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Abstract—Nowadays a novel satellite communication solution
has to be introduced for the coming satellite networks. Software
Defined Networking (SDN) and Software Defined Radio (SDR),
can play a key role to innovate and improve satellites-terrestrial
communications. GNU radio as SDR and Mininet as SDN, offer
the ability to manage the network satellite resources. Through
scenario and use cases, this paper provides an in-depth analysis
for an effective combination of SDN, GEO, and LEO satellites
using GNU Radio simulation and Python3 scripting. This new
architecture can bring satellite communications towards a new
proposal of data transmission technology to delimit the various
potential areas of improvement. That can be pursued by the
added value of SDN-GNU Radio technologies in the field of
the satellite ground segment. To achieve this result, the newly
introduced architecture can be fully controlled at the physical
layer level. The solution is validated by the deployment of three
scenarios: with SDN, without SDN, and SDN adding a streaming
overload. Based on the results of the presented simulation, we
found that our architecture can achieve better quality of service
through efficient satellite traffic control, when SDN and GNU
Radio are deployed.

Index Terms—Integration of Satellite and Terrestrial Net-
works, Next Generation Networks, Software Defined Networking,
Space Networking, GNU Radio.

I. INTRODUCTION

Radio-link availability and services reliability are now
highly demanded for the future satellite networks [1], [2].

For example, Low Earth Orbit (LEO) are widely used for
Earth observation. The rapid movement of these satellites
makes them visible in a given location for a very short
period of time, about ten minutes. They must therefore be
autonomous to fulfill their mission being rarely in contact
with their control center. Another important example is the
Geostationary Earth Orbit (GEO). It is by far the most widely
used, especially with the development of telecommunications
needs, (e.g., it is where live broadcast satellite are located).

Beside their benefits, GEO/LEO satellite configuration and
monitoring are yet to be improved to ensure good connectiv-
ity and fast configuration. For example, access to configure
GEO/LEO satellite is not available unless the satellite is
detected by the terrestrial station. Again, the current satellite
networking solution is not centralized. Hence robust synchro-
nization and scalability is not very well ensured.

The concept of Software Defined Network (SDN) has
dramatically changed the field of modern wireless telecom-
munications networks. This concept is based on new tech-
nologies stepping towards miniaturization and the increase of
intelligence of tools and machines. The OSI layered model
in the current wireless networks makes the control and the
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Fig. 1: SDN-GNU Radio experiment scenario for GEO/LEO
satellites

management of the infrastructure complex and hard to handle.
This is due to the combination of the required data with data
responsible for the control. SDN creates an opportunity to
solve this problem. Indeed, the global network vision is logi-
cally centralized in the control plane and the packet delivery
is very efficient in the data plane. Software Defined Network
brings flexibility, automation and network customization to
networks. Therefore, this type of network also represents an
opportunity to facilitate the deployment and management of
different wireless networks, things that the previous OSI model
cannot offer. SDN has successfully paved the way for next-
generation networking, but research work based on wireless
networking combined with SDN has recently started.

Henceforth, the combination of Software Defined Network
(SDN) and GNU Radio can give a robust and manageable
satellite network solution. This can introduce new directives
to solve satellite network drawbacks [3]–[5]. The main idea
in this paper is to enhance the satellite networking using the
new concept of SDN. This new architecture will ensure the
decoupling of data, responsible for control from transmission
equipment using the controller Python network Operating X-
system (POX).

In SDNs, the control plane is placed in a centralized con-
troller that has visibility over the entire network, including the
hosts connecting to it. Applications that tell controllers how to
program the network using programming interfaces are called
”NorthBound” while the Application Programming Interfaces
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(APIs) and protocols used by the controller to communicate
with network equipment are called ”SouthBound” (Fig. 1).
The controller POX uses OpenFlow protocol, to administer
switches and network equipments.

An OpenFlow network consists of at least one OpenFlow
switch and a controller that programs it dynamically. Open-
Flow defines a set of criteria for selection on packages required
to handle networking operation using Python. These criteria
can be non-exhaustive (i.e., the input interface used, the MAC
address, the IP address or port number of a packet, both source
and destination, or metadata associated with the packet). Next
to the criteria for selecting a package, OpenFlow defines
actions that can be performed on them. Among possible
actions, one can cite:

• Send the packet to an exit gate, a set of gates (group) or
to the controller.

• Define the queue in which the packet will be placed in
the exit door.

• Modify the packet: header fields, tags, etc . . .
• Delete the packet and end its processing.
Logic deterministic packet handling is contained in the

switch flow tables. These tables are made up of rules that the
controller adds (and removes) dynamically. Each rule includes
a set of selection criteria, a priority, and instructions. When a
packet arrives at the switch, it is initially assigned empty set
of actions. The switch then cycles through the rules in its first
table in descending order of priority, looking for a criterion
that matches the packet. As soon as the packet is selected by
a rule, the cycling is interrupted and the instructions of the
rule are executed [6].

A defined satellite networks solution is presented in [7]–
[9]. This new OpenSAN architecture gives a fluid control
and high efficiency. Operationally Responsive Space (ORS) is
introduced by Feng et al in [10]. Compared to the latter, this
reference paper gives more insights when dealing with emer-
gency response in satellite networking communications. ORS
uses OpenFlow protocol in controller to ensure a centralized
space to ground network technologies. However the proposed
solution does not support the full network visualization.

The related research works, are limited to theoretical analy-
sis, without giving a sufficient realistic SDN satellite networks
model to support their concepts. To the best of our knowledge,
the combination of GNU radio with SDN to support satellite
communications is proposed for the first time in this paper. We
can find SDN in some related work enabled in ground satel-
lite portion [11]. However, those solutions degrade network
monitoring and reduce flexibility. In this work, we deploy
SDN in both ground and space satellite communications
portions. This solution will ensure good traffic management
and easy configuration. GEO and LEO satellites will be fully
controllable in a centralized manner with a flexible global
access.

The research work is inspired from the SDR Makerspace
(https://sdrmaker.space/), which is an initiative of the European
Space Agency and the Lieber Space Foundation that brings
together researchers from around the world. In fact, the GEO
and LEO project uses GNU radio unit that simulates earth-
satellite system communications and a variety of aberrations

that a satellite channel can bring. For example, the Carrier Fre-
quency Offset (CFO) due to the Doppler effect (in 435 MHz
band), the loss of the variable free space path due to the path
of the satellite, or the atmospheric effects (such as atmospheric
gases and precipitation) along the flight, have been shown to
cause a significant deterioration in the communication quality.

To summarize, we have made the following contributions:
• We enable GEO and LEO satellite communication under

SDN architecture using Python3.
• The proposed topology is totally configurable and con-

trollable through POX controller using Openflow proto-
col.

• A cross layer solution is presented, because transmission
is fully configurable from the bit order (physical layer)
with GNU radio scripting to logical order (IP traffic) with
SDN.

We sectioned the paper as follows. Section II presents the
proposed architectures of satellite networks. Then, Section III
is devoted to the analysis of each of the scenarios identified.
Finally, the main conclusions are elaborated in Section IV

II. THE PROPOSED ARCHITECTURE

Fig. 1 illustrates an overview of the proposed topology. The
architecture is sliced into three planes, the Data Plane, the
Control Plane, and the Application plane.

The Data Plane. As it was seen in the traditional network
principle, the processing resources on satellites should be
limited. However, for the SDN network the controller is
responsible for policies linked to routing, security, manage-
ment, and resource allocation through a table flow. In other
words, it is the maestro of the entire network. The POX
controller then develops policies in relation with GEO and
LEO satellites needs and user requirements. These policies
are sent to the terminals satellite GEO/LEO to direct traffic
between satellites.

The Control Plane. It sets up a SDN controller on the
GEO/LEO orbit satellites, taking into account the general
behavior of the entire topology with respect to network
reliability. GEO/LEO satellites collect information about the
status of links between satellites and send it to POX controller
for the management. During this time, the instructions for
network traffic are transmitted to the GEO/LEO satellites. An
OpenFlow chart opens, when rules are enabled at satellites
level and redirected again to end users.

The Application Plane. It presents the programs that define
the logic control of the network. The programming interface
responsible is called ’Northbound API’. In general the appli-
cation plane is responsible for ensuring the Quality of Service.

We implement the architecture in a software prototype as
shown by the dashed arrow in (blue), with the Southbound
API in the Fig. 1. Two nodes are used and each node acts
as a router in the topology. Each node must be linked with
SDN architecture and the communication between the various
physical computers (end user) will be guaranteed through POX
controller. Henceforth, the different instances can establish
communication between one another and transmit packets via
SDN. As illustrated in Fig. 1 the architecture presents two
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Fig. 2: GEO/LEO satellites transceiver based on GNU Radio Companion

APIs: Southbound API, and Northbound API. Southbound
API interface represents the communication interfaces, which
allows the SDN controller to interact with the infrastructure
layer, such as switches, computers and routers. To maintain
good communication with the South interface, OpenFlow
protocol was enabled. Northbound APIs are used to program
the transmission equipment, using the network abstraction
provided by the control plane.

The Work Flow
• We start by creating an SDN topology with a Python3

scripting. The first step is to install Mininet (http://
mininet.org/) to create the proposed architecture. Mininet
contains the SDN controller POX which is responsible
for the whole management of the network. We have
also implemented the POX controller that can support
OpenFlow protocol and it is written in Python3.

• Then we implemented a Python3 script, which interacts
directly with GNURadio Companion to ensure GEO/LEO
satellite transmission chain in the SDN topology as
illustrated in Fig. 2.

• Finally we evaluated the performance of the prototype
compared to traditional satellite transmission with three
scenarios: without SDN, with SDN only and finally SDN
with streaming load.

The ground earth station is represented in Fig. 2 blocs, as an
instance of the Tracker class. It contains parameters for all
the information needed to fully describe a ground station that
follows a satellite in orbit, such as:

• The coordinates of the ground station (Latitude, Longi-
tude and Altitude)

• TX / RX operating frequencies
• TX / RX antenna objects
• The observation period in UTC ISO-8601 format
• The resolution of the observation time.
A satellite is represented in Fig. 2, as an instance of the

class Satellite. It contains parameters for all the information
required to describe a satellite in orbit, such as:

• An orbit description.
• Satellite operating TX / RX frequencies
• TX / RX antenna objects.
Different types of antennas are supported by Fig. 2, in-

cluding Yagi, Helix, Monopole, Dipole and Parabolic reflector.
Each is described by a C ++ class which extends the parent
generic antenna and appropriately implements pure virtual
functions. In addition, each class accepts different parameters
and can implement various functions, based on the correspond-
ing type. The AMSAT-IARU Link Model spreadsheet is used
as a reference for calculating gain, beam-width and cutoff gain
etc...

III. NUMERICAL RESULTS

To showcase the robustness of the proposed architecture and
to demonstrate its feasibility, three scenarios are introduced, to
emulate the space to ground satellite communication. We built
scenes: with SDN only, without SDN, and finally SDN with
streaming load. These scenarios help to see in a closer window
whether this combination can improve the satellite network
in terms of latency, throughput and reliability. Comparison
between scenarios can also help to judge the impact of
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Fig. 3: Example of the developed LEO satellite transceiver
using Python3 scripting.

Fig. 4: Example of Tx(left)-Rx(right) transmission with SDN
and GNU Radio enabled: the LEO satellite case.

SDN and GNU radio, together on the quality of satellite
communication. The satellite communication parameters are
fully monitored by GNU radio blocks, such as : FEC, channel
model, frequency ranges, modulations types etc. . .as illustrated
in Fig. 2.

Measurements are collected using a real time script ”shell”
and the ”iperf” commands under Linux operating systems
between two end users. The maintained data throughout the
scenarios is stored in a CSV file and treated using MATLAB
software. The ”Mininet” version used in the experiment is
2.3.0d6, the operating system distribution used is ”Ubuntu
16.04”, the GNU Radio Companion version is 3.7.9, and
Python 3.0 is used as a compiler for the developed APIs.
Scenario 1: Without SDN
Traditional terrestrial satellite links are established without
SDN, which is built on capabilities envisaged for the improved
satellite networks SDN/GNU Radio. This scenario will be
used as the benchmark as it shows the performance of the
physical layer of a GEO/LEO satellites using GNU radio
emulator. All used components to ensure connectivity are
illustrated in Fig. 2. Fig. 3 illustrates the successful build of
a GEO/LEO satellites transceiver using Python3, before the
SDN deployment. We notice the good and correct emulation
of the received signal between two IP nodes (end users) as it
is shown by the time domain and the frequency domain plot.
This is a cross layer solution to send a satellite traffic between
two IP nodes using GNU Radio satellite communication chain.
Scenario 2: With SDN
It focuses on performing data transmission in a satellite

Fig. 5: GEO/LEO satellites transceiver SDN and GNU Radio
based, with successful streaming transmission
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Fig. 6: Latency performance, for LEO sat, with SDN when a
streaming load is enabled.

network with SDN as illustrated in Fig. 4 , within the
satellite segment on the ground. This scenario demonstrates
the integration and the implementation of GEO/LEO satellite
communication chain within a SDN network model. A full
Southbound API is developed to ensure the integration of GNU
radio components illustrated in Fig. 2 to be deployed in an
SDN architecture using POX controller.
Scenario 3: SDN with streaming
It is build on the capacities envisaged in scenario 2 for the
SDN-GNU Radio improved satellite networks. In this use case,
a streaming load is added to stress the link and to ensure when
a real time networking service is required whether the link is
still reliable and stable. This scenario helps to increase the
level of Quality of Service-Quality of Experience (QoS-QoE)
for the GEO/LEO transmission as shown in Fig. 5. While the
left side shows the ongoing transmission, the right side of
Fig. 5 shows the perfect reception of the transmitted video
streaming.

When it comes to latency as in Fig. 6, TCP protocol shows
better performance when SDN is enabled for LEO satellite. In
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Fig. 7: Throughput performance for GEO sat, with and without
SDN under TCP protocol.
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Fig. 8: Packet Loss performance for LEO sat, with and without
SDN, under UDP and TCP protocols. Packet Loss statistics,
”Good”=no packet lost, ”Lost”=packet lost

this use case we added a streaming load as shown in Fig. 5 to
see in a closer window the behavior of latency when the link
is loaded. It can be noticed, that the time spent in terms of
latency when SDN is used becomes ten times higher compared
to scenario 1. This could be explained first by the processing
time needed by the POX controller to send the required data
to the destination. Secondly the southbound API is written in
Python3 which is not a Just-In-Time (JIT) compiler.

In Fig. 7, we considered the throughput performance for
GEO satellite. An improvement of approximatively 6 Mbits/s
is recoded, when SDN is applied, compared to scenario 1,
when GEO satellite is deployed under TCP protocol only. This
could be returned to Openflow protocol for the orchestration of
the allocated resources to end users. OpenFlow has an entire
control of the network including resource allocation. This can
help improving the balancing network environment.

In Fig. 8, we considered the packet transmission perfor-

mance for GEO satellite. The number of good received packets
and lost packets is recorded. Statistics shows that the number
of good received packets is recorded for TCP and UDP when
SDN is enabled (scenario 2). We notice that reliability and
connectivity are better ensured under SDN and the controller
proves again that it can maintain good connectivity.

IV. CONCLUSION

This paper focuses the light on the future of satellite
telecommunications. In particular, the combination of SDN
and GNU Radio technologies in the field of GEO/LEO satel-
lites is considered as a starting point for making satellite
communications possible when integrated into a planned SDN
network architecture. Three use cases are described in this
paper showing how SDN and GNU Radio technologies can
help in the integration and the implementation of space to
ground satellite communications. The main scenarios have
been identified and analyzed, with an emphasis on improving
the infrastructure of the satellite network (scenario 1) and on
improving satellite offers for shared terrestrial systems such
as communication services by SDN satellite (scenario 2 and
3). Multiple opportunities and benefits have been gained for
each scenario, as well as new opportunities through the move
from a conventional network to a SDN.

Based on the results of the presented simulations, we found
that the architecture was able to obtain better quality of service
thanks to an efficient control of satellite traffic under SDN and
GNU Radio. However, the paper remains open to possible
extensions such as high availability and the use of the P4
language which allows programming of the flow processed by
the routing of packets on the transmission equipment without
taking into account the format of a packet.
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