
1

This project is funded by the European Union’s Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie Grant Agreement No. 699924.
This project is funded by the European Union’s Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie Grant Agreement No. 699924.

Software-defined Intermittent Networking
& H2020 MSCA IF

MarineUAS Winter School’18
David Palma (david.palma@ntnu.no) 

Heterogeneous networking in challenging 
environments

Limited power and lossy networks

Software-defined and disruption-tolerant networking

Robust, hybrid and flexible networks

David Palma 2



2

Internet of Arctic Things?

No communication backhaul

• Prolific research area

• Need for manned expeditions

• Limited satellite coverage

Harsh environment

• Extreme temperatures

• Hazardous

• Information deficit
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What is it?

“… (an opportunity for) enhancing the creative and innovative
potential of Experienced Researchers who wish to diversify their
individual competence in terms of skill acquisition through advanced
training, international and intersectoral mobility…”
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Why?

• For strengthening contact networks

• To catalyse the development of  your career 

• To improve and maximise the knowledge-based economy and society

• To improve working and living conditions

• For promoting mobility

• To open up new perspectives for research careers
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How?

• Follow the calls in the EC Participant Portal
– https://ec.europa.eu/research/participants/portal4/desktop/en/home.html

• Read the Guide for Applicants thoroughly

• Write a clear and ambitious research proposal

• Submit your proposal electronically 
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Main aspects

• Excellence

• Impact

• Implementation

• Mobility

• 10-page limit (excluding CV)

• 12 to 24 months
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A few suggestions

• Take your time
• Plan and organise

• Follow the guidelines

• Review your own writing

• Contact your local EU advisors

• Be in touch with industry

• Use tables and figures
• Think as a reviewer

• Don’t give up!
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TABLE 4: Transmission of 1MB files

Percentage of the best result

Exp.

Maximum number of

completed file transfers DTN FTP Rsync SCP

Error factor x1 (EF
x1

)

1 560 100% 100% 100% 100%
2 475 96% 93% 100% 98%
3 462 92% 91% 100% 95%

Error factor x2 (EF
x2

)

1 352 100% 76% 97% 95%
2 179 100% 60% 75% 71%
3 180 100% 56% 56% 83%

in TABLE 3, no significant differences were registered for
EF

x1

. Despite the computational overhead of encrypting
each session, the SCP protocol achieved an overall higher
transfer rate, even though this might not be the case in
computationally-constrained settings. Following the trend of
the number of transmitted files, the maximum transfer rate
performance reduces to nearly a third with EF

x2

. The SCP
protocol is again the most affected, in particular for experi-
ment 2, while Rsync and FTP have similar performances with
none of them standing out.

2) Data-set with 1MB files
In order to better understand the impact of different file sizes
in intermittent communication links, the performance evalu-
ation of UAVs as data-mules was repeated with 1MB files
for the same amount of data transfer 560MB. In particular,
this gives insights about how the collected sensor data should
be organised, as it typically can be composed of several
small measurements. TABLE 4 presents the obtained results
for this evaluation and the impact of using smaller files is
clear. For both experiment 2 and 3, with input EF

x1

, the
percentage of complete file-transfers varies among protocols,
being Rsync the best. In absolute terms, and for experiment
2, all the protocols were able to transmit more data than
in the 40MB setup (i.e. > 11 files · 40MB). However, for
experiment 3, the performance with 1MB files is lower
than with larger ones, for all protocols except Rsync. This
decrease in performance is also verified in EF

x2

, but it
affects differently each protocol. The DTN protocol shows
again better resistance to increased error rates, outperforming
all other protocols, in particular for experiments 2 and 3.
Notably, in these conditions, the DTN protocol was able to
transmit more data than in the 40MB test, while the other
protocols seem to be affected by the number of necessary
transfers. However, while FTP, Rsync and SCP clearly had
a worse performance when compared against using 40MB
files, the increased performance of the DTN is thought to be
due to the fact that incomplete files were not considered in the
40MB setup, even though they had been partially transferred.

The results shown in TABLE 5 reveal that the 1MB files
do not have a significant impact on the maximum transfer
bitrate, being very similar to the 40MB set. Nonetheless,
an individual analysis of each protocol reveals a decrease of
performance for SCP in EF

x1

, but an increase for EF
x2

. This
suggests that, when using SCP, larger files should be avoided

TABLE 5: Transfer rate for 1MB files

Percentage of the best result

Exp.

Maximum transfer

bitrate [Mbit/s] DTN FTP RSYNC SCP

Error factor x1 (EF
x1

)

1 2.80 91% 91% 100% 94%
2 1.76 96% 93% 100% 98%
3 2.10 92% 91% 100% 95%

Error factor x2 (EF
x2

)

1 1.31 100% 75% 97% 95%
2 0.67 100% 60% 75% 71%
3 0.82 100% 55% 55% 83%

in challenging communication-conditions. On the other hand,
FTP performed worse with smaller files both in EF

x1

and
EF

x2

, being this performance degradation more accentuated
in the latter. The DTN and Rsync protocols achieved a similar
transfer-rate performance, regardless of the used file size,
with a slight improvement registered for Rsync in EF

x1

and
overtaking DTN. However, for EF

x2

, the DTN protocol takes
again the lead in performance, while Rsync has a decrease
in performance in experiment 3, when compared against the
40MB file sizes.

A final outcome from the obtained results concerns the use
of iperf as a tool for assessing network performance. In FIG-
URE 11, TCP flows reach up to 4.5Mbit s�1, while in the
file-transfer tests the maximum bitrate was of 2.81Mbit s�1.
This does not invalidate the usefulness of iperf as a network
performance tool, in a limited number of scenarios, but
instead it reinforces the need for more detailed assessments,
taking into account the characteristics of the chosen file-
transferring network protocols and how they are used.

VI. DISCUSSION
With this paper, we demonstrate the real performance of
UAVs as data mules in remote locations, using realistic
settings and focusing on maritime environments. This was
achieved not only by performing field experiments, but also
by developing a mission planning tool for thoroughly con-
ducting research on this topic. The obtained results showed
the impact of different UAV trajectories in communication
links, as well as the combined effects of the used trajectories
with the selected protocols and how scientific data is organ-
ised.

Using different flight trajectories can improve results, but
available trajectories for data-muling depend on several fac-
tors. First of all, the loiter radius of a UAV is defined by
physical limitations of the vehicle, mainly the maximum safe
load factor and lowest possible speed. Conventional fixed-
wing UAVs, which are preferred for data-muling due to their
range and endurance, require a minimum velocity to fly (stall
speed VS). Their wings create lift-force, perpendicular to
their surface and, during loiter, the plane banks. To keep the
flight at the same level, the vertical component of the force
created by the wings needs to be constant. Therefore, the stall
speed in manoeuvre increases and is equal to VSM = VS

p
n,

where n is a Nominal Load Factor (”G”). Another concern
is the lowest safe altitude (LSALT). This can be defined by
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WPAN – Wireless Personal Area Network

• IEEE 802.15.1 – Bluetooth
• IEEE 802.15.4 – Low-Rate WPANs

– Specification for the physical and data-link layers

– Basis for several technologies
• 6LoWPAN

• Thread

• Zigbee

• WirelessHART

• IEEE 802.15.6 – Body Area Networks

• IEEE 802.15.7 – Visible Light Communication

23

IEEE 802.15.4 – Specification for LR-WPANs

• Purpose:
– ultra low complexity

– ultra low cost

– ultra low power consumption

– low data rate wireless connectivity among inexpensive devices

• Main characteristics:
– raw data rate of  250 kb/s

– ability to scale down rate to 20 kb/s or below

– PSDU of  127 octets (aMaxPHYPacketSize)
– defined for multiple PHYs (various frequency bands)

– link-layer security

24
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6LoWPAN – IPv6 over Low-Power Wireless 
Personal Area Networks
• IETF specifications for using IPv6 over IEEE 802.15.4 (LR-WPAN)

– direct IPv6 addressing of  embedded/constrained nodes

– adaptation layer between data-link and network layer 

– frame encapsulation and fragmentation

– header compression

– neighbour discovery (ND)

– address autoconfiguration

– support for both 16-bit short or IEEE 64-bit addresses

– …

25

6LoWPAN – Overview

26
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6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes 

27

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | |
+-+-+-+-+-+-+-+

6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes
– 102 bytes left

28

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes) | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | |
+-+-+-+-+-+-+-+
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6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes
– 81 bytes left

29

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | |
+-+-+-+-+-+-+-+

6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes
– 41 bytes left

30

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) |              Reduced by standard IPv6 Header (40 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | |
+-+-+-+-+-+-+-+
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6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes
– 33 bytes left

31

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) |              Reduced by standard IPv6 Header (40 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

| UDP Hdr. (8B) | | | | | | | | | | | | | | | | | | | | | | | | | | |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| | | | | | | |
+-+-+-+-+-+-+-+

6LoWPAN – Frame Size Problem

• IEEE 802.15.4 defines a maximum frame size of  127 bytes
– ≅3:1 ratio (75% overhead)

32

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) |              Reduced by standard IPv6 Header (40 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

| UDP Hdr. (8B) | PAYLOAD
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(33 bytes)   |
+-+-+-+-+-+-+-+
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6LoWPAN – Header Compression

• Elision of  unnecessary/redundant information
• Stateless compression

– IP Header Compression (IPHC or HC1)
• for link-local IPv6 headers

• max. compression from 40 to 2 bytes

– Next Header Compression (NHC or HC2)
• for UDP headers

• max. compression from 8 to 4 bytes

• Context-based compression
– Context established when joining a 6LoWPAN network

– Compression of  global addresses, hop limit, ...

33

6LoWPAN – Frame Size Problem

• ≅3:1 ratio (75% overhead)

34

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) |              Reduced by standard IPv6 Header (40 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

| UDP Hdr. (8B) | PAYLOAD
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(33 bytes)   |
+-+-+-+-+-+-+-+
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6LoWPAN – Frame Size Solution

• 75 bytes payload (≅2:3 ratio, 20% overhead)

35

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) | Comp.Hdr. | PAYLOAD
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

(75 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

|
+-+-+-+-+-+-+-+

6LoWPAN – Frame Size Solution

• 75 bytes payload (≅2:3 ratio, 20% overhead)

36

1                   2                   3                   
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Maximum frame header size (25 bytes)      | Highest link-layer security
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
(21 bytes) | Comp.Hdr. | PAYLOAD
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

(75 bytes)
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

|
+-+-+-+-+-+-+-+ 0         1         2         3         4         5

+---------+---------+---------+---------+---------+---------+
|Dispatch | Lo_IPHC | Lo_NHC |UDP Ports|   UDP Checksum    |
+---------+---------+---------+---------+---------+---------+
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Constrained Application Protocol (CoAP)

CoAP HTTP
Protocol	 UDP	 TCP	
Network	layer IP	(considers	6LoWPAN	too) IP
Multicast	support	 Supported Not	supported
Architecture	model	 Client-Server	&	Publish-Subscribe	 Client-server	
Synchronous	communication	 Not	required Required
Payload	Size Fixed/Negotiable Variable
Overhead	 Low overhead	and	simple.	 High overhead	and	complex

41

CoAP simple block-wise GET

42
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127	B
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Bitter-sweet Fragmentation

• Lower	overhead	(asymptotically)
– ≈13 bytes per fragment vs. 28 bytes per packet

• Application-layer loss
– If  one fragment is lost, all others are dropped

– Wasted bandwidth

• Reassembly complexity
– Out-of-order fragments
– Reassembly timer

45

Lost Packet (no fragmentation)

46

GET	1

ACK	1

GET	2

GET	2

ACK	2

…

Loss	Prob.



24

47

GET	1

ACK	1

GET	2

GET	2

ACK	2

…

GET	1

ACK	1

GET	1

GET	1

GET	1

GET	1

Loss	Prob. Loss	Prob.

Lost Packet (no fragmentation)

48

GET	1
Loss	Prob.

Segm.	1

Segm.	2
Segm.	3
Segm.	4

Segm.	X

ACK	1

GET	1

Lost Packet (with fragmentation)



25

49

GET	1

Segm.	1

Segm.	2
Segm.	3
Segm.	4

Segm.	X

ACK	1

GET	1

GET	1

Segm.	1

Segm.	2
Segm.	3
Segm.	4

Segm.	X

ACK	1

GET	1 …

GET	1

Segm.	1

Segm.	2
Segm.	3
Segm.	4

Segm.	X

ACK	1

GET	1

Lost Packet (with fragmentation)

50

 0

 10000

 20000

 30000

 40000

 50000

 60000

 70000

 80000

32 64 128 256 512 1024

T
o
t
a
l
 
t
r
a
n
s
m
i
t
t
e
d
 
b
y
t
e
s

CoAP Block size (bytes)

No losses (T)
No losses (M)
5% losses (T)
5% losses (M)

10% losses (T)
10% losses (M)



26

 32  64  128  256  512  1024
 0

 5
 10

 15
 20

 25
 0

 50000

 100000

 150000

 200000

 250000

Block Size (B)
Link Loss (%)

T
r
a
n
s
m
i
t
t
e
d
 
B
y
t
e
s

 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Probability of a Failed Transfer
(max. num. of retransmissions exceeded)

52



27

Heterogeneous networking in challenging 
environments

Limited power and lossy networks

Software-defined and disruption-tolerant networking

Robust, hybrid and flexible networks

David Palma 53

David Palma (david.palma@ntnu.no)

http://sinet.dpalma.eu

Thank you!

This project is funded by the European Union’s Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie Grant Agreement No. 699924.

David Palma (david.palma@ntnu.no)

http://sinet.dpalma.eu

Thank you!

This project is funded by the European Union’s Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie Grant Agreement No. 699924.


