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Abstract. This paper focuses on the analysis and evaluation of voice commands for controlling
mechatronic systems in exceptional situations. It highlights the role and benefits of
mechatronic devices in modern society, emphasizing their use across various fields, from
industrial process automation and infrastructure to consumer electronics and energy.
Significant benefits of these devices, such as comfort, efficiency, and technological
innovation, are outlined, along with the risks associated with their use, including short
circuits and electro-mechanical failures. The research is directed towards integrating voice
emotion recognition technologies into the control systems of household appliances to handle
exceptional situations. Emotion recognition from speech, based on artificial intelligence and
voice signal processing, is described as an interdisciplinary approach that combines audio
processing, voice feature extraction, and machine learning. The objectives include
developing effective techniques and methods to classify emotions and ensure the safe
operation of devices. Research results show the potential of these techniques and
technologies to transform interactions with mechatronic systems, offering innovative
solutions for enhancing performance and reducing the risks associated with complex
activities. The study opens new directions for integrating artificial intelligence into
production processes and creating safer, more intuitive working environments.

Keywords: industrial processes, robotic systems, human-machine interaction, natural language
processing, voice recognition, emotional voice control, exceptional situations, neural
network, emergency intervention.

Rezumat. Lucrarea este axata pe analiza si evaluarea comenzilor vocale pentru controlul
sistemelor mecatronice in situatii exceptionale. Sunt subliniate rolul si beneficiile
dispozitivelor mecatronice in societatea moderna, subliniind utilizarea acestora in diverse
domenii, de la automatizarea proceselor industriale si infrastructura pana la electronica de
consum si energetica. S-au scos in evidenta beneficiile semnificative ale acestor dispozitive,
precum confortul, eficienta si inovatia tehnologicd, dar si riscurile asociate exploatarii lor,
inclusiv scurtcircuitele si defectele electro-mecanice. Cercetdrile sunt orientate pe integrarea
tehnologiilor de recunoastere a emotiilor vocale in sistemele de control ale dispozitivelor
electrocasnice pentru a gestiona situatiile exceptionale. Recunoasterea emotiilor din vorbire,
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bazata pe inteligenta artificiala si prelucrarea semnalelor vocale, este descrisa ca o abordare
interdisciplinara care combind procesarea audio, extragerea de caracteristici vocale si
fnvdtarea automatd. Obiectivele includ dezvoltarea unor tehnici si metode eficiente care sa
clasifice emotiile si sa asigure functionarea dispozitivelor in regimuri sigure. Rezultatele
cercetdrii arata potentialul acestor tehnici si tehnologii de a transforma interactiunea cu
sistemele mecatronice, oferind solutii inovatoare pentru fmbunatatirea performantei si
reducerea riscurilor asociate activitatilor complexe. Studiul deschide noi directii pentru
integrarea inteligentei artificiale in procesele de productie si pentru crearea unor medii de
lucru mai sigure si mai intuitive.

Cuvinte-cheie: proces industrial, sistem robotic, interactiune om-masind, procesarea limbajului
natural, recunoasterea vorbirii, control emotional vocal, situatii exceptionale, retea
neuronald, interventii de urgentd.

1. Introduction

Modern society cannot be imagined without the presence of various electro-
mechanical devices, which serve to automate different fields of human activities. These
devices are found everywhere: in systems for the automation of technological, industrial, and
robotic processes [1]; in transportation and infrastructure to ensure the functionality of
vehicles and transport systems [2]; in medical equipment to provide precise and efficient
diagnosis and treatment [3]; in consumer electronics represented by household appliances
[4]; in energy and environmental sectors, where they are used for the production and
distribution of energy, as well as in environmental protection equipment [5], and so on.

Household appliances (such as electric and gas stoves, coffee makers, vacuum
cleaners, blenders, irons, water heaters, etc.) play a particularly significant role in modern
society, as they are omnipresent in their operation and bring a range of benefits and
conveniences. These devices use electrical and mechanical technology to perform various
household functions, transforming people’s lifestyles into one of maximum comfort and
efficiency. Some of the most important benefits offered by these appliances include comfort
and efficiency, time and energy savings, connectivity and automation, diversity, and
innovation. Through continuous innovation and technological development, these devices
have secured a dominant place in modern society [6].

Alongside the benefits brought by household appliances, these devices can also pose
certain risks to human life and health, such as fires and short circuits, electric shocks,
explosions, mechanical failures, etc. All of these risks can be prevented by following proper
usage and maintenance guidelines. However, during the operation of household appliances,
exceptional situations may arise in which these devices can negatively impact health or
present a risk to human life [6, 7]. In such cases, it is essential to have mechanisms in place
to intervene in their operation by stopping or switching them to a maximum safety mode.

It is evident that emerging situations trigger an immediate response in the human
body through emotions, including vocal emotions, which can be identified and used for
emergency interventions in the functionality of household appliances. Emotions play a
significant role in the communication process. They influence voice tone, speech rate,
intonation, and other aspects of verbal expression. Tone and intonation can convey emotions
such as happiness and joy, as well as fear, anxiety, or sadness. Negative emotions can also
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impact the rhythm and speed of word pronunciation, making speech unclear or difficult to
identify [8].

Speech emotion processing and recognition [9-12] is an interdisciplinary field of
research focused on identifying and interpreting the feelings and emotional states expressed
in a person’s vocal discourse. In the first stage, the vocal signal is processed to eliminate
noise and extract relevant features. This process may include signal filtering, sound level
normalization, and segmenting the speech into analysis intervals. In the second step, vocal
signal features are extracted to capture emotion-related information, including fundamental
frequency, intensity, rhythm, pitch, pauses, and other aspects of voice modulation. In the third
step, the extracted features are used to build emotion recognition models, which can be
based on machine learning techniques such as neural networks, support vector machines, or
supervised learning algorithms. These models are trained on a dataset labeled with emotions
to learn the characteristic patterns of various emotional states. In the fourth step, the emotion
recognition models are evaluated using separate datasets and adjusted according to their
performance. This evaluation and adjustment process may involve optimizing model
parameters or applying performance enhancement techniques, such as adding supplementary
features or using natural language processing techniques [13,14].

Speech emotion processing and recognition is a rapidly evolving field of research that
involves a wide range of techniques, technologies, and methods to identify and interpret
emotions expressed in human vocal discourse. These technologies have the potential to
significantly enhance human-machine interaction and contribute to the development of more
responsive and intuitive systems. Speech emotion recognition has a wide array of practical
applications in fields such as voice-assisted technology, speech recognition technology,
discourse analysis, mental health, and human-machine interaction [15,16].

This paper presents the results of research conducted in the design of control systems
for electro-mechanical devices based on vocal emotions in emergency situations. The
research objectives are focused on: developing a mechanism for identifying and analyzing
vocal emotions that will highlight vocal characteristics according to emotional state in
emergency situations; developing a model and algorithm for emotion recognition and
classification in emergency contexts, based on vocal signal processing and artificial
intelligence; integrating emotions into the control systems of household electro-mechanical
devices; selecting and justifying keywords expressed in exceptional situations; and
evaluating and validating the results.

2. Statement of the Research Problem

The objectives of the conducted research are aimed at identifying technical and
technological solutions that will enable the integration, identification, interpretation, and
utilization of vocal emotions in the control process of electro-mechanical devices, particularly
household appliances, in exceptional or emergency situations to enhance their effectiveness
and safety. By identifying and interpreting emotions expressed in the user’s vocal discourse,
the devices are programmed to respond appropriately to manage crisis situations or prevent
potential risks. Thus, an innovative approach is proposed to improve the performance and
safety of electro-mechanical devices, enhancing their functionality and response in
emergency situations, critical conditions, or under stress.

In line with the defined objectives, the focus of this work is the development of
advanced vocal emotion recognition technology and its integration into the control systems
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of electro-mechanical devices, particularly ubiquitous household appliances, with the aim of
enabling more intuitive and efficient interactions between the user and the device.

3. Synthesis Functional Diagram of the Control System

The functional diagram for controlling electro-mechanical devices in exceptional
situations based on vocal emotions is presented in Figure 1. The functional diagram includes
the following components:

User - the person using the electro-mechanical system, who in normal operation can
engage in discussions without emotions, but in emergency situations pronounces specific
words related to the exceptional situation that will trigger the device to switch to a
heightened safety mode. MK - microphone for perceiving sound waves and converting them
into electrical signals. AM - amplifier of the electrical signals. Filter - a filter to exclude noise
from the electrical signals caused by sounds generated by the user. ADC - Analog-to-Digital
Converter synchronized with the frequency of the sound waves generated by the user. ANN -
Artificial Neural Network adjusted to identify words and vocal emotions, generating control
signals for the operational mode of the electro-mechanical device. EMD - Electro-mechanical
device equipped with a safety system based on vocal emotions.

This diagram highlights the integrated flow of components that work together to
analyze vocal emotions and adjust the device’s operation accordingly to ensure safety in
critical situations.

MK
@_.{>_. —(iN ADC our

User AM Filter

&

Figure 1. The functional diagram of the emotional voice control system.

4. Analysis and Evaluation of Words Pronounced by Humans in Exceptional Situations

Emotions in speech are pivotal in human communication, significantly shaping how
messages are conveyed and understood. They add depth and context to words, influencing
their interpretation by the receiver, whether it's another human, a machine, or an Al-powered
robot. Emotions enrich spoken language, offering nuanced meanings and facilitating more
effective interactions. By studying how emotions are expressed, perceived, and interpreted in
speech, several critical scenarios and implications can be identified for enhancing human-to-
human and human-machine communication:

The tone of voice can convey a range of emotions, such as joy, anger, fear, or dread,
significantly impacting how the message is received. The speaker's emotional state
influences the listener's perception and interpretation of the message, adding layers of
meaning beyond the words themselves.

A message delivered with enthusiasm, happiness, or joy can elicit a positive response,
whereas one expressed with sadness or disappointment is more likely to evoke feelings of
compassion and empathy.

A tone that is aggressive or defensive can strain relationships, whereas a supportive
tone has the potential to deepen emotional bonds and foster stronger connections.

Speech infused with emotions can be a powerful tool to influence or persuade the
recipient’s decision-making process.
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e In human interactions, emotions conveyed through speech enrich communication by
adding depth and nuance, enabling a more precise understanding and interpretation.

This dynamic can also extend to interactions between humans and machines, as well

as machines and humans.

The studies referenced in sources [17-22] explore the expression of emotional words
by humans in exceptional circumstances. These emotions are categorized into various types,
including joy, sadness, fear, suffering, panic, anger, frustration, admiration, or astonishment.
In scenarios of human-machine communication during exceptional situations, emotional
words typically associated with fear, suffering, or panic are especially identifiable.

Assessing emotional words spoken by individuals in exceptional circumstances is a
nuanced and subjective endeavor. However, various methods can be employed to better
understand and interpret their emotional resonance across different contexts. These methods
include [23]: Lexical Analysis, Vocal Tone Analysis, Intuition and Empathy, Context Analysis.

To identify the key words pronounced by humans in various exceptional situations, a
survey was conducted with multiple-choice selection, involving a sample of over 150
participants. For evaluation, emotional situations were simulated: "Spaima” (Fear), "Suferinta”
(Suffering), "Furie” (Anger), "Frica” (Terror), "Alarma” (Alarm) and "Surpriza” (Surprise). Words
were proposed for evaluation that had a higher probability of being pronounced in various
exceptional situations: "Start”, "Stop”, "Ajutor’, "A-a-u-u-u”, "Help” and "SOS”. The results of the
survey are presented in Table 1.

Table 1
The results of human-pronounced keyword evaluation in exceptional situations
Start Stop Ajutor  A-a-u-u-u  Help SOS Total %, max.*
Spaima 17 49 48 25 29 20 188 26.06
Suferinta 12 30 30 71 31 9 183 38.80
Furie 20 89 15 17 12 9 162 54.94
Frica 12 33 57 20 35 24 181 31.49
Alarma 35 52 23 11 22 38 181 28.73
Surpriza 84 15 9 42 4 7 161 52.17
Total 180 268 182 186 133 107
%, max.* 46.67 33.21 31.32 38.17 26.32 35.51

Note: % max. - maximum value obtained as a result of the survey.

Thus, based on the analysis of the survey results, we can conclude that:

e The word "Start” it is pronounced 84 times in emotional situations of "Surpriza”, which
constitutes 46.67%.

e The word "Stop” it is pronounced 89 times in emotional situations of "Furie”, which
accounts for 33.21%, and 52 times in emotional situations of “Alarmd”, which accounts
for 19.40%, and 49 times in emotional situations of “Spaimd”, which accounts for
18.28%.

e The word “Ajutor” is pronounced 57 times in emotional situations of “Fricd”, which
constitutes 31.32%, and 48 times in emotional situations of “Spaimd”, which
constitutes 26.37%.

e The word “A-a-u-u-u” is pronounced 71 times in emotional situations of “Suferinta”,
which constitutes 38.17%, and 42 times in emotional situations of “Surpriza”, which

constitutes 22.58%.
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e The word “Help” is pronounced 35 times in emotional situations of “Fricd”, which
constitutes 26.32%, and 31 times in emotional situations of “Suferintd”, which
constitutes 23.30%.

e The word “SOS” is pronounced 38 times in emotional situations of “Alarmd”, which
constitutes 35.51%, and 24 times in emotional situations of “Fricd”, which constitutes
22.43%.

e In an emotional state of “Spaimd”, the word “Stop” is pronounced 49 times, which
constitutes 26.06%.

e In an emotional state of “Suferintd’, the word “A-a-u-u-u” is pronounced 71 times,
which constitutes 38.80%.

e In an emotional state of “Furie”, the word “Stop” is pronounced 89 times, which
constitutes 54.94%.

e In an emotional state of “Fricd”, the word “Ajutor” is pronounced 57 times, which
constitutes 31.49%.

e In an emotional state of “Alarmd”, the word “Stop” is pronounced 52 times, which
constitutes 28.73%.

e In an emotional state of “Surprizd”, the word “Start” is pronounced 84 times, which
constitutes 52.17%.

As a result of the survey analysis, it can be concluded that to intervene in exceptional
situations during the operation of an electro-mechanical system, the key words ,Stop” and
LAjutor” specific to the Romanian language can be used.

5. Spectral Analysis of Waveform (Sound) of the Selected Keywords

For the spectral analysis of the selected key words for commands with mechatronic
systems in exceptional situations, a software product was developed in Python using the
TensorFlow and Keras libraries.

Spectral analysis of sound is the process of decomposing the sound signal, generated
by a human, into its frequency components. It is performed to visualize and analyze the
frequency and intensity spectrum of the signal. This analysis allows distinguishing between
sounds generated by the human in normal and emotional states, thereby enabling the
identification of the operator's emotional state.

The spectral analysis algorithm involves the following steps:

Capturing the sound signal, which involves acquiring the sound using a microphone
(see Figure 1).

The transformation of the signal into the frequency domain. The sound signal is passed
through a transformation algorithm, such as the Fourier Transform, which decomposes it into
sinusoidal components at different frequencies.

Visualization of the spectrum. The frequency and intensity spectrum is visualized in
the form of a spectrogram. This is a graph that shows the intensity of the signal as a function
of frequency and time.

Spectrum analysis. The spectrum is analyzed to identify the signal's characteristics,
such as the fundamental frequency (pitch), harmonics, and vocal formants.

Interpretation of the results. The results of the spectral analysis are interpreted to gain
a deeper understanding of the signal and its acoustic characteristics. This may involve
identifying patterns or anomalies in the spectrum and evaluating their impact on the signal,
ultimately identifying the emotional state of the individual.
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Therefore, spectral analysis of sound allows for the understanding of the
characteristics of the audio signal and the evaluation of its impact in various contexts,
providing an effective way to investigate and interpret the information present in sound
signals.

In Figure 2, the results of processing and analyzing the sound generated for the word
“Ajutor” in a neutral (non-emotional) state are presented: a) Waveform of the original Sound;
b) Waveform after processing with Librosa library from Python; c) spectrogram Frequency-
Amplitude; d) Log-Mel Spectrogram Time-Power-Frequency.

Waveform of the original sound
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Figure 2. The results of processing and analyzing the sound generated for the word
“Ajutor”: a) Waveform of the original Sound; b) Waveform after processing with Librosa
library from Python; c) spectrogram Frequency-Amplitude; d) Log-Mel Spectrogram Time-
Power-Frequency.

In Figure 3, the results of processing and analyzing the sound generated for the word
“Ajutor” in an emotional state of fear are presented: a) Waveform of the original Sound; b)
Waveform after processing with Librosa library from Python; c) spectrogram Frequency-
Amplitude; d) Log-Mel Spectrogram Time-Power-Frequency.

The comparative analysis of the diagrams shows a significant difference between the
normal and emotional states of the human when pronouncing the word “Ajutor”, thus
allowing the identification of the emotional state, which will lead to initiating the procedure
for switching the mechatronic system to a maximum safety mode.
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Figure 3. The results of processing and analyzing the sound generated for the word
“Ajutor” in an emotional state of fear: a) Waveform of the original Sound; b) Waveform
after processing with Librosa library from Python; c) spectrogram Frequency-Amplitude;
d) Log-Mel Spectrogram Time-Power-Frequency.

In Figure 4, the results of processing and analyzing the sound generated for the word
"Stop” in a neutral (non-emotional) state are presented): a) Waveform of the original Sound;
b) Waveform after processing with Librosa library from Python; c) spectrogram Frequency-
Amplitude; d) Log-Mel Spectrogram Time-Power-Frequency.
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Figure 4. The results of processing and analyzing the sound generated for the word
"Stop":): a) Waveform of the original Sound; b) Waveform after processing with Librosa
library from Python; c) spectrogram Frequency-Amplitude;
d) Log-Mel Spectrogram Time-Power-Frequency.

In Figure 5, the results of processing and analyzing the sound generated for the word
“Stop” in an emotional state of fear are presented: a) Waveform of the original Sound; b)
Waveform after processing with Librosa library from Python; c) spectrogram Frequency-
Amplitude; d) Log-Mel Spectrogram Time-Power-Frequency.
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Figure 5. The results of processing and analyzing the sound generated for the word “Stop”
in an emotional state of fear: a) Waveform of the original Sound; b) Waveform after
processing with Librosa library from Python; c) spectrogram Frequency-Amplitude;

d) Log-Mel Spectrogram Time-Power-Frequency.
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The comparative analysis of the diagrams in Figure 4 and Figure 5 shows a significant
difference between the normal state and the emotional state of the human when pronouncing
the word “Stop”, thus offering the possibility to identify the emotional state that will trigger
the procedure to transition the mechatronic system into a maximum safety mode or stop its
operation.

6. Conclusions

This paper addresses a current interdisciplinary topic focused on the integration of
voice emotion recognition technologies into the control systems of mechatronic devices,
particularly household appliances. In the context of a society increasingly dependent on
technology, the proposed approach aims to enhance safety, efficiency, and human-machine
interaction by using emotions as a significant input in exceptional situations.

The defined objectives of the research highlight the relevance and potential of
implementing these techniques and technologies across various fields, from household
mechatronic systems to more complex industrial robotic systems. The identification and use
of vocal emotions in device control meet the emerging needs for safety and personalization
in the use of household appliances. The importance of advanced artificial intelligence
algorithms and neural networks for emotion recognition, optimizing human-device
interaction, and reducing risks in critical situations is emphasized.

Integrating voice emotion recognition techniques and technologies into mechatronic
devices can redefine safety and comfort standards, with significant implications for their
design and use in the near future. The study thus contributes to technological progress and
the development of innovative solutions, tailored to a constantly evolving modern society.

For the future, research is planned for the design and implementation of speech
emotion processing and identification models using reconfigurable Field-Programmable Gate
Array (FPGA) devices, which will significantly reduce costs and system complexity, facilitating
widespread adoption.
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