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Abstract: Water-air amphibious trans-media unmanned vehicles(UAVs) have shown great
potential for application due to their ability to switch flexibly between air flight and
underwater navigation, especially in complex missions such as search and rescue,
environmental monitoring, and military reconnaissance, where they play a distinctive role.
Through literature research, the characteristics, and applications of water-air amphibious
transmedia UAVs are introduced, and the advancements at home and abroad are reviewed
according to the classification of fixed-wing, rotary-wing, and bionic. This paper analyses the
challenges of water-air amphibious transmedia UAV research. Finally, the future prospects
of the development are put forward.
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1. Introduction

In recent years, with the continuous development of vehicle technology, the number of missions in
multi-media environments has been increasing, and vehicles that can only work and operate in a
single-media environment can no longer meet the mission requirements. At the same time, the
increasing anti-missile capability of countries around the world and the emergence of new modes of
warfare have limited the strike programme of single-medium vehicles and placed higher demands on
their ability to conduct cross-domain surprise attacks [1]. In order to make full use of the high
maneuverability of air flight and the high stealth of underwater navigation, break the limitations of a
single medium on the vehicle, and expand the application scenarios and working range of the vehicle,
researchers have turned their attention to the trans-media vehicle with multi-environmental adaptive
capability.

The concept of transmedia vehicles dates back to the 1920s and 1930s, however, due to the limited
technology available at the time, none of the ideas proposed were translated into concrete engineering
models. It was the Soviet Union's “flying submarine” programme [2], proposed before the Second
World War, that really put the concept of transmedia vehicles into practice. At the same time, the
United States was also interested in transmedia vehicles, the early development of which in the United
States was closely linked to the military needs of the Navy. Driven by the U.S.-Soviet technology
race, transmedia vehicle research gradually shifted from traditional manned military programmes to
the unmanned domain. After entering the 21st century, the research of unmanned systems has been
paid attention by various countries, and with the development of UAV technology, the technological
concepts of these early transmedia vehicles can be continued in the field of UAVs, such as the
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Cormorant UAV designed by Lockheed Martin Company in 2005, the Sea Scout seaplane UAV
designed by Oregon Iron Work in the United States in 2006 , and the Seagull series of drones designed
by the United Kingdom in 2008. The emerging field of amphibious cross-media unmanned aerial
vehicles (UAVs), which are able to flexibly switch between air flight and underwater navigation, has
demonstrated great potential for application, especially in search and rescue, environmental
monitoring, military reconnaissance, and other complex tasks, playing a unique role.

Figure 1: (a) Cormorant UAV. (b) Sea Scout seaplane UAV.

This paper analyses the characteristics and applications of water-air amphibious transmedia
unmanned aerial vehicles (UAVs), and through researching the current research status of water-air
amphibious transmedia UAVs at home and abroad, according to the classification of fixed-wing, rotor,
and bionic aerial vehicles, it introduces the research progress of foreign countries since 2015 and
focuses on the discussion of the research progress of the domestic research in the last few years, as
well as the technical difficulties of water-air amphibious transmedia UAV research is analysed,
finally, a summary and outlook are presented.

2. Characteristics and Applications of Water-Air-Amphibious Transmedia Unmanned
Aerial Vehicles (UAVs)

The water-air amphibious trans-medium unmanned aerial vehicle (UAV) combines the speed
advantage of aerial vehicles and the stealthy characteristics of underwater submersibles, and
possesses the following distinctive features: (a) High adaptability: able to navigate alternately in water
and air, which are two completely different mediums, breaking the limitations of traditional vehicles.
(b) High concealment: through the free conversion between different flight modes, the amphibious
cross-media unmanned aerial vehicle can effectively make use of the blind zones of detection
equipment to break through the defense line quickly and stealthily. (¢) Multi-mission capability: the
high adaptability of aquatic-air amphibious trans-media UAV makes it possible to navigate in the air,
on the surface of the water, and underwater, and it can also carry out a variety of tasks, so as to satisfy
diversified operational and civil needs. (d) Rapid deployment capability: with the help of aerial flight
capability, the aquatic-air amphibious trans-media UAV can quickly arrive at the designated area to
carry out its operations, thus improving the efficiency of task execution.

Amphibious trans-medium unmanned aerial vehicles (UAVs) have a wide range of military and
civilian applications [2]: (a) Military reconnaissance and strike: The water and air amphibious cross-
media unmanned aerial vehicle has high adaptability to the environment, which can be maneuvered
from underwater and can also fly close to the sea, and can effectively use the blind spot of detection
equipment to achieve precision strikes. At the same time, the high stealth of the amphibious
transmedia UAV makes it possible to fulfill the reconnaissance mission. (b) Maritime rescue and
search: In the event of an accident, the water-air amphibious cross-media unmanned aerial vehicle
(UAV) can quickly arrive at the scene to carry out rescue and search and rescue work without the
need for multi-aircraft co-operation or formation co-operation [2], and a single aircraft can complete

174



Proceedings of the 4th International Conference on Computing Innovation and Applied Physics
DOI: 10.54254/2753-8818/87/2025.20349

the task, thus improving the rescue efficiency. (c) Exploration of marine resources: Using the
underwater diving capability of the amphibious transmedia unmanned aerial vehicle, marine
resources can be explored and exploited, thus contributing to the development of the marine economy.
(d) The water-air amphibious trans-media UAV can also test water quality, measure
hydrometeorology, observe marine organisms, and other amphibious operational tasks.
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Figure 2: Characteristics and applications of aquatic-air amphibious trans-media unmanned aerial
vehicles (UAVs).

In summary, with their unique characteristics and application advantages, water-air amphibious
transmedia unmanned aerial vehicles will play an important role in more fields in the future. With the
continuous progress and innovation of technology, this type of vehicle will bring more possibilities
for human beings to explore and make use of ocean space.

3. Current research status at home and abroad

The research of water-air amphibious trans-media unmanned aerial vehicle involves many disciplines
such as aerodynamics, hydrodynamics, material science, etc. Since it needs to navigate in two kinds
of media, it requires to take into account the structure and shape, propulsion, navigation and
communication, and other requirements, which makes it technically difficult. In terms of research in
related fields, abroad started earlier and accumulated certain results, in contrast, domestic research is
relatively late, and the corresponding research results are also more limited. Early domestic research
was conducted on some principles, such as the research of the Chinese Academy of Sciences (CAS)
on the anti-wave interference control system in 2011 [3], and the research of an organization in
Kunming on the steering characteristics of water surface skipping in 2012 [4]. These early research
efforts laid an important foundation for the subsequent development of water-air amphibious
transmedia UAVs.

3.1. Abroad Research Status
3.1.1.Fixed wing

In 2016, Warren Weisler et al. solved the problem of conflicting densities of transmedia vehicles in
air and water [5] by employing a water-immersible wing, as well as the use of an integrated spoiler
and open wingtips in order to achieve rapid drainage. The designed test prototype has a wingspan of
1.5m, a length of 1.40m, and a weight of 56.05N, and uses brushless motors and propellers as drives,
with two separate batteries to provide power. The test prototype is capable of multiple transitions for
air, surface, and underwater operations, providing ideas for future research.

In 2018, William Stewart et al. from North Carolina State University proposed EagleRay [6], a
fixed-wing water-air amphibious vehicle. Stewart designed exhaust ports on the wings, so that when
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the vehicle enters the water, water flows into the ports, counteracting buoyancy by increasing self-
weight; When the wing is raised above the water surface, water flows out of the exhaust port. The
propeller collided with the water when it entered the water resulting in greater damage, future work
will design a folding propeller to solve this problem. Meanwhile, the vehicle dives by changing its
own weight, which is less efficient and has poorer performance [7].
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Figure 3: EagleRay. Figure 4: Test prototype developed by
the National University of Singapore.

In 2019, the Imperial College of London designed a transmedia vehicle for water-jet propulsion
that generates thrust through explosions [8]. Water from the badlands is pumped through a small
pump into a container containing calcium carbide, and this chemical reaction produces acetylene gas,
which is mixed with air and ignited to explode. The reaction gives off a lot of heat and the temperature
and pressure in the chamber rise rapidly which forces the water through a nozzle and out of the
combustion chamber, creating the required thrust.

3.1.2.Rotary wing

In 2015, Marco Moreno Maia et al. designed an eight-axis multi-propeller unmanned aerial vehicle,
the Naviator [9]. To achieve the water-air cross-media requirements, it uses different propulsion
modes: in the air, it uses vertical propulsion mode to generate lift and thrust; in the water, it uses
horizontal propulsion mode to generate thrust.

In 2018, Hamzeh Alzu'bi et al. proposed a water-air amphibious vehicle Loon Copter with active
buoyancy control [10]. The design uses only four brushless DC motors for aerial propulsion and four
propellers for underwater propulsion. The Loon Copter dives and floats without the use of propellers
through a ballast system, a buoyancy control device, which improves the stability of the vehicle
underwater and reduces power consumption. Underwater wireless communications and further
weight reduction of the vehicle will be investigated in the future.

To further improve the transition of transmedia rotorcraft at the water-air interface, Yu Herng Tan
et al. of the National University of Singapore proposed a scheme in 2019 [11]. The scheme adds a
variability design to the quadrotor vehicle by changing the orientation of the rotor through a balanced
tilt device to achieve the transition from airborne to underwater configurations. The current
propulsion system for the prototype of this scheme in both media is an aerial propulsion system, and
future work is needed to improve the underwater propulsion performance.

3.1.3.Bionic

The first insect-like UAV with aerial and aquatic capabilities was finally studied by a Harvard
University group in 2015 [12]. The group compared flapping wing flight in air and water through 3D-
CFD simulations and experiments, and found that good passive pitch could be obtained in both water
and air using the same wing hinge design. In addition, the group demonstrated open-loop swimming
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in an aquatic environment using RoboBee. The bionic flapping wing provides a solution to problems
such as spanning domains that exist in designing transmedia vehicles.

In 2016, Robert Siddall et al. designed a transmedia unmanned aerial vehicle modeled on a booby
[13]. The vehicle is based on the boobies and uses folding wings that unfold to provide lift when
flying over water, fold and dive and splash down into the water when entering the water, which is
achieved by altering its acrodynamic behavior and reducing the impact loads as it falls into the water.
In terms of propulsion, it still uses water-jet propulsion, but is equipped with propellers that work
with the foldable wings to improve flight efficiency.

Table 1: Development history of transmedia unmanned aerial vehicles in foreign countries.
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3.2. Domestic research status
3.2.1.Fixed wing

In 2011, Nanchang Hangkong University proposed two types of UAV models [14], both of which
have hollow wings that can be rotated backward by 90°, and the drive modes used are all-electric and
hybrid oil-electric drive, respectively. The all-electric test prototype is powered by a lithium battery,
which drives propellers mounted under the tail and above the head of the fuselage for underwater and
surface low-speed flight and air and surface high-speed flight, respectively. The oil-electric hybrid
test prototype is powered by a piston engine for aerial flight and an electric motor for underwater
navigation, but the test prototype still suffers from a lack of institutional rigidity during the wing
transformation process.

In 2023 Peking University proposed a new trans-domain vehicle, code-named QianXiang II [15].
It can glide rapidly over water and then take off. QianXiang II is fitted with a foldable air propeller
at the head, which opens during cross-domain liftoff to provide important power for the vehicle and
is supplemented by water-jet propulsion. The back is fitted with foldable wings, which fold when
navigating on the water surface, reducing navigational drag and space. Meanwhile, two sets of T-
shaped hydrofoils are mounted on the belly of the vehicle. The combination of foldable wings and
hydrofoils enables QianXiang II to have a larger load, a faster surface navigation speed, and a more
stable landing process compared with ordinary cross-domain vehicles.

In order to solve the problems of high resistance and cross-domain difficulty in underwater
navigation of fixed-wing vehicles, Harbin Engineering University proposed a fixed-wing UAV with
foldable wings in 2023 [16]. Named Longbow II, the vehicle has a fuselage length of 1.95 m, a
wingspan of 2.535 m, and a weight of 13.3 kg. It adopts a lightweight design and fills the interior
with buoyant materials. The wings are trapezoidal in shape, which not only facilitates machining but
also reduces induced drag.

In 2024, a new transmedia unmanned aerial vehicle (UAV) was proposed by the Dalian University
of Technology [17]. The UAV is modeled on the characteristics of manta rays, and the typically
elongated fuselage is changed into a flat fuselage, with the upper surface protruding more than the
lower surface, which is similar to the design of a wing; at the same time, it is modeled on the
characteristics of a flying fish entering and exiting the water, and the connection between the wing
and the fuselage is changed into an extendable type so that the wing is extended from the inside of
the fuselage in the air, and retracted in water, which reduces the impact and resistance of the wing
when entering the water.

(a) (b)

Figure 5: Comparison between the new transmedia unmanned aerial vehicle. (a) The new transmedia
unmanned aerial vehicle. (b) Manta ray.
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3.2.2.Rotary wing

In 2022, Ang et al. from Nanjing University of Aeronautics and Astronautics proposed a crossable
water-air unmanned aerial vehicle with different operating morphologies in different work areas using
the transition control of tilting propeller technology to achieve cross-domain [18]. The fuselage is
designed with a rectangular triangular cross-section body in the lower part of the fuselage and an
approximately rectangular cross-section body in the upper part of the fuselage which is more
conducive to maintaining the stability of the navigator. Foldable and deployable wings are designed
to meet the requirements of two different mediums: water and air. The unmanned aerial vehicle can
take off and land vertically, which has a broad application prospect.

In 2022, Shanghai Jiao Tong University developed a small, lightweight amphibious unmanned
aerial vehicle named Nezha-mini [19]. It weighs only 953 grams and has an A4 size. The unique
"X+A" distribution gives the vehicle a good cross-domain flight capability. Although the two sets of
thrusters greatly improve the vehicle's maneuverability in different media, they also increase the
weight of the entire propulsion system, which will be further reduced in future work. The group then
developed the Nezha-F [20], a vehicle with a folding and self-deploying arm. The folding and
unfolding of the arm is achieved by a piston variable buoyancy system and a crank-slider mechanism.
The folding and unfolding of the arm can reduce the resistance of Nezha-F when entering and
navigating underwater and achieves the compatibility of airborne and underwater structures without
adding too many actuators, which provides an idea for the miniaturization of this type of vehicle.

In 2023, Shanghai Jiao Tong University developed Nezha-IV [21], which focuses on solving the
problem of vehicle operation in harsh environments. To solve this problem, the project focused on
the robustness of the vehicle, adopting a multi-rotor layout and designing a streamlined buoyant
material to provide the required buoyancy. The special layout provides the vehicle with six degrees
of freedom of control, which increases the flexibility and agility of underwater operation, as well as
provides stable operation under harsh natural environments.

In 2023, Wang et al. from Chang’an University proposed a water-air amphibious unmanned aerial
vehicle called ABDragon [22], which can dive, fly in the air and float on the surface of the water. The
vehicle is similar to a bamboo dragonfly in appearance, with a cylindrical layout, including a
propulsion system, navigation and communication compartment, depth control compartment, flight
control, and energy compartment. The design of the rotor system and the power system are also
designed to ensure the continuity of the power system and the stability of the vehicle.

3.2.3.Bionic

In 2009, Beihang University developed a cross-media amphibious drone, the Flying Fish, which
mimics flying fish and water birds [23]. The UAV refers to the variable density method of waterbirds
entering water, and changes the self-weight control of diving or floating through the suction and
discharge control of the built-in water pump; it also imitates the wings of the flying fish retracted
when it enters the water, and designs a 90°back-swept wing, which can be retracted when it enters
the water, so as to reduce the resistance of moving in the water.
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Figure 6: The process of Flying Fish entering and exiting the water. (a) Entering the water. (b) Exiting
the water.

In 2019, Chen Huaiyuan of the Nanjing University of Aeronautics and Astronautics modeled on
the swimming principle of stingrays and used the bionic annular pectoral fins as the underwater
propulsion system [24], based on which he chose the culvert propeller system that matched it as the
air propulsion system. At the same time, in order to achieve rapid strikes, the annular pectoral fins
were added with a throw-away design, which can reduce the weight of the vehicle when needed and
improve flight efficiency. Future research will further optimize the vehicle structure and control
strategy.

Table 2: Development of domestic amphibious trans-medium unmanned aerial vehicles.

Research

Year Category Name e Promotion method Special design
organization
Aerial: propulsion by  90° rear swept wing,
. . . Beihang twin propellers suction, and
2009 Bionic  Flying Fish University Underwater: advance  drainage for depth
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wing Lo . .
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Fixed Hybrid Nanchang In‘ the air: piston . Hollclw wing with
2011 . . Hangkong engine Underwater: 90° rearward
wing drive UAV . . . .
University electric motor rotation
. SOft. Beihang Flying Squid Water Foldable and
2019  Bionic morphing L . unfoldable soft
University Jet Propulsion .
fins deformation fins
Bionic Nanii
annular ~anying In the air: Culvert .
. University of . Removable ring
2019  Bionic  pectoral fin . propeller Underwater: .
.~ Aeronautics and L pectoral fin design
transmedia . Bionic ring fins
. Astronautics
vehicle
. Nanjing
Rotor Water-air University of . Variable axis tilt
2022 . unmanned . Propeller Propulsion
wing . Aeronautics and propeller
vehicle .
Astronautics
. N . Aerial: Air propeller Combination of
2023 Fl).(ed QianXiang ngmg Not realized for foldable wing and
wing II University L. :
underwater navigation hydrofoil
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Table 2: (continued).

Aerial: air propeller

) Harbin : .
2023 Fu.ied Longbow II Engineering Undprwater. specially Fqldable trapezqdal
wing : . designed underwater ~ wings, self-locking
University
propeller
, . Large aspect ratio
2023 thor ABDragon Ch.a ng an Co-axial rotor and and rotating body
wing University motor .
design
New water- Dalian
2024 Fl?(ed ar University of Propeller propulsion Flat fu'selage,' hybrid
wing amphibious hnol wing design
vehicle Technology

4. Technical difficulties

The density of water is more than 800 times that of air, the viscosity coefficient is 59 times that of
air, and there are huge differences in physical properties such as thermal expansion and
compressibility. The water-air amphibious cross-media unmanned aerial vehicle is not a simple
superposition of airborne unmanned aerial vehicle technology and underwater submersible
technology but needs to consider the shape and layout of the vehicle, power system, control strategy,
structure and materials, and other aspects of technical requirements.

4.1. Structure and form design

Due to the large difference in the physical properties of the two media, water and air, the performance
requirements for navigation in water and air are different. If the vehicle enters the water directly from
the air, in order to reduce the lift generated by the wings to make the vehicle dive, it is necessary to
reduce the angle of approach to zero lift angle, but it will increase the resistance of underwater
navigation. To solve this problem, most of the vehicles adopt the variant technology, which adapts to
the flight environment and improves the dynamic performance by actively changing the shape.
Vehicle variants are mainly realized by deformation structures, which can be divided into two types
of deformation structures: centralized-driven and distributed-driven [25]. Since the deformation
process will change the aerodynamic layout, the aerodynamic changes are complicated, so it is
necessary to make a careful study of its dynamic characteristics.

4.2. Conversion of water-air medium

The current test prototype enters the water by sliding into the water and splashing into the water and
exits the water by catapulting out of the water, skidding for takeoff, rocket boosting out of the water,
and propeller or high-pressure gas boosting out of the water [2]. From the viewpoint of water entry
mode, although sliding into the water is more stable than splashing into the water, it takes a long time
and is inefficient. Splashing into the water improves the water entry efficiency and distance but at the
cost of facing a huge impact load, which puts forward the requirements on the structural strength of
the vehicle. From the viewpoint of the water discharge method, the ejection water discharge, and
skidding take-off ensure the stability of the vehicle at the same time to ensure that the vehicle has
enough speed, and the other three water discharge methods need to be designed the relevant
propulsion device, taking into account the jet speed and vehicle attitude control.
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4.3. Dynamical system

In order to achieve air flight and underwater navigation, most of the current water-air amphibious
trans-media unmanned aerial vehicles use two sets of independent propulsion systems for air
propulsion and underwater propulsion, respectively, and take the engine and electric motor as the
main power source [2], and the main propulsion mode of these two power sources is the spiral will
be propelled, but also includes jet propulsion, flap-wing propulsion, rocket propulsion and so on. The
traditional air flight and underwater propulsion systems are difficult to directly apply to trans-media
vehicles, but also to face the problem of excessive weight, low propulsion efficiency, etc., so we
should build the overall configuration of the power system applicable to multi-environmental media
[1]; underwater and air propulsion systems require different energy sources, and different fuels lead
to changes in the working conditions, so we need to study the combustion chamber technology can
be adapted to a variety of fuels [1].

4.4. Materials and durability

The material properties of the water-air amphibious trans-media unmanned aerial vehicle, as a special
vehicle capable of flying in the air and navigating in the water, are an important aspect of the design
and manufacturing process. In terms of material selection, lightweight and high-strength materials
should be chosen to ensure structural strength while reducing the weight of the vehicle. Selected
materials also need to have corrosion resistance, to prevent seawater erosion leading to structural
damage. For components that need to be sealed, such as batteries, the selected materials also need to
be waterproof. In addition, deformation materials are of great importance for variant technology [26].
In order to enhance the durability of the vehicle, the impact loads during the transverse domain can
be reduced by optimizing the water-air transition; the structural design can be optimized, for example,
by designing streamlined wings and fuselage according to bionic principles; and the durability can be
increased by adding redundancy to critical structures.

5. Conclusion

As a new type of unmanned system, the water-air amphibious transmedia unmanned aerial vehicle
(UAV) has a broad application prospect in both military and civil fields. In this paper, according to
the classification of fixed-wing, rotary-wing and bionic, the current research status of foreign water-
air-amphibious transmedia unmanned aerial vehicles since 2015 is reviewed, and the domestic
research progress in recent years is highlighted. At the same time, the technical difficulties of water-
air amphibious transmedia UAVs are analyzed.

Current research shows that fixed-wing vehicles have excellent duration performance and
aerodynamic efficiency, but the stability of their trans-domain process is a major challenge; rotary-
wing vehicles have good maneuverability and stability, but their applications are limited by sailing
speed and endurance. With the in-depth study of amphibious organisms such as flying fish, boobies,
cormorants, flying squid and so on in nature, the future water-air amphibious trans-media UAVs can
draw more on the body structure and characteristics of these organisms, and combine biomimetic
technology with the water-air amphibious trans-media UAVs to tap the potentials of biomimetic
water-air amphibious UAVs.
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