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Ollscoil Atha Cliath | The University of Dublin

— The University of Dublin, Trinity College was
founded in 1592

— 2015QS ranking:
— 1%tin Ireland

— 77t worldwide

— Top 1% School of Engineering worldwide

— Only Irish university to rankin the top 100 world
universities and amongst the top 50 European
universities by the Times Higher Education
Supplement

— Approximately 16,000 students

— Approximately €154m in research income per
year

Trinity College Dublin, The University of Dublin
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Engineering and experimentation

Reinforcementand demonstration
through experimentationare
extremelyimportant for understanding
physics and engineeringphenomena,
especially wireless communications
and its physical properties.

The most effective way to demonstrate
such physical propertiesand the
impairments of wireless signals is
through radio experimentation on top
of well equipped radiotestbeds

"Virtualizing testbed resources to enable remote experimentation in online telecommunications education”, Johann M. Marquez-Barja, Nicholas Kaminski, Francisco
Paisana, Christos Tranoris, Luiz A. DaSilva. IEEE Global Engineering Education Conference (EDUCON15). pp 822-829. March, 2015. Tallinn, Estonia . ISBN 978-1-4799-1907-9/15/.

Trinity College Dublin, The University of Dublin
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EU support for Ris in the context of its Framework Programmes (FPs)
*  FP2(1987-1991) €30 million
* FP7 (2007-2013) €1.85 billion
* Horizon 2020 (2014-2020) €2.5 billion
* New world-class research infrastructures W ,z

SEVENTH FRAMEWORK
PROGRAMME

*  Optimizingthe use of the national facilities

* |ICT based e-infrastructures which are essential to enable
access to distant resources, remote collaboration, and
massive data processing in all scientificfields

https://ec.europa.eu/programmes/horizon2020/en/area/research-infrastructures

Trinity College Dublin, The University of Dublin
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Future Internet Research Experimentation FIRE

European Commission initiative
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- FIRE initiativeis a »
European endeavour
that promotesthe
creation of wide-scale
federationsof high-
performance testbed
and experimentation
facilities forinternet and
network-related
research.

European
Commission
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AmpliFIRE*

FELIX-EU
MONROE
OneLab**

SDN / Networking / Protocols &
Management

Trinity College Dublin, The University of Dublin




LARGE-SCALE EXPERIMENTALTESTBEDS
EC budget
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PROJECTS

232 EU funds 65 41 EU funds 700 M€

PROJECTS PROJECTS  PROJECTS

H2020 call 1 H2020 call 2

SmartFIRE project, ICT 2015 Conference
Trinity College Dublin, The University of Dublin




Experimentation-based Research
FIRE Projects
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Federated Union of Telecommunications Research
Facilities for an EU-Brazil Open Laboratory

* 5

Experimenting with IRIN/a

LB N LB N
R — G = =)

N =
maml FLEx MONROE

and architecture for a middleboxed internet  ~ FREIE 16518605 FOR OPEN EXPERIMENTATION

Trinity College Dublin, The University of Dublin
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technology centre

http://ilabt.iminds.be

Trinity College Dublin, The University of Dublin
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Trinity College Dublin, The University of Dublin



Some FIRE facilities
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The focus of the FIRE Facilities
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http://www.ict-fire.eu

Trinity College Dublin, The University of Dublin
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|scovery, reservation, prOV|S|on|ng Experiment control Measurements & monitoring

~—————— R —
~—————— - - ——

Slgned X.509
~ certificate

AM: Aggregate Manager
EC: Experiment controller
RC: Resource controller
ML: Measurement Library
MA: Monitoring Agent

Trinity College Dublin, The University of Dublin







Learning and education

Learning underpins human society as an
essential activity for societal advancement
as well as personal well-being

In 2009 the European Union budget on
education was 6.2% of the European Gross
Domestic Product

The recent economy crash has forced a
reduction in educational in several
countries

Innovative solutions to provision cost-
effective high quality learning are needed

@

PREm——

y

"FORGE: Enhancing elearning and research in ICT through remote experimentation", Johann M. Marquez-Barja, Guillaume Jourjon, Mikroyannidis Alexander, Christos Tranoris, John Domingue,
Luiz A. DaSilva. IEEE Global Engineering Education Conference (EDUCON14). pp 1157-1163. April, 2014. Istambul, Turkey . ISBN 978-1-4799-3191-0.

Trinity College Dublin, The University of Dublin



Experimentation is a key component of engineering
education

* Physical experimentation

* Expensive, in particular for low-
budget institutions

* Deploying and maintaining
experimental facilities is costly

* Developing cutting edge
telecommunications technologies
requires massive effort and budget

* Learners constrained by location
and lab opening hours

* Onlinelaboratories

Online laboratories provide remote
access to experiments allowing students
to access experiments without time and
location restrictions

FORGE project’s initiative towards
empowering education by enabling
hands-on remote experimentation

Trinity College Dublinis focused on
enhancing online telecommunications
engineering education by enabling hands-
on remote experimentation over its
Smart Reconfigurable Radio Testbed

"Assessing the impact of remote hands-on experimentation on engineering students", Johann M. Marquez-Barja, Nicholas Kaminski, Guillaume Jourjon, Jono Vanhie-Van

Gerwen, Daan Pareit, Luiz A. DaSilva. IEEE Transactions on Education. [In preparation], 2015.

Trinity College Dublin, The University of Dublin



Online laboratories
Summarized taxonomy

* Virtual labs
* software-based laboratories

* simulationtools

e Remote labs

* Experimentationonreallab equipment

e Hybrid labs
* OQutputdatafromreal measurements/equipment

*  Processed by simulationtools

“Virtual Labs Project: A Paradigm Shift in Internet-Based Remote Experimentation,” R. Bose, IEEE Access, vol.
1, pp. 718-725, 2013. Available: http://dx.doi.org/10.1109/access 2013.2286202

Trinity College Dublin, The University of Dublin



Education and experimentation
Experimentation-based projects

FORGE A

Forging Online Education through FIRE

vaual

An MHRD Govt of India Initiative

Trinity College Dublin, The University of Dublin
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Forging Online Education through FIRE FORGE
( FO RG E ) T ——

FORGE is a project bringing the FIRE and
eLearning worlds together. In particular,
FORGE aligns FIRE (Future Internet Research Fed4FIRE Yy
and Experimentation) with the ongoing B users
education revolution.

FORGE specifies development methodologies |
and best practices for offering FIRE  E-learning
experimentation facilities to learners and to CRERDEN
the learning communityin general s

developers expansion
The project leads to a strong connection w

between the learning community and existing
FIRE platforms and supporting tools

"FORGE Toolkit: Leveraging Distributed Systems in eLearning Platforms", Guillaume
Jourjon, Johann M. Marquez-Barja, Thierry Rakotoarivelo, Alexander Mikroyannidis, Kostas
Lampropoulos, Spyros Denazis, Christos Tranoris, Daan Pareit, John Domingue, Luiz A.
DaSilva, Max Ott. IEEE Transactions on Emerging Topics in Computing, 2015.

Trinity College Dublin, The University of Dublin



FORGE objectives FO RG E

FORGE is transforming the FIRE facilities, already vital for European
research, into a learning resource for higher education, enabling
educators to easily create experiment-based learning resources

FORGE allows educators to create, use and re-use FIRE-based
learning experiences through our tools and techniques

FORGE enables equity of access to the latest ICT systems and tools
independent of location and at low cost. Experimental facilities are
expensive!ll

Trinity College Dublin, The University of Dublin
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Resulting web widgets + iBook

Cross-platform: virtually any platform

[} FORGEBox

€>Cf

— Modern web browser

[ wwwforgebox.eu/fb/preview_coursephp?cou

Wireless LAN course, Introduc-
FORGEB .x tion

at forgebox.eu

This lab session is the first out of two sessions where we'll investigate the different W

s < Fi features (Wireless Fidelity, based on IEEE 802.11 standards) when deploying a WLAN
— O X (Wireless Local Area Network) hotspot network.

The WLAN that you are deploying during this session isphysically located at the Zywij-
naarde campus in Belgium but can be configured, managed and tested completely from
within the web interface you are currently using.

Ful

bl The hardware you are using is part of the iMinds WiLab2 testbed, which we also use in
research projects where we collaborate. with industry partners to study and improve WLAN

. . functionality amongst others. However, the configuration and tests that you will perform
A n LIVI S S O rt I n I f r a m e S Wireless LAN Course Module ® e e e ey e e e e e
u In this lab session we'll investigate the different Wi-Fi features (Wireless Fidelity, based on IEEE 802.11 VAT

standards) when deploying a WLAN (Wireless Local Area Network) hotspot network. This course is ; TS — .
provided by iMinds as part of the FORGE project, Forging Online Education through FIRE [I— 1
{ 1
. ! z ]
Wireless LAN course, Introduction @ ! o 1
. !
This lab session is the first out of two sessions where we'll investigate the different Wi-Fi features (Wireless| Test Network e < i
_— p p e I O O Fidelity, based on IEEE 802.11 standards) when deploying a WLAN (Wireless Local Area Network) hotspot ! S ]
network. [ =1 |

e Zwijnaarde campus in T
e web interface you are (conrol interace)

Control Network

p_id=7851 ¥ G @ 8 In the figure above the topology of your test hardware is displayed. Three linux ma-
o use in research projects chines are equipped with IEEE 802.11n wireless network cards which have an external an-
ionality amongst others. tenna. These machines can communicate with each other directly (ad-hoc mode) or one
on do not differ from the could function as a WLAN access point (infrastructure mode)

The configuration of these machines is automatically done using a process called provi-
—— sioning. This includes the reservation of three machines in the wireless testbed with the ap-
| Remote access | ‘propriate hardware, installing the required OS and tools, and making these machines avail-

able through SSH. You can view the status of the 3 required. machines in the box below.

ew | 2. Signed in as Daan Pareit | UGent CAS logo

y Teacher
Minerva ez
UN‘éE'LST"E" IEDLETRTE  Myprofile Myagenda  Study offer 2012-2013  Study offer 2013-2014  Study offer 2014-2015

EEEEmE- Aa

breedband... > Learning path e

Introduction Exerdise 1-1 v

Exercise 1-1: UDP throughput

@percise 1-3: UDP throughput with variable packet size

The experment noes ae not avalaie
MAC layer Nerime st
ine righalIEEE 80211 areay specied aferent

medium access methods, with the mandatory basic
method based on a version of CSMA/CA (Carriers

In this exercise, we'l ook at UDP throughput again, but with diferent packet
sizes. Increase the packet size unti you notice a significant .e. >2 Mbps)
drop i throughput. You can choose three values to experiment with for one
experiment execution. You can also edit these values directly n the station
execte code.

IPerf transfer rates in Mbps

Test the UDP throughput for the standard IPerf packet size (i.e. no packet
size explicitly specified) from station 1 to the access point (ie. the IPert

Sense Muliple Access / Collision Avoidance) using 1008 @ 20008
T ramtomizes backot mechantem Server runs on the access point). Always use the -b option in order to get 0
the maximum achievable throughput when testing UDP. 1008 o 20008
For all access methods, several parameters for 008 ° 2008
Wi concepts controling the watting time before medium access Executed on the access point - Snowkide
s are important. The three diflerent parameters that Executed on the access point: | Snowids
define the prioities of medium access are shown Executed on station 1: - Snowkide

Executed on station 1:| ShowHde

and explained below. The values of the parameters
depend on the PHY and are defined In refation 10 2
slot time. Slot time is derived from the medium
propagation delay, transmitter delay. and other PHY
dependent parameters.

stream 9662

V—

802.11 priorities for medium access

The medium, as shown, can be busy of idle, which
is detected by the Clear Channel Assessment
(CCA). If the medium is busy this can be due to
data frames or other control frames. During a
contention phase several nodes y 1o access the
meaium,

wlan-3: INFO exp: Sarting perf client 2 for 20 seconds.
wlan1-3: INFO IPERF2_STOPPED: Event triggered. Starting the associated tasks.
wlan1-3: INFO exp: Startng iper cent 3 for 20 seconds

wlan1-3: INFO IPERF3_STOPPED: Event riggered. Starting the associated tasks.

wlan1-3: INFO exp: Al pert instances are stopped. Finishing experiment o

Priorities for medium access are defined through
different inter-frame spaces:

0 Minervarteam Afdeing Onderwiistechnalogie | Dirctie 1CT | Disciaimer
atform Minerva
Report a problem

Trinity College Dublin, The University of Dublin






Specify course
requirements

Location Dewces Learnin
Educational Dates / Number of (PCs, 8
and Manageme Language
objectlves Schedule learners laptops,
connectivity i nt System

Identify
Identify FIRE Open FIRE
FIRE facility experiment account

Creating FIRE courseware ation tools

FORGE Methodology

FORGE course preparation

Two main stages e —Y— ) .

Identify Identify '
needed needed FIRE Educational
i content

widgets adapters

— Course preparation

— FORGE supported activities G G

\( import ) [
Create widgets Create adapters Create Import
widgets from adapters from course parts from
S FORGEStore FORGEStore L content  FORGEStore

N
(http://www.forgebox.eu/fb/preview course.php?course id=78) i .
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Q
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=
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(® ]

©
©

Q
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o

o

o

=]

(7p]
L
)
oc
D)
L

p \ Ve ~
Develop Import to
Course in LMSor >
FORGEBOX s e N
T’ | EE— Deploy Evaluate
p—— ) ) Course —> Course
' .
Export in Reserve
. . . . SCORM or ——>
"A methodology for the design, delivery and evaluation of learning e FIRE
resources for remote experimentation”, Alexander Mikroyannidis, Aitor resources
Gomez-Goiri, John Domingue, Christos Tranoris, and Johann M. Marquez- $
N\

Barja. IEEE Global Engineering Education Conference (EDUCON16). [to

appear], 2016. Abu Dhabi, United Arab Emirates Validate /
Test course

Trinity College Dublin, The University of Dublin




3Vl Trinity College Dublin
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M The University of Dublin

Specifying course requirements
Dynamic spectrum access & wireless signalling— Use case

» Lab sessions within a master course on wireless networks and
communicationssystems

- Basic knowledge of wireless comms systems is a pre-requisite
for this lab

- Learning outcomes:
- Understanding of the impairments to wireless comms

Gainingtangible experience with interference and interference-
avoidance techniques

Understanding OFDM modulation
Understanding of Dynamic Spectrum Access techniques
Appreciationofrealisticwireless applications

Trinity College Dublin, The University of Dublin



E 53Vl Trinity College Dublin
P FJ] Colaiste na Triondide, Baile Atha Cliath
¥l The University of Dublin

Identifying FIRE facilities

Dynamic spectrum access & wireless signalling— Use case

- Smart Reconfigurable
Radio Testbed @
CONNECT, Trinity College
Dublin, Ireland

« USRPsin a grid
configuration

« Cloud-based computing
VMs

« Dedicated indoortesting
environment



Trinity College Dublin

Colaiste na Trionbide, Baile Atha Cliath
The University of Dublin

Authoring educational content
Dynamic spectrum access & wireless signalling— Use case

Reuse content of lecture slides

TCD Ceiling Mounted

: Multimedia material

Public Internet

TCD Cloud Based
Testl

CONNECT

OFDM Remote Laboratory

This remote laboratory is provided by CONNECT / Trinity College Dublin within the EU FORGE project.

ST
Learn more about FORGE » LLearn more about CONNECT »

Introduction

This web course connects you to research hardware to investigate the sometimes troublesome operation of orthogonal frequency-division multiplexing (OFDM,) as applied to
wireless communications. This point must be stressed again: there are no simulations being used here, rather you will be directly connected to research hardware in Dublin
Ireland to perform the experiments contained here. Through this experience you will gain an appreciation for the factors that are most important in the use of OFDM for
Wireless experiments by exploring the configuration and use of real radios.

The hardware that you will use has already been automatically configured through a process called provisioning. This process has taken care of the reservation of two virtual
machines in the Dubiin testbed, the connection of the same to appropriate hardware, instalation of required operating system and tools, and initialization of experimentation

services. These two virtual machines are know under your sole control for use in experimentation. A third virtual machine has also been provisioned to provide monitoring of
the wireless spectrum - this machine is shared between all experimenters and does not require any further interaction.

Testbed configuration

Trinity College Dublin, The University of Dublin
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Integration of FIRE facilities and content

Dynamic spectrum access & wireless signalling— Use case
Experimentation S

I n t e ra Ct i o n Via Wi d get s a n d F I R E To perform the experiments, your network MUST allow TCP traffic on ports 80, 8080, and 443.
adapters

The Experimentation Units assigned to you are:

— Control widgets o Ve o

Rx:192.168.5.54 USRP_rx:14

— Visualization widgets

— Adaptions for the specific testbed
management system

Live results

Session time start: 07/03/2015 12:57:38 pm. You may use this time to compare with the timestamp on the plots.
Tx Rx
nsmitted bins | frame | | output I Frame window I | data symbols I \
link to this Set parametsrs onTx Frequency (kHz)
2492500
1 Real Part 1 Imagl nary Part Packet length (bytes) Bandwidth (kHz)
200
[0} (0]
-g 0.5 -g 0.5
= £ 5 Gain (dB)
Q Q.
0
E -0.5 E -05 i
1 A Cycle Prefix
t t t t t t t t t t t t
0 50 100 150 200 250 0 50 100 150 200 250 5
Samples Samples
. Magnitude Phase
: 3
12
(0] 1 o 2
o © 1
208 2
B.06 B0
€ o4 £
<oz <.
0 -3
t t t T t t t t t , t t
0 50 100 150 200 250 0 50 100 150 200 250
Samples Samples




‘iﬁ ¥ Trinity College Dublin
Colaiste na Triondide, Baile Atha Cliath
The University of Dublin

Integration of FIRE facilities and content
Dynamic spectrum access & wireless signalling— Use case

’ ‘)))
| FIRE "‘f-a)r‘
i | <)
FED4FIRE CREW

Radar
Coordinator

MAC
Controller

1
1
1 Radio
1 Controller ) Radar

1

y Radar Generator

Detector Experimentati
I —t Y A Unit
Erpermentaton ._,,gg
Unit
OFDM e \

Interference
Analyser

Physical
Hardware

Frontend
Server

www.ict-forge.eu
www.fed4fire.eu
www.ict-fire.eu
WWW.crew-project.eu

Trinity College Dublin, The University of Dublin
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Deployment and impact : /
Dynamic spectrum access & wireless signalling— Use case

— Trinity College Dublin, Ireland (March 2015)
— University of Brasilia, Brazil (July 2015)

— Federal University of Rio de Janeiro, Brazil (July 2015)
— Federal University of Rio de Janeiro, Brazil (Sept. 2015)
— IT Mexicali, Mexico (October 2015)

— Trinity College Dublin, Ireland (March 2016)
— University of Brasilia, Brazil (May 2016)
— IT Mexicali, Mexico (October 2016)

Trinity College Dublin, The University of Dublin



Trinity College Dublin
Colaiste na Triondide, Baile Atha Cliath
The University of Dublin

Evaluation and reflection
Dynamic spectrum access & wireless signalling— Use case

Strongly Moderately Neutral Moderately Strongly Total Weighted
disagree disagree agree agree Average

The lab 0.00% 3.85% 0.00% 34.62% 61.54%
experiments 0 1 0 9 16 2% 454
helped you to

understand the

concepts taught

in the lecture.

Questionnaires used to inquire student mpee o e e e e

command-
based) reduced
the difficulty of

perception (Qualitative)

— Surveymonkey.com (anonymize) e

26 465

Th

e 385% 3.85% 0.00% 34.62% 57.69%
experimentation 1 1 0 9 15

2 438
helped you to

— Googleforms SurveyMonkey o

You would use 3.85% 0.00% 0.00% 7.69% 88.46%
the testbed 1 0 0 2 23 26 477
facility in the

G QO g]_e =
Forms™ B
Learning analytics integrated into the

widgets xAPI (Quantitative) ey ST

Learning Locker .
k ys LEARNING =
@ LOCKER |- M -

"Deploying Learning Analytics for Online Scientific Experimentation", Alexander Mikroyannidis, Aitor Gomez- - ;
Goiri, John Domingue, Christos Tranoris, Daan Pareit, Jono Vanhie-Van Gerwen, and Johann M. Marquez-Barja. .
5th Workshop on Awareness and Reflection in Technology Enhanced Learning (ARTEL 2015), satellite workshop @
of the 10th European Conference on Technology Enhanced Learning. pp 105-112. September, 2015. Toledo, @
Spain @
@D

Trinity College Dublin, The University of Dublin
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Trinity College Dublin
Colaiste na Triondide, Baile Atha Cliath
The University of Dublin
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CONNECT

. Networks of the Future

International Conference o
Remote Engineering and
Virtual Instrumentation

Thank you

Dr. Johann M. Marquez-Barja
Senior Research Fellow — Adjunct Lecturer
marquejm@tcd.ie / www.marquez-barja.com

REV2016 24-26 February 2016. UNED, Madrid, Spain



