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Abstract
Background. The modular robotic platform is implemented using the “ro-

bot-constructor” principle. The basic platform includes standardized interfaces for 
connecting various modules – specialized chassis for different types of surfaces, ma-
nipulators for cargo handling, and sensor systems for navigation and environmental 
monitoring. This architecture allows the robotic platform to be quickly adapted to 
specific customer needs without the need to develop a completely new solution. 
The platform demonstrates particular practical value in agro-ecological monitoring, 
where the modular architecture allows for the rapid adaptation of sensor equipment 
for analyzing key soil parameters.

Purpose. To present the architectural and functional design of a modular ro-
botic platform implementing the “robot-constructor” principle and to justify its 
effectiveness as a basis for creating adaptive ground systems within the national 
aerospace infrastructure.

Materials and methods. The development of a modular self-propelled robotic 
platform was carried out within the framework of system engineering: conceptual 
design → synthesis of architecture → selection of components → integration of 
subsystems → verification on a physical layout. The design is based on a lightweight 
and rigid metal frame that allows quick replacement of modules (chassis, manipu-
lators, sensors). For work in the agricultural sector, it is possible to switch from a 
wheeled to a tracked base. 

Localization and orientation are implemented using visual odometry and sim-
plified SLAM (ORB-SLAM2 light) for building 2D maps. Motion control is a 
multi-contour PID controller: the external contour corrects the deviation from 
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the trajectory according to the video (P+D), the internal one stabilizes the speed 
according to the encoder data (I-component). The software platform is ROS  
2 Humble (Python 3.10). Key nodes: - vision_node – marker recognition  
(OpenCV + TensorFlow Lite); - navigation_node – route construction and cor-
rection (RRT); - control_node – engine control with adaptive PID adjustment 
depending on the weight of the cargo; - telemetry_node – data export to JSON/
CSV and integration with ERP/MES via REST API. A sensor module is used to 
monitor the soil: multispectral cameras, humidity, temperature, pH, nutrient sen-
sors, and a sampling device.

Results and conclusion. During the project, a modular self-propelled robot-
ic platform was developed and physically prototyped, functioning as a universal 
ground component within the domestic Aeronet ecosystem. A unified mechan-
ical and electrical platform with standardized connection interfaces (mechani-
cal – quick-release dovetail mounts; electrical – GX16-4P industrial connectors; 
software – ROS 2-compatible topics), ensuring the modularity of the chassis, 
manipulators, sensor complexes, and actuators. 

A visual navigation system has been developed and tested.
Based on OpenCV and fine-tuned YOLOv5, an algorithm for recognizing color 

lines, QR codes, and natural landmarks has been implemented. The platform has 
been integrated into the educational process at Melitopol State University in four 
areas of training. 

The study confirmed the fundamental feasibility and high efficiency of the 
modular robotic platform as a tool for converging the Aeronet and Technet NTI 
roadmaps. The developed solution successfully combines the characteristics of 
technological sovereignty (domestic component base, open-source stack, rejec-
tion of dependent technologies), economic affordability, and functional flexi-
bility.

The practical significance of the project is due to its dual purpose: 
1) as an import-substituting industrial solution for the automation of intra-plant 

logistics at small and medium-sized enterprises; 
2) as a multifunctional educational and research platform that forms a personnel 

reserve in the field of robotics, AI, and digital manufacturing.
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Научная статья

МОДУЛЬНАЯ РОБОТИЗИРОВАННАЯ ПЛАТФОРМА 
ДЛЯ АВТОМАТИЗИРОВАННОЙ СИСТЕМЫ 

МОНИТОРИНГА ПОЧВ

В.С. Попрядухин, В.В. Черкун, Д.А. Милько,                                                      
А.А. Парахин, А.Е. Нарыков

Аннотация
Обоснование. Модульная роботизированная платформа реализуется по прин-

ципу «робота-конструктора». Базовая платформа включает унифицированные ин-
терфейсы для подключения различных модулей – специализированных шасси для 
разных типов покрытий, манипуляторов для грузопереработки, сенсорных систем 
для навигации и мониторинга окружающей среды. Такая архитектура позволя-
ет быстро адаптировать роботизированную платформу под конкретные задачи 
заказчика без необходимости разработки полностью нового решения. Особую 
практическую значимость платформа демонстрирует в задачах агроэкологическо-
го мониторинга, где модульная архитектура позволяет оперативно адаптировать 
сенсорное оборудование для анализа ключевых параметров почв.

Цель. Представить архитектурное и функциональное решение модульной 
роботизированной платформы, реализующей принцип «робота-конструкто-
ра», и обосновать его эффективность как основы для создания адаптивных 
наземных систем в составе национальной аэронет-инфраструктуры.

Материалы и методы. Разработка модульной самоходной роботизиро-
ванной платформы выполнена в рамках системного инжиниринга: концеп-
туальное проектирование → синтез архитектуры → выбор компонентов → 
интеграция подсистем → верификация на физическом макете. Конструкция 
основана на лёгкой и жёсткой металлической раме, допускающей быструю 
замену модулей (шасси, манипуляторы, сенсоры). Для работы в агросекторе 
обеспечена возможность перехода с колёсной на гусеничную базу. Локали-
зация и ориентация реализованы с помощью визуальной одометрии и упро-
щённого SLAM (ORB-SLAM2 light) для построения 2D-карт. Управление 
движением – многоконтурный PID-регулятор: внешний контур корректирует 
отклонение от траектории по видео (P+D), внутренний стабилизирует ско-
рость по данным энкодеров (I-компонента). Программная платформа – ROS 
2 Humble (Python 3.10). Ключевые узлы: - vision_node – распознавание марке-
ров (OpenCV + TensorFlow Lite); - navigation_node – построение и коррекция 
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маршрута (RRT); - control_node – управление двигателями с адаптивной на-
стройкой PID в зависимости от массы груза; - telemetry_node – экспорт дан-
ных в JSON/CSV и интеграция с ERP/MES через REST API. Для мониторинга 
почвы используется сенсорный модуль: мультиспектральные камеры, датчики 
влажности, температуры, pH, питательных веществ и устройство отбора проб.

Результаты и заключение. В ходе реализации проекта разработана и фи-
зически прототипирована модульная самоходная роботизированная платфор-
ма, функционирующая как универсальный наземный компонент в составе 
отечественной аэронет-экосистемы. Разработана унифицированная механи-
ко-электрическая платформа с интерфейсами стандартизированного подклю-
чения (механические – быстросъёмные крепления типа «ласточкин хвост»; 
электрические – промышленные коннекторы типа GX16-4P; программные – 
ROS 2-совместимые топики), обеспечивающая модульность шасси, манипу-
ляторов, сенсорных комплексов и исполнительных устройств. 

Разработана и протестирована система визуальной навигации.
На основе OpenCV и fine-tuned YOLOv5 реализован алгоритм распозна-

вания цветовых линий, QR-кодов и естественных ориентиров. Платформа 
интегрирована в учебный процесс Мелитопольского государственного уни-
верситета по 4 направлениям подготовки. 

Проведенное исследование подтвердило принципиальную реализуемость 
и высокую эффективность модульной роботизированной платформы как ин-
струмента конвергенции дорожных карт НТИ «Аэронет» и «Технет». Разрабо-
танное решение успешно сочетает признаки технологического суверенитета 
(отечественная компонентная база, open-source стек, отказ от зависимых тех-
нологий), экономической доступности и функциональной гибкости.

Практическая значимость проекта обусловлена его двойным назначением: 
1) как импортозамещающего промышленного решения для автоматизации 

внутризаводской логистики у предприятий малого и среднего бизнеса; 
2) как многофункциональной образовательно-исследовательской платфор-

мы, формирующей кадровый резерв в области робототехники, ИИ и цифро-
вых производств.

Ключевые слова: роботизированная платформа; экосистема Аэронет; си-
стема RFID-идентификации; компьютерное зрение; модульный конструктор
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Introduction 
In the context of global digital transformation and Russia’s commitment to tech-

nological sovereignty, projects implementing the principles of the National Tech-
nology Initiative are particularly important. The Technet (advanced manufacturing 
technologies) and Aeronet (distributed unmanned aerial vehicle systems) roadmaps 
define the development trajectory for emerging markets, and their convergence 
opens new opportunities for creating integrated solutions. It is at the intersection of 
these strategic areas that the modular self-propelled robotic platform project is being 
developed at Melitopol State University. This technological product represents a 
universal ground platform for integration into the Aeronet ecosystem and addresses 
urgent import substitution needs. The platform’s modular design, which embodies 
the robot-constructor concept, is particularly noteworthy. The basic platform in-
cludes standardized interfaces for connecting various modules – specialized chassis 
for different types of surfaces, manipulators for material handling, and sensor sys-
tems for navigation and environmental monitoring. This architecture enables rapid 
adaptation of the robotic platform to the customer’s specific needs without requiring 
the development of an entirely new system. 

Purpose. To present an architectural and functional solution for a modu-
lar robotic platform that implements the “robot-constructor” principle and to 
substantiate its effectiveness as a foundation for developing adaptive ground 
systems within the national aerospace infrastructure.

Materials and methods 
The development of a modular self-propelled robotic platform was de-

veloped using a systems engineering approach with a sequential progression 
through the following stages: conceptual design → architecture synthesis → 
component selection → subsystem integration → verification on a physical 
mock-up.

The platform’s design is based on a modular mechanical frame made of 
metal profiles, ensuring rigidity, low weight, and rapid replaceability functional 
modules (chassis, manipulators, sensor units). To improve cross-country perfor-
mance on uneven and soft surfaces (in the agricultural sector), the wheelbase 
can be replaced with a tracked module.

Environmental data are collected using a multisensor system:
The platform’s orientation and localization are based on a visual odometric 

approach. A pretrained model provides real-time marker-based positioning. The 
SLAM (Simultaneous Localization and Mapping) algorithm is implemented in a 
simplified form (ORB-SLAM2 light) for generating 2D maps of agricultural land.
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A multi-loop PID controller is used to control motion along a specified tra-
jectory:

•	 outer loop – image-based correction of line deviation (P- and D-compo-
nents);

•	 inner loop – speed control and stabilization based on encoder data 
(I-component for drift compensation).

•	 The core software stack is implemented in Python 3.10 within the ROS 
2 Humble environment, which provides modularity, distributed node 
execution, and compatibility with industry standards. Key nodes:

•	 vision_node – video processing and marker recognition (OpenCV + 
TensorFlow Lite);

•	 navigation_node – route generation based on map A and real-time cor-
rection (RRT);

•	 control_node – motor control through PWM with adaptive PID param-
eter tuning depending on the payload (estimated from motor current);

•	 telemetry_node – data acquisition and export in JSON/CSV formats for 
subsequent integration into a digital twin (including ERP/MES systems 
via a REST API).

For soil monitoring, the platform is equipped with a specialized sensor mod-
ule, including:

•	 multispectral cameras for assessing vegetation indices
•	 soil moisture and temperature sensors
•	 electrochemical sensors for measuring pH and nutrient content
•	 sampling devices for laboratory analysis (lowercase s for consistency)

Results
The relevance of this development is driven by the increasing need to 

automate logistics processes in industrial facilities, the agro-industrial com-
plex, and warehouse operations infrastructure. Modern production and lo-
gistics chains require reliable, precise, and safe cargo transport over short 
and medium distances. Market analysis shows that existing industrial solu-
tions from leading international companies (such as MiR Robots, Boston 
Dynamics, and KUKA) present several constraints for Russian companies, 
including high cost, difficulty adapting to specific requirements, dependence 
on foreign technical support, and potential risks of sanctions. The proposed 
platform (Figure 1) effectively fills this market niche, offering a technolog-
ically advanced, affordable, and versatile solution tailored to the real needs 
of domestic industry.
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Fig. 1. Model of a modular self-propelled robotic platform

The project’s technology stack is a complex of interconnected solutions that 
ensure the platform’s high functionality and adaptability. The navigation sys-
tem elies on computer vision implemented via the OpenCV library, allowing 
the platform to navigate using visual markers (colored lines, QR codes, and 
natural features). This approach ensures complete independence from satellite 
positioning system signals (GPS/GLONASS), which is critical for stable oper-
ation indoors – in warehouses, workshops, and logistics centers – where tradi-
tional navigation methods are ineffective. To ensure smooth and stable motion, 
PID controllers are used, which compensate for external disturbances in real 
time such as uneven surfaces, changes in load weight and alignment, and fluc-
tuations in supply voltage. PID control algorithms continuously adjust motor 
power, ensuring precise tracking of the intended path even under challenging 
operating conditions.

The platform can also be equipped with plant health monitoring sensors for 
agricultural applications, RFID cargo identification systems for warehouse ap-
plications, and manipulators for precise component delivery to assembly lines 
for production facilities.

The project’s software is implemented in Python, enabling flexible devel-
opment and extensive integration of artificial intelligence components. The 
current software architecture allows for the straightforward integration of ma-
chine learning modules to solve complex problems, such as object recognition 
and classification, semantic segmentation of the surrounding environment, and 
movement prediction in dynamic environments. The system is already capa-
ble of processing data from multiple sensors (lidars, ultrasonic sensors, inertial 
measurement units) and constructing a map of the surrounding environment 
for optimal route planning.

Within the framework of the Technet roadmap, the robotic platform being 
developed represents a practical tool for implementing the principles of Fac-
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tories of the Future. Traditional automated intralogistics systems often require 
a complete redesign of infrastructure and significant investment, making them 
inaccessible to small and medium-sized enterprises. In contrast, a modular solu-
tion based on computer vision can be implemented in stages, with minimal 
modifications to the existing infrastructure – simply applying floor markings 
or installing visual markers. This is particularly important given the need for 
rapid reconfiguration production and logistics processes in response to chang-
ing market conditions.

The robotic platform produces substantial volumes of telemetry data – data 
on routes traveled, operation times, obstacles encountered, and energy con-
sumption. These data can be integrated into enterprise management systems 
and used to build a digital twin of logistics flows. This digital twin enables 
route optimization, modeling of various operational scenarios, and forecasting 
of the load on logistics infrastructure – all of which is fully aligned with the 
key goals of Technet in terms of creating cyber-physical systems and digitaliz-
ing production.

For the Aeronet ecosystem, the ground-based robotic platform is becoming 
a critical element, completing the “last-meter” logistics segment. Modern un-
manned aircraft systems effectively solve medium- and long-distance delivery 
problems, but encounter limitations when it comes to pinpoint delivery directly 
to a workstation or a designated area of an enterprise. The platform being de-
veloped addresses this issue by enabling seamless integration of air and ground 
logistics chains. In a practical use case, an unmanned aerial vehicle delivers 
cargo to an unloading area (a dedicated platform or building rooftop), where it 
is picked up by a ground robot for final delivery directly to the recipient. This 
type of operation is particularly in demand at large-scale industrial facilities 
with distributed infrastructure, in logistics hubs, and in agricultural complexes 
with large areas.

A promising area of ​​project development is the creation of a unified soft-
ware environment for controlling diverse robotic systems. The use of Python 
and ROS (Robot Operating System) creates the technical prerequisites for uni-
fying navigation algorithms, route planning, and obstacle avoidance for air and 
ground robotic platforms. This aligns with the fundamental principles of Aer-
oNet as an ecosystem of distributed intelligent systems capable of cooperating 
and collaboratively addressing complex problems. In agriculture, such inte-
gration enables the creation of an autonomous complex where UAVs monitor 
fields and carry out aerial treatments, while ground platforms perform targeted 
fertilizer application, soil sampling, and harvest transportation.
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The project’s significant potential lies in its educational and personnel devel-
opment components. The integration of the platform into the educational pro-
cess at Melitopol State University represents a strategic investment in training 
skilled specialists for high-tech industries. The platform serves as a multifunc-
tional educational platform for students majoring in robotics, mechatronics, 
artificial intelligence, and information systems and technology. It provides prac-
tical skills in programming microcontrollers (Arduino, ESP32) and single-board 
computers (Raspberry Pi), implementing computer vision algorithms, configur-
ing automatic control systems, and working with sensor systems. The study of 
modular design principles and system integration is particularly valuable – key 
competencies for digital transformation engineers.

The platform’s educational potential is realized through several formats. In 
the basic course, students are introduced to the system architecture and basic op-
erating principles. Advanced modules involve programming specific functions 
and algorithms. The most advanced students participate in research projects to 
improve individual platform subsystems. This multi-layered approach ensures 
the training of highly skilled engineers capable of working at the cutting edge 
of Technet and Aeronet technologies.

The robotic platform has well-defined market prospects and commercial-
ization potential. The primary market segments for implementation are B2B 
(industrial enterprises, logistics operators, agricultural holdings), B2G (educa-
tional institutions, research centers, healthcare facilities), and, to a limited ex-
tent, B2C (DIY community, technology enthusiasts). Competitive advantages 
include adaptability to Russian operating conditions, competitive cost (two to 
three times lower than foreign equivalents), the ability to quickly customize to 
meet customer needs, complete technological independence, and compliance 
with import substitution requirements.

The development roadmap includes plans to create several platform modifi-
cations: a basic educational version, an industrial version for operation in chal-
lenging conditions, and a specialized version for integration with UAV systems. 
In parallel, methodological materials for educational institutions and technical 
documentation for industrial enterprises are being developed.

The robotic modular platform, being developed at Melitopol State Universi-
ty, represents a successful example of the deep convergence of NTI technologi-
cal trends. For Technet, the project is an effective tool for flexible and accessible 
automation, a catalyst for the spread of smart manufacturing principles. For 
Aeronet, the development is becoming a key ground-based element that closes 
the logistics cycle and enhances the efficiency of the entire ecosystem of dis-
tributed unmanned systems. 
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Conclusion 
A self-propelled robotic platform has been developed that functions as a uni-

versal ground component within the domestic AeroNet ecosystem. Key results:
A unified mechanical–electrical platform with standardized connection inter-

faces (mechanical – quick-release dovetail fasteners; electrical – industrial GX16-
4P connectors; software – ROS 2-compatible topics) has been developed, enabling 
modularization of the chassis, manipulators, sensor systems, and actuators. 

A visual navigation system has been developed and tested.
An algorithm for detecting color lines, QR codes, and natural features is 

implemented using OpenCV and fine-tuned YOLOv5. Indoor positioning ac-
curacy is as follows:

•	 QR code: ±12 mm;
•	 Color line (30 mm width): ±25 mm at speeds up to 1.2 m/s;
•	 Marker-free mode (ORB-SLAM2 Light): ±65 mm at distances of up to 

15 m.
The system demonstrates resilience to changing illumination (50–1000 lux) 

and partial occlusion of markers.
The platform has been integrated into the educational process at Melitopol 

State University across four academic programs.
An air-to-ground logistics scenario was implemented: a UAV (octocopter 

with a 5 kg payload) delivers cargo to the landing pad, the robotic platform au-
tomatically identifies the container via an RFID tag and delivers it to the des-
ignated point. The full cycle time is 4.2 minutes (including landing and cargo 
transfer), with final delivery accuracy of ±30 mm.

The study confirmed the technical feasibility and high efficiency of the mod-
ular robotic platform as a tool for converging the NTI AeroNet and TechNet 
roadmaps. The developed solution successfully combines the characteristics 
of technological sovereignty (domestic component base, open-source stack, 
elimination of dependency on external technologies), economic accessibility, 
and functional flexibility.

The practical significance of the project stems from its dual purpose:
1) as an import-substituting industrial solution for automating intraplant 

logistics for small and medium-sized businesses;
2) as a multifunctional educational and research platform that supports talent 

development in the fields of robotics, AI, and digital manufacturing.
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