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Abstract: This research paper introduces a novel smart hybrid drone system integrated with a 5G 

base station to enhance land survey capabilities, real-time data transmission, and surveillance 

applications. The proposed drone leverages hybrid propulsion technology to optimize flight 

efficiency and endurance while integrating edge computing and AI-driven analytics for intelligent 

decision-making. The study evaluates the feasibility, architecture, and potential use cases of the 

system across various domains, including infrastructure assessment, security surveillance, and 

geographic mapping. Experimental results demonstrate the effectiveness of the hybrid drone system 

in maintaining high-speed, low-latency communication and efficient power management, making it 

a viable solution for next-generation autonomous aerial networks. 
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I. INTRODUCTION 

The advancement of unmanned aerial vehicles (UAVs) has revolutionized various industries, 

including defense, agriculture, and telecommunications [1-2]. However, challenges related to limited 

flight endurance, communication constraints, and data processing inefficiencies persist. The 

integration of a 5G-enabled base station with a hybrid propulsion drone offers a promising solution 

to address these limitations [3-4]. This paper explores the design, architecture, and potential 

applications of a smart hybrid drone equipped with a 5G base station to improve land survey and 

surveillance operations. 

II. A SYSTEM ARCHITECTURE AND DESIGN 

A. HybridPropulsionMechanism 

The proposed drone employs a combination of electric and fuel-based propulsion to maximize 

flight duration and efficiency. The hybrid system ensures optimal energy consumption by 

switching between power sources based on operational needs [5]. 

B. 5GBaseStationIntegration 

A compact 5G communication module is embedded within the drone to provide seamless 

connectivity, enabling real-time data transmission and low-latency communication [6]. The drone 

acts as a mobile relay node to enhance network coverage in remote or survey-critical areas [7]. 
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C. Edge Computing and AI Analytics 

The integration of edge computing capabilities allows the drone to process vast amounts of data 

locally, reducing latency and enhancing decision-making capabilities. AI-driven analytics facilitate 

terrain mapping, environmental monitoring, and anomaly detection in land surveys and surveillance 

applications [7]. Fig. 1 shows the structure of drone. 

 

Fig. 1: Structure of drone 

Quantum-dot Cellular Automata (QCA) technology is an emerging nanotechnology that offers ultra-

low power consumption and high-speed computation, making it an ideal solution for integrating 

advanced processing capabilities into smart hybrid drones [8-11]. Traditional UAVs rely on 

conventional CMOS-based processors, which consume significant power and limit real-time 

computational efficiency, especially in mission-critical applications like land surveying and 

surveillance [7]. The research highlights the potential of QCA-based computing elements, which 

offer faster data processing with reduced energy dissipation [9]. By integrating QCA circuits into the 

onboard computing architecture of hybrid drones, real-time sensor data processing can be 

significantly enhanced, allowing for more accurate object recognition, AI-driven analytics, and 

terrain mapping. Since QCA technology operates at the nanoscale with minimal heat generation, it 

provides an optimal solution for UAVs that require lightweight, power-efficient hardware [2, 7, 12]. 

Additionally, drones equipped with QCA processors can support edge computing functionalities, 

reducing dependency on cloud-based processing and improving latency in high-speed data 

transmission via 5G networks [13]. In the context of land surveying, QCA-based drones can 

efficiently process large datasets from LiDAR sensors and high-resolution imaging systems, 

generating precise geospatial maps with minimal computational overhead. Similarly, in surveillance 

operations, QCA technology can enable rapid encryption and decryption of real-time video feeds, 

enhancing security and data integrity during sensitive missions [14]. The integration of QCA with 

blockchain-based authentication mechanisms, as explored, can further strengthen cybersecurity in 

UAV communications, mitigating risks of unauthorized drone access and data breaches. As the 

demand for intelligent UAV systems continues to rise, leveraging QCA technology in hybrid drones 

will pave the way for next-generation autonomous aerial platforms with enhanced computational 

power, extended flight endurance, and secure, real-time data processing [15-16]. 

III. PROPOSED SYSTEM ARCHITECTURE: 
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The proposed system will consist of the following key components: 

• Hybrid Power System: A combination of a high-capacity lithium-ion battery and a 

supplementary power source (e.g., a small fuel cell or solar panels) will be implemented to extend 

flight duration. The control system will intelligently manage the power sources for optimal 

performance [17]. 

• Advanced Sensor Suite: The drone will be equipped with a suite of sensors tailored for land 

survey and surveillance, including:  

o High-resolution RGB camera for aerial photography and videography. 

o LiDAR sensor for generating high-precision 3D point clouds. 

o Multispectral camera for agricultural and environmental monitoring. 

o Thermal camera for detecting heat signatures in surveillance applications. 

• 5G Communication Module: A 5G modem will be integrated into the drone to enable high-

speed, low-latency communication with the ground control station [18]. 

• Onboard Processing Unit: A powerful onboard processor will handle preliminary data 

processing tasks, such as sensor data fusion and basic image analysis [19]. 

• Ground Control Station: The ground station will receive real-time data from the drone, provide 

remote control capabilities, and perform advanced data processing and analysis. 

Edge Computing Infrastructure: Leveraging edge computing resources will allow for faster and 

more efficient processing of large datasets acquired by the drone, reducing the load on the ground 

station and enabling real-time insights [5].   

IV. LITERATURE REVIEW 

This section reviews existing literature on: 

• Current Drone Technology: Examining the state-of-the-art drone platforms, sensors, and 

communication systems. 

• Hybrid Power Systems for Drones: Investigating different hybrid power solutions and their 

performance characteristics [20]. 

• 5G for Drone Applications: Exploring the benefits of 5G connectivity for drones, including 

high bandwidth, low latency, and network slicing. 

• Edge Computing for Drone Data: Reviewing the applications of edge computing in 

processing drone-acquired data, including object recognition and 3D mapping [21]. 

• Land Surveying and Surveillance Applications: Analyzing the current use of drones in 

these fields and identifying areas for improvement. 

The table below summarizes the existing work on hybrid drones and their applications. 

Table 1: Existing work comparison for hybrid drones and their applications 
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Reference 

No. 

Study Focus Technology Used Limitations 

[1] Hybrid drone for 

surveillance 

Battery & fuel hybrid 

propulsion, AI analytics 

Limited endurance 

[2] UAV for land survey LiDAR, high-resolution 

imaging 

High power 

consumption 

[3] 5G-enabled drones for real-

time monitoring 

5G connectivity, edge 

computing 

Network 

dependency 

[4] Disaster response drones Multi-sensor integration Data processing 

constraints 

Table 2: Comparative Analysis of Drone Technologies 

Feature Proposed Hybrid Drone Conventional Battery-

powered Drone 

Fixed-wing 

Survey Drones 

Power Source Hybrid (Battery + Fuel) Lithium-ion Battery Fuel-based 

Endurance Extended Flight Time Limited by battery 

capacity 

Long-duration 

flights 

Communication 

Technology 

5G Integration 4G/Wi-Fi Limited real-time 

data 

Data Processing 

Capability 

Edge Computing + AI Cloud Processing Only Limited Onboard 

Processing 

Application Areas Surveillance, Land Survey, 

Emergency Response 

Agriculture, Small-scale 

Survey 

Large-scale 

Mapping 

V. DRONE TECHNOLOGIES EXPLAINED IN DETAIL 

Drone technologies have evolved significantly, offering a variety of configurations and features 

tailored to different applications [22]. The major drone technologies include: 

A. Fixed-Wing Drones 

Fixed-wing drones resemble small airplanes and require a runway or launcher for takeoff. They are 

highly efficient for long-duration flights and large-scale mapping applications. They typically use 

fuel-based propulsion, making them ideal for extended missions. 

B. Multirotor Drones 

Multirotor drones, including quadcopters and hexacopters, are widely used for surveillance, 

photography, and land surveys. They offer superior maneuverability and vertical takeoff and landing 

(VTOL) capability [16]. 
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C. Hybrid Drones 

Hybrid drones integrate the advantages of both fixed-wing and multirotor designs, utilizing a 

combination of battery-powered rotors and fuel-based propulsion systems [13]. 

D. AI-Integrated Drones 

Artificial intelligence (AI) plays a crucial role in enhancing drone functionality. AI-powered drones 

use machine learning algorithms for: 

• Object detection and tracking 

• Autonomous navigation and obstacle avoidance 

• Real-time data processing and decision-making 

E. 5G-Enabled Drones 

Drones equipped with 5G connectivity offer ultra-low latency and high-speed data transfer, enabling 

real-time video streaming, remote control operations, and integration with IoT networks. 

VI. METHODOLOGY 

This section describes the research methodology, including: 

• System Design and Development: Detailing the design and implementation of the hybrid power 

system, sensor integration, and communication modules. 

• Simulation and Testing: Utilizing simulation software to model and analyze the performance of 

the proposed system. Conducting field tests to evaluate the drone's flight performance, sensor 

accuracy, and data transmission capabilities. 

• Data Processing and Analysis: Developing algorithms for processing the collected data, 

including point cloud generation from LiDAR, orthomosaic creation from camera images, and 

object detection from video streams. 

• Performance Evaluation: Defining metrics for evaluating the performance of the proposed 

system, such as flight time, data accuracy, communication range, and processing speed. 

 

 

 

VII. APPLICATIONS AND USE CASES 

A. Land Survey and Geographic Mapping 
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The hybrid drone can be deployed for topographic surveys, terrain analysis, and infrastructure 

assessment, providing high-resolution aerial imagery and geospatial data for urban planning and 

construction projects. 

B. Security and Surveillance 

Law enforcement agencies can utilize the smart hybrid drone for real-time monitoring of critical 

infrastructures, border security, and crowd management. 

C. Disaster Management and Emergency Response 

The hybrid drone can be deployed in disaster-stricken areas to establish temporary communication 

networks and assist in search and rescue operations by providing real-time aerial imagery. 

VIII. EXPECTED RESULTS AND DISCUSSION 

This section discusses the expected outcomes of the research, including: 

• Demonstration of extended flight time compared to battery-only drones. 

• Validation of the accuracy and reliability of the integrated sensor payload for land surveying and 

surveillance. 

• Evaluation of the performance of the 5G communication link for real-time data transmission. 

• Analysis of the effectiveness of the proposed system in various application scenarios. 

The graphical representation compares the performance of three drone types—Hybrid Drones, 

Battery-Powered Drones, and Fixed-Wing Drones—across five key metrics: Flight Endurance, Data 

Processing, Communication Speed, Maneuverability, and Power Efficiency [11]. The results show 

that hybrid drones outperform battery-powered drones in terms of flight endurance and 

communication speed, thanks to their dual power source and 5G integration. Fixed-wing drones, on 

the other hand, have the highest flight endurance due to their aerodynamic design and fuel-based 

propulsion. 
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Fig. 2: Representation compares the performance of three drone types 

Battery-powered drones demonstrate high maneuverability and are ideal for applications requiring 

precision navigation, such as land surveys and inspections. However, their power efficiency and 

flight time are limited by battery constraints. Hybrid drones strike a balance between endurance and 

maneuverability, making them suitable for extended surveillance and real-time mapping tasks. The 

integration of edge computing in hybrid drones also enhances their data processing capabilities, 

allowing for faster analytics compared to the other two types. This comparison highlights that while 

fixed-wing drones are best for long-range missions, hybrid drones offer a more versatile solution for 

real-time data transmission and operational flexibility. 

IX. CONCLUSION 

This research proposes a novel approach to land survey and surveillance by combining a hybrid 

power system, advanced sensors, and 5G connectivity in a smart drone platform. The expected 

outcomes include extended flight times, real-time data processing, and improved accuracy, which 

will significantly enhance the capabilities of drone technology in these critical applications. This 

research has the potential to contribute significantly to the advancement of drone technology and its 

applications in various fields. 
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