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1 Introduction  
The development of different kinds of Unmanned Aerial Vehicles (UAV) brought to an 

increment of employment of such platforms both in military and civil applications. While 

in civil applications the range is usually limited to the presence of a pilot in Line Of Sight 

(LOS) for airworthiness requirements, the unconstrained use of UAVs in military 

scenarios brought to extend the range of control to a Beyond Line Of Sight (BLOS) 

satellite communication. Anyway, in vision of airworthiness improvement, also for civil 

applications the BLOS control has to be considered. The remote control of a BLOS UAV 

introduces some complexities that will be presented in this work, in particular due to the 

latency of the signal and to the need of hand-over to switch from LOS control to BLOS 

and vice versa. 

In this work will be discussed the problematic of the UAV navigation for the remote 

management in vision of a BLOS capability showing the research experience developed 

in collaboration with Alenia Aermacchi, focusing on the solution adopted for increasing 

the navigation automations and the system interoperability. The first section presents an 

overview of such problems and the guideline followed to provide a relevant solution. The 

second section exhibits the effective implementation of the studied cases on the Alenia 

Aermacchi Sky-Y UAV focusing on the navigation issues. During the navigation 

functions development a large use of simulators occurred: one Matlab® model and one 

Simulink® simulator have been developed for this purpose, then the proper Alenia 

Aermacchi Sky-Y flight simulator has been used before the RIG tests. In the last part of 

this work some results of such simulations are presented by showing some significant 

cases of navigation test done with the different tools mentioned above.  

2 The UAV  
The UAV: Unmanned Aerial Vehicles, represent a great growing sector of the aeronautic 

both military and civil since the last ten years of the XX century. This has been possible 

thanks to the technologies rapid development as electronic components miniaturization, 

high calculation capability, global position systems, that, thanks to the mass diffusion, 

have strongly reduced the costs permitting the growth of many research activities [1]. 

Today almost all the kind of configurations have been considered for the unmanned 

aircrafts: fixed wing, rotorcraft, seaplane, balloons, propeller engine, turbine propulsion, 

electric motor, single engine, multi engine, etc. Many configuration with the same 

purpose: to perform  the so called Dull, Dirty and Dangerous missions, all situations in 

which the pilot onboard is not recommended. The so fast growing up of the UAV 

technology has not been supported from so much fast development of regulations for the 

UAVs employment, fact that represents a limitation specially for the civil applications, 

anyway the experimentation in civil field is usually possible in segregated airspaces 

waiting for a future integration with the civil air traffic.  
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Different classifications of UAV can be made, the Fig 1 shows the subdivision of 

UAV respect to the aerial vehicles, while in Fig 2 is tabled the UVS International 

classification for UAV based on the range, altitude, endurance, and maximum take-off 

weight (MTOW). 

 

 

Fig 1 UAV subdivision respect to the aerial vehicles [2]. 

 

Category Acronym Operative 

range [km]  

Operative 

Altitude  

[m]  

Endurance 

[h]  

MTOW 

[kg]  

Tactical UAV       

Nano ɖ < 1 100 < 1 < 0,0250 

Micro ɛ < 10 250 1 < 5 

Mini  Mini  < 10 150 - 300 < 2 < 30 

Close Range CR 10 - 30 3 000 2 - 4 150 

Short Range SR 30 - 70 3 000 3 - 6 200 

Medium Range MR 70 - 200 5 000 6 - 10 1 250 

Medium Range 

Endurance 

MRE > 500 8 000 10 - 18 1 250 

Low Altitude 

Deep 

Penetration 

LADP > 250 50 - 9 000 0,5 - 1 350 

Low Altitude 

Long Endurance 

LALE > 500 3 000 > 24 < 30 

Medium 

Altitude Long 

Endurance 

MALE > 500 14 000 24 - 48 1500 

Strategic UAV      

High Altitude 

Long Endurance 

HALE > 2 000 20 000 24 - 48 12 000 
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Special purpose 

UAV  

     

Unmanned 

combat aerial 

vehicle 

UCAV 1 500 10 000 2 10 000 

Lethal LETH 300 4 000 3 - 4 250 

Decoy DEC 0 ï 500 5 000 < 4 250 

Stratospheric STRATO > 2 000 > 20 000 & 

< 30 000 

> 48 Tbd 

Exo ï 

stratospehric 

EXO Tbd < 30 000 Tbd Tbd 

Space SPACE Tbd Tbd Tbd Tbd 

Fig 2 UVSInternational UAV classification [3]. 

2.1 UAV history  

The story of UAV starts prior to that of the invention of the aircraft with the use of 

unmanned balloons for military use. The earliest recorded use of such a vehicles occurred 

on August 22, 1849, during the Austrians attack of Venice where these unmanned 

balloons were loaded with explosives [4]. The use of unmanned balloons carried with 

explosive with a time dropping mechanism was recorded also in 1863 during the 

American Civil War, although the vehicle control was not possible.  

 

Fig 3 American Civil War balloon bomber. 

In 1883 Douglas Archibald was the first in taking aerial photography by mounting a 

camera on a kite. A similar system was used in 1898 as a surveillance method during the 

Spanish-American war. The first radio-controlled UAV appeared in 1917 thanks to a gyro 

stabilizer system for straight flight, it was thought for military purpose but, despite 

several flight tests, it was never used in real operations. In 1935 in Britain was built the 

Queen radio controlled airplane and after that the Queen Bee RC biplane were built in 

great number and used as targets.  
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Fig 4 Queen Been. 

The same use were made by the U.S. Army with the RC aircrafts built by the Radioplane 

Company: in 1935 the first prototype, the RP-1, as military target was demonstrated; then, 

after two following versions, in 1940 the RP-4 won an army contract and became the  

Radioplane OQ-2. After this a large number of remotely controlled aircraft have been 

developed and used in the following years, mainly for military purposes.  

 

Fig 5 RP-1. 

In the early years a large use of UAV has been done by the army and many UAV have 

been developed for civil purposes.   
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Fig 6 Global Hawk. 

Since the 1995 the General atomics Global Hawk HALE UAV has been largely used by 

the US army starting with the first deploy in the Balkans, then in Iraq, and after that in 

Afghanistan. In the same years made the first flight also the MALE UAV Predator, 

always manufactured by the General Atomics, for monitoring and fighting purposes.  

 

Fig 7 Predator. 

Continuing in the military field, a great number of mini UAV have been developed, to be 

used by the marines as portable low cost strategic survey platforms for low range 

missions defined óover the hillô or óaround the cornerô[5].  

 

Fig 8 ScanEagle. 

Also in Italy the aeronautic industry research started the UAV study, and in 2005 the 

Alenia Aeronautica Sky-X technological demonstrator made the first flight.  
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Fig 9 Sky-X. 

Then the Alenia Aermacchi research continued with a propeller MALE UAV: the Sky-Y, 

that, as part of the SMAT project, it would be tested for civil applications. 

For civil applications in fact the UAVs can be used for a wide number of purposes: 

agriculture, pipeline monitoring, border patrol, telecommunication, urban photography, 

fire detection, search and rescue, etc. One of the reason for using unmanned vehicles for 

this kind of operations is the mission repetitiveness, but, at the same time, without man on 

board, the need of landing for crew rest is also avoided. So that started a field of research 

on very long endurance UAV mainly for monitoring purposes. Such research leaded in 

the 1980s in the solar powered UAV development for increasing the endurance. NASA 

developed the Helios HALE UAV intended to have a night and day continuous flight by 

storing energy during the day with photovoltaic solar cells mounted over the wing. One 

technological demonstrator was built, as follower of 10 years of previous research and 

prototypes, but in June 2003 crashed for a structural failure [6].   

 

Fig 10 Helios. 

Also in Europe the study of this kind of UAV occurred and between the 200 and the 2003 

the European Program Heliplat run the study of a 73m wingspan HALE stratospheric 

platform, of which the Poltecnico di Torino manufactured a scaled prototype to perform 

the structural tests [7]. 
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Fig 11 Heliplat. 

Then a shorter wingspan solar UAV have been designed as the 2005 Solong which 

realized a 48 hours continuous flight over the Colorado desert by using both solar cells 

and thermals from the desert. In 2005 the QinetiQ developed the Zephyr that in 2008 

performed the world record of 82 hours continuous flight at an altitude of 61000 ft.      

 

Fig 12 Zephyr. 

This kind of UAV, flying at stratospheric altitudes and covering high distances, requires a 

communication system with beyond line of sight capability, and so an high automated 

navigation system as well as the military UAVs to adopt in far foreign landscapes. So that 

the satellite communication and the integration of satellite data-link began to be 

considered for the UAV management.  

3 Satellites 
In this contest satellites are defined as artificial object placed into orbit around the Earth 

by the man. Since the first artificial satellite, the Sputnik I, was launched in 1957 from the 

Soviet Union, thousand of satellites have been launched into orbit from more than fifty 

nations. Satellites are used for many purposes both military and civil: communications, 

Earth observation, navigation, weather and research.  

file:///D:/wiki/Communications_satellite
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Fig 13 Communication satellite. 

Many different classifications can be done according to different satellite characteristics. 

The altitude classification includes: 

 Low Earth orbit (LEO): Geocentric orbits ranging in altitude from 0ï

2000 km. 

 Medium Earth orbit (MEO): Geocentric orbits ranging in altitude from 

2,000 km to just below geosynchronous orbit at 35,786 km. Also known as an 

intermediate circular orbit. 

 High Earth orbit (HEO): Geocentric orbits above the altitude of 

geosynchronous orbit 35,786 km. 

HEO are also called Geostationary Earth Orbit, this means that the satellite angular 

velocity is the same of the earth, so the satellite would always be over the same point of 

the earth. This allows constant coverage of the same area and eliminates blackout periods 

typical of the other type of satellites. However their high altitude causes a long signal 

delay: a signal from the ground that has to reach the satellite and come back, has to cover 

a distance of 72,000 km. 

LEO type reduces transmission times as compared to HEO. It should be also used to 

cover a polar region, which the HEO cannot do. However, since it is not geostationary, 

the earth stations need to track the motion of the satellite with their antennas [8]. 

MEO type have characteristic in the middle of the two mentioned above. 

To cover simultaneously every point on the earth a constellation is required, so that a 

series of satellites would cover all the desired zones and/or alternately pass over the target 

zone.  

 

file:///D:/wiki/Low_Earth_orbit
file:///D:/wiki/Medium_Earth_orbit
file:///D:/wiki/Intermediate_circular_orbit
file:///D:/wiki/High_Earth_orbit
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Fig 14 Keplerian orbit elements. 

3.1 Satellite and UAV 

Satellites and UAV have been often discussed together for many reasons. From one hand 

because a UAV branch involved some functions usually provided by satellites, like global 

monitoring and communication; but mainly because of the satellite use for the UAV 

management. In the UAV field the use of satellite occurred at the beginning for navigation 

purposes: the GPS; then, in the last years, for communication: to control vehicles and 

payload when the direct link falls out of the range.  

The following two sub-sections will briefly introduce these two functions. 

 

GPS 

The Global Positioning System (GPS) is a space-based radio-positioning and time 

transfer system. In the past decade, GPS has grown into a global utility providing space-

based Positioning, Navigation and Timing. Nowadays GPS provides a global coverage 

and is owned and operated by the U.S. Government. The GPS service is a one-way 

broadcast (like FM radio), with an unlimited number of users [9].  

It is constituted by the satellites that compose the constellation, each of them transmits 

continuously its ranging signal including the navigation message [10].  

Fig 15 presents the GPS satellites constellation with the relative planar projection 

referenced to the epoch of July 1st, 1993 UTC (Universal Time Coordinates).  
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Fig 15 GPS constellation. 

A proper use of the signals broadcast by every GPS satellite allow the users to estimate 

instantaneously and in real time its Position, Velocity and Time on the Earth surface (or in 

flight). Such information, known as ephemeris, are shown in Fig 16.   

 

 

Fig 16 Ephemeris data. 

GPS utilizes the Time-of-Arrival concept in order to determine the user position: it 

consists of the measure of the time for a signal transmitted by a satellite at a known 

location to reach a user receiver. This time is then multiplied by the speed of light to 

obtain the distance between the receiver and the satellite. By measuring the propagation 












































































































































































































































































