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Abstract: Due to their advantages in hovering, takeoff and landing adaptability, maneuverability, and other factors,
rotary-wing unmanned aerial vehicles (UAVs) are widely applied across many different fields. The UAVs' design
and configuration can be quite flexible to fit diverse operation conditions. The major goal of innovations in rotary-
wing UAVs is to lower operating risk and expense by optimizing payload and structure layout. This study examines
three aspects of rotary-wing UAV design and evolution: the number and arrangement of rotors, hybrid-wing-based
UAVs, and configuration and loading structures. The most current advancements of UAV applications in crucial
industries, including agriculture, fire rescue, inspection and monitoring, and aerial logistics, are then thoroughly
examined. Finally, the authors discussed the prospective uses for rotary-wing UAV design in the future.

Keywords: Rotary-wing unmanned aerial vehicles (UAVs); Configuration design; Hybrid-wing-based UAVs;
Application

1. Introduction

Rotary-wing unmanned aerial vehicles (UAVs), also known as unmanned helicopters, are highly common
unmanned aircrafts that use a single main rotor with an anti-torque system or multiple rotors to provide lift and
change direction. The opposite of rotary-wing UAVs are fixed-wing UAVs, which produce lift by rubbing airflow
against surfaces like wings and fuselage. The main benefits of rotary-wing UAVs include the ability to hover,
better operating flexibility and maneuverability, and adaptability to various takeoff and landing conditions. Over
the years, rotary-wing UAVs have evolved to meet the demands of various industries, including agriculture, search
and rescue, inspection and monitoring, logistics, and transportation.

The rotary-wing UAVs were chosen by the Time magazine as one of the top ten technology products in 2014
due to their broad range of industrial applications and quick technological advancements. According to research,
the use of UAVs will continue to increase, and by 2022, it is predicted that the market for them will be worth a
considerable $20 billion [1]. The "Made in China 2025" government plan, which the State Council of the P.R.C.
announced in 2015 [2], encourages the industrialization of UAVs. The desire for novel application scenarios and
fierce market rivalry drives the UAVs' continuous technological improvement, but at the same time, the
requirements and standards for UAV products get harder to meet. As a result, both the government and the market
try to drive the important research on rotary-wing UAVs. Rotor-wing UAV performance and design have greatly
advanced in recent years.

To meet various mission needs, rotary-wing UAVs can have a wide range of features and configurations. There
is no unified way to categorize the family of rotor-wing UAVs [3]. Rather, they are frequently divided based on
factors like the number of rotors, weight, power source, fuselage structure, endurance, flight range, and application.
The most typical way to classify rotor-wing UAVs is by the number of rotors: single-rotor, twin-rotor, tri-rotor,
quadri-rotor, hexa-rotor, octo-rotor, etc.; the greatest can have up to 18 rotary wings. The classification based on
weight is also commonly accepted, but the acceptable weight range varies depending on the industry.

Drones are categorized into three classes in an overview of military drones employed by the UK armed forces
based on the minimum take-off weight as well as the intended application and operating conditions. According to
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Table 1, the International Affairs and Defense of the UK has classified UAVs into three primary classes, namely
Class I, Class II, and Class III. Class I can be further split into f our smaller groups (a, b, ¢, and d) [4]. UAVs are
divided into three categories by the Australian Civil Aviation Authority (CASA), including micro-UAVs, which
weigh less than 0.1 kg, small UAVs, which weigh between 0.1 kg and 150 kg, and large UAVs, which weigh more
than 100 kg [5]. Cai et al. [6] proposed a more detailed weight-based division for UAVs less than 25 kg based on
six different features.

Table 1. Weight-based categorization by the international affairs and defense of the UK [5]

Class Type Weight
Class I (a) Nano W<200g
Class I (b) Micro 200g<W<2kg
Class I (c) Mini 2kg<<W<20kg
Class I (d) Small 20kg<<W<150kg

Class 11 Tactical 150kg<<W<600kg
Class IIT MALE/HALE/Strike W>600kg

Public interest in the commercial sector has turned to the classification of rotary-wing UAVs as per their power
source. Since rotary-wing UAVs' durability and the range of their applications are closely tied to their driven
energy source, energy application has always been a crucial area for technological advancement in rotary-wing
UAYV design. The associated energy and power densities define the majority of modern power sources [7]. In
particular for the quadrotor, up to 90% of the rotor-wing UAVs on the market are electrically driven [8]. The
electrically powered rotary-wing UAVs utilize a variety of batteries, as indicated in Table 2.

Due to practical limitations on battery pack weight, Li-Po and Li-lon batteries are frequently used because of
their smaller weight and higher specific energy. However, UAVs often have limited endurance; with Li-PO
batteries, they can only fly for 90 minutes [9]. Drone fuel comes in a variety of forms, with hydrogen fuel cells
now enjoying the most popularity [10]. Fuel cells are more frequently selected for extended endurance
circumstances compared to batteries [11]. Although traditional fuels like gasoline and diesel have higher energy
densities [12], their fuel engines, which are often big and heavy, have significantly more intricate designs and
speed controls. Therefore, conventional fuels are rarely employed in rotor-wing UAVs due to size and weight
restrictions.

Table 2. Features of different battery types [7]

Battery type Pb-acid  NiMH Li-ion Nicad  Li-Po  Li-air Li-SOCL
Nominal cell voltage (V) 2.1 1.2 3.6-3.85 1.2 2.7-3 2.91 3.5
Energy density (Wh/kg) 30-40 60-120 100-265  40-60 100-265 11140  500-700
Power density (W/kg) 180 250-1000  250-340 150  245-430 11400 18
Cycle life <350 180-2000 400-1200 2000 500 700 NR *
Charge/Discharge efficiency (%)  50-95 66-92 80-90 70-90 90 93 6-94
Self-discharge rate (%) 3-20 13.9-70.6  0.35-2.5 10 0.3 1-2 0.08
Rating 12V 12V 3.6V 12V 3.7V NR * 3.6V
2Ah 2Ah 2Ah 1.8Ah 2Ah 2.2Ah

Note: NR means non-rechargeable.

A single power source will always have certain downsides. Hence, it is wise to mix various energy sources to
create a hybrid energy driving UAV. This allows the propulsion system to take advantage of both sources'
advantages while balancing their disadvantages [13]. The hybrid driven technique is a significant trend for future
design and development of rotary-wing UAVs. For many industrial applications today, it is very promising to
combine a fuel cell and battery to create a hybrid power supply system. In addition to offering the same stability
and maneuverability as electric UAVs, hybrid technology also offers fuel sustainability for missions requiring long
endurance and high payloads [14].

Supercapacitor hybrid drives, solar hybrid power, and others are examples of hybrid power sources [15, 16].
There are a few drones on the market that are fueled by different types of energy, such solar, wind, or even biogas.
Continuous surveillance has been accomplished by a solar-powered UAV created by Jung et al. [17]. The
"Ingenuity," a small twin-rotor unmanned aerial vehicle (UAV) for Mars exploration, has managed to harness solar
energy [18]. As a result of their unique energy and power supply mechanism, tethered UAVs require special
structure design and application. Both military and commercial applications have employed the tethered systems,
which give UAVs limitless flying time over small areas. Tethered drones, for example, are employed on ships to
detect offshore oil spills to avoid serious coastal contamination [19, 20] (Figure 1).
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Figure 1. Different examples of UAVs on power source (a) Hydrogen UAV HYDrone-1800 [10]; (b) Ingenuity
[18]; (c) Tethered UAV [20]

This review paper aims to offer academics and engineers interested in rotary-wing UAVs relevant direction and
suggestions by concentrating mostly on the configuration design and commercial applications of rotor-wing UAVs.
The rest of this essay is structured as follows: In Section 1, the design and development of rotary-wing UAVs are
examined from three angles: the number and arrangement of rotors, hybrid wing-based UAVs, and configuration
and loading structures. In Section 2, applications of UAVs in crucial industries like agriculture, fire rescue,
inspection and monitoring, and aerial logistics are thoroughly examined. In Section 3, there is a discussion of
rotary-wing UAV design trends going forward and prospective uses.

2. Configuration Design
2.1 Number and Structure of Rotors

Changing the quantity and arrangement of rotors is the simplest method of developing a novel UAV structure.
If needed, there might be up to 18 rotors. The number of rotors has a significant impact on a UAV's performance.
Increased rotary wings, for instance, enhance thrust, combat safety, and maneuverability [21]. The most advanced
type of commercial UAVs available today, octa-rotors are primarily utilized for heavy load applications [22]. The
newest rideable multi-rotor-wing UAV from Lift Aircraft takes off on 18 rotors, each of which is powered by a
separate battery, hence improving cargo capacity [23]. The three rotors of the tri-rotor are employed to generate
lift, and one of them is tilted to change the flying direction [24]. A hexa-copter called "Voliro," a UAV with six
rotors, moves vertically during takeoff and landing, and integrates the six rotors to allow movement in any direction
[25].

After determining the number of rotary-wings, altering the placement of the rotors gives the drones new features.
For instance, there are widely dispersed twin-rotor wing UAVs with two rotors that are mostly employed for
delivery. For instance, the Chinese MK-400 UAV successfully lifted huge loads on a plateau while reaching a
height of 5000 meters for the first time [26]. The twin-rotor-wing UAVs, on the other hand, can be made co-axis
to avoid rollover. Chinese Mars exploration UAV employs two rotors on one axis that are operated in opposite
directions [27]. The JZ series crossover twin rotor unmanned helicopter created by Tsinghua University is an
example of a crossover UAV, which is another variation of coaxial twin-rotor-wing UAVs [28]. The American
Eagle-Eye tilt-rotor-wing UAV [29] is another example of twin-rotor design, which combines the benefits of
vertical takeoff and landing of rotorcraft with long-endurance flight of fixed-wing aircraft (Figure 2).

Figure 2. (a) Unmanned helicopter [30]; (b) Twin-copter [31]; (¢) Tri-copter [24]; (d) Quad-copter [32]; (e)
Hexa-copter [25]; (f) Octo-copter [22]; (g) Deca-copter [33]; (h) Lift Aircraft [23]; (i) Mk-400 [26]; (j) Mars
exploration Drone [27]; (k) K-MAX [28]; (1) Eagle Eye tilt-rotor-wing UAV [29]
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2.2 Hybrid Wing-Based UAV

The hybrid wing-based UAV is a type of UAV that combines fixed and rotary wings for structural improvements.
For rotor-wing UAVs, the rapidly rotating rotors push air to provide lift. The energy consumption is relatively
significant despite their great maneuverability, which results in restrictions on flying range, speed, and carrying
capacity. When fixed wing structures are added to a rotary-wing UAV, the lift produced by the surfaces of the
fixed wings can significantly increase the UAV's operational performance [21]. The lifting wing rotor-wing UAV
is designed at a fixed installation Angle between the rotor blade plane and the lifting wing, which not only retains
the original clean and reliable structure of the rotary-wing UAV, but also improves the forward flight efficiency.
A smooth transition from hover to efficient forward flight can be achieved by UAV with this configuration, which
allows the maximum lift requirements and optimal power configuration [34].

The hybrid wing UAVs could potentially yet be improved. The HADA-helicopter is built with a second rotor
mounted on the tail to create a horizontal thrust, making it possible for horizontal motion without body tilting [35].
The UAS VISION dual-hybrid aircraft has a horizontal rotor attached at the tail and two vertical rotors fastened at
the ends of the wings. The UAV is more stable with symmetrical vertical rotors than it is with a single vertical
rotor [36]. Latitude's Hq-40 UAV is built with two fixed wings mounted on the quadrotor to achieve great mobility
and stability [37].

Different rotor and fixed wing layouts result in various performance characteristics. The rotors mounted around
the fuselage of the tail-sitter UAV produce lift. It is head-up during take-off. Once it has ascended to the desired
altitude, it moves forward horizontally. The tail-sitter UAV's power system is the same throughout takeoff and
cruise flight, allowing for more payload to be held back and preventing rotor disturbance to the wings. During
takeoff and landing, however, the bottom airflow is confused and influenced by lateral winds, which may cause
tip over instability [38].

The multi-rotor X-hawk tail-sitter UAV can fly autonomously 24 hours a day over vast distances and
challenging terrain [39]. It can do vertical takeoff and landing in a small area. The VTOL fixed wing UAV is
outfitted with propellers on the front and back of the fixed wing to give the thrust necessary for VTOL, while the
thrust or pull propeller put on the tail or nose provides the power for the horizontal flying stage [40]. The VTOL
fixed wing UAV can achieve vertical take-off and landing in addition to its efficiency in horizontal flight, just like
rotary-wing UAVs. As a result, the requirements for landing circumstances are less stringent, and flying duration
is increased (Figure 3).

Figure 3. (a) A lifting wing fixed on rotor-wing UAVs [34]; (b) HADA-Helicopter [35]; (c) Hybrid Airborne
System [36]; (d) HQ-40 [37]; (e) The tail-sitter UAV [38]; (f) The X-hawk tail-sitter [39]; (g) The VTOL fixed
wing UAV [40]

2.3 New Structures

Through airframe designs, a new framework for the rotor-wing UAV can be created. After being launched into
the air, UAVs with foldable and flexible structures can conserve space and carry out particular missions. In order
to overcome obstacles and withstand external impacts, their construction varies depending on the terrain factors.
The University of Zurich and EPFL's adaptive folding UAV can vary its shape by adjusting the angle between the
rotor arm and fuselage [41]. The folding UAV can adapt to any new position of the arm in real time since the thrust
of the propeller is modified by altering the center of gravity, ensuring steady flying at all times. The safety gear
that is built into the foldable quadcopter for freight transportation significantly lowers the possibility of both human
harm and propeller damage brought on by the rotors [42]. However, the frame adds to the aircraft's weight, which
could affect its mobility and battery performance. To further improve safety and prevent injury from close contact,
the rotors of ducted fan UAVs like the Fleye are housed inside the body [43].
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Two in-house built mechanical arms are included in the PRODRONE company's Pd6b-aw-arm UAV, which
may be used for a variety of tasks right away [44]. A moveable mechanical claw that can automatically bind the
intersecting steel bars is a feature of the SkyTy UAV manufactured by the American SkyMul company [45]. These
UAVs can eliminate physical labor in high-altitude, high-risk environments, for they are adaptable, steady, and
lower in size. The highly developed multi-habitat rotorcraft UAVs can navigate on water and operate on land like
vehicles in addition to flying through the air. Robotic Research LLC's Pegasus Mini UAV is a hybrid UAV and
land vehicle that can be operated independently in the air and on the ground [46]. The US military has financed
the development of Johns Hopkins University's Cracuns amphibious UAV, a quadrotor-winged craft that can move
on land and water [47] (Figure 4).

Figure 4. (a) Morphing Quadrotor [41]; (b) Foldable quadcopter for cargo delivery [42]; (c) Fleye [43]; (d)
PD6B-AW-ARM [44]; (e) SkyTy UAV [45]; (f) Pegasus Mini [46]; (g) Cracuns [47]

3. Applications and Development of Rotary-Wing UAVs

The technical development levels of rotary-wing UAVs, which have gone through numerous stages, are tightly
connected to their uses. The UAVs have currently made outstanding contributions in all spheres of life. In tandem
with the growth of the rotorcraft UAV sector, the technology side of UAVs is being further encouraged to enhance
their capabilities.

3.1 Applications in Agriculture

To carry out agricultural production operations, the rotary-wing UAVs are mostly operated by ground-based
remote systems or devices. The focus of agricultural development has been thought to be their applications in
agriculture. Agricultural UAVs have recently received assistance from numerous nations through a variety of
government policies [48]. Agricultural UAV companies of all sizes are currently available on the market, and the
number of pertinent UAVs is growing. With a holding capacity of more than 55,000 and an operational area of
more than 56 million hectares, China produced more than 170 different types of plant protection UAVs by the end
0f 2019 [49].

For tasks like irrigation scheduling, disease detection, soil texture mapping, weed detection, residue cover,
tillage mapping, crops management, cultivations analysis, and other applications in precision agriculture, rotary-
wing UAVs are created and brought to use [50, 51]. UAV applications in agriculture clearly outperform
conventional farming methods using people and ground machinery. For instance, arduous or dangerous tasks can
be completed more simply, working efficiency and production are effectively raised, and seasonal labor shortages
are resolved [52]. When compared to manually piloted aircraft, UAVs can concentrate more on the work at hand
and manage farms more precisely and at specific locations [53]. In addition to accurate operation and great
efficiency, intelligent UAVs in agriculture are also labor- and environmentally-friendly. A current trend in
agriculture is centralized, unmanned, precise, and intelligent agricultural production based on UAVs, especially in
light of the current worldwide pandemic (Figure 5) (Table 3).
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Table 3. UAV applications in agriculture

Task Reference Focus Advantages
[55] Aquatic weeds -Improve monitoring efficiency of irrigation
Irrigation- [56] Viti channels
scheduling [57] crop water evapotranspiration -Real-time updating of irrigation network data
P P P - Prompt modification of irrigation plans
[58] Potato -The precise and automatic diagnosis of diseases
Disease [59] Squash -Quick and affordable early disease detection
detection [60] Viti -Wide operation area Wlth minimal crop
destruction
[61] Soil -Better spatial forecast accuracy for soil maps at
Soil mapping [62] Soil various taxonomic levels.
-Cut down on labor, costs, and sampling time.
Spraying [63] Wheat -Increasing the use of spray
pesticides [64] Pesticides -Reduce different problems that affect the human
Spraying .- environment
fertilizers [63] Fertilizers -Decrease crop damage and labor intensity
[66] Remote sensing -Simplify manual work
Region-based UAV control -Suit big agricultural areas
Crops [67] . ..
(Multiple UAVs) -Improve crop management through precision
management . . . . .
[68] early season site-specific weed application of crop prodpctlon and protection
management (ESSWM). materials
-Support long-distance spraying of parent pollen
Machine [69] Rice without harming the plant
pollination -Reduce labor intensity and improve efficiency
-Adapt to extensive seed planting
L70] S ugarcanc -Ignore the plantation's canopy density
. s [71] Grain yield in rice .
Yield estimation . S -Decrease time cost and boost accuracy
[72] Soybean yield prediction . .
-Assess crop maturity across wide areas
[73] Corn
[74] Oat -Reduce the cost and environmental impact
Weed detection . -Achieve more efficiency with high spatial
[75] Image processing

resolution and at a low cost

Companies like DJI (https://www.dji.com/) and Parrot (https://www.parrot.com/) are working harder than ever
to develop new agricultural UAV solutions as the demand for UAVs in agricultural applications rises [76]. The
DIJI T-series and MG series of UAVs are frequently utilized for pollination, ripening, weeding, fertilizing, and pest
control. These UAVs mostly target grain, vegetables, and fruit [77]. Due to intelligent design settings and
optimization algorithms, DIJI series plant protection UAVs can be controlled autonomously in a variety of
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operating scenarios in large-scale agricultural productions [78]. In addition, UAVs can do various auxiliary tasks
for ground machinery in agricultural production. For example, rotary-wing UAVs are deployed to help with crop
irrigation [79].

For precision agriculture such as indoor farming, UAVs play very important new roles in auxiliary production.
Sensors on the micro-UAV can monitor crop environments such as air temperature, humidity, brightness and
carbon dioxide concentration, which allow dynamic management of the indoor crops [80]. However, there are still
some unresolved issues about applications of rotary-wing UAVs for agricultural tasks, the most prominent problem
is the energy or power constraints [52], which is also a pivotal research and development point for the drone
industry (Figure 6).

Figure 6. UAVs in precision agriculture (a) Spraying pesticides; (b) Weed detection; (c) Crop management
3.2 Seek and Rescue

In seek and rescue operations, particularly in the aftermath of fire rescue, hazardous chemical accidents, and
major disasters, rotary-wing UAVs have become more prevalent. Unquestionably, utilizing UAVs in these risky
settings can minimize human effort and injuries [81], while increasing safety. Additionally, because of their
excellent mobility and high flexibility, UAVs can operate in hazardous environments or in places that are
inaccessible to people or ground-based equipment, such as during forest fires or search-and-rescue operations in
the water. Uncertainty in search and rescue is somewhat diminished by the UAVs' operational effectiveness [82].
The UAVs can conduct a thorough search in a short amount of time thanks to their air superiority and information
transmission capabilities. Therefore, quick access to accidents and site monitoring is possible [83, 84]. Furthermore,
some UAVs can deliver vital information regarding rescue routes based on tasks and data received [85, 86].
Likewise, as UAVs may transport external equipment like noise sensors [87], binary sensors [88], vibration sensors
[89], and heat sensors [90], more rescue-related tasks can be carried out in dire circumstances.

The International Civil Aviation Organization (ICAO) has established guidelines for search and rescue
operations following disasters [91]. UAVs should be used to replace humans for field research duties in challenging
and hazardous field conditions [92]. Tethered UAVs were utilized to provide lighting in the dark during the rescue
operation for China Eastern Airlines' MUS5735 accident, and a UAV mobile base station was made available for
air-ground communications [93, 94]. UAVs are capable of quick positioning for missing person searches. The
Stormpoint UAV organization and the rescue agency launched the UAV equipped with a FLIR thermal imager for
the missing teen in Tennessee in order to find the individual using the thermal data that had been received [95].
Poland also employs a similar rescue technique [96].

In the early stages of a fire rescue, using UAVs for reconnaissance and command can considerably increase the
effectiveness of the rescue operation. UAVs offer innovative fire safety solutions, particularly for high-rises. For
fire rescue in tall buildings, the Altair and Ikhana (Predator-B) UAVs were created by NASA [97] and the
theoretical electric six-rotor aircraft by EAC Group [98]. Chinese engineers and researchers have also worked
tirelessly on real-world UAV firefighting applications. At an altitude of more than 100 meters, the Chinese
Predator UAV can perform rescue and firefighting operations [99]. In a fire simulation, the Guofei business
successfully used six high-rise tethered firefighting UA Vs to put out the fire [100], validating the idea of fire rescue
by a group of UAVs. For rotary-wing UAVs used in fire rescue today, endurance and payload are significant
concerns that need to be addressed [72] (Figure 7).

Figure 7. Drone rescues (a) The UAV with a thermal imager [95]; (b) Predator [99]; (c) High-rise fire
extinguishing UAVs [100]
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3.3 Inspection and Monitoring

For a variety of air-ground tasks, UAVs with external components have tremendous benefits over humans.
These duties include traffic inspection [101], bridge inspection [102], grid power line monitoring [103], maritime
inspection [104], mine inspection [105], and environmental monitoring [106]. The rotary-wing UAVs may be
remotely controlled and autonomously designed to deal with risky inspection settings because of their excellent
environmental adaptability. Besides, the sophisticated technology that UAVs are equipped with, such as visible-
light imaging equipment, infrared thermal imagers, lidar, and other devices, will enable the acquisition of data and

information for more precise and effective operations [107] (Figure 8) (Table 4).

Table 4. Application of UAV in inspection and monitoring

Task Ref. Focus Research Type
. . Lo This study proposes the technique for reconstructing the site
[108]  Accident investigation of aytfaffll)c accident usin;1 UAV photograrnrne%ry
This study suggests a brand-new, comprehensive analysis
[109] Traffic flow analysis approach for estimating traffic flow parameters from UAV
Traffic monitoring videos.
. . Using a program, this study retrieves heterogeneous vehicle
[110] Vehicle detection flow data, with a focus on motorbikes.
[111] Risk assessment For accurate line-of-sight assessment, this study utilizes UAV
video data based on dual grid UAV flights.
. . . This study examines how UAV infrared thermography can be

[112] Bridge inspection used to locate subsurface in concrete bridge decks.

[113] Railway inspection and This study explores the use of UAVs in railroads and

Highway monitoring computer vision-based-rail infrastructure monitoring.
infrastructure Road distresses This study relies on UAV-based images to automatically

[114] o 4 . . .

management monitoring identify and quantify road distresses.
This study improves the asphalt detection accuracy by

[115] Pavement condition combining low-altitude UAV multispectral images with CNN

+SVM.
Three-dimensional This study employs an autonomous flying robot to explore a

[116] mapping of mine tunnel environment and creates a 3D map of the environment.

environment
Mining industry Radiological This study couples low-altitude multi-rotor UAV with state-
inspection [117] identification of of-the-art micro-electronics to examine associated radiogenic
mineral signatures of surface/near-surface ore deposits.

[118] Post-blast rock This study presents the findings of lab-scale rock fragment
inspection measurements made with a UAV.

Clearance detection for This study uses UAV-gathered Lidar point clouds to

[119] transmission line automatically detect clearance anomalies.

Power line corridors
monitoring This study proposes a power line automatic measurement

[120]  Power line inspection method based on epipolar constraints (PLAMEC), and uses

the method to determine the spatial position of power lines.

[121] Gas leak monitoring This study uses the d?ta on gas (methane) legk gathered by an

Pipeline monitoring ' UAV with a gas sensor and a lear.
[122] Oil pipeline monitoring This study presents a filter for UAV point cloud, and
effectively identifies unstable areas of oil pipelines.
. . This study designs a UAV with mobile monitoring devices,
Air pollution lies it to collect 3D data on air pollutant trati
Environmental [123] monitoring and applies it to collec ata on air pollutant concentration
monitoring ' . . of the vertical profile. .

[124] Water POH}HIOH This study apphes UAV-borne h.yper.spectral imagery to grasp
monitoring the pollution state of the entire river from the surface.
dal ch | Using UAV images, this study estimates the location and

[125] Tida channe shape of tidal channels by observing flood tides exactly at the
monitoring .

Maritime inspection . tme zone. . o
P This study proposed a UAV-based ship monitoring system,
[126] Ship monitoring and suggests a method to determine ship positions using UAV

multi-sensory data.

A wide range of sectors benefit from the inspection and monitoring capabilities of rotary-wing UAVs. Compared
to conventional road monitoring technology, UAVs are significantly more flexible and can cover wider regions
when monitoring traffic. Guidos et al. [127] adopted UAVs to track cars by capturing and processing the data
gathered, and managed to reinforce the advantages of UAVs for traffic management. Furthermore, using drones

76



to record and gather evidence of traffic infractions and road inspections in broad daylight is both practical and
efficient [128].

Figure 8. UAV inspection and monitoring (a) UAV-based traffic monitoring [101]; (b) UAV-based mine
monitoring [105]; (¢) UAV-based environment monitoring [106]

Another emerging trend for electric companies is the use of UAVs for circuit inspection. 85% of the annual
inspection operations are now covered by UAVs according to the Inspection Center of Guangdong Power Grid in
China. Its efficiency is 2.6 times greater than that of the conventional method, and the UAVs eliminated a big
chunk of the operation workload [129]. Rotary-wing UAVs can also be outfitted with infrared (IR) cameras for
wire inspections, such as to identify weak conductivity by processing the recorded images [130]. The ability of
UAVs to take aerial images allows for real-time monitoring and inspection of mines [131]. UAVs can also be used
to monitor smart industrial grids. Some scholars have investigated unlawful mining and gathered evidence by
filming the mining site [132]. The cruise network of maritime UAV systems has been built for navigation,
investigation, evidence collection, law enforcement, emergency rescue, and other purposes in maritime situations,
taking the Yangtze River Basin as an example [133]. Dust accumulation on solar photovoltaic panels can be
assessed by drones equipped with radiation sensor and thermal imaging camera [134]. Due to the benefits of UAVs
in autonomous operation, remote sensing, vision and thermal detection for dangerous or hard-to-reach locations,
they are often used for detecting spills of water, gas and oil in pipelines [135] (Figure 9).

Figure 9. UAV inspection of solar photovoltaic panels [134]

3.4 Logistics and Transportation

The growth of e-commerce has significantly aided the logistics sector's development. UAVs for logistics and
transportation have received a lot of interest and investment from related worldwide corporations since Amazon
proposed the last mile delivery concept in 2013 [136, 137]. Rotor-wing UAVs are very beneficial for increasing
logistical efficiency and lowering operating and environmental costs due to their superior hovering stability and
flight speed [138]. The use of UAVs in logistics might increase accessibility and coverage for deliveries to less
developed regions, notably in emergency scenarios like distress rescue, medical emergencies, and disaster
reconstruction [139]. In light of the global COVID-19 outbreak, cold chain logistics made possible by UAVs offer
a significantly safer alternative to traditional grocery purchasing.

Numerous domestic and international businesses have previously created UAV transportation plans and used
them to supply practical logistics. Amazon has constructed a "Airborne Fulfillment Center (AFC)" using drones
[140], and created Amazon Prime Air, a quick delivery service with a 30-minute turnaround time (maximum
delivery distance: 16 km). In addition, DHL [141], Google [142], and Swiss Freight [143] all use rotary-wing
UAVs to deliver goods quickly. Domestic businesses, particularly Chinese e-commerce and express delivery
companies like Alibaba, JD, SF Express, and ZTO, have finished testing drone delivery, and encouraged the use
of UAV delivery [97]. 2015 saw the Federal Aviation Administration (FAA) of the United States carry out the
first drone-based medical delivery [144]. In the meanwhile, Apian et al. evaluated the delivery of coronavirus
samples using rotary-wing UAVs. The National Health Service (NHS) Air Grid (NAG) is anticipated to receive
the service [145] (Table 5).
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Table 5. Logistics advantages of UAVs

Scenario Advantage Focus Assessment Enterprises
Rural areas, e- ID. Amazon
commerce Low cost Distribution UAVs save cost by 60-70%. i ?
e . Antwork, etc.
distribution
Compared with manned aircrafts,
Fourth and fifth tier LOW.COSt’ UAVs gut down th? p ersonnel, Star UAV, SF
city freight mobility and Feeder transport construction, and facility costs, and Express, oic
flexibility relax the constraints on personnel and >
facilities.
Distribution and Distribution
integrated logistics . . . i UAVs support fast delivery in 30
High efficiency inventory . Amazon
systems, warehouses . . minutes
spection
and yards
UAVs saves manpower to make up for
. . DHL, SF
Remote areas, special o . the lack of ground transportation, and
. Accessibility Delivery . Express, JD,
locations works more flexibly than manned etc

aircrafts.

Because of their speed and adaptability over short distances, rotary-wing UAVs are particularly popular. By
placing orders via mobile phones, Sora Raku drones in Japan may carry food, drinks, and other supplies to golfers
at drop-off locations on golf courses [146]. UAVs can drop response equipment for the delivery of emergency
supplies. In the first marine UAV rescue event, the UAVs arrived at the target site to deploy the life buoy in under
70 seconds, whereas it would have taken the lifeguards at least five minutes to arrive [147].

Before medical professionals arrive, UAVs can also deliver life-saving supplies like automatic external
defibrillators (AEDs) and cardiopulmonary resuscitation (CPR) equipment to patients experiencing medical
emergencies. A companion can be instructed to administer the supplies to increase the patient's chance of survival
[148]. Industries and the military have shown a great deal of interest in heavy-duty rotary-wing UAVs that can
transport over great distances and at great altitudes. In mountainous places, heavy-duty UAVs offer simple
construction methods. A UAV transported 300 kg of supplies to engineers working on a mountaintop at the Lijiang
power project building site in China [149] (Figure 10).

Figure 10. UAV-based delivery (a) Amazon [97]; (b) DHL [95]; (¢) JD; (d) Sora Raku [146]; (e) rescue UAV
[147]; (f) Medical UAV [148]; (g) Heavy-duty UAV [149]

Despite their benefits, the use of rotary-wing UAVs in logistics still exhibits some drawbacks. First,
advancements in related technologies are required for UAV itself, including payload capacity for hauling bulky
goods, weather-resistant stability control, and long-distance flying power endurance [97]. Second, in order to
safeguard social security and privacy, comprehensive flight laws and regulations must be adopted by government
officials [95]. The integration of costs, resources, and other factors will eventually become crucial components of
industrial reorganization from the viewpoint of UAV industries [150].

4. Conclusions

The design and technology of rotary-wing UAVs have steadily improved over the years, laying a strong
foundation for commercialization and application. This will draw inspiration from increasingly sophisticated and
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dependable UAV designs for use in broader and more difficult settings. Rotary-wing UAVs will be used in a
variety of businesses and will inevitably become a staple of our culture.

In commercial applications, rotary-wing UAV design and configuration will be far more varied. To meet
application requirements, the structure architecture, power source, communication and control network, as well as
carry-on devices, may have diverse morphologies. Given the widespread use of rotary-wing UAVs, more criteria
for safety and standardization will be proposed, and the market will be subject to legal restrictions. This presents
the rotary-wing UAV industry with both a challenge and an opportunity.

Rotor-wing UAV development has reached a relatively mature stage. The development of UAVs will be
primarily focused on two factors as new technology evolve: On the one hand, visual perception-based autonomous
intelligent control will replace the current control system for individual rotary-wing UAVs, significantly enhancing
autonomy. Without a satellite, the UAV can still track objects and avoid obstacles thanks to intelligent autonomous
perception. On the other hand, research and applications will increasingly focus on the placement, management,
and behavior of a cluster of rotorcraft UAVs. The mission's dependability and the equipment's maintainability will
both be significantly enhanced when UAVs work together in groups.

Data Availability

The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest

The authors declare that they have no conflicts of interest.
References

[1] Z. Qadir, F. Ullah, H. S. Munawar, and F. Al-Turjman, “Addressing disasters in smart cities through UAVs
path planning and 5G communications: A systematic review,” Comput. Commun., vol. 168, pp. 114-135,
2021. https://doi.org/10.1016/j.comcom.2021.01.003.

[2] "Made in China 2025," gov, 2015, http://www.gov.cn/zhengce/content/2015-05/19/content 9784 .htm.

[3] M. N. Boukoberine, Z. Zhou, and M. Benbouzid, “A critical review on unmanned aerial vehicles power
supply and energy management: Solutions, strategies, and prospects,” Appl. Energ., vol. 255, Article ID:
113823, 2019. https://doi.org/10.1016/j.apenergy.2019.113823.

[4] L. Brooke-Holland, Unmanned Aerial Vehicles: An Introduction, London, UK: House of Commons Library,
2013.

[5] N. Homainejad and C. Rizos, “Application of multiple categories of unmanned aircraft systems (UAS) in
different airspaces for bushfire monitoring and response,” Int Arch. Photogramm. Rem. Sens. Spat. Inform.
Sci., vol. 40, pp. 55-60, 2015. https://doi.org/10.5194/isprsarchives-XL-1-W4-55-2015.

[6] G.Cai,J. Dias, and L. Seneviratne, “A survey of small-scale unmanned aerial vehicles: Recent advances and
future development trends,” Unmanned Syst, vol. 2, mno. 2, pp. 175-199, 2014.
https://doi.org/10.1142/S2301385014300017.

[7] A. Townsend, I. N. Jiya, C. Martinson, D. Bessarabov, and R. Gouws, “A comprehensive review of energy
sources for unmanned aerial vehicles, their shortfalls and opportunities for improvements,” Heliyon, vol. 6,
no. 11, Article ID: 05285, 2020. https://doi.org/10.1016/j.heliyon.2020.e05285.

[8] M.F.F.Rahman, S.R. Fan, Y. Zhang, and L. Chen, “A comparative study on application of unmanned aerial
vehicle systems in agriculture,” Agriculture-Basel, vol. 11, no. 1, 2021.
https://doi.org/10.3390/agriculture11010022.

[9] S. Keiyinci and K. Aydin, “Ground simulation of fuel cell/battery hybrid propulsion system for small
unmanned air vehicles,” Aircr. Eng. Aerosp. Tec.,vol. 93, pp. 783-793, 2021. https://doi.org/10.1108/AEAT-
08-2020-0180.

[10] "MMC Introduces HyDrone 1800 Second Generation Hydrogen Drone," UASweekly, 2022,
https://uasweekly.com/2017/02/23/5099/.

[11] Z. N. Liu, Z. H. Wang, D. Leo, X. Q. Liu, and H. W. Zhao, “QUADO: An autonomous recharge system for
quadcopter,” In 2017 IEEE International Conference on Cybernetics and Intelligent Systems and IEEE
Conference on Robotics, Automation and Mechatronics, Ningbo, China, November 19-21, 2017, IEEE, pp.
7-12. http://dx.doi.org/10.1109/ICCIS.2017.8274740.

[12] T. Kim and S. Kwon, “Design and development of a fuel cell-powered small unmanned aircraft,” Int¢ J.
Hydrogen Energ., vol. 37, no. 1, pp. 615-622, 2012. https://doi.org/10.1016/j.ijhydene.2011.09.051.

[13] T. Donateo, A. Ficarella, L. Spedicato, A. Arista, and M. Ferraro, “A new approach to calculating endurance
in electric flight and comparing fuel cells and batteries,” Appl. Energ., vol. 187, pp. 807-819, 2017.
https://doi.org/10.1016/j.apenergy.2016.11.100.

79



[14] T.Lei, Z. Yang, Z. C. Lin, and X. B. Zhang, “State of art on energy management strategy for hybrid-powered
unmanned aerial  vehicle,” Chinese J.  Aeronaut., vol. 32, pp. 1488-1503, 2019.
https://doi.org/10.1016/j.cja.2019.03.013.

[15] M. A. Khan, A. Khan, M. Ahmad, S. Saleem, M. S. Aziz, S. Hussain, and F. M. Khan, “A study on flight
time enhancement of unmanned aerial vehicles (UAVs) using supercapacitor-based hybrid electric
propulsion system (HEPS),” Arab. J. Sci. Eng., vol. 46, pp. 1179-1198, 2021. https://doi.org/10.1007/s13369-
020-04941-5.

[16] S. Hosseini and M. Mesbahi, “Energy-aware aerial surveillance for a long-endurance solar-powered
unmanned aerial vehicles,” J. Guid. Control Dynam., vol. 39, no. 9, pp. 1980-1993, 2016.
https://doi.org/10.2514/1.G001737.

[17] S.Jung, Y. Jo,and Y. J. Kim, “Flight time estimation for continuous surveillance missions using a multirotor-
wing UAV,” Energies, vol. 12, no. 5, pp. 867-867, 2019. https://doi.org/10.3390/en12050867.

[18] "Ingenuity," Gov, 2022, https://www.nasa.gov/.

[19] F. Muttin, “Umbilical deployment modeling for tethered UAV detecting oil pollution from ship,” Appl.
Ocean Res., vol. 33, no. 4, pp. 332-343, 2011. https://doi.org/10.1016/j.apor.2011.06.004.

[20] "KWT-TMOP-300," ALLTECH, 2022, http://www.keweitai.com/kwttmop300.

[21] C. Lee, S. Kim, and B. Chu, “A survey: Flight mechanism and mechanical structure of the UAV,” Int J.
Precis. Eng. Man., vol. 22, pp. 719-743, 2021. https://doi.org/10.1007/s12541-021-00489-y.

[22] "Octocopter Kit (3rd Party)," Airelectronics UAV AUTOPILOTS, 2022,
https://www.airelectronics.es/products/thirdparty/octocopter/.

[23] "It can fly for 10 minutes by  multi-rotor-wing  UAV,"  Zhinengjie, 2022,
http://www.znjchina.com/cp/17602.html.

[24] J. T. Zou, K. L. Su, and H. Tso, “The modeling and implementation of tri-rotor flying robot,” Artif. Life
Robot., vol. 17, pp. 86-91, 2012. https://doi.org/10.1007/s10015-012-0028-2.

[25] M. Kamel, S. Verling, O. Elkhatib, C. Sprecher, P. Wulkop, Z. Taylor, R. Siegwart, and I. Gilitschenski,
“The voliro omniorientational hexacopter: An agile and maneuverable tiltable-rotor aerial vehicle,” IEEE
Robot. Autom. Mag., vol. 25, no. 4, pp. 34-44, 2018. https://doi.org/10.1109/MRA.2018.2866758.

[26] "MK-400," Tools for M-IOT, 2022, https://cn.915mrfid.com/products/r5S0ub-rugged-data-collector-handheld.

[27] "The first drone on Mars shows what the right collaborations make possible," Weforum, 2022,
https://www.weforum.org/agenda/2021/03/first-drone-on-mars-and-the-power-of-collaborations/.

[28] "K-MAX  Unmanned  Aircraft System,” Army Technology, 2022, https://www.army-
technology.com/projects/k-max-unmanned-aircraft-system/.

[29] "BELL V-280 VALOR," BELL, 2022, https://www.bellflight.com/.

[30] "CAMCOPTERO S-100UNMANNED AIR SYSTEM," Schiebel, 2022, https://schiebel.net/.

[31] "All new V-type twin-rotor-wing UAV," ZROZRO ROBOTICS, 2022, https://zerozero.tech/.

[32] "AirSelfie AIR PIX," X-DRONERS, 2022, https://x-droners.com/uav/productInfo/20090015.

[33] R. Oung and R. D'Andrea, “The distributed flight array: Design, implementation, and analysis of a modular
vertical take-off and landing wvehicle,” Int J. Robot. Res., vol. 33, no. 3, pp. 375-400, 2014.
https://doi.org/10.1177/0278364913501212.

[34] K. Xiao, Y. Meng, X. H. Dai, H. T. Zhang, and Q. Quan, “A lifting wing fixed on multirotor-wing UAVs for
long flight ranges,” In 2021 International Conference on Unmanned Aircraft Systems, Athens, Greece, June
15-18, 2021, IEEE, pp. 1605-1610. https://doi.org/10.1109/ICUAS51884.2021.9476859.

[35] "HADA-Helicopter Adaptive Aircraft,” EMEENTION, 2022, https://www.embention.com/projects/hada-
helicopter-adaptive-aircraft/.

[36] H. Gu, X. M. Lyu, Z. X. Li, S. J. Shen, and F. Zhang, “Development and experimental verification of a hybrid
vertical take-off and landing (VTOL) unmanned aerial vehicle (UAV),” In 2017 International Conference on
Unmanned Aircraft Systems, Miami, FL, USA, July 27, 2017, IEEE, pp. 160-169.
https://doi.org/10.1109/ICUAS.2017.7991420.

[37] "Professional purpose UAV HQ-40," AERO EXPO, 2022, https://www.aeroexpo.cn/prod/latitude-
engineering/product-185476-40203.html.

[38] J. N. Zhou, X. M. Lyu, Z. X. Li, S. J. Shen, and F. Zhang, “A unified control method for quadrotor tail-sitter
UAVs in all flight modes: Hover, transition, and level flight,” In 2017 IEEE/RS]J International Conference
on Intelligent Robots and Systems, Vancouver, BC, Canada, September 24-28, 2017, IEEE, pp. 4835-4841.
https://doi.org/10.1109/IROS.2017.8206359.

[39] "XC-25," AOSSCI, 2022, https://www.aossci.com/.

[40] "CW-40," JOUVA, 2022, https://www.jouav.com/.

[41] D. Falanga, K. Kleber, S. Mintchev, D. Floreano, and D. Scaramuzza, “The foldable drone: A morphing
quadrotor that can squeeze and fly,” IEEE Robot. Autom. Let., vol. 4, no. 2, pp. 209-216, 2019.
https://doi.org/10.1109/LRA.2018.2885575.

[42] P. M. Kornatowski, S. Mintchev, and D. Floreano, “An origami-inspired cargo drone,” In 2017 IEEE/RSJ

80



International Conference on Intelligent Robots and Systems, Vancouver, BC, Canada, September 24-28,
2017, IEEE, pp. 6855-6862. https://doi.org/10.1109/IR0OS.2017.8206607.

[43] "Fleye-Your Personal Flying Robot," KICKSTARTER, 2022,
https://www kickstarter.com/projects/gofleye/fleye-your-personal-flying-robot/.

[44] "PRODRONE Unveils the World’s First Dual Robot Arm Large-Format Drone,"” PRODRONE, 2022,
https://www.prodrone.com/archives/1420/.

[45] “SkyTy,” SkyMul, 2022, https://skymul.com/index.php/skyty/.

[46] "Robotic Research," Pegasus, 2022, https://www.roboticresearch.com/pegasus/.

[47] "CRACUNS - Innovative UAV Launches from Underwater for Aerial Missions," Tech Briefs, 2022,
https://www.techbriefs.com/component/content/article/tb/tv/31371.

[48] "Opinions of the Central Committee of the Chinese Communist Party and the State Council on ‘Doing a
Good Job in the Key Work of Comprehensively Promoting Rural Revitalization in 2022°," Interpret, 2022,
https://interpret.csis.org/translations/opinions-of-the-central-committee-of-the-chinese-communist-party-
and-the-state-council-on-doing-a-good-job-in-the-key-work-of-comprehensively-promoting-rural-
revitalization-in-2022/.

[49] "Agricultural Robots and Drones 2017-2027: Technologies, Markets, Players," IDTechEx, 2022,
https://www.idtechex.com/th/research-report/agricultural-robots-and-drones-2017-2027-technologies-
markets-players/525.

[50] J. Miillerova, X. Gago, M. Bucas, J. Company, J. Estrany, J. Fortesa, S. Manfreda, A. Michez, M. Mokros,
G. Paulus, E. Tiskus, M. A. Tsiafouli, and R. Kent, “Characterizing vegetation complexity with unmanned
aerial systems (UAS)-A framework and synthesis,” Ecol. Indic., vol. 131, Article ID: 108156, 2021.
https://doi.org/10.1016/j.ecolind.2021.108156.

[51] X. Q. Zhang, X. P. Song, Y. J. Liang, Z. Q. Qin, B. Q. Zhang, J. J. Wei, Y. R. Li, and J. M. W, “Effects of
spray parameters of drone on the droplet deposition in sugarcane canopy,” Sugar. Tech., vol. 22, pp. 583-
588, 2020. https://doi.org/10.1007/s12355-019-00792-z.

[52] C. Lytridis, V. G. Kaburlasos, T. Pachidis, M. Manios, E. Vrochidou, T. Kalampokas, and S. Chatzistamatis,
“An overview of cooperative robotics in agriculture,” Agron., vol. 11, no. 9, pp. 1818-1818, 2021.
https://doi.org/10.3390/agronomy11091818.

[53] Y. B. Huang, S. J. Thomson, W. C. Hoffmann, Y. B. Lan, and B. K. Fritz, “Development and prospect of
unmanned aerial vehicle technologies for agricultural production management,” Int J. Agr Biol Eng., vol. 6,
no. 3, pp. 1-10, 2013. https://doi.org/10.3965/j.ijjabe.20130603.001.

[54] "The Ag Tech Market Map: 100+ Startups Powering the Future of Farming and Agribusiness," Research
Briefs, 2022, https://www.cbinsights.com/research/agriculture-tech-market-map-company-list/.

[55] J. Brinkhoff, J. Hornbuckle, and J. L. Barton, “Assessment of aquatic weed in irrigation channels using UAV
and satellite imagery,” Water, vol. 10, no. 11, pp. 1497-1497, 2018. https://doi.org/10.3390/w10111497.

[56] M. Romero, Y. Luo, B. Su, and S. Fuentes, “Vineyard water status estimation using multispectral imagery
from an UAV platform and machine learning algorithms for irrigation scheduling management,” Comput.
Electron. Agr., vol. 147, pp. 109-117, 2018. https://doi.org/10.1016/j.compag.2018.02.013.

[57] X. Shi, W. Han, T. Zhao, and J. Tang, “Decision support system for variable rate irrigation based on UAV
multispectral ~ remote  sensing,”  Semsors, vol. 19, no. 13, pp. 2880-2880, 2019.
https://doi.org/10.3390/s19132880.

[58] Y. Shi, L. Han, A. Kleerekoper, S. Chang, and T. Hu, “Novel cropdocnet model for automated potato late
blight disease detection from unmanned aerial vehicle-based hyperspectral imagery,” Remote Sens-Basel.,
vol. 14, no. 2, pp. 396-396, 2022. https://doi.org/10.3390/rs14020396.

[59] J. Abdulridha, Y. Ampatzidis, P. Roberts, and S. C. Kakarla, “Detecting powdery mildew disease in squash
at different stages using UAV-based hyperspectral imaging and artificial intelligence,” Biosyst. Eng., vol.
197, pp. 135-148, 2020. https://doi.org/10.1016/j.biosystemseng.2020.07.001.

[60] J. Albetis, S. Duthoit, F. Guttler, A. Jacquin, M. Goulard, H. Poilvé, J. B. Féret, and G. Dedieu, “Detection
of flavescence dorée grapevine disease using unmanned aerial vehicle (UAV) multispectral imagery,”
Remote Sens-Basel, vol. 9, no. 4, pp. 308-308, 2017. https://doi.org/10.3390/rs9040308.

[61] S. S. Paul, N. C. Coops, M. S. Johnson, M. Krzic, and S. M. Smukler, “Evaluating sampling efforts of
standard laboratory analysis and mid-infrared spectroscopy for cost effective digital soil mapping at field
scale,” Geoderma, vol. 356, Article ID: 113925, 2019. https://doi.org/10.1016/j.geoderma.2019.113925.

[62] S. Maleki, F. Khormali, J. Mohammadi, P. Bogaert, and M. B. Bodaghabadi, “Effect of the accuracy of
topographic data on improving digital soil mapping predictions with limited soil data: An application to the
Iranian loess plateau,” CATENA, vol. 195, Article 1D: 104810, 2020.
https://doi.org/10.1016/j.catena.2020.104810.

[63] W. Qin, X. Xue, S. Zhang, W. Gu, and B. Wang, “Droplet deposition and efficiency of fungicides sprayed
with small UAV against wheat powdery mildew,” Int J. Agr. Biol. Eng., vol. 11, no. 2, pp. 27-32, 2018.
https://doi.org/10.25165/j.ijabe.20181102.3157.

81



[64] A. Hinas, R. Ragel, J. Roberts, and F. Gonzalez, “A framework for multiple ground target finding and
inspection using a multirotor-wing UAS,” Sensors, vol. 20, no. 1, pp. 272-272, 2020.
https://doi.org/10.3390/s20010272.

[65] C. Song, Y. Zang, Z. Zhou, X. Luo, L. Zhao, R. Ming, L. Zi, and Y. Zang, “Test and comprehensive
evaluation for the performance of UAV-based fertilizer spreaders,” IEEE Access, vol. 8, pp. 202153-202163,
2020. https://doi.org/10.1109/ACCESS.2020.3034593.

[66] Y.Huang, S.J. Thomson, W. C. Hoffmann, Y. Lan, and B. K. Fritz, “Development and prospect of unmanned
aerial vehicle technologies for agricultural production management,” Int J. Agr Biol Eng., vol. 6, no. 3, pp.
1-10, 2013. http://dx.doi.org/10.3965/].ijabe.20130603.001.

[67] T. Elmokadem, “Distributed coverage control of quadrotor multi-UAV systems for precision agriculture,”
IFAC-PapersOnLine, vol. 52, no. 30, pp. 251-256, 2019. https://doi.org/10.1016/j.ifacol.2019.12.530

[68] J. Torres-Sanchez, F. Lopez-Granados, A. 1. De Castro, and J. M. Pefia-Barragan, “Configuration and
specifications of an unmanned aerial vehicle (UAV) for early site specific weed management,” PloS One,
vol. 8, no. 3, Article ID: 58210, 2013. https://doi.org/10.1371/journal.pone.0058210.

[69] J. Y. Li, Y. B. Lan, J. W. Wang, and S. D. Chen, “Distribution law of rice pollen in the wind field of small
UAV,” Int J. Agr Biol Eng.,vol. 10, no. 4, pp. 32-40, 2017. http://dx.doi.org/10.25165/;.ijabe.20171004.3103.

[70] J. Som-ard, M. D. Hossain, S. Ninsawat, and V. Veerachitt, “Pre-harvest sugarcane yield estimation using
UAV-based RGB images and ground observation,” Sugar Tech., vol. 20, pp. 645-657, 2018.
https://doi.org/10.1007/s12355-018-0601-7.

[71] X. Zhou, H. B. Zheng, X. Q. Xu, J. Y. He, X. K. Ge, X. Yao, T. Cheng, Y. Zhu, W. X. Cao, and Y. C. Tian,
“Predicting grain yield in rice using multi-temporal vegetation indices from UAV-based multispectral and
digital imagery,” ISPRS J. Photogramm. Remote Sens-Basel., vol. 130, pp. 246-255, 2017.
https://doi.org/10.1016/].isprsjprs.2017.05.003.

[72] M. Maimaitijiang, V. Sagan, P. Sidike, S. Hartling, F. Esposito, and F. B. Fritschi, “Soybean yield prediction
from UAV using multimodal data fusion and deep learning,” Remote Sens. Environ., vol. 237, Article ID:
111599, 2020. https://doi.org/10.1016/j.rse.2019.111599.

[73] J. Janousek, V. Jambor, P. Marcoi, P. Dohnal, H. Synkova, and P. Fiala, “Using UAV-based photogrammetry
to obtain correlation between the vegetation indices and chemical analysis of agricultural crops,” Remote
Sens-Basel., vol. 13, no. 10, pp. 1878-1878, 2021. https://doi.org/10.3390/rs13101878.

[74] M. Gasparovi¢, M. Zrinjski, D. Barkovi¢, and D. Radocaj, “An automatic method for weed mapping in oat
fields based on UAV imagery,” Comput. Electron. Agr., vol. 173, Article ID: 105385, 2020.
https://doi.org/10.1016/j.compag.2020.105385.

[75] M. D. Bah, A. Hafiane, and R. Canals, “Deep learning with unsupervised data labeling for weed detection in
line crops in UAV images,” Remote Sens-Basel., vol. 10, no. 11, pp. 1690-1690, 2018.
https://doi.org/10.3390/rs10111690.

[76] N. Delavarpour, C. Koparan, J. Nowatzki, S. Bajwa, and X. Sun, “A technical study on UAV characteristics
for precision agriculture applications and associated practical challenges,” Remote Sens-Basel., vol. 13, no.
6, pp- 1204-1204, 2021. https://doi.org/10.3390/rs13061204.

[77] "DJI agricultural," DJI, 2022, https://ag.dji.com/cn/case-studies.

[78] "DJI MAVIC 3 CLASSIC," DJI, 2022, https://www.dji.com/cn.

[79] S. Park, D. Ryu, S. Fuentes, H. Chung, E. Hernandez-Montes, and M. O'Connell, “Adaptive estimation of
crop water stress in nectarine and peach orchards using high-resolution imagery from an unmanned aerial
vehicle (UAV),” Remote Sens-Basel., vol. 9, no. 8, Article ID: 828, 2017. https://doi.org/10.3390/rs9080828.

[80] J. J. Roldan, G. Joossen, D. Sanz, J. Del Cerro, and A. Barrientos, “Mini-UAV based sensory system for
measuring environmental variables in greenhouses,” Sensors, vol. 15, no. 2, pp. 3334-3350, 2015.
https://doi.org/10.3390/s150203334.

[81] E. Ausonio, P. Bagnerini, and M. Ghio, “Drone swarms in fire suppression activities: A conceptual
framework,” Drones, vol. 5, no. 1, pp. 17-17, 2021. https://doi.org/10.3390/drones5010017.

[82] S. W. Cho, J. H. Park, H. J. Park, and S. Kim, “Multi-UAV coverage path planning based on hexagonal grid
decomposition in maritime search and rescue,” Math., vol. 10, no. 1, pp. 83-83, 2022.
https://doi.org/10.3390/math10010083.

[83] M. A. Akhloufi, A. Couturier, and N. A. Castro, “Unmanned aerial vehicles for wildland fires: Sensing,
perception, cooperation and assistance,” Drones, vol. 5, mno. 1, pp. 15-15, 202I.
https://doi.org/10.3390/drones5010015.

[84] F. De Vivo, M. Battipede, and E. Johnson, “Infra-red line camera data-driven edge detector in UAV forest
fire  monitoring,”  Aderosp  Sci. Technol.,  vol. 111, Article ID: 106574,  2021.
https://doi.org/10.1016/j.ast.2021.106574.

[85] C. Van Tilburg, “First report of using portable unmanned aircraft systems (Drones) for search and rescue,”
Wild. Environ Med., vol. 28, pp. 116-118, 2017. https://doi.org/10.1016/j.wem.2016.12.010.

[86] S.M. S. Mohd Daud, M. Y. P. Mohd Yusof, C. C. Heo, L. S. Khoo, M. K. Chainchel Singh, M. S. Mahmood,

82



and H. Nawawi, “Applications of drone in disaster management: A scoping review,” Sci. Justice, vol. 62, no.
1, pp. 30-42, 2022. https://doi.org/10.1016/j.scijus.2021.11.002.

[87] P. Zimroz, P. Trybata, A. Wroblewski, M. Goéralczyk, J. Szrek, A. Wojcik, and R. Zimroz, “Application of
UAYV in search and rescue actions in underground mine-A specific sound detection in noisy acoustic signal,”
Energies, vol. 14, no. 13, pp. 3725-3725, 2021. https://doi.org/10.3390/en14133725.

[88] P. T. Thavasi and C. D. Suriyakala, “Sensors and tracking methods used in wireless sensor network based
unmanned search and rescue system - A review,” Procedia Eng., vol. 38, pp. 1935-1945, 2012.
https://doi.org/10.1016/j.proeng.2012.06.236.

[89] C. Liu and T. Sziranyi, “Real-time human detection and gesture recognition for on-board UAV rescue,”
Sensors, vol. 21, no. 6, pp. 2180-2180, 2021. https://doi.org/10.3390/s21062180.

[90] E. Lygouras, N. Santavas, A. Taitzoglou, K. Tarchanidis, A. Mitropoulos, and A. Gasteratos, “Unsupervised
human detection with an embedded vision system on a fully autonomous UAV for search and rescue
operations,” Sensors, vol. 19, no. 16, pp. 3542-3542, 2019. https://doi.org/10.3390/5s19163542.

[91] C. Dahal, H. B. Dura, and L. Poudel, “Design and analysis of propeller for high-altitude search and rescue
unmanned aerial vehicle,” Int J. Aerospace Eng., vol. 2021, Article ID: 6629489, 2021.
https://doi.org/10.1155/2021/6629489.

[92] M. Zhang, W. Li, M. Wang, S. Li, and B. Li, “Helicopter—UAVs search and rescue task allocation considering
UAVs operating environment and performance,” Comput. Ind Eng., vol. 167, Article ID: 107994, 2022.
https://doi.org/10.1016/j.cie.2022.107994.

[93] "Core search and rescue mission for China jetliner crash complete: official,” CGTN, 2022,
https://www.cgtn.com/special/Live-updates-Passenger-plane-crashes-in-south-China-rescue-underway.html.

[94] "Tethered drones at crash scenes to help NCDOT with traffic management,” DRONEDJ, 2022,
https://dronedj.com/2022/02/22/tethered-drones-crash-traffic-management/.

[95] "Missing Minnesota boy, 6, and his dog, found in cornfield by drone with thermal camera," FOX news, 2022,
https://www.foxnews.com/us/minnesota-boy-thermal-camera-drone.

[96] N. Tusnio and W. Wroblewski, “The efficiency of drones usage for safety and rescue operations in an open
area: A case from Poland,” Sustain., vol. 14, no. 1, pp. 327-327, 2022. https://doi.org/10.3390/su14010327.

[97] C. Yuan, Y. Zhang, and Z. Liu, “A survey on technologies for automatic forest fire monitoring, detection,
and fighting using unmanned aerial vehicles and remote sensing techniques,” Can. J. Forest. Res., vol. 45,
pp. 783-792, 2015. https://doi.org/10.1139/cjfr-2014-0347.

[98] C. Viegas, B. Chehreh, J. Andrade, and J. Lourengo, “Tethered UAV with combined multi-rotor and water
jet propulsion for forest fire fighting,” J. Intell. Robot. Syst., vol. 104, no. 2, pp. 1-13, 2022.
https://doi.org/10.1007/s10846-021-01532-w.

[99] "From spraying fire-extinguishing foam to rescuing people: Drones shape firefighting future," DRONEDJ,
2022, https://dronedj.com/2021/08/02/ehang-firefighting-drones/.

[100] "China's firefighting drones: Unmanned aircraft can extinguish a blazing 10-storey building within
minutes," Dailymail, 2022, https://www.dailymail.co.uk/news/article-8180019/Chinas-firefighting-drones-
extinguish-blazing-10-storey-building-minutes.html.

[101] F.Outay, H. A. Mengash, and M. Adnan, “Applications of unmanned aerial vehicle (UAV) in road safety,
traffic and highway infrastructure management: Recent advances and challenges,” Transport. Res. A-Pol.,
vol. 141, pp. 116-129, 2020. https://doi.org/10.1016/j.tra.2020.09.018.

[102] S. Feroz and S. Abu Dabous, “Uav-based remote sensing applications for bridge condition assessment,”
Remote. Sens-Basel., vol. 13, no. 9, pp. 1809-1809, 2021. https://doi.org/10.3390/rs13091809.

[103] L. Matikainen, M. Lehtoméki, E. Ahokas, J. Hyyppd, M. Karjalainen, A. Jaakkola, A. Kukko, and T.
Heinonen, “Remote sensing methods for power line corridor surveys,” Isprs. J. Photogramm., vol. 119, pp.
10-31, 2016. https://doi.org/10.1016/j.isprsjprs.2016.04.011.

[104] H.T.Kieuand A. W. K. Law, “Remote sensing of coastal hydro-environment with portable unmanned
aerial vehicles (pUAVs) a state-of-the-art review,” J. Hydro-Environ. RES., vol. 37, pp. 32-45, 2021.
https://doi.org/10.1016/j.jher.2021.04.003.

[105] J. Shahmoradi, E. Talebi, P. Roghanchi, and M. Hassanalian, “A comprehensive review of applications
of drone technology in the mining industry,” Drones, vol. 4, no. 3, pp. 34-34, 2020.
https://doi.org/10.3390/drones4030034.

[106] A. Rabajezyk, J. Zboina, M. Zielecka, and R. Fellner, “Monitoring of selected CBRN threats in the air in
industrial areas with the use of unmanned aerial vehicles,” Afmos., vol. 11, no. 12, pp. 1373-1373, 2020.
https://doi.org/10.3390/atmos11121373.

[107] B.Wu,B. Li, S.Li, H. Li, and R. Zhou, “Research on the application of UAV tilt photography technology
in engineering project,” J. Phys.: Conf. Ser., vol. 1885, no. 2, Article ID: 022037, 2021.

[108] J. A. Pérez, G. R. Gongalves, J. M. G. Rangel, and P. F. Ortega, “Accuracy and effectiveness of
orthophotos obtained from low cost UASs video imagery for traffic accident scenes documentation,” Adv.
Eng. Softw., vol. 132, pp. 47-54, 2021. https://doi.org/10.1016/j.advengsoft.2019.03.010.

83



[109] R.Ke,Z.Li,J. Tang, Z. Pan, and Y. Wang, “Real-time traffic flow parameter estimation from UAV video
based on ensemble classifier and optical flow,” IEEE. T. Intell. Transp., vol. 20, no. 1, pp. 54-64, 2018.
https://doi.org/10.1109/TITS.2018.2797697.

[110] A.Ahmed, F. Outay, S. O. R. Zaidi, M. Adnan, and D. Ngoduy, “Examining queue-jumping phenomenon
in heterogeneous traffic stream at signalized intersection using UAV-based data,” Pers. Ubiquit. Comput.,
vol. 25, no. 1, pp. 93-108, 2021. https://doi.org/10.1007/s00779-020-01434-y.

[111] L. Iglesias, C. De Santos-Berbel, V. Pascual, and M. Castro, “Using small unmanned aerial vehicle in 3D
modeling of highways with tree-covered roadsides to estimate sight distance,” Remote Sens-Basel., vol. 11,
no. 22, pp. 2625-2625, 2019. https://doi.org/10.3390/rs11222625.

[112] T. Omar and M. L. Nehdi, “Remote sensing of concrete bridge decks using unmanned aerial vehicle
infrared thermography,” Automat. Constr., vol. 83, pP- 360-371, 2017.
https://doi.org/10.1016/j.autcon.2017.06.024.

[113] M. Bani¢, A. Miltenovié, M. Pavlovi¢, and 1. Cirié, “Intelligent machine vision based railway
infrastructure inspection and monitoring using UAV,” Facta. Uni. Series: Mech. Mater., vol. 17, pp. 357-
364, 2019. https://doi.org/10.22190/FUME190507041B.

[114] S.Bigici and M. Zeybek, “An approach for the automated extraction of road surface distress from a UAV-
derived  point cloud,” Automat.  Constr., vol. 122, Article ID: 103475, 2021.
https://doi.org/10.1016/j.autcon.2020.103475.

[115] Y. Pan, X. Chen, Q. Sun, and X. Zhang, “Monitoring asphalt pavement aging and damage conditions
from low-altitude UAV imagery based on a CNN approach,” Can. J. Remote Sens-Basel., vol. 47, no. 3, pp.
432-449, 2021. https://doi.org/10.1080/07038992.2020.1870217.

[116] H.Li, A. V. Savkin, and B. Vucetic, “Autonomous area exploration and mapping in underground mine
environments by unmanned aerial vehicles,” Robotica, vol. 38, pp. 442-456, 2020.
https://doi.org/10.1017/S0263574719000754.

[117] P.G. Martin, D. T. Connor, N. Estrada, A. El-Turke, D. Megson-Smith, C. P. Jones, D. K. Kreamer, and
T. B. Scott, “Radiological identification of near-surface mineralogical deposits using low-altitude unmanned
aerial  vehicle,” Remote Sens-Basel., vol. 12, mno. 21, Article ID: 3562, 2020.
https://doi.org/10.3390/rs12213562.

[118] T. Bamford, K. Esmaeili, and A. P. Schoellig, “A real-time analysis of post-blast rock fragmentation
using UAV technology,” Int J. Min. Reclam. Env., vol. 31, no. 6, pp. 439-456, 2017.
https://doi.org/10.1080/17480930.2017.1339170.

[119] C. Chen, B. Yang, S. Song, X. Peng, and R. Huang, “Automatic clearance anomaly detection for
transmission line corridors utilizing UAV-Borne LIDAR data,” Remote Sens-Basel., vol. 10, no. 4, pp. 613-
613, 2018. https://doi.org/10.3390/rs10040613.

[120] Y. Zhang, X. Yuan, W. Li, and S. Chen, “Automatic power line inspection using UAV images,” Remote
Sens-Basel., vol. 9, no. 8, pp. 824-824, 2017. https://doi.org/10.3390/rs9080824.

[121]  S. K. Sonkar, P. Kumar, R. C. George, D. Philip, and A. K. Ghosh, “Detection and estimation of natural
gas leakage using UAV by machine learning algorithms,” IEEE Sen. J., vol. 22, no. §, pp. 8041-8049, 2022.
https://doi.org/10.1109/JSEN.2022.3157872.

[122] Y. Yan, S. Ma, S. Yin, S. Hu, Y. Long, C. Xie, and H. Jiang, “Detection and numerical simulation of
potential hazard in oil pipeline areas based on UAV surveys,” Front. Earth. Sci., vol. 9, Article ID: 665478,
2021. https://doi.org/10.3389/feart.2021.665478.

[123] Z.R. Peng, D. Wang, Z. Wang, Y. Gao, and S. Lu, “A study of vertical distribution patterns of PM2. 5
concentrations based on ambient monitoring with unmanned aerial vehicles: A case in Hangzhou, China,”
Atmos. Environ., vol. 123, pp. 357-369, 2015. https://doi.org/10.1016/j.atmosenv.2015.10.074.

[124] L. Wei, C. Huang, Z. Wang, Z. Wang, X. Zhou, and L. Cao, "Monitoring of urban black-odor water based
on Nemerow index and gradient boosting decision tree regression using UAV-borne hyperspectral imagery,"
Remote Sens-Basel., vol. 11, no. 20, Article ID: 2402, 2019. https://doi.org/10.3390/rs11202402.

[125] J.K.Lee,I. Lee, and J. O. Kim, “Analysis on tidal channels based on UAV photogrammetry: Focused on
the West Coast, South Korea case analysis,” J. Coastal Res., vol. 79, pp. 199-203, 2017.
https://doi.org/10.2112/S179-041.1.

[126] H. Ryu, A. M. Klimkowska, K. Choi, and I. Lee, “Ship positioning using multi-sensory data for a UAV
based marine surveillance,” Korean J. Remote Sens., vol. 34, no. 2, pp. 393-406, 2018.
https://doi.org/10.7780/kjrs.2018.34.2.2.7.

[127]  G. Guido, V. Gallelli, D. Rogano, and A. Vitale, “Evaluating the accuracy of vehicle tracking data
obtained from unmanned aerial vehicles,” Int J. Transport. Sci. Technol., vol. 5, pp. 136-151, 2016.
https://doi.org/10.1016/.ijtst.2016.12.001.

[128] T.Y. Tang, S. L. Zhou, Z. P. Deng, H. X. Zou, and L. Lei, “Vehicle detection in aerial images based on
region convolutional neural networks and hard negative example mining,” Sensors-Basel, vol. 17, no. 2, pp.
336-336, 2017. https://doi.org/10.3390/s17020336.

84



[129] "All that drone stuff. China civil UAV power intelligent inspection solution," Tencent, 2022,
https://new.qq.com/omn/20200729/20200729 AOKLCT00.html.

[130] J.I. Larrauri, G. Sorrosal, and M. Gonzalez, “Automatic system for overhead power line inspection using
an Unmanned Aerial Vehicle - RELIFO project,” In 2013 International Conference on Unmanned Aircraft
Systems, Atlanta, GA, USA, May 28-31, 2013, IEEE, pp- 244-252.
https://doi.org/10.1109/ICUAS.2013.6564696.

[131] Z.Y. Zhou, C. T. Zhang, C. Xu, F. Xiong, Y. Zhang, and T. Umer, “Energy-Efficient industrial internet
of UAVs for power line inspection in smart grid,” IEEE T. Ind. Inform., vol. 14, no. 6, pp. 2705-2714, 2018.
https://doi.org/10.1109/T11.2018.2794320.

[132] "Those changes are brought about by the use of unmanned aerial vehicle (UAV) in mining field," KCFLY,
2022, http://www.szkchk.com/index.php/content/377.

[133] "Application of UAVs in Changjiang Maritime Supervision system," Zhihu, 2022,
https://zhuanlan.zhihu.com/p/252755466.

[134] F. G. Garcia Marquez and 1. Segovia Ramirez, “Condition monitoring system for solar power plants with
radiometric and thermographic sensors embedded in unmanned aerial vehicles,” Measurement, vol. 139, pp.
152-162, 2019. https://doi.org/10.1016/j.measurement.2019.02.045.

[135] C.Gomezand D. R. Green, “Small unmanned airborne systems to support oil and gas pipeline monitoring
and mapping,” Arab. J. Geosci., vol. 10, no. 9, pp. 152-162, 2017. https://doi.org/10.1007/s12517-017-2989-
X.

[136] O. Kunze, “Replicators, ground drones and crowd logistics a vision of urban logistics in the year 2030,”
Transport. Res. Procedia, vol. 19, pp. 286-299, 2016. https://doi.org/10.1016/j.trpro.2016.12.088.

[137] L. Barreto, A. Amaral, and T. Pereira, “Industry 4.0 implications in logistics: An overview,” Procedia
Manuf., vol. 13, pp. 1245-1252, 2017. https://doi.org/10.1016/j.promfg.2017.09.045.

[138] C. A. Lin, K. Shah, L. C. C. Mauntel, and S. A. Shah, “Drone delivery of medications: Review of the
landscape and legal considerations,” Am. J. Health-Syst. Ph., vol. 75, no. 3, pp. 153-158, 2018.
https://doi.org/10.2146/ajhp170196.

[139] C. A. Thiels, J. M. Aho, S. P. Zietlow, and D. H. Jenkins, “Use of unmanned aerial vehicles for medical
product transport,” Air Med. J., vol. 34, pp. 104-108, 2015. https://doi.org/10.1016/j.amj.2014.10.011.

[140] B. D. Song, K. Park, and J. Kim, “Persistent UAV delivery logistics: MILP formulation and efficient
heuristic,” Comput. & Ind. Eng., vol. 120, pp. 418-428, 2018. https://doi.org/10.1016/j.cie.2018.05.013.
[141] M. Grote, T. Cherrett, A. Oakey, P. G. Royall, S. Whalley, and J. Dickinson, “How do dangerous goods
regulations apply to uncrewed aerial vehicles transporting medical cargos,” Drones, vol. 5, no. 2, pp. 38-38,

2021. http://dx.doi.org/10.3390/drones5020038.

[142]  "Google Working on Drones Too," Forbes, 2022,
http://www.forbes.com/sites/michaelkanellos/2014/08/29/google-working-on-drones-too/.

[143] J. G. Carlsson and S. Song, “Coordinated logistics with a truck and a drone,” Manage. Sci., vol. 64, pp.
4052-4069, 2018. https://doi.org/10.1287/mnsc.2017.2824.

[144] C. Howell, F. Jones, T. Thorson, R. C. Grube, C. Mellanson, L. Joyce, J. M. Coggin, and J. Kennedy,
"The first government sanctioned delivery of medical supplies by remotely controlled unmanned aerial
system (UAS),” In Xponential, New Orleans, LA, May 2, 2016, NTRS - NASA Technical Reports Server,
pp. 1-18.

[145] "Apian: London, UK," Apian, 2022, https://www.apian.aero/projects.html.

[146] "Rakuten to Launch Sora Raku Delivery Service Utilizing Drones," Rakuten, 2022,
https://global.rakuten.com/corp/news/press/2016/0425 _01.html.

[147] "Chennai: Drones can drop a lifeline in a minute, boats take much longer," Chennai, 2022,
https://timesofindia.indiatimes.com/city/chennai/chennai-drones-can-drop-a-lifeline-in-a-minute-boats-
take-much-longer/articleshow/94669150.cms.

[148] J. K. Z. Hemsey, B. Bogle, C. J. Cunningham, and K. Snyder, “Delivery of automated external
defibrillators (AED) by drones: Implications for emergency cardiac care,” Curr. Cardiovasc Risk Rep, vol.
12, pp. 25-25, 2018. https://doi.org/10.1007/s12170-018-0589-2.

[149] "China-made heavy-lift drone wused in high-altitude construction project,” CGTN, 2022,
https://news.cgtn.com/news/2022-03-28/China-made-heavy-lift-drone-used-in-high-altitude-construction-
project-18MaCVtMhgl/index.html.

[150] W.C. Chiang, Y. Y. Li, J. Shang, and T. L. Urban, “Impact of drone delivery on sustainability and cost:
Realizing the UAV potential through vehicle routing optimization,” Appl. Energ., vol. 242, pp. 1164-1175,
2019. https://doi.org/10.1016/j.apenergy.2019.03.117.

85



	1. Introduction
	References



