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The technological fusion between wireless sensor networks and the UAS capabilities allows
a fast, easy, and inexpensive deployment with multipurpose heterogeneous networks like
a communication system for replicable nodes. For a UAV proposed, this paper studies the
heterogeneous communication networks with their design, development, and performance
where the configurations and design requirements, systems, subsystems required,
preliminary sizing study, and services and capabilities were analyzed. Consequently,
preliminary dimensions such as wingspan, length, height, maximum take-off weight,
and performance specifications were obtained to give introductory considerations about
the avionics, routing protocols, and human interaction which infers in an implementation
challenge but with several advantages in military and civil applications.
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Abbreviations:

UAS, unmanned aircraft systems; UAV,
unmanned aerial vehicle; RPAS, remotely piloted aircraft system;
ART, remotely manned aircraft; QFD, quality function deployment;
VLOS, visual line of sight; BVLOS, beyond the visual line of
sight; MEMS, microelectromechanical systems; ISR, intelligence,
surveillance, and reconnaissance; LIDAR, light detection and ranging
or laser imaging detection and ranging; IMU, inertial measurement
unit; GPS, global positioning system; EO/IR, sensor systems (day and
night); SAR, synthetic aperture radar

Introduction
The human factor is the most important asset for military
and civil institutions, where Research and Development (R&D)
is the main tool to improve it. Recently, aviation has ventured
into the UAV implementation to decrease the risk of harming
human resources.1 UAVs is used in many applications, such as
river searching and tracking,2 border patrol and surveillance,3
generating real-time hazard maps,4 forest firefighting before, during,
and after the accident,5 monitoring gas transmission pipelines,6
operational oil spill surveillance, monitoring and assessment,7
structure inspections,8 disaster relief operations,9 monitoring and
surveillance,10 logistics,11 agriculture,12 environmental monitoring,13
military field (reconnaissance, monitoring, intelligence, combat and
surveillance),14 and detection of the chemical and biological natural
resources.15 Although the mentioned applications are very useful,
their implementing, testing, and operating introduce several technical
challenges.16
Nowadays the UAVs market is focused on the 70% in the military
sector, 17% consumer sector, and 13% commercial sector with a total
investment of 50 billion dollars by 2050 and more than 1 million units,
figure 1.17 According to,18 there are currently 95 countries with UASs
active inventory where the number of countries operating UAVs of
any kind has increased by an estimated 58% in the past decade. The
Guardian newspaper, based on data from Jane’s market forecasts,
estimates an expense of some $8 billion on units the next decade.19
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Figure 1 UAVs market by economic sector.

The Unmanned Aerial Vehicle (UAV) or Remotely Manned
Aircraft (ART) is a powered vehicle that doesn’t need a human
operator. It can be operated autonomously, or by remote control,
in a visual line of sight (VLOS) and beyond the visual line of sight
(BVLOS). As the main characteristic, it can be recoverable, but it can
be expendable; it carries a lethal or non-lethal load; and it can be fixed
wing, rotating wing, or lighter than air, figure 2.20,21

Figure 2 UAV classification.
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Diversely, the Unmanned Aircraft System (UAS) or Remotely
Piloted Aircraft System (RPAS) is a system integrated by one or
more UAVs and all those elements necessary for its operation. It’s
set up by an aerial segment with the aerial platform, payload and
the communications system; and a ground segment with the launch
and recovery elements, deployment and protection equipment, the
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station and control system, and the communication devices.20 It’s
characterized by low-cost operation, rapid placement, safe access to
dangerous areas, and flexible and scalable deployment.22
In specific, there are many ways to classify the UASs due to great
diversity in missions, and the regulatory method used to group in a
simplified way different UASs and their systems, table 1.

Table 1 NATO UAS classification
Class (MTOW)

Class I≤150kg

Class II≤600kg

Class III>600kg

Category

Use

Normal Operating Altitude

Mission Radius

Micro < 2 kg

Tactical, (section)

Up to 200 ft.

5 km (VLOS)

Mini 2-20 kg

Tactical, (Company)

Up to 1000 ft.

25 km (VLOS)

Light > 20 kg

Tactical, (Battalion)

Up to 1200 ft.

200 km (VLOS)

Tactical

Tactical, (Brigade)

Up to 10000 ft.

No limit (BLOS)

MALE (Medium Long Endurance)

Operational

Up to 45000 ft.

No limit (BVLOS)

HALE (High Altitude Long Endurance)

Strategic

Up to 65000 ft.

No limit (BVLOS)

Combat

Strategic

Up to 65000 ft.

No limit (BVLOS)

Globally, the United States is the most important UAS manufacturer
along with Israel, Russia, and China, figure 4. Latin American presents
a growing trend allowing a percentage of world production about
81,3% for Class I, and 18,7% for Class II and III, figure 3.23-25 Since
2006, Colombia has dabbled in the UAV uses with the acquisitions
of Israeli and American UAVs mainly, which are focused on military

forces and joint task forces necessities.26 The several advantages
in the military field have aroused interest to manufacture the UAV
Quimbaya, UAV Iris, UAV Coelum, Tarsis 75, Tarsis 25, Navigator
X-2,27 a partnership between Spain to develop the Atlante 2,18 and
other more researches,28,29 table 2.

Figure 3 Percentage of UASs world production.

Figure 4 UAV acquisition forecast over the next 10 year.
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Table 2 State-of-art summary
Research
team

Publication
year

Tittle

Remarks

Kim et al.30

2017

On Collision-free reinforced barriers for
multi domain IoT with heterogeneous UAVs

The maximum movement of UAVs with the creation of virtual
lines in multi-domain on condition was minimized.

Kumar et al.31

2017

Uses of elliptic curve cryptography to discover trusted neighbors
with an efficient key management mechanism that provides
better security.

New secure routing protocol with
elliptic curve cryptography for military
heterogeneous wireless sensor networks

Secure multiple routes for reliable data delivery was established.
Low communication overhead, memory requirement, and low
energy consumption were achieved.
The importance and motivation for the use of UAVs with their
primary military applications were shown.

Carapau et
al.32

2017

Unmanned aerial systems in military
environments: The benefits of interoperability

Mallick &
Satpathy33

2018

Challenges and Design Goals of Wireless
Sensor Networks: A State-of-the-art Review

The structure, characteristics of a wireless sensor network,
and its prospective applications along with its implementation
challenges as well as design goals were surveyed.

Liao et al.34

2019

Launching an unmanned aerial vehicle
remote sensing data carrier: concept, key
components and prospects

A UAV network capable of dynamic obtaining very highresolution remote sensing images with a pilot retrieval system of
UAV Metadata was developed.

Qin et al.35

2019

Trajectory Planning for Data Collection of
Energy-Constrained Heterogeneous UAVs

Followed this; there are several studies about UAVs uses due to
the technological advancement, table 2 and figure 5.30 The authors
present collision-free reinforced barriers by heterogeneous UAVs
minimizing maximum movement with the creation of virtual lines in
multi-domain on condition.31 The authors have proposed a new secure

An approach to interoperability is presented: its concept, and a
project that has proved its reliability, converging to the benefits

A multiple heterogeneous UAVs with different energy
constraints to maximize the data collection utility were
considered.
Under different network settings, the performance of the
proposed trajectory planning algorithm is evaluated via
simulations.

multipath routing protocol for military heterogeneous wireless sensor
networks which uses elliptic curve cryptography to provide better
security and improves the network achieving low communication
overhead, memory requirement, and low energy consumption.

Figure 5 Heterogeneous UAVs systems networks state-of-art timeline.

Similarly, in32 is studied the impact of UAVs in military
environments and how interoperability can further develop the benefits
in its use. In33 the authors surveyed the structure, characteristics of a
wireless sensor network, and its prospective applications along with
its implementation challenges as well as design goals. In,34 this paper

describes a seamless docking with UAVs. The data carrier forms a
national UAV network capable of dynamic obtaining very highresolution remote sensing images with a pilot retrieval system of UAV
Metadata.
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In,35 the authors have considered multiple heterogeneous UAVs
with different energy constraints to maximize the data collection utility
where the trajectory planning algorithm is evaluated via simulations.
In this way, according to The United States of America Department
of Defense (DOD), the interoperability is the ability that systems,
units, and forces have to provide and receive services to develop
the joint operation effectiveness.36,37 Thus, several UAVs equipped
with sensors can be deployed without the need of multiple pilots and
decreased performance to extend the capability through the integration
of heterogeneous systems that work together.
This potential can be further developed when paired with other
unmanned systems (space, ground, surface, and underwater),
promoting the study of a military joint task force interoperability
and its benefits, table 3.22 Their applications could be in collaborative
surveillance missions, detection and tracking of enemy forces,
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escorting and monitoring operations, spotting improvised explosive
devices (IEDs), communication relays, interception, air-to-air
superiority missions, and detection of hazardous biological, chemical,
and/or explosive.25,32,38
Finally, the introduction section presents the UAVs world
production market summary, state-of-art, applications, advantages,
and disadvantages. Following, the research methodology section
presents the type of methodology used by authors and how it was
synthesized. The configurations and design requirements section
presents general aspects of avionics, landing gear, fuselage, main wing,
tail, propulsion system, and complementary information to show the
large variety in accessories, layouts y recommendations to achieve the
best UAV sizing. This above section is complemented by the systems
and subsystems section, which show the general considerations about
needs and routing protocols, heterogeneous network reflections, and
propulsion and flight control systems deliberations.

Table 3 UAVs SWOT matrix
Strengths

Weaknesses

·          Useful for 4D task “dull, dirty, dangerous and deep”.

·          Limited ability to integrate weapons into class I and II
systems.

·          They allow avoid human risks.

·          Vulnerability to cyber-attacks.

·          They can be cheaper (attention to life cost).

·          Regulations under development.

·          Increase operational availability.

·          War law norms can limit higher levels of autonomy.

·          Class I and Class II provide immediate information if the radio
space is not congested.

·          Adaptation to airworthiness regulations can increase
development costs.

·          They reduce personnel in the areas of operations.

·          Integration into non-segregated airspace is costly and
uncertain.

·          Increase the duration of the mission.

·          They present difficulties of social acceptance in some
areas (personal data protection).

·          They can extend the networks lifetime.

·          Need for development in maritime environments.

·          They don’t require a fixed infrastructure.

·          UAVs lack a unified space-time framework and
standardized data process.

·          They allow dynamic, self-configurable, and highly adaptive mobile ad
hoc networks.

·          The computational complexity in the task coupling.

·          They may be used in low and high threat environments.

·          Communication architecture types.
·          Rate requirements.
·          Bandwidth requirements and frequency spectrum
allocation.
·          Security requirements and reliability requirements.

Opportunities

Threats

·          They can enhance technological and industrial development.

·          Loss of industrial sovereignty if its development is not
promoted.

·          Potential for development and experimentation of new operational
concepts in both the military and civilian spheres.

·          From the political point of view, it can make them useless
if strategies neither are nor addressed global.

·          Growing civil market.

·          Short-term financial situation requires establishing
medium/long strategies.

·          Quick and cheaper entry into service than for systems manned.

·          Lack of funds for technological development.

·          They allow the establishment of complete operating networks.

·          Pressures to develop large systems can drown the
development of smaller and more efficient systems.

·          UAVs could surpass satellites and manned aircraft in sensing data
with high resolution, high coverage area, and heterogeneous multi-sources.

·          High accident rates.
·          Large bandwidth and radioelectric spectrum management.
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Next the sensitivity studies and preliminary estimates section
offerings the sizing initial considerations to approach the comparative
study of similar airplanes supported by the quality function
deployment matrix information. To finish, the services and capabilities
section presents the main recommendations in UAV specialties, UAV
military tasks, assumptions for any country needs, government policy
deliberations, and human interaction considerations.

Research methodology
This review article is the systematic review type in which was
identified, evaluated, and synthesized all information about UAVs
heterogeneous networks with papers from 2010 until 2020. The
databases consulted were IEEE Xplore Digital Library, Progress
in Aerospace Sciences, Academy Google and Science, college
repositories, Air Power Journal, and military and civil news portals.
Consequently, the information was evaluated and synthesized by
a QFD Matrix, and thus, was identified the UAV necessities focused
on requirements, recommendations, design baseline, and technical
solutions based in the aeronautical bibliography.

Configurations and design requirements
The UAV’s design should respond to reducing manning, this results
in a control of multiple heterogeneous UAVs to a small number of
human operators, and thus, low workload, low military inactivity, and
war field misunderstanding.39 Consequently, each UAV concept is a
complex problem that requires a different design approach according
to infrastructure conditions, weather conditions, geographical
conditions, technology available, pilots’ skills, air defense, national
security conditions, and flight-paths conditions, under minimum
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specifications such as:22
a. Human interaction.
b. A long autonomously controlled flight at low temperatures.
c. Easy transported out and into the flight stations.
d. Good payload capacity with a strong, light, and suitable
structure.
e. A powerful engine with easy operation and maintenance.

Avionics considerations
In general, UAVs avionics systems are lighter, more compact and
simpler than their manned aircraft versions. From standard aviation
avionics, these avionics systems are similar. Only under specialized
requirements, the development of some avionics systems is dedicated
to UAVs.25
Likely, supported by redundant safety systems, the most important
parts of the onboard system are IMUs (Inertial Measurement Unit)
combined with the GPS signal processor, transponder, engine
controller system, electronically scanned array radars, VHF
communication and navigation systems, thermal vision cameras,
LIDAR sensor, RGB color sensor, infrared sensors, multispectral and
hyper-spectral observation sensor systems (day and night) EO/IR,
video tracking systems, high-resolution SAR and ISAR radars, signal
intelligence (SIGINT), communication intelligence (COMINT), a
longer range and high-resolution ISR sensors, and sensors to detect
and avoid collisions using ultrasonic, infrared, time-of-flight vision,
3D-positioning, and real-time detection, figure 6.40,41

Figure 6 Avionics system schematic example.

Landing gear considerations

Fuselage considerations

The landing gear absorbs impact loadings from landings and
guarantees stability at the taxi phase, which must be three times
the UAV weight.42 The tricycle configuration will accomplish these
needs, adding that the engine and propeller could be protected from
ground strikes.43 Unlike, there are innovative configurations, such as
catapults or rocket assistance for take-off, and nets or parachutes for
landing. Other configurations combine some or all of the helicopter
characteristics with a wing fixed aircraft, but they represent
mechanically complex solutions with attendant weight and cost
penalties.44

The composite materials and payload have become standard for
fuselage construction with the 3D printing of structural elements.
Ensuring their proper cooling, the fuselage must focus on aerodynamic
and the dynamic and static stability behavior without decreases the
flight performance to obtain the lowest air resistance and the necessary
volume for avionics system installation, electro-optical equipment,
engine, landing gear, airfoils, and fuel tank o battery storage.45 So,
from the designer’s knowledge, the internal layout is very a very
important task, as it affects stability, static margin, center of gravity,
maintenance, and functionality.43,51,52
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Main wing consideration
The wing development is a multistage task that includes: airfoil
selection, geometrical calculations, structural design, materials
selection, numerical analysis, and manufacturing.46 The main task is to
design structure characterized by high strength along with low weight
which optimizes the performance, lateral stability, and lift generation
with aerodynamic coefficients studies by CFD software or wind
tunnel.47 Under the considerations of along autonomously controlled
flight and good payload capacity, the most efficient configuration
is a monoplane high fixed-wing. This configuration will tolerate a
stable flight with the possibility to use a rectangular, mixed o tapered
wings and winglets. This could be improved by a fly-by-wire power
transmission in primary/secondary controls, high lift devices, and a
sweep and dihedral angle, supported by previous studies.43
Another wing configuration could be a blended wing body. The
UAV would have better aerodynamics efficiency because the wings
are blended with the fuselage, eliminating the additional drag to create
up to 60% of the lift, and therefore, it needs less power, and less fuel
is burned. Another advantage is its interior space and its useable
volume with a lighter and smaller structure that allows more payload
ability. The disadvantage is that it does not incorporate a tail section
which leads to potential flight stability and maneuverability issues. It
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is possible to correct it through the use of custom airfoils, winglets,
the center of gravity optimal placement, and the use of many control
surfaces.48

Tail considerations
In a conventional layout, the tail configuration establishes the
maneuverability, trim and stability. For this reason, the wingfuselage-tail combination affects the UAV performance, where an
optimal and strict software evaluation must be done with a fixed or
adjustable tail to ensure pitch moment, center of gravity longitudinal
location, and engine location. The conventional or inverted V-tail
configuration saves weight and reduces the surface area, so thus
produces less induced and parasitic drag with the configuration of
a primary controls most complex, focused on longer rear fuselages.
Unlike, the T-tail is kept out of the disturbed airflow, giving smoother
and faster airflow over the elevator, but the UAV would able to suffer
a dangerous deep stall condition. The conventional tail is the most
lightweight construction with the adjustable tail option, but with low
spin characteristics due to the blanketing of the vertical tail, and a high
downwash, figure 7. Finally, any layout configuration will determine
the primary control surface method, such as conventional (elevator,
aileron, and rudder), elevon/rudder, aileron/ruddervator, or flaperon/
rudder/aileron.43

Figure 7 Tail configurations alternatives.

Propulsion system considerations

Systems and subsystems required

The pusher configuration allows to keep clean the UAV front to
install cameras and sensors, the engine and propeller aren’t exposed
to a direct hit to the ground, and the airflow isn’t projected to the
control surfaces, which allows laminar flow reducing the resistance,
increasing the maneuverability and stability. Unlike, the tractor
configuration releases the flow over the main wing, tail, and fuselage
generating drag and making a flow turbulent.29

General considerations

Another important item is the longitudinal and lateral UAV
equilibrium. In a conventional configuration, the engine is a good
counterweight because it makes the batteries or fuel tank to be located
on the center of gravity without affecting the trim condition. While in
the pusher configuration, the batteries, and fuel tanks are responsible
for the correct trim model because the rear engine emphasizes the
weight on the tail, which makes that the distribution of batteries,
payload, and components is in the front to make a counterweight.29,49

Nowadays, computational intelligence, sensor coordinating
technologies, and operations analysis systems allow devising and
managing heterogeneous mobile networks to obtain a variety of
cooperative wireless networks.53 These networks maximize the size of
the area covered according to the sensors power, sensors placement,
number of sensors, type of sensors, energy protocols, power efficiency
and optimization, and network topology control.38

Complementary considerations

UAVs integrate technologies such as aeronautics, robotics,
and electronics.54 The keys in their development trends are MEMs
devices, miniaturization of observation systems, and satellite
communication and transmission systems25 with challenges such as
path length, optimality, completeness, cost-efficiency, time-efficiency,
energy efficiency, robustness, and collision avoidance,1 which can
be improved by an efficient energy source, structural hardware,
computing hardware, and autonomous software.55

Another configuration exists and it’s pertinent to take into account.
That is the hybrid UAV which can be generally categorized into two
main types: convertiplanes (tilt-rotors, tilt-wings, rotor-wings, and
dual-systems) and tail-sitters (ducted-fan UAVs, control surface
transitioning tail-sitters, differential thrust transitioning tail-sitters,
and reconfigurable wings).50

Thereby, the UAS functions, services, and requirements must
be focused on communication among UAVs, communications relay
nodes, UAVs as networks gateways, assisted sensing, assisted acting,
data storage, data processing, and Distributed versus centralized
control16 where the UAS must be divided in three main parts, figure
8.32
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Figure 8 UAS systems considerations.

a. Ground control station, command, communication subsystem,
launch and recovery subsystem, and support equipment.
b. Datalink system: uplink (land-to-air), downlink (air-to-land).
c. The vehicle includes the payload, a navigation subsystem,
sensors, communication subsystem, and propulsion
(combustion, all-electric, or hybrid).
On the other hand, it is recommended that the UASs components
be as follows:1
a. Global positioning system module: It computes the longitude,
time, location, latitude, elevation, compass, navigation and
autonomous flight system.
b. Flight controller: It controls the network communications by
the GPS module, light amplification by stimulated emission of
radiation (LASER) monitors and other sensors.
c. Energy storage system: it controls the electrical network and to
ensure its reliable operation.
d. Gimbal: It provides stabilization for taking good photographs
and videos.
e. Sensors: It detects events or changes in its environment to
sends the information; its quality is measured through coverage
concerning the speed and altitude.56

Routing protocols considerations
Routing protocols specify how UAVs make communication
between their central data unit and ground station, for this purpose the
system must be equipped with high-gain omni-directional antennas
to minimize path loss and make a signal to noise ratio higher.57 It can
be categorized in static, proactive, reactive, hybrid, and hierarchical,
where their choice depends on the number of UAVs, on-board
processing capabilities, on-board memory, storage capacity, UAVs
energy and power capability, GPS capability, robustness, security, and
degree of UAVs mobility.16
A UAV, as a node, can perform like a mobile ad hoc network with
the IEEE 802.11 and IEEE 802.15.4 protocol,58 typically on 2.4 GHz
to 5.2 GHz with a minimum 12 dBi gain.57 These protocols have a

reasonable communication range, support sense multiple access with
collision avoidance, and use a distributed coordination and the point
coordination to provide support for real-time multimedia data traffic.
Their recent upgrades (IEEE 802.11n, IEEE 802.11s, IEEE 802.11g,
IEEE 802.11b, and IEEE 802.11ac) develop longer communication
ranges and high data rates. Also, if it is a need the internet use, with
the IEEE 802.16 protocols (WLAM and WWAN) one UAV can play
the role of a gateway node.16

Heterogeneous network considerations
The intelligence, surveillance, and reconnaissance (ISR) can be
achieved from fixed assets (radars, sensors, or cameras), moving
assets (aircraft, UASs, satellites, or a constellation of them), or a
combination of both.59,60 In general, a heterogeneous network (mobile
ad hoc network) allows monitoring via video cameras, sensors, and
radars with different sensing capabilities, different flight speeds and
overlap to detect objects that might be visible in one medium but
not other, so it is a resilient and cost-effective solution to extend the
coverage area and operation speed.38,61
The main advantages are the low cost, miniaturized size, easy
deployment, high lifetime, low energy consumption, low movement
of nodes, and high data communications efficiency. It’s sensing,
actuating, communicating and processing capabilities enable
wireless mobility, self-organize, flexibility, and communication in
difficult access areas with embedded controllers, memory units,
communication devices, and power supplies. Due to real-time data,
voice, and communication capabilities, it must be considered the
architectures, the number of nodes deployed, and the loss of nodes
with a redundant system that restores the data transfer.
Figure 9 gives a coarse view of the structure with military
purposes:62
a. Collaboration: This layer enables the collaboration between
nodes by flight plan optimization.
b. Detection: This layer gathers the information needed about
objects, events, and their relationship. Each node carries a
payload to perform the analysis tasked.
c. Exploitation: This layer relates intelligence databases and
gathered data to deduce actions.
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Figure 9 Military heterogeneous wireless network.

According to the above, this system is composed of a ground control
station, heterogeneous UAVs, and ground, maritime, and air manned
units.63 It can operate in a multilevel cooperation where the ground
control station is in charge of the mission control, intelligence, and
mission decision making.62 It consists of a wireless router, a computer,
a user interface with a compatibility with different platforms,64 open
system architecture, execution of data in real-time, ability to control
multiple UAVs, payload control, communication with other ground
control stations, warning systems, and emergency action plan.57
About this network type, the cooperation between space, ground,
and air nodes could improve the availability and functionality where
any node can assume the role of cluster heads connecting the ground
and space nodes directly to the control station.65 Additionally, one
UAV cannot perform all tasks; therefore each UAV could need a
specific operator.66

Propulsion system considerations
Diesel and internal combustion propulsion offers optimal thermal
efficiency and good behavior during high-altitude flight, due to the
turbocharger system.67 The fuel is converted into a power by engines
to move the UAV. The remainder power is converted into four main
forms of non-propulsive power: pneumatic power, mechanical power,
hydraulic power, and electrical power; the best consideration could
be electric power aiming to decrease the weight, maintenance, and
production cost.68
The electric engine (fans and propeller) allows a very precise

speed control, high efficiency, high reliability, reduced noise, longer
life-time, and no ionizing spark.67 Finally, taking account of energy
storage, hybrid propulsion must be considered due to its benefits with
areas to improve such as weight, volume, cost, and reliability.
Under the safety requirements, cost, duration of production, ease
manufacturing, and lifecycle must be considered energy source type,
number tanks, cells or batteries, location, structural configuration,
center of gravity, attachment method, material, assembly technique,
external tanks, and a possible air refueling system (figures 10, 11, and
12).43

Flight control system consideration
The flight control system (primary/secondary flight controls),
vertical/horizontal stabilizer and landing gear front actuation system
must be governed by electrical power actuators which drives a
pump, fan, or actuator under position, speed, torque and flow design
requirements, figure 13.69
It is correct to affirm that the flight control system must work
along with an automatic pilot system where sometimes this flight
dynamic could be autonomous under the operator supervision.55 The
whole system must be supported by decentralized and redundant
architecture to maintain a high level of safety. In case of a fault, it
would be possible to perform automatic checking to predict future
maintenance revisions, introducing the predictive maintenance
instead of preventive maintenance.70
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Figure 10 Conventional engine architecture.

Figure 11 Electric engine architecture.

Figure 12 Hybrid engine architecture.

Citation: Castellanos-Sanabria YA, Rodríguez-Pirateque GW. UAV systems for multipurpose heterogeneous networks: a review of design, development and
performance. Aeron Aero Open Access J. 2020;4(3):121‒140. DOI: 10.15406/aaoaj.2020.04.00114

129

Copyright:
©2020 Castellanos-Sanabria et al.

UAV systems for multipurpose heterogeneous networks: a review of design, development and performance

130

Figure 13 Architecture for electro-mechanic actuators.

Sensitivity studies and preliminary estimates

This value is obtained by comparing the average take-off weight of
Class I type UAVs, table 8.

Preliminary sizing

Determination of the mission fuel weight, WF (Table 4, Figure 14):

It is mandatory to conduct sensitivity studies to find out which
parameters will drive the UAV design, determining the areas of
technological change to be proposed, and from an optimistically or
pessimistically consideration, to provide a quick estimate impact on
the design. Typically, this study is carried on regard to payload (WPL )
, empty weight (WE ) , range (R), endurance (E), lift-to-drag ratio L ,
D
specific fuel consumption ( cP or c j ), and propeller efficiency (η P ) .71

1. Engine start and Warm-Up.
2. Taxi.
3. Takeoff.
4. Climb and accelerate.
5. Cruise.

Therefore, this sensitivity study is applied to a UAV class I
propelled by single-engine propellers with the FAR 23 certification
base, table 1.71 So, the mission parameters specifications will be a
range of 446.6 nm and a cruise speed of 48.8 knots, according to UAV
baseline calculations, table 8:

6. Loiter.
7. Descent.
8. Landing, Taxi and Shutdown.
The next fuel-fractions are defined as the ratio of end weight to
begin weight, assigning a numerical value to each phase:

Determination of the mission payload weight, WPL :
WPL = 46.3lb (1)

Phase 1: Engine start and warm-up

Estimate of a likely value of takeoff weight, WTOguess :

W1
= 0.995
WTO

WTOguess = 330.7lb (2)
Table 4 Suggested fuel-fractions for several mission phases
Engine start, Warm-up

Taxi

Takeoff

Climb

Descent

Landing,Taxi, Shutdown

Mission phase

1

2

3

4

7

8

Single engine

0.995

0.997

0.998

0.992

0.993

0.993
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Figure 14 Mission profile for an arbitrary airplane.

Phase 2: Taxi

Phase 8: Landing, taxi and shutdown
W2
= 0.997
W1

W8
= 0.993
W7

(4)

It is now possible to calculate the mission fuel-fraction, M ff from:

Phase 3: Takeoff
W3
= 0.998
W2

 W
M ff =  1
 WTO

(5)

Phase 4: Climb to cruise altitude and accelerate to cruise speed
W4
= 0.992
W3

(6)





M Fused=

(

(8)

Single engine airplane

D

8-10

0.5 – 0.7

 L
W

Ln 5
  D ltr  W6
ltr

W6
= 0.997
W5

(1 − M )W
ff

(16)

TO

)

(17)

WF = 51.7lb

(18)

(19)
(20)

Calculation of tentative value for WE from:

0.8





(15)

WOEtent
= WTOguess − WF − WPL

The weight of all trapped (unusable) fuel and oil Wtfo is assumed
as 0.5 % of WTO :

In the equation 9, Eltr is the loiter endurance of 0.25 h under
authors considerations:
 np
 
 cp

(14)

WOEtent = 232.7lb

Phase 6: Loiter

 1
=
Eltr 375 
 Vltr

(13)

Calculation of a tentative value for WOE :

ηP

cP

i =1

WF =
1 − M ff WTO + WFres

Table 5 Suggested values for L , c j , η P , and for cP for several mission
D
phases

L

 Wi +1 

i 

=
WF WFused + WFres

(7)

W5
= 0.906
W4

i =7

∏  W

Thus, the value for the mission fuel weight can finally be
determined, assuming the mission reserve fuel-fraction is 0.25 or the
25% of WFused .

Next, Rcr is the range studied of 446.6 nm, under the restrictions
(table 5):
 L
W
   Ln  4
  D cr  W5
cr





M ff = 0.875

Phase 5: Cruise

 np
Rcr = 375 
 cp


(12)

WEtent= WOEtent − Wtfo − Wcrew

(21)

WEtent = 231.03lb

(9)
6):

(22)

Determination of the allowable value of empty weight, WE (Table

(10)

WE = 10

log10 WTO − A
B

(23)

Table 6 Regression line constants A and B

Phase 7: Descent
W7
= 0.993
W6

(11)

Airplane Type

A

B

Single engine propeller driven

-0.144

1.1162
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•

(24)

WE = 243.3lb

(

243.3lb − 231.03lb )(100 )
(=
243.3lb

0.5%

(25)

(Table 7)

(

∂WTO
= FR 375η P L
D
∂cP

0.25

Reserve fuel fraction ( M res )

)
(

0.005

)

(

(

)

C = 1 − (1 + M res ) 1 − M ff − M tfo

)

(27)

=
D WPL + Wcrew

(28)

D = 46.3lbs.

(29)

Sensitivity of takeoff weight to payload weight:

(

)

(30)
(31)

This means, that for each pound of payload added, the takeoff
weight will have to be increased by 3.44 lbs. This assumes that the
mission performance stays the same.71
Sensitivity of takeoff weight to empty weight:
 log10 WTO − A 
B

= BWTO 10





(32)

(33)

This means, that for each pound of increase in empty weight, the
takeoff weight must be increased by 1.44 lbs., to keep the mission
performance the same.71
Factor F calculation:

(

2
F=
− BWTO
CWTO (1 − B ) − D

) (1 + M res ) M ff
−1

F = 766.9lb

(38)
(39)

Sensitivity of takeoff gross weight to propeller efficiency:

(

∂WTO
= − FRcP 375η P2 L
D
∂η P

)

−1

∂WTO
= −94.5lb
∂η P

(40)
(41)

The meaning of this finding is as follows. If the propeller efficiency
could be increased from 0.8 to 0.83 (table 5) the takeoff gross
weight would decreased by ( 0.03)( 94.5lbs ) = 2.835lbs .
•

Sensitivity of takeoff gross weight to lift-to-drag ratio:

( )

2
∂WTO

= − FRcP  375η P L

D
L


∂
D

∂WTO
= −8.45lbs
L
∂
D

−1

(42)

(43)

This result means that if L

−1

∂WTO
= 1.44
∂WE

•

−1

( 0.03)( 94.5lbs ) = 2.835lbs

−1

∂WTO
= 3.44
∂WPL

∂WTO
∂WE

•

(26)

C = 0.8387

∂WTO
= BWTO D − C (1 − B )WTO
∂WPL

)

)

The significance of this finding is as follows. Suppose the engine could
be found with a cP of 0.5 instead 0.57 (table 5) the takeoff gross weight
could then be decreased by ( 0.07 )(128.4 lb / lb / hr / hr ) = 8.98lbs .

46.3 lbs.

Payload Weight (WPL )

•

(37)

∂WTO
= 128.4 lb / lb / hr / hr
∂cP

0.875

Trapped (unusable) fuel and oil fraction M tfo

•

(36)

The significance of this partial is as follows. Suppose that the range
in the mission specification is changed from 446.6 statues miles to 546.6
statues miles. The result just found indicates that this would require
an increase in gross weight at takeoff of (100 ) 0.17 lb
= 17lbs .
nm
• Sensitivity of takeoff gross weight to specific fuel consumption:

Table 7 Preliminary data

(

−1

(

Sensitivity studies

Mission fuel-fraction M ff

)

∂WTO
= 0.17 lb
nm
∂R

The tolerance between WEtent and WE of 0.5 % is usually sufficient
at this stage.
=
WEtol

Sensitivity of takeoff weight to range:
∂WTO
= FcP 375η P L
D
∂R

Comparison between WEtent and WE :
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(34)
(35)

could be increased from 8 to 10 (table
D
5) the takeoff gross weight would come down by 8.45 lbs. It comes
as no surprise, that L in a range dominated airplane has a powerful
D
effect on gross weight.51

Comparative study of similar airplanes
According to the UAVs Class I, this comparative study was done.
The main assumption was chosen the UAVs of minimum 70 kg of
take-off weight, regardless of the lift method (fixed-wing or rotary
wing), table 8 and figure 15.
According to figure 15, the preliminary dimensional and
performance parameters are estimated. Thus, this baseline could help
to deduce principal design requirements to get any ideas about the
main UAV layout with the identification of significant changes with
the sensitive study if required.
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Table 8 UAV baseline
Aircraft
AERTEC Solutions RPAS Tarsis 75

Dimensional parameters

Performance parameters

Wingspan: 5.2 m

Wing: Monoplane rectangular
fixed Mid-wing.

MTOW: 75 kg

Engine: 100 cc

Length: 3.8 m

Tail: Twin tail boom.

Payload weight: 12 kg

Endurance: 12 h

Height: 0.96 m

Engine: Pusher piston prop
single-engine, at aft section.

Cruise Speed:100 km/h

Range: 150 km

Landing Gear: Tricycle.

Santos Lab Jabiru

Wingspan: 5 m

Wing: Monoplane tapered fixed
high-wing

MTOW: 75 kg

Max Speed: 101.86
km/h

Length: 2.4 m

Tail:V-tail

Payload weight: 6 kg

Endurance:12 h

Engine: Pusher piston prop single-engine, at aft section.

Range: 140 km

Landing Gear: Tricycle.
Tekplus aerospace Centauro C30

Rotor: 3.5 m

Wing: Rotor two blades.

MTOW: 85 kg

Max Speed: 111 km/h

Length: 3.35 m

Tail: Tail rotor.

Payload weight: 20 kg

Endurance: 6 h

Engine: Single main rotor, inside fuselage mid-section.

Range: 75 km

Landing Gear: Landing skids.

Elbit Systems Hermes 90

Wingspan: 5.5 m

Wing: Monoplane rectangular
fixed high-wing

MTOW: 115 kg

Max Speed: 175.94
km/h

Length: 4.2 m

Tail: Inverted V-tail

Payload weight: 25 kg

Engine: Alternative
(15 hp)

Height: 1 m

Engine: Pusher piston prop
single-engine, at aft section.

Cruise Speed: 92.6
km/h

Endurance: 15 h

Landing Gear: Tricycle.

CIAC SART Quimbaya

Range: 100 km

Wingspan: 5.24 m

Wing: Monoplane rectangular
fixed high-wing

MTOW: 70 kg

Engine: Internal
combustion

Length: 4.11 m

Tail: Twin tail boom.

Payload weight: 12 kg

Endurance: 10 h

Engine: Pusher piston prop
single-engine, at aft section.

Cruise Speed: 100 km/h

Range: 130 km

MTOW: 75 kg

Max Speed: 185.2 km/h

Landing Gear: Tricycle.

Wingspan: 4.2 m

Wing: Monoplane rectangular
fixed high-wing

Length: 2.8 m

Tail: Twin tail boom.

Engine: Internal
combustion

Engine: Pusher piston prop single-engine, at aft section.

Endurance: 2 h

Landing Gear: Tricycle

Range: 15 km

Flight Solutions VT-15
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Figure 15 Heterogeneous UAVs systems networks performance.

a. The main wing configuration is governed by a rectangular
monoplane high fixed-wing with positive or zero dihedral
angle, and a wingspan of 4.8 meters.
b. The tail configuration is governed by a fixed twin tail boom,
located at aft fuselage section. The average length is 3.4 meters
with a height of 1 meter.
c. The propulsion system configuration is governed by a pusher
piston prop single-engine, at aft section. The average power is
15 horsepower to allow a cruise speed of 97.5 km/h, a maximum
speed of 143.8 km/h, and an endurance of 9.5 hours.
d. The fuselage configuration is governed by a cylindrical layout
with a length of 3.4 meters. The landing gear system is a tricycle
type which allows a maximum take-off weight of 82.5 kg and
15 kg of payload (Figures 16 & 17).

Quality function deployment
The quality function deployment (figure 18) was performed
according to demand quality requirements (chapter 3 and 4) to be
complemented by the UAV baseline and the preliminary sizing
database, table 8. In this order, the following was obtained.

Services and capabilities required for
Colombia
General considerations
For the majority of UAVs, their development and exploitation
costs are reasonable, which allows their use. Starting from this idea,
each country should have its own UASs specialized. The differences

are the fuselage structure, power plant, onboard avionics equipment,
and payload which is optimized according to the functions and tasks
to be performed, therefore, development of UAVs and their markets
could increase for an extended range of national or foreign users.25
Mainly, three vehicles specialties on the heterogeneous UASs
could be discussed:66
a. Surveillance UAV: it can perform intelligence, surveillance,
reconnaissance, classification, and verification tasks.
b. Combat UAV: with surveillance and attack capabilities, it can
perform single or simultaneous attacks with a limited number
of weapons on-board, which makes it capable of performing
all tasks. If a combat UAV uses up its weapons, it becomes in
surveillance UAV.
c. Munition UAV: it has the attack capability and can be assigned
attack tasks with limited weapons. If a munition UAV uses up
its weapons, it can no longer be assigned tasks, a perhaps should
return to base.
Generally, the objective is to minimize the cost time of a mission,
so there are a maximum number of tasks assigned to any UAV, figure
19. After resources are depleted (weapons, energy, range, etc.), the
UAV can no longer be assigned tasks and it must switch into a UAV
of another type. This is possible through a mirror representation tool
which allows that UAVs with more remaining resources have more
chances to be selected and it makes coping with the constraint.66,80

Information management considerations
Along with computational intelligence, data handling requires
methodologies capable of removing redundant information while
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exchanges which can sense, actuate, process information, and
communicate among themselves.32,38

Figure 16 Preliminary sketch 1.
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Figure 17 Preliminary sketch 2.
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Figure 18 Quality function deployment matrix.

Figure 19 UAVs military tasks.
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Likewise, collaboration between UAVs evolves at different
altitudes. The team may contain multiple satellites, large UAVs
covering an area from a high altitude, and low altitude UAVs (fixedwing, helicopters, or airships).72,73 The decentralized architecture of
information will provide automated and robust assistance,74 it raises
the capabilities for making efficient and effective decisions due to
increased situational awareness and lower workload.62,66 For example,
in heterogeneous UASs, if one UAV is destroyed, the information it
gathered is contained in the memory on other UAVs; unlike, if the
UAV is operating independently, and it was destroyed, the information
it had gathered would be lost.61 In short, the whole system is an
artificial satellite, being cheaper, closer to the ground, more flexible,
self-launched, and be easily recovered.75

Evaluation criteria considerations

To decrease them, a team of automation, operations, psychology,
and maintenance experts must be built to provide the constraints
and limitations to address the possible future challenges. These
evaluations are aimed at the adaptation in technology, procedures,
training, guidance material, certification requirements, and the human/
UAV technological relationship.81 The challenge is to determine the
adaptations, what forms they should take, how best to achieve and
implement them, and how will impact. The success is contingent
upon the degree to which human capabilities and limitations match
the affordances and constraints.79,82

Conclusions

a. UAVs are survivable and cannot be destroyed while performing
tasks.

a)

Heterogeneous networks must work with ground sensors,
manned and unmanned aircraft, and satellites. The fact
that they are mobile introduces significant challenges and
advantages for future applications, being the preliminary
sizing shown a platform to begin to materialize a UAV for
multi-agent systems.

b)

As heterogeneous networks possess stringent resource and
design constraints, there is a need to design new wireless
networking techniques and protocols to enhance the
capabilities of existing architectures.

c)

The use of wireless networks will make it possible that several
hard-to-reach maritime, mountains, and air areas will be full
of UAVs. This could provide communication services aiming
to resolved technological challenges related to the wireless
networks.

d)

The manpower, personnel, training, environment, safety
and occupational health, engineering, survivability, and
habitability must be taken into account as systems mature and
technology involves. In this way, the UAVs implementation
successful will depend on how human systems integrate with
the UAVs systems.

b. UAVs fly at separated altitudes so that they have collision-free
paths.
c. There are limited but enough resources to perform all tasks
(e.g., weapons and fuel).
Engineers must solve limited bandwidth constraints, energy,
weapons, memory and processing capabilities, multi-hop, insecure
radio communication, communication range, failure scenarios,
mobility, network topology, physical size and number of nodes.33

Government policies considerations
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