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Abstract 

Aerospace seeks constant optimization and innovation. To introduce these advances, first new technologies 

have to be developed and tested, which requires suitable test equipment and work resources. One of the 

possible ways to do it efficiently, is to utilize UAV platform as a testbed. This paper describes manufacturing 

of such a platform in flying wing configuration and its capabilities. A variety of new technologies, that can be 

investigated on the platform are discussed, including alternative propulsion systems, new avionics solutions, 

and new aerodynamic devices.    
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1. Introduction 

Creating and testing new technologies in aerospace is a natural process. Trying to push development 

beyond the current state of the art to make aircraft even more functional and greener. 

Communication and transport of goods are among basic human needs. While today’s community is 

already used to travel at an affordable ticket price, air transport needs to grow constantly. Due to the 

recent popularity of UAV, new areas of use for the airborne equipment are becoming regular. For 

example, already common areas of usage are aerial photography, pollution sensing, terrain 

recognition, situational control from the air, inspection of the pipeline and packages delivery. On the 

other hand, all this increased activity has impact on the natural environment regarding air 

communication safety, pollution, and noise. These are well known challenges to address, but its 

importance rises with this increased activity. 

Using UAV platforms may be a good solution to introduce safely and efficiently new technologies. It 

gives opportunity to conduct tests cost-effectively of new devices in real life conditions. Moreover, 

new UAV technology itself is often the target for the testing and later for commercialization.  

This paper describes creation of such a platform and discusses in the following paragraphs the 

potential of this solution. All kinds of new technologies have to be constantly improved and tested, 

e.g.: alternative propulsion systems, new avionics solutions, new aerodynamic devices, as that will 

become near future. 

2. Test Platform UAV description 

Developed and fabricated UAV test platform is shown on Figure 1. The UAV is designed as the flying 

wing configuration and was developed specifically to achieve excellent handling qualities and 

dynamic stability properties [1]. Obtaining good flying qualities for an unconventional configuration 

was possible thanks to the application of MDO methods with the use of dynamic stability constraints 

[2]. The aircraft has wingspan of 4.3m, it can take up to 10kg of payload with MTOW of 50kg, and 

has the design cruise speed of 25m/s. Great performance enables it to fly over 24h with range of 

2000km. It has modular configuration where the center body (fuselage) can be easily exchanged for 

another one with different cargo configuration. Already built aircraft has three exchangeable center 
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bodies equipped with three types of propulsion systems: piston engine, hybrid (fuel-electric) and jet 

engine. The following paragraphs present variety of different tests possible to make on the platform. 

 

  
 

Figure 1 – UAV test platform. 

 
Figure 2 – UAV test platform layout. 

3. Alternative Propulsion Systems 

Propulsion systems need advancements to make them even more efficient, less pollutant and noisy. 

Electric propulsion seems to be promising because of no pollution and its relative simplicity. Power 

supply still remains challenging for the aircrafts with this type of propulsion. However, alternative 

sources of power supply can be proposed: batteries made with new technologies, hydrogen fuel 

cells, photovoltaic cells and hybrid engines solutions. Modular structure of the designed UAV, with 

exchangeable center body (fuselage), supports efficient testing of different propulsion systems. 

3.1 Power Sources 

Different power sources have their own advantages and disadvantages. To obtain best performance 
engineers seek for alternative power sources. Electric propulsion seems to be one of the most 
promising [3][4][5]. It’s clean and efficient, except that current batteries weigh is much heavier than 
fossil fuels, due to their lower energy density. The extension of this concept is implementation of 
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photovoltaic cells, which may provide unlimited power supply [6]. Such aircraft potentially could fly 
endlessly, assuming batteries capacity is big enough to fly over night in the 24h cycles. Wider 
capabilities come with the consequence of even more additional weigh, leaving less space for the 
payload. Another power source is hydrogen [7][8][9][10]. It has high energy density but occupies large 
volume, which generate the need for large tanks. Hydrogen in the gaseous phase is also very 
explosive and dangerous. All promising technologies related to power storage still demand farther 
development. To test them in real conditions technology testing platforms are needed. Middle size 
UAV proves to be a very good solution.  

3.2 Engines and Motors 

The modular design of the UAV test platform allows the interchangeable use of three types of 
propulsion: piston engine, hybrid (fuel-electric) and jet engine Figure 3. This makes it possible to 
optimize the aircraft's performance for different types of missions.  

 

 
 

Figure 3 – UAV alternative propulsion systems. 

Using a conventional piston engine in an unmanned aircraft is so far, the most proven solution. 
Despite the technological revolution taking place in the field of propulsion, piston engines still remain 
the best choice for a number of applications and demonstrate a great potential. UAV with internal 
combustion engine propulsion systems mainly use standard aviation fuels. The relatively high 
volumetric energy content of these fuels along with their wide range of operating conditions offers 
significant weight savings over gaseous fuels [11] and energy storage in the form of batteries. 

Due to the growing demand for creating environmentally friendly solutions, the development of zero-
emission or reduced-emission powertrains is important. An example of such a solution is a hybrid 
(fuel-electric) propulsion. The development of hybrid drive technology in recent years, especially in 
the automotive field, has proven the great potential of the use of hybrid engines. UAV used for civilian 
and military missions could benefit from the same technology [12]. This type of system is more efficient 
than conventional internal combustion engine, allowing for longer flight range and lowered emissions. 
At the same time, it is easier to install it in an aircraft originally designed to use a piston engine, than 
to install it in one designed for all-electric system. In a hybrid drive system, depending on the mode 
of operation, the electric motor can serve as the driving force increasing the power of the whole 
system, as well as a generator which recharges the batteries. During an aircraft mission, the greatest 
power demand is at the takeoff, which is when there is a particular need for additional power from the 
electric motor. During cruise well-optimized aircraft use only a small fraction of the power that the 
internal combustion engine is capable of generating. In this case, the excess engine power can be 
taken up by a generator, which simultaneously charges the batteries and, by appropriate loading, 
allows the internal combustion engine to run at optimum conditions. The main disadvantages of 
implementing a hybrid propulsion are the complexity of the system and the need to install heavy 
batteries as an additional power source. 
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Jet engine is an alternative solution in UAV propulsion compared to piston engines and its derivatives. 
Jet propulsion can be realized by using micro turbines. Interest in such propulsion is taken by 
professionals such as military institutions and research and development centers. Relatively small 
dimensions and high value of power makes micro turbine engines the attractive alternative for UAV 
propulsion [13]. Jet engines are designed for applications where the speed of the aircraft is the most 
important parameter. However, due to high fuel consumption, the range of an aircraft with this type of 
propulsion is very limited. 

3.3 Propeller 

Alternative propulsion systems work in different conditions then traditional piston and jet engines. 
Unique combination of flight conditions: altitude, flight speed, RPM, thrust to power ratio demands for 
new propeller types design. New solutions have to be efficient, adaptable for the all flight conditions, 
support the loads and weight less. Moreover, they have to be sufficiently resistant to wear, capable 
for maintenance and repair. To test such new designs adequate test platform is needed. 

4. New Avionics Solutions 

Popularity of UAV created new scenarios of usage. Technology of the image recognition matured 
significantly. But to develop it further new data collection from air is required. Also, alternative 
protocols of communication are investigated especially in urban sites where cell phone network is 
present. Recently attempts to utilize 5G network is taken into account. Increased air traffic also 
demands solutions for robust sense and avoid systems as well as integration of UAV traffic in the 
segregated airspace. This also calls for real world simulations and tests before incorporation into the 
standard flight procedures. 

4.1 Image Collection and Processing 

Data collection from air already has become standard UAV usage case. Automation of the process is 
getting mature and gives new extended possibilities. New types of electro-optical EO sensors [14] 
and advanced SAR radars [15] are introduced, which are capable to gather data at night in cloudy 
and low visibility conditions, or follow multiple observation targets. Vast amount of data is produced, 
which has to be processed, often in the real time to make appropriate decisions.  

4.2 New Communication Systems (5G) 

As more and more UAV systems are going to be deployed in the urban environment, the usage and 
capability of 5G wireless network can provide reliable aerial networking and safe integration of UAV 
into air traffic. There are as many new benefits and applications of UAV-enabled wireless networks 
as challenges, which have to be addressed and successfully solved.  
On the one hand, the 5G platform will provide communication and networking for UAV swarms, which 
enables coordination of multiple vehicles, team behavior, and autonomous operation. On the other 
hand, UAV can enhance existing 5G network coverage, serving as moving base stations, increasing 
its capacity, reliability, and wireless efficiency Figure 4. 

 

Figure 4 – UAV as moving 5G Base Station. 
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Based on such UAV networks, many applications can be based, such as real-time high rate video 
streaming, information dissemination, localization, item delivery, or flying mobile terminals, to name 
a few.  
However, successful deployment of new capabilities of such air and ground integrated networks relies 
heavily on reliable tests of UAV platforms, and investigation of existing communication technologies. 
Many of these issues can be only tested on airborne UAV platform, such as optimal 3D placement, 
channel modeling, flight time constraints, performance analysis, interference management, and many 
others. Such necessity for real-live testing is imposed by the physical characteristic of electromagnetic 
waves propagations from moving aerial platforms and their changing patterns and configuration in 3D 
space. 

4.3 Sense and Avoid Systems 

To ensure conducting UAV operation in BVLOS (Beyond Visual Line of Sight) a proper set of sensors 
and systems must be integrated with UAV. Two types of hazards can be listed: air collision and 
collision with terrain/obstacles. To mitigate those hazards UAV must be able to detect, keep 
separation and if necessary perform an evasive maneuver. This can be only achieved by UAV with 
an adequate level of technology maturity as well as a sufficient size and power of the platform, which 
provides capabilities to power and accommodate the necessary set of sensors and systems.  

To ensure the autonomous flight, the UAV platform must be equipped with autopilot.  The position of 
UAV can be tracked by GNSS system. Moreover, the aircraft orientation and acceleration can be 
determine by inertial sensors. The UAV must be also equipped with pressure sensors (for speed and 
altitude). The terrain and obstacles can be detected by a sensors such as a classic radar, LIDAR, 
elector-optical sensors or infrared sensors. In case of flight in non-segregated, airspace transponder 
might be required. Also the UAV operator should be equipped with VHF radio to mitigate probability 
of collision [16]. While, example of a concept of the Detect & Avoid Ecosystem is presented in [17]. 

Many of potential applications of the presented UAV platform is associated with ability to perform 
autonomous missions. A proper equipment is an important milestone to success. The presented UAV, 
can be used as a test platform to carry out experiments with different sets of sensors and systems. A 
big volume of the payload compartment allows for an easy integration of variety sensors and if 
necessary installation of additional batteries. Moreover, thanks to different propulsion system that are 
integrated the same platform (keeping the identical size and location of the payload bay)  can be used 
in validation of the proposed set of sensors and systems on UAV which can represents different class 
of UAV (in terms of propulsion system type). A fleet of proposed UAV can be utilized in testing a 
scenario of an operation with multiusers, including case that each UAV is equipped with different type 
of propulsion system. 

4.4 UAV Operations in Segregated Airspace 

Accessibilities and continuous grow of new applications of UAV causes, that this category of the 
aircraft has a significant contribution in the air traffic. Moreover, size of objects as well as the need to 
perform flights in BVLOS (Beyond Visual Line of Sight), is increasing probability of crash with other 
airspace users, including manned aircraft. Therefore, there is a high demand on unmanned traffic 
management (UTM) system and establishment of dedicated zones within the airspace. There are a 
few organizations that work on such concepts including EU [18], ICAO [19], FAA and NASA [20]. 
However, so far there is no implemented comprehensive regulations or traffic system that would allow 
for UAV operations for instance across several countries. One of the examples of a segregated 
airspace concept is the U-Space which is developed within EU program [21]. Currently FAA and NASA 
is conducting filed tests of their traffic management system [22]. But those tests are associated with 
flights below 400 ft.  

The presented UAV can be a great platform to conduct tests on how to safely perform operations in 
the segregated airspace on higher flight levels and using a mid-size UAV. The presented UAV can 
be used to create guidance regarding certification and UAV operators training of mid-size UAV. 
Thanks to excellent handling qualities of the presented UAV, operators can focus on procedure of 
how to operate in airspace with other users without being too much distracted by controlling the 
aircraft itself.   
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While, operation in non-segregated airspace is associated with bigger risk of collision as well as is 
required to integrate more advanced electronics and avionics to ensure that UAV is able to perform 
evasive maneuvers. Moreover, in some countries flying in BVLOS in none-segregated airspace 
required a special permission and the platform must demonstrate a high technology maturity [23]. 
Due to variety of design, applications and missions creating a harmonized certification process is 
quite a challenge. The presented UAV can be used to create guidance regarding certification and 
pilots (operators) training of mid-size UAV systems. 

5. New Aerodynamic Devices 

Better flight efficiency and aircraft handling qualities requires development of new aerodynamic 
devices tailored to the specific aircraft configuration. This can be various control surfaces, airbrakes 
Figure 5, or winglets, see an example in Figure 6. Such aerodynamic devices [24] can be safely tested 
on UAV platforms without taking the risk of human health and life. Also, this could be a great 
opportunity for UAV operators to learn how to handle the aircraft in different configurations [25].   
 

 
 

Figure 5 – The UAV airbrakes. 

    
 

Figure 6 – Control surfaces and winglets tailored for aircraft’s optimum performance and stability. 

The presented UAV test platform has been equipped with three different aerodynamic devices to test 
and optimize aircraft behavior in different flight regimes: 

 Multi-element elevons – test for redundancy in case of one or more servomechanism failure; 
simulation of different flaperons configuration; adverse yaw prevention technics; minimum 
aileron/elevon size determination;  

 Rudders on winglets – side wind take-off and lending technics and requirements, wind gust 
alleviation;  
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 Airbrakes – ground effect reduction during landing; airbrakes deflection angle tests; wind gust 
alleviation;  

 
New manufacturing technologies also can be tested on the UAV platform. Figure 7 shows pressure 
port, which was designed and manufactured with 3D printing technology. It allowed to easily 
incorporate complicated air channels into the pressure port structure. It is a single peace object. 
Assembly requires only to glue in three additional tubes, one for total pressure input and two for silicon 
tubs connecting pressure sensors. The solution is aerodynamically clean and easy to manufacture. 
  

 
 

Figure 7 – Pressure port designed for 3D printing technology. 

6. Summary 

This paper describes concept of using medium size UAV for research purposes in aerospace 

sciences. The specific UAV designed and built for this purpose was presented. Possible fields of 

scientific investigation were introduces, like: alternative propulsion systems, new avionics systems, 

and new aerodynamic devices. The list of possible new technologies requiring testing was described, 

but is by no means closed. During the development and progression of aerospace knowledge new 

ideas on how to use new technologies will emerge.  
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