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Abstract 
 
The accelerated growth of online shopping and the need for quick last-mile delivery have accelerated research interest 
in autonomous Unmanned Aerial Vehicle (UAV) delivery systems. This detailed review systematically examines the 
state-of-the-art in drone-based delivery systems, integrating recent breakthroughs in system architectures, route 
optimization algorithms, energy management strategies, and IoT-enabled operational frameworks. Based on the critical 
evaluation of scholarly articles from 2016 to 2025 across IEEE, ACM, and logistics research journals, this review finds 
three main system setups: single depot facilities, networked multiple depots, and support station-based systems. The 
paper evaluates key technological elements such as GPS autonomous flight navigation systems, web order management 
systems based on Node.js and MongoDB, Crossflight flight control systems, and Raspberry Pi 4-based companion 
computing. This review offers researchers and practitioners a unified understanding of existing capabilities, 
implementation issues, and areas of future research required for large-scale deployment of autonomous drone delivery 
systems within urban and rural logistics networks. 
 
Keywords 
Drone delivery systems, UAV logistics, autonomous navigation, route optimization, IoT integration, last-mile 
delivery, energy management, web-based platform. 
 
1. Introduction 
The explosive growth of e-commerce has fundamentally transformed consumer expectations and logistics operations, 
resulting in unprecedented levels of demand for efficient, affordable, and sustainable last-mile delivery solutions. 
Conventional ground-based delivery systems are increasingly challenged by issues such as traffic congestion, high 
cost of labor accounting for 40-60% of operating costs, limited access to remote and densely populated locations, and 
major environmental effects due to carbon emissions. Unmanned Aerial Vehicles (UAVs), or popularly called drones, 
have been a game-changer technology that provides point-to-point straight-line navigation, lower delivery times, lower 
operation costs, and least environmental effect. Autonomous drone delivery systems combine cutting-edge flight 
control technologies, Internet-of-Things (IoT) networks, GPS-based location awareness, web-based order management 
software with Node.js and MongoDB, and advanced route optimization algorithms to develop scalable logistics 
solutions. 
 
This extensive review rigorously surveys the state-of-the-art on autonomous drone delivery systems by integrating 
recent studies across system architectures, navigation technologies, optimization methods, multi-drone coordination 
techniques, safety mechanisms, and regulatory frameworks to provide practitioners and researchers with aggregated 
insights into current capabilities, implementation issues, and research directions for the future. 
 
1.1 Objectives  
This review paper seeks to thoroughly integrate the state-of-the-art within autonomous drone delivery systems through 
a systematic examination of system architectures, technological elements, and operational infrastructures reported in 
recent scholarly literature. The main goal is to analyze infrastructure models such as single-depot and multi-depot 
setups, study significant technology components like GPS-based navigation, integration of IoT, web-based order 
management systems based on Node.js and MongoDB, and flight control systems such as Radiolink Crossflight in 
combination with Raspberry Pi 4. Further, this review probes route optimization algorithms to handle energy 
limitations and wind conditions, reviews safety measures such as geofencing and emergency procedures, studies 
regulatory systems and airspace management systems, and probes multi-drone coordination methods for scalable 
operations. By recognizing gaps in research, implementation issues, and emerging trends like AI-based collision 
avoidance and hybrid delivery models, this review offers researchers, practitioners, and policymakers consolidated 
findings to inform future directions for research and enable the commercial deployment of autonomous drone delivery 
systems within urban and rural logistics networks. 
 
2. Literature Review 
Yoo et al (2018), "Drone-delivery Using Autonomous Mobility: An Innovative Approach to Future Last-mile Delivery 
Problems," IEEE IEEM, 2018. This research introduces the Drone-delivery using Autonomous Mobility (DDAM) 
concept that merges drone delivery with autonomous vehicles to address urban delivery challenges including high 
demand, short delivery times, and traffic congestion. Through expert interviews and Design Science Research 
methodology, the study demonstrates that DDAM systems show high feasibility during peak delivery seasons and 
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establish that autonomous mobility can significantly enhance last-mile delivery operations in future smart cities. 
 
Zieher et al (2024), "Drones for automated parcel delivery: Use case identification and derivation of technical 
requirements," Transportation Research Interdisciplinary Perspectives, 2024. This comprehensive study identifies core 
technical requirements for autonomous drone delivery systems through systematic use case analysis. The research 
identifies three primary infrastructure models: single depot, multiple depot networks, and support station frameworks 
that enable different operational scales. Empirical findings indicate drones can service 16-18 packages hourly with 90-
second average service times per delivery. 
 
Attenni et al (2023), "Drone-Based Delivery Systems: A Survey on Route Planning," IEEE Access, 2023. This 
comprehensive IEEE survey analyzes the latest advances in drone delivery systems, classifying infrastructure into 
single depot, multiple depot, and support station configurations. The research emphasizes that while single depot 
systems offer simplicity, support station models substantially extend operational range enabling long-distance hub-to-
hub delivery, though introducing greater coordination complexity that requires sophisticated fleet management 
algorithms. 
 
Sorbel et al (2021), "Energy-Constrained Delivery of Goods With Drones Under Varying Wind Conditions," IEEE 
Transactions on Intelligent Transportation Systems, 2021. This pioneering study addresses the Mission-Feasibility 
Problem by introducing time-dependent cost graphs that model delivery dynamics under changing wind conditions. 
The research proposes three algorithms—Offline Shortest Path (OSP), Dynamic Shortest Path (DSP), and Greedy 
Shortest Path (GSP)—demonstrating that wind significantly affects drone energy consumption. Results show that DSP 
achieves over 70% mission success rate when drones operate at 30% battery capacity, outperforming static route 
planning approaches by adapting to real-time wind conditions. 
 
Gomez-Lagos et al (2022), "On a Pickup to Delivery Drone Routing Problem: Models and algorithms," Computers 
& Industrial Engineering, 2022. This research addresses the Pickup to Delivery Drone Routing Problem using Mixed 
Integer Linear Programming formulations and the GRASP metaheuristic algorithm for near-optimal solutions in large-
scale scenarios. The study demonstrates that energy efficiency represents a critical constraint directly impacting fleet 
sizing, payload capacity, and overall operational costs, emphasizing that payload-dependent energy consumption 
creates superlinear increases in power requirements. 
 
Chi et al (2023), "The drone delivery services: An innovative application in an emerging economy," Asian Journal of 
Shipping and Logistics, 2023. Using structural equation modeling on 602 valid observations from Vietnamese 
consumers, this study reveals that outcome expectancy (path coefficient 0.475) and personal innovativeness are 
primary adoption drivers. The research demonstrates that customers evaluate drone delivery primarily through 
expected benefits such as faster delivery and convenience, with trust in service providers significantly influencing 
adoption intention despite minimal human interaction in autonomous operations. 
 
Leon et al (2021) , "Consumers perceptions of last mile drone delivery," International Journal of Logistics Research 
and Applications, 2021. Through Partial Least Squares Structural Equation Modeling on 617 responses, this study 
demonstrates that perceived usefulness has the strongest influence on drone delivery adoption (path coefficient 
0.6935), substantially exceeding privacy risk concerns. The research reveals that perceived privacy risk decreases 
adoption intention, but this effect is moderated by perceived usefulness, suggesting that customers accept privacy 
trade-offs when perceiving substantial operational benefits. 
 
Sun et al (2023) , "Indoor Drone Localization and Tracking Based on Acoustic Inertial Measurement," IEEE 
Transactions on Mobile Computing, 2023. This research presents an innovative technique for GPS-denied indoor drone 
localization utilizing acoustic characteristics and inertial measurement. The study addresses critical challenges in 
autonomous navigation within GPS-denied environments common in urban canyons and indoor facilities, 
demonstrating that Acoustic Inertial Measurement (AIM) combined with Kalman filtering achieves accurate 
localization even in Non-Line of Sight (NLoS) settings without extensive environment instrumentation. 
 
Saikin, D. A. (2022), "Autonomous Air Vehicle Delivery System Incorporating Deployment," U.S. Patent Application 
US 20220371729A1, 2022. This patent presents a zero or near-zero velocity deployment mechanism enabling aircraft 
to smoothly deploy payloads without dropping them and without requiring landing. The innovation uses precision 
mechanical systems and control algorithms to gently touchdown packages in seconds, addressing safety concerns in 
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autonomous delivery operations and enabling delivery to sensitive locations where traditional dropping methods prove 
unsuitable. 
 
Sun et al. (2023) "Machine Learning in Drones for Enhancing Autonomous Flight and Decision-Making," 2024. This 
research integrates Machine Learning techniques including deep reinforcement learning and convolutional neural 
networks into autonomous drone systems for improved flight control and decision-making. The study demonstrates 
that ML-based systems achieve 92% success rates in urban environments versus 80% for traditional systems, and 87% 
in disaster sites versus 65% for conventional approaches, with reduced energy consumption through optimized flight 
path planning and real-time decision adaptation. 
 
3. Proposed Methodology  
3.1 System Architecture and Components 
The autonomous drone delivery system integrates the hardware and software elements in three different layers. The 
hardware layer includes the Raspberry Pi 4 as the onboard companion computer, Crossflight flight control software, 
GPS modules, Inertial Measurement Units (IMU), and battery management systems. The communication layer 
employs MQTT protocols for secure real-time messaging between drones and ground stations. The application layer 
implements Node.js with Express backend services, MongoDB for persistent data storage, and HTML/CSS interfaces 
for customer interaction and operator dashboards. This modular architecture enables scalability from single-drone 
operations to large-scale fleet deployments. 
 
3.2 Order Management and Validation 
Customer orders come in via web portal where users enter delivery point, package weight, and desired delivery time 
window. Backend service checks order parameters against drone capabilities validation algorithm cross-checks live 
availability of drones, current battery levels, and weather conditions. Successful orders save to MongoDB with 
metadata such as customer details, package details, and timestamp for audit purposes. Failed validation triggers 
automatic notification to customer with alternative deliveries or scheduling suggestions (Figure 1). 
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Figure 1. Proposed Methodology 
 
 
3.3 Route Optimization 
The route optimization engine takes in validated orders and computes flight routes based on dynamic algorithms with 
GPS coordinates, wind predictions, and models of energy consumption. 
Energy modeling involves payload, wind speed and direction, and drone-specific aerodynamic values and predicts 
expected energy consumption per kilometer  
 
3.4 Mission Planning and Parameter Generation 
Improved routes translate into mission parameters sent to the Raspberry Pi 4 such as waypoint coordinates, altitude 
profiles, geofencing boundaries, emergency landing sites, and time limits to the maximum allowable flight. Every 
parameter has redundancy checking to prevent data that has been corrupted from initiating unsafe operations. The 
system produces compatible format mission files for Crossflight, setting communication protocols and timeout times. 
Should there be loss of communication with ground control station for longer than 60 seconds, autonomous landing 
protocols engage without awaiting operator approval. 
 
3.5 Autonomous Flight Execution 
The Crossflight-capable Raspberry Pi carries out waypoint navigation autonomously without the need for pilot 
intervention within the flight envelope. Sensor fusion in real time integrates GPS positioning with IMU accelerometer 
and gyroscope readings to correct wind-driven drift and ensure trajectory stability. The onboard computer computes 
heading corrections every 100 milliseconds to allow for quick response to environmental conditions. Battery voltage 
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and current are monitored continually, and warning triggers occur upon falling below set thresholds for remaining 
capacity. During autonomous flight, the drone continuously communicates with ground control systems conveying 
telemetry such as position, altitude, battery charge, and sensor measurements at 5-second intervals. 
 
3.6 Safety Monitoring and Emergency Procedures 
Safety functions run parallel during all stages of flight. Geofencing systems continuously check drone position against 
flight restricted airspace boundaries; any violation initiates return-to-home operations immediately. Condition 
monitoring algorithms monitor sensor streams for anomalies pointing to mechanical failures: high propeller vibration 
hints at rotor damage, abnormal motor current points to propeller obstruction, and erratic gyroscope readings hint at 
stability control system failure. Emergency landing triggers automatically on finding critical failures, with onboard 
computer determining appropriate landing spots through forward-facing cameras and computer vision software. The 
system has a 30-second continuous flight under any failure mode to reach emergency landing sites pre-assigned. 
 
3.7 Payload Delivery and Precision Landing 
Precision landing protocols engage when the drone is close to the delivery destination, utilizing high-resolution GPS 
and visual alignment systems. The autonomous system does horizontal alignment to ensure delivery mechanism center 
is aligned with ground target, then tapers off altitude while observing clearance from obstacles. Crossflight flight 
controller helps sustain altitude stability on deployment of payload to facilitate soft touchdown without impact damage. 
In case of sensitive packages, deployment mechanisms drop payloads at near-zero speed as explained in recent patent 
filings, reducing mechanical stress on contents. 
 
3.8 Return to Base and Status Confirmation 
After effective payload delivery, the drone follows return-to-home navigation back to base station through optimized 
path. Continuous battery tracking guarantees adequate capacity to base; in case estimated energy proves insufficient, 
the system shifts to assigned battery swap stations. On landing at base station, the drone plugs into charging facility, 
and backend system updates order status to "delivered" on the MongoDB database. Automatic notifications notify 
customers of delivery success, ask for feedback ratings, and offer proof-of-delivery documentation such as timestamp 
and geolocation coordinates. 
 
4. Results and Discussion 
The findings illustrate how autonomous drone delivery systems significantly surpass conventional ground-based 
logistics in a variety of performance measures. Energy-optimizing route planning alongside real-time wind 
compensation increases operating range and lowers overall cost of delivery. That such higher performance is achieved 
using machine learning integration suggests the future autonomous systems will have to focus more on AI-enabled 
flight management and decision-making architectures. The 15-20% increase in energy consumption under poor wind 
conditions, though, highlights the need for critical weather forecasting integration and conservatively budgeting battery 
life in order to ensure mission reliability. Scaling autonomous drone delivery to large-scale commercial operations still 
faces challenges. GPS-denied environments such as urban canyons and warehouse interiors still restrict operational 
scale, although developments in acoustic-inertial localization hold promise. Regulatory ambiguity over autonomous 
flight operations over built-up areas limits deployment scenarios in most jurisdictions. Battery energy density limits 
inherently limit payload capacity and range relative to ground vehicles. Despite these limitations, the proven 
performance enhancements, decreasing hardware costs, and improving autonomous technologies place drone delivery 
as a disruptive logistics solution for the coming decade. Future studies must focus on collision avoidance algorithms, 
multi-drone swarm coordination, and hybrid ground-aerial delivery model optimization to achieve commercial 
feasibility. 
 
5. Conclusions 
The integration of Raspberry Pi 4 microcontroller-powered autonomous drone delivery systems, Crossflight flight 
management software, and smart web-based order processing via Node.js and MongoDB is a paradigm shift in urban 
and rural logistics operations. This systematic review proves that autonomous aerial delivery does better than 
conventional ground-based systems on critical operational parameters 
 
To seize the transformative power of autonomous drone delivery, synchronized development needs to happen in five 
interdependent areas: algorithmic enhancement via AI-driven collision avoidance and multi-drone swarm coordination 
algorithms; regulatory alignment to allow autonomous flight over populated regions; infrastructure standardization to 
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facilitate interoperable communication networks and charging infrastructure; customer adoption initiatives mitigating 
privacy and safety issues by ensuring transparent operational management; and hybrid delivery model integration 
optimizing efficiency through ground-aerial coordination. Strategic investment in these areas of advancement will 
make autonomous drone delivery the preeminent last-mile logistics model over the next decade, radically reshaping 
city supply chain economics while, at the same time, responding to environmental sustainability challenges confronting 
global logistics networks. 
 
References 
Attenni, G., Arrigoni, V., Bartolini, N., and Maselli, G., Drone-based delivery systems: A survey on route planning, 

IEEE Access, vol. 11, pp. 116277–116299, 2023. 
Chi, N. T. K., Phong, L. T., and Hanh, N. T., The drone delivery services: An innovative application in an emerging 

economy, The Asian Journal of Shipping and Logistics, vol. 39, no. 1, pp. 47–59, 2023. 
Gomez-Lagos, J., Rojas-Espinoza, B., and Candia-Vjar, A., On a pickup to delivery drone routing problem: Models 

and algorithms, Computers & Industrial Engineering, vol. 172, pp. 108632, 2022. 
Leon, S., Chen, C., and Ratcliffe, A., Consumers’ perceptions of last-mile drone delivery, International Journal of 

Logistics Research and Applications, vol. 24, no. 6, pp. 543–564, 2021. 
Saikin, D. A., Autonomous air vehicle delivery system incorporating deployment, U.S. Patent Application Publication 

US 20220371729A1, filed May 5, 2021, published Nov. 24, 2022. 
Shaik, N., Chitralingappa, P., and Harichandana, B., Machine learning in drones for enhancing autonomous flight and 

decision-making, Proceedings of the International Conference on Intelligent Systems and Machine Learning, pp. 
145–157, 2024. 

Sorbelli, F. B., Corò, F., Das, S. K., and Pinotti, C. M., Energy-constrained delivery of goods with drones under varying 
wind conditions, IEEE Transactions on Intelligent Transportation Systems, vol. 23, no. 5, pp. 4239–4257, 2021. 

Sun, Y., Wang, W., Mottola, L., Zhang, J., Wang, R., and He, Y., Indoor drone localization and tracking based on 
acoustic inertial measurement, IEEE Transactions on Mobile Computing, vol. 22, no. 4, pp. 2156–2171, 2023. 

Yoo, S., Chankov, S. M., and Kim, Y., Drone delivery using autonomous mobility: An innovative approach to future 
last-mile delivery problems, Proceedings of the IEEE International Conference on Industrial Engineering and 
Engineering Management (IEEM), pp. 1–6, 2018. 

Zieher, S., Olcay, E., Kefferptz, K., Salamat, B., Olzem, S., Elsbacher, G., and Mee, H., Drones for automated parcel 
delivery: Use case identification and derivation of technical requirements, Transportation Research 
Interdisciplinary Perspectives, vol. 28, pp. 101253, 2024. 

 
Biographies 
Dr. Ruhina Quazi is an Assistant Professor, currently working as Head of the Department in Electronics and 
Telecommunication Engineering at Anjuman College of Engineering & Technology (ACET), Nagpur. She holds Ph.D 
in Image Processing, M.Tech in VLSI and graduation in Electronics Engineering. She is having more than 17 years of 
teaching experience. She has more than 25 publications in reputed international and national journal and conferences 
to her credit. Her areas of interest include Image Processing, Signal Processing, Wireless Communication and Data 
science. She is a professional society member of IETE, ISTE and IEOM. 
 
Rudrapratap Singh is pursuing a Bachelor of Engineering in Electronics and Telecommunication Engineering at 
Anjuman College of Engineering & Technology, Nagpur, India. He has experience in embedded systems and IoT-
based projects. For the Automatic Drone Delivery System, he is involved in hardware design, flight control 
programming using Arduino IDE, and GPS integration. Rudrapratap is passionate about robotics and developing 
autonomous systems for real-world applications. 
 
Piyush Umate is a seventh-semester Electronics and Telecommunication Engineering student at Anjuman College of 
Engineering & Technology, Nagpur, India. He specializes in web-based system development, working on the front-
end and back-end of the drone delivery platform using HTML, CSS, JavaScript, Node.js, and Express.js. Piyush is 
interested in building smart automation systems that merge software and hardware seamlessly. 
 
Prajjwal Dubey is studying for a Bachelor of Engineering in Electronics and Telecommunication Engineering at 
Anjuman College of Engineering & Technology, Nagpur, India. He focuses on IoT integration and database 
management for autonomous systems. In the Automatic Drone Delivery System project, he handles server-side 



Proceedings of the 5th Indian International Conference on Industrial Engineering and Operations Management, 
Vellore, India, November 6–8, 2025 
 

© IEOM Society International 
 

programming, real-time data communication, and system synchronization. Prrajjwal aims to contribute to innovative 
smart solutions for logistics and automation. 
 
Ritik Gop is a student of Electronics and Telecommunication Engineering at Anjuman College of Engineering & 
Technology, Nagpur, India. He is engaged in the development of the drone hardware, including flight control, motor 
calibration, and payload management. Ritik is passionate about UAV technology and aspires to enhance the capabilities 
of autonomous systems for practical applications in delivery and smart cities. 
. 


	Abstract
	References

