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Abstract— The objective of this paper is to present the 
development and implementation of new architecture for robust 
satellite data unit (SDU) using software defined radios (SDRs) 
able to transport binary data between an aircraft (A/C) and a 
ground station (GS) including capabilities to operate into an 
airborne network (AN). The data to transmit basically comprises 
multimedia files as well as streaming video. For this, the 
development of different decision algorithms must be proposed. 
These algorithms are based on parameters such as flight phase, 
geographic location, signal-to-noise ratio (SNR), latency, channel 
capacity, type of modulation and frequency availability. The idea 
is to develop an SDR-based data communication network capable 
of establishing an optimal link for sending and receiving data 
from an A/C to a ground station by hops and using different 
frequencies. This means that each SDR will be considered as an 
SDU on board an A/C capable of sending data via satellite or 
through the air-to-air (A/A) links until reaching a GS. Early 
results, not only in simulation but also in real time, have helped 
us to progressively implement the algorithms mentioned in the 
SDUs for data transmission and reception and using adaptive 
coded modulation at the L-band into an AN. These results will 
allow us in future to implement this solution in real A/C. The 
performance is expected to be competitive against terrestrial 
networks in terms of speed and capacity.  

Keywords—Airborne Network; Satellite Data Unit; Airborne 
Ad Doc Network; Airborne Mesh Network; Adaptive Modulation 

I. INTRODUCTION

Today, actions as simple as booking a plane ticket, rent a 
car, buy online, pay bills, listen to music, read news, watch TV, 
or rent a movie, among other things, are possible from a mobile 
device with Internet access (smartphone, tablet, wristwatch, 
etc.). Which means that you can do all these things from any 
location as long as you have a reliable connection. Therefore, 
restaurants, shopping malls, airports, and even hospitals, offer 
free Internet access to their customers, giving added value to 
the services offered. Similarly, technological advances in in-
flight connectivity services offer Internet in A/C cabins. Such 

is the case of Gogo Inc., which offers, using five different types 
of transmission, Wi-Fi onboard (with peak data speeds of 332 
Kpbs, 3.1 Mbps, 9.8 Mbps, 30 Mbps, 50 Mbps and 70 Mbps 
per A/C, depending on the installed service) over 2100 
commercial A/C and 6,600 business A/C. Similarly, Panasonic 
Avionics Corporation offers in-flight Wi-Fi over 2300 A/C (in 
2015), and is expected to have over 12,000 A/C connected to 
its global network within the next 10 years. 

However, the onboard Wi-Fi offered on transatlantic 
flights, cannot compete with air-to-ground (A/G) services in 
terms of, e.g., latency, since the distance the signal must travel 
from the A/C to the satellite and back to the Earth is about 
72000 km for a geostationary satellite, i.e., 0.24 seconds. In
practice, these links have an operational latency between 1.2 
and 3.5 seconds. Meanwhile, Iridium, which operates in Low 
Earth Orbit (LEO) at 780 km, plans to deliver data rates of 1.5 
Mbps in 2017, with operational latency between 500 ms - 1.7 
sec.  

In summary, a commercial airline can offer satellite-based 
internet services onboard with either high data rate and high 
latency or low data rate and low latency. Therefore, it is 
desirable to develop architectures and systems capable of not 
only providing connectivity in transoceanic flights, but also 
ensuring high quality of experience (QoE) metrics, by reducing 
communication latency, adapting to the flight phases and 
meeting user requirements. These solutions must be flexible in 
terms of development, implementation, configuration and 
maintenance. At the same time, these solutions must take into 
account the increase in air traffic, by seeing there not a problem 
but an opportunity, and taking advantage of reduced distances 
between A/C to establish communications links, and to create 
an Airborne Network (AN) able to provide faster 
communications whenever required. With this objective in 
mind, LASSENA Labs leads AVIO-505 project to establish 
new design methods and digital signal processing techniques 
for more robust and efficient equipment for navigation and 
communications in the fields of aeronautics and aerospace. 
Software Defined Radios (SDRs) has been selected as the 
development platform because of their flexibility for rapid 
prototyping. 
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In Section II, this paper presents a background of the 
functioning of a SDU and SDR, as well as the functioning of 
Airborne Ad Hoc Network and Airborne Mesh Network. The 
following Section III presents a detailed analysis of an AN in 
the transatlantic airspace, immediately describes the proposed 
architecture of the SDU as well as different algorithms to 
implement it. Section IV details the development and 
implementation of first prototypes using USRP N210 as SDR. 
Finally, results and conclusions are presented in Sections V
and VI, respectively.

II. BACKGROUND

A. Satellite Data Unit (SDU) 
A Satellite Data Unit is an onboard device that enables an 

A/C, in regions where there is not coverage of ground stations; 
to perform an A/G link using two additional links (Air-To-
Space (A/S) and Space-To-Ground (S/G)) via a satellite 
network. In Fig. 1, five A/C are shown, thereof only four are 
equipped with an SDU, allowing them to establish a data 
communications link via Satellite Communication (SatCom) 
system.

These communications can be: 

Safety type, which are communications that require high 
integrity and quick response. These include: 

a) Safety-related communications carried out by Air 
Traffic Services (ATS) for Air Traffic Control (ATC), flight 
information and alerting.

b) Communications carried out by A/C operators, which 
also affect air transport safety, regularity and efficiency 
(Aeronautical Operational Control (AOC)). 

Or Non-Safety type, which are communications which, if 
interrupted, do not compromise flight safety. These include:  

a) Private correspondence of aeronautical operators 
(Aeronautical Administrative Communications (AAC)). 

b) Public correspondence (Aeronautical Passenger 
Communications (APC)) including in-flight connectivity 
(IFC)).

Fig. 1. Satellite Communication Sytem. 

Fig. 2. SatCom avionic architecture. [1]

Fig. 2 reveals the SDU place inside of a Satellite 
Communication (SatCom) avionic architecture, which also 
contains a Radio Frequency Unit (RFU), an integrated High 
Power Amplifier (HPA), its associated SatCom cockpit of 
voice and data, plus a Diplexer/Low Noise Amplifier (DLNA), 
and an ARINC 781/791 antenna, which itself contains an 
integrated Beam Steering Unit (BSU). This is a specific 
Inmarsat L-band architecture for the use in the aircraft cockpit 
and based on a classical Inmarsat service. Modern Inmarsat L-
band systems use SBB (SwiftBroadBand) services, and units 
are available with one SBB channel dedicated to the cockpit 
use and up to three completely independent SBB channels 
dedicated to the cabin use. Depending on the antenna gain, 
SBB service is offered for bandwidths of up to 200 Kbps (low-
gain antenna - LGA), 332 Kbps (intermediate-gain antenna - 
IGA) or 432 Kbps (high-gain antenna - HGA). New 
developments feature the HPA and the DLNA in the same unit.  

As can be seen, the SDU is responsible for 
modulation/demodulation, encoding/decoding, error correction, 
interleaving, and data rates of all signals sent via satellite. 

The development and implementation of new architectures 
for robust SDU aims to exploit the properties of the RFU and 
HPA to add the SDU the functionality to perform A/A links, 
thereby creating an airborne network with an ad hoc topology. 
To do this, we assume that the equipment installed on board 
the A/C is able to radiate SDU information omnidirectionally 
by means of smart antennas. Ideally, it would be require 
antennas around of the aircraft; also, it would be require a 
diversity mode receiver, able to discriminate between the top 
antenna and the bottom antenna. The characteristics of the 
RFU and the HPA will not be studied in the present paper,
which focuses on the study of algorithms into the SDU, their
performance and the optimization of satellite communication 
channels for A/G through A/A links.

B. Software Defined Radio (SDR) 
Software Defined Radio is a radio communication 

technology that allows the treatment of RF signals for 
transmission and reception, using software routines on a 
physical device. The SDR has a general purpose hardware in 
which we can implement different electronic devices 
(amplifiers, filters, modulators, demodulators, encoders, 
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decoders, etc.) as well as implement protocols and waveforms 
for specific purposes. 

SDRs are an ideal platform for prototyping and evaluating 
airborne platforms. SDRs are advantageous; because software 
routines (the software is loaded and controlled through 
proprietary mechanisms and each radio manufacturer typically 
employs a unique infrastructure or architecture) are enough for: 
switching to other wireless protocols, integrate new standards 
in A/Cs without substantial cost, develop monitoring tools to 
guarantee QoS, processing signals for more efficiently use of 
spectrum and ensuring the scalability and reconfigurability of 
system [2]. 

For the implementation of a new architecture for robust 
SDU for AN, we will use the USRP N210 as a development 
platform and GNU Radio Companion (GRC) as a 
programming tool for signal processing.  

C. Airborne Network (AN) 
The Airborne Network is defined as an infrastructure that 

provides communication transport services through backbone 
in-the-sky, i.e. through at least one node that is on a platform 
capable of flight [3]. In [4], four different topologies are 
shown, each one assigned to a particular mission (military).
However, for civil purposes, generally we can group only two: 
Airborne Ad Hoc Network and Airborne Mesh Network.

Fig. 3. Airborne Ad Hoc Network 

Fig. 4. Airborne Mesh Network 

Fig. 5. Line-of-sight (LOS) between two A/C

a) Airborne Ad Hoc Network (AAHN): An ad hoc 
network typically refers to any set of networks where all nodes 
have the same status within the network and are free to 
associate with any other device of ad hoc network in the range 
link. The advantage of this type of network is that it allows 
attaching new devices, requiring only that they are within the 
coverage volume of a node already attached to the network. 

In the case of our Airborne Ad Hoc Network, nodes that 
compose it can be A/C, Satellites and GS. As shown in Fig. 3,
AAHN does not require a pre-established structure; however, it
requires a reliable link between nodes to ensure optimization of 
A/G communication channels and even more S/G channels.

b) Airborne Mesh Network (AMN): As shown in Fig. 4, a 
Mesh Network refers to a network that allows communication 
between nodes (Mesh clients) either directly or indirectly. In 
other words, they are also composed of AAHNs. On the 
contrary, AMN requires a backbone (Mesh Router) to 
transport communications from AAHN and sub-networks to 
the GS (or Mesh Gateway).  

This configuration is commonly used in tactical military 
operations. However, for civil purposes and due to the density 
of current and future air traffic, the A/C backbone would 
imply a large data capacity to transport via satellite the 
information from the A/C within the ANM. 

As we can see, for both topologies, the antennas must be 
adapted to radiate in omnidirectional form, or otherwise to 
have smart antennas capable of acting at high speed to 
maintain the link within the coverage of the AN, thereby 
bringing the safety and non-safety communications from the 
A/C to the GS, and viceversa.  

Other important aspect to be considered in AN is the Line-
of-sight (LOS) communications availability between nodes. 
This limits the maximum range of communication between 
two A/Cs. The maximum horizontal distance between A/C at 
two different altitudes ( ) is (see Fig. 5):( + ) =  +   and  ( + ) =  +             
Solving  and  , we get:=  ( + ) −  and  =  ( + ) −             
then:      =  +               
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As it is shown in Fig. 5,  is the Earth radius (  ≈ 6378 ),  and  are the altitudes corresponding to 
each A/C (between FL290 (8.84 Km) and FL410 (12.5 Km) 
for cruising levels in North atlantic flights [5]. 

For practical purposes, we will assume = =
and = = , then:             =  2 =  2 ( + ) −            

If we consider, for both A/Cs,  an average altitude of 10.67 (FL350), substituting in (4) we will have a LOS 
communication range ≈  741 . This means in 
principle that each A/C in our AN would have a SDU 
irradiating an approximate radius ( = )  of  370 in 
omnidirectional form.

Fig. 6 takes as an example one of the 14 air corridors 
between North America and Europe, say Montreal - Paris 
(about 5500 km), it would be enough 8 A/Cs to cover safety 
and non-safety communications in this airspace without using a 
satellite channel. This value will be key to the analysis of 
the simulation model to be presented in the next point.

III. SCENARIOS AND ARCHITECTURE

A. Scenario Simulation of AN model 
The AN simulation scenario involves two GSs located at a 

distance of 6000 km between them, each with a range of 440 
km (~ 240 nmi). In addition, the model allows to establish the 
maximum distances of the area to simulate; for which we will 
consider a width of 2500 km and an absolute ceiling of 13.7 
Km (FL450).

On the other hand, it is considered that the satellite link is 
possible through a single Geostationary satellite located at 
36000 km which can cover all this area. Similarly, the model 
allows you to define the range of a transmission/reception of 
each A/C, based on the calculation of LOS between two A/Cs 
obtained in the previous section. Once these parameters are 
established, we can randomly add the amount of A/Cs we 
want, for these we can base us in the number of A/Cs in the 
North Atlantic corridor throughout the day. To cite an example, 
in 2013, the National Air Traffic Services (NATS) of UK 
estimated 2524 flights between Canada, USA and Europe on a 
single day [6]; today that number is much higher due to Lateral 
Reduced Separation Minimal (RLAT) published in December 
2015, which reduces the distance between A/C in North 
Atlantic Tracks (NAT) from 60 nmi (112.11 Km) to 30nm 
(55.56 Km). Therefore we will use between 40 and 800 A/Cs.

Fig. 6. AN through of transatlantic flight Montreal-Paris

a.

b.

Fig. 7. a. Airborne Ad Hoc Network connections for 25 A/Cs - 3D,                          
b. Airborne Ad Hoc Network connections for 25 A/Cs - 2D

It is worth mentioning that this model can be adapted to the 
algorithm of Gauss-Markov to model two or three-dimensional 
mobility, however the algorithm does not respect the route 
within an air corridor is why our model adds a quantity of 
static points randomly within a defined airspace

In Fig. 7, a simulation for 25 A/Cs can be seen. At the top 
of Fig. 7.a, coverage radius (370 km) of transmission/reception 
of each SDU is indicated by a cyan sphere. If two A/Cs are 
close in 3D space, i.e., they are located at a distance less than 
740 km, the model generates an A/A link indicated by a black 
line between SDUs of each A/Cs. If the A/C is within the range 
of coverage of a GS, the model generates an A/G link between
the GS and the SDU , showing it with a magenta line. At the 
top of Fig. 7.b, A/A and A/G links are shown from a top down 
view. At the bottom of  Fig. 7.a, links A/S are shown in blue 
and A/S decisional links in red. At the top of Fig. 7.b, A/S links 
are shown from a top down view. The model performs an A/S 
link, in the event that the A/C does not have connection to a 
GS. So also for the case where the A/C does not have a link to 
a GS but has an A/A link, the model generates a decisional 
link, which will be determined by the SDU, this link could be 
made or not, depending of the channel capacity, SNR, QoS or 
bandwidth available of A/A link, this in order to optimize the 
use of the satellite channel. 
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a. b.

c. d.

Fig. 8. Airborne Ad Hoc Network connections for: a. 50 A/Cs - 2D, b. 100 A/Cs - 2D, c. 200A/Cs - 2D and d. 400 A/Cs - 2D

Similarly, in Fig. 8, we can see the graphics for the cases 
where 50, 100, 200 and 400 A/Cs are flying in this airspace. 
The summary of the number of links (for a random iteration 
for 25, 50, 100, 200 and 400 A/Cs) concerning the number of 
A/C of AAHN presented in Fig. 8 is shown in Table I. 

In Table I, we can appreciate the augmentation in the 
number of A/G, A/S and A/S decisional links according to the 
increasing number of A/C, noticing an exponential increase 
due to the reduction of vertical and horizontal separation of 
A/A links regarding the number of A/Cs.  

TABLE I.  NUMBER OF LINKS VS. NUMBER OF A/C 

Number of Quantity
A/C 25 50 100 200 400

A/G links with GS1 1 3 9 7 31
A/G links with GS2 3 3 2 10 19

A/A links 8 36 130 535 2056
A/S links 21 44 89 183 350

A/S decisional links 6 22 66 157 356

A remarkable aspect in Fig. 8.c and Fig. 8.d is the 
possibility of using only A/A links for Safety and/or Non-
Safety Communications keeping the A/S and S/G for cases 
where the connection between the A/C and GS (using hops) is 
unreliable. In terms of latency and QoE, these links would 
allow airlines to have A/G services and offer exclusive 
communications services with a shorter response time as long 
as the flight secure an A/C-GS connection by hops, for which 
the development of a predictive algorithm would be required. 

B.  Simulation Model Results 
In order to find the mean value of the number of links from 

our AAHN model, there have been 1000 iterations for 50, 100, 
200 and 400 A/C under the simulation scenario of the AN 
indicated above, where the results are shown in Fig. 9. The 
results are summarized in Table II, where we can highlight 
two important points: 1) the mean value of the number of A/G 
links, and 2) the importance of the A/S decisional links in our 
AAHN. For example, if we did not have A/S links, and at the 
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same time we distributed 50% of the data traffic between the 
GSs, it would give us about 10 A/Cs for each A/G link; which 
would mean that an SDU, adapted to operate in an AN, should 
be able to carry, in a reliable and robust way, the data traffic 
of 10 A/Cs. In other words, if we calculate the data rate 
required for an A/C from [7], we see that this can vary 
between 30 Mbps and 300 Mbps, which would mean that the 
SDU adapted should be transporting in an A/G link between 
300 Mbps and 3 Gbps, which so far with current technology it 
would not be possible. This is where lies the importance of 
A/S decisional links, as these will allow free traffic of GSs,
mainly sacrificing latency of Non-Safety communications. In 
order to free traffic on A/G links, the increase in A/S 
decisional links increases as the number of A/Cs in the 
airspace increases. A 3D view for 200 A/Cs is shown in 0, in 
which at the same time we can see a large amount of A/S 
decisional links. 

In order to analyze the A/S vs. A/S decisional links, 1000 
iterations were performed by taking the mean value for each 
of the cases of 100, 200, 400 and 800 A/Cs flying in the 
airspace of our AN model. The results are shown in Fig. 11,
where we can see the ratio between these two links (A/S Vs. 
A/S decisional links). You can see that approximately from 
300 A/Cs almost all A/S links become A/S decisional links, 
this means that each SDU adapted aboard an A/C must decide 
whether the sending and receiving of Safety and Non-safety 
communications should or should not be made via A/A links 
or via A/S. In the case that the number of A/Cs exceeds 300, 
you can see that each SDU adapted aboard an A/C, even those 
with an A/A-GS link by hops, would carry out an A/S 
decisional link due to saturation or unavailability of the 
transmission and reception of data via A/A links, this will 
depend on the decisional algorithms programmed into the 
SDUs. 

a. b.

c. d.
Fig. 9. Mean value of the number of links for: a. 50 A/Cs, b. 100 A/Cs,        

c. 200A/Cs and d. 400 A/Cs  

TABLE II.  MEAN VALUE OF THE NUMBER OF LINKS VS. NUMBER OF
A/CS

Number of Quantity
A/C 50 100 200 400

A/G links with GS1 2.559 5.201 10.205 20.565
A/G links with GS2 2.469 5.251 10.376 20.381

A/A links 32.103 130.483 520.956 2087.103
A/S links 44.972 89.548 179.417 359.054

A/S decisional links 21.829 63.937 160.724 360.163

Fig. 10. Airborne Ad Hoc Network connections for 200 A/Cs – 2D  

a. b.

c. d.

Fig. 11. A/S links Vs. A/S decisional links for: a. 100 A/Cs, b. 200 A/Cs, c. 
400A/Cs and d. 800 A/Cs 
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Fig. 12. Modular SDU architecture 

C. Architecture 
For the development of the architecture of the SDU we will 

take as a starting point the architecture of Fig. 12. The 
proposed architecture contains different blocks, as well as the 
implementation of different algorithms that work together to 
ensure flight safety, QoS and good QoE for passengers.   

The modular architecture of SDU suggests 4 modules 
working together: a QoS Policy Monitor Module (QSPMM), 
an A/G routing module, a Decisional Module of Links (DML) 
and an Adaptive Modulation Module (AMM). The first module 
will oversee not only the connection status, but also the BW 
requirements for Safety and Non-Safety communications. The 
A/G routing module is responsible for performing routing 
information of A/A-GS link, either by A/G direct link or using 
A/A or A/S link, as well as the routing of communications of 
the neighbouring A/Cs, sharing the tunnel server. The 
decisional module is responsible for deciding the most 
convenient connection based on the demand of service 
required, latency of A/A-GS link, flight phase, geographic 
location and frequency availability. Finally, the AMM is 
responsible for making modulation changes according to the 
requirements of the communication channel. It is recalled that 
the analysis of RFU has not been studied in the present paper. 

D. Decision Algorithms  
To set an A/G-GS, different decisions must be made 

immediately in the SDUs, which unlike a terrestrial wireless 
Ad-Hoc network, in AN the connection nodes are traveling at 
high speed.

Reference [8] presents about 100 different algorithms for 
wireless ad-hoc and mesh networks concluding that, to 
satisfying the network requirements, the simplicity of an 
applied routing algorithm is an important property to consider 
while selecting the proper routing algorithm. However, in the 
case of an AN, the selection of an algorithm is more complex 
due to network requirements. These requirements, in our 
architecture for robust SDU with SDR for AN, are based on 
parameters such as flight phase (Parked, Taxi, Take-Off & 
Departure, Climb, Cruise/On route, Descent, Approach and 
Landing & Taxi to Gate), geographic location, Signal-to-noise 
ratio (SNR), latency, channel capacity, type of modulation and 
frequency availability summarized in QoS. The decision 
algorithms to implement into SDU modules are based on the 
following flowchart.

Fig. 13. SDU connection for Parked, Taxi and Landing & Taxi to Gate 

In Fig. 13, the flowchart for Parked, Taxi and Landing & 
Taxi to Gate phases are shown, as you can see at all times the 
DML of the SDU is looking for a direct link between the A/C 
and GS for transmission and reception of Safety and Non -
Safety communications, minimizing satellite connection times; 
however, the SDU is able to connect to the satellite if QoS 
demand is required, this will depend of QSPMM.

In the case that the A/C is in the Take-Off & Departure, 
Climb, Cruise / On route, Descent and Approach phases (Fig. 
14), the SDU, i.e. away or approaching an airport, at first the 
DML of the SDU will seek the direct link with the GS; if this 
link is successful, the QSPMM will constantly assess whether 
it has an acceptable QoS, otherwise the DML will seek to 
connect with other A/C that is flying in the same airspace and 
that in turn meets with capacity to carry out an A/A link for 
relaying communications of the SDU.

If the A/A is successful, the Routing Module will start 
sending and receiving data while the AMM defines the type of 
modulation to be used on this link. If this second attempt to 
connect to the GS is not possible or simply the QSPMM
determines that the QoS is not acceptable, the SDU will 
establish a connection via A/S link, repeatedly verifying if an 
A/G direct link is possible.

Fig. 14. SDU connection for Take-Off & Departure, Climb, Cruise/On route, 
Descent and Approach 
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a. b.

Fig. 15. a. SDU Guest and b. SDU Host flowchart for A/A link  

In the case where two A/Cs attempt to establish an A/A 
link, an SDU should behave as Host and the other as Guest. It
is worth mentioning that an SDU can be Host and Guest at the 
same time, just as a Host can receive various Guests, as long as 
the QoS is not affected. In Fig. 15, we see that the Guest sends 
a connection request, the Host will check if it has BW 
available, sending a positive replay. Next, the Guest will ask if 
the Host has the necessary resources to meet the requirements 
of the Guest (e.g., required amount of BW, transmission delay, 
etc.). If the host has sufficient resources without affecting QoS, 
the A/A link will be established and the Guest will start 
sending information to the Host, which in turn will forward this 
information to the GS or to the next AN hop. 

Fig. 16. Lab test bench configuration

IV. DEVELOPMENT AND IMPLEMENTATION

The development architecture for robust SDU with SDR for 
AN suggest to develop, with SDRs and GNU radio software, a 
network data communication capable of establishing an 
optimal link for sending and receiving data from an A/C to a 
GS by hops and using different frequencies and adaptive coded 
modulation. This means that each SDR will be considered as a 
SDU on board an A/C capable of sending and receive data via 
A/S link or through the A/A links until reaching a GS.

A. Test Platform 
In order to test our SDU with SDR architecture, the 

laboratory test bench contains 4 USRP N210 with WBX 
daughterboards. The WBX provides 40 MHz of bandwidth 
capability and is ideal for applications requiring access to a 
number of different bands within its range (50 MHz to 2.2 
GHz) [9], the frequency used is within the range of the L-
Band (1-2 GHz). The data to transmit multimedia files 
basically comprises multimedia files as well as streaming 
video. 

 This test platform aims to transport binary data 
between an A/C and a Ground Station (GS), including 
capabilities to operate into an AN, i.e. the A/C1 in Fig. 16
sends binary data, from a Graphical User Interface (GUI) to 
the GS, performing an A/A link with the A/C2. Next, the 
A/C2 will forward the data to the GS via A/S or A/G link; this 
decision will be made by the DML in the SDU. The USRP of 
the Space Segment adds a delay in communication, simulating 
a satellite link in the case that the A/G link in the model can 
not be effectuated. 

B. Development and Implementation 
The first stage in the development of the model has 

consisted of sending and receiving binary data between two 
USRP using an adaptive coded modulation model developed 
and improved by LASSENA labs. Fig. 17 and Fig. 18 show 
the transmitter and the receiver of the AMM implemented in 
the SDU which chooses the most suitable modulation among 
differentially encoded BPSK, QPSK, 8PSK, 16QAM as well 
as the coding rate based on the estimation of A/A quality link 
measured by the SNR in real time. The error-correction code 
used in the system is a Reed-Solomon code which is widely 
used in satellite links and many communication systems. 
Furthermore, the implemented codes are RS(255,223) and 
RS(255,191).

Fig. 17. Adaptive Coded Modulation Transmitter 
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Fig. 18. Adaptive Coded Modulation Receiver 

The next step in the implementation of the architecture of 
the SDU is the development of routing module, where it must 
be assigned an identifier to each USRP, for this we have used 
IP addresses; in the case of communicating 2 real A/Cs, these 
identifiers could be the ICAO addresses of transponders. The 
allocation of these IP addresses will serve to identify the 
addresses of the participant elements in the AN, at the same 
time each IP address has an associated transmission and 
reception frequency. In other words each SDU contains a table 
of IP addresses and frequencies of transmission and reception 
in the AN.  

For example, if A/C1 wants to send a file to the GS via 
A/A link, A/C1 transmitter and A/C2 receiver must be at the 
same frequency, likewise A/C2 transmitter and GS receiver 
must be at the same frequency. Immediately, A/C1 chooses 
the file to be sent via a GUI, the SDU sends a file containing 
its file type and size, A/C2 receives the file and saves it to a 
temporary file and forwards to the GS in a different frequency 
to reception. In the GS a blank file is created and a 
confirmation to A/C1 via A/C2 is sent; after that, A/C1 starts 
to send the selected file, which begins to be registered in GS 
until completion.

Fig. 19. GUI for data transmission in A/C1 

Fig. 20. GUI for streaming video in A/C1 

In the case of being sent via A/C2-A/S, the satellite will 
save the data and will pause for 2 seconds before forwarding 
the information, at the same time it will add noises causing 
distortion in the message in both ways. To stop transmission 
and reception of files automatically, we add a label at the 
beginning and a label at the end of the binary file to be sent 
(i.e. “//////” and “/_/_/_/”), they will be removed after writing 
the file at the destination 

A next step in this implementation of the SDU is the 
integration of the modules in a Main Script, which, in the case 
of A/C1 of Fig. 16 shows a GUI (see Fig. 19) that allows to 
select the IP address with which it is want to set an A/A link 
and the type of information to be sent. In the event that video 
streaming is required, the GUI will be like Fig. 20 keeping 
active the AMM during video transmission. For now, this 
communication is unidirectional; however the link is 
bidirectional, since the receiver constantly sends a control 
signal in GMSK. 

V. RESULTS 

Test results in the transmission and reception in outdoor 
for each modulation type in an independent way, as well as the 
adaptive model, can be seen in Table III. Moreover, a fixed 
code of RS (255,223) was used for the test. As we can see, the 
AMM module works properly even at 500 meters where 
BPSK modulation is shown as the most robust while 
maintaining a BER of 10-5.

TABLE III.  AMM OUTDOOR TEST RESULTS

Distance BPSK QPSK 8PSK 16QAM Adaptive
15m
30m
50m

100m
150m
200m
250m
300m
400m
500m

Fig. 21. BER curves of AMM 
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a. b.

c. d.

Fig. 22. Constellations of A/G link using a. BPSK, b. QPSK, c. 8PSK and      
d. 16QAM 

a. b.

c. d.

Fig. 23. Constellations of A/S link using a. BPSK, b. QPSK, c. 8PSK and      
d. 16QAM 

The transmitted power used for this test is 10 dBm at 1.6 
GHz. In theory, implementation of the architecture of our SDU 
is capable of extending a transmission 600 meters from A/C to 
GS via A/C2 and Space Segment. The Bit Error Rate (BER) 
curves of the AMM are shown in Fig. 21 and the constellations 
for A/G link and A/S link are illustrated in Fig. 22 and Fig. 23
respectively. As expected, the A/S link is noisier than the A/G 
link and the latency is also higher. 

On the other hand, to be assure of good reception of the 
files, it was decided to forward the files repeated times, and 
introduce, as previously indicated, a label at the end of the file.

Thus, it was verified that the file was written several times 
in a file buffer and was cut in the right place due to the 
introduced labels. This procedure was performed for different 
types of files with extensions .txt, .jpg, .png and .mp4. This 
shows that we can continue to implement this architecture, not 
only in USRP but in SDR with greater capacity and with front-
end RF for a wider range of coverage. That is why LASSENA 
will continue with the physical development of this model.

VI. CONCLUSION 

The design of a new architecture for robust SDU with SDR 
for Airborne Network has been presented. A case study has 
been provided for the analysis of the functioning of this 
architecture in the transatlantic airspace.

Early results have been included as a foretaste of the final 
implementation. This early SDU prototype implemented into 
an SDR platform at the L-band, supports sending and receiving 
binary files, as well as streaming video in real time using 
adaptive coded modulation technique, maintaining a BER of 
10-5. Similarly it is capable of performing links with the GS via 
A/A link or using the Space Segment.

In addition, future works in this architecture allow the use 
of cognitive techniques to implement routing algorithms within 
an AN, responding to the connectivity needs of passengers and 
crew.

Finally, the continuous evolution and improvement of the 
proposed architecture will be able to meet the future demand 
for communication in the air. At this point, we do not see the 
increase in air traffic as a problem but as an advantage, as it 
will reduce the distance between A/C and enable links within a 
faster AN.
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