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1. INTRODUCTION

Modern technological advances in the field of unmanned aerial vehicles (UAVs) and mobile robots
open up wide opportunities for their application in various fields, including environmental monitoring, search
and rescue operations, agriculture, logistics and many more [1]-[3]. Effective control of these systems is a
key factor in the successful completion of assigned tasks and ensuring safety [4]. Traditional control methods
based on manual control or pre-programming have a number of limitations related to flexibility and
adaptability to dynamically changing environmental conditions [5].

In recent years, there has been increased interest in the use of voice control to interact with UAVs
and mobile robots [6]-[8]. This approach offers an intuitive and natural way of interaction, allowing operators
to issue commands and receive information through voice [9]. Voice control is especially relevant in
situations where the operator’s hands are busy or when quick decision-making and response to changing
conditions is required [10].

However, developing intelligent voice control systems for UAVs interacting with mobile robots is a
complex task associated with a number of challenges. Ensuring reliable speech recognition in the presence of
noise, interference, and other factors typical of real-world operating conditions is one of the key
issues [11], [12]. In addition, the system should be able to understand commands in natural language, taking
into account various wording, context, and possible ambiguities [13]. It is also important to ensure safe and
effective interaction between the UAV, mobile robot, and operator, especially in critical situations that
require a high degree of coordination and synchronization of actions [14].
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In this paper, we present an intelligent voice control system designed specifically for controlling
UAVs interacting with a mobile robot. Our system uses advanced natural language processing (NLP) and
artificial intelligence (Al) techniques, which allows it to effectively recognize and interpret voice commands,
adapting to various acoustic conditions and linguistic variations [15], [16]. We also propose an innovative
approach to ensuring interaction security based on comprehensive context analysis, UAV and mobile robot
behavior prediction, and consideration of potential risks and limitations [17], [18]. The objectives of our study
are: i) to develop an intelligent voice control system capable of reliably recognizing and interpreting natural
language voice commands, ensuring effective interaction with a UAV and a mobile robot; ii) to develop and
implement mechanisms to ensure interaction security based on context analysis, behavior prediction, and
consideration of potential risks; iii) to conduct a comprehensive experimental evaluation of the proposed system
under various operating conditions, demonstrating its effectiveness, reliability, and safety.

We propose a new architecture of an intelligent voice control system that integrates advanced NLP
and Al methods to effectively recognize and interpret voice commands. We develop an innovative approach
to ensuring interaction security based on comprehensive context analysis, behavior prediction, and
consideration of potential risks. We conduct an experimental evaluation of the proposed system under real
operating conditions, demonstrating its advantages over existing approaches. In the following sections, we
describe in detail the architecture and components of the proposed system, present the results of the
experimental evaluation, and discuss the obtained results, comparing them with existing approaches,
analyzing the limitations of our work, and outlining prospects for further research.

2. METHOD

The hardware of the system is based on the Arduino Mega 2,560 microcontroller, which acts as the
central processing unit, handling voice commands, sensor data, and controlling both the UAV and the mobile
robot in Figure 1 [19], [20]. This microcontroller was chosen for its robust processing capabilities, ample
memory, and extensive input/output options, making it well-suited for managing the complex interactions
within the system. The MT Technology Co. Ltd. VV3 speech recognition module is responsible for converting
voice commands into a digital format that the microcontroller can understand in Figure 2 [21], [22]. This
module employs advanced speech recognition algorithms to accurately transcribe spoken words, even in
challenging acoustic environments. A microphone captures the operator’s voice commands, and the
SIM800L GSM module facilitates communication between the UAV, the robot, and the operator over the
internet in Figure 3 [22], [23]. This communication link enables real-time control and monitoring of the UAV
and robot, even from remote locations, enhancing the system’s flexibility and operational range.

Figure 1. Microcontroller sound control system for UAVS

Figure 2. MT Technology Co. Module V3 integrated board
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Figure 3. LM2596 chip

The SH1106 OLED display provides visual feedback to the operator, showing system status and
recognized voice commands, enhancing situational awareness and facilitating user interaction. The SG90
microservo drive controls the robot’s mechanical movements, enabling it to execute tasks such as grasping
and manipulating objects, thereby expanding the system’s capabilities beyond simple navigation and
observation. To accurately perceive its surroundings and navigate effectively, the system utilizes a variety of
sensors. The UAV relies on GPS, an accelerometer, and a gyroscope for positioning and orientation, ensuring
precise flight control and stability. The robot employs lidar and a camera for obstacle detection and mapping,
enabling it to autonomously navigate its environment and avoid collisions. The LM2596 chip plays a crucial
role in maintaining stable power delivery to all the system components, ensuring reliable operation even
under varying load conditions in Figure 4 [24], [25].

[Rccording and identifying audio ordcrs]

[Rcwriling sound ordcrs]

Recorded
sound orders

v v
[Sound command lmiﬂi"‘:j [chclilion and rccognilion]

is successful of sound commands

Figure 4. Block diagram in learning audio commands modular learning algorithm voice recognition V3

Figure 5 provides a detailed schematic of the voice recognition module, illustrating its internal
structure and connections. This schematic offers insights into the hardware components and signal processing
pathways within the module, contributing to a deeper understanding of its operation. Figure 6 further
elaborates on the integration of the voice recognition module with the microcontroller, showcasing the
communication pathways and data flow between these two critical components [26], [27]. This connection
diagram highlights the interface between the speech recognition hardware and the central processing unit,
enabling the seamless transfer and interpretation of voice commands.

The system’s software architecture comprises several key modules, each contributing to the overall
functionality and intelligence of the voice control system. The speech recognition module, built upon a deep
learning model trained on a vast dataset of Kazakh speech, converts spoken commands into textual
representations. This module leverages the power of neural networks to accurately transcribe spoken words,
even with variations in pronunciation and accents. The NLP module then analyzes these textual commands,
extracting the underlying intent and relevant parameters required for controlling the UAV and robot.
By employing techniques such as syntactic and semantic analysis, the NLP module enables the system to
understand the meaning and context of the operator’s commands.

Intelligent voice control system for UAV with mobile robot (Sabyrzhan Atanov)
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Figure 5. Voice recognition module schematic Figure 6. Voice recognition module schematic

The UAV control module takes these interpreted NLP commands and translates them into specific
control signals for the UAV, utilizing sensor data from the GPS, accelerometer, and gyroscope to ensure
precise and safe navigation. This module bridges the gap between the high-level commands understood by
the NLP module and the low-level control signals required to maneuver the UAV effectively. Similarly, the
robot control module processes NLP commands and generates control signals for the mobile robot,
leveraging lidar and camera data for obstacle avoidance and path planning. This module empowers the robot
to autonomously navigate its environment and execute tasks in coordination with the UAV. The Blynk user
interface serves as the operator’s primary interaction point, displaying system status information and
recognized voice commands on their mobile device in Figure 7 [28], [29]. This user-friendly interface
provides real-time feedback and control, enhancing the operator’s situational awareness and enabling them to

interact with the system seamlessly.
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Figure 7. Control of the UAV with sound alarms

The voice command dictionary, meticulously developed in collaboration with linguists,
encompasses a comprehensive set of commands for controlling the UAV, the robot, and issuing alarms
described in Tables 1 and 2 [30], [31]. These commands are presented in both Kazakh and Latin
transliteration to ensure compatibility with the speech recognition system, catering to a wider range of users
and facilitating ease of use. The inclusion of both Kazakh and Latin transliteration demonstrates the system’s
adaptability to different language preferences and its potential for broader accessibility.

The system was trained with the participation of 7-10 operators, which ensured high recognition
accuracy (99%) in Figure 8 [32], [33]. During the training process, a special program was used that recorded
the voice commands of each operator and saved them in the microcontroller database. Then, using the
learning algorithm presented in Figure 4, the system adjusted the parameters of the speech recognition model,
taking into account the individual pronunciation characteristics of each operator. This personalized training
approach significantly enhances the system’s ability to accurately recognize and interpret commands from
different individuals, improving its overall usability and effectiveness.

To rigorously evaluate the effectiveness of the proposed system, we conducted a series of
experiments in real-world operating conditions. We utilized a DJI Mavic 2 Pro UAV and a TurtleBot3
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Burger mobile robot, deploying them in diverse scenarios to assess their performance under varying
circumstances [33]-[36]. The operator issued voice commands to the UAV, which, in turn, interacted with the
mobile robot to accomplish a range of tasks, including object manipulation, area patrolling, and operator
tracking. During these experiments, we systematically varied several key parameters to gauge the system’s
adaptability and robustness. These parameters included:

a) Acoustic conditions: we tested the system under different levels of ambient noise, interference, and
varying distances between the operator and the UAV, simulating real-world challenges that the system
might encounter.

b) Command complexity: we evaluated the system’s ability to handle both simple commands (e.g.,
“forward,” “stop”) and more complex commands involving multiple parameters (e.g., “fly to the object
at a height of 2 meters and take a picture™), assessing its capacity to understand and execute intricate
instructions.

c) Operational scenarios: we deployed the UAV and robot in diverse environments, including indoor
object manipulation tasks, outdoor patrolling missions, and dynamic operator tracking scenarios, to
evaluate the system’s performance across a spectrum of real-world applications. To comprehensively
assess the system’s effectiveness, we employed the following evaluation criteria:

— Speech recognition accuracy: we measured the percentage of correctly recognized commands,
providing a quantitative measure of the system’s ability to accurately transcribe spoken words as
shown in Table 1.

— Command understanding accuracy: we evaluated the percentage of correctly interpreted commands,
reflecting the system’s capacity to extract the intended meaning and parameters from the recognized
speech as shown in Table 2.

— Task completion time: we recorded the time taken to complete various tasks, offering insights into the
system’s efficiency and responsiveness in executing commands.

— Safety: we monitored the number of potentially dangerous situations that were successfully prevented
by the system, highlighting its ability to ensure safe operation and mitigate risks. By meticulously
evaluating the system across these criteria and under diverse conditions, we aim to provide a
comprehensive assessment of its performance, capabilities, and limitations, paving the way for further
advancements in intelligent voice control systems for UAV's and mobile robots.

Table 1. List of words included in the knowledge base of the module with intelligent sound
recognition [30], [31]
Words included in the knowledge base of the intelligent sound recognition module
«ushx»-tip, «qgon»-guest,
«togta»-stop, «basta»-basta,
«zhogary»-supreme, «tusir»-descent,
«koéter»-up, «rejimdi tanday»-mode selection,
«témen tus»-down, «jogary ush»-aerobatics,
«obektini izdex-search for an object «obektini syretke tlsir»-take a picture of the object,
«time»-time, «aragashyqtyg»-distance,
«buryl oggan-turn to the right, «buryl solga»-turn to the left,
«buryl artga»-turn backward, «bailanys bar»-there is a connection,
«bailanys jog»-no connection, «jauap»-answer,
«qartalay-repeat, «operator»-operator,
«Ort»-fire, «sy»-water,
«basqyn»-occupant, «tébeles»-fight,

«totenshe jagdain-emergency,
«tura ush»-get up and fly,
«kémek»-help,

«GPS nukte»-GPS point,
«soltustik polis»-North Pole,
«batus polus»-west pole,
«alga»-forward,
«ongax-to the right,
«tdbmenx»-down,
«tusir»-downbhill,
«témen tls»-down,
«ash»-open,
«Oshir»-off,
«shyg»-dew,
«gabyldanbady»-not accepted,
«dabyl 6rt 01»-01 emergency,

«dabyl dériger»-doctor on call,
«gaz jarlisi 04»-04 fire department,

«180 gradys buryl»-180 degrees turn,
«dabyl ber»-give the signal,
«bailanys»-contacts,
«buiktik orny»-altitude position,
«Ontustik polus»-South pole,
«shygys polis»-east pole,
«artqax»-backwards,

«solgay to the left,
«jogary»-higher,
«koter»-ascent,

«jogary ushy»-the highest,
«jap»-close,

«Kir»-mud,
«gabyldandy»-accepted,
«s1gnal jog»-no signal,
«dabyl polisia 02»-02 police service,
«jedel jardem 03»-03 ambulance.
«gaz jarlisi 04»-04 fire department,
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Table 2. A list of the victim’s frequently uttered rescue sound orders is recorded in the knowledge base of the
module with intelligent sound recognition
Open authorized sound word order
«qutqar»-save,

«Polisia kerek»-need Police,

«Jol apaty»-Road accident,

«Jedel jardem kerek»-need an ambulance,
«kOmektes»-help,

«su basty»-flooded,

«gaz jaryldy»-gas explosion,
«qauiptin-dangerous,

«ort syqty»-fire.

SethiL AR 115200 bad Oax suout

Figure 8. The 7-10 operators in the program setting and recording in the recognition module by the
pronunciation of Kazakh words of command in the Latin alphabet [1], [25], [29]

3. RESULTS AND DISCUSSION
3.1. Gaps in previous research

In this study, an intelligent voice control system for a UAV interacting with a mobile robot was
developed and tested. Although various approaches to voice control of UAVs and robots have been proposed,
the integration of these two systems and ensuring their safe interaction remained understudied. Our work
aims to address this gap by proposing a new architecture and algorithms that enable efficient and safe voice
control of a UAV in combination with a mobile robot. This integration opens up new possibilities for
applications in various fields, such as monitoring extended objects, delivering cargo to hard-to-reach places,
and conducting search and rescue operations.

3.2. Summary of key results

As a result of the experiments, 95% correct recognition of voice commands in the Kazakh language
was achieved in various environmental conditions [37]-[39]. The use of Latin transliteration of Kazakh words
significantly simplified the recognition process, taking into account the pronunciation features of different

Indonesian J Elec Eng & Comp Sci, Vol. 38, No. 2, May 2025: 1061-1072



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 1067

operators. In addition, the system demonstrated high resistance to noise and interference. To evaluate the
recognition accuracy, various metrics were used, such as the word recognition rate (WRR) and the sentence
recognition rate (SRR). The evaluation results are presented in Table 3.

Table 3. Comparison of speech recognition accuracy with other approaches
Metrics ~ Our system (%)  Systems based on hidden markov models ~ Systems based on convolutional neural

(HMM) (%) networks (CNN) (%)
WRR 96 90 94
SRR 92 83 89

The high recognition accuracy achieved by our system, especially when compared to traditional
approaches and even some deep learning-based systems, highlights the effectiveness of our chosen methods
and architecture. This allows for reliable and accurate execution of voice commands, which is a key factor
for successful control of UAVs and mobile robots in real-world conditions. Comparison with other papers.
As shown in Table 3, our system achieves high recognition accuracy for both individual words and entire
commands, outperforming both traditional and deep learning-based systems. This is a critical factor for
effective control of UAVs and mobile robots, allowing the operator to confidently control the system and
minimizing the likelihood of errors.

3.3. Interpretation of results

The obtained results demonstrate the high efficiency of the developed voice control system. The
achieved accuracy of command recognition (95%) exceeds the indicators of many existing systems,
especially in conditions of noise and interference [40]-[45]. This indicates that the use of advanced methods
of deep learning and adaptation to the acoustic environment can significantly improve the quality of speech
recognition, even in difficult conditions. The integration of a mobile robot into the voice control system has
significantly expanded its functionality, opening up new possibilities for application in various fields.
Figure 9 shows a comparison of the command recognition accuracy of our system with other existing systems
under different noise levels. As can be seen from the graph, our system demonstrates consistently high
recognition accuracy even at high noise levels. This is especially important in scenarios where the UAV and
mobile robot may encounter noise from engines, wind, or other sources.
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Figure 9. Comparison of the command recognition accuracy of our system with other existing systems under
different noise levels

Unlike previous studies, our work focuses not only on the voice control of the UAV, but also on its
interaction with the mobile robot, which allows for more complex and integrated tasks [46]-[50]. Such
integration allows for the strengths of both devices to be leveraged, expanding the capabilities of the system
and improving its effectiveness in solving a variety of tasks. For example, a UAV can be used for aerial
reconnaissance and terrain survey, while a mobile robot can perform tasks on the ground, such as collecting
samples or delivering cargo in Figure 10.

Scheme of interaction of UAV with special services-01, 02, 03, 04. Figure 10 shows the scheme of
interaction of the UAV with various emergency services, such as the fire department (01), police (02),
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ambulance (03) and gas service (04). This scheme illustrates how a UAV equipped with a voice control
system can be effectively used to promptly transmit information about emergency situations and
coordinate the actions of rescuers, which helps to reduce response time and improve the efficiency of
rescue operations.
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Figure 10. Scheme of communication of an UAV with special services-01, 02, 03, 04

3.4. Limitations of the study and their potential impact on the results

Despite the achieved results, our work has a number of limitations. First, the accuracy of speech
recognition may decrease in extreme conditions, such as strong wind or high humidity. This may lead to
misinterpretation of commands and the occurrence of dangerous situations. To address this issue, methods to
improve the audio recording quality, such as using directional microphones or noise reduction algorithms,
could be explored. Secondly, the system requires training for each operator, which may be difficult in some
application scenarios, especially when rapid system deployment is required or when operators change
frequently [51]-[53]. To overcome this limitation, methods to adapt the system to new operators with a
minimum amount of training data or to develop universal speech recognition models that do not require
individual tuning could be explored. Thirdly, we did not consider the possibility of integration with other
control systems, such as machine vision or route planning systems. Such integration could extend the
functionality of the system and allow it to perform even more complex tasks, such as autonomous navigation
in complex environments or object recognition and tracking.

3.5. Future research prospects

The results of our study open up a number of prospects for future work. In particular, methods to
improve speech recognition accuracy in extreme conditions could be explored, for example, by using more
advanced noise reduction algorithms or adapting to the acoustic environment. Another promising area is the
development of algorithms for adaptation to new operators without the need for lengthy training,
which will improve the usability of the system and expand the range of its potential users. In addition,
the integration of the voice control system with other control systems, such as machine vision or route
planning systems, can significantly expand its functionality and capabilities.

3.6. Conclusion

This article presents an intelligent voice control system for a UAV interacting with a mobile robot.
The system has demonstrated high command recognition accuracy and control efficiency in various operating
scenarios. The proposed approach to ensuring interaction safety increases the reliability and safety of the
system as a whole. The results of the study confirm the promise of using voice control for UAVs and mobile
robots, opening up new opportunities for their application in various fields. Further research in the field of
improving speech recognition accuracy, expanding functionality and integration with other control systems
will create even more effective and versatile voice control systems capable of solving a wide range of
problems in various fields of activity.
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4. CONCLUSION

This paper presents an intelligent voice control system for a UAV interacting with a mobile robot.
The system successfully integrates advanced NLP and Al techniques, providing reliable recognition and
interpretation of voice commands in the Kazakh language. Experimental results demonstrated high command
recognition accuracy (95%), confirming the effectiveness of the proposed approach. Integrating a mobile
robot into the system expanded its functionality, opening up new application opportunities. The proposed
approach to ensuring interaction security based on context analysis and behavior prediction increases the
reliability and safety of the system. The results of the study confirm the promise of using voice control for
UAVs and mobile robots. Further research is aimed at improving speech recognition accuracy, adapting to
new operators and integrating with other control systems, which will create even more effective and versatile
voice control systems.
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