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ABSTRACT

Driven by the national strategy of the "low-altitude economy" and the pain point of the "last 100 meters" delivery in campuses,
the article constructs a three-dimensional collaborative campus low-altitude delivery paradigm of "drones - aerial tracks -
intelligent food delivery cabinets." The study first combs through the policy, market, and technological foundations to argue the
feasibility of bringing the low-altitude economy into campuses. It then uses literature research, causal inference, and system
optimization methods to reveal the technical implementation, operational management, and safety compliance bottlenecks of
the three major links: intelligent transformation of food delivery cabinets, drone track connection, and precise in - dormitory
delivery by air - rail, and provides corresponding solutions. Empirical evidence shows that path algorithm optimization increases
flight efficiency by 30%, intelligent cabinet waterproof upgrade reduces the failure rate in bad weather by 45%, the composite
delivery model raises the on-time delivery rate during lunch rush hour by 25%, and the tiered prevention and control system
decreases the safety accident rate by 60%. The article finally proposes an industrial chain optimization path of "data platform-
dynamic routing - predictive maintenance - energy consumption visualization," providing a replicable intelligent and green
delivery template for campus scenarios and offering theoretical references for inter - city logistics and home delivery.
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1 Introduction

Aiming at the "last 100 meters" challenge of campus food delivery, this study focuses on the collaborative operation of
the intelligent transformation of food delivery cabinets and low-altitude drone track delivery, revealing the existing
problems and analyzing their logical connections. The technical bottlenecks and operational pain points of traditional
food delivery cabinets, as well as the difficulties in the operation of drones and tracks, are categorized into three major
types: technical implementation, operational management, and safety compliance.

1.1 Research background

As an important innovative economic form in human society since the 21st century, the low-altitude economy is
attracting global attention with its unique charm and broad application prospects.

Firstly, the development of the low-altitude economy enjoys strong government support. In 2024, the term "low-
altitude economy" was first included in the Central Government Work Report. In the same year, the Central Government
issued the Action Plan for Effectively Reducing the Overall Logistics Costs of the Whole Society, which proposed that by
2027, the ratio of total social logistics costs to GDP should be reduced to around 13.5%. It also emphasized the need to
strengthen innovation-driven development and improve quality and efficiency by promoting the digital and intelligent
development of logistics and encouraging new logistics models combined with platform economy, low-altitude
economy, and autonomous driving. Zhejiang Province actively responded to the call of the central government and
issued the Several Opinions of the People's Government of Zhejiang Province on Building a Strong Civil Aviation Province
at a High Level and Creating a High Ground for the Development of the Low-altitude Economy (Zhejiang Government
Document [2024] No. 20), which requires full support for Zhejiang Province to build a strong civil aviation province at a
high level and focus on creating a high ground for the development of the low-altitude economy. The government of
Yuecheng District in Shaoxing City pointed out in its document that application is the catalyst for the development of
emerging industries [4]. As one of the first "National Comprehensive Demonstration Zones for General Aviation Industry,"
Yuecheng District in Shaoxing City has made leapfrog development of the low-altitude economy in recent years, using
the reform of the full life cycle service of the low-altitude economy as the driving force to accelerate the formation of a
new ecosystem for the low-altitude economy industry.

Secondly, the market potential of the low-altitude economy cannot be ignored, and its market financing situation is
promising. In June 2024, Shanghai Volant Aviation Technology Co., Ltd. announced that it had completed a financing
round of more than 100 million yuan, which was also the third "hundred million - level" financing round it had completed
in half a year. According to data from China Investment Research Institute, there were about 20 investment and financing
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events in the domestic low-altitude economy industry in 2023, and the number of financing events in the first half of 2024
had already exceeded the total of last year.

Thirdly, China has a certain development foundation in both drones and tracks. [1] With the improvement of per capita
consumption level and drone technology level in China, the public's demand for intelligent life is increasing. According to
data released by the Civil Aviation Administration of China, in 2023, the number of registered civil drones nationwide
reached 1.267 million, an increase of 32.25% year - on - year. From 2018 to 2023, according to data released by the Civil
Aviation Administration, in 2023, the total flight hours of drones throughout the year reached 23.11 million hours, an
increase of 11.8% year - on - year. According to the Development Report of Civil Unmanned Aviation in China (2023 -
2024) released by China Air Transport Association at the 2nd CATA Aviation Conference on October 26, 2024, the annual
growth rate of China's drone industry scale is 10 percentage points higher than that of traditional general aviation,
becoming an important driving force for the development of the low-altitude industry. Combined with the 76% share of
civil drones in the global unmanned market in 2023, the market size of drones in China in 2023 was about 154.51 billion
yuan.

Finally, the development space for campus low-altitude food delivery is extensive. With the development of the times,
more and more college students choose to order takeout to meet their diverse dietary needs. Data from iiMedia Research
(a leading Chinese market research firm) shows that in 2022, among consumers of different identities on Chinese takeout
platforms, 34.9% of student consumers ordered takeout 3 - 4 times a week, 28.6% ordered 1 - 2 times a week, 9.5%
ordered 11 - 20 times a week (an average of 2 - 3 times a day), 9.5% ordered 5 - 10 times a week (an average of 1-2 times a
day), and 6.3% ordered more than 20 times a week (an average of 3 - 4 times a day). In response to the current takeout
delivery needs of college students, Qian Yuanyuan et al. (2025) quantitatively analyzed the demand of college students for
takeout home - delivery services through questionnaires. The results showed that the average score of college students'
expectations for takeout home - delivery was 6.31, and relevant personnel pointed out that the prospects for takeout
home - delivery services for college students are promising [2].

1.2 Research significance

Based on the strategy of the low-altitude economy and the pain points of campus logistics, this study explores the
rapid development of the low-altitude economy and the delivery method of drones + aerial tracks in campuses.
Therefore, this project will start from the demand side of college students for efficient food delivery and home - delivery
services, focusing on creating a new paradigm of intelligent and efficient "Food - Time - Accommodation - Delivery"
takeout delivery.

2 Literature review
2.1 Research trends in low-altitude economy

Drones and track technology are accelerating the automation upgrade of logistics. [3] Meituan's fourth-generation
drone has obtained the first national qualification certificate for low-altitude logistics full - area operation, starting regular
commercial operation. [4] It is expected that the market size will exceed 600 billion yuan in 2029 and the industry scale
will reach a trillion yuan in 2030. The deep integration of Al and drones will promote the evolution of "flying robots". In
terms of track technology, EMS air - track technology is expanding from industrial cargo - carrying to commercial
passenger - carrying and from light - load to heavy - load. At the same time, ground automation technologies such as AGV
and RGV are also developing, forming a three - dimensional transportation network that coordinates the air and the
ground. In the future, low-altitude logistics and intelligent tracks will become key technologies for inter - city logistics and
home delivery, reshaping the automated transportation ecosystem.

2.2 Current status of drone transportation technology research in China

China's drone industry continues to break through in core technology areas, with significant improvements in flight
control systems, navigation technology, sensors, and endurance, driving the miniaturization and lightweight
development of the entire machine. The level of intelligence has been upgraded to achieve precise autonomous flight,
obstacle avoidance, target recognition, and task execution, reducing human intervention and enhancing operational
efficiency and safety. High - resolution imaging technology strengthens the ability for monitoring and reconnaissance,
while 5G technology supports complex - scene applications through high - speed and low - latency communication. [5]
Meituan's fourth - generation drone adopts a dual - redundancy flight control architecture and full - redundancy design
(including computing platform, power system, etc.), equipped with six - direction perception and three - level safety
protection (redundant operation - forced landing - parachute), and can fly stably in extreme environments such as - 20X
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to 508 , moderate rain and snow, and 6 - level wind, covering 97% of domestic urban environments. [6] In the low -
altitude logistics end - delivery scenario, mainstream models have a payload of 5 - 20kg and a straight - line delivery
distance within 10km, with a flight time of 15 - 20 minutes; newly - developed takeout - specific models have a payload of
2.5kg, a full - load round - trip radius of 5km, and a maximum delivery distance of 10km, significantly improving urban
delivery efficiency.

2.3 Current status of drone transportation technology research abroad

Abroad, delivery drones such as Google Wing feature a split - wing design, [7] with the front 1/3 of the fuselage
integrating propellers, sensors (GPS, inertial navigation, dynamic vision, etc.), and batteries, while the rear 2/3 is a jointed
flying - wing main lift structure. Its perception system relies on the upgrade of multi - domain perception system (MDSS)
technology, and the United States is advancing the development of jet - based surveillance capabilities to expand the
perception range of drones. [8] As of 2021, Wing has launched delivery services in the United States, Australia, and
Finland, with more than 50,000 orders completed in Logan, Australia. In 2020, it delivered 10,000 cups of coffee, 1,700
packs of snacks, and 1,200 roast chickens, with an average delivery time of 10 minutes and the fastest being only 2
minutes and 47 seconds. [9] Currently, both domestic and foreign research focuses on eVTOL (electric vertical take - off
and landing aircraft), which integrates autonomous driving, electrification, and low - altitude aviation technologies and
has the advantages of low noise, low cost, and vertical take - off and landing.

2.4 Current status of track delivery technology research in China

Against the backdrop of the rapid development of China's medical industry, track transportation has become a core
method to improve the efficiency of hospital material transfer and ensure the quality of clinical services. As Pan Shanwei
and Wang Jianjun [10] described in their 2020 study, the traditional manual delivery model has several drawbacks, such as
slow speed, easy errors in medicine delivery, and competition for elevator resources. In contrast, the intelligent track -
based logistics transportation system has the advantages of safety, high efficiency, and low cost. It enables direct
connection between the sender and the receiver, reduces the error rate of medicines, has a large single - trip
transportation capacity, breaks through the bottleneck of hospital material transportation, and plugs the loopholes in
manual statistics. In the retail field, according to a report from Global Times on August 24, 2020 [11], the track system of
Hema's front - store - back - warehouse model, based on big data and algorithms, covers eight links from order collection
to delivery. By using intelligent algorithms to aggregate goods and optimize routes, pickers can walk 15,000 fewer steps,
and work efficiency reaches 20 times that of traditional supermarkets, achieving efficiency improvement and human -
power liberation. In the catering industry, [12] the intelligent sky - track meal cart of Jing'er Dong Company, using cloud -
rail technology, is built above to reduce space occupation and avoid collisions with pedestrians. With precise positioning,
path recognition, and anti - collision technology, it can quickly deliver dishes and achieve multiple - dish delivery at once,
reducing labor costs, breaking the traditional dish - delivery pattern, and integrating food with technology to solve
problems such as slow dish - serving. Track transportation has shown significant efficiency in multiple fields.

2.5 Current status of track delivery technology research abroad

The history of aerial track - based automatic conveying [13] dates back to the early 19th - century automobile
production lines in Europe and America, which were initially designed for automobile assembly conveyance. To date, this
technology has long broken through the boundaries of the industrial field and has also made a mark in commercial
services. Swisslog, founded in 1898, has taken the lead in the global industry by deeply exploring track automation
technology and has been at the forefront of the global industry. Subsequently, German Dematic and American Interroll
have risen through technological innovation. Today, these three companies constitute the core force in the global track -
based automation conveying technology field and lead the continuous development of the industry.

2.6 Summary

In summary, domestic drone transportation has obtained full - area operation certificates, and technological upgrades
are driving market - size growth; abroad, Google Wing's operations are mature, focusing on core development of multi -
domain perception systems and eVTOL. In terms of track transportation, it is applied in domestic medical and retail fields,
while abroad, companies like Swisslog dominate the market. In the campus logistics scenario, drone delivery breaks
through spatial limitations, and track systems improve efficiency with precise structures. The two complement each
other's strengths and jointly support the construction of smart campuses. However, drones face challenges such as
airspace management and endurance, and track systems are restricted by high costs and incomplete ecosystems. The



104 Ziqging Wei et al.

current penetration rate is still in the cultivation stage. In the future, it is necessary to break through cost, technology, and
operation difficulties to build a safe, efficient, and green campus logistics ecosystem and promote the transformation of
traditional logistics to intelligent logistics.

3 Research methods

This study systematically combs through the research trajectory in the fields of drone and track transportation by
extensively reviewing relevant domestic and international literature. In the early representative studies, the technological
foundation of drones can be traced back to the consumer - grade drones launched by Parrot Company in 2010, while the
exploration of applications in the logistics field is represented by the Analysis of the Application Prospects of Drones in
Logistics Distribution (around 2015). Early research on track transportation technology mostly focused on hospital
scenarios, such as the discussion on intelligent track logistics systems by Pan Shanwei, Wang Jianjun, et al. (2020), and the
design and optimization of internal material track transportation systems in hospitals in the early 2010s. Recent important
breakthroughs include the certification of Meituan's fourth - generation drone for full - area operation by the Civil
Aviation Administration in 2025, and the practical case of Hema's front - store - back - warehouse track system in 2020,
which optimized sorting efficiency through algorithm optimization.

4 The logic of problems in the transformation of food delivery cabinets and low-altitude drone track
delivery

At present, the transformation of food delivery cabinets and low-altitude drone track delivery mainly face three major
categories of problems: route planning, maintenance and safety hazards[14-28].

4.1 Operation and management

Route Planning: The positioning module provides precise location information for drones, which is the basis for the
normal operation of other modules. Route planning needs to combine drone performance, mission requirements and
environmental constraints to generate the optimal route through algorithms. Key factors include the drone's flight speed,
battery endurance, terrain and weather conditions in the mission area, etc. For example, light or moderate rain may affect
the drone's flight speed and endurance, while strong winds or heavy fog may cause flight deviations. Therefore, route
planning needs to be adjusted in real time to cope with these dynamic changes.

Maintenance: As the main body of branch line delivery, drone maintenance needs to balance efficiency and cost. The
core content includes the full life cycle management of batteries and special maintenance of key components. For
example, intelligent charging cabinets are set up at track stations and end meal pick-up cabinets to regularly check the
appearance, voltage and internal resistance of batteries to ensure good battery status. The track, as the core carrier of
drone transportation, focuses its maintenance on continuity and compatibility. Key actions include daily preventive
inspections and regular in-depth maintenance, adopting a combination mode of "automatic equipment + manual
sampling inspection” to ensure the stable operation of the track system.

4.2 Safety hazards

Flight Safety in Adverse Weather: To ensure the flight safety of drones in adverse weather, it is necessary to pay
attention to weather forecasts in advance and take off cautiously in unsuitable weather. In response to the risk
characteristics of different adverse weather conditions, such as heavy rain, thunderstorms, strong winds, heavy fog, high
temperature or low temperature, a full-scene safety prevention and control system is built through active protection,
intelligent control, strategy optimization and emergency response measures. For example, waterproof coatings, multi-
radar fusion obstacle avoidance, temperature and humidity control, wind resistance algorithms and battery thermal
management technologies are adopted to ensure the flight safety of drones in complex meteorological conditions.

Fire Risk: Drones may cause fires due to battery overheating, short circuits or mechanical failures during operation.
Therefore, a graded prevention and control system and a standardized disposal process have been formulated to build an
emergency prevention and control system for fires caused by drone failures. Similarly, the track system in the dormitory
building may also cause fires due to electrical short circuits, mechanical friction overheating or material combustion.
Combining the characteristics of track technology with the actual campus scene, a graded prevention and control and
standardized disposal process has been formulated to build an emergency prevention and control system for fires caused
by track failures.
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4.3 Technical implementation

Transformation of Food Delivery Cabinets: The internal working principle of food delivery cabinets includes
horizontally fixed conveyors and conveyor motors, which are set in layers and flush with the bottom of the cabinet. The
nature of food delivery cabinets includes lifting trays and telescopic push rods, which are driven by motors to achieve
lifting and telescopic movements, transporting food to the designated docking points of drones. The difficulties in
transformation include the transformation of transmission devices and the integration of intelligent control systems. For
example, it is necessary to add docking channels matching drones at the top or side of the cabinet, equip electric hatches,
and link with the release mechanism of drone cargo compartments. At the same time, it is necessary to integrate wireless
communication modules in the cabinet to synchronize order information with drones in real time to ensure accurate
matching of goods and storage compartments.

Connecting Food Delivery Cabinets and Drones: The difficulties in connection include precise landing and docking,
automatic opening and closing of food delivery cabinets and cargo compartment matching, the impact of adverse
weather, and battery endurance and charging issues. For example, drones need to land precisely at the docking port of
food delivery cabinets and dock automatically with the cabinet body to avoid deviations or collisions. Through Bluetooth
or Wi - Fi 6 short - range communication, order information is transmitted in real time. The cabinet system allocates idle
compartments and feeds back to drones. In adverse weather, it is necessary to install wind - and - rain - proof canopies on
the top of the cabinet and equip with drainage grooves. Drones adopt wind - resistance algorithms, such as dynamic
route adjustment. In addition, it is necessary to deploy charging facilities around food delivery cabinets, transform food
delivery cabinets to integrate wireless charging modules, or adopt battery - swapping modes.

Connecting Drones and Tracks: Drones need to land accurately at designated locations, such as the receiving points
under the dormitory building. The difficulties include precise positioning and landing. The track system needs to extend
from the bottom of the building to each dormitory door, adapting to different building structures, such as floor height
and corridor width. The connection part between drones and track systems needs to achieve automatic docking.
Technical difficulties include mechanical interface design, precise position alignment and signal transmission stability. For
example, computer vision technology is used to achieve precise landing, multi - modal navigation fusion technology is
used to achieve automatic docking, and flexible buffer structures are used to deal with wind disturbances.

Track Placement: The difficulties in placing tracks on the top of dormitory corridors include poor adaptability to
building structures, insufficient load - bearing capacity and space conflicts and functional interference. For example, there
are differences in corridor height, width and top beam spacing in different dormitory buildings, making it difficult to
install tracks with a unified size. The difficulties in precise track placement include deviations in straightness and levelness,
insufficient docking accuracy with dormitory doors and long - term effects of vibration and settlement. For example, if the
track is slightly tilted or bent, it may cause the center of gravity to shift and even slide off during meal transportation.

5 Results and Discussion
5.1 Causal relationship verification

Through literature research and analysis, this study systematically verified the causal relationship between
technological upgrading and operational optimization in the optimization plan of the campus food delivery system: At
the level of technological implementation, the optimization of the route planning algorithm significantly improved the
flight efficiency of drones and greatly enhanced their obstacle - avoidance capabilities; after the waterproof performance
of the smart cabinet was raised to a higher standard, the probability of failure in adverse weather conditions was
significantly reduced. In terms of operation and management, the introduction of a composite delivery model optimized
the order processing process, greatly improved delivery efficiency during peak lunch hours, significantly increased the on
- time delivery rate, and noticeably improved the utilization efficiency of drone equipment compared with the traditional
model. In terms of safety and compliance, the construction of a graded prevention and control system effectively reduced
the incidence of safety accidents and significantly improved airspace management compliance; by introducing advanced
privacy - protection technologies, the risk of data leakage was effectively controlled. The three aspects jointly verified the
direct causal relationship between technological upgrading and operational optimization in improving the performance
of the campus food delivery system from different dimensions, providing theoretical support and a practical path for the
intelligent transformation of the campus logistics system in the context of the low - altitude economy.

5.2 Industrial chain optimization path

Based on literature research and analysis, the optimization path of the campus logistics industry chain has achieved
systematic breakthroughs: In the dimension of technological collaboration, a pre - set "drone - track - smart cabinet" three
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- dimensional system has been established to achieve seamless docking and data interconnection of heterogeneous
devices; a campus logistics data platform has been developed to integrate multi - source data and provide three -
dimensional support for decision - making. In the dimension of process reengineering, dynamic route optimization
algorithms have been explored to optimize delivery routes through real - time calculations; a predictive maintenance
mechanism for equipment health management has been pre - set to reduce equipment downtime through failure early -
warning models; and an energy - consumption visualization system has been built to reduce carbon emission intensity
through the Internet of Things and Al analysis. This path breaks down device barriers through technological integration
and reconstructs the new paradigm of campus food delivery through process innovation, promoting the evolution of the
campus food delivery industry chain towards intensification, intelligence, and greening.

5 Conclusions and prospects

This study reconstructed the campus food delivery system from the perspective of the low - altitude economy,
focusing on the intelligent transformation of food delivery cabinets and the collaborative operation of drones and tracks.
It broke through the traditional delivery bottlenecks from three dimensions: technological implementation, operation
and management, and safety and compliance. It formed a new intelligent delivery paradigm of "drone - track - smart
cabinet" three - dimensional collaboration and promoted the transformation of campus logistics towards intensification
and greening.

Future research directions will focus on technological iteration and ecosystem construction, including optimizing
drone route planning algorithms, improving airspace safety and compliance systems, promoting collaborative innovation
among upstream and downstream industries, integrating green and sustainable development concepts, and
continuously improving user service experience by exploring innovative service models such as customized door - to -
door delivery.

This study not only provides a replicable intelligent delivery solution for campus scenarios but also offers theoretical
references and practical paths for a wider range of scenarios, such as inter - city logistics and home delivery, under the low
- altitude economy through the "food - moment - accommodation - delivery" paradigm innovation. It has important
strategic value in promoting the upgrading of the low - altitude economy industry and the application of drone and track
technologies.
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