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SPICE
progress per
Work
Package
The project is
conducted in four
separate work
packages.
Work Package 1:
Project Management
As part of the project
,
the first periodic report
for SPICE project was
submitted in October
2012. A meeting with
the Project Officer on
the progress of Space
Internetworking Center
and
the
upcoming
activities took place in
Brussels towards the end
of November.
Work Package 2:
Exchange of know-how
and recruitment of
researchers and
administrative staff
Within the framework of
WP2,
two
SPICE
researchers, along with

SPICE project coordinator
visited
collaborating
European
research
institutes for a period of
up to three months. In
particular:
- On September 10th,
2012, SPICE researcher
Sotirios Diamantopoulos
visited European Space
Agency’s
European
Space Operation Center
(ESA/ESOC) in Darmstadt,
Germany,
for
three
months,
where
he
collaborated with ESA
researchers
on
the
analysis and evaluation
of the performance of
CFDP protocol for EUCLID
mission.
- On September 17th,
2012, SPICE researcher

Fani Tsapeli visited the
IMDEA
Networks
research
institute,
located
in
Madrid,
Spain, for two months.
The purpose of the visit
was
to
establish
collaboration between
SPICE
and
IMDEA
research institute on
research issues related
to potential applications
of DTN in terrestrial
environments.
In
particular, Ms Tsapeli
collaborated
with
IMDEA researchers on
the research topic of
offloading
cellular
networks through delay
tolerant networks.
Prof.
Tsaoussidis
scheduled a research
visit to the Computer
Lab of University of
Cambridge, UK,
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in three phases. During
the first phase (midDecember),
Prof.
Tsaoussidis met with Prof.
Jon Crowcroft, along
with his research team,
and
agreed
on
a
common
research
exploitation plan with
scheduled
meetings,
presentations
and
seminars.

GSTV consists of several
SIMSAT-compatible
components that can be
combined
and
configured
to
form
different applications. In
summary,
METERON
initiative is an
to
validate human-robotic
operations from space
using the ISS.
Work Package 4:

took place regularly at
the premises of Space
Internetworking Center.

Exploitation and
dissemination

For details see:
http://www.spicecenter.org/colloquia/
Work Package 3:
Infrastructure update and

This Work Package (WP4)
includes all dissemination
activities of the project.
During these past months:
-

state-of-the-art DTN
testbed
Within the framework of
WP3, SPICE researchers
focused
on
the
integration of SIMSAT
(Simulation infrastructure
for the Modeling of
SATellites) and the GSTV
(Ground Systems Test
and Validation) into the
in order to enable our
DTN testbed to function
as part of the METERON
(Multi-Purpose
End-ToEnd Robotic Operation
Network) activity. SIMSAT
is able to host spacecraft
and ground segment
simulations, while the

-

-

published
research
papers in a variety of
conferences
and
journals;
Prof. Tsaoussidis gave
a keynote speech at
the 16th Panhellenic
Conference
on
Informatics (PCI 2012)
SPICE researcher Nikos
Bezirgiannidis gave a
concept

-

at

Industry (HAI), Athens,
Greece
Prof. Vassilis Tsaoussidis
participated in the
CCSDS
Fall
2012
meeting series that
took
place
in
Cleveland, Ohio, USA
(October 15-18, 2012).

Tuning up Deep-Space Communications
Collaboration with ESA

As space agencies schedule their
future activities, deep-space missions
play a prominent role. Given that, ESA
and NASA have agreed to co-fund
the Euclid mission, set to launch in
2020. Euclid aims at understanding
why the expansion of the Universe is
accelerating. Its onboard instruments
will explore the expansion history of
the Universe and the evolution of
cosmic structures by measuring the
modification of shapes of galaxies.
With onboard scientific instruments
producing data in the order of 110
GB daily, a robust Communications
System will be necessary in order for
Euclid to fulfill its objectives.
In this context, SPICE Researcher and
Space Communications expert Sotiris
Diamantopoulos spent three months at
European Space Operations Centre

(ESOC) in Darmstadt, Germany,
analyzing
and
evaluating
the
performance of CFDP, the file delivery
protocol
used
in
Euclid.
Mr.
Diamantopoulos’ appointment at
ESOC resulted in a comprehensive
technical
study
assessing
the
applicability of CFDP protocol in
EUCLID mission. Furthermore, he
developed and delivered to ESA a
weather simulation tool.
Mr. Diamantopoulos’ first task at
ESOC was to investigate weather
effects on the signal propagation.
Communications in K-band, used in
Euclid, are highly vulnerable to the

weather impairments. This means that
outages should be expected and
special care should be provided to
ensure the complete dump of the
large volume of data.
Simulating weather effects
In order to realistically model the
weather effects on a K-band
channel, a Gilbert-Elliot channel can
be utilized. Based on the Additive
White Gaussian noise Channel, this
model has two weather states,
separated by a threshold value.
During good weather conditions,
most (or even all) packets are
received successfully, while during
bad weather, the connectivity is lost.
According to this model, both good
and bad weather conditions can be
characterized by a corresponding
BER. The switching between good
and bad weather states is based on a
set
of
probabilities
and
can
approximate the weather conditions
for the desired weather availability
percentage.
In
his
technical
study,
Mr.
Diamantopoulos assumed that this
two-state model simulates quite
faithfully the weather phenomena
experienced in real life. In this
context, he developed a loss
sequence generator. In particular,
the implemented tool is able to
create sequences of successful
transmissions (0s) and failed ones (1s).
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This sequence is tailored to match the
format used by the CFDP loss tool.
CFDP in Euclid
Mission designers for EUCLID are
planning to use CFDP in deferred NAK
mode
to
provide
reliability.
Furthermore, the transmission of two
files in parallel will mitigate delays
during the deferred phase. More
specifically,
with
no
parallel
transmissions, the utilization of the
communication channel is very low
during the deferred phase of the
transmission, since the RTT for EUCLID
is around 10 seconds. Utilizing parallel
transmission of two files, the sending
entity will be able to transmit data
from file 2, while at the same time
waiting for NAK messages for file 1.
During link outages inflicted by harsh
weather conditions, the X-band uplink
will be still up since it is less vulnerable
than the K-band downlink.

When
an
outage
crosses
a
predefined threshold, a signal can be
sent from the ground station to the
spacecraft, requesting the CFDP
entity to suspend the transmission until
a RESUME signal is received. Using
these signals, the uplink can be
relieved from unnecessary NAK traffic.
Conclusions
At the end of Mr. Diamantopoulos’s
appointment at ESOC, a number of
useful conclusions were reached
pertaining to the EUCLID mission. As
far as the minimum pass duration is
concerned, the study suggests that
the initially estimated 3.5 hours daily
pass is not enough to support the
complete and timely delivery of data.
Mr. Diamantopoulos suggested that
either two daily passes or one longer
pass would be necessary to cover the
mission requirements.
Regarding the CFDP protocol, it was
shown that using CFDP in
deferred mode with no
parallel transmission of files
would significantly delay
the transmission. In this
context,
parallel
transmission of two or more
files was proposed. Other
CFDP NAK modes were
also suggested as better
candidates.
Fig. 2 Control Room at
ESOC, Germany

SPICE Newsletter
and Website

Space Internetworking Center (SPICE) website can be found at:

www.spice-center.org
Here you will find:
v Previous issues of SPICE Update newsletter
v A comprehensive overview of the project, including details about partners
and the various work packages
v Information on Space Internetworking Center, research interests and
members
v Event information – a complete list of lectures, colloquia and relative
events
v Publications

Taking full advantage of Opportunistic Communications
Collaboration with IMDEA
3G networks offloading is an
emerging scientific area with several
open research issues. According to
Cisco's predictions on future mobile
internet traffic, mobile traffic is
expected to grow 13 times, while
2012 mobile traffic was 12 times more
than the global internet traffic of 2000
(Fig. 3). The rapidly increasing
demand for mobile internet causes
overloading problems to 3G networks
resulting in poor networking services
for end users. To satisfy this demand,
cellular network providers attempt to
increase their network capacity by
upgrading their current network to
fourth generation network (4G).
However, such approaches are pricy
while, given the rapidly growing
demand
for
mobile
internet,
upgrading to 4G will not be sufficient
to resolve overloading problems. Thus,
novel networking solutions need to be
envisioned.
Considering that most mobile devices
such as smartphones and tablets are
equipped with WiFi antennas, utilizing
WiFi access points in order to offload
part of mobile internet traffic is a
promising solution for the 3G networks
overloading problem. In this context,
Fani Tsapeli, SPICE researcher and
mobile communications expert, in
collaboration with researchers in
IMDEA, Madrid, proposed a novel 3G
offloading scheme which utilizes
efficiently
the
opportunistic
communication among mobile users

as well as the available WiFi access
points. The rationale behind this idea
is that users would be willing to
postpone the transfer of delaytolerant data if proper incentives
were offered.
Some examples of
delay-tolerant data are the following:
• Uploading/downloading videos
or images (e.g. to/from social
networking web-pages)
• Reception
updates

of

application

• E-mail
• Reception
of
electronic
advertising material (e.g. trailers
of movies that are played at the
local cinema)
• Transmission of sensor data (e.g.
data
about
environmental
pollution monitoring)
The main idea is to use a prediction
model in order to estimate the future
users' mobility and access to WiFi
networks. The whole offloading
process is administered by the
Cellular Network Provider (CNP) who
receives data transfer requests from
mobile users and utilizes these
predictions in order to define an
optimal transfer policy among the
following three options:
i. Tansfer through opportunistic peerto-peer communication. A number
of mobile users will be utilized for the
data transfer. In this case, an
opportunistic
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forwarding mechanism needs to be
applied in order to coordinate the
data
transfer
through
the
intermediate nodes. The main idea
is to store the data locally within a
region, for a short time interval, in
such a way that any mobile user
who enters this region during this
interval will be able to get a replica
of the data. The CNP defines the
region where the data will be
stored and the time interval during
which they will remain there based
on nodes' mobility predictions.
ii) Transfer through a WiFi access
point. The user will postpone the
data transfer if it is highly expected
that he/she will have access to a
WiFi network.

iii) Transfer though the available 3G
network. In case data cannot be
offloaded through opportunistic
networks or through WiFi access
points, the available 3G network
will be used.
The CNP offers incentives to users
(e.g. a reward) in order to instigate
their participation on the offloading
mechanism. The goal of CNP is to
maximize its benefit by offloading
large parts of mobile traffic through
low-cost
opportunistic
communications.
The
offloading
benefit depends on the success
probability
of
each
transfer
mechanism as well as on the
estimated cost, since a reward is paid
to participants.
According to simulation results, the
proposed
offloading
scheme
manages to offload large parts of
mobile traffic through opportunistic
communications and WiFi hotspots
and significantly reduces the data
transfer cost without
affecting
user
experience.
Fig. 3 Cisco’s predictions
on future mobile Internet
traffic
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