video streams,
separate relevant activities from background variations. A wb- managing recorded events, and playback.

based interface was designed to support camera management . .
and recording access. Results from a 30-day test with four A. Overview of Relevant Technologies

cameras showed that the software reduced storage usage by 1) Motion Detection Methods

approximately 98.4% compared to continuous recording. The Motion detection is a fundamental area of machine vision,
system was also able to process video in reafie at 10!FPS per  which involves identifying changes in the position ofeaitg
camera. This makes multi-camera monitoring both efficienand relative to their background. It plays an important rokaamy
user-friendly by recording only when activity (e.g., a perse) is  areas of application (e.g., intelligent video surveiligriaffic
detected within user-defined zones and allowing easwent  monitoring). In motion detection, it is necessary toimtigtish
filtering. between what is static (background) and what is moving

Keywords—atrtificial intelligence, video surveillance, real-time (foreground) [4].

processing, motion detection, object detection, object tragk a) Frame Differencing

This is traditional and one of the simplest solutidhs.
i ) . takes the difference between two consecutive frames. Among
Video surveillance has long been an important part ofhe discussed methods, it requires the least computational
security, helping to keep lives and property safe. Thesgsources. Its disadvantage is that it cannot accurelesiifiy
systems are now widely used in both public and privé@sa  the entire contour of a moving object [4]. Results arsynoi
and the resulting video data can pose challenges for storaggjyrring and various morphological operations (e.g., closing)

processing, and management. Continuous recording frogan be used to remove noise and improve the quality obmoti
numerous cameras consumes a large amount of storage afdlection [5].

can be difficult to review afterward. Manual video monitgri

. INTRODUCTION

relies on human operators, which is expensive, time-  b)Temporal Differencing
consuming, prone to error, and difficult to oversee when there This is based on the temporal difference between
are many cameras [1]. consecutive frames, pixel by pixel, focusing on changes over

time. It does not give good results if the object to éteated
moves too slowly or too quickly, because in these céges t
difference between frames is very small. It is capable of
Wandling sudden changes in lighting conditions in indoor
Yenvironments [4].

Advances in machine vision and artificial intelligence
enable automatic filtering and highlight relevant detditss
reduces storage usage, as only important activities a
recorded, and makes it easier for operators to review fota
even with multiple cameras. Intelligent video surveikn
systems are capable of detecting motion in real time, c) Optical Flow
recognizing and classifying objects, and tracking their QOne of the most computationally intensive methods
movements. This reduces the possibility of human erromong traditional solutions. In this case, motion detedtion
speeds up response times in emergencies, and makes fed on estimating the optical flow field of the imagel
system easily scalable, meaning that larger areas arel M@nhen clustering based on the optical flow distributionhef t
cameras can be monitored effectively [2], [3]. video frames. It is memory-intensive, requires complex

These advancements motivate the development dlculations, and is sensitive to noise [4]. Similar tanke
software capable of efficiently processing multiple videoPifférencing, a significant part of the noise can be rerdove
streams and extracting information relevant to securityVith blurring and morphological operations, thus improving
monitoring. The main problem addressed in this paper is hof*e quality of the motion detection [6].

a video surveillance system could be implemented that is d) Background Subtraction

capable of processing video streams from multiple cameras in
real time, detecting and tracking relevant objects, angn e
selectively recording events within user-defined zones, whikaiﬁ
minimizing computational requirements.

One of the simplest and most reliable motion detection
thods. A reference frame (background model) is given. The
erence between the current frame and the reference frame
is calculated. The resulting image shows the moving tlfec

To address this problem, the objectives of the work are @8 not suitable for handling dynamically changing
follows: backgrounds [4]. The reference frame can be updated over

) . . ) time, allowing changes in the background to be tracked. In
Ensure real-time processing of multiple video streamsg,ch cases. the noise can remain minimal [7].

Detect and track objects (e.g., people or vehicles) in
monitored zones.
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2) Object Detection Methods Il. METHODS

Object detection is a key area of computer vision $at i The system consists of four Hikvision DS-2CE16HOT-
essential to many applications (e.g., self-driving vehiclesT3r anajog cameras connected by coaxial cables to mkent
pedestrlan _and face recognltl_on). Object det_eptlon techniqu@gkvision DS-7204HTHI-K1 DVR. The DVR streams video
can be divided into two main groups: traditional methodsgyer the network at a resolution of 5 MP (2560x1944 px), 20
which use various machine learning techniques, and degfpg with a constant bitrate of 12,288 Kbps and H.264
learning-based approaches [8]. encoding. Processing is performed by a high-performance

a) Traditional Solutions computer running Windows 11, with an Intel Core i7-]iLS700K

Before the advent of deep learning, object detectiordrelieCPU’ Nvidia GeForce RTX 4090 GPU, and 32 GB of RAM.

on manually extracted features with classical machine The software wasimplemented in C# using the .NET Core
learning algorithms. Human expertise was key in selgcti framework. Motion detection, object detection, and tracking
relevant features. Main methods include General Houghlgorithms run on the backend, and the processed data is
Transform (Ballard D, 1981), Harris Corner Detector (1988)transmitted via a JSON API to a web-based Blazor interface
and SIFT (Scale-Invariant Feature Transform, Lowe, 2004yvhere it is displayed and user interactions occur.

(8].

Live video data is streamed from the installed cameras

b) Deep Learning-Based Methods using the RTSP protocol. Several NuGet packages were used.
Deep learning techniques require less manual featufgor computer vision tasks and camera access, the OpenCV
extraction and perform better with large datasets. They caET wrapper EmguCV [12] was utilized. YOLO object
independently learn features, adapt to environmentaletection was implemented using YoloDotNet [13]. The
conditions, and detect multiple objects in real time. MNC ~ Jonker-Volgenant algorithm for object tracking was agpli
(Region-based Convolutional Neural Networks) architecture¥ia the LapjvCSharp package [14]. For image manipulation
(e.g., R-CNN, Fast/Faster/Mask/Cascade R-CNN) follow @nd rendering, SkiaSharp was employed [15].

two-stage process: region proposal and then object detection 1o pase structure of the system, which is executed for

on the proposed regions [8], [9]. YOLO (You Only Look o S
Once) and SSD (Single Shot Detector) architectures perforr%aCh frame that needs to be processed, is illustratégl i2. -

detection in a single step eliminating the need for arsep ( _ ) ¥
regional proposal stage [10]. Incoming frame f , )
), Crop regions and run
Based on a comparative analysis conductefuibiah et ‘L object detection
al. [11], the YOLO architecture performs well in real-time % - ) ~ ¢
surveillance, as it can detect objects quickly witlmouch loss Update motion p §
in accuracy. Although certain R-CNN models can achieve L detector ) Undate obiect track
higher accuracy, their processing times are longer, making v peale ohject tracker
them less suitable for real-time applications. e ) b g
Cluster motion ¢
B. Test Environment Overview detection results ( ‘ A
Four cameras were installed on a suburban residence to | Recording control
| /

monitor critical areas of the property: Entrance Gate, Teyrac
Rear Garage, and Front Garage. Fig. 1 shows the location afid 2. Block diagram of the base process, which exsauteevery frame

coverage areas of the surveillance cameras. to be processed. Video frames update the motion detgetoerating motion
boxes that are clustered into detection regions. Ttezgens are processed

by the object detector, producing bounding boxeslatand confidence
scores, which update the centroid-based tracker. Recpediriggered when
an active object with the target label is detectetistopped after a set period
of inactivity.

Fig. 3 presents a frame with motion boxes (blue), detection
regions (green), and detected object bounding boxes (red).

S,

Fig. 1. Camera placement on the property. Top-left: Faantage; Top-
right: Entrance Gate; Bottom-left: Rear Garage; Bottomtrigrerrace.
(Public areas masked in black.)

Fig. 3. Frame illustrating the motion detection anptobdetection process.
Blue boxes indicate areas of detected motion, greeadr@present clustered
detection regions derived from nearby motion, and rexeb®show the
bounding boxes of objects identified by the objededion algorithm.
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Fig. 4 shows the image sections corresponding to the threserage image that is adjusted to the incoming framitesa
detection regions shown in Fig. 3 used for object detection. lamall weight. This approach allows the background to
Fig. 4(a), no objects were detected. In Fig. 4(b) and4@, dynamically follow slower changes in the environment while
the same vehicle was detected in both regions. The objegétecting objects that appear suddenly (e.g., moving@eo
tracker associated these detections with the samielejeh objects) as foreground.

resulting in a single tracked object. During the preprocessing of the incoming video frames,

the images undergo grayscale conversion and are then resized
to 100 pixels high while maintaining the aspect ratio.
Optionally, contrast enhancement is performed, followeal by
motion mask to filter out uninteresting areas, and Gaussia
filtering to reduce noise. The background for motion detection
is modeled using a moving average image, which is updated
with exponential weighting (! = 0.01, during calibratid =
0.2). The difference between the current frame and the
background model is computed. This difference is then
thresholded and dilated. Contours that are too small are
Fig. 4. Image sections of the detection regions showfig. 3, cropped  discarded, keeping only relevant movements, from which
from the original frame for object detection. (a) No objelettected; (b) and  motion boxes are formed. The size of the boxes is scatdd b
(c) the same vehicle detected. to the original image size. Calibration starts whertiono
. affects a significant part of the frame; during calibratibe, t
A. Zones and Motion Masks background model is updated at an accelerated rate until a
Users can define motion masks and zones on the camergable state is restored. The process is illustratE)ir6.
by specifying polygon vertices, as illustrated in Figbtion
detection is disabled in areas covered by motion mas
thereby reducing resource usage. If at least one zone
defined, the system records only events occurring within thd
zone. Each zone can be named, and the object typesrafit
(e.g.,personandcar labels) can be specified.

(d) (©) G

Fig. 6. Steps of motion detection from incoming videarfea: (a) original
frame, (b) grayscale conversion, resizing, optional cehahancement,
motion mask application, and Gaussian filtering, (cgkgaound model
(moving average), (d) absolute difference between the cudreené and the
background model, (e) binary mask after thresholding ditadion with
significant contours highlighted, (f) final motion boxsesled to the original
frame size.

Detected motion boxes are clustered to reduce redundancy
and to prepare for subsequent object detection. Egabrris
. . expanded by a scaling factor around the boxes, and
Fig. 5. Example of a motion mask and a zone named “test.z@ome . .
vertices (blue) and motion mask vertices (red) are spédifjetheir (X, y) overlappmg boxes are _mergec_l. Each cluster |s_ensured to be at
coordinates. The black area formed by the red verticessepts the motion  1€aSt as large as the input size of the detection mdtel
mask, while the blue area formed by the blue verticesesents the zone.  System output comprises detection regions, each containing

The image coordinate system has its origin at theleéi corner (0, 0) and  one or more motion boxes. The process is illustrated irvFig.
extends to the bottom-right corner (2560, 1944).

An object is considered within a zone if the bottom-eent
of its bounding box lies inside or on the edge of the zone,
determined using Em@V'’s [12] PointPolygonTedunction.

It returns +1 (inside), -1 (outside), or O (on an edge).

B. Motion Detection

From the relevant technologies introduced previously, |
considering the requirements of real-time processing for -
motion detection, the Background Subtraction method was “
selected, specifically using the Running Average [16]
technique. This means that newly arriving frames are not ] ] ) )
compared to a pre—recorded static reference image (’Eg., tFlg. 7. Motion boxes are grouped into clusters, eachifty a detection

. ! . . _region. Different colors indicate clusters; boxes indghme cluster share the
first frame received), but to a continuously updated moving; e color.
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Abstract— The rapid advancements in genomics and the leverages the principles of quantum mecharics
availability of large-scale genetic datasets have revolutionized superposition, entanglement, and interferept® develop
our understanding of genetic diseases. However, the complexity algorithms that outperform their classical counterparts in
and high dimensionality of genomic data pose significant specific tasks [5]. For instance, quantum algorithms like
computational challenges for classical machine learning (ML) Grover's search and Shor's algorithm offer exponential

algorithms. Quantum machine learing (QML), an emerging  speedups for problems that are computationally expensive on
interdisciplinary field that combines quantum computing with classical computers [6].

ML techniques, offers a promising solution to address these

challenges. This paper explores the application of QML Deep learning, a subset of ML, has gained widespread
algorithms for diagnosing genetic diseases by leveraging the popularity due to its ability to model complex relationships in
unique properties of quantum computing, such as large datasets. DL algorithms, particularly convolutional
superposition, entanglement, and quantum parallelism. A novel neural networks (CNNs) and recurrent neural networks
hybrid quantum-classical approach is proposed to enhance the (RNNs), have been successfully applied to tasks such as image
accuracy and efficiency of disease diagnosis using genomic recognition, natural language processing, and genomics
datasets. The methodology involves encoding genetic data into analysis. For instance, CNNs have been used to classify cancer
qguantum states, applying quantum-enhanced feature selection subtypes from histopathological images, while RNNs have
and classification algorithms, and validating the results on been employed to predict gene expressio’n patterns from DNA
publicly available datasets, such as the UK Biobank and the sequences [7]. Despite these successes, DL algorithms face

Cancer Genome Atlas (TCGA). Experimental results T . ) ;
demonstrate that the proposed QML framework achieves several limitations when applied to genomic data:

higher classification accuracy and faster computation times A, High Dimensionality: Genomic datasets often contain

compared to classical counterparts. Equations, tables, and milions of features (e.g., single nucleotide
charts are used to illustrate the effectiveness of the approach. polymorphisms, gene expression levels) relative to the
This research highlights the transformative potential of QML in number of samples. This imbalance can lead to overfitting

precision medicine and lays the groundwork for future

! L ; and reduced generalization performance in DL models.
investigations into quantum-enabled healthcare solutions.

B. Computational Complexityfraining DL models on large-

~ Keywords— Quantum Machine Learning (QML), Genetic scale genomic datasets requires significant computational
Disease Diagnosis, Hybrid Quantum-Classical Framework, resources and time, making them impractical for real-
Computation Time Optimization time applications.
|. INTRODUCTION C. Interpretability: DL models are often considered "black

boxes," making it difficult to interpret their predictions

The advent of high-th hput ing technologi
© acvenit ol Mgn-nrolghpt sequencing tecnnologies and understand the underlying biological mechanisms.

has enabled the generation of vast amounts of genomic data,
providing unprecedented insights into the genetic Scalability: As genomic datasets continue to grow, the
underpinnings of diseases. Genetic disorders such as cystic scalability of DL algorithms becomes a bottleneck,
fibrosis, Huntington’s disease, and hereditary cancers are |imiting their ability to process and analyze data
caused by mutations or variations in DNA sequences that efficiently.

disrupt normal biological functions [1]. Identifying these ) _ .

mutations and their associations with diseases is critical for Why Quantum Machine Learning Algorithms Are Better
early diagnosis, personalized treatment, and preventive Than Deep Learning for Genetic Disease Diagnosis:

hgalthgare [2]. quever, the sheer volume, comple_xity,_ and | ExponentialSpeedup
high dimensionality of genomic datasets present significant One of the most significant advantages of QML is its
computational chaIIe_nges that classmal machine learning potential to achieve exponential speedups over
(ML) and deep learning (DL) algorithms struggle to address classical algorithms for specific tasks. For example,
effectively [3]. Grover's search algorithm can perform database
Quantum computing, with its ability to perform searches quadratically faster than classical
computations in parallel and process information in counterparts, while Shor's algorithm can factorize
exponentially large spaces, has emerged as a potential solution ~ integers exponentially faster [8]. In the context of
to these challenges [4]. Quantum machine learning (QML) genomics, this speedup translates to faster
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Quantum Feature Selection

Feature selection is essential for identifying the most
informative features (e.g., genes or mutations) associated
with genetic diseases. Classical methods often struggle with
high-dimensional datasets, but quantum algorithms can
efficiently identify relevant features using quantum-enhanced
techniques.
Quantum Principal Component Analysis (QPCA)
We implemented QPCA to reduce dimensionality while
preserving variance. QPCA exploits
guantum singular value decomposition (SVD) to compute
the principal components of a
dataset exponentially faster than classical PCA. The
mathematical formulation is:

QPCA(X)=U"V" 4

whereX is the input matrixJ andV are unitary matrices,

and " contains the singular values.
Quantum Clustering
To further refine feature selection, we applied quantum
clustering algorithms, which group similar features based on
their quantum states. The clustering process is guided by
quantum interference, which amplifies similarities and
suppresses dissimilarities. Recent studies have
demonstrated the effectiveness of quantum clustering in
genomics.
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Performance Metrics
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Abstract—We revisit minimal seven-equation selections for
the 7-parameter 3D similarity (Helmert) transformation using
three common points. From the 9 available scalar emtions
there are 36 possible seven-row subsets. Rather thatkaiming
that a fixed subset of these is always “stable,” we shothat
stability is geometry-dependent: the same selectiaran be well-
or ill-behaved depending on the spatial arrangementf the three
points. We provide two simple, geometry-aware selaoh rules
that perform reliably across typical geodetic and
photogrammetric scenarios: (A) choose two full 3D @ints (six
rows) and add one component from the third point whbse
direction is not parallel to the twist axis definedby the two full
points; and (B) choose one full 3D point and, from thether two
points, take the same 2D pair that includes the lat normal (e.g.,
YZ or XZ in near-planar setups). These rules are mavated by
a first-order sensitivity analysis of the transformaion equations
and are validated by synthetic experiments with nosunit scale,
non-zero rotations, translations, and measurement rse. For
each geometry we rank all 36 selections using a noalized,
unit-invariant conditioning measure derived from the scaled
Jacobian. Results show that the number of acceptabkelections
may be less than, equal or greater than nine, depeimdy on point
configuration, and the proposed rules consistentlydentify the
well-behaved cases while flagging the risky ones. &hpaper
offers practical guidance for choosing seven-row sgiets that
avoid hidden instabilities when working with minimal three-
point data.

Keywords—3D similarity transformation; Helmert
transformation; minimal configuration; three-point selection;
stability; conditioning; photogrammetry; geodesy

|. INTRODUCTION

This paper demonstrates that, in fact, only somthede
36 combinations lead to stable and geometricallyl-we
conditioned solutions. Many configurations eitheil fi
provide full coverage of the spatial rotational gmments, or
lead to biased estimates of the scale factor. Trisgyht
originally emerged during the preparation of theqya4],
where the authors suspected—on logical grounds—that
certain combinations were ill-posed, but no forgebmetric
or mathematical justification was available attihee.

The goal of this study is to provide such justifica.
Through rigorous mathematical reasoning and nuraleric
examples, we identify which configurations ensugkable
results, thereby refining and extending the ealiierature on
minimal configurations for 3D similarity transformians.

Il. THEORETICAL BACKGROUND

In the context of three-dimensional similarity
transformations, the standard model relating twordinate
systems (source and target) for a point — repredebye
vectors and — is given by:

where:
X is the uniform scale factey

X is the 3x3 rotation matrixR (orthogonal with
determinant +1),

X is the translation vectofrk, Ty, Tk

When only three non-collinear common points are
available, their coordinates in both systems camuded to
establish nine scalar equations (3 equations pat)p&ince

The 3D similarity transformation, also known as thethe transformation has seven unknown parameterg, an

seven-parameter Helmert transformation, plays ddorental
role in geodesy, photogrammetry, and in generadl spatial
sciences involving coordinate integration, suchramtics,
remote sensing, computer vision, and engineeringeging,
in aligning satellite-based geodetic coordinatetesys or
integrating local measurements into global refeeeinames.

selection of seven out of these nine equationdy@formally
solvable system. There are such combinations.

However, the choice of which seven equations aeg us
can significantly affect the geometric validity andmerical
stability of the resulting solution. If certain sjgd directions

The transformation requires the estimation of seveA€:d. components along one of the coordinate ases)

parameters: three translations, three rotationesngind one
scale factor. In practical applications, it ofteocars that
coordinates of only three non-collinear pointsarailable in
both systems, which theoretically suffices for aique

determination of the parameters.

underrepresented or missing altogether, the rotatiatrix
may not be properly determined, and the scale facty be
distorted.

In earlier works, these 36 combinations were gdiyera
treated as equivalent from a computational stamdpai.

These three points provide a total of nine cootdina Nevertheless, without ensuring proper spatial cgersome
equations, from which any subset of seven indepﬁndecomb'”at'ons may become ill-conditioned or everwysiar in

equations can, in principle, be used to solve i@ $even

the estimation process.

unknowns. There are exactly 36 such seven-equation The following sections address the geometric cartit

combinations, and the existing literature ([1],[4has
implicitly assumed that all 36 combinations areadlywalid,
without investigating their
reliability.

geometric and numerical

required for stable estimation and categorize the 3
combinations accordingly.
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I1l. GEOMETRIC CONDITIONS FORSTABILITY
For a minimal three-point setup to produce a nucadyi

stable and geometrically valid seven-parameter Hdlm
solution, algebraic independence of seven rows ds n

sufficient. The chosen seven coordinate equationst @lso
make the transformation parameters observablesndider:
they must constrain translations on all three axekrotations
about three independent directions.

Minimal decomposition and geometric intuition

It is convenient to think of the parameters in twiuitive
groups:

In-plane (2D-like) effects: two translations andeon

rotation that primarily act within a data planeypthe scale.

Out-of-plane (depth) effects: the remaining tratisteand
the two rotations that primarily act orthogonathat plane.

In practice, a “data plane” is not a fixed XY/XZ/dane
of the global frame. It is induced by the geomaifythe
selected equations. Most importantly, when two3ipoints
are used, they determine a twist axis (the lineugh the two
points in the target frame). Any residual ambigaifier using
those two points is a rotation around this axisseaenth
equation must be chosen so that it is sensititlegawist (i.e.,
its measured direction is not parallel to the axiB)it is
parallel, the first-order sensitivity to twist vahes and the
configuration becomes fragile.

Practical stability rules (for three points, 36 setions)

We use two simple, geometry-aware rules that work

robustly across typical layouts:
Rule A — Two full points + one component (twist-agjar

Pick two full 3D points (6 rows) and add one conatée
from the third point whose direction is not parktitethe twist
axis defined by the two full points. Intuition: thextra
component must “see” the remaining twist DOF.

Rule B — One full point + matched 2D pairs that inéud

the normal.

Pick one full 3D point (3 rows). From the other tpaints
take the same 2D pair (two rows each) that incldldedocal
normal of the data plane (e.g., YZ or XZ for neaf-X
geometries). This reliably fixes two rows of théatmn; the
third follows from orthonormality.

Plane-based restatement.

Instead of naming a global plane (XY/XZ/YZ), fiigfer
the effective plane from the geometry (or from tfudl
points). Then ensure that at least one measurefdaoent per
“non-full” point lies orthogonal to that plane. Mgy picking

Rule B (matched pairs incl. normal):
A(xy.2), B(y,2), C(y.2)
B(x.y,2), Aly.2), C(y.2)
C(x.y.2), A(y,2), B(y.2)

If the effective plane is closer to XZ (resp. Y&xchange
Z for Y (resp. X) in the examples above. These fdha
canonical families that most geometries elevatehto top
when all 36 selections are evaluated.

Configurations that omit the normal direction (eanly
X,y rows from two points and an x from the thircainear-XY
geometry), or that add a seventh row parallel éatist axis,
tend to be ill-posed in first order and numericdtiggile in
practice.

Implications for the 36 selections

The two rules above provide a clear checklist teest the
36 possible seven-row selections. For many nearapla
geometries this screening reduces the practicaliabie
choices to the canonical families illustrated ictse 111.C
(often nine, depending on which global axis aligvith the
geometry-induced normal). For more three-dimengipoiat
arrangements, additional selections may also belellgbut
those identified by Rules A—B remain consistentlgust. In
the next section we enumerate all 36 selectionghfertest
geometries, mark the stable ones according to tiuess and
quantify their numerical behavior using a unit-inaat
conditioning measure introduced later.

IV. EVALUATION PROTOCOL ANDANALYSIS OF THE36
SELECTIONS

This section defines the unit-invariant metric vee to judge
numerical stability, explains how the 36 seven-sabections
are generated and solved, and reports how the dseme
aware rules of Section Ill manifest in practice two
synthetic three-point cases with non-unit scalen-pero
rotations and translations, and additive noise.

Normalized conditioning of the scaled Jacobian

Let N B ‘Tollect the seven residual equations selected from
the nine scalar coordinate equations:

NoX¥ X Box FOO g+ o
?8:,,,3 EPAS %
Linearizing around the solutiofQ , ) gives N N g,Ua

where U a D'@re the parameter increments (scale, three
rotation parameters in radians, and three traosistiandg b

“XY” because it is convenient in the global axes can9'™' is the Jacobian assembled from the seven chosesn row

misclassify cases—what matters is the geometryeiedu
plane and axis.

Examples (illustrative, geometry-dependent)

Near-XY layouts (points almost planar with a small
relief) typically favor Z as the out-of-plane diten:

Rule A (twist-aware):

Axy,z), B(x.y.z), C(2)
Axy,z), C(x.y.z), B(2)
B(x.y,2), C(x,y.2), A(2)

To make conditioning independent of units, we stade
translation parameters by a characteristic length

" >§(aeo|_F L, e e o F L, a8 & LF L, &

and keep scale and rotations dimensionless (stad&)ans
(rotations). With

=diag(l, 2, 4, 4, X 4 X 4, X 9
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the normalized condition number is

_ _@ia®
208

Small - indicates a well-conditioned selection (robust to
noise and modeling error); largesignals fragility. In noisy
tests we also report the data misfit via RMS realislu

Practical thresholds used in this paper.
x Stable:- Q10

x Usable with cautionl0 < - Q30

x Unstable:- > 30

These bands proved informative across our expersresrt
can be tightened/relaxed per application.

Enumerating and solving the 36 seven-row selections

From the nine scalar equatiof :, ... ,% < we enumerate
all Ko=36 subsets. For each subset:

1. Initialization. We compute an initial similarity
estimate with a closed-form method (e.g.,

Umeyama) on all nine rows to obtdiQ, 4 4.

Nonlinear fit on the selected seven rows. Weesolv
min ¢ . & N with rotation parametrized by a unit
quaternion (or any minimal 3-parameter update)
constraintsdet4=+1 , © +are enforced
through the parametrization.

Diagnostics. We recore from the scaled Jacobian
@ at the solution, the orthonormality erreg © F
+ gdet 4, and two RMS values: — RMS7: over the

seven rows used in the fit; — RMS9: over all nine
rows (consistency check). Selections are then
ranked by-, and labeled according to the thresholds

above.
Test geometries and ground truth

We consider two representative three-point layomtdyoth
cases the target coordinates are synthesized loy-&rigial
similarity transform and optional Gaussian noise.

The transformed coordinates are computed usinexhet
Helmert formula:

U~ O ” nU+

The rotation matrix R is constructed from the gi¥rder
angles.

x Case A (highly

discriminative).
»=(0, 0,0), ,=(100, 0,10°%, ,=(0, 100, 1079,
scale O= 1.0025, x(xi, 6, § = (+1.5 Yx B.3Y%3.7 Y,
= (300, 700, 1200) .

Near-planar geometry

We setpgj= O (f, 6, §

Applied Informatics and Related Areas

gt + Y with Yy €(0, &%%,
€=5 mm unless noted. This layout is almost XY-planar, s
“out-of-plane” information aligns with Z.

x Case B — General 3D geometry (less discriminative,
more tolerant).
o =(2, 10,15), ,=(120, 20,5), +=(35, 130, 60),
C= 1.0008, x(xA, 6, § = ( FO.8Y»1.9Vx B.6Y,
= (500.5, 999.3,1502.1) €, w é=5-10 mm.

Here no global axis coincides with the “effectivermal”;
thus more selections behave acceptably.

The root-mean-square (RMS) error is computed as:

- 6
ot

RMSO = & AL 5 5+ <9

where :y ;5 <pd are the differences between the
observed and the transformed coordinates of p&rithe
denominator 9 reflects that RMS9 is computed perdinate
component (three points x three components).

RMS7 is computed only for the selected 7 coordinate
components:

RMS7 = § A ipof ¢ 8°

;. where 5is the set of the seven chosen coordinate
components|§ =7, ? B:,;, Q).

How the 36 selections separate in practice

Across both cases, the rankings consistently reftee
geometry-aware rules of Section IlI:

x Rule A (two full points + one twist-aware comporjent
Selections of the formf# TUY, $T UV, %)}
with ?not parallel to the twist axis ot $(and cyclic
permutations) systematically fall in the stabledéor
Case A, and remain among the best in Case B.

Rule B (one full point + matched 2D pairs including
the normal). Selections like
{#HTUY, $UV, %WV} (or TNTYV depending
on the effective normal) also rate stable in Casasé
near-stable in Case B.

Omitting the normal or adding a row parallel to the
twist axis (e.g{# T Y, TV, %7} in a near-XY
geometry, or “Rule A" with the third component
aligned with the twist axis) drive§ 4 ( 2) down and
pushes- into the unstable band, often with RMS9
noticeably larger than RMS7 (indicating overfittiofy
the restricted subset).

X

In the near-planar Case A this leads to a cleaarsdipn: the
canonical families predicted by Section Il doma#te top
of the list, while many of the remaining combinasccluster
at large - . In the more volumetric Case B, additional
selections may enter the “usable” range, but Rulapd
Rule-B families remain the most reliable.
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Table organization and labeling TABLE |. CASE A — 36 SEVEN-ROW SELECTIONSRANKED BY THE
NORMALIZED CONDITIONING -. LOow- - ROws COINCIDE WITH RULE A/B

. FAMILIES; HIGH- - ROWSOMIT THE EFFECTIVENORMAL ORADD A
For each case we provide two tables: TWIST-PARALLEL COMPONENT.

X Table I. The top-ranked selections with brief
descriptors (row setqet 4, orthonormality error
(onErr), RMS7/RMS9, and for Case A.

X Table Il. The full list of all 36 selections, sattey
- for Case B.

Takeaways for three-point practice

1. Geometry matters. Stability is not a propertyaof
fixed nine selections, but of how the chosen rows
interact with the twist axis and the effective natm
of the data.

2. Rules A-B are reliable defaults. They consisyentl
land in the best tier across disparate geometries. Case B: general 3D geometry

A numeric gate keeps decisions objective. The nlizeth _ ) . .
- provides an immediate, unit-invariant criterioratzcept or  120le 1l is more ftolerant: many selections fall inet
reject a seven-row selection before committing ttania ~ Stable/usable bands (e.g.,=3.9i30), and only a minority
pipeline. exceed- 85i150. This reflects that the effective normal is

not aligned with a global axis, so more combination
V. RESULTS incidentally capture sufficient out-of-plane seivdy. Yet
the Rule A/B families remain among the best (small$ay
This section reports quantitative behavior for 8eseven- consistent rotations).
row selections on two synthetic three-point georastrin
both cases the target coordinates were generatednon- TABLE Il. CASEB — 36 SEVEN-ROW SELECTIONS RANKED BY - . MORE
trivial similarity transform and additive Gaussiapise (Case = COMPINATIONS AREACCERTABLE THAN INCASE 2, BUT RULE A/B OPTIONS
$ 1 PP &DVH % 1 PP (IOFKX D MU= W L RO N H
by the unit-invariant conditioning (condition number of the
scaled Jacobian, Sec. IV.A), by RMS residuals ensitven
used rows (RMS7) and on all nine rows (RMS9), agd b
standard rotation diagnostics (detR, orthonormaitpr as
onErr ). Bands used. Stable Q10; usablel0 < - Q30;
unstable- > 30.

Case A: near-planar geometry

Table | lists all 36 selections sorted by A clear separation

emerges: selections consistent with Rule A (twogoihts +

one twist-aware component) and Rule B (one full pain

matched 2D pairs that include the local normal)upgcthe

top with - & i6 and sub-millimetric RMS7/RMS9 (e.g., the

first five rows show- =4.0 506 § i qfi Rier OLG VI. PRACTICAL IMPLICATIONS AND WORKFLOW

choices jump to- 0i400, while the worst cases explode to

- 8§ 10° and 4.3x18 confirming the geometry-

dependence predicted in Section Ill. x Prefer Rule A (two full 3D points + one twist-aware
component).

Default recipe (three points):

X In near-planar layouts with known normal, Rule B&o
full 3D point + matched 2D pairs including the nadin
is equally reliable.

Quality gate:

X Compute- at the solution. Accept if Q10; treat as
usable if10 < - Q30; reject otherwise and switch to

aRue$ % VHOHFWLRQ $0ZD\V FKHFN

PR 4 »» and compare RMS9 vs. RMS7 (a large
gap suggests overfitting the restricted subset).
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Minimal-data workflow.
1. Enumerate the 36 seven-row selections.

2. Initialize (e.g., Umeyama on all nine rows), then
refine on each selection.

3. Record-, RMS7, RMS9, detR, orthonormality
error onErr.

4. Pick the smallest- selection (tie-break by RMS9).

5. If no selection meetkd < - Q 30, acquire more
information (extra coordinates/points) rather than
relying on a fragile minimal fit.

VII. CONCLUSIONS

We revisited minimal seven-equation selections tfar
seven-parameter 3D similarity (Helmert) transfoiorat
based on three common points. The key finding srgery-
dependence: stability is not a property of a fised of nine
combinations. Two simple geometry-aware rules

X (Rule A) two full 3D points plus one twist-aware

component, and

X (Rule B) one full 3D point plus matched 2D pairs

including the normal

consistently identify well-conditioned selection#\
normalized, unit-invariant conditioning measurgrovides
an objective accept/reject criterion.

Experiments on a near-planar and a general 3D fayo(f]

confirm this picture: in Case A, Rule A/B familiesrdinate
with -, i
deteriorate to -
combinations are acceptable, yet Rule A/B remainrantbe

best.

In this sense, our selection-and-conditioning perspe

ZKLOH Jdomrsidtént) selections
(30 (even >18; in Case B, more

parameter problem [3], combinatorial Gauss—Jadodiegjies
[5], and the broader algebraic viewpoint advocategtodesy
[6], while also relating to Procrustean extensidreyond
seven parameters [7].

This work complements [4], where multiple seven-
parameter solutions are combined via a Jacobiwvygighted
average. Our results supply a principled pre-selecand
weighting criterion: compute for each seven-row solution,
discard highk subsets (e.g; >-36& 30), and weight the
retained ones inversely with® (optionally with RMS7). In
our tests this improves the stability and accum@cthe final
averaged parameters without altering the core nicaler
machinery of [4].
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First Experiences with the AlphaEarth Foundations
Model: A Cosine Distance-Based Evaluation

Balazs Borocz
Alba Regia Faculty
Obuda University
Székesfehérvar, Hungary
borocz.balazs@amk.uni-obuda.hu

The recently released AlphaEarth Foundations Model was
generated using multi-source satellite data (optical, radar
LiDAR, etc.) and consists of a 64-dimensional normalized vector
for each 10m by 10m pixel on the whole globe for each yeanse
2017.

This representation enables the use of cosine distance to
quantify similarity between pixels in the parameter space. The
model has been made available in Google Earth Engine,
providing new opportunities for environmental monitoring.
In this study, we revisited previous analyses of agricultwa
areas and bee pastures to evaluate the applicabilityf the new
methodology. We compared its performance with earlier
approaches based on machine learning classifiers angdestral
indices calculations. Our results show that, in most cases,
computations were significantly faster and required lesgode,
while accuracy improved slightly compared to traditional
methods. We also examined the spatial and temporal
transferability of the approach, emphasizing its potential fo
broader applications in land monitoring.

Keywords: AlphaEarth Foundations Model, Google Earth
Engine, cosine distance, bee pastures, satellite datad Icover
analysis

INTRODUCTION AND METHODOLOGY

Gabor Molnar
Alba Regia Faculty
Obuda University
Székesfehérvar, Hungary
molnar.gabor@amk.uni-obuda.hu

An embedding model in this context is a way of
transforming diverse Earth observation inputs into a @mtyp
universal representation. In AEF, each embedding is a 64-
dimensional vector that summarizes signals from multiple
modalities, including optical satellite imagery, radar, LiDAR,
meteorological records, and other environmental data. These
embeddings capture both spatial and temporal dynamics,
making it possible to generate consistent and accuraps m
even when annotated training data are scarce. By prgwvdin
common feature space for heterogeneous data sources, the
model supports a wide range of applications, such as l&nd us
and land cover mapping, crop monitoring, biodiversity
studies, and climate analysis.

The embeddings produced by AEF can be imagined as
points distributed on the surface of a 64-dimensional unit
sphere (radius = 1). Because the vectors are normatizied i
way, their relative position in the embedding space encodes
meaningful similarities and differences between objects or
locations. This structure enables the use of cosine déstanc
cosine similarity) as a metric for separating or cluster
different objects: vectors that point in similar diiens
represent similar geospatial characteristics, whileorec¢hat

Until the appearance of AlphaEarth Foundations Mode|giverge more strongly correspond to distinct environmenta

there were relatively few success stories of Al in ficatuse

conditions or land cover types.

for the Earth science community [1]. One of the researcB. Cosine Distance Computation
directions was establishing generative models, like

DiffusionSat, that applied generative Diffusion model that

In the embedding model, each location or object is

performed well on many modalities (including imagesirepresented by a 64-dimensional vector positioned on the

speech, and video) and was tailored to support remotiegens

data [2].

surface of a unit sphere. To determine how similar or
different two such representations are, we can compare the
angle between their vectors. This comparison is performed

AlphaEarth Foundations primarily trains for distribution ysing cosine distance, which measures how close the
uniformity, and this will allow for more general-purpose grientation of two vectors is to one another. As thestove

tasks after training the learner for the special use case.

A. AlphaEarth Foundations Embedding model

The AlphaEarth Foundations (AEF) embedding model,
developed by researchers at Google DeepMind and Google,
was designed to address the challenge of creating accur
global maps from sparse and unevenly distributed groun
truth data [3]. Traditional mapping efforts often rely on

are normalized, the cosine of their angle can be easily
calculated by the dot product of the vectors, what is simply
the sum of the product of the respective vector components.

If two vectors point in almost the same direction, their
ine distance is small, meaning they represent very similar
geospatial characteristics. Conversely, if two vectors diverge
strongly, the cosine distance is larger, indicating that

handcrafted features or domain-specific methods, which cafflderlying environmental conditions or land cover types are

be limited by noise, sensor dependence, or regional bias

AEF introduces a general-purpose geospatial representatior, . .
g purp geosp P Earthd|men5|onal datasets like those produced by the AEF model.

that integrates multi-source and multi-model

fferent. This makes cosine distance particularly suittdsle
Ii{stinguishing subtle differences in complex, high-

observation data in a unified framework, enabling robust  For our task, implementing cosine distance means that

extrapolation of sparse labels into large-scale, high-résolu
mapping products.

once the embeddings are generated for the areaseodsht
we can systematically compare them to evaluate their
similarity. This allows us to group similar areas tbge,
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detect boundaries between distinct land cover types, or
identify unusual regions that stand out from their
surroundings. In practice, cosine distance becomes a
powerful tool for applying the embeddings to clasatfion,
clustering, or change detection problems without needing
large amounts of labeled training data.

To make the cosine distance operational in our task, w
defined a set of training areas that represent the telagt
or phenomenon of interest. For each training area,
embeddings were extracted and then averaged to form a mean
vector. This mean vector acts as a reference point in the 64-
dimensional space, summarizing the typical characteyistic
the training data.

Figure 1 A stack of 64 rasterized AEF layers foems
embedding field, and each individual vector maps to a coordinate
on the unit spher&®, [3]

Next, we calculated the maximum deviation from this
mean vector across all training samples. This deviatimese
as a threshold value in the model. In practice, when
embeddings from unknown areas are compared to the mean
vector, their cosine distance must remain below this tbteésh
in order to be considered part of the same class. Hdkiee
distance exceeds the threshold, the area is classified as
different.

A)
B)

C)
D)

Equation 1: Study area mean vector components (A).
Components of the vector under investigation (B). Cosine
similarity (C). Cosine distance (D).

This procedure ensures that the model is not ovey,
sensitive to minor variations within the training data, while
still being able to detect meaningful differences. In other

Figure 2 Mean vector of the training samples (blue) and the
maximum threshold vector (black).

Figure 3 Example of a corresponding vector that fall$imit
the specified threshold value (red).

Figure 4 Example of an inappropriate vector that falls
outside the specified threshold value (red).

'P./ RESULTS INVESTIGATED PLANT CULTURES

The focus of our research was on the detection of various

words, the threshold defines how much divergence from thelant cultures, of which we primarily dealt with the déitac
training examples we allow before labeling a new area agf bee pastures [4].

belonging to another category.

In the framework of bee pastures, three flowering plant

species of major importance for pollinators were
investigatedRapeseed Brassica napuyis one of the most
widely cultivated oilseed crops in Europe, producing large
fields that bloom with abundant yellow flowers. Itgykhi
nectar and pollen production make it a crucial early gprin
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food source for honeybees, often contributing significatotly distance of pixels from the mean vector of the study afea (B
colony buildup after winter [5]. Rapeseed fields detected after masking (C).

Crimson clover (Trifolium incarnatum), a leguminous
forage crop, is valued both for soil enrichment through
nitrogen fixation and for its dense stands of red flovileas
provide substantial nectar resources. It typically blotaies
in the season than rapeseed, thereby extending the augilabil
of bee pasture resources and supporting continuous foraging
opportunities for pollinators. [6]

Figure 5 Rapeseed. source:
https://flybyjing.com/blogs/news/rapeseed-oil

Figure 7 Crimson clover. source:
https://www.pennington.com/all-
products/wildlife/resources/crimson-clover

A)
A)

B)

C)
Figure 6 Detail of the rapeseed fields under investigatio B)

The study area is shown with a red polygon (A). The cosine
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robust and consistent classification results, makirmgfter
suited for large-scale mapping tasks.

C) A)
Figure 8 Detall of the crimson clover fields under
investigation. The study area is shown with a green polygpn (A
The cosine distance of pixels from the mean vector cftioy
area (B). Crimson clover fields detected after masking (C)

The detection ofcrimson clover (Figure 8Q also
proved to be highly effective. The applied method
successfully identified entire crimson clover fielits]uding
areas where the satellite imagery already showed signs of
post-flowering vegetation This indicates that the
embedding-based cosine distance approach can reliably
detect the crop even when its phenological stage igpakt
flowering, highlighting its robustness compared to mésho
that rely strictly on spectral signals capturea aingle time
point.

Black locust (Robinia pseudoacacia a fast-growing B)
deciduous tree, is highly regarded in beekeeping due to its
profusion of fragrant white flowers. Its nectar is the sewfc
one of the most prized unifloral honeys in Central Europe,
commonly known as acacia honey. The species contributes
greatly to bee forage, particularly in late spring to early
summer, when large tracts of black locust forests bloom
simultaneously.

Although black locust plays a central role as a bee
pasture species, itketection using only cosine distance in
the embedding space was not successfilihe spectral and
structural characteristics of black locust stands did not
produce a sufficiently distinct signature compared to rothe
forest types to allow reliable separation based solelheir
distance from the mean training vector. As a result, the
expected clear discrimination between black locuststere
and other wooded areas could not be achieved through thisC)
method. Figure 9 Northern Hungary region, around Szirak. Cesin

distance calculated from the study area (A). Detectedtfaress

Due to these limitations, the focus was shifted from ) i i
. . after masking (B). Comparison of detected forest areas with the
species-level detection of black locust to theoader CORINE 2018 land cover database (C)

detection and characterization of forested areas-orests

represent a structurally and ecologically coherent landrcove  As shown in Figure 10C, there is a substantial spatial

type that is more readily distinguishable from othergyerlapbetween the forest areas delineated by the CORINE
vegetation categories in the embedding space. By treatinand Cover database and those detected using the
forests as a single class rather than attempting ta&epa embedding-based methodology (blue). However, the forest
individual tree SpeCieS, the methodology could achieve morgreas identified exc|usive|y by our approach (red) reveal
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additional fine-scale details. This is primarily dtee the training areas. In addition, the implementation of the Random
higher spatial resolution of the embedding data (10 m pixdforest algorithm involves a more complex workflow,
size) which enables the detection of narrow forest stripsincluding  data  preprocessing, feature  selection,
such as tree belts along roads or small wooded patches tlgiperparameter tuning, and model validation.

are not represented in the CORINE dataset. In contrast, the cosine distance method leverages the

Furthermore, part of the discrepancy arises fronproperties of the embedding space to separate rapisieed
temporal differences between the datasets. While thiom other land cover types using only a few represestat
CORINE Land Cover database reflects land cover conditionsaining areas. By calculating a mean embedding vector for
from 2018 (in 100 m pixel size), our analysis represems thknown rapeseed fields and applying a cosine distance
state of 2024, capturing land cover changes that occurred fhreshold, the method can identify rapeseed areas without
the intervening period. This includes newly established oexplicitly providing the model with examples of non-
expanded forested areas that have developed since tfapeseed. This results in a simpler algorithmic setup
CORINE dataset was compiled. As a result, the observesignificantly shorter processing times, and high relitghin
differences reflect botimprovements in spatial resolution detecting rapeseed when clear phenological signals are
andgenuine temporal dynamics in forest cover. present in the embedding space.

I1l. COMPARISON WITHOTHER METHODS Furthermore, it is important to note that Random Forest

... performs best when applied during the flowering period,
When compared to other commonly used classificationnen rapeseed fields display distinctive spectral

and change detection techniques, the cosine distance-bagg s acteristics that enable the algorithm to differentiate them
analysis of the embedding model demonstrates bothleotaly;om other land cover types more easily. This requires the
strengths and clear limitations. The primary advantage®f thyrecise selection of imagery corresponding to the flowering
app_roach lies in its con_ceptual_ S|mpI|C|ty and efﬂmertuy:_ stage, which can vary from year to year. By contrast, the
relying on the geometric relationships between normalizedmpedding model does not depend on the exact dateeof da
embedding vectors, it enables the identification of arets wi acquisition. It only requires the specification of thegéa
similar environmental and spgc_:tral characteristichauit the ear, as the temporal information is inherently encodeckin th
need for large annotated training datasets or compleximodsmpedding representation. This makes the cosine distance
retraining. This makes the method particularly attvecfor 5 proach less sensitive to timing and phenological

rapid assessments and for applications where label&gyiapility, further simplifying its application in practic
reference data are limited. _ _
) ] ) B. Comparison of Rapeseed Detection: Index-Based
At the same time, the cosine distance approach is pjethod vs. Cosine Distance

inherently sensitive to intra-class variability and subtle

differences between land cover types, which can limit it ~ In addition to machine learning and embedding-based
discriminative power in more complex scenarios, such agdPproaches, index-based methods were also evaluated for
distinguishing between tree species or different cropsyp detecting rapeseed (Brassica napus). This approachaglies
with over|apping phen0|ogica| pat[erns_ Compared tdhe use of spectral indices derived from Satellitegienga,
supervised machine learning classifiers or advancedpecifically the Normalized Difference Vegetation Index
segmentation algorithms, cosine distance tends to perforfDVI) and the Normalized Difference Yellow Index
best at broader class levels, where the within-clasahiity ~ (NDY1). NDVI is primarily used to mask out clouds and non-

is relatively low (e.g., forest vs. non-forest), while mor Vegetated surfaces, ensuring that the analysis focuses only on

specialized methods may outperform it at finer themati¥egetated areas. NDYI is then applied to identify rapeseed
resolutions. fields during their flowering stage, leveraging the sfron

) o ] ) yellow spectral signal characteristic of blooming rapeseed.
Overall, the comparison indicates that cosine digtanc

analysis represents a robust and scalable baselinedneth
which can be effectively applied for large-scale mapping
tasks or as a complementary step prior to more soplstica

classification approaches. Equation 2 Normalized Difference Yellow Index (NDYI¥t)le

A. Comparison of Rapeseed Detection: Random Forest vs,.'\lorm"’1|I2ed Difference Vegetation Index (NDVI) (right) [8]

Cosine Distance A key advantage of the index-based method is that it

In the detection of rapeseed, a comparison was madioes not require any training data, which significantly
between a Random Forest classifier and the cosine distancsimplifies its application. When the flowering stage &llw
based embedding approach. Random Forest representglefined and the imagery is acquired at the appropiiat t
machine learning—based method that requires the algorithtie method can achieve high detection accuracy.
to learn both the characteristics of the target clagpe¢eed) Additionally, the algorithm itself is computationally
and the non-target classes (non-rapeseed) [7]. To achiestraightforward, even simpler than the cosine distance—based
reliable performance, the training dataset must coatiirge ~ approach.
and diverse set of samples representing non-rapeseed
surfaces, capturing the full range of spectral and tempor% ti
variability present in the study area. This typicallyOluri
necessitates the delineation of multiple, well-disttéd

However, the limitations of this method are closely tied
ming and flowering intensity. It can only be appli

ng the rapeseed flowering period, as outside this window
the yellow spectral signal is absent and NDY| cannddlil
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distinguish rapeseed from other crops. In cases of weakeMNor CONCLUSIONS
heterogeneous flowering, rapeseed fields may be paial

fully masked out, leading to underestimation. Another

consistency across different regions or years.

TABLE I. Summary of the main characteristics, advantages, and linmgatibthe three rapeseed detection methods

Overall, while index-based methods are attractive due to

drawback is the need for manual threshold selection fotrheIrSImpIICIty and lack of training requirements, ttsrong

NDYI values, which introduces subjectivity and may affectdependence on precise timing and manual parameterization

make them less flexible than the embedding model-based
cosine distance approach for large-scale or multi-temporal

analyses as summarized in Table 1.

Training Temporal : Main S
Method Data Sensitivity Complexity | Accuracy| Advantages Main Limitations
High — High — High High Robust, Data- and time-
Random target & flowering detailed intensive; precise
Forest non-target period classification timing needed
required needed
Cosine Low —few| Low—only| Medium High Few samples, Less effective for
Distance rapeseed | target year fast, subtle class
: samples needed temporally differences
(Embedding) )
flexible
None Very high — Low High* Very simple, Manual
peak fast, no thresholding; weak
Index-Based flowering training data flowering may
(NDVI+NDYI) required cause omission;
only works during
flowering
*High accuracy when applied at peak flowering with suitabteghold
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Abstract— The land registry map database in Hungary is

continuously maintained and corrected as necessary. Deviations ; A . i i
beyond the error limit are corrected by the Land Registry Republic, Bulgaria, and regions within Austrafiaave

Office. This article summarizes the reasons for the deviations ~already operated fully digital land registry systems for over a
and the rules for correcting them. The paper also contains decade, demonstrating considerably faster administrative

national statistics and examples on procedures for correcting ~ Workflows. The United Kingdom, for instance, is pursuing a
survey, mapping, and area calculation errors. complete, seamless e-conveyancing system by 2027 [2].

Other countries-including Austria, Estonia, the Czech

Innovative methods employed by international peers
include the DutchKadaster'slarge-scale digitization of
historical maps powered by machine learning, and
Singapore’sland system, which connects 3D property
) ) o layers with Building Information Modelling (BIM). In

In the coming decade, the global shift toward digital land Sweden, blockchain-based land transfer pilots have
administration is set to have a significant impact on propertysubstantially lowered settlement risks by time-stamping
transaction mechanisms. Hungary’s  scheduled  transactions, anodel now being tested by U.S. counties
implementation of the E-ING fully electronic land registry and in Africa as a safeguard against title fraud.
system in 2025 is an important milestone within this International donor initiatives, such as World Bank
international context, marking tt®untry’s commitment to projects in Central Asia and Africa, promote the use of
advanced cadastral modernization. Through initiatives such asurtificial intelligence in mapping unregistered land, while
comprehensive automation, implementation of three- Portugal's BUPi platform leverages public data
dimensional property data models, and the requirement for econtributions to improve cadastral records [3].

procedures, Hungary aligns itself With. leading European Yet, it is important to recognize that the current
examples in digital cadastre transformation. Key Legislative ational map database is a product of processes and
and Technological Developments in Hungary [1]: technologies inherited from earlier surveying eras. Initially,

With effect from 15 January 2025, the revised Land Méasurements were taken with legacy tools such as
Register Act mandates digital processes for almostM€asurement chains and ‘angle prisms, and many source
all registry procedures, except for a brief transition MaPS were analog, produced under diverse projection
period where paper submissions are still possible. SYStéms and instructiorsranging from stereographic and
cylindrical projections to thetandardized national system.
Electronic conveyancing is now obligatory: all When these analog materials were digitized,
applications for title changes, mortgages, and parcelinconsistencies arose: while relative geometitcuracy is
subdivisions must be submitted online by authorized usually reliable, absolute position accuracy often requires
legal professionals. post hoc adjustment, for instance with GNSS-based

o ) coordinates [4].
Digital records have been formally recognized as

legally binding and equivalent to previous paper  Correction of mapping and cadastral errors is

documents, effectively ending the maintenance of typically initiated either ex officio or upon notification by
parallel physical archives. stakeholders with surveying authority. Hungarian land

registry offices areengaged in systematically addressing
The central E-ING IT platform has replaced the such inconsistencies. The overarching objective is that,
decentralized county-level TAKARNET  after each correction, boundary points and the
infrastructure, offering a unified, national solution corresponding area calculations comply fully with the
managed by integrated modular back-office precision requirements set out iGovernment Decree
systems. 8/2018 (29 April 2018).

Certain routine property transactions, such as  The regulations governing map corrections are rather
straightforward ownership changes, are now incomplete, however there are several publications on
registered automatically by the system once all new technologies [5] [6] [7] and their usability in mapping
typical criteria are satisfied. [8] [9] [10].

Keywords— land registry, cadastral map, correcting survey,
tematic map

|. INTRODUCTION

Thecadastre’statutory framework also enables the II.  ANALYSIS OF CADASTRAL MAPS INHUNGARY
future incorporation of 3D models representing
property boundaries and apartment units, facilitating[
urban management tasks. hr

This study utilized openly accessible datasets obtained
ough the TAKARNET platform as well as supplementary
data provided by the Lechner Knowledge Centre. The
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area

IIl. TOOLS AND EQUIPMENT
A. Ricoh Theta Z1 360° Camera
Specifications
0 Weight: ~200 g
0 Image Resolution: 6720 x 3360 pixels
0 Video Resolution: 2K and 4K
0

Features: Compact design with dual fisheye
lenses for 360° panoramic imagisgutter
speed from 1/25000 to 1/30 seconds,
supported by a dedicated tripod.
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(2]

B. Leica ScanStation C10 Laser Scanner

Specifications
0 Weight: ~16 kg
0 Range: 0.4300 m
0 Measurement Speed: 50,000 points/s
0

Accuracy: Position (6 mm), Distance (4
mm), Angular (60 prad)

o Features: High-precision terrestrial laser
scanner with integrated color camera,
operating in 0°C td0°C.

C. Matterport PRO 3 Mobile Scanner

Specifications
0 Weight: 2.2 kg

o Depth Technology: LIiDAR (Class 1, 904
nm)

o Field of View: 360° horizontal295°
vertical

0 Accuracy: £20 mm at 1

Depth Resolution: 100,000 points/s, up to
1.5 million points per scan

Survey ProcessUtilized 38 stations, controlled via
the Matterport Capture app on a Samsung tablet.
Required significant overlap for automatic
registration, completing the survey in minutes due to
fast scan times (<20 seconds per station). [4]

Matterport PRO 3 is depicted in the 4thfigure.

4. Figure - Matterport PRO 3 mobile scannjdis

IV. DATA PROCESSING

A. Ricoh Theta Z1 Processing

The 23 panoramic images were exported as JPEG files and

Survey ProcessConducted over two days with 12 processed in Agisoft Metashape: [1]

stations, using 3- and 6-inch HDS targets for
alignment. Captured 260 photographs to record
surface material properties (e.g., color, texture),
increasing data richness but requiring significant
survey time. [3]

The Leica ScanStation C10 is shown in the 3rd
figure.

3. Figure - Leica ScanStation C10 laseanner
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1.

Image Import and Alignment: Imported via “Add
Photos” and aligned using “Align Photos” with
medium accuracy, 40,000 key points, and 4,000 tie
points. No external coordinates were used, leading
to potential scale inaccuracies. The alignment
settings are shown in the 5th figure.

5. Figure - Align Photos settings

Point Cloud Generatiort Built from depth maps
with ultrahigh quality and mild depth filtering. Point
colors and confidence values were calculated to
enhance visualization. The resulting point cloud is
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9. Figure - Meshmodel

settings

7. Figure -Point Cloud of 360tamera

Mesh and Tiled Model Creation Generated a

mesh model, followed by a tiled model for smoother 10. Figure - Tiled Modebettings
visualization, suitable for large-scale 3D modeling.

The mesh model settings are shown in the 8th figure,

and the resulting mesh model is depicted in the 9th

figure. The tiled model settings are illustrated in the

10th figure, with the final tiled model shown in the

11th figure.

11.Figure - Tiled model

B. Leica ScanStation C10 Processing

Data was processed using Autodesk Recap Pro (educational
version): [7]
1. Data Import: Imported E57 files from 12 stations
with minimal filtering to preserve data integrity.
2. Registration: Automatic registration failed due to
corridor homogeneity, causing deformations (e.g.,
8. Figure - Mesh modedettings compressed corridor length). Manual registration
used three common points per station pair,
leveraging HDS targets and identifiable features
(e.g., corners). The manual alignment process is
shown in the 12th figure.
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12. Figure - Manual alignment process on C10 scan

Cleanup: Removed noise from glass reflections,
improving point cloud quality. The resulting point
cloud is illustrated in the 13th figure.

13. Figure - The result point cloud

C. Matterport PRO 3 Processing

Processed in Recap Pro [7], with measurements on the
Matterport VR platform:[4]

1.

Automatic Registration: Aligned 38 stations in
10-11 minutes, with distortions in room alignments
due to overlapping data. The result of automatic
registration is shown in the 14th figure, with the
result of automatic alignments illustrated in the 15th
figure.

14.Figure - Result of automatregistration
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15.Figure - Result of automataignments

Manual Registration: Improved accuracy by
manually aligning stations, addressing challengesin
homogeneous areas and room transitions. The
manual matching process is depicted in the 16th
figure, with the position of stations after correct
alignment shown in the 17th figure.

16.Figure - Manual matching processRecap

17.Figure - Position of positions after corratignment

3. Output: Exported as an E57 file, with the VR

platform providing walkable models and floor plans.
The test area floor plan is illustrated in the 18th
figure, and the Matterport website is shown in the
19th figure.
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3.table— Measuring resultH.

Ricoh Theta Z1: Largest deviations (e.g., -0.18 min
corridor), due to sparse point clouds and lack of
calibration.

Leica C1G Highest accuracy (0.60.09 m
deviations), reflecting precise laser measurements.

lan
P Matterport PRO 3: Reliable accuracy (0.60.09

m), comparable to Leica C10, with consistent VR
platform measurements.

19.Figure - Matterportvebsite

V. COMPARISON ANDANALYSIS

A. General Comparison
20.Figure - Measurement in Recap on the C10 pdoud

The tools were evaluated based on physical and
operational characteristics:

Criteria Ricoh Leica Matterport
Theta Z1 C10
PRO 3
Weight ~200 g ~16 kg 2.2kg
Compactness Highly Large, Compact
compact bulky
Ease of Use Simple Simple, Simple,
interface technical appbased
Survey Speed Fast Slow Fast
(~minutes) (~days) (~minutes)

1.table - Generatomparison

The Ricoh Theta Z1 and Matterport PRO 3 excelled in 21.Figure - Measurement dviatterport
portability and speed, while the Leica C10 prioritized

precision at the cost of time and maneuverability. C. Point Cloud Alignment

B. Measurement Accuracy Aligned in CloudCompare [5] using Leica C10 as the
Measurements were compared with Leica Disto data: [6jeference:
The measurements on the Leica C10 point cloud in Recap are . - . .
shown in the 20th figure, while the measurements on the Matterport vs. Leica CI0: Allgned. with six
common points, RMS error of 4 cm, with errors near

Matterport point cloud are illustrated in the 21st figure. . :
portp g glass surfaces and staircases. The matching process

Location | Leica | Ricoh | Deviation | Leica | Deviation of Matterport and laser scanner point clouds is shown
Disto Tg'ita C10 in the 22nd figure, with the transformation result

illustrated in the 23rd figure and the transformation

Corridor 413m| 4.18m -0.05m | 4.15m -0.02m . .
Office 33oml  — — 338m | -0.06m parameters in the 24th figure.
Corridor 247m| 2.65m -0.18 m 2.47m 0.00 m
Office 470 m — — 4.61m 0.09m
Classroom| 1.27 m — — 1.23m 0.04 m

2.table— Measuring results
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clouds
26. Figure - The result of thieansformation

23.Figure - The result of thieansformation

27.Figure - Transformation matrix

D. Error Distribution
Gaussian error distributions were analyzed:

Office and Classroom Minimal discrepancies
(0.04-0.08 m) for Matterport and Leica C10. The
error distribution for the office is shown in the 28th
figure, and for the classroom in the 29th figure.

24.Figure - Transformatioparameters

Ricoh Theta Z1 vs. Leica C10Aligned with five
common points, RMS error of 18 cm, due to sparse
point clouds. The transformation process of the
360° camera and C10 point cloud in
CloudCompare is depicted in the 25th figure, with
the result shown in the 26th figure and the
transformation matrix in the 27th figure.

28.Figure - C10 and Matterport clouds offidistribution

25. Figure -Transforming a 360° camera and a C10 point clioud
CloudCompare
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Distribution

Corridor (Middle and End) : Small errors (0.00

0.01 m), effective in uniform areas. The middle piece
of the corridor and its associated Gaussian error
distribution are shown in the 30th figure, with the end
of the corridor depicted in the 31stfigure.

32.Figure - Staircase section corridmction

30. Figure - The middle piece of the corridor ancagsociated
Gaussian erradistribution

33.Figure - Error distribution of the stepppdrt

E. Noise and Artifacts

Ricoh Theta Z1: Noise below floor level due to
fisheye lens distortions, , as shown in the 34th figure.

31.Figure - The end of the corridor and the associatassian
errordistribution

Staircase Area Larger errors (up to 60 cm, reduced
to 15 cm with filtering) for Matterport PRO 3 due to
reflective surfaces. The staircase section is depicted
in the 32nd figure, with the associated error
distribution shown in the 33rd figure.

34.Figure - Noise below flodevel

Leica C10 Minimal noise, with artifacts from glass
reflections.
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. [1]
pOSItlonS [2]
VI. RESULTS 3]

Ricoh Theta Z1: Completed surveys in minutes but
produced sparse point clouds with deviations 01‘[4]
0.05-0.18 m, suitable for visualization tasks like

virtual tours. [2] [6] [12]

Leica C1Q Achieved the highest accuracy (0-00
0.09 m deviations), ideal for precise applications, but®!
required two days for 12 stations due to its bulkiness.

5]

Matterport PRO 3: Balanced speed and accuracym
(0.00-0.09 m deviations), with VR platform
enhancing visualization. Noise from reflective [

: 8
surfaces required manual cleanup. [12] !

Challenges included:

Homogeneous Areas Uniform corridor surfaces [€]
caused alignmentissues, particularly for Ricoh Theta
Z1.

Reflective Surfaces Glass introduced noise, 19

especially in Matterport PRO 3 pointclouds.

Calibration Limitations : Ricoh Theta Z1's lack of [11]
calibration in Agisoft Metashape reduced accuracy at
image edges. [13]

VII. CONCLUSION [12]

The choice of tool depends on project requirements:

Ricoh Theta Z1 Best for rapid, low-cost surveys
with moderate accuracy, [8] [10] [11] suitable for
preliminary visualizations. (13

Leica C1Q Ideal for high-precision applications like
structural analysis, despite slow speed and bulkiness.
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Abstract—This Precision agriculture has become an essential
approach to modern farming, aiming to optimize resourceuse,
improve crop productivity, and ensure sustainability. A
cornerstone of precision agriculture is the ability to collect,
analyze, and interpret spatial and temporal information about
agricultural fields. Remote sensing (RS) provides cost-effective,
large-scale, and repetitive observations of crop conditions, whil
recent advances in artificial intelligence, especially deep
learning (DL), have significantly improved the accuracy of
image classification and interpretation. Integrating RS with DL
techniques has therefore become a key driver of innovatioim
agricultural monitoring and decision support.

The aim of this study is to demonstrate how satellite data can
be used to detect and map heterogeneity within fields and
differences in crop growth, with particular emphasis on the
application of advanced classification methods. In this study, |
analyzed the spatial variability of intensively cultivated
agricultural fields using several machine learning and deep
learning-based algorithms (Cluster, k-means, SVM, k-NN). The
results of the different classification methods were compared to
identify the most effective approach for assessing crop
development anomalies and supporting precision agriculture.

Keywords—Remote Sensing,
Image Classification, Agriculture

Sentinel2, Deep Learning,

I. INTRODUCTION

multitemporal satellite imagery facilitates the monitoring of
crop development, identification of sowing irregularities,
detection of pest infestations, and evaluation of spatial
variations in water and nutrient availability [3]. Nevertheless,
the reliability and accuracy of such analyses are influenced by
several factors, including the characteristics of the imagery
and spectral indices applied, the timing of data acquisition [3],
and the phenological stage of the observed crop. In addition t
these factors, the choice of image classification method plays
a critical role in determining the quality of the derived
information. Advanced machine learning and deep learning
algorithms—such as Support Vector Machines (SVM),
Random Forest (RF), and Convolutional Neural Networks
(CNN)—have been shown to significantly improve
classification accuracy and enhance the interpretation of
complex agricultural landscapes. The application of these
techniques enables more reliable discrimination of crop types
and stress levels, thereby strengthening the decision-support
capacity of precision farming systems.

One of the studies investigated the potential of using
Sentinel-2 satellite imagery combined with automatic,
unsupervised classification methods to map crop
heterogeneity within arable fields. The study encompassed
both vegetated and non-vegetated periods and was conducted
on intensively cultivated farmland. The results indicate that
automatic classification can be effectively employed to

This Precision agriculture has become an essentidflentify within-field variability: spectral data clusters serve as
approach to modern farming, aiming to optimize resource usé€liable indicators of heterogeneous zones, and their statistical
improve crop productivity, and ensure sustainability. Acharacteristics corroborate the presence of underlying
cornerstone of precision agriculture is the ability to collectphysical differences [4, 5]. The choice of classification
analyze, and interpret spatial and temporal information abouiethod significantly influences the accuracy and reliability of
and within agricultural fields. Remote sensing (RS) provideghe derived information, thereby impacting the effectiveness
cost-effective, large-scale, and repetitive observations of crc@f precision farming interventions.

conditions, while recent advances in artificial intelligence,

especially deep learning (DL), have significantly improve

decision support.

Recent advancements in unsupervised classification

. e . .dtechniques have further enhanced the mapping of agricultural
the accuracy of image classification and interpretation

Integrating RS with DL techniques has therefore become
key driver of innovation in agricultural monitoring and

fandscapes. For instance, a multi-source unsupervised
Qassification model (MUCCM) based on multi-scale feature

aggregation networks was proposed for unsupervised crop
mapping using time-series Sentinel-2 images, demonstrating

The application of remote sensing and deep learning itnproved classification performance in complex agricultural

precision agriculture has gained significant attention over thareas [6]. Additionally, a study employing time-series data
past decade due to its potential to enhance crop monitorin%l,”|d quality control procedures highlighted the effectiveness of
improve yield predictions, and optimize resource use. Remot8€ese approaches in enhancing crop classification in complex
sensing technologies, including multispectral, hyperspectr&nvironments ScienceDirect. These developments underscore
or radar (SAR) sensors, provide high-resolution, temporallythe critical role of classification methods in precision
rich data that can capture crop characteristics, stre@griculture, influencing the accuracy and reliability of
conditions, and those variability within fields [1, 2]. Remoteinformation derived from remote sensing data.

sensing represents a robust and objective source Of geyeral studies have demonstrated the effectiveness of

information for precision agriculture, providing essential data.q . olutional neural networks (CNNs), fully convolutional

to support the assessment of within-field variability, the oy, orks (FCNs), and U-Net architectures for pixel-level and

detection of plant stress conditions, and the planning of sitesymantic segmentation of agricultural fields [7, 8]. These
specific management interventions. The analysis o0

odels are particularly adept at identifying subtle differences
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#!/usr/bin/python3

$rtvokek eloszl&sa oszloponk%nt %s percentilisenk%nt

(- N

[---- I\l

A programot Nagy G&bor k%sz'tette a WREN keret%ben

import  numpy as np

from osgeo import gdal

from osgeo.gdalconst import  *
import  matplotlib.pyplot as plt
from sblr import sblr

def beolvas (felvetel, savok):

""A felv%tel beolvas&sa s&vonk%nt egy sz(t&rba

ret ={}

for sav in savok:
kepfile =gdal . Open(felvetel +©/HICAM/band_© +sav +O©.1iff©
retfsav] =kepfile . ReadAsArray()

return  ret

def ticklist (rnum, cmin, cmax, ticknum =7, unit =1.0):

""Tickerek %s c'mk%ik el)&ll't&sa a Matplotlib sz&mé&ra™"

rlog =np. logl0((cmax -cmin) / (ticknum -1))

if rlog %1<=0.1505149978319906 #np.logl0**1  +2, +40.5,
rsz =1

elif rlog %1<=0.34948500216800943 #np.logl0**2  +2.5, ++0.5,
rsz =2

elif rlog %1<=0.54845500650402823 #np.logl0**2.5 +5, ++0.5,
rsz =2.5

elif  rlog %1<=0.84948500216800937 #np.log10**5 410, ++0.5,
rsz =5

else :
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=10
tickdist ~ =int (rsz * 10+ int (rlog))

tickcoords  =np. arange(tickdist *np. ceillcmin  / tickdist), cmax +0.0001 , tickdist)

if tickdist  %1==0.0:

ticklabels =[ str (int (X *unit)) for x in tickcoords]
else :

ticklabels =[str (x *unit) for x in tickcoords]
ticks =[rnum *((x - cmin) / (cmax-cmin)) for x in tickcoords]

return  (ticks, ticklabels)

szinek =[ ©tab:gray© , ©tab:blue©® , ©tab:orange©® , ©tab:green®© , O©tab:red©

adat =beolvas( ©2025_02_19T13_10 ul® , [ ©01€ ©02C, ©03€ ©04C, ©05C))

sav =©04©

kezd_osz =900

veg_osz =1100

ih =7

pctn =8

pctg =[i *(100/ pctn) for i in range (pctn +1)]

nsor =adat[sav] . shape[ O]
nosz =adat[sav] . shape[ 1]
pct =np. zeros((pctn  +1,n0sz))
pctsim =np. zeros((pctn  +1,n0sz))
for o0sz in range (nosz):
for i in range (pctn +1):
pct[ij[osz] =np. percentile(adat[sav][:,0sz], pctq][i])

for osz in range (ih, nosz -ih):

©tab:brown© , ©tab:pink©

for i in range (pctn +1):
regegym, regegyb = shir( list (zip (np . arange(osz -ih, osz +ih +1), pct[i,osz -ih:osz  +ih +1])))
pctsim[i, 0sz] = regegym * 0Sz +regegyb
if osz==ih:

for osze in range (ih):
pctsim[i, osze] = regegym * 0sze +regegyb
if o0sz==nosz-ih-1:
for oszu in range (0sz +1,n0sz):

pctsim[i, oszu] = regegym * 0szu +regegyb
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=900

veg_osz =1100

for i in range (1,pctn):
plt . plot(pct[i][kezd_osz:veg_osz +1], color =szinek]i], linestyle =©-0)
plt . plot(pctsimli][kezd_osz:veg_osz +1], color =szinek[i], linestyle =©.©)

plt .title( ©A Gsav+© slv percentilisei az egyes oszlopokban 10 sz!zal'konk'nt©

plt . xlabel( ©az oszlop sorszma®© )

plt .ylabel( ©az "rit"k© )

tckx,tekl =ticklist(veg_osz - kezd_osz, kezd_osz, veg_0sz)

plt . xticks(tckx, tckl)

plt . show()
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Abstract — This paper presents an algorithm for
approximating planar curves with conjugated circular arcsand
straight-line segments. Approximation of digital planar curves
using line segments and analytic curve pieces is a problem of
fundamental importance in image analysis and pattern
recognition. A specific variation of this problem is
approximation by conjugated arcs and line segments, which also
arises in robotics, particularly in motion planning. We propose
an algorithmic solution to this problem, designed for the
automatic generation of programs for robotic manipulators in
the AS language. The originality of the method lies in employing
a special representation of planar curves that is invariant under
translation, rotation, and scaling. Such a representation enabse
the development of an optimal algorithm that automatically
determines the number and placement of conjugated arcs én
line segments approximating a given curve with a prescribed
accuracy. The simplicity, flexibility with respect to input data,
and low computational requirements of the proposed method
make it suitable not only for image recognition tasks but also for
robotic trajectory planning.

Keywords — approximation of planar curves, pattern
recognition, motion planning, robotics.

I. INTRODUCTION

The problem of accurate geometric representation an
segmentation of planar curves has long been fundamental |

wear. Therefore, many studies focus on continuous curvature
path planning (Gtontinuity) and curvature-based
representations of planar trajectories [6]. Modern approaches
exploit differential geometry to describe trajectories invariant
under translation, rotation, and scaling, ensuring robustness
of motion planning algorithms [7].

Recent research has also emphasized shape descriptors
based on curvature distributions, such as curvature-scale
space and angular functions, which enable compact and
invariant representations of planar curves [8, 9]. Such
descriptors are widely applied not only in pattern recognition
and digital shape analysis but also in the segmentation and
smoothing of robot paths [10-12].

In the context of robotic program generation,
segmentation of planar contours into conjugated circular arcs
and straight-line segments provides a direct mapping to robot
motion primitives such as MOVE and CIRCLE commands in
industrial robot programming languages (e.g., Kawasaki AS,
ABB RAPID, or KUKA KRL). This type of approximation
ensures physically realizable trajectories and eliminates
infinite acceleration points inherent in polygonal path
definitions [13].

This paper presents an algorithm for approximating
digital planar curves by conjugated circular arcs and line

gments based on an invariant representation of the curve
Khown as the angular characteristic function. The method

computer vision, image analysis, and robot trajectory, omatically determines the optimal number and placement

planning. In modern industrial robotics, the demand for high
precision path generation has significantly increased due tpy,,
the growing use of robotic manipulators in additive

of segments to achieve a specified approximation accuracy.
proposed approach combines simplicity of
implementation, low computational cost, and robustness to

manufacturing, plasma spraying, and surface processing [Lzometric transformations, making it suitable for both robotic
3]. The ability to approximate complex trajectories by S'mpletrajectory planning and digital image analysis.
geometric primitives such as circular arcs and straight

segments is crucial for generating executable robot programs THE PROBLEM OF APPROXIMATING A PLANAR CURVE BY A
while maintaining smooth motion and continuous curvatureSEQUENCE OF MUTUALLY CONJUGATED CIRCULAR ARCS AND

[4, 5].

In  robotic machining and coating applications,
discontinuities in curvature lead to undesirable dynamig
effects, including abrupt changes in acceleration and too

STRAIGHT-LINE SEGMENTS

Some problems in motion planning and robotics require
rat the plane curve representing a spatial trajectory be
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https://github.com/TheOnlyCoffeeman/DinoGameR
Browserhttps://github.dev/TheOnlyCoffeeman/DinoGameR

This setup supports editing, commits, pulls, and pushes
as if working locally. It is ideal for WebXR development,
reducing environment setup and increasing flexibility.

Platforms like GitHub Codespaces or Gitpod offer full-
featured cloud environments. The web-based VS Code
pro- vides an integrated terminal, editor, and version
control inter- face. This approach allows mobile iedit
quick bug fixes, or Cl oversight without needing local
tools.

C. Project Structure and Key Files

- jsl: JavaScript files for game logic and interactions.

- modelsf 3D models (e.g., dinosaurs) in .glb/.gltf
format.

- static/sfx.: Sound effects for events like jumping
or collisions.

- test/: Scripts and files for manual or automated testing.

- DinoGame.wlp: Wonderland Engine project file
with scene configurations.

- README.md: Project description, usage
instructions, and metadata.

- Sources.txt References to models, sounds, or
external assets.

- package.json, package-lock.jsarNode.js
dependencies and metadata.

D. Automated Build with GitHub Actions

Automation is achieved with &uild.yaml file
placed in.github/workflows . This defines steps
for GitHub Actions to perform after code is pushed:

1) Code is pushed to GitHub.

2) GitHub Actions triggers the workflow.

3) Docker-based build installs dependencies and
ensures consistency.

4) A release is automatically published on GitHub.

This automation is highly beneficial for web-based VR
projects, reducing release time and improving
transparency.
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Figure 1. Automated build workflow

E. Experimental Tampermonkey Script

To showcase the sample app’s usability, a
Tampermonkey script was created that adds a link to the VR
game on Obudgniversity's AMK website.

Tampermonkey customizes web- pages by injecting new
elements or altering DOM content. The script actvataly
on amk.uni-obuda.hu, listening for the DOMContentLoaded
event before modifying the DOM. It inserts a new <a>
element pointing to the VR game (e.g., GitHub Pages URL),
using grant none for secure execution.

Figure 2. Tampermonkey script in use, demonstratiegxperimental
injection of a VR application link into the ObudaMersity website to
simulate its future static integration.

The purpose of this modification was to demonstrate how
an academic prototype can be integrated dynamicallyimto
existing institutional webpage without modifying server-
side code. By inserting the link locally through
Tampermonkey, the approach remains non-intrusive and
reversible while showcasing the potential of brawside
customization for rapid demonstration and educational
outreach. This Tampermonkey integration was only an
experimental method used to simulate the connectioreof th
application with the Obuda University website. In a
persistent implementation, the same functionality dde
realized by embedding the link or script statically itite
website’s source code rather than injecting it through a
browser extensiorm.he game was tested on a Pico 4 headset,
a desktop PC, and a mid-range Android smartphone using
Chrome. The desktop configuration featured an Intel Core
i7 CPU, 16 GB RAM, and an NVIDIA RTX 3060 GPU,
running Windows 11 with the latest Chromium build
(116.0.5793.0). The Pico 4 standalone headset operated on
the Snapdragon XR2 platform, while the smartphone used a

86 /243

Snapdragon 778G processor with 8 GB RAM. Additionally,

a tablet test (Samsung Galaxy Tab S8) was conducted to
evaluate touch-based navigation and browser compsgtibili

in larger-screen mobile environments.

IIl. RESULTS ANDDISCUSSION

To ensure reproducibility and clarity of performance
evaluation, several measurement metrics were defined
explicitly. The Lighthouse score was used as an autamate
webperformance metric generated by Google’s Lighthouse
tool, measuring page load efficiency, rendering perfoo@an
and accessibility on a-Q00 scale. User experience (UX) was
evaluated subjectively based on participants’ respdiosas
standardized 410 scale questionnaire assessing visual
smoothness, responsiveness, and ease of interactjmt. |
latency was quantified by analyzing recorded test footage
frame by frame, measuring the elapsed time betwegut i
activation (e.g., trigger press) and the corresponding on-
screen movement. All performance tests were condutted a
resolution of 1920x1080 pixels on desktop and 1832x1920
per eye on the Pico 4 headset. These definitions ensur
consistent interpretation of the metrics presentedhia
section.

The first question is the performance during software
execution.

A. Technical Performance

Key metrics: FPS, response time, memory usage, CPU
load.

Table 1cPuUUsAGE MEASUREMENTS

Device Avg. CPU Load | Frame Render Time
Desktop PC 24% 7.1 ms

Pico 4 46% 12.8 ms
Android 58% 19.3 ms
Phone/Tablet

The desktop performed best with stable 90 FPS, 2.1s load
time, and low CPU usage. Pico 4 achieved 72 FPS, with
longer load times due to hardware limits. Android had the
greatest challenges (45 FPS average), limited by its mobile
GPU.

The limitation is caused by the inherent constraints of
mobile GPUs and the architectural overhead introduced by
web-based execution through Wonderland Engine.
Although the engine compiles to WebAssembly, allowing
near native performance, the application still ruitsiwthe
browser's sandboxed emwhment, where rendering
operations are mediated by WebGL or WebXR APIs rather
than direct native GPU access. Mobile GPUs, optimiaed
low power consumption and thermal stability, are uaabl
sustain the same shader complexity, texture resolutiah, a
draw call volume achievable on desktop class hardware.
This limitation is further amplified by browser levedoeirce
management, thermal throttling, and memory allocation
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CPU usage and resource limits.
D. Network Performance Evaluation

Performance varies based on network speed and
reliability. Compressed textures and binary scene famat
help, but poor networks degrade UX.

Caching (e.g., via Service Workers) or preloading
using PWA frameworks is recommended to mitigate these
issues.

Figure 5. Network performance graph showing load tiemeslatency
variations across different network types and condition

TABLE 2. NETWORK PERFORMANCE MEASUREMENTS

C. Web Performance and Optimization

Due to the web-based nature, we also assessed ketwor
and loading performance. The asset bundle size was 28.4
MB across platforms, with over 50 HTTP requests
generated. Optimization (e.g., compression, sprite sheet
could reduce this.

Lighthouse scores: desktop 92, mobile—dfected by
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Abstract — This paper compares a traditional
production line and an Industry 4.0oriented manufacturing
cell through the example of a cylindrical gear produced in
three aluminium variants. The study evaluates productivity,
flexibility, quality, and cost efficiency, and examines the
impact of Industry 4.0 elements such as sensors, data
analytics, and automated control. Results show that
traditional systems remain effective in small- and
mediumscale production, while Industry 4.0 solutions excel
in high-volume and precision-demanding environments.
The findings highlight the potential of hybrid strategies that
combine conventional robustness with digital adaptability.

Keywords: Industry 4.0, manufacturing cell,
comparison, comparative analysis.

gear,

I. INTRODUCTION

The primary aim of this publication is to provide a
comparative analysis of traditional manufacturing
systems and those that comply with Industry 4.0
standards. The study focuses on comparing the
operating principles, tools, and organizational logic of
two fundamentally different approaches to
manufacturing. The subsequent analysis also considers
various application contexts, advantages, and
challenges.

It is important to emphasize that this paper does
not aim to rank the two approaches or to declare one
superior. Rather, the objective is to identify the
manufacturing environments and conditions where
either system can offer greater benefits.

The purpose of this work is to highlight, from a
practical perspective, the factors that influence the
advantages of a given system, as well as the
compromises and challenges that must be addressed
when selecting a manufacturing strategy. In this way,
the paper seeks to provide support for students and
educators involved in the development, design, or
optimization of manufacturing systems.

In this study, the term “traditional manufacturing
system” refers to production structures that rely little or
not at all on digital technologies. In such systems, the
level of automation is generally lower, human labour
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plays a more dominant role, and decision-making is
conducted by people based on experience. Examples
include classical production lines, manual or
semiautomated workflows, and manufacturing cells
operating with quite simple control systems.

By contrast, Industry 4.0-based systems represent
integrated, digitized, and often selforganizing
production environments. In such manufacturing cells
or lines, the various devices communicate with each
other, collect and process data about themselves and
their surroundings, and can make decisions based on
predefined algorithms. The aim of these systems is to
minimize the need for human intervention, thereby
reducing errors and optimizing manufacturing
efficiency.

As part of this paper, specific examples designed
by the author are presented to demonstrate the
characteristics of these systems and ways in which they
can be optimized. Special attention is given to the forms
of humarmachine collaboration and the role of data-
driven decision-making.

II. INDUSTRY 4.0 CONCEPT AND
FOUNDATIONS
Industry 4.0 involves linking physical and digital
systems so that production lines, machines, sensors, and
IT systems become intelligent, networked units. These
systems not only collect data but are also capable of
real-time analysis and automatic optimization of
production processes. Industry 4.0 fundamentally relies
on technologies such as the Internet of Things (IoT),
artificial intelligence (Al), machine learning, cloud
systems, robotics, cyber-physical systems (CPS), and
big data analytics.

In an Industry 4.0-compatible manufacturing
system, machines can communicate with each other,
make decisions, and adapt to changing conditions.

The close integration between systems makes
production more flexible, faster, and cost-effective,
depending on the characteristics of the manufactured
product. This is particularly important in today’'s
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6.1 Figure: Traditional Manufacturing

The primary goals of this design are to maintain the
correct order of operations, ensure easy movement for
operators, and keep the production process transparent.
Material flows from left to right.

By design, 23 operators are present in the cell, and
their assignments can be freely adjusted according to
their experience.

The operators’ tasks in this structure include:
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- Workpiece preparation.

- Manual control and supervision of
machining equipment.

- Quality inspection.

- Maintenance activities.

- Manual documentation of production
data.

- Communication with other operators.

VII. INDUSTRY 4.0

MANUFACTURING PROCESS
The design of the Industry 4.0-compliant
manufacturing cell is based on the latest technologies to

achieve efficient, flexible, and fully automated
production.
Key features:
- Digital production order reception (from
MES or ERP)
- Workpiece identification and preparation
using RFID.

- Automated gripping and feeding (robot
arm with 7th axis)
- CNC machining with real-time sensor

data
- Camera-based automatic quality control
- Data collection and cloud-based
feedback (lIoT)

- Automated storage and reporting to the
central system

The main stages include order processing, sawing,
turning, milling, deburring, quality control, and
packaging, with robotic transport of raw materials,
workpieces, and finished products.

VIII. INDUSTRY 4.0 BLOCK
DIAGRAM

7.1 Figure: Industry 4.0 block diagram

The system’s key advantage is modularity and
intelligent control: the cell can adapt to changing
production needs without lengthy downtime or manual
intervention. Continuous data collection enables
predictive maintenance and production optimization.

- The main elements of the cell include:



AIS 2025 20th International Symposium on Applied Informatics and Related Areas

The Industry 4.0 manufacturing cell features real-
time communication between machines, systems, and
humans. Every component must communicate with
each other and a central system to enable accurate
process tracking.

Communication includes:

- Database interactions for fault logging,
tolerance monitoring, and product
tracking via RFID.

- Robot coordination with conveyors,
machining stations, quality control,
packaging, and scrap collection.

PLC-based real-time data flow to ensure
smooth operation.

The operator now performs data verification,
troubleshooting, and system supervision rather
than solely physical control.

Communication Parties:
Database:

Failures are recorded in the database. If a disturbance
occurs at one station, it must be communicated to the
others in order to suspend production. If the system

produces values beyond tolerance, it must send

feedback to the operator.

The RFID of every manufactured product and its
associated data must be logged. This includes whether
the final product is suitable for the customer, requires
rework, or is scrap.

Raw Material Conveyor:
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Database- Based on extracted data, it initiates the
transport of raw materials and stops the process when
the material reaches the end-position sensor.

Robot— The robot must be aware that the raw material
has reached the predefined position.

Processing Stations:

Database— The database must contain at least an
approximate status of the tool. It must log when and
what type of material entered and exited the workstation
so that its status can be tracked and modified if
necessary.

Robot— The robot must know the current work stage of
the station and whether it is accessible and loadable.

Quiality Control Station:

Database- The station must transmit cameracaptured
images to the database. In case of discrepancies, this
plays a particularly important role.

Robot— The robot must know the current work stage of
the station and whether it is accessible and loadable.

Packaging Station:

Database- The station must provide information to the
database about the accurately packaged good product.

Robot— The robot must know the current work stage of
the station and whether it is accessible and loadable.

Scrap Collector:

Robot— Database communication. Based on how many
times the robot moved to the scrap collector, the amount
of scrap produced can be determined. Therefore, the
scrap collector does not need to be equipped with
additional sensors.

Robot’s 7th Axis:

Robot — Continuous communication must be
maintained between the robot and the axis to ensure that
work processes can be carried out.

Most of the required data flow can be easily
implemented using PLCs. It is essential that
communication is redime. The operator’s role has
significantly changed compared to traditional control:
they not only perform physical interventions but also
carry out data verification, troubleshooting, and system
monitoring.

This network enables data-driven
decisionmaking, instant fault detection, and real-time
optimization of the production processapabilities
that were difficult or impossible to achieve with
traditional production lines.
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XLl figure: table for evaluation diagram content

Based on the research findings, there is potential
to develop software capable of evaluating whether a
given process can be technically and economically
automated based on predefined parameters. Such a
system could consider production volumes, product
variability, investment costs for automation, the
condition of existing machinery, and human resource
requirements.

The examples examined in the thesis (e.g.,
production of cylindrical aluminum gears) demonstrate
that even seemingly simple products may require
diverse technological and organizational approaches.
The choice is often not straightforward and involves
trade-offs: for instance, an automated system may be
faster and more precise, but its investment cost is high
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and only pays off at larger batch sizes. Such software
could provide answers to these questions through
objective, calculation-based decision support.

In the long term, the concept could be enhanced
with an Al-based learning module that refines
predictions using historical production data. This
would allow the system not only to evaluate individual
data points but also to improve its recommendations
through experience and machine learning.

In conclusion, future manufacturing decisions
should not rely solely on technological intuition or
experience but increasingly on data-driven,
modelbased evaluation systems. Such a decision-
support tool could also contribute to the
competitiveness of domestic small and medium-sized
enterprises by helping them identify and optimize
manufacturing development opportunities in a
structured way.
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https://www.emirates.com/media-centre/emirates-cabin-toestep-into-
the-virtual-world-for-safety-training/

D. Logistics and supply chain management

Boeing has implemented digital twin technology to
optimize its manufacturing processes and supply chains. This
technology enables the creation of virtual models of aircraft
and production lines, leading to more efficient planning,
reduced costs, and improved quality.

One example is the use of digital twins in the T-7A Red
Hawk program, where Boeing achieved an 80% reduction in
assembly time through model engineering and 3D design.
Similarly, in the production of the MQ-25 aircraft, engineers
use digital models to verify compliance with technical
specifications, which increases the accuracy and quality of
production [13].

In the area of supply chains, Boeing uses digital twins to
simulate and optimize logistics processes, enabling better
prediction of problems and more efficient inventory
management. This technology provides a comprehensive view
of the entire chain, increasing transparency and enabling faster
decision-making [14].

E. Flight simulation and cabin design

Singapore Airlines (SIA) has implemented virtual reality
(VR) technology as part of its KrisLab digital innovation lab
to improve aircraft cabin design and customer experience.
This initiative allows designers to test and modify cabin
concepts more efficiently, leading to an optimized design
process and improved passenger comfort.  Opened in 2019,
KrisLab serves as a collaborative space for SIA employees to
develop innovative ideas and collaborate with external
partners. One of the main projects is the use of VR technology,
which allows designers to virtually enter the aircraft interior
and interactively change design elements in real time. This
approach simplifies the design process and allows potential
problems to be identified and resolved more quickly.
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Abstract— Product matching is a fundamental challenge in  recent research has leveraged neural models that encode text
e-commerce, where the task is to determine whether two into dense semantic embeddings. For example, Gupte et al.
product listings from different sources refer to the same real- proposed a multimodal neural network that jointly models

world item. Accurate identification is essential for price  textual and visual signals, showing that richer representations
monitoring, stock management, and competitive intelligence, improve matching accuracy [1].

yet traditional approaches based on textual similarity or

structured identifiers often struggle with incomplete and Beyond textual data, structured attributes such as brand,

heterogeneous data. This paper presents RePrice, a hybrid model, size, and specifications can provide strong additional
product matching system that integrates text, attribute, and cues. When these fields are present and consistent, they serve
image similarity within a unified decision pipeline. The as reliable signals for alignment. However, in real-world
approach combines deterministic rules with Al-driven scoring,  marketplaces, attributes are often missing or misreported,
leveraging semantic embeddings and CLIP-based image [imiting their utility. Khandelwal et al. addressed this by
features. Experiments on 29,000 product listings from 23 introducing the MXT framework (Multimodal Adaptation
platiorms ~ demonstrate  that multimodal integration  Gate, Xception network, and T5 encoder-decoder) for
significantly improves performance, achieving an Fl-score of ytimodal attribute extraction, which predicts missing values
0.75 compared to 0.42 for a text-only baseline. We analythe by leveraging both text and images, even under distant

\‘I’V?tr;tre'}?ruot'r(’;n;;Seigcgng‘ggittgé tﬂ?\s/faelalc;iilitt‘i/g:r%-lri\lﬁstrr?:ggif supervision [2]. This demonstrates that structured dataean b
the system for real-world e-commerce applications. enriched by multimodal learning to mitigate sparsity.

Another important modality is visual data. Images are
Keywords— product matching, price intelligence, machine particularly valuable in visually driven categories such as
learning, CLIP, multimodal integration fashion or furniture, where appearance is key to product
identity. Das et al. introduced the MAPS model (Multimodal
. INTRODUCTION Attention for Product Similarity), which fuses product text
Accurate product matching the task of determining with image features via multimodal attention to improve
whether two product listings refer to the same real-weelul it cross-category product similarity [3]. These studies highlight
— is a cornerstone of e-commerce platforms and pricene potential of visiodanguage models to improve
intelligence systems. Online marketplaces and comparisa@bustness in scenarios where textual descriptions alone are
services rely on it to merge duplicate entries, consolidatembiguous.
pricing information, and enable competitor monitoring. ) , )
Without reliable matching, customers may face duplicate or Re€cent studies also point to the need for strategic
inconsistent listings, while businesses lose the ability to trackvaluation of precisioaecall trade-offs in product matching
inventory and benchmark competitors effectively. At the samgYStems. Kopcke et al. argued that optimizing the balance

time, the scale of e-commerce continues to grow rapidly, witR€tween precision and recall is critical for industrial
global retail sales in the trillions of USD annually, makingdeployments, where overly aggressive matching can cause
manual reconciliation infeasible. false merges, while conservative thresholds can lead to missed

duplicates [4]. This perspective emphasizes that effective
The challenge arises from the heterogeneity anﬁroduct matching must be both accurate and adaptable to
incompleteness of e-commerce data. Many listings lackpplication-specific requirements.
universal identifiers such as GTIN or EAN codes, while . . .
product names, descriptions, and attributes are expressed in In this paper, we present RePrice, a hybrid product
inconsistent formats across vendors. As a result, naive strinflatching — system  designed for industrial-scale price
matching techniques often fail to recognize semanticalljtelligence. RePrice integrates semantic text similarity,
equivalent items. This has motivated the development a8 mostructured attribute matching, and image-based comparison in

advanced computational approaches to product matching. & unified deqision pipeli_ne. Unlike prior studies that often
focus on a single modality or assume well-curated datasets,

Early methods primarily focused on textual similarity, our contribution lies in demonstrating a scalable and modula
treating the problem as one of document or string matchingrchitecture that maintains performance under noisy,
However, simple distance metrics struggle with synonymyincomplete, and heterogeneous data. On a large, muilti-
abbreviations, or differences in word order. To address this
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Abstract. - Peace and war. Two periods that cyclically
replace each other in history. What they have in
common is that industry must serve both. Current
events, such as the Russian-Ukrainian conflict and the
threat of terrorism, require preparedness. In addition,

it is necessary to economically and adequately satisfy
the constant demands of peacetime. Based on this line
of thought, we have created an agricultural power
plant concept that can also be manufactured under
Hungarian conditions. The primary goal of the project
is to develop a hydrostatic drive system concept that
will serve such a machine.

Keywords - Concept, Power Plant, Hydrostatics, Drive

l. INTRODUCTION
In response to today's conflicts, NATO has
determined that member states must spend at least
5% of their GDP on defense spending, which
essentially means purchasing military equipment.
Furthermore, the general level of preparedness must
increase. [1.]

The main beneficiaries of all this are large,
multinational arms companies, while the purchasing
countries, at significant national economic costs,
merely accumulate dead capital.

One of the goals of the concept being presented is to
point out the economic benefits of their own
development and how development reduces external
dependence. Another goal, which is also economic
in nature, is to examine how the power machine
created as a result of development meets the needs of
other sectors of the national economy.

Il THE CONCEPT

The expectations for the development were
defined as follows:

@ The development should be as simple a
construction as possible, in order to be
easy to manufacture and operate.

The development should be usable by
as wide a circle as possible.

%)
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@ The development should meet the
needs of military use.

The user group, although we have tried to

define it as precisely as possible, is

presented in Figure 1 without claiming to be

complete.

Fig. 1. Areas of application

The concept of a universal tool is not new. There are
some very successful tools, such as the Unimog, a
product manufactured by Mercedes, which is based
on avan. [2]

Our idea differs from these existing tools in two
significant points.

1). We did not take a truck as the base
machine, but an agricultural tractor,

2). In order to meet the different needs in different
areas of use typically travel speed and to ensure
easy variability, we chose a hydraulic drive.

There is also practical experience with the hydraulic
drive, since the Forscrit E 516 agricultural harvester
was already manufactured with such a drive in the
1980s.[3.]
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V. RESULTS
Selected tractor wheel dimensions: 320/85R28

During calculations, we calculated with a vehicle
weight of 5 tons.

From these calculated data, a comparative evaluation
could be carried out, based on which it could be

decided whether a given drive design can meet the
expectations and technical parameters of a given
purpose of use.

TABLE. I. Operable hydraulic pump data

Tipe Q n Pmax

[/min] | [2/min] | [bar]
A10VSO s 32 252 1800 350
A20VLOseries10 2x230 | 2700 350

Fig. 8: A10VSO series 32 140 [7]

Fig. 9: A20VLO Series 10 [7]
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Sachsen
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[6.] Fan Q,Zhang J, Li R, Fan T. Review of Reseanmth
Hydrostatic Transmission Systems and control Strategiese§so
2025,13,317. https://doi.org/10.3390/pr13020317
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a_type data_sheet&q=93100&c=us&lang=en&s=download
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Abstract— Consistent product and service quality is a crucial Il. FAILURE MODE AND EFFECTSANALYSIS (FMEA)
factor for optimizing organizational performance and ) ] )
maintaining a competitive market advantage. The literature on The Failure Mode and Effects Analysis (FMEA) is a

quality management systems and quality assurance actices ~ quality management methodology that falls within the

offers a wide spectrum of solutions to achieve measurable and domain of failure analysis techniques. The fundamental
improvable quality parameters. Practical process analyses principle of FMEA is a systematic, step-by-step approach to
highlight the necessity of systematically applying proactive error  jdentifying potential weaknesses or bottlenecks before they

prevention and reactive troubleshooting methods. This research  anifest. The methodology can also be effectively applied to
investigates the significance of two widely adopted quality -
improvement techniques: the 8D (Eight Disciplines) and FMEA analyze existing processes or products [1].

(Failure Mode and Effects Analysis) methodologies. Through a An FMEA analysis is typically conducted by a cross-
specific case study, it demonstrates the systematic, step-by-step fynctional team comprised of individuals from different
implementation of the 8D technique, illustrating the structured  jenartments within an organization. The team'’s objective is
process of fault discovery, root cause identificain, and the 4, "aqsess critical points and the probability of a failure
introduction of lasting corrective actions. . . . o .
occurring. They define specific criteria and score potential
Keywords—8D Methodology, FMEA, Quality Management  failure modes, from which they derive metrics suitable for
risk prioritization. Two key metrics are commonly utilized.
. INTRODUCTION The first is the Criticality Number (CN), which is the product
In today’s industrial environment, maintaining high of a failure mode's probability, the proportion of defective
product and service quality is essential for companies thatnits, and the operating time. This metric is generally applied
want to stay competitive and meet customer expectations. To high-risk processes and products. The second metric, used
support this, many quality improvement systems have beefor consumer goods, is the Risk Priority Number (RPN), a
developed, including lean methods, Six Sigma, and variougroduct of three distinct factors: Occurrence, Severity, and
problem-solving  techniques. These systems hel@etection [2].

organizations prevent errors, solve problems efficiently, and The application of the FMEA method commences with

improve their processes over time. Among the many, o gefinition of .
. . process steps. The second step involves
avallable tools, the FMEA (Failure Mode and Effec'[sidentifying potential failure modes, mapping the problem,

Analysis) and the 8D (Eight Disciplines) method are WOand describing its form. The third step is to analyze the failure

widely used approaches. FMEA is mainly used to identifyeffects, examining the consequences of a problem's

and assess risks before failures happen, making itapro""(:tiéﬁgcurrence. This is where the first metric, Severity, is
toql. Thg 8D method, on the other hand, is a structured e pically determined, assessing the criticality of the
to investigate and solve problems that have already occurre onsequences. In the fourth step, the possible causes are

It focuses on finding the root cause and implementing Iongé alyzed using the Occurrence metric, which measures the

term corrective actions. These two methods are often usg quency and likelihood of a given problem or defect. The

togethetr., as theyr(]:.(l)msplljerr;n?nt eachl Otr:ﬁr well: FMEA hE’Ipﬁfth and final analysis stage is the Detection process, which
preventissues, while €lps resolve them. investigates the presence of adequate preventive or control

This paper presents a case study from the field of securitpeasures. The product of these three metrics, Severity,
access control systems, where recurring failures required @ccurrence, and Detection, which are typically scored on a
detailed investigation. The goal of the research is to show-10 scale, yields the RPN. FMEA has several main types
how the combined use of FMEA and the 8D method can helgepending on the application area and objective, including
identify the causes of quality problems, reduce the cost adesign, process, service, or system FMEA [3].
poor quality, and support continuous improvement_. The_ While FMEA offers numerous advantages, such as its
!’“eth"ds were chosen .becaus_e they are WPT”'e.Stab“Sh?diI'Iﬂstrative nature and broad applicability, it also presents
industry, easy to apply in practice, and effective in both I’ISl%

X . ... . certain limitations:
management and problem-solving. By placing them within

the broader framework of quality improvement systems, the - The assessment is subjective, as the choice of the
study aims to highlight their role and usefulness in real-world failure to be analyzed is determined by the person
applications. conducting the measurement.
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Abstract— In our study, we analyze the entrepreneurial
motivations of women entrepreneurs, with particular emphasis
on the internal drivers that go beyond traditional financial
objectives. Women entrepreneurs make a significant
contribution to economic variety, as they often operate in secter
that differ from those dominated by men. Our research focused
on the factors that encourage women to start their own
businesses, and on the role played by self-fulfillment, flexible
working hours, and the desire to achieve worife balance.

Applying a quantitative method, we conducted a
questionnaire survey in March 2025, which respondents
completed online voluntarily and anonymously. A total of 76
active women entrepreneurs filled in the questionnaire. The
main hypothesis of our investigation was that self-fulfillment
and freedom in time management play a key role in the
motivation of women entrepreneurs. Our results show that
women entrepreneurs often choose business activities that align
with their personal values and life situations, while also
providing opportunities to express their creativity.

Our research contributes to a deeper understanding of
entrepreneurial types among women and highlights that the
motivations of women entrepreneurs are diverse, unique, and
often closely intertwined with their personal circumstances and
social roles.

Keywords entrepreneurial  leadership,  women
entrepreneurs, motivation, self-fulfillment, human resouttesian
resource management, flexibility

I. INTRODUCTION

Women are becoming increasingly confident an
intentional in starting their own businesses; however, theif
motivations, challenges, and driving forces often differ from

d

The relevance of the topic is underlined by the fact
that supporting female entrepreneurship has become a
strategic objective both in the European Union and in
Hungary. Yet, practical experience shows that women still
face more difficulties in accessing information, funding
opportunities, or entrepreneurial networks. At the same time,
an increasing number of studies emphasize the importance of
family background: a supportive environment has a positive
impact on entrepreneurial confidence and sustainable
operation, while a conflictual family situation can be a
hindering factor [1].

This research not only presents the motivations
and types of female entrepreneurs but also aims to inspire
those who are currently considering starting their own
business. Because womenregardless of their life situation
— create value.

Il. LITERATURE REVIEW

A. Sectoral Distribution of Women-Owned Businesses

Between 2018 and 2022, the proportion of women starting
new businesses in Hungary exceeded the EU average. While
the female entrepreneurship rate in the European Union stood
at 6%, in Hungary it reached 8%, indicating a growing
entrepreneurial spirit among women [2].

On a global scale, women entrepreneurs are most active in the
trade sectorwhere their presence reaches 48.6%, compared
to 40.1% among men. This sector therefore plays a key role

those of men— shaped by their social roles, family I the expansion of women-led enterprises. The second most
responsibilities, and personal goals. This research focuses 8ighificant area is theublic, health, education, and social

examining the entrepreneurial motivations of women, withSectors where women represent 17.6%, while men account
the aim of exploring the internal and external factors thafor 10.9%, reflecting women’s increasing engagement in

encourage them to start a business.

socially oriented fields.

The study centers around the following key Other important sectors includimancial, professional, and

guestions:

administrative servicesvhere female entrepreneurs make up

« What motivates women to start their own 16.4%. In contrast, women’s presencerianufacturing and

businesses?

transportation stands at 10.8%, and in thaformation

» How do these motivations differ across life stagesechnology (IT) sectoit is only 2.3%, compared to 5.3%

(young entrepreneurs, mothers, older women)?

among men. The latter clearly indicates that there is still

* How important is flexible working time, and how  gjgnjficant potential for encouraging female entrepreneurship

is it implemented in practice?

in the IT field [3].
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Abstract— This study examines the impact of
intergenerational differences in the workplace on leadership,
with a focus on motivation, communication, and leadership
styles. It highlights how Baby Boomers, Generation X, Y, and Z
differ in values, work attitudes, and motivational needs, posing
complex challenges for leaders. The study emphasizes the
importance of situational and adaptive leadership, coaching,
emotional intelligence, and flexible approaches. Effectively
managing generational diversity not only reduces conflicts but
also fosters collaboration and enhances organizational
performance. This study also serves as a preparation for a
primary research project. The secondary literature review on
how leaders manage, motivate, and communicate with different
generations has supported the development of a questionnaire
intended to be distributed among business owners, as well as
senior and middle managers. In our next work, we will continue
our research by processing and evaluating the primary data.

Keywords- Human Resources, Human Resources
Management, Labor Market, Leadership, Motivation,
Generations

I. INTRODUCTION

groups—each with its own motivations and perspectivéisis no
longer possible to rely on a single leadership approach. When Kur
Lewin developed his theory of democratic, autocratic, and laissez-
faire leadership styles in 1938, such generational differences did not
yet exist. Today, this model can no longer be applied to the
management of a modern workplace community, and even the late
Blake-Mouton (1978) managerial grid model may not provide clear
guidance for contemporary leadership.

To manage generational differences and especially their
contrasting mindsets a differentiated leadership approach has
become necessary. In situations where hierarchy-driven Boomers
must work alongside Generation Z employees, who are
fundamentally questioning and reshaping those hierarchies,
standardized leadership practices and uniform motivational
strategies simply cannot function effectively.

Il. THE IMPACT OFGENERATIONAL DIFFERENCES ON
LEADERSHIP

Let us examine the distinct values and attitudes toward work
characteristic of different generations. Generational differences
have a significant impact on leadership and workplace cooperation,

One of the main workplace challenges of our time is employe@s each age group possesses its own system of values, work
motivation and performance enhancement. The issue is furth@ttitudes, and motivational needs. These characteristics are
complicated by the growing generational diversity within Summarized in Table 1.
workplaces today. Baby Boomers, currently between the ages of 61
and 79, are still present in the labour market. They find it difficultto  The Baby Boomer generation (194B964) s typically loyal,
step away from work, yet they possess extensive professionglrsistent, and values stability, hierarchy, and traditional
experience and expertise. Alongside them, Generation X employeeyrganizational structures. For them, security and recognition are the
now aged between 44 and 60, have long contributed to the eforld most important motivational factors, and in terms of leadership
work. They are known for their diligence, though this often comesstyje, they tend to prefer traditional, authority-based approaches.

at the expense of a healthy welife balance. Members of Tpejr jife philosophy can be summarized by the sayiHgrd work
Generation Y, who are currently between 30 and 43 years old, tefhys off.”

to have lower lexical knowledge, but they place great importance on
community and social relationships. The often-discussed
Generation Z has also been part of the workforce for some tiwie no
they are between 15 and 29 years old and are knowdigaal

natives Employers continue to explore the most effective ways t
motivate this generation. Gradually, Generation Alpha is als
entering the labour market, they are expected to challengewer

structures built by the Boomers and to shape an entirely new socief)T/].

Members ofGeneration X (19651981) by contrast, are more
independent and pragmatic. They take a responsible appmach t
0Work but also place great importance on maintaining a healthy

ork-life balance. They are primarily motivated by opportunities
or development and the ability to work autonomously. Theiranott
ight be:“Work smart, not just hard.”

Research suggests that the perception of a generational gap is a | '€ Generation ¥ (19821995) consists of flexible, goal-
real phenomenon, and that perceived generational differences cgHe"€d employees who actively seek challenges. They are
often lead to workplace conflicts. Such conflicts frequently arisdnotivated by “meaningful work, ~continuous feedback, and
when people judge others based on their own assumptions afgportunities for growth and personal freedom. Tharﬂgwdm@beh
expectations. Given these factors, traditional leadership styles are figU!d b€ expressed asly work should have purpose.
longer viable. When managing collaboration among different age
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Subordinate Characteristi | Matching What does a
position level c style leader do?

D1 - low | New to the| S1 Specific
competence, task Controller instructions, close
high enthusiasm follow-up

D2 —increasing| "I know how | S2 Coach/ | He explains,
competence, hard it is" Coaching teaches, gives a lg
decreasing of feedback
confidence

D3 - good | He is capable S3 Encourages,
competence, of it, but he is| Supporter | involvesyou in the
fluctuating uncertain decision,  sharef
commitment responsibility

D4 - high | Independent | S4 Agrees on goals
competence ang expert Delegator | gives space, les
commitment frequent control

Fig.1.: Hersey-Blanchard Situational leadership stylék

The situational leadership model developed by Hersey and
Blanchard assumes that there is no single ideal leadeststep as
employees differ in their levels of competence and matufitye
effectiveness of a leader depends on their ability to adjest th
behaviouraccording to the follower's competence and motivation.

The model distinguishes four developmental levels (Fig.1.):

D1: Individuals at this level posseksv competence but
high enthusiasmThey requiredirective leadership (S1),
where the leader provides clear instructions, close
supervision, and explicit guidance.

D2: At this stage, subordinates shgvowing competence
but declining confidencélhe most effective approach is
coaching-style leadership (SZ)ombining direction with

emotional support and feedback to foster development.

D3: This level is characterized adequate competence
but fluctuating commitmeritlere, asupportive leadership
style (S3)is appropriate, involving the employee in
decision-making and strengthening their confidence
through encouragement and participation.

D4: At the highest maturity level, employees demonstrate
high competence and strong commitmefitie leader
should adopt delegating style (S4xgreeing on objectives
but allowing significant autonomy in how the work is
carried out.

Generational differences, particularly in attitudes towardkwo
motivational patterns, and communication preferences, @n b
effectively mapped onto this situational leadership framework

Younger generations, such as Generation Z and GemeMtio
often exhibit the characteristics of ED2 levels, especially at the
beginning of their careers, when they seek feedback, lgarnin
opportunities, and meaningful goals. For them, a cogclun
developmental leadership style (S2) is the most effective, as it
combines structure with mentoring and growth-oriented feddba

In contrast, members of Generation X and the Baby Boomer
generation typically display BD®4 maturity, reflecting experience,
accountability, and autonomy. They are best motivatedugfir
supportive or delegating leadership £S8), which acknowledges
their competence and provides independence while mangdinist
and open communication.

Thus, leadership flexibility across generations is a crifazbr
in organizational success. Effective leaders in a multigenerhtiona
environment recognize that age, experience, and motightion
background not only create different needs but also redistiact
leadership approaches. The situational leadership model treerefo
provides a conceptual framework for managing geroerati
diversity constructively, enabling personalized support, tadge
motivation, and the intentional development of individoareer
paths.

Situational Leadership and the Practical Management
of Generational Differences

A practical example of this approach is demonstrated by Magyar
Telekom's leadership development program, which applies a
personalized system of development and motivation tailored to
different generations. The company recognized that younger
employees respond most positively to professional growth
opportunities, technological challenges, and flexible working
arrangements, while older colleagues are primarily motivated by
recognition, opportunities to share their expertise, andhivment
in decision-makingprocesses. Accordingly, Telekom's leaders
employ a differentiated leadership toolkit: they conduatbing and
mentoring processes with younger employees, whilewimngimore
experienced generations in strategic decision-making. The Telekom
example clearly illustrates that situational leadership is not merely a
theoretical model but a practical guide for managingeg®ional
diversity. Such a leadership mindset fosters intergeneratiorsal tru
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(10]

A feedback culture encompasses dialogue, openness, caistinuo
feedback, employee engagement, collaboration between yaaplo
and employers, striving for performance improvemeand,employee
motivation. Establishing such a culture is essential for sustginin
productive and cohesive teams, particularly in multigenerdtiona
contexts (Fig.2.).

VI.  Managing Multigenerational Teams

The knowledge of diverse social and relational systems, and th
ability to integrate this understanding with management sidlls,
extremely important. The capacity to lead multigeneratimzans is
not innate but must be developed and learned. Leaderstoeed
acquire a thorough understanding of generational differenaks an
relate this knowledge to their leadership competencies.

The key to leadership effectiveness is adaptability: leadass
be able to adjust their style to the needs and experieh their
followers. This approach aligns with Heifetz's theory of adaptive
leadership[11], which views leadership as a dynamic, context-
dependent process. Simultaneously, leaders must conscioogly av
bias and discrimination in any form.

To manage intergenerational tensions, targeted strategies are
recommended. For instance, if a conflict arises betweenogagd
from different age groups, it can be beneficial to ingolv
intergenerational mediators (so-caltgperor tweenery who can
bridge differing perspectives. An effective leader is coneuito
continuous learning, personal development, and tesibfe
adjustment of practices to enhance organizational perfm®fiEr].

The importance of leadership attitude is also supported bgirKajt
[15], who highlights motivational leadership and a stimulating
workplace environment as key factors influencing employees’
workplace preferences and overall engagement.

A. Practical Experience

From personal experience at a large service corporatioere
Generation Z employees make up approximately 10% ofotad
workforce, the company employs multiple strategies to engaghy
entering employees. Orientation days, organized excursioas, a
active integration into the corporate culture are all desigto
facilitate effective collaboration.

The company reflects the typical challenges of an aging
workforce, with Baby Boomers and Generation X being thetmo
prevalent. These groups were socialized within a hierarchical
organizational culture, which at times can be difficult to nede
with the flexibility and autonomy preferences of Generatigrand
Z. With the arrival of younger generations, traditionaipcoate
hierarchies have begun to loosen, creating opportunites f
intergenerational mentorship. Boomers and Generation X emsmb
frequently act as mentors, guiding Y and Z employeesir their
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Abstract—The quality and effectiveness of engineering development, and their impact on students. Teacher
education is closely linked to the professional commitment and motivation is the sum of internal and external factors that
motivation of teachers. The aim of this study is to explore the encourage teachers to perform their work actively, with
main factors influencing teacher motivation in the context of commitment and effectively. Teacher motivation not only
higher education engineering training, regarding the challeges  jnfluences the quality of education, but also indirectly

and opportunities associated with the transformation of the role  jnfluences students' attitudes toward the subject and its
of teachers. Through a review of the literature, we analyzed effectiveness.

domestic and international sources to identify the internal and

external components of motivation and their impact on teaching
performance, innovation, and student achievement. The study
highlights that professional autonomy, positive feedback, a
sense of purpose in teaching, and institutional support plays a
key role in maintaining motivation. The study can contribute to

the development of engineering education by providing
guidance for the development of institutional strategies to

We distinguish between two basic types of motivation:

Internal motivation: The instructor is driven by their
own interests, values, professional curiosity, and
desire for self-fulfilment. With this type of
motivation, the instructor finds joy in teaching,
sharing knowledge, and professional development.

support teacher motivation.

Keywords—engineering education, motivation of teachers,
literature review, innovation, student achievement

.  INTRODUCTION
Technological advancements, particularly the rapid rise of

Intrinsic motivation is particularly important for

long-term commitment and the development of
creative, innovative teaching practices.

External motivation: The teacher is motivated by
external factors such as financial rewards,
recognition, career opportunities, or institutional
expectations. Although external motivation can

contribute to performance, itis rarely sufficient on its
maintain  long-term  professional

artificial intelligence (Al) is fundamentally reshaping the
landscape of education. As Al tools become increasingly own to
integrated into teaching and learning environments, a key commitment.
challenge emerges: how can educators not only keep pace For effective teaching, it is important that educators have
with these changes but also ensure that students engage palanced motivation, with internal motivation
meaningfully with the learning process, rather than passiveljredominating. The emergence of artificial intelligence in
consuming Al-generated content? education creates new challenges and opportunities, and

In engineering education, where independent problerr*\a-ld""p_t'ng to these also requires motivatiapoth in terms of
solving and deep understanding are essential, it is especial§?™Ming and in terms of renewing teaching methods.
important that students complete tasks autonomously and with . MOTIVATION THEORIES
comprehension. This depth of learning is closely tied tabne '

the most critical factors in education: motivation, which ~ Motivational theories help us understand what internal and
significantly influences both student and teacher perfocma external factors motivate individuals to learn, work, and
[1]. A motivated teacher can inspire, guide, and suppor@Chle}/e se!f-a(_:tuahzanon: In this study, we present .four
students effectively, while a lack of motivation can underminéslassic motivational theories that are relevant to the higher
the quality of instruction and diminish student engagemengducation environment, which we will later reflect on with
An unmotivated educator is unable to foster a dynamic anteference to the literature.

responsive learning environment, which is particularly
detrimental in a field as demanding and evolving as
engineering.

A. DeciRyan theory (self-determination
theory)

. ) ~_ The self-determination theory (SDT) developed by Deci
~ With the rapid development of IT and Al technologies, itand Ryan [3] is based on the internal nature of human
is essential that educators continuously develop their owmotivation and identifies three universal, innate psychological
professional competencies. However, regardless of age geeds: competence, autonomy, and relatedness. According to

experience, learning and development are only sustainablge theory, we are motivated, productive, and satisfied when
when driven by adequate internal or external motivation [2]ihese needs are met.

Therefore, understanding and supporting teacher motivation is Competence refers to the need for individuals to be
a key element in maintaining the quality and relevance of able to function effectively and efficiently in their
engineering education in the 21st century. environment.

Autonomy expresses the desire for independence,
i.e., the ability to act based on one's own decisions.
Relatedness refers to the need for human
relationships and belonging to a community.

1. THE CONCEPT AND TYPES OF TEACHER MOTIVATION

Motivation plays a key role in education, as it determines
teachers' attitudes towards teaching, their professional
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Abstract—Online examinations have become an important review was prepared through the systematization and thematic
form of assessment in higher education over the past decadeanalysis of these studies.
driven by the digitalization of education and the growing demal . _ . L
for flexible, remotely accessible testing solutions. The COVID-19 In the literature, several definitions of online examinations

pandemic further accelerated this process, as institutions werecan be found; let us consider one of them [7].

wrl](_ifctelyhforceq tod implement dl?ltah| _exa|1m|nat|or_1 SO'”tt;?nsl' -fh'd ,Online examination is an integral part of E-learning

Zslychoﬁnsgiczgllsigsuer;unrjgéztsjzitaﬁﬁgnécgc;m;i#grtéiv:e;(;?ﬁimgzo solutions for the genuine and fair assessment of students’

This recognition motivated the present literature review, which perfor_mance. The ~design and_ execution of onII_ne
examinations are the most challenging aspects in E-legrnin

aims to highlight the main research directions in online . . o
examination studies. Based on the analysis of 1412 studiespamcmarly’ online examinations are usually conducteden

published in the Scopus database between 2015 and 2024, Iearnl_ng platforms without the physical presence of sttgden

main research areas emerge. The first addresses technicaPNd instructors at the same place. This creates several
solutions and exam organization, with a particular focus on loopholes in terms of integrity and security, of online

learning management systems and dedicated proctoring€xaminations.

platiorms. The second deals with security challenges aralid This definition highlights that online examinations
prevention, where camera monitoring, browser lockdowns, and

behavior analysis are emphasized, alongside data privaq)’e.pre.Sent an independent educational and ;ecurlty sygtem,
concerns. The third research direction examines student bringing new challenges from bo_th pedag_oglcal and ‘?th'ca'
experience and perception, highlighting convenience while also per,SpeCt'VeS_ [8', 9, 10]. The_deS|gn qnc_:l 'mpl_ementat'on of
addressing increased stress, anxiety, and uncertainty. The fourth@nline examinations are particularly difficult since students
area concerns the integration of artificial intelligence, which plays @nd instructors are not in the same physical location, which
a key role both in proctoring systems and in automated taskcreates challenges related to security and integrity [7, 11, 12,
generation and evaluation, while also raising new ethical 13].

dilemmas, particularly with the advent of generative Al. The

literature on online examinations identifies three phases: Il. DEMOGRAPHICOVERVIEW OF THELITERATURE
technical experimentation (2038019), mass adoption (2020 Based on the 1412 studies identified in Scopus between
2021), and critical reassessment (202225). Based on the 2015 and 2025 using thearch term6nline examinatiohthe
findings, future challenges include Al-based fraud prevemmi |iterature on online examinations can be analyzed according
addressing data privacy dilemmas, and restoring student trust. 4 ihe following demographic characteristics:

Keywords—online examination, academic integrity, exam - Annual distribution of the number of studies
security, student experience, artificial intelligence, digital
assessment - Most frequent keywords

I. INTRODUCTION - Distribution by academic disciplines
Online examinations have now become one of the key - Distribution by countries

forms of assessment in higher education. The digital transition
was first driven by the spread of e-learning and LMS systems,
and later made widespread by the COVID-19 pandemic, . Distribution by source types

which forced institutions to shift to online examinations o )

within a short period of time [1, 2, 3]. The digitalization of A- Annual Distribution of Studies

exams is not merely a technical development but also raises Figure 1 illustrates the number of studies published in the
numerous pedagogical and ethical issues. Research highligl8sopus database on the topic of “online examinations”
that online examinations simultaneously offer flexibility andbetween 2015 and 2025, with a total of 1412 studies identified.
accessibility, yet challenges related to security, integrity, and

student experience remain significant [4, 5, 6].

Distribution by languages

This study is based on a literature review conducted using
the international scientific database Scopus. During the data
collection, the period between 2015 and August 30, 2025 was
examined, and 1412 relevant publications were identified that
address various aspects of online examinations. The following
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Abstract— In today's rapidly changing world, threats in certain areas. One example of this is the new species
protecting the lives and values of the civilian population of tick that has been found in Hungary [4].
isatagk of pa'ramount importance. Soqiety ig threatened People and society must adapt to changes in the
by an increasing number of hazards, including natural  enyironment and circumstances surrounding us. Adaptation is
disasters, epidemics, armed conflicts, and technological giso necessary because a significant proportion of these
crises. In recent years, we have all experienced the effects transformations pose a threat to society and to individual
of the global pandemic and the consequences of the war members of society alike. These threats can seriously
in a neighboring country, which have highlighted the endanger not only human life, but also economic assets.
importance of preparedness. Civil protection can play a Furthermore, they can pose a threat to the stability of society
key role in preparing the population, particularly
through education and training. Raising public
awareness, recognizing emergencies, and learning how to

Threats can basically be divided into civilizational,
human, and environmental threats [5]. Human threats include
. . o events such as terrorism, wars, and disinformation campaigns.
respond appropriately are essential to mitigating the o7 ational threats include industrial disasters and critical

effects of disasters. In the following, we will focus ingastrycture exposure. Natural hazards include earthquakes
primarily on the risks posed by climate change and 5,4 extreme weather events.

examine the training opportunities available in the field ) )
of civil protection. In addition, we will use international Hungary can be considered a safe place in terms of man-

examples to illustrate the experiences of other countries made emergencies. Our country ranks high in two data sets
in preparing the population and managing risks. published on the Vision of Humanity website. The Global
Peace Index gives Hungary a score of 1.5 in 2025, making it

Keywords— Civil protection; climate change; education the 17th most peaceful country in the world. Similarly,
Hungary scored 0 on the Global Terrorism Index based on
. INTRODUCTION data from 2024. For both indicators, the lower the score, the

The aim of the study is to explore how climate chang afer the country is [6]. Of course, this does not mean th
affects civil protection education tasks and opportunities. Thelungary does not have to deal with these threats.

study also aims to identify international best practices that can |n the following, we will focus our attention on natural
be applied in Hungary or that can complement thehazards due to the above reasons. Considering thatInatura

opportunities already available in our country. Following ahazards can cause serious material damage and, unfortunately,
review of European literature, the study is based on an @&alyg|so claim human lives.

of the documents uncovered. ) . -
The European Environment Agency published statistical

The world around us is constantly changing andjata on economic and human losses in 2024. According to the
transforming. This transformation affects almost every area qfata, between 1980 and 2023, the 27 member states of the
our lives. Our economy, society, and the expectations qfuropean Union suffered economic losses of €738,280
generations within it are constantly changing [1], but ouimillion due to extreme weather and climate events. This
environment is also undergoing transformation. amounts to an average of more than €17,169 million per year.

In many cases, these transformations and changes painf &iS 1 @ significant figure, but when we add the number of

positive picture. Think of advances in science, transportatioruman casualties, which is 241,587 [7], even developed

and the emergence of new drives alongside safety arfPuntries have to reckon with these dangers.
cognitive transportation [2]. Of course, the list could gaiah . CHANGESIN THE WEATHERIN HUNGARY

on.
Since measurements began in 1901, numerous changes

Unfortunately, however, there is another side to the coirand transformations have been observed in Hungary's
where the changes also have negative consequences. Therggégther. These changes are examined by meteorology using
numerous facts that could be presented here. One particulagiyeral indicators and measurements. In the following, we will

shocking negative fact can be found in the WWF's Livingpriefly focus on just two areas (temperature changes and
Planet Report, which shows a 73% decline in the average SigRanges in precipitation) to illustrate these changes.

of observed wildlife populations in just 50 years [3]. This

ecological change certainly has and will continue to have af. Changes observed in Hungary's temperature data

impact on our lives. Ecological change is not only evidentin  In Hungary, temperature data series show several data
the decline or extinction of species, but also in the fact thajoints and trends. From this vast amount of data, we focus
changes and transformations in habitats can lead to newimarily on high and low temperature data.

2271243



AIS 2025 20th International Symposium on Applied Informatics and Related Areas

2281243



AIS 2025 20th International Symposium on Applied Informatics and Related Areas

2291243



AIS 2025 20th International Symposium on Applied Informatics and Related Areas

(4]

(5]

(6]

(7]

(8]

El

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

230/ 243

https://wwf.hu/wp-
content/uploads/2024/10/WWEF_LivingPlanetReport2024dbargo-

1010.pdf(2025.09.12)

HUN-REN Magyar Kutatasi Hal6zat, “A korabban bekdszonsitasz
miatt idén hamarabb varhaté a hazankban Ujonnan efeag;
veszélyes Hyalomma kullancsok felbukkanasa is,” M&;. 2024.
[Online]. Available: https://hun-ren.hu/hirek/a-korabban-
bekoszontott-tavasz-miatt-iden-hamarabb-varhatozasfidan-
ujonnan-megjelent

T. Milé" and P. Marini#, “Advances and Barriers tau&ation for Civil
Protection in the Early 21st Century,” in Proc. EDULBEMR 9th Int.
Conf. Educ. New Learn. Technol., 2017.

Vision of Humanity, [Online]. Available:
https://www.visionofhumanity.org/maps/¢2025.09.12)

European Environment Agency, “Economic losses and faglitie
caused by climateclated events,” [Online]. Available:
https://www.eea.europa.eu/en/analysis/indicators/enamtmsses-
from-climate-related/economic-losses-and-fatalities-edus
(2025.09.12)

HungaroMet, “H$ségindexek,” [Online]. Available:
https://www.met.hu/eghajlat/eghajlatvaltozas/megfigyezai_valto
zasok/hosegindexek?2025.09.01)

HungaroMet, “Hidegindexek,” [Online]. Available:
https://www.met.hu/eghajlat/eghajlatvaltozas/medgfig\edzai_valto
zasok/hidegindexeK2025.09.01)

Kozponti ~ Statisztikai  Hivatal, “Magyarorszdag és Budapest

idgjarasanak adatai,” [Online]. Available:
https://www.ksh.hu/stadat_files/kor/hu/kor0037.h{@025.09.01)
HungaroMet, “Csapadékindexek,” [Online]. Available:

https://www.met.hu/eghajlat/eghajlatvaltozas/megfigyezai_valto
zasok/csapadekindexek/main.pi2025.09.01)

Orszagos Katasztrofavédelmi F$igazgatésdg, Magyarorszdgeti
katasztrofekockazatértékelésérsl szol6 jelentése, 2024. [Online].
Available:
https://www.katasztrofavedelem.hu/application/upgiddcuments/2
024-01/83120.pdf2025.09.02)

G. Schweickhardt, A katasztré6favédelem rendszere, afest:
Ludovika Egyetemi Kiado, 2018.

A. Kozak and J. Hornyacsek, “A polgari védelem kialaka, szerepe
a katasztréfavédelem egységes rendszerében,” Bolyai Szeinl21,
no. 2, pp. 15#184, 2012.

2011. évi CXXVIII. térvény a katasztrofavédelemr$l @shozza
kapcsolodo egyes torvények mddositasarol, [Onlinejaildble:
https://njt.hu/jogszabaly/2011-128-00-#D25.09.02)

M. Ribeiro, P. Gil Martins, and A. P. Oliveira, “GlivProtection
Engineering in a Digital and VUCA World,” in Procth4int. Conf.
Portuguese Soc. Eng. Educ. (CISPEE), Lisbon, Portugall-fjH
2021, doi: 10.1109/CISPEE47794.2021.9507248.

S. Lacher and M. Rohs, “Civil protection through a@uld continuing
education in Germany: A scoping review of an emergirsgarch
field,” Int. J. Lifelong Educ., vol. 42, no. 6, pp@35-549, 2023.

110/2012. (VI. 4.) Korm. rendelet a Nemzeti alaptanteadasarol,
bevezetésérsl és alkalmazéasarol. [Online]. Available:
https://njt.hu/jogszabaly/2012-110-00-(®D25.09.12)

L. Bércz and K. Kallai, “A klimavéltozas kovetkezégb megjelen$
természeti katasztréfak kezelése a Sendai Keretegyezrakaly
megfogalmazott iranyelvek alapjan,” Védelem Tudoma&wy, 7, no.
1, pp. 142151, 2022.)




AIS 2025 20th International Symposium on Applied Informatics and Related Areas

seres.monika@amk.uni-obuda.hu

Abstract— In 21st-century higher education, learning
methodology has emerged as a key instrument for
fostering independent, conscious, and lifelong learning.
This study investigates its pedagogical and psychological
relevance, focusing on time management, motivation,
metacognitive awareness, and individual learning styles.
Based on a questionnaire survey conducted among first-
and second-year students at the Alba Regia Faculty of
Obuda University, the findings reveal that learning
methodology is more than a set of techniques, it is a
mindset that promotes autonomy, self-regulation, and
reflective thinking. Most students reported using time-
planning tools and recognized their positive impact on
academic performance and psychological well-being.
Intrinsic motivation, driven by interest, personal growth,
and career goals proved more sustainable, while extrinsic
motivators, such as grades and recognition were effective
when aligned with intrinsic drivers. The study also
highlights the importance of the VARK learning styles
model, showing that awareness of individual preferences
enhances learning efficiency. Overall, 75.6% of
respondents felt the course helped them adapt to
university life, and 84.7% considered it important or very
important in higher education. The results affirm that
learning methodology supports not only academic success
but also personal development and career readiness,
underscoring its essential role in modern educational
practice.

Keywords-Learning methodology, learning mindset, time
management, learning styles, educational innovation

|. THEROLE OFLEARNING METHODOLOGY IN
HIGHER EDUCATION
In 21st-century higher education, increasing emphasis

placed on pedagogical approaches that focus not only on tdevelopment.

Monika Pogatsnik
Obuda University
Alba Regia Faculty
Székesfehérvar, Hungary
pogatsnik.monika@amk.uni-obuda.hu

The development of digital competences is particularly
significant in higher education, as the workplaces of the
future are increasingly embedded in digital environments.
The methodology of educational informatics provides
opportunities for both instructors and students to consciously
employ ICT tools in the learning process [3].

Thus, learning methodology is not merely a subject or a
set of techniques, but rather a perspective that positions the
learner as an active participant in their own knowledge-
construction process. Higher education institutions therefore
bear a vital responsibility in supporting students’ corapee
development, whether through courses, training sessions, or
dedicated learning support services (As shown in Figure 1).

Fig.1. Learning methodology

II.  KEY ASPECTS OR_LEARNING METHODS

The effectiveness of learning in higher education depends
not only on the content being studied but also on the methods
and strategies students apply throughout their academic
journey. Understanding the key aspects of learning methods
allows educators and learners alike to optimize the learning
isrocess, enhance performance, and foster long-term
This chapter explores four essential

transmission of knowledge but also on supporting the proces®mponents (time management, motivation, awareness, and
of learning itself. Learning methodology, understood as a to@pplied learning techniques) each of which plays a critical

for fostering independent learning, plays a crucial role imole

in shaping successful and sustainable learning

enabling students to effectively process, organize, and appégxperiences.

acquired knowledge [1].

The application of learning methodology in higher
education serves not only to improve academic performan

A. Time Management and the Allocation of Study Time
Time planning represents a key element of learning

‘?ethodology, closely associated with academic performance,

but also contributes to the development of self-regulategyqent engagement, and psychological well-being. Effective
learning, critical thinking, and the capacity for lifelong (ime management enables students to structure, organize, and

learning [2]. Recognizing studes’ learning styles,

integrating active learning techniques, and incorporating,anner

consciously pursue their learning activities in a goal-oriented
thereby enhancing achievement while reducing

digital tools are all key components of modern leamingsrags [4].

methodology [2].
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@ Very effective

@ Less effective

@ Effective

@ Not at all effective

@ Use of digital apps
@ Use of weekly planner
@ Use of daily planner

@ Does not use time planning

2331243




AIS 2025 20th International Symposium on Applied Informatics and Related Areas

@Very much @A lot @A little @Not at all

@Very much @A lot @A little @Not at all
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